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Vasculitis, an inflammation of blood vessels, can be idiopathic or secondary to other 
conditions. Infections may also mimic idiopathic vasculitis, and the differential 

diagnosis is of paramount importance for the practicing physician. Vasculitides are 
not rare diseases. In fact, some vasculitides, such as giant cell arteritis, cutaneous 

vasculitis, and ANCA-associated vasculitis are relatively common in everyday practice.   
Vasculitis may rapidly lead to organ failure, and put patient’s life in danger.  Therefore, 

physicians of different specialties should diagnose vasculitis early, because early 
institution of treatment is crucial for the favorable outcome. In recent years progress 
has been made in the pathophysiology and treatment of vasculitis.  This book reflects 
all new advances in pathogenetic mechanisms, diagnosis, and treatment of different 
types of vasculitis. The international panel of authors helps in achieving a balanced 

view on different aspects of vasculitis.
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importance for the practicing physician. Vasculitides are not uncommon diseases. In fact, some
vasculitides, such as giant cell arteritis, cutaneous vasculitis, and ANCA-associated vasculitis,
are relatively common in everyday practice. Vasculitis may rapidly lead to organ failure, and
put patient’s life in danger. Therefore, physicians of different specialties must diagnose system‐
ic vasculitis early, because early treatment is crucial for the favorable outcome.

In recent years progress has been made in the pathophysiology and treatment of vasculitis.
Understanding molecular mechanisms in the pathogenesis of vasculitis helps in the rational
development of new treatments. Trials with biological agents have been published, and EU‐
LAR and ACR have issued guidelines for the treatment of various types of vasculitis. This
book reflects new advances in pathogenetic mechanisms, diagnosis, and treatment of differ‐
ent types of vasculitis. The international panel of authors helps in achieving a balanced view
on different aspects of vasculitis.

We hope that this book will be an enjoyable and useful reading.
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Chapter 1

History, Classification and Pathophysiology of Small
Vessel Vasculitis

Mohamed  Abdgawad

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55238

1. Introduction

Systemic vasculitides are a heterogenous group of disorders characterized by destructive
inflammation and fibrinoid necrosis of the blood vessel wall, blood vessel occlusion and
ischemia of surrounding tissue. Typical clinical manifestations vary depending on the size of
the affected blood vessels, and include fever, weight loss, malaise, arthralgias and arthritis.
Vasculitides can be idiopathic, primary, secondary to another disease such as Systemic Lupus
Erythematosus (SLE) and Rheumatoid Artritis (RA), or associated with infections, such as
infective endocarditis, pharmaceutical drug use, such as propylthiouracil and hydralazine, or
other chemical exposures [1]. Vasculitis can be isolated to one organ or vessel and be relatively
insignificant clinically or can present as a systemic life-treatening illness involving several
organs and vessels [2].

ANCA- associated Systemic Vasculitis (AASV) is the most common primary systemic small-
vessel vasculitis that occurs in adults. AASV is a small-vessel vasculitis affecting arterioles,
venules, capillaries, and occasionally medium-sized arteries that commonly involves multiple
organ systems. Although infrequent, the incidence of AASV is increasing. AASV is also called
pauci-immune vasculitis, because no immunoglobulins or complement components are
detected in the vasculitic lesions.

AASV is associated with significant morbidity and mortality, with almost all patients requiring
aggressive immunosuppression. Without treatment, the mortality approaches 100% in 5 years
[3]. Based upon the clinical presentation and the predominant organ involvement, AASV cases
are classified as Wegener’s granulomatosis (WG), microscopic polyangiitis (MPA), Churg-
Strauss syndrome (CSS) and Renal Limited Vasculitis (RLV). ANCA are predominantly IgG

© 2013 Abdgawad; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

© 2013 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons 
Attribution License http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.
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antibodies that were first described in the 1980s by Davies et al. in patients with necrotizing
glomerulonephritis [4]. These antibodies are directed against antigenic components of
neutrophilic granules or lysosomes. Indirect immunofluorescence (IIF) of ethanol-fixed
neutrophils reveals cytoplasmic (cANCA) or perinuclear (pANCA) staining. cANCA staining
correlates with proteinase-3 (PR3) reactivity, while pANCA staining correlates with reactivity
towards myeloperoxidase (MPO) or other antigens.

PR3-ANCAs are mainly detected in patients with WG, whereas MPO-ANCAs are predomi‐
nantly detected in patients with MPA and CSS. These diseases exhibit similar pathological
focal necrotizing lesions, though WG and CSS also have granulomatous lesions [5].

Henoch-Schönlein purpura (HSP) is the most common systemic small-vessel vasculitis in
children [6]. HSP is a systemic vasculitis affecting small vessels and capillaries. HSP is
characterized by palpable purpura, edema, abdominal pain, joint pain and renal symptoms [7].
The prognosis is good as long as the patients have no renal symptoms. Renal symptoms vary
from intermittent hematuria and proteinuria to rapidly progressive glomerulonephritis.

In this chapter, we shall discuss the pathophysiology of the most common primary small vessel
vasculitis in adults, AASV, as well as the most common small vessel vasculitis in children,
HSP.

2. History

Purpura was the first manifestation of vasculitis in vessels smaller than arteries. In 1808, Willan
clearly distinguished purpura caused by infections from non-infectious purpura [8]. Over the
next century, Henoch and his teacher, Schönlein, described a broad spectrum of signs and
symptoms that were associated with purpura, and with small vessel vasculitis, including
arthritis, peripheral neuropathy, abdominal pain, pulmonary hemorrhage, epistaxis, iritis, and
nephritis [9].

In 1866, Kussmaul and Maier described a patient with general weakness caused by vasculitic
neuropathy accompanied by tachycardia, abdominal pain, and the appearance of cutaneous
nodules over the trunk. The patient’s muscle paralysis progressed quickly causing death. At
autopsy, visible nodules were present along the medium-sized arteries of the patient [10].
Kussmaul and Maier named this disease “periarteritis nodosa” because they observed
inflammation in the perivascular sheaths and outer layers of the arterial walls and nodular
thickening of the vessels. However, the name was later changed to “polyarteritis nodosa”
because of the widespread involvement of vessels and the fact that it affects the entire thickness
of the vessel wall [1].

A disorder of necrotizing vasculitis, granulomatous lesions of the entire respiratory tract, and
glomerulonephritis was first described in 1897 by Peter McBride [11]. In 1931, Heinz Klinger
described the pathological anatomical picture of this disease in two patients who died of
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systemic vasculitis [12]. In 1936, Friedrich Wegener, a German pathologist, described three
patients with necrotizing granuloma and later interpreted the pathological and clinical
findings to represent a distinctive disease entity in 1939 [13]. Goodman and Churg in 1954
wrote a detailed description of the disease known as “Wegener´s granulomatosis” (WG)
presenting definite criteria: necrotizing granulomata of the respiratory tract, generalized
vasculitis and necrotizing glomerulonephritis [14]. DeRemee and colleages in 1976 proposed
the ELK classification (E= upper respiratory tract including paranasal sinuses; L= lung; K=
kidney), allowing them to understand and manage cases that did not fit the strict criteria of
Goodman and Churg [15]. In the early 1970s, Fauci and Wolff introduced treatment with
cyclophosphamide and corticosteroids for WG, which resulted in a nearly complete and long-
lasting remission of the disease [16]. In addition, DeRemee published in 1985 a report on the
benefits of using cotrimoxazole (trimethoprim/ sulfamethoxazole) in WG with local disease
[17]. In the same year, a major breakthrough was made by Van der Woude et al who reported
autoantibodies sensitive and specific for the disease. These autoantibodies reacted with the
cytoplasm of ethanol-fixed neutrophils, and monocytes and were called Anti-neutrophil
Cytoplasmic Autoantibodies (ANCA) [18].

3. Classification

There are 20 recognized primary forms of vasculitis, which are classified according to the size
of the affected blood vessels. The large vessel vasculitides, giant cell (temporal) arteritis and
Takayasu arteritis, are caused by a granulomatous inflammation of the aorta and its major
branches. In the case of giant cell arteritis, there is a particular predeliction for the extracranial
branches of the carotid artery, often with involvement of the temporal artery and frequent
association with polymyalgia rheumatica. The age of the patient is helpful in distinguishing
between the two conditions, because giant cell arteritis is rare in patients under the age of 50
and Takayasu’s disease is more common in younger patients [19].

Classical polyarteritis nodosa affects medium-sized vessels and therefore should not involve
glomerulonephritis or vasculitis in arterioles, capillaries or venules. Kawasaki’s disease is a
medium-sized vessel vasculitis that frequently involves the coronary arteries, is associated
with the mucocutaneous lymph node syndrome and is most common in children [2].

Small vessel vasculitides include the immune-complex associated vasculitis of Henoch-
Shoenlein pupura and essential cryoglobulinemic vasculitis. Henoch-Schönlein pupura has
predominantly IgA immune complex deposition and involves the skin, gut and glomeruli with
arthritis and arthralgia, while essential cryoglobulinemic vasculitis is caused by the deposition
of cryoglobulins predominantly in the small vessels of the skin and glomeruli and is frequently
associated with Hepatitis C infection. Another small vessel vasculitis category is cutaneous
leucocytoclastic vasculitis, which is confined only to the skin, has no systemic involvement
and has a better prognosis than vasculitides with systemic involvement [2].

Examples of different types of vasculitis are depicted in Table 1.
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Dominant vessel involved Primary Secondary

Large arteries Giant cell arteritis

Takayasu’s arteritis

Aortitis associated with RA

Infection (eg. Syphilis)

Medium arteries Classical PAN

Kawasaki disease

Infection (eg. Hepatitis B)

Small vessels and medium arteries Wegener’s granulomatosis*

Churg-Strauss syndrome*

Microscopic polyangiitis*

Vasculitis 2 to RA, SLE, Sjögren’s syndrome

Drugs

Infection (e.g. HIV)

Small vessels (leukocytoclastic) Henoch-Schönlein purpura

Essential mixed cryoglobulinaemia

Cutaneous leukocytoclastic vasculitis

Drugs**

Infection (e.g. Hepatitis B, C)

(*) Diseases most commonly associated with ANCA, pausi-immune crescentic glomerulonepghritis and which are most
responsive to immunosuppression with cyclophosphamide. (**) e.g. sulphonamides, penicillins, thiazide diuretics, and
many others. PAN= Polyarteritis Nodosa. RA= Rheumatoid Arthritis. SLE= Systemic Lupus Erythematosus.

Table 1. Classification of systemic vasculitis.

ANCA-associated systemic vasculitis (AASV) are a group of diseases classified as small vessel
vasculitides that are associated with anti-neutrophil cytoplasmic antibodies. AASV include
microscopic polyangiitis, Wegener´s granulomatosis, Churg-Struass syndrome and renal
limited vasculitis. Together they are responsible for 5-6% of cases presenting with renal failure.
They are characterized histologically by necrotizing vasculitis preferentially affecting small
blood vessels and often associated with pauci-immune necrotizing crescentic glomeruloneph‐
ritis. Serologically, these diseases present autoantibodies directed against constituents of
neutrophil granules [20].

In1990, three independent groups showed that azurophilic granule enzyme proteinase 3 was
the target autoantigen recognized by ANCA (PR3-ANCA) [21,22,23]. Together with proteinase
3, another granule protein, myeloperoxidase (MPO) was also identified as a target autoantigen
of ANCA (MPO-ANCA) [24]. The discovery of ANCA has been critical to understanding the
pathogenesis of the disease, as well as providing a valuable diagnostic tool. The American
College of Rheumatology published criteria for classifying vasculitides in 1990, leading to
improved categorization of patients for clinical trials [25]. However, these criteria were not
adequate for diagnosing patients with ANCA-associated vasculitides. An individual patient
could simultaneously meet the criteria for WG, Churg Strauss Syndrome (CSS), Polyarteritis
Nodosa (PAN), hypersensitivity vasculitis and Henoch-Schönlein pupura. In 1994 the Chapel
Hill Consensus conference (CHCC) adopted standardized names and definitions of vasculi‐
tides, based on the size of the affected blood vessels [26].

Recently a group of physicians from multiple medical disciplines met at the European
Medicines Agency (EMEA) in London in September 2004 and January 2006 and developed a
stepwise algorithm for classifying AASV and PAN for epidemiological studies. Their aim was
to develop a consensus approach for applying CHCC definitions and ACR criteria to AASV
and PAN, in order to facilitate comparison between epidemiological data for different
vasculitides [27].

Updates in the Diagnosis and Treatment of Vasculitis4

Without treatment, patients with AASV have a very poor prognosis with a median survival
time of 5 months [28]. Current treatment regimens based on cyclophosphamide and cortico‐
steroids have dramatically improved the prognosis for these patients and increased the median
survival time to 21.7 years [29]. Although this regimen achieves long-lasting remission and
prolonged survival of patients with AASV, it has its drawbacks; the worst being life-threat‐
ening infections early in the course of the disease and risk of malignancy in late stages of the
disease [30,31]. Furthermore, the disease has a high relapse rate in spite of heavy immuno‐
suppression. Improved understanding of the mechanisms underlying AASV may help in the
search for better treatment modalities for this serious and devastating illness.

4. Pathophysiology of ANCA-Associated Systemic Vasculitis (AASV)

The pathophysiology of AASV remains largely unknown. Clinical and laboratory evidence
suggest a multifactorial origin. Although the association between ANCA and pauci-immune
small vessel vasculitides has been established, the exact role of ANCA in the pathogenesis of
AASV is yet not fully elucidated. It is not known whether ANCA play a direct role in disease
manifestations, or whether the antibodies are secondary markers of the disease process.
Available data suggest that neutrophils, B- and T- lymphocytes play a key role in the patho‐
physiology of AASV.

4.1. Pathogenic B-cell response and production of ANCA

B-cells are the direct precursors of antibody producing plasma cells. B-cells also produce auto-
antibodies and cytokines (Interleukin IL-6, Tumor Necrosis Factor alpha-TNFα, IL-10), act as
antigen presenting cells, and differentiate into long lasting memory B-cells. Csernak et al. have
shown that in WG patients, ANCA are produced following B-cell activation [32]. A polyclonal
B-cell lymphoid infiltrate in the endonasal granulomatous lesion included PR3-ANCA-
producing cells with copy number increase in three VH genes. The granulomatous lesions in
WG consist of clusters of PR3 surrounded by an infiltrate consisting of maturing B-cells,
antigen-presenting cells (APCs) and Th1-type CD4+CD28− T cells. This suggests that endo‐
nasal B-cell maturation is antigen-driven, and that B-cells generate ANCA via contact with
PR3 or an antigenic microbial epitope [33].

B-cells recognize soluble antigens via specific B-cell receptors (BCR) and co-receptor CD19 that
augments BCR downstream signaling. CD19 dysregulation has been reported in patients with
AASV. Culton et al. showed that CD19 expression is 20% lower in naive B-cells from patients
with AASV than from normal controls [34]. In contrast, the memory B-cells from some patients
with AASV express more CD19 than normal controls. This subset of B-cells shows evidence
of antigenic selection, suggesting that in AASV, mechanisms of self-tolerance may be lost
leading to production of auto-reactive B-cells [34]. Experiments in transgenic mice indicate
that defective B-cell regulation, specifically in pathways responsible for deletion (central and
peripheral) of auto-reactive B-cells, may also play a role in generating autoantibodies in AASV
[35]. Interestingly, expression of B-cell activating factor of the TNF family (BAFF) is increased
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shown that in WG patients, ANCA are produced following B-cell activation [32]. A polyclonal
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producing cells with copy number increase in three VH genes. The granulomatous lesions in
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B-cells recognize soluble antigens via specific B-cell receptors (BCR) and co-receptor CD19 that
augments BCR downstream signaling. CD19 dysregulation has been reported in patients with
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with AASV express more CD19 than normal controls. This subset of B-cells shows evidence
of antigenic selection, suggesting that in AASV, mechanisms of self-tolerance may be lost
leading to production of auto-reactive B-cells [34]. Experiments in transgenic mice indicate
that defective B-cell regulation, specifically in pathways responsible for deletion (central and
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in patients with WG [36]. It is postulated that BAFF may drive B-cell expansion, which then
leads to ANCA production. B-cell depletion via rituximab in patients with AASV decreases
ANCA levels and induces disease remission [37,38]. Conversely, clinical relapse correlates
with increase levels of B cells [39]. These data support the conclusion that B cells play a central
role in ANCA production and that ANCA play a significant role in the pathogenesis of AASV.

4.2. Pathogenic T-response, tissue damage, and granuloma formation

Under normal conditions, naïve T-cells are activated during an immune response to an antigen
stimulus. Antigen-specific T-cells then differentiate into memory T-cells, while effector-T cells
undergo apoptosis. Paucity of immunoglobulins in the vasculitic lesions, predominance of
IgG1 and IgG4 subclasses of IgG, and the presence of granulomatous lesions indicate that T-
cell-mediated immune responses play a role in the pathogenesis of AASV [40]. This is consis‐
tent with the fact that T cell-based treatment strategies produce clinically-relevant remission
in AASV patients [41,42].

In patients with active WG, higher proportion of activated T-cells and higher concentration of
soluble T cell activation markers (including soluble IL-2 receptor or CD30) are reported to
correlate with disease activity [43]. High levels of activation markers also correlate with
ANCA-positivity, which suggests persistent T cell activation, likely secondary to a persistent
antigenic trigger, as an underlying pathogenic factor. This is consistent with reports of
persistent expansion of CD4+ effector memory T-cells (Tem) combined with a decrease in naïve
T-cells in patients with AASV [44,45]. A polarization of Th1 and Th2 response has also been
reported in AASV. In particular, a Th2-type response is predominant in patients with active
generalized WG or CSS, while a Th1 response is dominant in patients with localized WG or
MPA, indicating that aberrant T cell response plays a role in the disease process [46,47]. CCR5
is also expressed on T-cells in early, localized WG, which might also favor recruitment of Th1-
type cytokine secreting cells into inflammatory lesions in localized WG [48]. Conversion from
Th1 to Th2 type response could underlie progression from localized to generalized WG. This
shift could reflect B-cell expansion and T-cell-dependent PR3-ANCA production, secondary
to interaction between neutrophils and auto-reactive T- and B-cells in inflammatory lesions,
Figure 1.

The granulomas in AASV resemble a germinal centre, with a cluster of primed neutrophils
surrounded by dendritic cells, T- and B-cells. CD4+ T cells are likely to play an important
role in the granulomatous response in AASV. The decrease in CD4+CD28-- Tem subset of T-
cells during active disease, in patients with WG, indicates an increased migration of these
cells to sites of inflammation [44]. In an experimental model of autoimmune, anti-MPO-asso‐
ciated glomerulonephritis, it was noted that mice depleted of CD4+ T cells, at the time of ad‐
ministration of anti-mouse anti-GBM antibodies, developed significantly less crescent
formation and cell response, compared to controls [49]. In patients with ANCA-associated
glomerulonephritis, Tem cells are the predominant T-cell subtype in the glomerular infil‐
trate [50]. Together, these observations suggest that a cell mediated immune response con‐
tributes to the pathogenesis of renal lesions. Indeed, CD4+ Tem cells from WG patients lack
NKG2A (inhibitory receptor) and demonstrate increased expression of NKG2D, which is a
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member of the killer immunoglobulin-like receptor family [51]. A significant increase in the
proportion of IL-17 producing CD4+ T cells (Th17 cells) in in vitro stimulated peripheral
blood cells from WG patients has also been reported [52]. IL-17 induces secretion of neutro‐
phil-attracting chemokines, and release of pro-inflammatory cytokines (IL-1β, TNF-α) capa‐
ble of increasing expression of PR3 on the surface of neutrophils. Patients with ANCA-
positive WG are reported to have more PR3-specific Th17 cells than ANCA-negative WG
patients and healthy controls [52]. It is, therefore, likely that a Th1 response plays an impor‐
tant role in antibody production and granuloma formation in AASV.

Figure 1. Pathophysiology of AASV. The stimulation of neutrophils by TNF-α or IL-1β (priming), e.g. during a preceding
infection, leads to the translocation of the ANCA-antigens, PR3 and MPO, from the cytoplasmic granules (specific
granules and secretory vesicels) to the cell surface, where they are accessible for ANCA, which leads to a further activa‐
tion of the cell. ANCA-induced neutrophil activation initiates production of ROS, neutrophil degranulation with re‐
lease of inflammatory cytokines and granule contents (e.g., PR3 and HLE) from azurophilic granules, leading to
endothelial cell detachment and lysis. Furthermore, neutrophil activation leads to leukocyte adhesion (via ICAM-1,
VCAM-1) and transmigration through endothelium (via PECAM-1), and release of ROS and proteases into tissues. Su‐
perantigen (e.g., Staphylococcal exotoxins) or PR3 presented to the T-cells directly or via dendritic cells, are capable of
stimulating the proliferation of T-cells, leading to granuloma formation and finally to maturation of PR3-specific au‐
toreactive B-cells, culminating in ANCA production. ROS= Reactive oxygen species. PR3= Proteinase 3, MPO= Myelo‐
peroxidase, HLE= Human Leukocyte elastase, ICAM= Intercellular adhesion molecule-1, VCAM-1=Vascular cell
adhesion molecule-1, PECAM-1= Platelet endothelial cell adhesion molecule-1, TCR= T-cell receptor, MHC-II= Major
Histocompatibility complex-II, TNF-α=Tumor necrosis factor-alpha, IL-1β=Interleukin-1 Beta.
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undergo apoptosis. Paucity of immunoglobulins in the vasculitic lesions, predominance of
IgG1 and IgG4 subclasses of IgG, and the presence of granulomatous lesions indicate that T-
cell-mediated immune responses play a role in the pathogenesis of AASV [40]. This is consis‐
tent with the fact that T cell-based treatment strategies produce clinically-relevant remission
in AASV patients [41,42].

In patients with active WG, higher proportion of activated T-cells and higher concentration of
soluble T cell activation markers (including soluble IL-2 receptor or CD30) are reported to
correlate with disease activity [43]. High levels of activation markers also correlate with
ANCA-positivity, which suggests persistent T cell activation, likely secondary to a persistent
antigenic trigger, as an underlying pathogenic factor. This is consistent with reports of
persistent expansion of CD4+ effector memory T-cells (Tem) combined with a decrease in naïve
T-cells in patients with AASV [44,45]. A polarization of Th1 and Th2 response has also been
reported in AASV. In particular, a Th2-type response is predominant in patients with active
generalized WG or CSS, while a Th1 response is dominant in patients with localized WG or
MPA, indicating that aberrant T cell response plays a role in the disease process [46,47]. CCR5
is also expressed on T-cells in early, localized WG, which might also favor recruitment of Th1-
type cytokine secreting cells into inflammatory lesions in localized WG [48]. Conversion from
Th1 to Th2 type response could underlie progression from localized to generalized WG. This
shift could reflect B-cell expansion and T-cell-dependent PR3-ANCA production, secondary
to interaction between neutrophils and auto-reactive T- and B-cells in inflammatory lesions,
Figure 1.

The granulomas in AASV resemble a germinal centre, with a cluster of primed neutrophils
surrounded by dendritic cells, T- and B-cells. CD4+ T cells are likely to play an important
role in the granulomatous response in AASV. The decrease in CD4+CD28-- Tem subset of T-
cells during active disease, in patients with WG, indicates an increased migration of these
cells to sites of inflammation [44]. In an experimental model of autoimmune, anti-MPO-asso‐
ciated glomerulonephritis, it was noted that mice depleted of CD4+ T cells, at the time of ad‐
ministration of anti-mouse anti-GBM antibodies, developed significantly less crescent
formation and cell response, compared to controls [49]. In patients with ANCA-associated
glomerulonephritis, Tem cells are the predominant T-cell subtype in the glomerular infil‐
trate [50]. Together, these observations suggest that a cell mediated immune response con‐
tributes to the pathogenesis of renal lesions. Indeed, CD4+ Tem cells from WG patients lack
NKG2A (inhibitory receptor) and demonstrate increased expression of NKG2D, which is a

Updates in the Diagnosis and Treatment of Vasculitis6

member of the killer immunoglobulin-like receptor family [51]. A significant increase in the
proportion of IL-17 producing CD4+ T cells (Th17 cells) in in vitro stimulated peripheral
blood cells from WG patients has also been reported [52]. IL-17 induces secretion of neutro‐
phil-attracting chemokines, and release of pro-inflammatory cytokines (IL-1β, TNF-α) capa‐
ble of increasing expression of PR3 on the surface of neutrophils. Patients with ANCA-
positive WG are reported to have more PR3-specific Th17 cells than ANCA-negative WG
patients and healthy controls [52]. It is, therefore, likely that a Th1 response plays an impor‐
tant role in antibody production and granuloma formation in AASV.

Figure 1. Pathophysiology of AASV. The stimulation of neutrophils by TNF-α or IL-1β (priming), e.g. during a preceding
infection, leads to the translocation of the ANCA-antigens, PR3 and MPO, from the cytoplasmic granules (specific
granules and secretory vesicels) to the cell surface, where they are accessible for ANCA, which leads to a further activa‐
tion of the cell. ANCA-induced neutrophil activation initiates production of ROS, neutrophil degranulation with re‐
lease of inflammatory cytokines and granule contents (e.g., PR3 and HLE) from azurophilic granules, leading to
endothelial cell detachment and lysis. Furthermore, neutrophil activation leads to leukocyte adhesion (via ICAM-1,
VCAM-1) and transmigration through endothelium (via PECAM-1), and release of ROS and proteases into tissues. Su‐
perantigen (e.g., Staphylococcal exotoxins) or PR3 presented to the T-cells directly or via dendritic cells, are capable of
stimulating the proliferation of T-cells, leading to granuloma formation and finally to maturation of PR3-specific au‐
toreactive B-cells, culminating in ANCA production. ROS= Reactive oxygen species. PR3= Proteinase 3, MPO= Myelo‐
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4.3. Monocyte activation and production of pro-inflammatory cytokines

Wickman et al compared monocytes and cytokine profiles in patients with acute anti-PR3
vasculitis and normal controls; monocytes from patients were reported to have a reduced
capacity to produce oxygen radicals [53]. Ohlsson et al., from our group, reported a positive
correlation between circulating levels of IL-8 and monocyte IL-8 mRNA in patients with AASV,
suggesting prolonged immune activation [54]. Pathological analysis of renal tissue from
patients with AASV revealed the presence of monocytes in the glomerular crescents and
granulomas [55]. In-vitro studies demonstrated that ANCA are capable of stimulating
monocytes, leading to release of cytokines including IL-8, MCP-1, TNF-, IL-1, IL-6 and
thromboxane A2 [56,57]. On the other hand, membrane PR3 expression on monocytes does
not correlate with disease activity. There are many possible explanations for the presence of
activated monocytes in glomerular crescents. For example, it is possible that monocytes are
activated by direct physical interaction with components of glomerular lesions once they reach
site of lesion; alternatively, dysfunctional apoptosis may stimulate monocyte activation [58].

4.4. Endothelial cell activation and enhanced expression of adhesion molecules

Endothelial damage, neutrophil invasion and necrosis are histopathological features of AASV
[59]. Activated endothelial cells express high levels of adhesion molecules. Increased circulat‐
ing levels of endothelial proteins (thrombomodulin, vWF), and adhesion molecules (soluble
intercellular adhesion molecule (sICAM)-1 and the soluble endothelial cell-leukocyte adhesion
molecule (sELAM)-1) have been reported in vasculitis [60]. Woywodt et al. reported the
presence of significant number of circulating endothelial cells and necrotic endothelial cell
fragments in patients of active AASV [61]. A significant proportion of the circulating endo‐
thelial cells (EC) stain positive for tissue factor (TF), which links proinflammatory mechanisms
with thrombosis [61]. Interestingly, TF expression can be induced in ECs by the release of PR3
and elastase from neutrophils; this may be mediated via PR3 receptors on the endothelial cell
surface [62]. Endothelial cell necrosis, and release of TF, may play a role in development of
vasculitic lesions. The mechanism of endothelial cell necrosis is not yet fully elucidated.
Although anti-endothelial cell antibodies have been detected in AASV, their significance in
this regard is not clear [63]. ANCA antigens, PR3 and MPO, can bind to endothelial cells via
endothelial cell receptors [64,65]. ANCA can bind to endothelial cell bound antigens, leading
to EC activation. It is possible that ANCA-induced neutrophil activation induces release of
cytotoxic enzymes that damage endothelial cells. In AASV patients with renal involvement,
the levels of circulating angiopoietin-2 (Ang-2) correlate with the increased number of
circulating ECs. In-vitro studies suggeset that the endothelial-specific angiopoietin (Ang)-Tie
ligand-receptor system regulates endothelial cell detachment. By analogy, Ang-2 might
regulate endothelial cell detachment in AASV [66].

4.5. Environmental factors

Clinical and epidemiological evidence demonstrate that environmental factors, including
silica, asbestos, drugs (anti-thyroid medications), and various infections (bacterial endocardi‐
tis, hepatitis C visrus), correlate with circulating ANCA and development of AASV [67,68].

Updates in the Diagnosis and Treatment of Vasculitis8

Beaudreuil et al showed that exposure to silica is associated with a nearly seven-fold increased
risk of being ANCA-positive [69]. ANCA, both PR3 and MPO, are detected in sera of patients
with protracted infections; however, in most infections, ANCA are directed against a wide
repertoire of antigens and tend to be dual [70]. Stegeman et al. described an association between
nasal S. aureus and relapses of PR3-AAV [71]. Chronic infections may prime neutrophils,
which can be further activated by PR3-ANCA, leading to vasculitis. It is also possible that some
exogenous non-self proteins (i.e., bacterial, viral, fungal) mimic auto-antigens, which generates
ANCA and an ANCA response. For example, PR3-ANCA has been detected in sera of patients
with bacterial endocarditis [72]. Long standing exposure of the immune system to specific
antigens, may set the stage for development of ANCA and subsequent AASV. Many theories
have been made in line of this thought, including anti-complementary PR3 antibody theory
[73] and Anti-LAMP (Lysosomal associated membrane protein) anatibody theory [74], which
are out of the scope of this study.

4.6. Genetic predisposition

In general, autoimmune diseases display familial inheritance, suggesting that affected
individuals carry genetic variation that contributes to disease susceptibility. Case reports show
clusters of WG in siblings and close relatives, and specific HLA associations (DR1-DQw1) in
AASV patients also suggest the existence of genetic susceptibility loci [75,76,77]. In patients
with WG, neutrophils with positive expression of membrane-PR3 (mPR3+) are more abundant
than in healthy controls, leading to a skewed bimodal distribution of mPR3 towards a high
mPR3+ phenotype in WG [78]. This phenomenon may be genetically determined, because the
proportion of mPR3+neutrophils is a stable phenotype in the same individual over prolonged
periods of time, it also runs in families and is similar between twins [79]. Furtherore, patients
with WG carry a polymorphism that disrupts a putative transcription factor binding site in
the PR3 promoter region [80]. This polymorphism may lead to increased expression of PR3
and explain the high mPR3+ phenotype. Additional polymorphisms involving CTLA-4
(affecting T cell activation), alpha-1 antitrypsin level (protease inhibitor of PR3), and other
genes/proteins have been reported in AASV patients [81,82,83,84].

5. Are ANCA pathogenic?

The subject of pathogenicity of ANCA is controversial. ANCA are absent in some patients with
small vessel vasculitis, while MPO-ANCA are detected in patients with rheumatoid arthritis
and other disorders [85]. Also, a paucity of immune complexes at sites of pathological lesions
argues against a direct role for ANCA. However, animal models of small vessel vasculitis
provide convincing evidence that ANCA are pathogenic in AASV. Xiao et al demonstrated
that Rag2-/- mice, which are completely deficient in T- and B-lymphocytes with antigen
receptors, developed a severe necrotizing glomerulonephritis and small vessel vasculitis when
they were injected with anti-MPO splenocytes, while mice that received anti-BSA or normal
splenocytes remained disease-free. Similarly, Rag2-/- and WT B6-mice injected with anti-MPO
IgG developed focal glomerular necrosis and crescent formation, clearly indicating that the
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molecule (sELAM)-1) have been reported in vasculitis [60]. Woywodt et al. reported the
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thelial cells (EC) stain positive for tissue factor (TF), which links proinflammatory mechanisms
with thrombosis [61]. Interestingly, TF expression can be induced in ECs by the release of PR3
and elastase from neutrophils; this may be mediated via PR3 receptors on the endothelial cell
surface [62]. Endothelial cell necrosis, and release of TF, may play a role in development of
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Beaudreuil et al showed that exposure to silica is associated with a nearly seven-fold increased
risk of being ANCA-positive [69]. ANCA, both PR3 and MPO, are detected in sera of patients
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and other disorders [85]. Also, a paucity of immune complexes at sites of pathological lesions
argues against a direct role for ANCA. However, animal models of small vessel vasculitis
provide convincing evidence that ANCA are pathogenic in AASV. Xiao et al demonstrated
that Rag2-/- mice, which are completely deficient in T- and B-lymphocytes with antigen
receptors, developed a severe necrotizing glomerulonephritis and small vessel vasculitis when
they were injected with anti-MPO splenocytes, while mice that received anti-BSA or normal
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antibodies were pathogenic [86]. Neumann et al demonstrated excessive immune deposits in
the early stages of life of SCG/Kinjoh mice (that spontaneously develop small vessel vasculitis
and p-ANCA), and suggested that immune complex deposition leads to an inflammatory state,
which when amplified by ANCA, likely lead to severe vasculitis [87]. In renal biopsies from
AASV patients with renal involvement, Bajema et al showed that PR3, MPO, elastase and
lactoferrin localized within or around fibrinoid necrotic lesions, and the lesions contained high
levels of PR3 and elastase, which were also enriched inside the lesions [88]. Schlieben et al
described a case of pulmonary renal syndrome in a newborn who received MPO-ANCA via
passive transfer from the mother, supporting the idea that ANCA are pathogenic [89]. Animal
models have not been developed to text the pathogenicity of PR3-ANCA, because human and
murine PR3 share a low level of homology. However, an animal model of vasculitis and severe
segmental and necrotizing glomerulonephritis, similar to WG, was recently developed in non-
obese diabetic-severe combined immune deficiency (NOD-SCID) mice. In this model, spleno‐
cytes were isolated from NOD mice immunized with recombinant mouse PR3 and transferred
into NOD-SCID mice, who developed disease pathology. These findings suggest that PR3-
ANCA may play a direct role in PR3-ANCA-associated renal disease; however, in this model,
a specific genetic background and autoimmune predisposition for kidney pathology are pre-
requisites for disease manifestation [90].

5.1. Role of neutrophil apoptosis in AASV

Increased neutrophil apoptosis has been observed in AASV. Pathological specimens from
patients of WG show clear presence of apoptotic and necrotic neutrophils [91,92]. Leucocytes,
with degraded nuclear material, undergoing disintegration and apoptotic cells have been
observed in tissue specimens from ANCA-positive renal vasculitis [93]. Histologically, AASV
is characterized by leukocytoclasis, with infiltration and accumulation of unscavenged
apoptotic and necrotic neutrophils in tissues around blood vessels, and fibrinoid necrosis of
the blood vessel walls [94]. E/M studies of the leukocytoclastic lesions, in patients with
leukocytoclastic vasculitis, have suggested that there may be a defect in the clearance of
apoptotic neutrophils. The minority of neutrophils in this study showed typical apoptotic
changes of the condensed and marginated nuclei, while the majority showed intact nuclei with
disintegrated cytoplasmic organelles and plasma membranes [95]. Apoptotic neutrophils may,
in fact, be a source of immunologically exposed neutrophil antigens that promote the produc‐
tion of ANCAs. It has been speculated that the development of ANCA-positive vasculitis is a
three-step pathological process. The first step involves an exogenous stimulus that increases
neutrophil and macrophage apoptosis. An example is exposure to an inhaled substance like
silica, which is known to induce apoptosis in human peripheral blood lymphocytes and to also
induce Fas-ligand expression in lung macrophages (in vitro and in vivo), promoting Fas-
dependent macrophage apoptosis in a murine model of silicosis [96,97]. Similarly, other
postulated etiological agents for AASV (propylthiouracil, Streptococcus Pneumoniae) have also
been shown to induce/accelerate apoptosis [98,99]. There is also pathological evidence of
leucocytes with degraded nuclear material undergoing disintegration in tissues and apoptotic
cells have been observed in AASV. Therefore, it seems logical to suggest that defective
clearance/increased exposure to apoptotic neutrophils may be the initiating factor for ANCA
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production and development of AASV (step two). Finally, environmental and genetic factors
can also contribute to disease expression [100].

There are also experimental data that support this developmental model. There is evidence
that in an inflammatory environment, autoantigens (nuclear/cytosolic) are presented by the
opsonized cells, likely resulting in autoantibody formation. Kettritz et al used high doses of
TNF-α to prime neutrophils, and demonstrated that caspase 3 dependent early neutrophil
apoptosis was accompanied by increased surface expression of PR3 and MPO. In addition,
these early apoptotic neutrophils showed a down-regulation of respiratory burst in response
to ANCA [101].

Interestingly, Patry et al showed that injection of syngenic apoptotic neutrophils, but not
freshly isolated neutrophils, into Brown Norway rats resulted in development of P-ANCA,
with the majority being specific for elastase, again indicating that apoptotic neutrophils may
boost an autoimmune response [102]. In another study, intraperitoneal infusion of live or
apoptotic human neutrophils (but not formaline fixed or lysed neutrophils) into C57BL/6J mice
resulted in development of ANCA specific for lactoferrin or myeloperoxidase. A second
intravenous infusion of apoptotic neutrophils resulted in the development of PR3-specific
ANCA. Again no vasculitic lesions were found in those mice developing ANCA [103].

As already known from general molecular biology knowledge, neutrophils migrating to
inflamed sites undergo spontaneous apoptosis leading to their clearance without damage to
the surrounding tissue. Macrophages in the blood recognize, among other surface membrane
signals, the externalized Phosphatidyl Serine (PS) on the apoptotic neutrophils leading to their
safe clearance. However, neutrophils that are not cleared in this manner progress to secondary
necrosis, a process that triggers the release of pro-inflammatory cytokines. It appears that
ANCAs dysregulate the process of neutrophil apoptosis. In an in vitro study conducted by
Harper et al., ANCAs accelerated apoptosis of TNF--primed neutrophils by a mechanism
dependent on NADPH oxidase and the generation of ROS. This was accompanied by uncou‐
pling of the nuclear and cytoplasmic changes from the surface membrane changes. That is,
while apoptosis progressed more rapidly, there was no corresponding change in the rate of
externalization of PS following activation of neutrophils by ANCAs. This dysregulation
created a ‘reduced window of opportunity’ for phagocyte clearance by macrophages, leading
to a more pro-inflammatory environment [104]. It must be noted here that ANCAs were unable
to accelerate apoptosis in unprimed neutrophils. Additionally, although there was increased
expression of PR3 and MPO as apoptosis progressed, ANCAs were unable to activate these
neutrophils. In fact, there was a time-dependent decrease in ROS generation as these neutro‐
phils aged [104]. ANCA accelerates neutrophil apoptosis, in primed neutrophils, via genera‐
tion of ROS that act as amplifying factors for apoptosis. ROS are critical since neutrophils
isolated from patients with chronic granulomatous disease (having a defect in ROS production)
do not show accelerated apoptosis after ANCA activation [104]. The same authors, in a later
study, as well as another independent group showed that ANCA binding to apoptotic
neutrophils enhanced phagocytosis by human monocyte-derived macrophages, but at the
same time they increased the secretion of pro-inflammatory cytokines like IL-1, IL-8 and TNF-
α [105,106]. IL-1 and IL-8 are capable of retarding apoptosis and are powerful chemo-attrac‐
tants. The pro-inflammatory neutrophil clearance will result in further cell recruitment and
perpetuation of inflammation. The autoimmune response may be promoted by aberrant
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phagocytosis of apoptotic neutrophils by dendritic cells. In a recent study it has been shown
that anti-PR3 antibody can also penetrate into human neutrophils (in vitro) and lead to
enhancement of the apoptotic process [107].

Understanding the pathogenesis of neutrophil apoptosis and clearance in AASV can help to
rationalize existing therapies and indicate new approaches to therapy [108].

5.2. The role of netting Neutrophils (NETs)

A novel form of PMN death named “NETosis”, characterized by the active release of chro‐
matin, has been described recently [109]. Neutrophil extracellular traps (NETs) are extrusions
of plasma membrane and nuclear material, containing granule components and histones.
These structures bind gram-positive and negative bacteria, as well as fungi. In vitro, NETs
have been shown to bind and kill extracellular microorganisms; in vivo, they have been
documented in conditions, including appendicitis, sepsis, pre-eclampsia and experimental
models of shigellosis [110]. The changes leading to NET formation follow a specific pattern,
which is initiated by the loss of nuclear segregation into eu- and heterochromatin. Once the
chromatin and granular components are mixed, NETs are released from the cell after cyto‐
plasmic membrane rupture by a process distinct from necrosis or apoptosis, termed NETosis.
NADPH oxidase plays a role in this process, via generation of ROS, which act as signaling
molecules. Fuchs et al demonstrated that NET formation is a part of active cell death, and that
NETs are released when the activated neutrophils dies [111].

Kessenbrock et al. demonstrated that ANCA-stimulated neutrophils release NETs, which
contain PR3 and MPO in addition to chromatin and LL37 (an antimicrobial peptide with
capabilities of activating dendritic cells) [112]. In-vivo presence of NETs was shown in tissues
(kidney biopsies from patients with small vessel vasculitis), with maximal concentration in
areas showing neutrophilic infiltration, which suggests that NET formation occurs predomi‐
nantly during active disease [112]. In patients of AASV, increased levels of circulating
nucleosomes has been reported [113]. It is likely that these may, in fact, be derived from and
reflect NET formation in AASV. In short, NETs may incite production of ANCA, via presen‐
tation of antigen-chromatin complexes to the immune system, or ANCA may incite production
of NETs, which then could aggravate the immune response, leading to perpetuation of the
auto-immune response, Figure 2.

5.3. Recent updates

Experiments performed by our group, have shown that the plasma levels of mature PR3 as
well as pro-PR3 are elevated in AASV [114,115,116]. It was also observed that mPR3+ neutro‐
phils are more abundant in AASV compared to healthy donors, which agrees with previous
studies suggesting that a high percentage of mPR3+cells may be a risk factor for vasculitis
[78,115]. Circulating neutrophils and monocytes from patients with AASV display upregulat‐
ed transcription of the PR3 gene [117]. It is likely that aberrant PR3/mPR3 expression may
reflect, or be a marker of a specific functional defect in neutrophils. A possible origin of high
plasma levels of PR3 is shedding of membrane PR3.

Updates in the Diagnosis and Treatment of Vasculitis12

A significant recent finding is that mPR3 and CD177 are co-expressed on the same subset of
circulating neutrophils in healthy subjects as well as in AASV patients [118,119]. Our group
has demonstrated that the mPR3+/CD177+neutrophil subpopulation was larger in AASV
patients as compared to healthy controls, which suggests a distinct pathophysiological
neutrophil phenotype in AASV [116]. Interestingly, higher CD177–mRNA, but not PR3–
mRNA was found to correlate with a higher proportion of mPR3+/CD177+cells, suggesting
that overproduction of CD177 could lead to an increase in the proportion of mPR3+/
CD177+neutrophils [116].

It is likely that these two subpopulations have distinct functions, which may have a direct
bearing on pathophysiological processes. Membrane CD177 helps neutrophils adhere to the
endothelium, while m-PR3 helps this positive subpopulation to migrate through the endothe‐

Figure 2. Pathophysiological model of neutrophil extracellular traps (NETs) in ANCAassociated vasculitis. ANCA can
induce TNF-α-primed neutrophils to produce NETs. The deposition of NETs may activate plasmacytoid dendritic cells
that produce large amounts of interferon-α driving the autoimmune response. In this context, NETs may activate au‐
toreactive B cells to the production of ANCA, which results in a vicious circle of NET production that maintains the
delivery of antigen–chromatin complexes to the immune system. Moreover, NETs may also stick to the endothelium
and cause endothelial damage.
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lium and interstitial tissues. It may be inferred that the mPR3+/CD177+ cells possess greater
killing capabilities, including higher NET and ROS production, than the mPR3–/CD177– sub-
population. In simplistic terms, the mPR3+/CD177+ neutrophils may be the designated
“fighting” neutrophils, designed to migrate from blood into tissues and promote pro-inflam‐
matory, microbicidal functions, while mPR3-negative neutrophils are destined to stay in the
intra-vascular compartment, and function as anti-inflammatory cells, until they are needed for
resolution of inflammation to produce anti-inflammatory mediators or to phagocytose tissue
debris and other dead neutrophils at the site of inflammation.

Our group is the first to demonstrate a lower rate of spontaneous apoptosis and longer in
vitro survival in neutrophils from AASV patients in remission as compared to neutrophils from
healthy blood donors [120].

Contrary to our results, Harper et al. showed that neutrophils from AASV patients, especially
those with active disease, have an accelerated rate of apoptosis [106].

6. Pathophysiology of Henoch-Schönlein Purpura (HSP)

The etiology of HSP as well as its pathogenesis are largely unknown.

6.1. Genetic factors

Familial clustering of HSP has been described and suggests a genetic background to the disease
[121,122]. In several countries and ethnic groups different HLA types have been associated
with susceptibility for HSP [123,124]. The different HLA type associations may explain
differences in manifestations between different ethnic groups, but, so far, no conclusions could
be drawn from these studies to explain the pathogenesis of HSP. Positivity for HLAB35 was
found to increase the risk for the development of HSP [125].

A polymorphism in the angiotensinogen gene (M235T) may confer risk for the development
of Henoch-Schönlein Nephritis [126,127].

Polymorphisms in the gene for angiotensin 1-converting enzyme (ACE) may be involved in
the pathogenesis of HSP or HSN, although data are conflicting. The insertion (I)/deletion (D)
genotype of a polymorphism in ACE may confer susceptibility to HSP [126,127]. The DD
polymorphism was related to persistent proteinuria in patients with HSP in one study [128],
whereas in another study no correlation was found between the prognosis of HSP and the ACE
genotype [129].

Variations in the complement C4 protein gene may confer susceptibility to the development
of HSP. C4 null isotypes have been described to be prevalent in a significantly higher propor‐
tion of patients with HSP and HSN than controls [130,131,132]. A partial or complete deficiency
of C4 could be related to impaired clearance of immune complexes and thus play a role in the
pathogenesis of HSP [133]. Complement deficiency is, however, uncommon and transient in
patients with HSP [134].
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Investigations addressing polymorphisms in genes encoding for proinflammatory cytokines
(TNF-α, IL-1b, IL-8, TGF-β and VEGF) have so far not revealed any predisposing factors for
HSP [135,136].

Familial mediterranean fever (FMF) is an autoinflammatory disease caused by a mutation in
the MEFV gene, which in 7 % of cases is associated with HSP [137]. There is a high prevalence
of children with MEFV mutations among HSP patients in countries with relative abundance
of FMF [138,139]. The implication this association has on the general pathogenesis of HSP is,
if at all, unclear.

6.2. Infectious and non-infectious agents

HSP is usually preceded by infections, in up to 95 % of cases localized in the upper respiratory
tract, and appears in clusters in families [140,141,142]. The incidence of HSP is highest during
early childhood and shows distinct seasonal variations with a peak during autumn and winter
[6]. Both early childhood and the autumn-winter season are periods with frequent infections.
Thus, clinical observations suggest an important role of infections in the etiology and patho‐
genesis of HSP.

Several studies have shown a circumstantial relation of infections with group A streptococci
and the development of HSP [143,144,145]. Others found serological evidence for an associa‐
tion with infections with other bacteria such as Bartonella henselae or viruses such as parvo‐
virus B19 and hepatitis C virus [146,147,148].

Non-infectious agents have been found to be associated with the development of HSP
especially in adults. These include certain drugs such as angiotensin-converting enzyme
inhibitors, angiotensin II-receptor antagonists, antibiotics, and non-steroidal anti-inflamma‐
tory drugs as well as insect bites, vaccinations or food allergies [149].

6.3. IgA1 in HSP

IgA deposits in HSP are composed of immune-complexes mainly consisting of IgA1 [150].

Serum samples from HSN patients were found to have elevated levels of underglycosylated
polymeric IgA1 compared to controls [151]. However, in children with HSP without renal
involvement the levels were not higher than those of controls [152]. Underglycosylated
polymeric IgA1 has been found to exhibit an inflammatory and proliferative effect on mesan‐
gial cells (see IgA1 in IgAN). Taken together, underglycosylated polymeric IgA1 seems to be
involved in the development of HSN, but its role in the pathogenesis of HSP per se remains
unclear.

6.4. Mediators of inflammation

The acute phase of systemic vasculitis is generally characterized by vascular leukocytic
infiltration and activation of innate immunity. Elevated levels of inflammatory cytokines are
usually detectable in the serum and affected tissues in these diseases.
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IL-6, TNF-α, tumor necrosis factor-like weak inducer of apoptosis (TWEAK), IL-8, TGF-β, and
VEGF have been found to be up-regulated during the acute stage of HSP [153,154].

Tissue samples of affected skin areas from patients with HSP show epidermal staining with
IL-6 [155]. Serum levels of IL-6 were significantly higher in patients with HSP during the acute
phase of disease than in controls and also higher in patients with HSN than HSP without renal
affection [153]. IL-6 displays a wide variety of pro-inflammatory properties and promotes the
secretion of IgA [153,156].

IL-6 displays, besides its various pro-inflammatory effects, even anti-inflammatory effects by
inhibiting TNF-α and IL-1 and activating IL-1ra as well as IL-10 [157].

TNF-α is produced by macrophages and T cells in affected skin areas during HSP. Serum levels
of TNF-α were higher in patients with HSN than HSP without renal engagement [153].

It stimulates the presentation of adhesion molecules and receptors on leukocytes and endo‐
thelial cells thereby directing inflammatory events. Furthermore, endothelial cells stimulated
with TNF-α were shown to bind IgA with higher affinity [155]. These findings suggest, that
TNF-α could be involved in the accumulation of granulocytes and endothelial sequestration
of IgA as seen in affected tissues in HSP [153].

TWEAK, a member of the TNF superfamily, which binds to specific receptors on endothelial
cells, is involved in the regulation of cell growth, angiogenesis, apoptosis, and inflammation.

In vitro evidence suggests that TWEAK may induce cytokine production by human micro‐
vascular endothelial cells via up-regulation of the production of IL-8 and CCL-5 leading to a
leucocyte migration into affected vessels [158,159] which are common aspects of the HSP
lesion.

Sera and IgA from patients with HSP induce the secretion of IL-8 from endothelial cells invitro
[160,161].

IL-8 is a potent chemoattractant for polymorphonuclear neutrophilic granulocytes (PMNs).
Levels of leukotriene B4, also a potent chemo-attractant and activator of PMNs, are elevated
both in serum and urine in patients with HSN compared to those with HSP.

Furthermore, the levels of leukotriene A4, which counter-balance the effects of leukotriene B4
and inhibit the synthesis of proinflammatory cytokines (e.g. IL-6, IL-8, TNF- α), are decreased
in patients with HSN [162].

The role of VEGF in HSP is not clear-cut. Serum levels of VEGF were significantly higher during
the acute phase of HSP than during remission. However tissue staining for VEGF showed more
intense staining for VEGF in the epidermis and vascular bed during the resolution phase than
during the acute phase of HSP [163]. High serum levels of VEGF could influence endothelial
permeability, which may enhance capillary leakage and facilitate the extravasation and
perivascular deposition of immune complexes. The increased tissue staining during the
resolution phase, on the other hand, suggests a possible function of VEGF in the resolution of
vascular damage.
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T helper cells (Th) are a sub-population of lymphocytes, which have an important role in
adaptive immune responses. Dependent on the surrounding cytokine environment naïve
Th-cells differentiate into subtypes with different functions [164]. In patients with HSP an
elevated number of Th2 and Th17 with increased synthesis of IL-5 and IL-13 have been
found together with increased serum levels of IL-4, IL-6, and IL-17A [165]. The differentia‐
tion  towards  Th2  is  stimulated  by  exposure  to  IL-4  and  towards  Th17  by  TGF-β  com‐
bined with IL-6. By secreting IL-4, Th2 exhibit a stimulatory effect on B cells and promote
the  generation  of  plasma cells.  Further  secretion  of  IL-5  or  IL-13  from Th2  leads  to  an
antibody switch in plasma cells towards the generation of IgA or IgE, respectively. Th17
secrete IL17, which in turn stimulates the expression of pro-inflammatory cytokines such
as IL-1,  IL-6,  and cell  adhesion factors and promotes leukocyte migration to the sites of
inflammation. Th17 has been implicated in the pathogenesis of autoimmune diseases [164].
An imbalance  of  Th with  Th2  and TH17 predominance,  as  seen  in  HSP,  could  explain
elevated serum levels of IgA and IgE, the expression of pro-inflammatory cytokines and
leukocyte infiltrations into affected tissues seen in HSP [166,167].

If the pieces of this puzzle are put together potential origins of cardinal symptoms of

HSP emerge. Neutrophilic infiltration of the perivascular region may be mediated by TNF-α,
TWEAK, IL-8, chemo-attractant leukotrienes, VEGF and/or Th17 and the extravasation and
deposition of IgA by IL-6, TNF-α, VEGF, and Th2. The development of HSN could be related
to the prevalence of underglycosylated polymeric IgA1, the effect of IL-6, TNF-α, and a
disturbed balance between chemo-attractant and counteracting leukotrienes.

The contact system, which induces liberation of bradykinin or other vasoactive kinins from
high-molecular kininogen, has been found to be activated in HSP, which could contribute
to the development of clinical  features such as inflammation,  vasodilatation,  edema and
pain [168].

Increased reactive oxygen species, lipid and protein oxidation, and nitric oxide level detectable
during the acute phase of HSP are believed to reflect secondary events and vascular damage
[169,170,171].
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1. Introduction

The vasculitides comprise a heterogeneous group of diseases characterized by inflammation
and destruction of blood vessels. Vessels of any size can be involved which explains the diverse
spectrum of clinical diseases attributed to vasculitis. While the immunological basis of disease
for vasculitis was recognized over thirty years ago,[1] a standardized classification system was
only adopted nearly twenty years later. The initial classification system proposed by the
American College of Rheumatology attempted to classify vasculitis according to standardized
criteria.[2] The subsequent system described by the Chapel Hill Conference on the Nomen‐
clature of Systemic Vasculitis[3] introduced a system which coupled contemporary commonly
used disease names and the size of vessel(s) involved.

1.1. Small vessel vasculitis

Necrotizing arteritis is common to many forms of vasculitis, but involvement of vessels
smaller than arteries is unique to small vessel vasculitis.[4] A clinical report of ‘Vasculitis’
originated from the mid-nineteenth century[5] and clinical descriptions of these diseases
were published in the 1930s,[6] however it was not until the 1950s that Wegener’s Granulo‐
matosis, Churg Strauss Syndrome and Microscopic polyangiitis were identified as unique
clinical entities.[7] In the 1980s it was appreciated that the small vessel vasculitides repre‐
sented a clinically distinct form of disease.[8] These small vessel vasculitides will be the pri‐
mary focus of this chapter.
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Classification Disease Name

Large Vessel Vasculitis Giant Cell (Temporal) Arteritis

Takayasu’s Arterits

Medium Sized Vessel Vasculitis Polyarteritis Nodosa

Kawasaki’s disease

Small Vessel Vasculitis Wegener’s Granulomatosis*

Churg Strauss Syndrome*

Microscopic Polyangiitis*

Henoch Schonlein Purpura

Essential Cryoglobulinaemic Vasculitis

Cutaneous Leukocytoclastic Angiitis

*These diseases have subsequently been renamed.

Table 1. The Chapel Hill Conference on the Nomenclature of Systemic Vasculitis

2. Antineutrophil cytoplasmic antibody associated vasculitis

2.1. Background and chapter overview

Glomerulonephritis is a common cause of renal failure both worldwide and in Australia.
Rapidly progressive or crescentic glomerulonephritis represents the most severe form of the
disease and antineutrophil cytoplasmic antibody (ANCA) associated vasculitis (AAV)
accounts for >50% and more likely up to 80% of all cases of rapidly progressive glomerulo‐
nephritis. The AAVs are considered a heterogenous group of systemic autoimmune conditions
characterised by necrotising inflammation of small to medium sized arteries, capillaries and
venules. The disease is diagnosed by detecting ANCA in the serum which characteristically is
directed against myeloperoxidase (MPO) or proteinase 3 (PR3). The two most severe clinical
manifestations of disease are rapidly progressive glomerulonephritis and pulmonary hae‐
morrhage due to pulmonary capillaritis. These syndromes are associated with significant
morbidity and untreated have a mortality that approaches 100%. Renal vasculitis occurs in
more than 50% of patients at presentation but in 70-85% of patients with AAV during the course
of their disease [9]. While current treatments for active ANCA vasculitis are often life-saving
they are toxic and more than 1 in 3 patients will suffer a significant treatment related adverse
event.[10] A better understanding of the critical molecular events which underlie the disease
process will help identify more specific targeted therapies.

In the early 1980s two Australian groups based in Melbourne,  from St Vincent’s  Hospi‐
tal[11]  and  the  Austin  Hospital[12]  described  the  association  of  antibodies  directed
against the neutrophil cytoplasm in patients with rapidly progressive glomerulonephritis.
These reports represented key advances in our understanding of the pathogenesis of au‐
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toimmune  small  vessel  vasculitis.  Subsequent  work  by  a  Dutch  group  helped  establish
the correlation between ANCAs and the three clinical syndromes; Wegener’s granuloma‐
tosis,  microscopic polyangiits and Churg-Strauss syndrome.[13] More recently these syn‐
dromes  have  been  renamed  to  generate  nomenclature  free  from  the  use  of  eponyms.
[14-16] The new nomenclature proposed and adopted into the literature and clinical prac‐
tice in 2011 is as follows; Microscopic Polyangiitis (MPA), Granulomatosis with polyangii‐
tis,  (GPA),  formally  known  as  Wegener's,  Allergic  Granulomatosis  and  Angiitis  (AGA)
formally  known as  Churg Strauss  Disease  and Renal  Limited Vasculitis  (RLV).[14]  This
new terminology will be adopted for the remainder of this chapter.

In this chapter, we will concentrate on renal injury resulting from AAV which has formed the
basis for clinical and experimental studies. For both MPA and GPA target autoantigens have
been identified which are constituents of neutrophils. For MPA, myeloperoxidase (MPO) is
usually the target autoantigen, while antibodies to proteinase 3 (PR3) are usually detectable
in patients with clinical features of GPA. In both clinical and experimental AAV (GPA or MPA)
two separate key steps are required for the development of glomerulonephritis and renal
injury. The first critical step involves the development of systemic autoimmunity to the target
antigen, MPO or PR3. The second step involves antigen specific nephritogenic immune
responses driving glomerular injury and renal disease.

2.2. The development of systemic autoimmunity in MPA and GPA

The development of autoimmunity is a complex process, multifactorial in origin, which
involves the loss of tolerance and enhanced cellular and humoral activity.[17] In AAV, disease
is defined and characterized by antibodies detected against MPO or PR3. While antibodies
form the diagnostic hallmark of disease, cellular immunity is critical and is required for the
development of humoral immunity and the subsequent generation of B cells and production
of ANCAs. A role for cellular immunity has been defined in both clinical and experimental
ANCA vasculitis. In addition to adaptive immune cells, innate immune cells contribute to the
generation of autoimmunity with evidence for involvement of different cell types in this
disease process.

2.3. The initiation and progression of rapidly progressive glomerulonephritis and renal
injury in AAV

Enhanced cellular autoimmunity and innate cells stimulate B cells resulting in the production
of antigen specific ANCAs. These auto-antibodies bind to and activate circulating neutrophils.
These activated neutrophils are recruited to glomerular capillaries,[18] where they degranulate
and initiate renal injury. Degranulating neutrophils release their noxious constituents and also
deposit MPO [19] and probably PR3 in the glomerulus. Later, CD4+ T cells recognise the
autoantigen (MPO/PR3) in the glomerulus and attract additional immune effector cells; this
results in severe renal injury. In both clinical and experimental settings cellular nephritogenic
immunity, humoral immunity and innate immune cells are critical for the development of
rapidly progressive glomerulonephritis.[20-24] Our current treatment regimes were designed
to target these cells, or combinations of them.
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Classification Disease Name

Large Vessel Vasculitis Giant Cell (Temporal) Arteritis

Takayasu’s Arterits

Medium Sized Vessel Vasculitis Polyarteritis Nodosa

Kawasaki’s disease

Small Vessel Vasculitis Wegener’s Granulomatosis*

Churg Strauss Syndrome*

Microscopic Polyangiitis*

Henoch Schonlein Purpura

Essential Cryoglobulinaemic Vasculitis

Cutaneous Leukocytoclastic Angiitis

*These diseases have subsequently been renamed.

Table 1. The Chapel Hill Conference on the Nomenclature of Systemic Vasculitis

2. Antineutrophil cytoplasmic antibody associated vasculitis

2.1. Background and chapter overview
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manifestations of disease are rapidly progressive glomerulonephritis and pulmonary hae‐
morrhage due to pulmonary capillaritis. These syndromes are associated with significant
morbidity and untreated have a mortality that approaches 100%. Renal vasculitis occurs in
more than 50% of patients at presentation but in 70-85% of patients with AAV during the course
of their disease [9]. While current treatments for active ANCA vasculitis are often life-saving
they are toxic and more than 1 in 3 patients will suffer a significant treatment related adverse
event.[10] A better understanding of the critical molecular events which underlie the disease
process will help identify more specific targeted therapies.

In the early 1980s two Australian groups based in Melbourne,  from St Vincent’s  Hospi‐
tal[11]  and  the  Austin  Hospital[12]  described  the  association  of  antibodies  directed
against the neutrophil cytoplasm in patients with rapidly progressive glomerulonephritis.
These reports represented key advances in our understanding of the pathogenesis of au‐
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toimmune  small  vessel  vasculitis.  Subsequent  work  by  a  Dutch  group  helped  establish
the correlation between ANCAs and the three clinical syndromes; Wegener’s granuloma‐
tosis,  microscopic polyangiits and Churg-Strauss syndrome.[13] More recently these syn‐
dromes  have  been  renamed  to  generate  nomenclature  free  from  the  use  of  eponyms.
[14-16] The new nomenclature proposed and adopted into the literature and clinical prac‐
tice in 2011 is as follows; Microscopic Polyangiitis (MPA), Granulomatosis with polyangii‐
tis,  (GPA),  formally  known  as  Wegener's,  Allergic  Granulomatosis  and  Angiitis  (AGA)
formally  known as  Churg Strauss  Disease  and Renal  Limited Vasculitis  (RLV).[14]  This
new terminology will be adopted for the remainder of this chapter.

In this chapter, we will concentrate on renal injury resulting from AAV which has formed the
basis for clinical and experimental studies. For both MPA and GPA target autoantigens have
been identified which are constituents of neutrophils. For MPA, myeloperoxidase (MPO) is
usually the target autoantigen, while antibodies to proteinase 3 (PR3) are usually detectable
in patients with clinical features of GPA. In both clinical and experimental AAV (GPA or MPA)
two separate key steps are required for the development of glomerulonephritis and renal
injury. The first critical step involves the development of systemic autoimmunity to the target
antigen, MPO or PR3. The second step involves antigen specific nephritogenic immune
responses driving glomerular injury and renal disease.

2.2. The development of systemic autoimmunity in MPA and GPA

The development of autoimmunity is a complex process, multifactorial in origin, which
involves the loss of tolerance and enhanced cellular and humoral activity.[17] In AAV, disease
is defined and characterized by antibodies detected against MPO or PR3. While antibodies
form the diagnostic hallmark of disease, cellular immunity is critical and is required for the
development of humoral immunity and the subsequent generation of B cells and production
of ANCAs. A role for cellular immunity has been defined in both clinical and experimental
ANCA vasculitis. In addition to adaptive immune cells, innate immune cells contribute to the
generation of autoimmunity with evidence for involvement of different cell types in this
disease process.

2.3. The initiation and progression of rapidly progressive glomerulonephritis and renal
injury in AAV

Enhanced cellular autoimmunity and innate cells stimulate B cells resulting in the production
of antigen specific ANCAs. These auto-antibodies bind to and activate circulating neutrophils.
These activated neutrophils are recruited to glomerular capillaries,[18] where they degranulate
and initiate renal injury. Degranulating neutrophils release their noxious constituents and also
deposit MPO [19] and probably PR3 in the glomerulus. Later, CD4+ T cells recognise the
autoantigen (MPO/PR3) in the glomerulus and attract additional immune effector cells; this
results in severe renal injury. In both clinical and experimental settings cellular nephritogenic
immunity, humoral immunity and innate immune cells are critical for the development of
rapidly progressive glomerulonephritis.[20-24] Our current treatment regimes were designed
to target these cells, or combinations of them.
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In this  chapter  we will  focus on the pathogenesis  of  the ANCA associated vasculitides,
focussing on AAV attributable to MPA and GPA. We will pay attention to the develop‐
ment of autoimmunity and concentrate on end organ injury in the kidney, a critical tar‐
get  of  the  small  vessel  vasculitides.  Interestingly,  while  GPA  and  MPA  share  many
diagnostic  and clinical  features  and patients  with these  diseases  have been grouped to‐
gether in many clinical trials,  more recent evidence including a landmark genetic study,
suggests  that  GPA  and  MPA  represent  two  different  diseases.  While  we  will  discuss
GPA  and  MPA  separately,  there  is  stronger  experimental  evidence  linking  MPO  with
disease.  This  includes  several  small  animal  studies  which  have  confirmed  pathogenic
roles  for  cellular  and  humoral  autoimmunity,  directed  against  MPO,  which  closely  re‐
semble  human  disease.  Our  discussion  will  focus  on  the  disease  pathogenesis  of  AAV
and attempt to define future directions for study which ultimately may lead to therapeu‐
tic  interventions.  Information  has  been  made  available  from  human  studies  assessing
mechanisms of disease as well as experimental studies, utilizing rodent models of vascu‐
litis.  Further insights into disease pathogenesis can be gained from clinical trials, includ‐
ing those with negative results.

3. Genetic and epigenetic basis of disease in ANCA vasculitis

Consistent with improved mechanistic studies the last decade has witnessed significant
advances in our understanding of the role of both the genetic and epigenetic factors driving
AAV. While a detailed description and discussion of these factors is beyond the scope of this
chapter it would be remiss not to discuss several recent key studies. It is important to note that
all results discussed in this section are from clinical studies. It should also be noted that while
the varying genetic background of commonly used laboratory rodents may contribute to a
particular pattern and severity of disease in experimental AAV, the relevance and correlation
of this to human disease is less clear.

A genetic basis for AAV has long been suspected, however this was recently confirmed by a
publication which demonstrated a relative risk of 1:56 for first degree relatives of patients with
GPA.[25] This rate is similar to that seen in other autoimmune diseases with an established
genetic component which contributes to injury. This study followed on from previous studies
which had suggested a genetic link into AAV. Many of the candidate genes identified as being
over represented in vasculitis patients are associated with genes which encode proteins
involved in the immune system. These include several genes encoded in the human leukocyte
antigen (HLA) as well as genes encoding protein tyrosine phosphatase non-receptor type 22
(PTPN22), cytotoxic T-lymphocyte antigen 4 (CTLA4), Interleukin (IL)-2, PRTN3 which
encodes PR3, α1 anti-trypsin (AAT), complement related genes, CD18, IL-10, CD226 as well as
the Fc gamma receptors; FCGR2A, FCGR3B (for both copy number high and copy number
low). For a detailed review of the individual genes linked with clinical disease, the authors
recommend the review by Willcocks and colleagues, whose work with Ken Smith has been
instrumental in advancing knowledge in this field.[26] It is important to acknowledge that
while genetic variation of these genes has been associated with an increased incidence of AAV,
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many of these genes display aberrant expression in several autoimmune diseases. This is not
surprising considering several of these genes encode proteins critical for maintenance of the
immune system, including the function of innate immune cells, T lymphocytes, B lymphocytes
and regulatory cells. There are several limitations to these studies. Some studies which linked
aberrant gene expression with AAV included patients with only one form of the disease (i.e.
GPA, MPA, RLV or AGA), while other studies were less specific and included all patients who
had detectable ANCA levels. Furthermore several of these associations were not confirmed
when assessing disease in different population groups and hence results from these early
studies suggested that there was, at best, a modest link between genetic background and
disease.[26-27]

In a genome wide association study with over 10 000 patients (including controls), not only
was a genetic component confirmed but the antigenic specificity for AAV, i.e. for MPO or PR3
was found to have distinct genetic associations. For patients with ANCA directed against PR3,
there was a strong genetic association with HLA-DP and genes encoding α1-AT-SERPINA1 and
PTN3. Conversely patients with antibodies directed against MPO showed a strong association
with HLA-DQ.[28] The observation that there were different genetic associations for MPO-
ANCA and PR3-ANCA strengthens the proposal that these diseases represented two different
clinical entities. Furthermore the stronger genetic component to PR3 related disease identified
in earlier studies was substantiated.

An epigenetic basis for disease has also been proposed. Neutrophil levels of the chroma‐
tin modification protein complex, H3K27me3, required for gene silencing were decreased
in patients with AAV, at both the MPO and PR3 loci.  This phenomenon was dependent
on  the  transcription  factor  encoding  gene,  RUNX3.  Interestingly  RUNX3  message  was
found to be decreased in patients with AAV compared to healthy controls. These studies
provided the first  evidence that  epigenetic  modifications present in AAV patients  could
impair gene silencing and result in aberrant expression of the target auto-antigens, MPO
and PR3.[29] These recently published genetic and epigenetic studies have added consid‐
erably to our understanding of AAV.

4. Environmental factors driving disease in ANCA vasculitis

In addition to genetic factors, environmental factors contribute to the loss of tolerance, the
development of autoimmunity (to MPO or PR3) and subsequent organ injury. Environmental
triggers that have been implicated in disease pathogenesis include environmental toxins,
pharmacological therapies and infections, for which there is the strongest evidence.

Epidemiological studies have demonstrated increased incidence of ANCA vasculitis,  and
more  specifically  MPA,  is  increased  in  patients  exposed  to  a  variety  of  environmental
toxins,[30]  in  particular  silica.[31]  This  is  thought  to  result  from  environmental  toxins
serving as adjuvants to the immune system.[32] The development of ANCAs, in particu‐
lar  those  reactive  to  MPO,  is  not  uncommon after  treatment  with  propylithiouracil,[33]
although systemic disease following treatment is  uncommon. Overt  MPA with focal  ne‐
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In this  chapter  we will  focus on the pathogenesis  of  the ANCA associated vasculitides,
focussing on AAV attributable to MPA and GPA. We will pay attention to the develop‐
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get  of  the  small  vessel  vasculitides.  Interestingly,  while  GPA  and  MPA  share  many
diagnostic  and clinical  features  and patients  with these  diseases  have been grouped to‐
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GPA  and  MPA  separately,  there  is  stronger  experimental  evidence  linking  MPO  with
disease.  This  includes  several  small  animal  studies  which  have  confirmed  pathogenic
roles  for  cellular  and  humoral  autoimmunity,  directed  against  MPO,  which  closely  re‐
semble  human  disease.  Our  discussion  will  focus  on  the  disease  pathogenesis  of  AAV
and attempt to define future directions for study which ultimately may lead to therapeu‐
tic  interventions.  Information  has  been  made  available  from  human  studies  assessing
mechanisms of disease as well as experimental studies, utilizing rodent models of vascu‐
litis.  Further insights into disease pathogenesis can be gained from clinical trials, includ‐
ing those with negative results.

3. Genetic and epigenetic basis of disease in ANCA vasculitis

Consistent with improved mechanistic studies the last decade has witnessed significant
advances in our understanding of the role of both the genetic and epigenetic factors driving
AAV. While a detailed description and discussion of these factors is beyond the scope of this
chapter it would be remiss not to discuss several recent key studies. It is important to note that
all results discussed in this section are from clinical studies. It should also be noted that while
the varying genetic background of commonly used laboratory rodents may contribute to a
particular pattern and severity of disease in experimental AAV, the relevance and correlation
of this to human disease is less clear.

A genetic basis for AAV has long been suspected, however this was recently confirmed by a
publication which demonstrated a relative risk of 1:56 for first degree relatives of patients with
GPA.[25] This rate is similar to that seen in other autoimmune diseases with an established
genetic component which contributes to injury. This study followed on from previous studies
which had suggested a genetic link into AAV. Many of the candidate genes identified as being
over represented in vasculitis patients are associated with genes which encode proteins
involved in the immune system. These include several genes encoded in the human leukocyte
antigen (HLA) as well as genes encoding protein tyrosine phosphatase non-receptor type 22
(PTPN22), cytotoxic T-lymphocyte antigen 4 (CTLA4), Interleukin (IL)-2, PRTN3 which
encodes PR3, α1 anti-trypsin (AAT), complement related genes, CD18, IL-10, CD226 as well as
the Fc gamma receptors; FCGR2A, FCGR3B (for both copy number high and copy number
low). For a detailed review of the individual genes linked with clinical disease, the authors
recommend the review by Willcocks and colleagues, whose work with Ken Smith has been
instrumental in advancing knowledge in this field.[26] It is important to acknowledge that
while genetic variation of these genes has been associated with an increased incidence of AAV,
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many of these genes display aberrant expression in several autoimmune diseases. This is not
surprising considering several of these genes encode proteins critical for maintenance of the
immune system, including the function of innate immune cells, T lymphocytes, B lymphocytes
and regulatory cells. There are several limitations to these studies. Some studies which linked
aberrant gene expression with AAV included patients with only one form of the disease (i.e.
GPA, MPA, RLV or AGA), while other studies were less specific and included all patients who
had detectable ANCA levels. Furthermore several of these associations were not confirmed
when assessing disease in different population groups and hence results from these early
studies suggested that there was, at best, a modest link between genetic background and
disease.[26-27]

In a genome wide association study with over 10 000 patients (including controls), not only
was a genetic component confirmed but the antigenic specificity for AAV, i.e. for MPO or PR3
was found to have distinct genetic associations. For patients with ANCA directed against PR3,
there was a strong genetic association with HLA-DP and genes encoding α1-AT-SERPINA1 and
PTN3. Conversely patients with antibodies directed against MPO showed a strong association
with HLA-DQ.[28] The observation that there were different genetic associations for MPO-
ANCA and PR3-ANCA strengthens the proposal that these diseases represented two different
clinical entities. Furthermore the stronger genetic component to PR3 related disease identified
in earlier studies was substantiated.

An epigenetic basis for disease has also been proposed. Neutrophil levels of the chroma‐
tin modification protein complex, H3K27me3, required for gene silencing were decreased
in patients with AAV, at both the MPO and PR3 loci.  This phenomenon was dependent
on  the  transcription  factor  encoding  gene,  RUNX3.  Interestingly  RUNX3  message  was
found to be decreased in patients with AAV compared to healthy controls. These studies
provided the first  evidence that  epigenetic  modifications present in AAV patients  could
impair gene silencing and result in aberrant expression of the target auto-antigens, MPO
and PR3.[29] These recently published genetic and epigenetic studies have added consid‐
erably to our understanding of AAV.

4. Environmental factors driving disease in ANCA vasculitis

In addition to genetic factors, environmental factors contribute to the loss of tolerance, the
development of autoimmunity (to MPO or PR3) and subsequent organ injury. Environmental
triggers that have been implicated in disease pathogenesis include environmental toxins,
pharmacological therapies and infections, for which there is the strongest evidence.

Epidemiological studies have demonstrated increased incidence of ANCA vasculitis,  and
more  specifically  MPA,  is  increased  in  patients  exposed  to  a  variety  of  environmental
toxins,[30]  in  particular  silica.[31]  This  is  thought  to  result  from  environmental  toxins
serving as adjuvants to the immune system.[32] The development of ANCAs, in particu‐
lar  those  reactive  to  MPO,  is  not  uncommon after  treatment  with  propylithiouracil,[33]
although systemic disease following treatment is  uncommon. Overt  MPA with focal  ne‐
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crotising glomerulonephritis has been described in patients treated with penicillamine[34]
and  hydralazine.[35]  The  rarity  of  these  phenomena  has  prevented  us  from  learning
more about disease pathogenesis.

Links between infection and ANCA vasculitis have been suggested for some time, with
seasonal variation in disease presentation suggesting a correlation with microbial infection.
[36] Moreover results from several studies suggested that infection(s) may predate disease
initiation and/or relapse in GPA, MPA and pulmonary vasculitis.[37-40] It must be noted that
these results are contentious and other studies have not confirmed them.[30] However, nasal
colonization with Staphylococcus Aureus is significantly increased in patients with GPA and
increases the relative risk of relapse over 7 fold.[37] In a key study, published more than 15
years ago, it was shown that prophylactic antibiotic therapy (co-trimoxazole) successfully
decreased disease relapses in ANCA vasculitis. This effect was presumed to result from
decreased nasal carriage of Staphylococcus Aureus.[41] Interestingly, despite this finding long-
term maintenance therapy with co-trimoxazole is not the standard of care in many centres,
which may reflect concerns about the long-term safety of the drug. Consistent with an infective
trigger to the development of AAV; features of vasculitis have been described in patients with
bacterial endocarditis.[42-43] Despite the strong evidence linking infection with the develop‐
ment of autoimmunity (MPO/ PR3) and the ensuing organ injury few mechanistic links have
been provided, until recently.

Several mechanisms have been proposed to link infection with the development of AAV,
including the use of complementary proteins, molecular mimicry and the ligation of Toll like
receptors (TLRs) which heighten innate and adaptive immune responses as well as activating
resident kidney cells. A series of clinical and experimental studies have supported each of these
concepts, however it is likely that these mechanisms act, at least partially, in combination.

Molecular mimicry refers to the development of antibodies to host proteins after (repeat‐
ed)  exposure to  foreign antigens,  this  occurs  due to  structural  similarities  between host
and foreign proteins.  Molecular  mimicry has  been proposed as  a  reason for  the  loss  of
tolerance to self and the subsequent development of autoimmunity.[44] In a series of ele‐
gant experiments it  was demonstrated that antibodies to the lysosomal associated mem‐
brane  protein-2  (LAMP-2)  were  highly  prevalent  in  patients  with  ANCA  vasculitis.
Furthermore  LAMP-2  was  pathogenic  and  administration  of  polyclonal  LAMP-2  to  ro‐
dents resulted in a characteristic pattern of AAV, with focal necrotising glomerulonephri‐
tis,  similar to that observed in human renal vasculitis.  We will discuss LAMP-2 in more
detail  later  in  this  chapter.  There  is  homology  between  the  immunodominant  LAMP-2
epitope and the peptide of  FimH, which is  a component of  the fimbriae of  Gram nega‐
tive bacteria. It is hypothesized that certain patients infected with Gram negative bacteria
would generate antibodies to LAMP-2 and develop vasculitis, through the process of mo‐
lecular mimicry.[45] This highly plausible theory provides one explanation for the clinical
association between infection and the development of ANCAs or LAMP-2 antibodies.

An earlier study reported that a form of molecular mimicry could link Staphylococcus Aureus
infection with the development of AAV. This process was more complex and involved the use
of complementary proteins. The authors observed that patients who were PR3-ANCA positive
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also had antibodies to a complementary PR3. Complementary PR3 is the protein sequence
resulting from transcription of the antisense DNA strand of the PR3 gene. Subsequently it was
found that mice immunized with complementary PR3 also developed PR3-ANCA, suggesting
a form of molecular mimicry. Pendergraft et al proposed that loss of tolerance, with the
development of autoantibodies, could develop as a consequence of immune responses directed
against a complementary protein to the autoantigen.[46]

Both of these studies utilized human samples and elegant rodent models to propose infections
as initiators of autoimmunity and renal vasculitis. Further work in this field is required to
facilitate a better understanding of how molecular mimicry functions in humans and what
organisms could be involved.

Infections activate and ligate Toll-like receptors (TLRs). These receptors are innate pattern and
danger recognition receptors, ubiquitously expressed on immune cells, and resident tissue
cells. which heighten innate and adaptive immune responses in response to infection or danger
signals. Ligation of TLRs after infection can stimulate host immune responses, promoting auto-
inflammatory and auto-immune responses. Furthermore TLR ligation can stimulate endothe‐
lial cells and other resident kidney cells to generate a cytokine milieu conducive to the
recruitment of inflammatory leukocytes.

5. The role of adaptive immunity in the development of ANCA
autoimmunity and glomerulonephritis

5.1. The role of humoral immunity in AAV pathogenesis

Since their description in the 1980s antibodies directed against MPO and PR3 have formed the
diagnostic hallmark of AAV. While not entirely specific there is a strong association between
MPO-ANCA and MPA, while PR3 is commonly associated with GPA. Clinical and experi‐
mental studies have supported the notion that ANCA are pathogenic. Furthermore therapies
targeting (humoral immunity and) ANCAs, including plasma exchange[47] and the anti-CD20
monoclonal antibody Rituximab,[48-49] have been successful in clinical practice. Most of the
experimental evidence has supported a role for MPO in disease, but more recently an animal
model of PR3-associated vasculitis has also been developed. This represents a significant
advance and it is anticipated that this model will facilitate an improved understanding of the
pathogenesis of PR3-AAV. In this section, we will also discuss other roles for B cells including
their function as antigen presenting cells (APCs) and as potential regulators of disease.

Are ANCAs pathogenic? There has been increasing evidence supporting a pathogenic role for
ANCAs. Results from in vitro studies demonstrate that ANCAs activate primed neutrophils
which degranulate and deposit autoantigens in glomeruli. Similarly results from in vivo
studies, including an expanding number of animal models, have confirmed a pathogenic role
for ANCAs. In vitro studies have consistently demonstrated that neutrophils from patients
with AAV express increased amounts of the target antigens (MPO/PR3) on their cell surface.
[50] These auto-antigens are targets for ANCA binding. Furthermore, several cytokines
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crotising glomerulonephritis has been described in patients treated with penicillamine[34]
and  hydralazine.[35]  The  rarity  of  these  phenomena  has  prevented  us  from  learning
more about disease pathogenesis.

Links between infection and ANCA vasculitis have been suggested for some time, with
seasonal variation in disease presentation suggesting a correlation with microbial infection.
[36] Moreover results from several studies suggested that infection(s) may predate disease
initiation and/or relapse in GPA, MPA and pulmonary vasculitis.[37-40] It must be noted that
these results are contentious and other studies have not confirmed them.[30] However, nasal
colonization with Staphylococcus Aureus is significantly increased in patients with GPA and
increases the relative risk of relapse over 7 fold.[37] In a key study, published more than 15
years ago, it was shown that prophylactic antibiotic therapy (co-trimoxazole) successfully
decreased disease relapses in ANCA vasculitis. This effect was presumed to result from
decreased nasal carriage of Staphylococcus Aureus.[41] Interestingly, despite this finding long-
term maintenance therapy with co-trimoxazole is not the standard of care in many centres,
which may reflect concerns about the long-term safety of the drug. Consistent with an infective
trigger to the development of AAV; features of vasculitis have been described in patients with
bacterial endocarditis.[42-43] Despite the strong evidence linking infection with the develop‐
ment of autoimmunity (MPO/ PR3) and the ensuing organ injury few mechanistic links have
been provided, until recently.

Several mechanisms have been proposed to link infection with the development of AAV,
including the use of complementary proteins, molecular mimicry and the ligation of Toll like
receptors (TLRs) which heighten innate and adaptive immune responses as well as activating
resident kidney cells. A series of clinical and experimental studies have supported each of these
concepts, however it is likely that these mechanisms act, at least partially, in combination.

Molecular mimicry refers to the development of antibodies to host proteins after (repeat‐
ed)  exposure to  foreign antigens,  this  occurs  due to  structural  similarities  between host
and foreign proteins.  Molecular  mimicry has  been proposed as  a  reason for  the  loss  of
tolerance to self and the subsequent development of autoimmunity.[44] In a series of ele‐
gant experiments it  was demonstrated that antibodies to the lysosomal associated mem‐
brane  protein-2  (LAMP-2)  were  highly  prevalent  in  patients  with  ANCA  vasculitis.
Furthermore  LAMP-2  was  pathogenic  and  administration  of  polyclonal  LAMP-2  to  ro‐
dents resulted in a characteristic pattern of AAV, with focal necrotising glomerulonephri‐
tis,  similar to that observed in human renal vasculitis.  We will discuss LAMP-2 in more
detail  later  in  this  chapter.  There  is  homology  between  the  immunodominant  LAMP-2
epitope and the peptide of  FimH, which is  a component of  the fimbriae of  Gram nega‐
tive bacteria. It is hypothesized that certain patients infected with Gram negative bacteria
would generate antibodies to LAMP-2 and develop vasculitis, through the process of mo‐
lecular mimicry.[45] This highly plausible theory provides one explanation for the clinical
association between infection and the development of ANCAs or LAMP-2 antibodies.

An earlier study reported that a form of molecular mimicry could link Staphylococcus Aureus
infection with the development of AAV. This process was more complex and involved the use
of complementary proteins. The authors observed that patients who were PR3-ANCA positive
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also had antibodies to a complementary PR3. Complementary PR3 is the protein sequence
resulting from transcription of the antisense DNA strand of the PR3 gene. Subsequently it was
found that mice immunized with complementary PR3 also developed PR3-ANCA, suggesting
a form of molecular mimicry. Pendergraft et al proposed that loss of tolerance, with the
development of autoantibodies, could develop as a consequence of immune responses directed
against a complementary protein to the autoantigen.[46]

Both of these studies utilized human samples and elegant rodent models to propose infections
as initiators of autoimmunity and renal vasculitis. Further work in this field is required to
facilitate a better understanding of how molecular mimicry functions in humans and what
organisms could be involved.

Infections activate and ligate Toll-like receptors (TLRs). These receptors are innate pattern and
danger recognition receptors, ubiquitously expressed on immune cells, and resident tissue
cells. which heighten innate and adaptive immune responses in response to infection or danger
signals. Ligation of TLRs after infection can stimulate host immune responses, promoting auto-
inflammatory and auto-immune responses. Furthermore TLR ligation can stimulate endothe‐
lial cells and other resident kidney cells to generate a cytokine milieu conducive to the
recruitment of inflammatory leukocytes.

5. The role of adaptive immunity in the development of ANCA
autoimmunity and glomerulonephritis

5.1. The role of humoral immunity in AAV pathogenesis

Since their description in the 1980s antibodies directed against MPO and PR3 have formed the
diagnostic hallmark of AAV. While not entirely specific there is a strong association between
MPO-ANCA and MPA, while PR3 is commonly associated with GPA. Clinical and experi‐
mental studies have supported the notion that ANCA are pathogenic. Furthermore therapies
targeting (humoral immunity and) ANCAs, including plasma exchange[47] and the anti-CD20
monoclonal antibody Rituximab,[48-49] have been successful in clinical practice. Most of the
experimental evidence has supported a role for MPO in disease, but more recently an animal
model of PR3-associated vasculitis has also been developed. This represents a significant
advance and it is anticipated that this model will facilitate an improved understanding of the
pathogenesis of PR3-AAV. In this section, we will also discuss other roles for B cells including
their function as antigen presenting cells (APCs) and as potential regulators of disease.

Are ANCAs pathogenic? There has been increasing evidence supporting a pathogenic role for
ANCAs. Results from in vitro studies demonstrate that ANCAs activate primed neutrophils
which degranulate and deposit autoantigens in glomeruli. Similarly results from in vivo
studies, including an expanding number of animal models, have confirmed a pathogenic role
for ANCAs. In vitro studies have consistently demonstrated that neutrophils from patients
with AAV express increased amounts of the target antigens (MPO/PR3) on their cell surface.
[50] These auto-antigens are targets for ANCA binding. Furthermore, several cytokines
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including tumor necrosis factor (TNF), IL-18 and granulocyte macrophage colony stimulating
factor can prime neutrophils in AAV, increasing auto-antigen expression which facilitates
ANCA binding.[51-53] Binding of ANCA to the neutrophil is associated with increased
adherence to the endothelium, superoxide generation and cytokine production.[51, 54] The
effect of neutrophils and their interaction with the endothelium will be discussed in greater
detail later in this chapter.

Animal studies have demonstrated a pathogenic role for ANCAs. The model described by Xiao
et al was one of the first murine models of AAV, which produced severe renal injury. The
observed renal injury bore considerable resemblance to that seen in human rapidly progressive
glomerulonephritis. In this model MPO deficient mice were immunized with MPO. Subse‐
quently the spleens of these MPO deficient mice were transferred into recombinant activation
gene knockout (RAG2-/-) mice, which lack adaptive immunity. After transfer of splenocytes
(from MPO immunized MPO-/- mice) RAG2-/- mice developed humoral autoimmunity with
the production of MPO-ANCAs. Kidneys from these mice displayed the hallmarks of severe
crescentic glomerulonephritis. The authors also performed a passive transfer experiment,
administering MPO-ANCAs to RAG2-/- mice. The passive transfer of MPO-ANCA to RAG2-/-
mice resulted in a milder form of glomerular injury compared to that seen after splenocyte
transfer.[55] These experiments highlighted the pathogenic role for MPO-ANCAs, however,
it should be noted that the severe injury occurring after the transfer of splenocytes could reflect
cellular immunity contributing to renal injury. None the less, the passive transfer of ANCAs
to mice has consistency resulted in a degree of renal injury, which is neutrophil,[56] lipopo‐
lysaccharide[57], TLR4[58] and complement [59] dependent.

Additional evidence for a pathogenic role for MPO in driving AAV and renal injury was
demonstrated in Wistar-Kyoto rats. Rats developed focal necrotizing glomerulonephritis and
pulmonary vasculitis after immunization with purified human MPO. Furthermore a patho‐
genic role for the chemokine CXCL1 (the rodent homolog of human IL-8) in neutrophil-
endothelial interactions was demonstrated, by analysis of neutrophil migration in the capillary
beds.[60] Recently Little has described a model of vasculitis, dependent on PR3-ANCA, which
develops in mice with a humanised immune system. This model was generated by treating
irradiated NOD-scid-IL-2Rγ-/- mice with human haematopoietic cells. In NOD-scid-IL-2Rγ-/-
mice there are multiple deficiencies in the function of both innate and adaptive immune cells.
These chimeric mice were then treated with human immunoglobulin from patients with PR3-
ANCA vasculitis or control serum. In control treated mice no glomerular injury was observed,
however mice treated with PR3-ANCA demonstrated (at least mild) glomerulonephritis, while
more severe injury was observed in 17% of PR3-ANCA treated mice.[61] While further work
is required to confirm that this murine model is robust, it is anticipated that it will provide a
good basis to explore the pathogenic nature of PR3-ANCA in clinical practice.

Another potential antigenic target is LAMP-2. Antibodies to LAMP-2 were reliably detected
in more than 90% of patients with active ANCA associated necrotising crescentic glomerulo‐
nephritis. LAMP-2 antibodies were detected even when MPO-ANCA and PR3-ANCA could
not be detected, suggesting this test may have improved diagnostic sensitivity and could
possibly be useful for serological diagnosis in patients with renal limited vasculitis, who
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traditionally are found to be ANCA negative. Antibodies to LAMP-2 were also pathogenic and
administration of human LAMP-2 antibodies to Wistar Kyoto rats resulted in pauci-immune
focal necrotizing glomerulonephritis.[45] Subsequently, the authors working with several
collaborative groups, have verified the prevalence of antibodies to LAMP-2 in cohorts of
ANCA patients from a range of European countries. Three different techniques; enzyme linked
immunosorbent assay; western blotting and an indirect immunofluorescence assay were all
readily able to detect antibodies. Interestingly antibodies were undetectable shortly after
treatment, although they were detectable during clinical relapse, highlighting the potential
usefulness of these antibodies in clinical practice.[62] However studies from the United States
could not confirm these findings, where the sensitivity of detecting LAMP-2 antibodies was
much lower than that seen within the European studies.[63] The divergence of results is
interesting and suggests that further work is required to facilitate assays which could result
in the development of better diagnostic tools.

Most studies examining the pathogenic role of B cells in AAV have focussed on their role as
effector cells, however B cells have a more diverse range of functions than autoantibody
production alone. In other scenarios B cells are considered antigen presenting cells, while they
possibly influence T cell responses.[64]

The B cell  activating factor (BAFF) has also been shown to be elevated in patients with
AAV,[65] which is exciting considering the therapeutic promise shown with BAFF inhibi‐
tors in systemic lupus erythematosus (SLE).[66] B cells may also contribute to disease in
other ways and a detailed analysis of renal biopsies from patients with AAV demonstrat‐
ed significant B cell infiltration, including organized B cell clusters.[67] In addition to pro-
inflammatory  responses  B  cell  also  display  regulatory  function  and  produce  IL-10,  a
regulatory cytokine.  Interestingly in patients with SLE regulatory B cells  (Bregs) are im‐
paired and are unable to suppress effector T cells.[68] While this has not been explored
to date in vasculitis,  it  remains possible that heightened humoral and cellular immunity
occurs as a consequence of impaired Bregs.

In concluding, B cells form the diagnostic hallmarks of ANCA vasculitis and are pathogenic.
The success observed in clinical practice with therapies which chiefly target B cells has not
been fully elucidated and may extend beyond autoantibody inhibition. Interestingly, Rituxi‐
mab was shown to treat the clinical symptoms of GPA, even when ANCAs were not detectable.
[69] An in-depth understanding of the role of humoral immunity is awaited and may help
direct future therapies.

5.2. The role of cellular immunity in AAV pathogenesis

While ANCAs are diagnostic and pathogenic in AAV, cellular immunity is an essential
requirement for the initiation and continued production of auto-reactive B cell responses and
for driving effector cell responses in the kidney. Evidence for a key role for cellular autoim‐
munity in AAV comes from several lines of evidence, including observational studies in
humans, reports of refractory disease responding to treatments targeting T cells and extensive
murine studies showing a pathogenic role for T cells in the development of autoimmunity.
Vasculitis involving the glomerular capillary bed has little or no antibody deposition, but
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including tumor necrosis factor (TNF), IL-18 and granulocyte macrophage colony stimulating
factor can prime neutrophils in AAV, increasing auto-antigen expression which facilitates
ANCA binding.[51-53] Binding of ANCA to the neutrophil is associated with increased
adherence to the endothelium, superoxide generation and cytokine production.[51, 54] The
effect of neutrophils and their interaction with the endothelium will be discussed in greater
detail later in this chapter.

Animal studies have demonstrated a pathogenic role for ANCAs. The model described by Xiao
et al was one of the first murine models of AAV, which produced severe renal injury. The
observed renal injury bore considerable resemblance to that seen in human rapidly progressive
glomerulonephritis. In this model MPO deficient mice were immunized with MPO. Subse‐
quently the spleens of these MPO deficient mice were transferred into recombinant activation
gene knockout (RAG2-/-) mice, which lack adaptive immunity. After transfer of splenocytes
(from MPO immunized MPO-/- mice) RAG2-/- mice developed humoral autoimmunity with
the production of MPO-ANCAs. Kidneys from these mice displayed the hallmarks of severe
crescentic glomerulonephritis. The authors also performed a passive transfer experiment,
administering MPO-ANCAs to RAG2-/- mice. The passive transfer of MPO-ANCA to RAG2-/-
mice resulted in a milder form of glomerular injury compared to that seen after splenocyte
transfer.[55] These experiments highlighted the pathogenic role for MPO-ANCAs, however,
it should be noted that the severe injury occurring after the transfer of splenocytes could reflect
cellular immunity contributing to renal injury. None the less, the passive transfer of ANCAs
to mice has consistency resulted in a degree of renal injury, which is neutrophil,[56] lipopo‐
lysaccharide[57], TLR4[58] and complement [59] dependent.

Additional evidence for a pathogenic role for MPO in driving AAV and renal injury was
demonstrated in Wistar-Kyoto rats. Rats developed focal necrotizing glomerulonephritis and
pulmonary vasculitis after immunization with purified human MPO. Furthermore a patho‐
genic role for the chemokine CXCL1 (the rodent homolog of human IL-8) in neutrophil-
endothelial interactions was demonstrated, by analysis of neutrophil migration in the capillary
beds.[60] Recently Little has described a model of vasculitis, dependent on PR3-ANCA, which
develops in mice with a humanised immune system. This model was generated by treating
irradiated NOD-scid-IL-2Rγ-/- mice with human haematopoietic cells. In NOD-scid-IL-2Rγ-/-
mice there are multiple deficiencies in the function of both innate and adaptive immune cells.
These chimeric mice were then treated with human immunoglobulin from patients with PR3-
ANCA vasculitis or control serum. In control treated mice no glomerular injury was observed,
however mice treated with PR3-ANCA demonstrated (at least mild) glomerulonephritis, while
more severe injury was observed in 17% of PR3-ANCA treated mice.[61] While further work
is required to confirm that this murine model is robust, it is anticipated that it will provide a
good basis to explore the pathogenic nature of PR3-ANCA in clinical practice.

Another potential antigenic target is LAMP-2. Antibodies to LAMP-2 were reliably detected
in more than 90% of patients with active ANCA associated necrotising crescentic glomerulo‐
nephritis. LAMP-2 antibodies were detected even when MPO-ANCA and PR3-ANCA could
not be detected, suggesting this test may have improved diagnostic sensitivity and could
possibly be useful for serological diagnosis in patients with renal limited vasculitis, who
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traditionally are found to be ANCA negative. Antibodies to LAMP-2 were also pathogenic and
administration of human LAMP-2 antibodies to Wistar Kyoto rats resulted in pauci-immune
focal necrotizing glomerulonephritis.[45] Subsequently, the authors working with several
collaborative groups, have verified the prevalence of antibodies to LAMP-2 in cohorts of
ANCA patients from a range of European countries. Three different techniques; enzyme linked
immunosorbent assay; western blotting and an indirect immunofluorescence assay were all
readily able to detect antibodies. Interestingly antibodies were undetectable shortly after
treatment, although they were detectable during clinical relapse, highlighting the potential
usefulness of these antibodies in clinical practice.[62] However studies from the United States
could not confirm these findings, where the sensitivity of detecting LAMP-2 antibodies was
much lower than that seen within the European studies.[63] The divergence of results is
interesting and suggests that further work is required to facilitate assays which could result
in the development of better diagnostic tools.

Most studies examining the pathogenic role of B cells in AAV have focussed on their role as
effector cells, however B cells have a more diverse range of functions than autoantibody
production alone. In other scenarios B cells are considered antigen presenting cells, while they
possibly influence T cell responses.[64]

The B cell  activating factor (BAFF) has also been shown to be elevated in patients with
AAV,[65] which is exciting considering the therapeutic promise shown with BAFF inhibi‐
tors in systemic lupus erythematosus (SLE).[66] B cells may also contribute to disease in
other ways and a detailed analysis of renal biopsies from patients with AAV demonstrat‐
ed significant B cell infiltration, including organized B cell clusters.[67] In addition to pro-
inflammatory  responses  B  cell  also  display  regulatory  function  and  produce  IL-10,  a
regulatory cytokine.  Interestingly in patients with SLE regulatory B cells  (Bregs) are im‐
paired and are unable to suppress effector T cells.[68] While this has not been explored
to date in vasculitis,  it  remains possible that heightened humoral and cellular immunity
occurs as a consequence of impaired Bregs.

In concluding, B cells form the diagnostic hallmarks of ANCA vasculitis and are pathogenic.
The success observed in clinical practice with therapies which chiefly target B cells has not
been fully elucidated and may extend beyond autoantibody inhibition. Interestingly, Rituxi‐
mab was shown to treat the clinical symptoms of GPA, even when ANCAs were not detectable.
[69] An in-depth understanding of the role of humoral immunity is awaited and may help
direct future therapies.

5.2. The role of cellular immunity in AAV pathogenesis

While ANCAs are diagnostic and pathogenic in AAV, cellular immunity is an essential
requirement for the initiation and continued production of auto-reactive B cell responses and
for driving effector cell responses in the kidney. Evidence for a key role for cellular autoim‐
munity in AAV comes from several lines of evidence, including observational studies in
humans, reports of refractory disease responding to treatments targeting T cells and extensive
murine studies showing a pathogenic role for T cells in the development of autoimmunity.
Vasculitis involving the glomerular capillary bed has little or no antibody deposition, but
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rather demonstrates delayed type hypersensitivity responses, including fibrin deposition. This
is most likely to be a consequence of auto-reactive CD4+ effector cells recognizing MPO, which
is present in glomeruli in both human and experimental ANCA vasculitis [70-72]. In addition
to enhancing inflammation, regulatory T cells (Tregs) are likely to have an important role in
modulating immune responses and glomerular injury.

T cells are active participants in the loss of tolerance and the development of autoimmunity in
AAV. Firstly we know that ANCAs are class switched high affinity antibodies which are
(therefore) dependent on T cells for their generation.[73] Secondly, in proliferation studies, it
has been demonstrated that auto-reactive T cells from patents with AAV respond to MPO and
PR3,[74] while markers of T cell activity are increased in parallel with disease activity.[75-76]
Furthermore, in renal biopsy samples from patients with AAV, the number of infiltrating T
cells correlates with the severity of injury. Additional evidence supporting a pathogenic role
for T cells was provided when 15 patients with refractory vasculitis, resistant to other therapies,
were successfully treated with anti-thymocyte globulin, which targets T cells.[77]

Early studies supported a role for T helper (Th) 1 (and possibly Th2) cells in the pathogenesis
of AAV. Peripheral blood lymphocytes from patients with MPO-ANCA were shown to
produce IFNγ when stimulated.[78] The more recently defined Th17 cells represent a distinct
lineage of CD4+ T cells, which are characterized by the production of IL-17A.[79] Two key
human studies supported a role for Th17 cells in ANCA vasculitis. Firstly it was demonstrated
that when peripheral blood from GPA patients was stimulated with PR3, there was an
increased percentage of IL-17A producing CD4+ T cells (Th17). After stimulation no difference
in IFNγ production was seen, suggesting that Th1 cells were not involved. The authors
proposed that this skewed Th17 response supported a role for Th17 cells in disease.[80] A
subsequent study demonstrated that sera from patients with active AAV consistently dis‐
played a Th17 phenotype. Cytokines associated with Th17 cells, including IL-17A and IL-23,
were increased in patients with acute AAV, while levels of IFNγ were unchanged. Interestingly
immunosuppressive therapy did not consistently decrease IL-23 or IL-17 production.[23] In a
study of human ANCA biopsies it has been shown that IL-17A producing CD4+ T cells
constitute part of the inflammatory infiltrate and correspond with disease severity.[81] In
addition, murine models have provided strong evidence for a pathogenic role for CD4+ T cells
in glomerulonephritis.

An MPO-dependent murine model which demonstrates considerable homology to human
ANCA vasculitis, where mice develop autoimmunity to MPO and focal necrotising glomeru‐
lonephritis was described. Immunization of C57BL/6 wild type mice with MPO results in
cellular and humoral autoimmunity to MPO. A small dose of sheep anti-mouse glomerular
basement membrane serum is subsequently administered. Treatment of chicken ovalbumin
(OVA) immunized mice with this dose of sheep anti-mouse glomerular basement membrane
serum does not result in significant renal injury. However in mice immunized with MPO and
then sheep anti-mouse glomerular basement membrane serum significant renal injury is seen.
Depletion of CD4+ effector cells significantly attenuated glomerular injury in this model, while
experiments performed in B cell-deficient mice did not show renal protection.[72] These results
provide strong evidence for a pathogenic role for CD4+ effector cells contributing to rapidly
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progressive glomerulonephritis in MPO-ANCA vasculitis. Subsequent work from this group
has supported a role for both Th1 and Th17 cells in disease. Firstly, using IL-17A-/- mice it was
shown that the development of cellular autoimmunity and necrotizing glomerulonephritis
was IL-17A dependent. Secondly in the absence of IL-17A there was a decrease in glomerular
neutrophil and macrophage recruitment and renal injury was attenuated. These results
highlight the potential therapeutic benefits of IL-17A blockade in AAV.[24] This group has
also elucidated that both IL-17A and IFNγ can drive nephritogenic autoimmunity and renal
injury in AAV. Interestingly ligation of different TLRs dictated the pattern of cytokine
production, TLR2 ligation promoted the development of Th17 autoimmunity, while TLR9
ligation drove Th1 autoimmunity. Mice which developed Th17 induced renal injury were
successfully treated with anti-IL-17A monoclonal antibody (mAb). Conversely in mice that
developed predominant Th1 driven injury, administration of anti-IFNγ mAb attenuated renal
injury.[82] Work from Richard Kitching’s group has further refined our understanding of the
role of CD4+ T cells in the pathogenesis of AAV. Using 20 amino acid sequence peptides they
identified the immunodominant MPO CD4+ T cell epitope. Subsequently they produced T cell
clones which were specific for this immunodominant MPO epitope, which were then injected
into mice. Using three different techniques it was demonstrated that when the MPO peptide
(or whole MPO) was deposited in glomeruli focal necrotising glomerulonephritis was driven
by antigen specific CD4+ T cells.[83] These key studies have helped define how effector T cells
drive glomerular injury.

6. The role of Th17 cells in autoimmunity and glomerulonephritis

The original description of Th1, IFNγ producing and Th2, IL-4 producing, T helper cells by
Mosmann and Coffman [84] has been expanded to include a new subset of Th cells, the IL-17A
producing Th17 cells.[79, 85-86] While the prototypic cytokine produced by Th17 cells is
IL-17A, these cells produce numerous other cytokines, including the ubiquitous IL-6, TNF and
IL-1β.[85] Two transcription factors are critical for the development of Th17 cells; STAT3 and
Rorγt.[87-88] For the induction and maintenance Th17 cells, several cytokines are required,
these include; IL-23,[89] IL-6, TGF-β,[90-93] while IL-21 is required for amplification of Th17
cells.[94-96]

Prior to the discovery of Th17 cells, autoimmunity was believed to be predominantly a Th1-
mediated phenomenon. There were inconsistencies, however, in this paradigm, for example
IFNγ-/- mice developed exaggerated organ inflammation and injury in experimental autoim‐
mune models.[97-98] Subsequently it was demonstrated that organ injury (in the most
common autoimmune model, experimental autoimmune encephalomyelitis [EAE]) was
unchanged in IL-12p35-/- mice (functionally Th1 deficient), while injury was significantly
attenuated in IL-12p40-/- (functionally Th1 and Th17 deficient) and IL-12p19-/- (functionally
Th17 deficient) mice.[99] Similarly IL-17A-/- mice were protected from EAE, [100] while
increased IL-17 expression was seen in patients with multiple sclerosis, [101] a common
autoimmune disease seen in clinical practice, which is the human equivalent of EAE. Further
studies have implicated Th17 cells in several autoimmune diseases including rheumatoid
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rather demonstrates delayed type hypersensitivity responses, including fibrin deposition. This
is most likely to be a consequence of auto-reactive CD4+ effector cells recognizing MPO, which
is present in glomeruli in both human and experimental ANCA vasculitis [70-72]. In addition
to enhancing inflammation, regulatory T cells (Tregs) are likely to have an important role in
modulating immune responses and glomerular injury.

T cells are active participants in the loss of tolerance and the development of autoimmunity in
AAV. Firstly we know that ANCAs are class switched high affinity antibodies which are
(therefore) dependent on T cells for their generation.[73] Secondly, in proliferation studies, it
has been demonstrated that auto-reactive T cells from patents with AAV respond to MPO and
PR3,[74] while markers of T cell activity are increased in parallel with disease activity.[75-76]
Furthermore, in renal biopsy samples from patients with AAV, the number of infiltrating T
cells correlates with the severity of injury. Additional evidence supporting a pathogenic role
for T cells was provided when 15 patients with refractory vasculitis, resistant to other therapies,
were successfully treated with anti-thymocyte globulin, which targets T cells.[77]

Early studies supported a role for T helper (Th) 1 (and possibly Th2) cells in the pathogenesis
of AAV. Peripheral blood lymphocytes from patients with MPO-ANCA were shown to
produce IFNγ when stimulated.[78] The more recently defined Th17 cells represent a distinct
lineage of CD4+ T cells, which are characterized by the production of IL-17A.[79] Two key
human studies supported a role for Th17 cells in ANCA vasculitis. Firstly it was demonstrated
that when peripheral blood from GPA patients was stimulated with PR3, there was an
increased percentage of IL-17A producing CD4+ T cells (Th17). After stimulation no difference
in IFNγ production was seen, suggesting that Th1 cells were not involved. The authors
proposed that this skewed Th17 response supported a role for Th17 cells in disease.[80] A
subsequent study demonstrated that sera from patients with active AAV consistently dis‐
played a Th17 phenotype. Cytokines associated with Th17 cells, including IL-17A and IL-23,
were increased in patients with acute AAV, while levels of IFNγ were unchanged. Interestingly
immunosuppressive therapy did not consistently decrease IL-23 or IL-17 production.[23] In a
study of human ANCA biopsies it has been shown that IL-17A producing CD4+ T cells
constitute part of the inflammatory infiltrate and correspond with disease severity.[81] In
addition, murine models have provided strong evidence for a pathogenic role for CD4+ T cells
in glomerulonephritis.

An MPO-dependent murine model which demonstrates considerable homology to human
ANCA vasculitis, where mice develop autoimmunity to MPO and focal necrotising glomeru‐
lonephritis was described. Immunization of C57BL/6 wild type mice with MPO results in
cellular and humoral autoimmunity to MPO. A small dose of sheep anti-mouse glomerular
basement membrane serum is subsequently administered. Treatment of chicken ovalbumin
(OVA) immunized mice with this dose of sheep anti-mouse glomerular basement membrane
serum does not result in significant renal injury. However in mice immunized with MPO and
then sheep anti-mouse glomerular basement membrane serum significant renal injury is seen.
Depletion of CD4+ effector cells significantly attenuated glomerular injury in this model, while
experiments performed in B cell-deficient mice did not show renal protection.[72] These results
provide strong evidence for a pathogenic role for CD4+ effector cells contributing to rapidly
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progressive glomerulonephritis in MPO-ANCA vasculitis. Subsequent work from this group
has supported a role for both Th1 and Th17 cells in disease. Firstly, using IL-17A-/- mice it was
shown that the development of cellular autoimmunity and necrotizing glomerulonephritis
was IL-17A dependent. Secondly in the absence of IL-17A there was a decrease in glomerular
neutrophil and macrophage recruitment and renal injury was attenuated. These results
highlight the potential therapeutic benefits of IL-17A blockade in AAV.[24] This group has
also elucidated that both IL-17A and IFNγ can drive nephritogenic autoimmunity and renal
injury in AAV. Interestingly ligation of different TLRs dictated the pattern of cytokine
production, TLR2 ligation promoted the development of Th17 autoimmunity, while TLR9
ligation drove Th1 autoimmunity. Mice which developed Th17 induced renal injury were
successfully treated with anti-IL-17A monoclonal antibody (mAb). Conversely in mice that
developed predominant Th1 driven injury, administration of anti-IFNγ mAb attenuated renal
injury.[82] Work from Richard Kitching’s group has further refined our understanding of the
role of CD4+ T cells in the pathogenesis of AAV. Using 20 amino acid sequence peptides they
identified the immunodominant MPO CD4+ T cell epitope. Subsequently they produced T cell
clones which were specific for this immunodominant MPO epitope, which were then injected
into mice. Using three different techniques it was demonstrated that when the MPO peptide
(or whole MPO) was deposited in glomeruli focal necrotising glomerulonephritis was driven
by antigen specific CD4+ T cells.[83] These key studies have helped define how effector T cells
drive glomerular injury.

6. The role of Th17 cells in autoimmunity and glomerulonephritis

The original description of Th1, IFNγ producing and Th2, IL-4 producing, T helper cells by
Mosmann and Coffman [84] has been expanded to include a new subset of Th cells, the IL-17A
producing Th17 cells.[79, 85-86] While the prototypic cytokine produced by Th17 cells is
IL-17A, these cells produce numerous other cytokines, including the ubiquitous IL-6, TNF and
IL-1β.[85] Two transcription factors are critical for the development of Th17 cells; STAT3 and
Rorγt.[87-88] For the induction and maintenance Th17 cells, several cytokines are required,
these include; IL-23,[89] IL-6, TGF-β,[90-93] while IL-21 is required for amplification of Th17
cells.[94-96]

Prior to the discovery of Th17 cells, autoimmunity was believed to be predominantly a Th1-
mediated phenomenon. There were inconsistencies, however, in this paradigm, for example
IFNγ-/- mice developed exaggerated organ inflammation and injury in experimental autoim‐
mune models.[97-98] Subsequently it was demonstrated that organ injury (in the most
common autoimmune model, experimental autoimmune encephalomyelitis [EAE]) was
unchanged in IL-12p35-/- mice (functionally Th1 deficient), while injury was significantly
attenuated in IL-12p40-/- (functionally Th1 and Th17 deficient) and IL-12p19-/- (functionally
Th17 deficient) mice.[99] Similarly IL-17A-/- mice were protected from EAE, [100] while
increased IL-17 expression was seen in patients with multiple sclerosis, [101] a common
autoimmune disease seen in clinical practice, which is the human equivalent of EAE. Further
studies have implicated Th17 cells in several autoimmune diseases including rheumatoid
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arthritis,[102] consistent with this finding IL-17A-/- mice are protected from murine experi‐
mental arthritis.[103-104] IL-17A has been implicated in inflammatory bowel disease, both
experimental[105] and clinical[106] as well as human inflammatory skin conditions.[107-108]

7. Th17 cells in the kidney

Early studies performed in gene deficient mice supported a role for Th17 related cytokines in
the development of experimental autoimmune glomerulonephritis[109] and sheep anti-mouse
glomerular basement membrane disease.[110] A pathogenic role for RORγt, the key IL-17A
transcription factor, was also demonstrated in a murine model of crescentic glomeruloneph‐
ritis.[111] A direct role for Th17 cells acting as effectors was subsequently published. The
antigen, ovalbumin (OVA), was planted in the kidneys of RAG1-/- mice, after the conjugation
of OVA to a non-nephritogenic antibody specific for the glomerular basement membrane. This
was followed by the administration of Th-17 polarized ovalbumin specific CD4+ T cells, which
resulted in neutrophil mediated proliferative glomerulonephritis.[112] Detailed reviews of the
role of Th17 cells in kidney disease have recently been published.[113-114]

Th17 cells are a distinct line of CD4+ T helper cells with unique transcription factors and
effector cytokines. These cells are active participants in the development of autoimmunity
but  are  also  involved as  effector  cells  in  autoimmune conditions  including rapidly  pro‐
gressive glomerulonephritis.

In addition to CD4+ effector T cells other T cells are likely to contribute to AAV. Several years
ago it was demonstrated that CD4+ effector memory cells (Tem) were increased in the blood
of GPA patients in remission, compared to those with active disease.[115] While Tem were
decreased in the blood, they were increased in the urine of patients with active disease -
suggesting that these cells may influence renal injury during active disease.[116] Further in
vitro studies suggested that in GPA patients these cells could mediate endothelial injury and
thus play a role in driving glomerular injury.[117] Fewer studies have assessed potential
pathogenic roles of CD8+ T cells in AAV, however it would seem likely that these cells are
involved. A study assessing gene expression and outcome in AAV and SLE patients suggested
that CD8+ T cell signatures and increased CD8+ T cell memory populations were associated
with poorer outcomes.[118] It was hoped that results from these studies would facilitate more
individualised treatments. It would seem important that we further explore the role of CD8+
T cells in AAV.

Regulatory T cells (Tregs) represent a subset of CD4+ CD25+ T cells which perform a key role
in regulating inflammation and tissue injury. These cells are identified through the expression
of FoxP3, which is considered a master regulator of Tregs. In several autoimmune diseases,
including Goodpasture’s disease, Tregs are required for the maintenance of tolerance and loss
of Treg function can result in the development of autoimmunity and organ injury.[119] In GPA
clinical studies have shown that although circulating FoxP3-expressing Tregs vary in number
their suppressive capacity is reduced.[120] In MPA patients (and experimentally) FoxP3-
expressing Tregs display diminished capacity to suppress antigen specific MPO responses an
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effect mediated through tryptophan.[121] Our current understanding of the role of Tregs in
AAV is limited and further studies are required to improve our knowledge of their role in
disease pathogenesis in order to facilitate treatments aimed at optimizing their therapeutic
potential. It is well known that Th17 cells and Tregs require many of the same cytokines for
growth and development and it has been postulated that they have an inverse relationship.
Whilst this explanation may be simplistic it is attractive to hypothesise that both the initiation
of disease and flares seen in AAV could be attributed to an imbalance in the Th17: Treg ratio;
with Th17 overactivity promoting disease. This imbalance could be targeted in future treat‐
ment protocols.

8. Innate immune responses in ANCA associated vasculitis

8.1. Neutrophils, key effector cells, in ANCA associated vasculitis

Neutrophils play a critical role in the pathogenesis of ANCA vasculitis. Not only are neutro‐
phils the primary effector cells in the kidney but neutrophils also contain the target auto-
antigens, MPO, PR3 (and LAMP-2) and hence are directly involved in the auto-immune
process. We will discuss three different aspects of neutrophil involvement in disease, (a) The
role of the Neutrophil in the development of Autoimmunity, (b) Neutrophil Activation by
ANCAs and (c) Neutrophil Endothelial Interactions, which initiate glomerular injury.

8.1.1. The role of the neutrophil in the development of autoimmunity

It is well established that ANCAs bind to the autoantigens, MPO or PR3, located on the cell
surface of the neutrophil. How and why these autoantigens translocate to the cell surface is
poorly understood. We know that neutrophils die through apoptosis or necrosis and data
suggests that neutrophil death through apoptosis can promote the loss of tolerance to MPO or
PR3. After cell death neutrophils release granule constituents, including MPO and PR3, which
translocate to the cell surface[122-123] where they serve as antigenic targets. This phenomenon
was thought to occur exclusively after neutrophil death through apoptosis, which is possibly
related to a slower mechanism of cell death, although the operational mechanisms of this
system require further clarification.

An additional pathway linking neutrophil cell death and autoimmunity has recently been
proposed, involving a distinct method of neutrophil death involving neutrophil extracellular
traps (NETs). Neutrophils extrude NETs which consist of chromatin structures and include
anti-microbial peptides such as; MPO, PR3 elastin, cathepsin, and lactoferrin.[124] Dying
neutrophils extrude NETs to kill invading pathogens in a process recently named NETosis. It
is understood that neutrophils, through NETosis, contribute to the development of autoim‐
munity, a concept well established in SLE. In SLE, in response to chronic autoantibody
stimulation neutrophils and their NETs activate plasmacytoid dendritic cells which secrete
IFNα.[125-127] NETosis has been linked with glomerular injury in AAV, through the en‐
hancement of endothelial-leukocyte interaction,[71] however only recently have NETs been
implicated in the development of ANCA autoimmunity. NETotic neutrophils interacted with
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arthritis,[102] consistent with this finding IL-17A-/- mice are protected from murine experi‐
mental arthritis.[103-104] IL-17A has been implicated in inflammatory bowel disease, both
experimental[105] and clinical[106] as well as human inflammatory skin conditions.[107-108]

7. Th17 cells in the kidney

Early studies performed in gene deficient mice supported a role for Th17 related cytokines in
the development of experimental autoimmune glomerulonephritis[109] and sheep anti-mouse
glomerular basement membrane disease.[110] A pathogenic role for RORγt, the key IL-17A
transcription factor, was also demonstrated in a murine model of crescentic glomeruloneph‐
ritis.[111] A direct role for Th17 cells acting as effectors was subsequently published. The
antigen, ovalbumin (OVA), was planted in the kidneys of RAG1-/- mice, after the conjugation
of OVA to a non-nephritogenic antibody specific for the glomerular basement membrane. This
was followed by the administration of Th-17 polarized ovalbumin specific CD4+ T cells, which
resulted in neutrophil mediated proliferative glomerulonephritis.[112] Detailed reviews of the
role of Th17 cells in kidney disease have recently been published.[113-114]

Th17 cells are a distinct line of CD4+ T helper cells with unique transcription factors and
effector cytokines. These cells are active participants in the development of autoimmunity
but  are  also  involved as  effector  cells  in  autoimmune conditions  including rapidly  pro‐
gressive glomerulonephritis.

In addition to CD4+ effector T cells other T cells are likely to contribute to AAV. Several years
ago it was demonstrated that CD4+ effector memory cells (Tem) were increased in the blood
of GPA patients in remission, compared to those with active disease.[115] While Tem were
decreased in the blood, they were increased in the urine of patients with active disease -
suggesting that these cells may influence renal injury during active disease.[116] Further in
vitro studies suggested that in GPA patients these cells could mediate endothelial injury and
thus play a role in driving glomerular injury.[117] Fewer studies have assessed potential
pathogenic roles of CD8+ T cells in AAV, however it would seem likely that these cells are
involved. A study assessing gene expression and outcome in AAV and SLE patients suggested
that CD8+ T cell signatures and increased CD8+ T cell memory populations were associated
with poorer outcomes.[118] It was hoped that results from these studies would facilitate more
individualised treatments. It would seem important that we further explore the role of CD8+
T cells in AAV.

Regulatory T cells (Tregs) represent a subset of CD4+ CD25+ T cells which perform a key role
in regulating inflammation and tissue injury. These cells are identified through the expression
of FoxP3, which is considered a master regulator of Tregs. In several autoimmune diseases,
including Goodpasture’s disease, Tregs are required for the maintenance of tolerance and loss
of Treg function can result in the development of autoimmunity and organ injury.[119] In GPA
clinical studies have shown that although circulating FoxP3-expressing Tregs vary in number
their suppressive capacity is reduced.[120] In MPA patients (and experimentally) FoxP3-
expressing Tregs display diminished capacity to suppress antigen specific MPO responses an
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effect mediated through tryptophan.[121] Our current understanding of the role of Tregs in
AAV is limited and further studies are required to improve our knowledge of their role in
disease pathogenesis in order to facilitate treatments aimed at optimizing their therapeutic
potential. It is well known that Th17 cells and Tregs require many of the same cytokines for
growth and development and it has been postulated that they have an inverse relationship.
Whilst this explanation may be simplistic it is attractive to hypothesise that both the initiation
of disease and flares seen in AAV could be attributed to an imbalance in the Th17: Treg ratio;
with Th17 overactivity promoting disease. This imbalance could be targeted in future treat‐
ment protocols.

8. Innate immune responses in ANCA associated vasculitis

8.1. Neutrophils, key effector cells, in ANCA associated vasculitis

Neutrophils play a critical role in the pathogenesis of ANCA vasculitis. Not only are neutro‐
phils the primary effector cells in the kidney but neutrophils also contain the target auto-
antigens, MPO, PR3 (and LAMP-2) and hence are directly involved in the auto-immune
process. We will discuss three different aspects of neutrophil involvement in disease, (a) The
role of the Neutrophil in the development of Autoimmunity, (b) Neutrophil Activation by
ANCAs and (c) Neutrophil Endothelial Interactions, which initiate glomerular injury.

8.1.1. The role of the neutrophil in the development of autoimmunity

It is well established that ANCAs bind to the autoantigens, MPO or PR3, located on the cell
surface of the neutrophil. How and why these autoantigens translocate to the cell surface is
poorly understood. We know that neutrophils die through apoptosis or necrosis and data
suggests that neutrophil death through apoptosis can promote the loss of tolerance to MPO or
PR3. After cell death neutrophils release granule constituents, including MPO and PR3, which
translocate to the cell surface[122-123] where they serve as antigenic targets. This phenomenon
was thought to occur exclusively after neutrophil death through apoptosis, which is possibly
related to a slower mechanism of cell death, although the operational mechanisms of this
system require further clarification.

An additional pathway linking neutrophil cell death and autoimmunity has recently been
proposed, involving a distinct method of neutrophil death involving neutrophil extracellular
traps (NETs). Neutrophils extrude NETs which consist of chromatin structures and include
anti-microbial peptides such as; MPO, PR3 elastin, cathepsin, and lactoferrin.[124] Dying
neutrophils extrude NETs to kill invading pathogens in a process recently named NETosis. It
is understood that neutrophils, through NETosis, contribute to the development of autoim‐
munity, a concept well established in SLE. In SLE, in response to chronic autoantibody
stimulation neutrophils and their NETs activate plasmacytoid dendritic cells which secrete
IFNα.[125-127] NETosis has been linked with glomerular injury in AAV, through the en‐
hancement of endothelial-leukocyte interaction,[71] however only recently have NETs been
implicated in the development of ANCA autoimmunity. NETotic neutrophils interacted with
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myeloid dendritic cells (mDC). This interaction was not observed when neutrophils died by
necrosis or apoptosis. This process was dependent on both TNF and IFNγ and in their absence
NETosis did not occur. The interaction between the NETotic neutrophil and the mDC resulted
in the transfer of MPO and PR3 to the mDC, which potentially could induce and promote
adaptive immune responses. This process was confirmed to be pathogenic in vivo. Mice were
immunized with mDCs co-cultured with NETotic neutrophils (6 times intraperitoneally) and
three months later they developed ANCAs and showed evidence of renal injury. The mice also
displayed features consistent with systemic auto-immune disease. A similar process was
thought to be present in human AAV. Assessing skin lesions from patients with MPO-ANCA
vasculitis revealed an interaction between mDCs and neutrophils, with uploading of the auto-
antigens.[128] While this process is not yet completely understood, NETosis potentially
explains how autoantigens are recognized by antigen presenting cells, activating cellular and
humoral autoimmunity in AAV.

While neutrophil apoptosis and NETosis provide some insight into the role of the neutrophil
in the development of AAV, there remain several ‘gaps’ in our knowledge. Why AAV patients
develop autoimmunity to MPO/PR3, with an associated clinical syndrome and yet they do not
develop autoantibodies to other neutrophil constituents which are released after cell death is
unclear. The driving factors behind apoptosis and NETosis have not been well established.
Further studies in this area are required before definitive conclusions can be reached. In
addition to promoting autoimmunity the ANCA-neutrophil interaction is a key to two other
mechanisms of injury, ANCA binding to neutrophils leading to neutrophil activation and an
oxidative burst, and the recruitment of ANCA bound neutrophils to the glomerulus where
they initiate renal injury.

8.1.2. Neutrophil activation by ANCAs

The first paper suggesting a role for ANCA in activating neutrophils was published over 20
years ago. In this landmark paper it was shown that both MPO-ANCA and PR3-ANCA could
bind to primed neutrophils. After neutrophil priming by tumour necrosis factor (TNF) MPO
and PR3 were translocated to the cell surface, providing an autoantibody antigenic target.
Neutrophil binding by ANCAs produced an oxidative burst and resulted in degranulation.
[115] Other authors have confirmed this process and shown that it is also Fcgamma RII-
dependent.[129] Cytokine priming of neutrophils is important for ANCA binding as it
increases surface expression of the autoantigens and mobilizes the NADPH oxidase complex,
further increasing ANCA binding.[27, 53] In addition to TNF, IL-18 and granulocyte macro‐
phage colony stimulating factor can prime neutrophils and enhance ANCA binding.[52]

The pathogenic role of TNF in AAV has attracted significant interest both experimentally and
clinically. In a passive transfer model of MPO-ANCA vasculitis pre-treatment with lipopoly‐
saccharide (LPS) increased systemic inflammation and glomerular injury. The in vitro oxidative
burst induced by MPO-ANCA required TNF and anti-TNF mAb treatment attenuated renal
injury in vivo.[57] Similar results were found by other authors who demonstrated that mAb
directed against TNF successfully attenuated established glomerulonephritis in a rat model of
AAV. Despite intact humoral responses there was a decrease in functional and histological
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injury in rats receiving the treatment.[130] The anti-TNF mAb, Infliximab, has been used with
some success in patients with AAV. While Infliximab therapy was useful in treating patients
with refractory disease,[131-132] disappointingly the addition of TNF blockade (Inflixi‐
mab[133] or Adalimumab[134]) to standard treatment regimes did not result in an improve‐
ment in clinical outcomes and Etanercept, (a fusion protein TNF inhibitor) could not decrease
relapse rates in GPA.[115] Despite the lack of efficacy of TNF blockade in these trials, it would
seem that TNF has a central role in the pathogenesis and in selected patients the use of TNF
blockade may be associated with clinical improvement. In addition to TNF other cytokines
and chemokines are likely to be important in AAV. Interestingly it was first appreciated over
15 years ago that neutrophils stimulated by ANCA produce IL-1β.[135] Few studies have
further investigated this observation. Recently the Inflammasome, which is a pattern recog‐
nition receptor which is characterized by the production of IL-1β, has been shown to promote
auto-inflammatory and auto-immune disease. It is possible that the Inflammasome is involved
in vasculitis. This is clinically relevant because diseases resulting from overstimulation of the
Inflammasome have been successfully treated with monoclonal antibody therapy.[136] This
warrants further investigation.

The intracellular signalling pathways activated by ANCA neutrophil binding are multiple,
although several pathways are shared. Whereas the Fc portion of ANCA IgG activates tyrosine
kinase pathways,[137] the F(ab’)2 portion activates a G protein pathway.[138] Despite
initiating two separate pathways, these pathways converge on the p21ras GTPase, which is
essential for many neutrophil functions.[139] The identification of these pathways, combined
with the development of antibodies directed against specific components of these pathways,
predominantly used in preclinical models, has increased expectations of their potential
therapeutic use in autoimmune diseases including renal vasculitis.[140-141]

8.1.3. Neutrophil- endothelial interactions

The interaction between neutrophils and endothelial cells is important in the initiation of
glomerular lesions, including fibrinoid necrosis, which is frequently observed in patients with
renal vasculitis. Under normal physiological conditions neutrophils do not interact with the
endothelium, however when the endothelium is activated resulting in increased expression of
adhesion molecules and chemokines (and neutrophils are activated) neutrophil recruitment,
binding and transmigration is increased. Our understanding of this complex dynamic has been
improved through the use of in vitro systems, which include flow chambers mimicking blood
flow in human capillaries. For these studies neutrophils from healthy controls and patients
with AAV have been compared. Further information has been gleaned from experimental
models using live imaging of the kidney, including intravital microscopy.

It is likely that TNF production and complement activation in AAV patients results in a
persistent low grade activation of neutrophils.[142] Results from in vitro studies have shown
that neutrophils exposed to ANCA bind to human umbilical vein endothelial cells (HUVECs),
[143-144] with up-regulation of CD11b, an adhesion molecule.[145-146] In a flow system set
up to mirror blood flow in human capillaries, ANCA treated neutrophils demonstrated
increased adhesion and transmigration which was β2 integrin and CXCR2 (neutrophil cell
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myeloid dendritic cells (mDC). This interaction was not observed when neutrophils died by
necrosis or apoptosis. This process was dependent on both TNF and IFNγ and in their absence
NETosis did not occur. The interaction between the NETotic neutrophil and the mDC resulted
in the transfer of MPO and PR3 to the mDC, which potentially could induce and promote
adaptive immune responses. This process was confirmed to be pathogenic in vivo. Mice were
immunized with mDCs co-cultured with NETotic neutrophils (6 times intraperitoneally) and
three months later they developed ANCAs and showed evidence of renal injury. The mice also
displayed features consistent with systemic auto-immune disease. A similar process was
thought to be present in human AAV. Assessing skin lesions from patients with MPO-ANCA
vasculitis revealed an interaction between mDCs and neutrophils, with uploading of the auto-
antigens.[128] While this process is not yet completely understood, NETosis potentially
explains how autoantigens are recognized by antigen presenting cells, activating cellular and
humoral autoimmunity in AAV.

While neutrophil apoptosis and NETosis provide some insight into the role of the neutrophil
in the development of AAV, there remain several ‘gaps’ in our knowledge. Why AAV patients
develop autoimmunity to MPO/PR3, with an associated clinical syndrome and yet they do not
develop autoantibodies to other neutrophil constituents which are released after cell death is
unclear. The driving factors behind apoptosis and NETosis have not been well established.
Further studies in this area are required before definitive conclusions can be reached. In
addition to promoting autoimmunity the ANCA-neutrophil interaction is a key to two other
mechanisms of injury, ANCA binding to neutrophils leading to neutrophil activation and an
oxidative burst, and the recruitment of ANCA bound neutrophils to the glomerulus where
they initiate renal injury.

8.1.2. Neutrophil activation by ANCAs

The first paper suggesting a role for ANCA in activating neutrophils was published over 20
years ago. In this landmark paper it was shown that both MPO-ANCA and PR3-ANCA could
bind to primed neutrophils. After neutrophil priming by tumour necrosis factor (TNF) MPO
and PR3 were translocated to the cell surface, providing an autoantibody antigenic target.
Neutrophil binding by ANCAs produced an oxidative burst and resulted in degranulation.
[115] Other authors have confirmed this process and shown that it is also Fcgamma RII-
dependent.[129] Cytokine priming of neutrophils is important for ANCA binding as it
increases surface expression of the autoantigens and mobilizes the NADPH oxidase complex,
further increasing ANCA binding.[27, 53] In addition to TNF, IL-18 and granulocyte macro‐
phage colony stimulating factor can prime neutrophils and enhance ANCA binding.[52]

The pathogenic role of TNF in AAV has attracted significant interest both experimentally and
clinically. In a passive transfer model of MPO-ANCA vasculitis pre-treatment with lipopoly‐
saccharide (LPS) increased systemic inflammation and glomerular injury. The in vitro oxidative
burst induced by MPO-ANCA required TNF and anti-TNF mAb treatment attenuated renal
injury in vivo.[57] Similar results were found by other authors who demonstrated that mAb
directed against TNF successfully attenuated established glomerulonephritis in a rat model of
AAV. Despite intact humoral responses there was a decrease in functional and histological
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injury in rats receiving the treatment.[130] The anti-TNF mAb, Infliximab, has been used with
some success in patients with AAV. While Infliximab therapy was useful in treating patients
with refractory disease,[131-132] disappointingly the addition of TNF blockade (Inflixi‐
mab[133] or Adalimumab[134]) to standard treatment regimes did not result in an improve‐
ment in clinical outcomes and Etanercept, (a fusion protein TNF inhibitor) could not decrease
relapse rates in GPA.[115] Despite the lack of efficacy of TNF blockade in these trials, it would
seem that TNF has a central role in the pathogenesis and in selected patients the use of TNF
blockade may be associated with clinical improvement. In addition to TNF other cytokines
and chemokines are likely to be important in AAV. Interestingly it was first appreciated over
15 years ago that neutrophils stimulated by ANCA produce IL-1β.[135] Few studies have
further investigated this observation. Recently the Inflammasome, which is a pattern recog‐
nition receptor which is characterized by the production of IL-1β, has been shown to promote
auto-inflammatory and auto-immune disease. It is possible that the Inflammasome is involved
in vasculitis. This is clinically relevant because diseases resulting from overstimulation of the
Inflammasome have been successfully treated with monoclonal antibody therapy.[136] This
warrants further investigation.

The intracellular signalling pathways activated by ANCA neutrophil binding are multiple,
although several pathways are shared. Whereas the Fc portion of ANCA IgG activates tyrosine
kinase pathways,[137] the F(ab’)2 portion activates a G protein pathway.[138] Despite
initiating two separate pathways, these pathways converge on the p21ras GTPase, which is
essential for many neutrophil functions.[139] The identification of these pathways, combined
with the development of antibodies directed against specific components of these pathways,
predominantly used in preclinical models, has increased expectations of their potential
therapeutic use in autoimmune diseases including renal vasculitis.[140-141]

8.1.3. Neutrophil- endothelial interactions

The interaction between neutrophils and endothelial cells is important in the initiation of
glomerular lesions, including fibrinoid necrosis, which is frequently observed in patients with
renal vasculitis. Under normal physiological conditions neutrophils do not interact with the
endothelium, however when the endothelium is activated resulting in increased expression of
adhesion molecules and chemokines (and neutrophils are activated) neutrophil recruitment,
binding and transmigration is increased. Our understanding of this complex dynamic has been
improved through the use of in vitro systems, which include flow chambers mimicking blood
flow in human capillaries. For these studies neutrophils from healthy controls and patients
with AAV have been compared. Further information has been gleaned from experimental
models using live imaging of the kidney, including intravital microscopy.

It is likely that TNF production and complement activation in AAV patients results in a
persistent low grade activation of neutrophils.[142] Results from in vitro studies have shown
that neutrophils exposed to ANCA bind to human umbilical vein endothelial cells (HUVECs),
[143-144] with up-regulation of CD11b, an adhesion molecule.[145-146] In a flow system set
up to mirror blood flow in human capillaries, ANCA treated neutrophils demonstrated
increased adhesion and transmigration which was β2 integrin and CXCR2 (neutrophil cell
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surface receptors) dependent.[146] This is likely to resemble what happens in human AAV,
where expression of both β1 and β2 integrins are increased in circulating neutrophils,[147] and
the adhesion molecules ICAM and VCAM are expressed on glomerular endothelial cells.[148]
Additional results from human studies have implicated IL-8 in leukocyte recruitment which
was also shown to correlate with glomerular injury.[51] Neutrophil degranulation with the
accompanying release of reactive oxygen species, proteases[149-150] and an oxidative
burst[151-152] directly leads to endothelial injury. Evidence for enhanced endothelial injury
includes increased levels of endothelial cell microparticles in active disease, which subse‐
quently reduce when the disease remits.[153-154] This is in direct contrast to the restorative
endothelial progenitor cells which are decreased when disease is active.[155-156] It has been
suggested that the pro-angiogenic protein, angiopoietin-2, may act locally to promote inflam‐
mation and endothelial cell injury.[154] It is likely that several mechanisms combine to result
in endothelial injury. We know that neutrophil degranulation also results in deposition of the
neutrophil constituents, MPO and PR3 in the glomerular bed,[157] and these deposited
autoantigens provide targets for antigen specific T and B cells, which recruit additional effector
cells, promoting a vicious cycle of injury.

Many of the original studies assessing neutrophil recruitment to the capillaries used intravital
imaging of mesenteric and cremasteric vessels. These vessels are more accessible and provide
some parallels with leukocyte recruitment seen in renal and lung vasculitis. More recently
Michael Hickey’s group have pioneered new methods for assessing neutrophil physiology in
the inflamed glomerulus, which has considerably improved our understanding of leukocyte
behaviour in glomerulonephritis.[158-159].

In vitro studies performed in a flow chamber have shown that human neutrophils treated with
ANCA display altered patterns of rolling, adhesion and transmigration.[146, 160] Using
intravital microscopy to visualise mesenteric postcapillary venules Little et al found that
administration of MPO-ANCA induced neutrophil adhesion and transmigration. Similarly
studies using intravital microscopy to visualize murine cremasteric postcapillary venules
demonstrated increased neutrophil adhesion and transmigration after the passive transfer of
MPO-ANCA. Neutrophil recruitment was both Fcgamma receptor and β2 integrin dependent.
[161] While these studies provided valuable insight into neutrophil recruitment and transmi‐
gration in inflamed tissues in AAV, it remained unclear if the observations seen in the
postcapillary venules could be replicated in the glomerulus. The use of live imaging of the
murine kidney has facilitated the study of leukocyte behaviour in models of glomerular injury.
Differences in neutrophil behaviour in the inflamed glomerulus have been noted. In the
heterologous phase of renal injury induced after administration of sheep anti-mouse GBM
serum, neutrophil recruitment occurred via rapid arrest and occurred in the absence of rolling.
[158] Relevant to AAV, in mice treated with LPS and MPO-ANCA glomerular neutrophil
recruitment occurred in a lymphocyte function-associated antigen (LFA-1)(a leukocyte
integrin) dependent manner. However if an increased dose of MPO-ANCA was used (without
LPS priming), neutrophil recruitment was α4-integrin dependent, but β2-integrin independ‐
ent.[18] These studies highlight how MPO-ANCA can induce glomerular neutrophil recruit‐
ment through many different pathways and furthermore demonstrate that the glomerulus is
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a unique organ in which neutrophil migration differs from other postcapillary venules. While
it is likely that injury in humans with renal vasculitis is a consequence of several mechanisms
(discussed above) acting in tandem, direct visualization of the kidney appears to be the best
technique to assess glomerulonephritis. In addition to the mechanisms detailed above there
are likely to be several other factors which contribute to pathogenic neutrophil-endothelial
interaction and the ensuing rapidly progressive glomerulonephritis, several of these are
discussed later in this chapter.

8.1.3.1. The role of NETs in neutrophil-endothelial interactions and glomerulonephritis in AAV

The role of neutrophil extracellular traps (NETs) in the development of autoimmunity to MPO
and PR3 has been discussed earlier. A further role for NETs in driving effector responses in
renal vasculitis was described in an innovative paper published in 2009. In this manuscript,
Kessenbrock et al, found that primed neutrophils cultured with ANCAs resulted in the
development of NETs and these chromatin fibres contained the auto-antigens MPO and PR3.
When neutrophils were recruited to inflamed glomeruli, degranulation of the neutrophil and
NETs resulted in the deposition of these autoantigens in the glomerulus. Furthermore they
demonstrated that in human kidney biopsies, from patients with AAV, NET formation was
associated with areas of high neutrophil influx and acute injury.[71] It is likely that deposition
of MPO and PR3 could directly result in glomerular injury, however these autoantigens could
also serve as targets for auto-reactive CD4+ T cells and B cells further increasing the influx of
inflammatory cells and exacerbating glomerular injury.

8.1.3.2. A pathogenic role for neutrophil microparticles in AAV

Microparticles in neutrophils contain an abundance of adhesion molecules and proteases
which include the ANCA auto-antigens PR3 and MPO.[162] Recent data has shown ANCAs
can induce the release of neutrophil microparticles from primed neutrophils. These micropar‐
ticles bind to endothelial cells through an up-regulation of adhesion molecules and result in
increased endothelial reactive oxygen species and released pro-inflammatory cytokines
including, IL-6 and IL-8. The clinical relevance of this was supported by data which demon‐
strated that neutrophil microparticles were more readily detected in patients (children) with
active AAV, while levels were suppressed in healthy controls and patients with inactive
disease.[163] Several other mechanisms of neutrophil microparticle release have been descri‐
bed, including those triggered by the complement system, which is also active in renal
vasculitis. These studies further highlight the complex nature of neutrophil induced glomer‐
ular injury in renal vasculitis. It is likely that that the synchrony of many innate immune cells
and adaptive immunity result in the severe injury observed in rapidly progressive glomeru‐
lonephritis and acute kidney injury.

8.2. The role of Toll Like Receptors (TLRs) in ANCA associated vasculitis

The innate pattern recognition receptors, TLRs, recognise molecular patterns commonly found
in bacterial and viral organisms.[164] In response to invading microbes, TLR ligation results
in a ‘hard-wired’ activation of the innate immune system and heightened adaptive immune
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surface receptors) dependent.[146] This is likely to resemble what happens in human AAV,
where expression of both β1 and β2 integrins are increased in circulating neutrophils,[147] and
the adhesion molecules ICAM and VCAM are expressed on glomerular endothelial cells.[148]
Additional results from human studies have implicated IL-8 in leukocyte recruitment which
was also shown to correlate with glomerular injury.[51] Neutrophil degranulation with the
accompanying release of reactive oxygen species, proteases[149-150] and an oxidative
burst[151-152] directly leads to endothelial injury. Evidence for enhanced endothelial injury
includes increased levels of endothelial cell microparticles in active disease, which subse‐
quently reduce when the disease remits.[153-154] This is in direct contrast to the restorative
endothelial progenitor cells which are decreased when disease is active.[155-156] It has been
suggested that the pro-angiogenic protein, angiopoietin-2, may act locally to promote inflam‐
mation and endothelial cell injury.[154] It is likely that several mechanisms combine to result
in endothelial injury. We know that neutrophil degranulation also results in deposition of the
neutrophil constituents, MPO and PR3 in the glomerular bed,[157] and these deposited
autoantigens provide targets for antigen specific T and B cells, which recruit additional effector
cells, promoting a vicious cycle of injury.

Many of the original studies assessing neutrophil recruitment to the capillaries used intravital
imaging of mesenteric and cremasteric vessels. These vessels are more accessible and provide
some parallels with leukocyte recruitment seen in renal and lung vasculitis. More recently
Michael Hickey’s group have pioneered new methods for assessing neutrophil physiology in
the inflamed glomerulus, which has considerably improved our understanding of leukocyte
behaviour in glomerulonephritis.[158-159].

In vitro studies performed in a flow chamber have shown that human neutrophils treated with
ANCA display altered patterns of rolling, adhesion and transmigration.[146, 160] Using
intravital microscopy to visualise mesenteric postcapillary venules Little et al found that
administration of MPO-ANCA induced neutrophil adhesion and transmigration. Similarly
studies using intravital microscopy to visualize murine cremasteric postcapillary venules
demonstrated increased neutrophil adhesion and transmigration after the passive transfer of
MPO-ANCA. Neutrophil recruitment was both Fcgamma receptor and β2 integrin dependent.
[161] While these studies provided valuable insight into neutrophil recruitment and transmi‐
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a unique organ in which neutrophil migration differs from other postcapillary venules. While
it is likely that injury in humans with renal vasculitis is a consequence of several mechanisms
(discussed above) acting in tandem, direct visualization of the kidney appears to be the best
technique to assess glomerulonephritis. In addition to the mechanisms detailed above there
are likely to be several other factors which contribute to pathogenic neutrophil-endothelial
interaction and the ensuing rapidly progressive glomerulonephritis, several of these are
discussed later in this chapter.

8.1.3.1. The role of NETs in neutrophil-endothelial interactions and glomerulonephritis in AAV

The role of neutrophil extracellular traps (NETs) in the development of autoimmunity to MPO
and PR3 has been discussed earlier. A further role for NETs in driving effector responses in
renal vasculitis was described in an innovative paper published in 2009. In this manuscript,
Kessenbrock et al, found that primed neutrophils cultured with ANCAs resulted in the
development of NETs and these chromatin fibres contained the auto-antigens MPO and PR3.
When neutrophils were recruited to inflamed glomeruli, degranulation of the neutrophil and
NETs resulted in the deposition of these autoantigens in the glomerulus. Furthermore they
demonstrated that in human kidney biopsies, from patients with AAV, NET formation was
associated with areas of high neutrophil influx and acute injury.[71] It is likely that deposition
of MPO and PR3 could directly result in glomerular injury, however these autoantigens could
also serve as targets for auto-reactive CD4+ T cells and B cells further increasing the influx of
inflammatory cells and exacerbating glomerular injury.

8.1.3.2. A pathogenic role for neutrophil microparticles in AAV

Microparticles in neutrophils contain an abundance of adhesion molecules and proteases
which include the ANCA auto-antigens PR3 and MPO.[162] Recent data has shown ANCAs
can induce the release of neutrophil microparticles from primed neutrophils. These micropar‐
ticles bind to endothelial cells through an up-regulation of adhesion molecules and result in
increased endothelial reactive oxygen species and released pro-inflammatory cytokines
including, IL-6 and IL-8. The clinical relevance of this was supported by data which demon‐
strated that neutrophil microparticles were more readily detected in patients (children) with
active AAV, while levels were suppressed in healthy controls and patients with inactive
disease.[163] Several other mechanisms of neutrophil microparticle release have been descri‐
bed, including those triggered by the complement system, which is also active in renal
vasculitis. These studies further highlight the complex nature of neutrophil induced glomer‐
ular injury in renal vasculitis. It is likely that that the synchrony of many innate immune cells
and adaptive immunity result in the severe injury observed in rapidly progressive glomeru‐
lonephritis and acute kidney injury.

8.2. The role of Toll Like Receptors (TLRs) in ANCA associated vasculitis

The innate pattern recognition receptors, TLRs, recognise molecular patterns commonly found
in bacterial and viral organisms.[164] In response to invading microbes, TLR ligation results
in a ‘hard-wired’ activation of the innate immune system and heightened adaptive immune
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responses. While TLRs are required for protection from invading microbes, inappropriate
stimulation can result in the development of autoimmunity and organ injury,[165] including
renal disease.[166] In several experimental models of kidney disease, including acute kidney
injury,[167] lupus nephritis[168] and crescentic glomerulonephritis,[169] we and others have
demonstrated pathogenic roles for TLRs. However their role in AAV is likely to be dual. Firstly
ligation of TLRs heightens innate and adaptive immune response, which in turn leads to the
loss of tolerance and the development of autoimmunity. Secondly, TLRs activate both effector
cells and resident kidney cells, increasing glomerular inflammation and renal injury. This is
important as infections are known to promote injury in AAV, with TLRs providing a link
between infection and the development of AAV and disease relapses. While many TLRs have
been implicated in autoimmunity studies in AAV have largely concentrated on the surface
receptors, TLR2 and TLR4, as well as the intracellular TLR9.

There is  clinical  evidence implicating TLRs in the loss of  tolerance in AAV. Stimulation
of  peripheral  blood mononuclear  cells  (PBMCs)  from GPA patients  with a  TLR9 ligand
resulted in increased ANCA production.[170]  Moreover in patients  with AAV in remis‐
sion TLR9 expression is increased on B lymphocytes and when these B lymphocytes were
cultured with a TLR9 ligand they produced ANCA.[171] These studies support a role for
infection  (through  ligation  of  TLR9)  promoting  humoral  autoimmunity.  Expression  of
TLR2, TLR4 and TLR9 on B lymphocytes, T lymphocytes, natural killer (NK) cells, mono‐
cytes  and granulocytes  from AAV patients  (and controls)  was  assessed.  Amongst  AAV
patient’s monocytes and NK cells had increased TLR expression.[172] We have provided
supporting evidence for a pathogenic role for TLRs using experimental models of AAV.
Immunization of WT mice with a TLR ligand and MPO resulted in the loss of tolerance
with the development of cellular and humoral autoimmune responses and later necrotis‐
ing glomerulonephritis. Interestingly immunization with a TLR9 ligand and MPO result‐
ed  in  T-bet  dependent  IFNγ  production  and  macrophage  mediated  renal  injury.
Conversely  autoimmunity  induced  by  a  TLR2  ligand  and  MPO  resulted  in  ROR-γ  de‐
pendent Th17 autoimmunity and neutrophil mediated renal injury.[82]

However, TLRs are also likely to be involved in effector responses. While TLRs are expressed
at low and often undetectable levels in normal kidney biopsies, increased expression has been
seen in glomerulonephritis. In lupus nephritis glomerular and tubular TLR9 expression was
shown to be increased in both children and adults.[173-174] In studies assessing patterns of
TLR2, TLR4 and TLR9 in glomerulonephritis, strong TLR2 and TLR4 staining was seen in the
inflammatory infiltrates of patients with AAV.[175] We have stained renal biopsies from
patients with AAV and found that TLR9 staining is positive in the glomeruli (unpublished
data), as illustrated.

Further studies have supported an interaction between AAV and TLRs, when epithelial cells,
from kidney and lung, primed with PR3-ANCA serum produced exaggerated cytokine levels
after TLR stimulation.[176] While early studies suggested that lipopolysaccharide (LPS)
enhanced effector responses in AAV,[57] our understanding of this process has increased. We
demonstrated that highly purified LPS, a pure TLR4 ligand, increased neutrophil recruitment
and glomerular injury after the passive transfer of MPO-ANCA, in a TLR4 dependent manner.
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We used bone marrow chimeras to define the relative contributions of bone marrow cell TLR4
and intrinsic renal cell TLR4 to the disease process. We found that both bone marrow and
resident kidney cell TLR4 were required for maximal neutrophil recruitment and renal injury.
[58] These studies highlighted the importance of TLR4 (and potentially other TLRs) in driving
effector responses in ANCA vasculitis.

Figure 1. TLR9 staining in a kidney biopsy from a patient with PR3-ANCA vasculitis. While TLR9 staining was not de‐
tectable in normal kidney samples stained with a mAb directed against TLR9 and visualized under immunofluorescent
light, TLR9 staining was readily detectable in patients with crescentic glomerulonephritis and PR3-ANCA vasculitis.

8.3. The role of complement in ANCA associated vasculitis

The complement system is recognized as one of the phylogenetically oldest components of
human immune defence. This highly regulated system of proteins (together with their
regulatory inhibitors) compromise an important part of host defence. In response to either
innate or adaptive stimuli activation of the complement system results in a cascade of ampli‐
fication and cleavage steps with the generation of anaphylatoxins (C5a and C3a) and a terminal
attack complex capable of lying cells.[177] Three complement pathways are well described,
namely, the classical pathway, the alternate pathway which is initiated by recognition of
foreign surfaces and the mannose binding lectin pathway.[178] More recently a pathway which
is initiated by coagulation and fibrinolytic proteins has been described.[179] In addition to its
role in host defence, activation of the complement cascade can result in tissue injury and has
been implicated in many forms of glomerulonephritis and kidney injury. Traditionally
complement was not considered critical to the pathogenesis of AAV as renal injury was
considered ‘pauci immune’ in nature and hence free from complement (and immune complex)
deposition. Interestingly complement is frequently observed in renal and skin biopsies from
patients with AAV,[180-182] while in vitro studies have demonstrated a role for complement
in ANCA-neutrophil interactions.

From historical data we know that when neutrophils are activated by ANCA, the complement
cascade is triggered and C3a is produced.[183] We also know that priming neutrophils with
C5a enhances ANCA-neutrophil interactions,[184] an effect mediated by p38 mitogen-
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patient’s monocytes and NK cells had increased TLR expression.[172] We have provided
supporting evidence for a pathogenic role for TLRs using experimental models of AAV.
Immunization of WT mice with a TLR ligand and MPO resulted in the loss of tolerance
with the development of cellular and humoral autoimmune responses and later necrotis‐
ing glomerulonephritis. Interestingly immunization with a TLR9 ligand and MPO result‐
ed  in  T-bet  dependent  IFNγ  production  and  macrophage  mediated  renal  injury.
Conversely  autoimmunity  induced  by  a  TLR2  ligand  and  MPO  resulted  in  ROR-γ  de‐
pendent Th17 autoimmunity and neutrophil mediated renal injury.[82]

However, TLRs are also likely to be involved in effector responses. While TLRs are expressed
at low and often undetectable levels in normal kidney biopsies, increased expression has been
seen in glomerulonephritis. In lupus nephritis glomerular and tubular TLR9 expression was
shown to be increased in both children and adults.[173-174] In studies assessing patterns of
TLR2, TLR4 and TLR9 in glomerulonephritis, strong TLR2 and TLR4 staining was seen in the
inflammatory infiltrates of patients with AAV.[175] We have stained renal biopsies from
patients with AAV and found that TLR9 staining is positive in the glomeruli (unpublished
data), as illustrated.

Further studies have supported an interaction between AAV and TLRs, when epithelial cells,
from kidney and lung, primed with PR3-ANCA serum produced exaggerated cytokine levels
after TLR stimulation.[176] While early studies suggested that lipopolysaccharide (LPS)
enhanced effector responses in AAV,[57] our understanding of this process has increased. We
demonstrated that highly purified LPS, a pure TLR4 ligand, increased neutrophil recruitment
and glomerular injury after the passive transfer of MPO-ANCA, in a TLR4 dependent manner.
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[58] These studies highlighted the importance of TLR4 (and potentially other TLRs) in driving
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tectable in normal kidney samples stained with a mAb directed against TLR9 and visualized under immunofluorescent
light, TLR9 staining was readily detectable in patients with crescentic glomerulonephritis and PR3-ANCA vasculitis.
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human immune defence. This highly regulated system of proteins (together with their
regulatory inhibitors) compromise an important part of host defence. In response to either
innate or adaptive stimuli activation of the complement system results in a cascade of ampli‐
fication and cleavage steps with the generation of anaphylatoxins (C5a and C3a) and a terminal
attack complex capable of lying cells.[177] Three complement pathways are well described,
namely, the classical pathway, the alternate pathway which is initiated by recognition of
foreign surfaces and the mannose binding lectin pathway.[178] More recently a pathway which
is initiated by coagulation and fibrinolytic proteins has been described.[179] In addition to its
role in host defence, activation of the complement cascade can result in tissue injury and has
been implicated in many forms of glomerulonephritis and kidney injury. Traditionally
complement was not considered critical to the pathogenesis of AAV as renal injury was
considered ‘pauci immune’ in nature and hence free from complement (and immune complex)
deposition. Interestingly complement is frequently observed in renal and skin biopsies from
patients with AAV,[180-182] while in vitro studies have demonstrated a role for complement
in ANCA-neutrophil interactions.

From historical data we know that when neutrophils are activated by ANCA, the complement
cascade is triggered and C3a is produced.[183] We also know that priming neutrophils with
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activated protein kinase, extracellular signal-regulated kinase and phosphoinositol 3-kinase.
[185] Results from clinical studies have shown that serum and urine levels of C5a are elevated
in patients with active disease strongly supporting the notion that the complement cascade is
activated in active AAV.[186] Strong support for a pathogenic role for complement has also
been provided from experimental studies. In an extensive set of experiments, the North
Carolina group robustly demonstrated that complement depletion (achieved through the use
of cobra venom serum) abrogated disease, an effect mediated through C5 and Factor B.[183]
Factor B is critical for alternative pathway activation. Similarly inhibition of C5 using a mAb
successfully attenuated experimental anti-MPO induced glomerulonephritis.[59] These
studies detailing a pathogenic role for the alternative pathway in ANCA induced glomerulo‐
nephritis have helped improve our understanding of the disease. More recently a mAb directed
against C5, Eculuzimab (also known as Soliris and manufactured by Alexion Pharmaceuticals)
has been licensed for the treatment of several complement mediated diseases, including
paroxysmal nocturnal hemoglobinuria. There is growing interest that C5 inhibition could be
used for the treatment of glomerulonephritis and organ injury induced by AAV and this has
formed the basis of a clinical trial currently underway in the United States.

8.4. Dendritic cells as antigen presenting cells and effector cells in AAV

Evidence from experimental models has supported a role for dendritic cells (DCs) in initiating
and promoting immune responses in autoimmune diseases.[187] These specialised antigen
presenting cells (APCs) recognise antigens through pattern-recognition receptors and co-
ordinate the initiation and maintenance of the immune response.[188] Little is currently known
about antigen presentation and the subsequent development of autoimmunity in AAV. It is
likely that DCs are involved in two processes, firstly in the development of autoimmunity
through interaction with dying neutrophils and also, acting locally, promoting kidney injury
where their presence in renal biopsy samples positively correlates with injury.

A pathogenic role for DCs in human AAV was recognised several years ago. When immature
DCs were isolated from GPA patients and cultured with PR3, markers of DC activation, CD80
and CD86 were increased. These antigen primed DCs were able to produce IFNγ, consistent
with a Th1 phenotype.[189] In an experimental model of MPO induced ANCA vasculitis, we
have shown that pulsing DCs with MPO is an effective means of inducing cellular and humoral
autoimmunity directed against MPO. Furthermore, using our murine model of focal necrot‐
ising glomerulonephritis, these mice developed severe functional and histological renal injury
(unpublished data). It is likely that up-regulation of DCs is (at least partially) TLR mediated
and in AAV this could result from infection. After immunizing WT mice with a TLR2 or TLR9
ligand and MPO we found an increase in DC maturation (assessed as an increase in CD86
expression), compared to mice immunized with MPO alone.[82] In additional unpublished
work, pilot studies have shown that stimulation of DCs with a TLR9 ligand and MPO results
in increased CD40, CD80 and CD86 expression, compared to DCs stimulated with MPO alone,
this is demonstrated below. These clinical and experimental studies implicate DCs in the loss
of tolerance to MPO.
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Figure 2. Dendritic cell (DC) activation after culturing DCs with MPO and a TLR9 ligand. After culturing DCs with MPO
and control or a TLR 9 ligand, there was an increase on CD40+ DCs shown schematically in the top figure. In the mid‐
dle figure we see representative CD40 expression from DCs treated with control and MPO, while the bottom figure
shows the increase in CD40 expression after treatment with MPO and a TLR9 ligand.

A limitation of both the clinical and experimental studies is that these studies have largely
focussed on myeloid DCs and not plasmacytoid DCs. In other diseases, including systemic
lupus erythematosus, plasmacytoid DCs have been shown to be potent inducers of Type 1
IFNs and drive the development of autoimmunity.[190] In addition to their role in the
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DCs were isolated from GPA patients and cultured with PR3, markers of DC activation, CD80
and CD86 were increased. These antigen primed DCs were able to produce IFNγ, consistent
with a Th1 phenotype.[189] In an experimental model of MPO induced ANCA vasculitis, we
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autoimmunity directed against MPO. Furthermore, using our murine model of focal necrot‐
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expression), compared to mice immunized with MPO alone.[82] In additional unpublished
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development of autoimmune responses DCs represent a component of the characteristic
inflammatory infiltrate see on renal biopsy samples from patients with AAV. Increased
numbers of immature (CD209+) and mature (CD208+) DCs were found in renal biopsies from
patients with AAV.[191] While these studies do not prove that DCs are pathogenic in renal
vasculitis, their association with the inflammatory infiltrate suggests that they may be involved
in the promotion of renal inflammation and injury.

Figure 3. Summary of the Pathogenesis of MPO-ANCA Vasculitis. A summary of the events which contribute to the
loss of tolerance to MPO, with the development of autoimmunity resulting in rapidly progressive crescentic glomeru‐
lonephritis.

9. The role of resident kidney cells in ANCA associated renal vasculitis

Results from many of the studies discussed above have demonstrated that he kidney is not an
‘innocent bystander’ in the disease process. Rather the kidney provides an anatomic and
physiological milieu which is well suited to recruit inflammatory cells. In our studies we have
found that TLR ligation increased ANCA induced glomerular neutrophil recruitment and
injury, which required contributions from both bone marrow and resident kidney cells.[58]
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Our studies strongly supported a role for glomerular endothelial cells in this disease process
and the role of the endothelium in promoting inflammation and injury is well known. It is
likely that other glomerular cell types contribute to injury and immunofluorescent staining of
kidney biopsies from patients with AAV has demonstrated that podocytes and tubulo-
interstitial cells are major producers of IL-18, which is involved in neutrophil recruitment.[52]
Similarly after staining human biopsies from AAV patients with crescentic glomerulonephritis
the pathogenic isoform of the stress response protein kinase p38MAPK was detected in the
podocyte, further implicating the role of this specialised cell in driving glomerular injury.[192]
In addition to the glomerular injury observed in ANCA associated renal vasculitis tubular
lesions, most notably peritubular inflammatory capillaritis, are common and are associated
with a poor prognosis.[193] The interstitium is a prime target for inflammatory cells as many
of the tubular epithelial cells express MHCII, TLRs and complement receptors, with which
they can interact.[194] Furthermore peritubular capillaries display physiological characteris‐
tics similar to postcapillary venules which further increases the recruitment of inflammatory
cells commonly observed in crescentic glomerulonephritis.[195-196] In conclusion it is
apparent that the kidney harbours a particular environment which facilitates the recruitment
of inflammatory cells and subsequent renal injury making it the key target for injury in AAV.

10. Conclusions

As new concepts of autoimmunity and cellular functions are elucidated in both innate and
humoral immunity our scope of understanding of this complex disease entity continues to
expand. Whilst an appreciation of the involvement of the adaptive immune dysfunction that
contributes to AAV is well established new and varied innate immune system mechanisms of
pathogenesis are emerging. Recent work investigating neutrophil functions and life cycle
including the newly identified and described NETosis, along with imaging modalities
allowing accurate characterisation of neutrophil trafficking and interactions with endothelial
cells of the vessel wall provide us with a better understanding of the important role these cells
have to play in this multifactorial disease process. The huge range of new biologic agents and
advancing therapeutic technologies bring with them the possibilities of more effective,
targeted, less toxic therapies for our patients.
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1. Introduction

McGraw-Hill Concise Dictionary of Modern Medicine [1] defines pulmonary-renal syndrome
(PRS) as an idiopathic condition characterized by pulmonary hemorrhage, rapid progressive
glomerulonephritis, and positive autoantibodies. Pulmonary-renal syndrome may be also
defined as a heterogeneous group of multisystem diseases – e.g. Goodpasture syndrome,
Wegener's granulomatosis, collagen vascular disease – in particular systemic lupus
erythematosus, polyarteritis nodosa, Henoch-Schönlein purpura, and various other
conditions, which all have prominent pulmonary and renal components. According to Sanders
[2] the strict definition of pulmonary-renal syndrome is the combined clinical picture of rapid
progressive glomerulonephritis and pulmonary capillaritis requiring histological
confirmation.

If we translate the definition into pathological nomenclature, pulmonary-renal syndrome is
defined as combination of diffuse alveolar hemorrhage (DAH) and immune crescent
glomerulonephritis. The essential substrate of all these changes is vasculitis, which is according
to contemporary nomenclature based mostly on morphological and histopathological criteria.
These criteria for the most common forms of vasculitides were introduced in 1994 by Jennette
et al. at the Chapel Hill Consensus Conference organized by the American College of
Rheumatology [3]. The inflammation of small vessels (microangiopathic vasculitis) restricts
blood flow to various organs and damages them. If correct diagnosis and appropriate
treatment are delayed the condition can be fatal. Prognosis is good when treatment begins
before onset of respiratory and renal failure. Because of the similarity in clinical picture,
differential diagnosis of these diseases at the bedside can be challenging.

The pathophysiology of the vasculitides is based on immunologic mechanisms. These appear
to play an active role in mediating the inflammatory response, but their exact mechanisms still
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remain poorly understood. Although the primary events that initiate this process remain
largely unknown, recent investigations have brought us closer to understanding some of the
critical pathways involved in disease and provided a rationale for the study of novel
therapeutic agents [4].

2. Historical sense of the term „pulmonary - renal syndrome”

The first mention on pulmonary-renal syndrome is dated to year 1919 when the „father of viral
pathology” in the United States Dr. Ernest William Goodpasture (1886 – 1960) published his
work “The Significance of Certain Pulmonary Lesions in Relation to the Etiology of Influenza
in American Journal of the Medical Sciences [5]. He described two cases from more than fifty
autopsies where in patients dying in the great flu pandemic (Spanish flu) no bacterial etiology
was confirmed. In one of the two patients massive alveolar hemorrhage and fulminant
glomerulonephritis were present. It was never discovered what underlying disease other than
influenza this patient may have had. Human influenza virus was described fourteen years
later by Laidlaw and coworkers [6]. In 1958 two Australian scientists Stanton and Tange in the
discussion of their paper analyzed Goodpasture´s old finding and associated pulmonary
hemorrhage with glomerulonephritis with the name of Dr. Goodpasture, as Goodpasture
syndrome [7]. According to the biography written by Collins (2010), E. Goodpasture did not
approve the association of his name with this syndrome [8]. In 1967 the discovery of anti-GBM
antibodies were associated with Goodpasture nephritis [9].

At present pulmonary-renal syndrome broadened the family of diseases, where diffuse
alveolar hemorrhage and immune crescent glomerulonephritis are participating. Therefore, it
is not possible to say only glomerular basement membrane (Goodpasture) disease means
pulmonary-renal syndrome. The term pulmonary-renal syndrome should be associated with
the term pulmonary-renal vasculitic syndromes [10].

3. Histopathology

Pathological expressions of vasculitis are not usually specific for a particular diagnostic catego‐
ry of vasculitis.  The primary pathology in the majority of pulmonary-renal syndrome is
inflammation and necrosis of vessel wall classified according to the Chapel Hill Consensus
Conference classification [3] as medium/small vessel vasculitis. Generally, inflammation affects
arterioles, capillaries and venules with two basic types of necrosis – fibrinoid and granuloma‐
tous. In the very early stage of inflammation there is a massive influx of polymorphonuclear
leukocytes and monocytes accumulating in the capillary space. Later the condition is accompa‐
nied by proteinacous exudate. Damage of the capillaries and disruption of basal membranes with
leakage of erythrocytes is followed by an influx of macrophages. Fibrinoid depositions cause the
formation of extracapillary (crescent) cell proliferation in the glomerulus [11]. Changes in lungs
give rise to isolated necrotic pulmonary capillaritis where damaged red blood cells migrate
directly into alveolar tissue resulting in alveolar haemorrhage [12].
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Jennette et al. [13] described pathologic features of different necrotizing vasculitis types
indicating various pathogenic mechanisms causing the injury. In anti-GBM disease or immune
complex disease the pathogenic complexes between antibodies and antigens are located
exclusively or predominantly in vessel walls. In patients with ANCA vasculitis, these
autoantibodies are in the interstitial fluid and also in the blood. ANCA activate neutrophils
and monocytes in blood vessels, as well as in interstitial tissue. Activation in the vessels causes
necrotizing vasculitis and activation in the tissues necrotizing tissue inflammation. Clinical
association of dominating organs in pulmonary-renal syndrome is shown in table 1.

Organ MPA GPA (WG) CSS GPS

Kidney 90 80 45 75

Lung 50 90 70 60

Table 1. Approximate frequency of organ system involvement (%)

Interstitial inflammation is accompanied by capillary trombosis, disintegration of blood vessel
wall, loss of integrity of tissue structures, epithelial cell hyperplasia, accumulation of red cells
(and later hemosiderin), depositions of proteins (immunoglobulins, immune-complex
proteins), interstitial fibrosis and atrophy. The actual picture is dependent on different organ
structure of lungs and kidneys, as well as on primary stimulus.

Presence of specific granulomatous inflammation is typical for granulomatosis with
polyangiitis (GPA, formerly Wegener´s granulomatosis) described and defined by Wegener
in 1939 [14] and Former in 1950 [15] respectively. Morphological detected recruitment of
inflammatory cells, as well as immune competent cells (T-cells, B, cells, macrophages) and
sometimes also giant-cells are confirmed by immunostaining of autoantibodies, detection of
cytokine release and oxygen-free radical formation.

Pulmonary-renal syndrome has a wide spectrum of organ histopathological changes. Severe
renal vascular damage can be accomapnied by absent or mild pulmonary changes. On the
other hand severe pulmonary injury can be followed by mild renal destruction or normal renal
histology.

3.1. Renal pathology

Renal pathology is expressed by various forms of glomerulonephritis (anti-GBM, immunocom‐
plex, necrotizing pauci-immune). In rare cases sequential development supposed to be of
pathogenic importance: injury caused by ANCA may uncover the Goodpasture antigen. The
concept that only one antigen may trigger another one requires further support [16].

Immunohistochemical classification of renal capillary vasculitides [17] based on renal biopsies
is characterized by the presence of:

1. anti GBM antibodies – type I crescentic GN

2. immune complexes – type II crescentic GN
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3. pauci-immune ( only circulating ANCA) – type III crescentic GN

3.2. Pulmonary pathology

The underlying pulmonary lesions (necrotic pulmonary capillaritis) are clinically expressed
as diffuse alveolar haemorrhage. Disruption and degradation of the pulmonary capillary wall
and interstitial matrix results in vessel wall destruction and necrosis. Cordier and Cottin [18]
found capillaritis as the most common pathological finding (60%) in ANCA-related
vasculitides with pulmonary complications. However, capillaritis was not observed in all
patients. It is likely that vessel inflammations may be overlooked in some cases if not
specifically searched [19].

According to recommendations of Jennette and Falk [20] an accurate precise clinical diagnosis
usually requires the integration of many different types of data, including clinical signs and
symptoms, associated diseases, histological pattern of inflammation (eg, granulomatous
versus necrotizing), immunopathological features (e.g. presence and composition of vascular
immunoglobulin deposits), and serological findings (cryoglobulins, hypocomplementemia,
hepatitis B antibodies, hepatitis C antibodies, ANCAs, anti–GBM antibodies, ANA). Specific
diagnosis of a vasculitis is very important because the prognosis and appropriate therapy vary
substantially among different types of vasculitis. Many attempts to re-evaluate and to refine
the present nomenclature of vasculitis were done, however the complexity of vasculitic
syndromes, as well as of pulmonary-renal syndrome complicates not only the estimation of
appropriate diagnosis, differential diagnosis but also hampers effective treatment.

4. Immunopathogenesis

Potentially accepted immunopathological mechanisms of pulmonary-renal syndrome involve
antiglomerular basement membrane antibodies, antineutrophil cytoplasm antibodies,
generation of immunocomplexes, activation of complement and haemocoagulation. Due to
different pathogenesis of pulmonary-renal syndrome in various clinical diagnoses, common
immunopathological features (except systemic inflammation) could not be specified. As seen
in most inflammatory diseases, the systemic response to insult may be as important as the
initial stimulus.

4.1. Genetical and environmental influence

The current understanding of autoimmune disorders suggests that some environmental
factors initiate disease in a genetically susceptible individual. The importance of genetic
factors, especially the genes of major histocompatibility complex has been increasingly
recognized in determining susceptibility to autoimmune diseases. Because of the low incidence
of all nosological entities of pulmonary-renal syndrome, it is not possible to examine the
inheritance of genes within affected families predisposing to this disease.

In pulmonary-renal syndrome, as in most autoimmune disorders, the precise initiating events
are not known. Exposure to hydrocarbons is known to cause damage to pulmonary/renal
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endothelial cells and so could expose components of the alveolar basement membrane to cells
of the immune system, initiating an immune response [21]. The induction of vasculitis seems
multifactorial, with interplay of environmental factors and genetic predisposition creating the
environment for development of disease [22].

4.2. Kidney-lung crosstalk

New experimental data have emerged in recent years focusing on the interactive effects of kidney
and lung dysfunction, and these studies have highlighted the pathophysiological importance of
proinflammatory and other immunologic pathways as well as the complex nature of interor‐
gan crosstalk. Because pulmonary and renal dysfunction frequently coexist, the effects of failure
of either organ are particularly relevant to the function of the other. Evidence suggests that
deleterious kidney-lung interactions or crosstalk rise, at least in part, due to the loss of the normal
balance of immune, inflammatory and soluble mediator metabolism. These processes occur after
severe insults and cause induction of organ injury [23]. Organ crosstalk is a consequence of both
direct loss of normal function and inflammatory dysregulation resulting from both organ failure.
Cellular (e.g. neutrophils) as well as soluble mediators (cytokines) contribute to the inflammato‐
ry dysregulation under these circumstances [24].

4.3. Immunology of inflammation

Interactions between inflammatory cells and damaged endothelium end in vessel
inflammation (vasculitis), the major manifestation of all clinical entities. Cytokines,
chemokines (such as IL-8) complement components, circulating immune complexes, and
antibodies can be primary determinants of initiators of endothelial cell damage. When focusing
on two basic clinical representatives – Goodpasture disease and granulomatosis with
polyangiitis, damage of the vessel wall of glomeruli and alveolar capillaries are caused by
antigen-stimulated white blood cells, anti-GBM antibodies and ANCA, respectively. In anti-
GBM and ANCA vasculitis, the pathologic finding of focal, lytic necrotizing injury suggests
highly effective local activation of neutrophils and monocytes with release of oxidants and
proteases that are neutralized beyond the site of injury [13].

Concurrent ANCA and anti-GBM antibody production can be seen in selected patients, but
reasonable explanation is unknown. It is possible that ANCA-related proteases damage or
expose the nephritogenic epitopes in cr3 (IV) collagen in GBM, and this in turn leads to anti-
GBM antibody production. It is unlikely that the crossreactivity between p-ANCA and anti-
GBM antibodies is derived from the same autoantibody repertoire, because there does not
appear to be a structural relationship between c-ANCA and a3 (IV) NC I collagen [25]. It is
currently unclear whether there is any structural cross-reactivity between c-ANCA and anti-
GBM antibodies [26].

4.4. Cellular and humoral mechanisms

Immunological mechanisms involved in initiation and prolongation of inflammatory state
could be divided to two groups: cellular mechanisms (activity of immune-competent cells) and
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humoral mechanisms (proteins, mediators). Inflammation is tightly connected also to
oxidative stress either through increased formation of ROS and/or the decreased activity of
antioxidant systems.

It should be postulated in the view of common association in all disease entities that the damage
is caused by free radical formation of injured tissues. Local release of inflammatory cytokines
and chemokines further activate endothelial cells to upregulate soluble adhesion molecules,
enhanced activation of neutrophils and generation of reactive oxygen species which serve to
amplify the initial inflammation leading to dysregulated apoptosis, secondary necrosis and
overt vascular injury.

The immune system may target the tissues due to structural alterations in proteins or cell
surfaces. Finally, the production of necessary anti-inflammatory factors may be impaired after
hypoxia. Initiating signals – triggers of inflammation can activate the inflammatory process
by several mechanisms that may occur simultaneously [27]:

1. Passively released factors from injured or exposed cells due to breakdown of cellular
barriers.

2. Stress or injury (hypoxia) can induce the active synthesis of pro-inflammatory signals.

3. Immune system receptors (cellular, humoral) may recognize altered or exposed surface
structures.

4. Damaged cells have decreased expression of inhibitory (anti-inflammatory) factors
permitting uncontrolled activation of inflammatory cells or systems.

Binding of ANCA to neutrophil membranes activates the cells leading to the release of lytic
enzymes, chemoatractant interleukin-8 and oxygen free radicals. Neutrophils subsequently
aggregate on endothelium causing inflammation and damage to the vasculature. Still, it
remains unclear in many diseases whether or not ANCAs are simply playing a bystander role
in the inflammatory cascade or directly driving vasculitic inflammation [28].

Gröne [29] describes except of the role of ANCAs, other immunopathogenetic factors
important in vasculitides. They include innate immunity factors, transcription factors such as
NFkB, endothelial cytoprotective agents such as NO. In summary:

1. ANCA may be directed against several antigens, in the majority of cases against
proteinase-3 and myeloperoxidase. The complex of proteinase-3 and ANCA leads to an
increased expression of CD14, CD18 and an elevated synthesis of cytokines and
chemokines such as interleukin 1, interleukin 8 in monocytes. In addition granulocytes
generate reactive oxygen species, ANCA may also bind to a surface glycoprotein (gp130)
expressed on glomerular and peritubular endothelia in the kidney. Thus the activation of
granulocytes, monocytes and endothelial cells by ANCA may be a critical step in the
initiation phases of vasculitis, ultimately leading to apoptosis.

2. NO is cytoprotective for endothelial cells in low concentrations.

3. The transcription factor complex NFkB is a key regulatory transcription factor for the
expression of genes and proteins associated with acute inflammatory processes and
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“endothelialitis”. Inhibition of NFkB activity by a decoy-oligonucleotide prevented
activation of endothelial cells in reperfusion injury and vascular rejection.

4. The complement system probably plays an essential role in the initiation and propagation
phases of vasculitis. Specifically the pneumococcal C-polysaccharide-reactive protein
(CRP), synthesized after trauma and infection, can potently activate the complement
cascade leading to activation of endothelial cells with increased expression of adhesion
molecules.

Above mentioned pathogenetic mechanisms of vasculitides seem to be important and com‐
mon factors for the generation and maintenance of vascular inflammation; nevertheless these
factors are only part of the spectrum of different humoral and cellular responses in vasculitis [29].

4.5. Ischemic/reperfusion injury

Acute onset of severe pulmonary-renal syndrome is closely connected with ischemia-
reperfusion injury when both innate and adaptive immunity contribute to their pathogenesis.
Kidney resident cells promote inflammation after ischemic/reperfusion injury by increasing
endothelial cell adhesion molecule expression and vascular permeability. Kidney epithelial
cells bind complement and express toll-like receptors and resident and infiltrating cells
produce cytokines/chemokines. Early activation of kidney dendritic cells initiates a cascade of
events leading to accumulation of interferon-γ-producing neutrophils, infiltrating
macrophages, CD4+ T cells, B cells and invariant natural killer T cells. Bajwa et al. [30] recently
implicated the IL23/IL17 pathway in kidney ischemic/reperfusion injury, as well as the
importance that T-regulatory cells can directly suppress the early innate inflammation,
induced by ischemia/reperfusion, in an IL-10 dependent manner. Following the initial early
phase of inflammation, the late phase involves infiltration of anti-inflammatory cells including
regulatory T cells, alternatively activated macrophages and stem cells leading to attenuation
of inflammation and initiation of repair.

4.6. TNFalfa – proinflammatory cytokine

Another possible connection between kidney and lung inflammation as a part of the systemic
inflammatory pathway describe Campanholle et al. [31]. They concluded that pro-inflammato‐
ry mediators, TNF-alfa, IL-1β and MCP-1, released by the ischemic kidney might reach the lungs,
induce inflammation, up-regulate COX-2 and iNOS expressions, and ultimately contribute to
the accumulation and to activation of neutrophils and mononuclear cells.

TNF-alpha, a potent pro-inflammatory cytokine belongs to the group of mediators that activate
leukocytes and endothelial cells. Neutrophils, other leukocytes, and platelets adhere via
cognate receptors to the pulmonary endothelium. Activated neutrophils release proteases,
leukotrienes, reactive oxygen intermediates, and other inflammatory molecules that amplify
the inflammatory response. ROS and proteases can directly damage alveolar–capillary
membrane integrity [32]. On the other side the lectin-like domain of TNF-alpha has positive
effects on permeability of the epithelial-endothelial barrier in the lungs. This domain is able
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to blunt ROS production in pulmonary artery endothelial cells under hypoxia and
reoxygenation, and reduce ROS content in inflammatory conditions [33].

TNF-alpha - an important cytokine involved in pathogenesis of inflammation, is an example
of a “moonlighting protein”, with differential activities mediated by its receptor-binding
versus its lectin-like domains, which opens the possibility to design and develop more
sophisticated therapeutic regimens for patients with increased permeability of the epithelial-
endothelial barrier of the lung, which in pulmonary-renal syndrome can occur. However, in
the future, more research is needed in order to reveal the underlying mechanisms of TNF’s
protective versus deleterious effects [34].

4.7. Reactive oxygen species and nitric oxide engagement

Among enzymes incorporated in the free radical formation, eNOS (NOS3) has been shown to
inhibit vascular inflammation in many different model systems, but its role in the pathogenesis
of vasculitis has not been elucidated yet. According to Schoeb et al. [35] eNOS serves as a
negative regulator of vasculitis in experimental (mice) model of pulmonary-renal syndrome
and they further suggest that nitric oxide produced by this enzyme may be critical for
inhibiting lesion formation and vascular damage in human vasculitides. Derangements in the
key oxidative stress enzymes, nitric oxide synthase and heme oxygenase may also facilitate
distant organ dysfunction. Disordered NO metabolism in the setting of inflammation is well
established. While the cause of this dysregulation is not entirely clear, asymmetric
dimethyarginine seems to play a significant role [36, 37]. Asymmetric dimethyarginine is an
inhibitor of endothelial NO synthase and shifts NO metabolism toward production of oxygen-
based free radicals [38]. MPO released from activated neutrophils are involved in the formation
of NO-derived reactive oxygen species [39]. ROS produced by macrophages in combination
with reactive nitrogen intermediates cause protein nitration in endothelial cells [40]. This could
be related to activation of cytokines produced by macrophages to elicit proinflammatory and
prothrombotic responses in endothelial cells [41]. MPO produces a highly deleterious reactive
oxygen species, the hypochlorous acid (HOCl). Anti-MPO antibodies from patients with small
vessel vasculitis (MPA) can trigger the release of MPO by neutrophils and monocytes. Anti-
MPO antibodies can activate MPO to generate an oxidative stress deleterious for the
endothelium.

Guilpain et al. [42] recently demonstrated that MPA sera with anti-MPO antibodies activated
MPO in vitro, and generated free radicals (hypochlorous acid), whereas sera from MPA
patients with no anti-MPO antibodies or healthy individuals did not. Free oxygen radical
production and endothelial lysis were abrogated by N-acetylcysteine (NAC), an antioxidant
molecule through the augmentation of glutathione biosynthesis. N-acetylcysteine significantly
reduced the activation of myeloperoxidase and improved the survival of endothelial cells
exposed to byproducts of myeloperoxidase activation. Thus, anti-MPO antibodies could play
a pathogenic role in vivo by triggering an oxidative burst leading to severe endothelial
damages.
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During early stage of human septic shock Spapen et al. [43] founded massive decrease of IL-8
after N-acetylcystein (NAC) administration. According to that finding, Park et al. [44] supposes
another possible mechanism of NAC effect - through inhibition of IL-8.

In Goodpasture´s syndrome normal exposure of epitopes by self-limited generation of ROS is
not itself sufficient to launch a fatal autoimmune response. ROS can be produced in response
to various normal stimuli such as mediators of inflammation, environmental toxins, de-novo
respiratory bursts. Excessive ROS may influence GBM degradation by proteolytic enzymes
[45]. Therefore, the presence of ROS in the microenvironment around the GBM can likely
activate several pathways of protein modification in renal, as well as in pulmonary tissue in
Goodpasture´s syndrome. Kalluri et al. [46] suggest that ROS can alter the hexameric structure
of type IV collagen to expose or destroy selectively immunologic epitopes embedded in
basement membrane. The reasons for autoimmunity in Goodpasture syndrome may lie in an
age-dependent deterioration in inhibitor function modulating oxidative damage to structural
molecules. ROS therefore may play an important role in shaping post-translational epitope
diversity or neoantigen formation in organ tissues.

4.8. Natural antibodies

Natural antibodies produced by B-cells may play a role in prevention of pathological
autoimmune reactions by binding to microbial epitopes that are similar or identical to self-
antigens [47].

Bacterial superantigens trigger the activation of autoreactive cells such as toxic shock
syndrome toxin 1 and Staphylococcal enterotoxins. These superantigens are generally
considered to be the triggers of exacerbation in Wegener´s granulomatosis [48, 49].

4.9. Role of Th 17

Under certain conditions, T helper type cells can differentiate into regulatory T cells producing
immunosuppressive cytokines such as transforming growth factor-ß and IL-10. These
regulatory T cells representing about 5% to 10% of CD4+ T cells in the steady state, play a
central role in immune homeostasis and in preventing autoimmune diseases in general [50,
51]. Regulatory T cells exist naturally and are called natural regulatory T cells expressing CD25
and Foxp3. T cells can also convert into regulatory T cells upon certain antigen recognition and
are called antigen-specific regulatory T cells that secrete IL-10 and/or transforming growth
factor-β. Indeed, regulatory T cells are required to control infection-induced immunity in a
host, including autoimmunity inhibition [52].

Recently discovered regulatory Th17-cells and cell-derived cytokines play an important role
in the pathogenesis of several autoimmune/inflammatory diseases including vasculitides. In
Wegener´s granulomatosis, regulatory T-cells display impaired suppressor activity potentially
favouring inflammation and break of tolerance [53]. Th17-cells produce several cytokines such
as IL-17, IL-21, IL-22, CCL-20 which induce massive inflammatory tissue reactions and these
cytokines also stimulate nonimmune cells (fibroblasts, endothelial and epithelial cells) to the
production of proinflammatory mediators (IL-6, TNF-alfa, prostaglandins, NO, MMP and
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to blunt ROS production in pulmonary artery endothelial cells under hypoxia and
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chemokines [54]. New results, showing the possibility that regulatory Th17 cells and
corresponding cytokines (IL-17, IL-23) involved in the pathogenesis of GPS as well in WG
might be used for the directed therapy of pulmonary-renal syndrome in the future.

Vasculitis (especially Wegener´s granulomatosis) is associated with bacterial infection, in
particular nasal occurence of Staphylococcus aureus. Infection may play a role in the induction
of autoimmunity as well as in the effector phase of the disease. In this relation Tadema et al.
[55] emphasize the role of innate immunity that is involved in the development of a Th17-
driven immune response, consistent with skewing towards a Th17 T cell phenotype that has
been observed in Wegener's granulomatosis. Their findings shed new light on the potential
role of γ/δ T cells in host defense and inflammatory diseases, provide important new
information on the pathogenic role of IL-23 and IL-1β, and underline the importance of
targeting these cytokines in the development of new therapeutic interventions against many
autoimmune diseases.

Sutton et al. [56] demonstrated that γ/δ T cells activated by IL-1β and IL-23 are an important
source of innate IL-17 and IL-21 and provide an alternative mechanism whereby IL-1 and IL-23
may mediate autoimmune inflammation.

In other study Ooi et al. [57] suggested the importance of IL-23, a key cytokine in the induction
and maintenance of autoimmune responses, in Th1 responses that could play a role in some forms
of glomerulonephritis especially in anti-GBM (Goodpasture) disease. This experimental work
emphasizes potential mechanisms in the treatment of several forms of glomerulonephritis.

Accumulating data from animal models support a role for Th17 cells and their cytokines in
various autoimmune and inflammatory processes. Emerging data from running clinical trials
indicate the importance of Th17 cells in such immunological processes, too. Future studies will
allow us to evaluate the role of each cytokine independently in contributing to human diseases
with immune-mediated pathologies and to design optimal cytokine-targeted therapies for
these diseases [58].

4.10. Perspectives of treatment – modulation of inflammation

After careful analysis of numerous animal studies demonstrating the importance of inflamma‐
tion in the pathogenesis of pulmonary-renal syndrome, as well as the clinical correlates demon‐
strating activation of the same systems in patients with systemic autoimmunity, there is a reason
to hope that different modalities of anti-inflammatory treatment could ameliorate the course of
the disease. The inflammatory process is however extremely complex due to its multifactorial
etiology and considering also in the context of differences among systems [59]. For example renal
failure involves complex host-kidney interactions in which the inflammatory state of the host
contributes to the development of renal failure and injury of the inflamed tissue further modu‐
lates the inflammatory state of the host. One of the greatest obstacles to effective treatment is
establishing the diagnosis as early as possible based on all available diagnostic procedures,
including invasive ones. Earlier and more reliable identification of clinical signs and laboratory
markers has become an important tool in relation to establish effective treatment modalities. Once
the inflammatory response has been set in motion, treatment may be ineffective and could
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conceivably delay recovery. Strategies that prevent the initiation of inflammation by targeting
the earliest signals or recognition of the injured tissue may be of particular therapeutic benefit in
these conditions [25].

5. Semi-systemic (pathologic/clinical) classification

The etiology of pulmonary-renal syndrome could be associated with variety of diseases. A
possible classification based on clinical symptomatology and histopathology is described in
Table 2.

Etiology of pulmonary-renal syndrome

Cause Disease

Systemic vasculitides

Wegener's granulomatosis

Churg-Strauss syndrome

Cryoglobulinemia

Henoch-Schönlein purpura

Behçet's syndrome

Microscopic polyarteritis

Connective tissue disorders

Polymyositis or dermatomyositis

Progressive systemic sclerosis

RA

SLE

MCTD

“Catastrophic” APS

Renal disorders

Goodpasture´s disease

Idiopathic immune complex glomerulonephritis

IgA nephropathy

Rapidly progressive glomerulonephritis with heart failure

Other

Drugs (D-penicillamine, propylthiouracil, carbimazole, cocaine, …)

Post-renal transplation failure

Idiopathic pulmonary-renal syndrome

Infection

Coagulopathy

Heart failure

Table 2. Etiology of pulmonary-renal syndrome

6. Clinical involvement

It is very important to establish an early diagnosis based on clinical vigilance, contemporary
diagnostic laboratory support (immunology and biopsy) for the pulmonary-renal syndrome

Immunological Mechanisms and Clinical Aspects in Pulmonary-Renal Syndrome: A Review
http://dx.doi.org/10.5772/55181

83



chemokines [54]. New results, showing the possibility that regulatory Th17 cells and
corresponding cytokines (IL-17, IL-23) involved in the pathogenesis of GPS as well in WG
might be used for the directed therapy of pulmonary-renal syndrome in the future.

Vasculitis (especially Wegener´s granulomatosis) is associated with bacterial infection, in
particular nasal occurence of Staphylococcus aureus. Infection may play a role in the induction
of autoimmunity as well as in the effector phase of the disease. In this relation Tadema et al.
[55] emphasize the role of innate immunity that is involved in the development of a Th17-
driven immune response, consistent with skewing towards a Th17 T cell phenotype that has
been observed in Wegener's granulomatosis. Their findings shed new light on the potential
role of γ/δ T cells in host defense and inflammatory diseases, provide important new
information on the pathogenic role of IL-23 and IL-1β, and underline the importance of
targeting these cytokines in the development of new therapeutic interventions against many
autoimmune diseases.

Sutton et al. [56] demonstrated that γ/δ T cells activated by IL-1β and IL-23 are an important
source of innate IL-17 and IL-21 and provide an alternative mechanism whereby IL-1 and IL-23
may mediate autoimmune inflammation.

In other study Ooi et al. [57] suggested the importance of IL-23, a key cytokine in the induction
and maintenance of autoimmune responses, in Th1 responses that could play a role in some forms
of glomerulonephritis especially in anti-GBM (Goodpasture) disease. This experimental work
emphasizes potential mechanisms in the treatment of several forms of glomerulonephritis.

Accumulating data from animal models support a role for Th17 cells and their cytokines in
various autoimmune and inflammatory processes. Emerging data from running clinical trials
indicate the importance of Th17 cells in such immunological processes, too. Future studies will
allow us to evaluate the role of each cytokine independently in contributing to human diseases
with immune-mediated pathologies and to design optimal cytokine-targeted therapies for
these diseases [58].

4.10. Perspectives of treatment – modulation of inflammation

After careful analysis of numerous animal studies demonstrating the importance of inflamma‐
tion in the pathogenesis of pulmonary-renal syndrome, as well as the clinical correlates demon‐
strating activation of the same systems in patients with systemic autoimmunity, there is a reason
to hope that different modalities of anti-inflammatory treatment could ameliorate the course of
the disease. The inflammatory process is however extremely complex due to its multifactorial
etiology and considering also in the context of differences among systems [59]. For example renal
failure involves complex host-kidney interactions in which the inflammatory state of the host
contributes to the development of renal failure and injury of the inflamed tissue further modu‐
lates the inflammatory state of the host. One of the greatest obstacles to effective treatment is
establishing the diagnosis as early as possible based on all available diagnostic procedures,
including invasive ones. Earlier and more reliable identification of clinical signs and laboratory
markers has become an important tool in relation to establish effective treatment modalities. Once
the inflammatory response has been set in motion, treatment may be ineffective and could

Updates in the Diagnosis and Treatment of Vasculitis82

conceivably delay recovery. Strategies that prevent the initiation of inflammation by targeting
the earliest signals or recognition of the injured tissue may be of particular therapeutic benefit in
these conditions [25].

5. Semi-systemic (pathologic/clinical) classification

The etiology of pulmonary-renal syndrome could be associated with variety of diseases. A
possible classification based on clinical symptomatology and histopathology is described in
Table 2.

Etiology of pulmonary-renal syndrome

Cause Disease

Systemic vasculitides

Wegener's granulomatosis

Churg-Strauss syndrome

Cryoglobulinemia

Henoch-Schönlein purpura

Behçet's syndrome

Microscopic polyarteritis

Connective tissue disorders

Polymyositis or dermatomyositis

Progressive systemic sclerosis

RA

SLE

MCTD

“Catastrophic” APS

Renal disorders

Goodpasture´s disease

Idiopathic immune complex glomerulonephritis

IgA nephropathy

Rapidly progressive glomerulonephritis with heart failure

Other

Drugs (D-penicillamine, propylthiouracil, carbimazole, cocaine, …)

Post-renal transplation failure

Idiopathic pulmonary-renal syndrome

Infection

Coagulopathy

Heart failure

Table 2. Etiology of pulmonary-renal syndrome

6. Clinical involvement

It is very important to establish an early diagnosis based on clinical vigilance, contemporary
diagnostic laboratory support (immunology and biopsy) for the pulmonary-renal syndrome

Immunological Mechanisms and Clinical Aspects in Pulmonary-Renal Syndrome: A Review
http://dx.doi.org/10.5772/55181

83



in order to avoid the severe consequences of rapid and irreversible loss of renal function or
from severe pulmonary hemorrhage. Both can be avoided by appropriate initial immunosup‐
pressive treatment [60]. In pulmonary-renal syndrome better understanding of interorgan-
crosstalk is of utmost importance, as current clinical care is many times limited to preventive
and supportive measures [24].

In main clinical entities (Goodpasture´s disease, ANCA associated vasculitis, SLE-associated
vasculitis) induction and maintenance immunosupression is achieved by steroids and
cyclophosphamide. Intensive plasma exchange to remove pathological antibodies,
proinflammatory cytokines, complement compounds and factors of coagulation from
circulation is beneficial for patients with pulmonary hemorrhage and severe kidney disease.
Except of antibody removal, plasma exchange may have also other immunoregulatory effects
and could potentiate the effects of immunosuppressive drugs [61]. Exchange procedures have
beneficial effect on long-term renal recovery [62, 63]. Severe renal function impairment
requires haemodialysis and progression to end stage renal failure renal replacement therapy
is required [17]. In case of inevitable ICU admission supportive care is important as well.

During immunosuppressive regimes nosocomial infection used to be a common complication
associated with high mortality [64]. Therefore minimizing the risk of infection has the highest
of high priority. Patients with pulmonary-renal syndrome are often hypotensive because of a
combination of dehydration, haemorrhage and systemic inflammatory response and may
therefore require inotropic support [28]. Endotracheal intubation, tracheostomy, lung
protective ventilation, transfusion and anticoagulation may be also necessary.

Antioxidant effect of N-acetylcystein published by Fernández-Fernández and Sesma [65] in
one patient with WG and also our unpublished experience suggests clinical improvement of
systemic inflammation. Administration of NAC is based on two significant studies: the
IFIGENIA trial in 2005 [66] (Idiopathic Pulmonary Fibrosis International Group Exploring N-
acetylcysteine I Annual study) and the study by Guilpain et al. [42]. Both studies have reported
that NAC significantly reduced the activation of MPO and improved the survival of
endothelial cells. In a recent experimental study by Lee et al. [67] continuous infusion of NAC
attenuated inflammatory response and acute lung and kidney injury after hemorrhagic shock
in rats. This result supports the clinical experience.

Some recent studies are focused on anti-TNF molecules, anti-B-cells blockers [68], anti-BlyS
[69], anti-IL5 molecules [70], antithymocyte globulin [71], blockers of costimulatory molecules
[72], tyrosine-kinase inhibitors [73] and proteasome inhibitors [74]. The results of these studies
are sometimes controversial but there is a real hope that they will provide useful knowledge
in the near future.

Many questions still remain unanswered also in the use of intravenous immunoglobulins
(IVIG). Such treatment should be considered as an effective regimen in many “off label”
indications particularly in cases where standard immunosuppressive regimes fail or could be
harmful. Despite some evidence of efficacy, dosage and timing of IVIG therapy, as well as the
question of its costs/benefit ratio still remain insufficiently documented and controlled trials
with definitive conclusions for clinical indications are needed.
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The basic immunomodulatory mechanisms of IVIG in autoimmune and inflammatory diseases
are twofold. One is its action on humoral immunity and the second involves mechanisms of
cell-mediated immunity. Both mechanisms interdependently involve modulation of
expression and function of Fc receptors, interference with complement activation and the
cytokine network, provision of antiidiotypic antibodies, modulation of dendritic cells, T and
B-cell activation and differentiation and their effector functions [75]. Analogous to normal
circulating immunoglobulins intravenous immunoglobulins have also anti-inflammatory
properties modulating systemic inflammation during various inflammatory states.

According to BSR guidelines [76] IVIG may be considered as an alternative therapy in patients
with refractory disease or in patients for whom conventional therapy is contraindicated, for
example, in the presence of infection, in severely ill patients or in pregnancy (grade of
recommendation B). In the management of refractory vasculitis it is important to identify
causes of the vasculitis, such as, intercurrent infection or malignancy. In many European
countries use of IVIG is limited for treatment of primary immune deficiencies where such
treatment has been known to be life saving. Even though use of intravenous immunoglobulins
in inflammatory diseases has been increased and a recent literature search revealed more than
150 off-label usages of IVIG, which included 6781 patients in clinical trials and 362 patients in
case reports [77].

Until present immunological mechanisms of immunomodulatory effect of IVIG are not clearly
known. In such context a question of adequate dosage appears in the relation of cost/benefits
of unlabeled treatment. It is supposed that patients who respond to high-dose IVIG therapy
would probably also respond to much lower doses, in many rheumatological indications
vasculitides not excluded. In addition to economic reasons, low-dose regimen would likely
help to reduce treatment related side effects. The lack of validated and generally accepted
outcome measures as well as prospective clinical studies makes it difficult to compare the effect
of different interventions in different cases [78].

7. Conclusions

Pulmonary-renal syndrome is a complex and heterogenous clinical picture involving rapid
progressive glomerulonephritis and pulmonary capillaritis based on inflammation and
necrosis of vessel wall. Morphological changes of pulmonary-renal syndrome are
consequences of immunologically mediated processes and the unconctrolled derangement of
the immune system could cause multiorgan dysfunction and fatal outcome.

The diagnostic procedure should focus on recognizing the earliest phases of the initiation and
progression of the inflammation through a reliable panel of immunological and organ specific
functional markers. In the near future novel diagnostic tools should be introduced in the
diagnosis and differential diagnosis of pulmonary-renal syndrome, including gene expression
profiles, cytokine profiles, markers of oxidative stress and many others.

Traditional clinical approach to treat pulmonary-renal syndrome was divided among
rheumatologists, nephrologist and pneumologists but the improving knowledge of its
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functional markers. In the near future novel diagnostic tools should be introduced in the
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pathogenesis clearly indicates the need of an interdisciplinary team work incorporating
intensive care specialists and immunologists as well. This integrative approach could pave the
way toward the introduction of more efficient novel treatment regimes. Another challenge is
the high risk of relapses in these condition occurring up to 50 %, of the patients. Early
establishment of the exact diagnosis and effective etiology oriented treatment in such cases is
rather difficult task requiring further experimental and clinical research and cooperation of
different specialists.

Perspective therapeutic approaches based on contemporary immunological knowledge (B-cell
depletion, costimulatory molecule blockers, siRNAs controlling intracellular processes,
cytokine treatment) supported by clinical experience will bring benefits for induction and
maintenance of remission or also excluding the menacing catastrophic scenario of the disease.
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pathogenesis clearly indicates the need of an interdisciplinary team work incorporating
intensive care specialists and immunologists as well. This integrative approach could pave the
way toward the introduction of more efficient novel treatment regimes. Another challenge is
the high risk of relapses in these condition occurring up to 50 %, of the patients. Early
establishment of the exact diagnosis and effective etiology oriented treatment in such cases is
rather difficult task requiring further experimental and clinical research and cooperation of
different specialists.

Perspective therapeutic approaches based on contemporary immunological knowledge (B-cell
depletion, costimulatory molecule blockers, siRNAs controlling intracellular processes,
cytokine treatment) supported by clinical experience will bring benefits for induction and
maintenance of remission or also excluding the menacing catastrophic scenario of the disease.
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1. Introduction

Giant cell arteritis (GCA) or temporal arteritis or Horton’s disease is classified amongst the
primary large-vessel vasculitides, according to the 2012 revision of the Chapel-Hill classifica‐
tion criteria. The disease develops almost exclusively in patients older than 50 years (preva‐
lence of 1 in 500 individuals in this age spectrum) and represents the most common vasculitis
in Western countries. [1] Incidence rates are progressively increased and estimated to range
between 10-30 new cases per 100000 persons beyond the age of 50, while the highest frequency
is reported in Scandinavian and North American populations. [2]

The disease affects, mainly, the large- and medium-sized extracranial branches of the carotid
artery and, classical clinical features, such as headache, jaw claudication, scalp tenderness and
visual impairment, are closely related to this marked cranial tropism of GCA. [3]

On a histopathological basis, GCA involves all layers of the arterial wall, including the
adventitia. Inflammatory lesions consist of activated T cells, dendritic cells (DCs) and macro‐
phages. These lesions are believed to be the histopathologic hallmark of GCA and are charac‐
terized by a predominance of mononuclear infiltrates or granulomas, usually with
multinucleated giant cells. [4]

Besides the inflammation of the carotid branches, involvement of the great arteries, such as
the aorta and its main tributaries, was initially recognized in the late 1930s and reported
sporadically thereafter in necropsy or histopathologic studies of surgically resected tissues. [5,
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6] The prevalence of aortic inflammation, in unselected patients with GCA, has not been fully
estimated, although in a systematic necropsy study of 13 patients, large artery involvement
was demonstrated in over 90% of them. [7] In more recent studies, an increased prevalence of
aortic aneurysm (compared to the general population), was observed in GCA patients. [8]

Retrospective surveys, over extended time periods (20-50 years), confirmed that aortic
aneurysm occurs in 9.5-22.5% of these patients and, particularly, in the first 5 years of follow
up. [9, 10] These findings indicate that large vessel involvement in GCA may be more frequent
than anticipated. Based on these data, a recent prospective study from Prieto-Gonzalez et al,
using non-invasive techniques (CT angiography), concluded that large vessel vasculitis occurs
in two thirds of patients with GCA, while aortic dilatation is already present in 15% of them
at the time of diagnosis. [11]

Large vessel involvement represents a significant cause of death in GCA and it may be
asymptomatic and lead to aortic dissection and/or rupture. [12] These findings underline the
importance of elucidating the pathophysiologic basis of the disease, in which the immune
system seems to play a central role.

In this chapter, a thorough review of the current evidence for disease immunopathophysiol‐
ogy, in regard to disease phenotype and response to treatment, is presented.

2. The pathophysiologic basis of GCA

In accordance with the pathophysiology of many immune-mediated diseases, GCA is believed
to represent the final result of the complex interactions between three distinct factors, namely
the host (by means of the individual genetic background), the environment (pathogens,
physicochemical exposures etc.) and the unique immune system response. However, the exact
etiology of the disease remains unknown.

3. Genetic predisposition

Several studies have demonstrated that GCA is a complex disease, where multiple genes confer
susceptibility. In most surveys, the allele HLA-DRB1*04 has been shown to be related to disease
and its severity. [13] More recent studies have implied the role of genetic variants in the
evolution of the immune and inflammatory pathways in GCA and its clinical expression.
Polymorphisms include the rs20541 (R130Q) polymorphism of the IL-13 gene [14], the
rs2779251 in the NOS2 gene, the rs1885657 and the rs2010963 in the VEGF gene [15] and, also,
the TLR-4 (+896A/G) gene. [16]
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4. Environmental factors

Several experimental studies, using DNA analysis, have shown a possible relation of GCA
with certain infectious agents, such as the human papilloma virus (HPV) [17], Chlamydia spp,
herpes viruses and PARVO B19 among others. [18] Older epidemiological studies have also
demonstrated that increased incidence of GCA was observed in close relation to two inde‐
pendent epidemics of Mycoplasma pneumoniae infection. [19] However, not all studies con‐
firmed these associations and GCA initiation is not definitely considered to be triggered by
infectious agents. [20]

5. The immune system in GCA

Although evidence regarding the genetic background of GCA and the possible influence of
external factors, such as viruses and bacteria, have not elucidated disease pathogenesis, it is
now well understood that the immune system plays a central role in the disease process. GCA
is a complex systematic disorder and it is believed to represent the result of the breakdown of
immunologic tolerance, resulting from interactions between the immune system and poorly
defined components of the arterial wall.

A single triggering factor, initiating the inflammatory process, has not been yet identified. The
initial insult may lead to a foreign-body giant cell attack on calcified internal elastic membrane
in arteries and calcified atrophic parts of the medium layer of the aorta. [21] The prerequisite
for a calcified artery explains why GCA almost exclusively occurs in older people.

Recent studies have raised the possibility that, in GCA, both the innate and the adaptive arms
of the immune system are activated and may lead to vessel wall injury through, at least two,
distinct pathophysiological mechanisms. [22]

6. Innate immunity abnormalities in GCA

Immune responses are initiated by the recognition of foreign molecular structures, such as
invading pathogens, by the antigen presenting cells (APCs) of the innate immune system.
Tissue macrophages and dendritic cells (DCs) represent the main classes of professional APCs
and are characterized by the membrane expression of germ-line receptors (pattern recognition
receptors, PRRs). These receptors are able to recognize specific molecular patterns of exoge‐
nous and/or endogenous foreign proteins, known as pathogen associated molecular patterns
(PAMPs) and damage associated molecular patterns (DAMPs).

Upon recognition of a certain PAMP or DAMP, dendritic cells become differentiated and
activated and produce cytokines, which are able to recruit neutrophils and macrophages,
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activate the adaptive immune system and trigger the complement cascade. The physiological
goal of early innate immune response is to control and demarcate infection and prevent
microbe spreading and further tissue damage.

Recently, DCs were shown to initiate the immune response in GCA. [23] These cells lay
dormant, in a ring-like structure around the adventitia-media border. It is suggested that, in
normal arteries, DCs are sentinels that form a part of the first line immune defense of the vessel
wall. [24]

The population of the immune cells in the adventitia of the large-vessel wall is mainly consisted
of immature myeloid DCs, with a characteristically high threshold of activation. [25] In contrast
to mature APCs that induce adaptive immunity, immature DCs do not express co-stimulatory
molecules on their surface, such as CD80 and CD86. This condition is primarily responsible
for maintaining an anergic state for T cells. In normal arteries, immature APCs are tolerogenic,
thus supporting T-cell unresponsiveness. [21] They have been found to be positive for the S-100
protein and express the chemokine receptor CCR6. [26] As guardians of the immunoprivileged
arterial wall, DCs are committed to protect the structural integrity of these vital and non-
regenerative tissue structures.

However, in susceptible individuals, such as those bearing the HLA-DR4 allele or in older
persons (immune-aging), an unknown instigator or a persistent stimulus activates DCs and
initiates an innate immune response. In this context, certain antigens (derived from pathogens
or locally formatted by tissue calcification) are considered to infiltrate the vessel wall adven‐
titia, through vasa vasorum, and activate immature DCs.

Physiologically, dendritic cells subsequently migrate to the local lymph nodes and clear the
antigens, without triggering inflammation. [26] In GCA, however, for yet ill-defined reasons,
the activated DCs remain in situ and mature in the vessel wall. [27] Existing evidence supports
that the maturation of DCs is a very early step in the initiation of the vasculitic process and
occurs long before the chronic phase of wall inflammation. In biopsy studies from patients
with polymyalgia rheumatica (PMR), mature DCs, already expressing co-stimulatory mole‐
cules, were found in their temporal arteries, despite the absence of any clinically apparent sign
of inflammation. [25] These observations are closely correlated with the fact that a great
proportion of PMR patients will eventually develop giant cell arteritis.

The principal role of DCs in GCA pathogenesis lies, not only in initiating the inflammatory
process, but, also, in perpetuating immune reactions. Dendritic cells, found in vasculitic
lesions, are able to produce high amounts of IL-12 and IL-18 and up-regulate the release of
IFN-γ from T cells. [22] In addition, dendritic cells, in inflamed arteries, can release the homing
chemokines CCL19 and CCL21, which bind to the receptor CCR7. The expression of CCR7
results in the local arrest of activated DCs, which are no longer able to leave the tissue. Instead,
they are trapped in the arterial wall and enforce an aberrant T-cell response. [28] Furthermore,
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it has been shown that DCs’ depletion abrogates vasculitis, thus confirming the critical role of
activated DCs in sustaining wall inflammation. [29]

The activation of vascular DCs is mediated via the ligation of their TLRs. It has been shown
that certain infectious agents are able to legate to specific Toll-like receptors, such as TLR-4
(LPS) or TLR-5 (flagellin). The ligation of a PAMP (or DAMP), such as LPS or flagellin, to the
extracellular portion of the TLR provokes the activation of the intracellular TRAM motif and
the consequent activation of an intracellular phosphorylation cascade (second message). The
final result is the activation of the NfKB, which enters the nucleus and induces certain genes.
This mechanism leads to the translation of pro-inflammatory molecules with autocrine or
paracrine actions, expression of co-stimulatory receptors on cell surface and production of
antimicrobial substances. [26]

Additional research, in regard to the role of TLRs in GCA pathogenesis, led to some very
interesting results. It is well known that GCA shows an impressive, yet unexplained, predi‐
lection for specific sites of the vasculature, such as the 2nd to 5th aortic branches. [1] Histopa‐
thologic studies demonstrated that DCs express different type of TLRs in different arteries. [30]

The distribution of TRLs in the vessel wall is highly determined by the embryological origin
of the tissue. The aortic arch and its branches derive from the ectoderma, whereas the de‐
scending aorta derives from mesodermal cells. The heterogeneity of the immune response in
GCA is believed to be strongly influenced by the specific type of TLRs, whose expression varies
in the different blood vessels. Indeed, in an experimental study, Pryshchep et al showed that
the distribution of TLRs, in various sites of the vascular tree, determine the extent and profile
of the inflammatory reactions. [30] DCs, with differential surface expression of TLRs, display
a marked heterogeneity in their immune-regulatory functions, providing a possible clue
toward the tissue tropism of GCA. Furthermore, the immunological identity of blood vessels,
as defined by the expression of a vessel-specific profile of TLRs, has been considered to
determine the nature of the inflammatory reaction in various types of vasculitides. [21]

In this context, it has been shown that TLR-4, abundantly expressed on adventitial DCs,
recognize LPS from bacterial pathogens. Upon recognition, IFN-γ is produced in large
amounts and leads the subsequent mononuclear infiltration in all layers of the arterial wall.
This all-layer inflammation characterizes panarteritis, with granuloma formation, which is
typically found in biopsies of the temporal artery in GCA. [31]

On the contrary, when TLR-5 recognizes flagellin, the elicited inflammatory response is
characterized by the sole infiltration of the adventitia (periarteritis). In this case, disruption of
the elastic lamina and subsequent luminal occlusion is typically lacking. [31] Clinical obser‐
vations have suggested that periarteritis rarely accompanies systematic inflammatory proc‐
esses, such as aneurysm formation. Subtle alterations in inflammatory reactions guided by
DCs with TLR-4 and/or TLR-5 overexpression may explain the differences in the clinical
phenotype of giant cell arteritis.
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This all-layer inflammation characterizes panarteritis, with granuloma formation, which is
typically found in biopsies of the temporal artery in GCA. [31]

On the contrary, when TLR-5 recognizes flagellin, the elicited inflammatory response is
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Nevertheless, independently of the mode of the initial stimulation, DCs become activated and
subsequently produce cytokines with redundant and pleiotropic actions. In inflamed temporal
arteries, DCs secrete pro-inflammatory cytokines, mainly IL-2, IL-6 and IFN-γ, which, in turn,
mediate the recruitment of inflammatory cells, inhibition of cell migration, enhancement of T
cell proliferation and stimulation of T and B cells. [32] The net result is further amplification
of the immune response, through positive feedback loops.

7. Adaptive immunity abnormalities in GCA

The differentiation and activation of DCs (following stimulation via their TLRs) induces the
subsequent recruitment of T cells into the vessel wall. Indeed, several studies on activation
patterns and inflammatory mediators in GCA, have confirmed that the progression of the
immune response is totally dependent on CD4+ T cells. [33] These cells are able to orchestrate
the stimulation of macrophages that lead to vessel response to injury, resulting in luminal
stenosis or wall destruction and aneurysm formation.

Upon antigen recognition, CD4+ T cells are activated and differentiated into effector and
memory T cells, while the antigen-specific subpopulation is 10 to 100-fold expanded. Under
physiological conditions, only a few antigen-specific memory T cells are capable to persist
indefinitely and provide life-long protection against pathogens. In parallel, these memory cells
comprise the main barrier against the elimination of T-cell mediated autoimmune responses.

In GCA, several efforts to recognize a single antigen that may initiate the pathogenic specific
immune response have not been fruitful. [20] In accordance, attempts to isolate the T cell clone,
which is responsible for the vascular pathology in the disease, have suggested more hetero‐
geneity than expected. Studies focusing on T cell receptor V genes in the arterial wall and the
peripheral blood of GCA patients have arrived at the conclusion that the T cell repertoire is
significantly biased. [34, 35] Sequence analysis of the CD4+ T cells isolated from the inflamed
temporal arteries has strongly supported local T cell activation and expansion of only a few
selected T cell specificities. Notably, T cells isolated from the right and left temporal arteries
of the same patient utilized identical T cell receptors. [36]

More recent studies confirmed that multiple T cell lineages contribute to the disease process.
Histopathologic analyses from temporal arteries, both prior to therapy and on therapy,
convincingly proved that two cell lineages, Th1 and Th17, infiltrate the vessel wall prior to
therapy. [37] The concurrent presence of the two T cell lineages coincided closely with the
stimulation of two distinct immune axes, an IL-12-IFN-γ axis and an IL-1-IL-23 axis. It seems
that different APC signals are able to recruit either the IFN-γ-dependent or the IL-17-depend‐
ent arm of the adaptive immunity, thus raising the possibility that more than one instigator is
involved in GCA. [21]
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8. Th1 cells in GCA

Th1 cells represent the dominant cell population in the intramural lesions and the periphery
of patients with untreated GCA. [37] These cells produce IFN-γ, as their signature cytokine,
which, physiologically, has a critical role against viral and intracellular bacterial infections.
Once called macrophage activating factor, IFN-γ target macrophages and provide a substantial
pro-inflammatory environment.

IFN-γ committed T cells are considered to account for >20% of circulating CD4+ T cells, an
almost 100% increase compared to age-matched healthy controls. [38] Corticosteroid therapy
cannot affect the expansion of this subpopulation, indicating continuous signaling from the
respective DCs. The underlying mechanism of this resistance involves the triggering of APCs
that continue to release IL-12. Actually, both in the blood and the temporal arteries of GCA
patients, IL-12 production continued unabated during the chronic phase of the disease in
treated patients. [38]

At the tissue level, cytokine profiling in GCA temporal arteries has demonstrated robust
expression of IFN-γ and an association with a defined disease phenotype. [32] In particular,
high tissue IFN-γ levels are typical for patients with ischaemic complications, implicating its
crucial participation in the process leading to luminal occlusion. Pathophysiological studies
have correlated increased IFN-γ levels with the production of vascular endothelial growth
factor (VEGF) and platelet derived growth factor (PDGF), which are molecules implicated in
the intimal response that leads to lumen stenosis. [39, 40] VEGF may, in turn, promote IFN-γ
production, thus leading to a vicious cycle of inflammation and structural stenosis. [39]

It is currently unknown which aspects of the granulomatous inflammation depend upon IFN-
γ. The ability of this cytokine to activate monocytes and macrophages certainly has a role in
promoting the differentiation of lesional histiocytes. However, the profound differences in the
clinical presentation of treated and untreated GCA patients suggest that IFN-γ is less relevant
to the systemic manifestations of the disease and, instead, the major mediator of vessel wall
destruction. [21]

9. Th17 cells in GCA

Th17 cells play an important role in antimicrobial immunity where they regulate the recruit‐
ment of neutrophils and facilitate protection against extracellular bacteria and fungi. Far
beyond their role in host defense, Th17 cells have been implicated in the pathogenesis of several
autoimmune and inflammatory disorders, such as rheumatoid arthritis, multiple sclerosis and
inflammatory bowel disease. [41]

In untreated GCA patients, the frequency of Th17 cells is 10-fold elevated in the peripheral
blood and they accumulate in the vascular infiltrates. [37] In healthy individuals, Th17 cells
are infrequent and account for less than 0.3% of the circulating CD4+ T cells. In newly diag‐
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nosed GCA patients, an average of 2.2% of circulating CD4+ T cells were found to be IL-17
producers, while in some patients these cells were >5%.

In contrast to the Th1 lineage, Th17 cells displayed a totally different sensitivity to corticoste‐
roid therapy. Prednisone therapies led to a fast and, almost, complete reduction of both
circulating and lesional Th17 cells, as, in treated patients, only 0.4% of the circulating CD4+ T
cells were capable of producing IL-17. [38] Taking into account that the systemic manifestations
of GCA, such as fever and PMR, are the most responsive to steroid therapy and coincide with
the normalization of Th17 cells, it can be speculated that these features are pathophysiologi‐
cally related to the Th17 response. In addition, corticosteroid therapy was shown to suppress
the entire IL-1 – IL-6 – IL-17 axis. [38]

The specific circumstances under which the Th17 response is amplified are not well under‐
stood, but studies, in untreated patients, showed that circulating monocytes (primed by IFN-
γ) produce significant amounts of Th17-polarizing cytokines, such as IL-6 and IL-23. Of note,
IL-6 may represent a reliable biomarker for assessing disease activity over time.

Latest studies showed that Th17 cells posses a substantial plasticity and they are able to
transform into Th1 cells and release IFN-γ. [22] It is possible that, at least partially, Th17
represent the precursor cells that will progress to Th1 cells in a chronic disease process. On the
other hand, one could expect that the successful suppression of Th17 cells (after steroid
therapy) would eventually lead to the reduction of the Th1 cells, but this was not confirmed
in experimental studies. Furthermore, there is evidence that there may be a small proportion
of CD4+ T cells that are able to secrete both IL-17 and IFN-γ. The presence of these double
producers was confirmed in atherosclerosis, although in GCA, these cells behave like the Th17
cells, in terms of steroid responsiveness. [22, 42] These findings suggest that these cells are not
important in promoting the chronic phase of the disease.

10. The final common pathway: Mechanisms of arterial wall destruction in
GCA

After the expansion of the Th1 and Th17 cells, the production of their related cytokines is
capable to drive the inflammatory reaction in the vessel wall. IFN-γ induces macrophages
towards their effector functions, mainly, the formation of multinucleated giant cells and
granulomatous inflammation. [29] Granuloma formation may lead to lumen stenosis and, thus
to the ischemic complications of GCA. It is interesting that PMR patients share some clinical
features with GCA, although they do not develop ischemic complications. [3] This is possibly
related to the lack of IFN-γ from resected arteries of PMR patients. [22] Unsuppressed actions
of IFN-γ on macrophages could explain why patients, under corticosteroid treatment, may
still develop devastating occlusive vasculitis.

The pro-inflammatory environment, shaped by IL-1, IL-6, IL-17, IL-23 and IFN-γ, promotes
the infiltration of the arterial wall adventitia by activated monocytes and neutrophils, via the
vasa vasorum. The endothelial cells of these small capillaries in the vessel wall upregulate the
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expression of certain adhesion molecules, which attract and restrain inflammatory cells.
Within the vessel wall, altered macrophage function enhances IFN-γ production (through
IL-12 release) and the subsequent recruitment of additional macrophages and lymphocytes,
thus creating a vicious cycle. Intimal macrophages also express nitric oxide (NO) synthetase,
which augments the capillary permeability and peroxynitrite, which has been associated with
endothelial dysfunction. [29]

Additionally, reactive oxygen species (ROS) are secreted by macrophages into the surrounding
tissues and degrade the proteins of the extracellular matrix. Oxygen-derived free radicals and
their metabolites promote tissue injury through multiple mechanisms, the most important
being oxidation of membrane lipids, resulting in structural disintegration and cell death.
Reactive oxygen intermediates are not only directly cytotoxic; they can also alter cellular
function by disrupting intracellular signaling cascades. The net result is the degradation of the
media and the weakening of the arterial wall.

Additionally, metalloproteases (MMPs) that are released by macrophages and vascular
smooth muscle cells are associated with matrix degeneration, intimal hyperplasia and luminal
narrowing. In particular, matrix metalloproteases MMP-2 and MMP-9, which possess gelati‐
nase activity, have both been detected in the infiltrates of the arterial wall in patients with GCA.
[43] Due to their ability to destroy elastin, MMP-2 and MMP-9 have been suggested to play a
primary role in the internal elastic lamina degradation, a characteristic pathologic finding in
GCA. These metalloproteases are able to differentially regulate vascular smooth muscle cell
migration and cell-mediated collagen organization. [44]

In parallel, the inflammatory milieu provokes the apoptosis of smooth muscle cells, which are
primarily responsible for the compliance of the arterial wall. Aneurysms can eventually be
formed in these hemodynamically non-compliant sites of the vasculature. [29]

Although the pathophysiologic mechanism underlying aneurysm formation in GCA is well
understood, the pathophysiologic basis of lumen stenosis is not equally clear. It has been
shown that IFN-γ may produce endothelial hyperplasia and subsequent narrowing of the
vascular lumen. [22] Interestingly, it was demonstrated that the extent of platelet-derived
growth factor (PDGF) production, in the vascular lesions, correlates with the degree of luminal
occlusion and the severity of the ischaemic manifestations. [40] In accordance, VEGF derived
from activated macrophages deregulate the endothelial functions. Eventually, anatomical
alterations will ensue, leading to the remodeling of inflamed arteries. The physiologic basis of
these findings may rely on the increased needs of the hyperplastic arterial wall in means of
oxygen and nutrients. Neoangiogenesis, provoked by these factors, may supply the needed
nutrients in the hyperplastic wall but, also, effectively supports the destructive inflammatory
reaction. [45] Nonetheless, thrombotic occlusions are rare complications of giant cell arteritis.

The outline of GCA immunopathogenesis is displayed in Figure 1.
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Figure 1. The immunopathophysiologic basis of giant cell arteritis. 1. In normal arteries, immature DCs, in the adventi‐
tia-media border, are the immune sentinels of the vessel wall. 2. In GCA, their maturation and activation (by an un‐
known instigator) leads to the recruitment of CD4+ T cells into the vessel wall. 3. CD4+ T cells are able to differentiate
into either the Th17 arm of the immune response, which is responsible for the systemic manifestations of the disease,
or the Th1 arm. 4. Th1 cells along with IFN-γ are able to drive the activation of macrophages, the formation of granulo‐
ma and the destruction of the structural integrity of the vessel wall via the secretion of MMPs and ROS.

11. Newer concepts in GCA pathogenesis: Immune and vascular aging

According to the 1990 ACR criteria for the diagnosis of GCA, age above 50 is considered a
major criterion for disease diagnosis. [46] Susceptibility of elder persons for GCA is considered
to be the result of two separate degenerative processes.

Firstly, immunesenescence is characterized by the shrinkage of the naïve T-cell pool, loss of
immune-regulation and impairment of innate immunity. [47] More specifically, alterations in
innate immunity functions, such as impairment of DC trafficking and prolonged maintenance
of TLR expression raise the possibility of uncontrolled inflammatory reactions in immunopri‐
viliged sites. Furthermore, the immune aging process results in an increase in basal cytokine
production by macrophages, dendritic cells, endothelial cells and fibroblasts.
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Secondly, biochemical modifications in vessel wall extracellular structures, such as the
disorganization of the elastic fibers, render the vessel wall extremely compliant. Vascular
smooth muscle cells decrease in number and function. The media becomes thinner and
deposition of calcium is not unusual. Beyond the alterations observed in biomechanical
parameters, the “old” artery seems to provide a distinct micro-environment that potentially
increases the risk for the formation of a novel spectrum of neoantigens and the persistence of
inflammatory reactions. [48]

12. Clinical phenotype and response to treatment are dependent on
pathophysiology

Aneurysm formation in GCA is reported in 3% of the patients with 3 months disease duration
and 18-27 % of patients with 6 months duration. [49, 50] Cumulatively, the relative risk for
aneurysm formation is estimated to be 17.3. [51]

Disease diagnosis is straightforward in typical cases with headache, temporal tenderness, non
palpable temporal arteries, jaw claudication and systemic symptoms (fever, malaise, weight
loss) in an individual beyond 50 years of age. Unfortunately, a considerable proportion of
patients presents with minor or no symptoms from the cranial arteries, which is presumably
the hallmark of GCA.

Temporal artery biopsy represents the diagnostic gold standard, as its sensitivity is reported
to exceed 85%. It should be mentioned that negative biopsy does not exclude GCA, as the
lesions are skipped and long tissue specimens (>20mm) are required. Common causes of false
negative results are the incomplete technique (sampling error) and the lack of sensitive
pathologic criteria. Thus, in highly suspected cases, a second, contralateral, biopsy is recom‐
mended. Recent studies suggest ultrasonography-guided biopsy to precisely locate the patchy
lesions of vessel wall inflammation. [52]

Another advanced technique to detect vascular inflammatory sites is FDG-PET (fluorodeox‐
yglucose positron emission tomography) imaging, which is currently incorporated in diag‐
nostic algorithms. [53]

Immune system abnormalities play a critical role in GCA pathogenesis and are able to drive,
not only clinical phenotype, but, also, response to treatment. DCs have been shown to initiate
the immune response, as the number of myeloid DCs significantly increases in the adventitia
of affected arteries and they appear to be activated via ligation of their TLR-4 (LPS) or TLR-5
(flagellin). [31] Stimulation of DCs via these TLRs induces the subsequent recruitment of T
cells into the vessel wall, where they undergo local proliferation and activation. T cells produce
pro-inflammatory cytokines to regulate the functions of macrophages, vascular smooth muscle
cells and endothelial cells, while they were proved to belong to either Th1 or Th17 lineage. [22]

Th17 cells secrete IL-17 and provide the early immune response in GCA, where these cells are
reported to be 10-fold elevated in initial phases. Furthermore, in untreated patients, circulating
monocytes (primed by IFN-γ) produce significant amounts of Th17-polarizing cytokines, such
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Disease diagnosis is straightforward in typical cases with headache, temporal tenderness, non
palpable temporal arteries, jaw claudication and systemic symptoms (fever, malaise, weight
loss) in an individual beyond 50 years of age. Unfortunately, a considerable proportion of
patients presents with minor or no symptoms from the cranial arteries, which is presumably
the hallmark of GCA.

Temporal artery biopsy represents the diagnostic gold standard, as its sensitivity is reported
to exceed 85%. It should be mentioned that negative biopsy does not exclude GCA, as the
lesions are skipped and long tissue specimens (>20mm) are required. Common causes of false
negative results are the incomplete technique (sampling error) and the lack of sensitive
pathologic criteria. Thus, in highly suspected cases, a second, contralateral, biopsy is recom‐
mended. Recent studies suggest ultrasonography-guided biopsy to precisely locate the patchy
lesions of vessel wall inflammation. [52]

Another advanced technique to detect vascular inflammatory sites is FDG-PET (fluorodeox‐
yglucose positron emission tomography) imaging, which is currently incorporated in diag‐
nostic algorithms. [53]

Immune system abnormalities play a critical role in GCA pathogenesis and are able to drive,
not only clinical phenotype, but, also, response to treatment. DCs have been shown to initiate
the immune response, as the number of myeloid DCs significantly increases in the adventitia
of affected arteries and they appear to be activated via ligation of their TLR-4 (LPS) or TLR-5
(flagellin). [31] Stimulation of DCs via these TLRs induces the subsequent recruitment of T
cells into the vessel wall, where they undergo local proliferation and activation. T cells produce
pro-inflammatory cytokines to regulate the functions of macrophages, vascular smooth muscle
cells and endothelial cells, while they were proved to belong to either Th1 or Th17 lineage. [22]

Th17 cells secrete IL-17 and provide the early immune response in GCA, where these cells are
reported to be 10-fold elevated in initial phases. Furthermore, in untreated patients, circulating
monocytes (primed by IFN-γ) produce significant amounts of Th17-polarizing cytokines, such
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as IL-6 and IL-23. Th17 response is considerably sensitive to steroids and is related to the
inflammatory phenotype of GCA, like fever and PMR. [37] The most common clinical mani‐
festations of the disease include constitutional symptoms (anorexia, weight loss), fever (in
some cases fever of unknown origin), headache (usually localized in the temporal region), and
polymyalgia rheumatica. This cluster of symptoms is attributed to the initial Th17 response
and has been shown to respond adequately to steroids. [38]

Th1 cells represent the dominant cellular population at the tissue level and the periphery of
patients with untreated GCA. These cells produce IFN-γ, target macrophages and provide a
substantial pro-inflammatory environment. Additionally, IFN-γ is strongly related to elevated
levels of metalloproteases (MMP-2, MMP-9), which lead to vessel wall destruction and
aneurysm formation. Th1 response is believed to be steroid resistant (in usual doses), as IFN-
γ committed T cells and soluble IFN-γ are not affected even after months of steroid therapy.
[38] The late clinical manifestations in the disease course, such as jaw claudication, tongue
claudication, scalp necrosis and visual impairment, represent ischemic complications resulting
from this Th1-IFN-γ driven process.

On the other hand, thoracic and abdominal aortic aneurysms comprise the most dreaded
complications of GCA. These manifestations are mediated through an intense Th1 response
that leads to IFN-γ secretion, macrophage activation and release of metalloproteases into the
aortic wall. This leads eventually to internal elastic lamina rupture, intimal hyperplasia and
lumen stenosis or aneurysm formation. [21] This sequela has been shown to be steroid-resistant
even if used in high doses.

Glucocorticoids, while the mainstay of therapy in GCA, do not exert the expected efficacy in
Th1-driven aneurysmal disease. [38] Based on these data, glucocorticoids should be instituted
promptly once the diagnosis of GCA is suspected. The optimal dose for remission induction
in GCA remains uncertain. An initial daily dose of 40 to 60 mg of prednisone or its equivalent
is reported to be adequate in almost all cases. [54] In severe, life threatening cases or, when the
visual loss is considered imminent, intravenous methylprednisolone is recommended, while
tapering can begin once the disease has been adequately controlled, with a rate of 3-4 mg/week.
Most patients require medium doses of steroids for at least two years, since relapse risk is high.

Adjuvant therapy is usually needed to avoid chronic side effects, but no agent (methotrexate,
IVIGs or other cytotoxic agents) has so far proven satisfactory efficacy. [55-57] Recent advances
in GCA pathophysiology may lead to alternative treatments, like those which interrupt Th17
differentiation, such as tocilizumab. [58]

In conclusion, large vessel involvement in GCA is characterized by a biphasic pathophysio‐
logic process. Initial Th17 response will lead to the steroid-sensitive systemic inflammatory
features of the disease, while, in late phases, Th1 response is responsible for the steroid-
resistant aneurysmal disease. Given the fact that these complications may be life-threatening,
it is reasonable to be thoroughly evaluated and managed promptly, either by surgical or by
pharmaceutical means or both.
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inflammatory phenotype of GCA, like fever and PMR. [37] The most common clinical mani‐
festations of the disease include constitutional symptoms (anorexia, weight loss), fever (in
some cases fever of unknown origin), headache (usually localized in the temporal region), and
polymyalgia rheumatica. This cluster of symptoms is attributed to the initial Th17 response
and has been shown to respond adequately to steroids. [38]

Th1 cells represent the dominant cellular population at the tissue level and the periphery of
patients with untreated GCA. These cells produce IFN-γ, target macrophages and provide a
substantial pro-inflammatory environment. Additionally, IFN-γ is strongly related to elevated
levels of metalloproteases (MMP-2, MMP-9), which lead to vessel wall destruction and
aneurysm formation. Th1 response is believed to be steroid resistant (in usual doses), as IFN-
γ committed T cells and soluble IFN-γ are not affected even after months of steroid therapy.
[38] The late clinical manifestations in the disease course, such as jaw claudication, tongue
claudication, scalp necrosis and visual impairment, represent ischemic complications resulting
from this Th1-IFN-γ driven process.

On the other hand, thoracic and abdominal aortic aneurysms comprise the most dreaded
complications of GCA. These manifestations are mediated through an intense Th1 response
that leads to IFN-γ secretion, macrophage activation and release of metalloproteases into the
aortic wall. This leads eventually to internal elastic lamina rupture, intimal hyperplasia and
lumen stenosis or aneurysm formation. [21] This sequela has been shown to be steroid-resistant
even if used in high doses.

Glucocorticoids, while the mainstay of therapy in GCA, do not exert the expected efficacy in
Th1-driven aneurysmal disease. [38] Based on these data, glucocorticoids should be instituted
promptly once the diagnosis of GCA is suspected. The optimal dose for remission induction
in GCA remains uncertain. An initial daily dose of 40 to 60 mg of prednisone or its equivalent
is reported to be adequate in almost all cases. [54] In severe, life threatening cases or, when the
visual loss is considered imminent, intravenous methylprednisolone is recommended, while
tapering can begin once the disease has been adequately controlled, with a rate of 3-4 mg/week.
Most patients require medium doses of steroids for at least two years, since relapse risk is high.

Adjuvant therapy is usually needed to avoid chronic side effects, but no agent (methotrexate,
IVIGs or other cytotoxic agents) has so far proven satisfactory efficacy. [55-57] Recent advances
in GCA pathophysiology may lead to alternative treatments, like those which interrupt Th17
differentiation, such as tocilizumab. [58]

In conclusion, large vessel involvement in GCA is characterized by a biphasic pathophysio‐
logic process. Initial Th17 response will lead to the steroid-sensitive systemic inflammatory
features of the disease, while, in late phases, Th1 response is responsible for the steroid-
resistant aneurysmal disease. Given the fact that these complications may be life-threatening,
it is reasonable to be thoroughly evaluated and managed promptly, either by surgical or by
pharmaceutical means or both.
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1. Introduction

Ischemic optic neuropathies (IONs) are a major cause of blindness or seriously impaired vision
in the middle-aged and elderly population, although they can occur at any age. ION is of two
types: anterior (AION) and posterior (PION), the first involving the anterior part of the optic
nerve (also called the optic nerve head, ONH) and the second, the rest of the optic nerve.
Pathogenetically AION and PION are very different diseases. AION represents an acute
ischemic disorder (a segmental infarction) of the ONH supplied by the posterior ciliary arteries
(PCAs), while PION has no specific location in the posterior part of the optic nerve and does
not represent ischemia in a specific artery [1].

Blood supply blockage can occur with or without arterial inflammation. For this reason, AION
is of two types: non-arteritic AION (NA-AION) and arteritic AION (A-AION). The former is
far more common than the latter, and they are distinct entities etiologically, pathogenetically,
clinically and from the management point of view [1, 2].

A-AION is an ocular emergency and requires immediate treatment with systemic corticoste‐
roids to prevent further visual loss. This is almost invariably due to giant cell arteritis (GCA),
which is a primary vasculitis that affects extracranial medium (especially external carotid
artery-ECA-branches) and sometimes large arteries (aorta and its major branches)-large-vessel
GCA [3, 4]. The diagnosis of GCA requires age more than 50 years at disease onset, new
headache in the temporal area, temporal artery tenderness, and/or reduced pulse, jaw
claudication, systemic symptoms, erythrocyte sedimentation rate (ESR) exceeding 50 mm/hr,
and typical histologic findings (granulomatous involvement) in temporal artery biopsy (TAB)
[5]. Approximately 40-50% of patients with GCA have ophthalmologic complications,
including visual loss secondary to A-AION, central retinal artery occlusion, homonymous
hemianopsia or cortical blindness (uni- or bilateral occipital infarction) [6].
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NA-AION is a multifactorial disease with multiple risk factors that contribute to its develop‐
ment: the nocturnal arterial hypotension is the most important risk factor. Often, NA-AION
patients have an anatomical predisposition: small discs, where structural crowding of nerve
fibers (crowded disk), and reduction of the vascular supply, which may combine to impair
perfusion to a critical degree [1, 2].

2. Arterial blood supply of the anterior part of the optic nerve

Arterial blood supply of the anterior part of the ONH is presented in figure 1.

Figure 1. Arterial blood supply of the anterior part of the optic nerve.

The ONH consists of, from front to back: a). surface nerve fiber layer, b). prelaminar region,
c). lamina cribrosa region, and d). retrolaminar region.

a. The surface nerve fiber layer is mostly supplied by the retinal arterioles. The cilioretinal
artery, when present, usually irrigates the corresponding sector of the surface layer [1, 2].

b. The prelaminar region is situated in front of the lamina cribrosa. It is supplied by centri‐
petal branches from the peripapillary choroid [1, 2].

c. The region of the lamina cribrosa is irrigated by centripetal branches from the PCAs, either
directly or by the so-called arterial circle of Zinn and Haller, when that is present [1, 2].

d. The retrolaminar region is the part of the ONH that lies immediately behind the lamina
cribrosa. It is supplied by two vascular systems: the peripheral centripetal and the axial
centrifugal systems. The former represents the major source of irrigation to this part. It is
formed by recurrent pial branches arising from the peripapillary choroid and the circle of
Zinn and Haller (when present, or the PCAs instead). In addition, pial branches from the
central retinal artery (CRA) also supply this part. The latter is not present in all eyes. When
present, it is formed by inconstant branches arising from the intraneural part of the CRA.
From the account of the arterial irrigation of the ONH given above, it is evident that the
PCAs are the main source of blood supply to the ONH [1, 2].

Updates in the Diagnosis and Treatment of Vasculitis112

3. Pathophysiology of factors controlling blood flow in the optic nerve head

The blood flow in the ONH depends upon: a). resistance to blood flow, b). arterial blood
pressure (BP), and c). intraocular pressure (IOP) [1, 2].

a. resistance to blood flow. It depends upon the state and calibre of the vessels supplying
the ONH, which in turn are influenced by: the efficiency of autoregulation of the ONH
blood flow, the vascular changes in the arteries feeding the ONH circulation, and the
rheological properties of the blood.

b. arterial blood pressure (BP). Both arterial hypertension and hypotension can influence the
ONH blood flow in a number of ways. In an ONH, a fall of blood pressure below a critical
level of autoregulation would decrease its blood flow. Fall of BP in the ONH may be due
to systemic (nocturnal arterial hypotension during sleep, intensive antihypertensive
medication, etc.) or local hypotension.

c. intraocular pressure (IOP). There is an inverse relationship between IOP and perfusion
pressure in the ONH.

The blood flow in the ONH is calculated by using the following formula [1]:

Perfusion pressure = Mean BP minus intraocular pressure (IOP). Mean BP = Diastolic BP + 1/3
(systolic BP- diastolic BP).

AION cases can be broadly classified into two groups [1, 2]:

1. AION due to thrombotic or embolic lesions of the arteries/arterioles feeding the ONH:

a. thrombotic lesions: Occlusion of the PCAs is most commonly caused by GCA
(resulting in infarction of the ONH and A-AION) and less commonly by other types
of vasculitis.

b. embolic lesions: Multiple emboli in the vessels of the ONH have been demonstrated
histopathologically in NA-AION.

2. AION due to transient non-perfusion or hypoperfusion of the nutrient vessels in the ONH
(paraoptic branches of PCAs). A transient non-perfusion or hypo-perfusion of the ONH
can occur due to a transient fall of perfusion pressure in its vessels, which in turn in
susceptible persons would produce NA-AION. Almost all NA-AION cases belong to this
group.

4. The major features of arteritic-anterior ischemic optic neuropathies and
nonarteritic-anterior ischemic optic neuropathies

For the comparison of major features of A-AION and NA-AION we use a complex protocol:
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• a detailed history of all previous or current systemic diseases, particularly of arterial
hypertension, diabetes mellitus, hyperlipidemia, ischemic heart disease, stroke, transient
ischemic attack, and carotid artery disease.

• a physical examination including the temporal arteries (TAs).

• a comprehensive ophthalmic evaluation, including visual acuity with the Snellen visual
acuity chart, visual fields with a Goldmann perimeter, relative afferent pupillary defect,
intraocular pressure, slit-lamp examination of the anterior segment, lens and vitreous, direct
ophthalmoscopy, color fundus photography, and, in acute cases, fluorescein fundus
angiography [1].

• color Doppler imaging (CDI) of retrobulbar (orbital) vessels with an ultrasound (US)
equipment with a 10MHz linear probe for detecting and measuring orbital vessel blood flow
in: the ophthalmic arteries (OAs), the CRAs, the superior ophthalmic veins, and the PCAs
[7, 8].

While the patient is supine, the transducer is applied to the closed eyelids using sterile
ophthalmic metylcellulose as a coupling gel. During the examination, minimal pressure is
applied to the globe to avoid artifacts. The patient is asked to stay still, and not move his eyes.

Blood flow toward the transducer is depicted as red, and flow away from the transducer is
colored blue. With the probe resting on the closed eyelids, the US beam is directed posteriorly
in the orbit.

After systematic scanning of the orbit, the CRAs, PCAs, and OAs are imaged:

a. the CRA is identified just bellow the optic disc (<1 cm), and has a forward red-coded blood
flow;

b. the nasal and temporal trunks of PCA are identified along both sides of the optic nerve.
The arteries have a forward red-coded blood flow;

c. the OA is identified deeper in the orbit, usually before crossing the optic nerve. It has a
forward red-coded blood flow.

The Doppler sample gate placed on the detected vessel has 1.5 cm. Sometimes, the orbital
vessels are not paralel to the US beam. For this reason, we perform an angle correction between
0-60o.

Also, a spectral velocity analysis is performed. The peak systolic velocity (PSV), and end-
diastolic velocity (EDV) are calculated for each vessel.

The Resistance Index (RI), also referred to as Pourcelot Index, is automatically calculated
according to the following equation:

RI = (PSV-EDV)/PSV.

Absent signals not corresponding to carotid occlusive disease are classified as Doppler
sonographic findings typical of GCA of the orbital arteries [9].

Updates in the Diagnosis and Treatment of Vasculitis114

• extracranial Duplex sonography is performed with an US equipment with a 7.5-10 MHz
linear array transducer.

For the examination of TAs, we use a 10 MHz linear probe. Color box steering and beam
steering are maximal, and the color coveres the artery lumen exactly because using these
machine adjustments, sensitivities and specificities with regard to clinical diagnosis of
temporal arteritis and histology are high [10]. We examine both common superficial TAs and
the frontal and parietal rami as completely as possible in longitudinal and transverse planes.
Concentric hypoechogenic mural thickening (a so-called halo) is considered to be an ultraso‐
nographic finding typical of GCA. Stenosis is considered to be present if blood-flow velocity
is more than twice the rate recorded in the area before the stenosis, perhaps with waveforms
demonstrating turbulence and reduced velocity behind the area of stenosis. Acute occlusion
is considered to be present if the US image showes hypoechoic material in the former artery
lumen with absence of color signals [10].

• fluorescein fundus angiography.

• laboratory findings in the form of a TAB are assessed at 3-7 days when GCA is suspected
(based on systemic symptoms, elevated ESR, elevated C-reactive protein-CRP, and suspi‐
cion of A-AION). Because of unilateral clinical ocular involvement in all cases, we took a
biopsy either from the ipsilateral side (representing 2.5 cm of the tender, swollen segments
of the affected artery-“skip lesions”) or from the ipsilateral site targeted by the ultrasonog‐
rapher. Serial sections are examined, as there could be variations in the extent of involvement
along the length of the artery [11].

• Cranial computed tomography (CT) scanning is performed for eventual associated stroke.

• CT-Angiography (CT-A) is performed at presentation, after Extracranial Duplex sonogra‐
phy, only in selected cases. It allowes analysis of the arterial wall and the endoluminal part
of the aorta and its branches in cases of large-vessel GCA, and/or severe internal carotid
artery (ICA) stenosis, or occlusion.

• Transthoracic echocardiography (TTE) is used for eventual cardiac embolic source of NA-
AION.

The comparison of major features of A-AION and NA-AION is presented in table I [1-3, 5, 6,
9, 12, 13, 16, 18, 24-26].

4.1. Age and gender distribution

A-AION, like GCA is almost always seen in persons aged older than 50 years (more often
women than men), with a mean age of near 70 years (mean age for NA-AION is aproximately
60 years, with no gender predisposition) [1, 2, 6, 12]. In a study of 406 patients with NA-AION
[1], the age range was 11-91 years (mean age 60±14 and median 61 years) and 43 (10.5%) of the
406 patients were young (<45 years), 60% were men and 40% women [1].
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phy, only in selected cases. It allowes analysis of the arterial wall and the endoluminal part
of the aorta and its branches in cases of large-vessel GCA, and/or severe internal carotid
artery (ICA) stenosis, or occlusion.

• Transthoracic echocardiography (TTE) is used for eventual cardiac embolic source of NA-
AION.

The comparison of major features of A-AION and NA-AION is presented in table I [1-3, 5, 6,
9, 12, 13, 16, 18, 24-26].

4.1. Age and gender distribution

A-AION, like GCA is almost always seen in persons aged older than 50 years (more often
women than men), with a mean age of near 70 years (mean age for NA-AION is aproximately
60 years, with no gender predisposition) [1, 2, 6, 12]. In a study of 406 patients with NA-AION
[1], the age range was 11-91 years (mean age 60±14 and median 61 years) and 43 (10.5%) of the
406 patients were young (<45 years), 60% were men and 40% women [1].
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4.2. Classic clinical symptoms of GCA with A-AION

The majority of GCA patients with A-AION present the classic clinical symptoms of GCA: new
moderate bitemporal headache, especially common at night, scalp tenderness (which is first
noticed when combing the hair), and abnormal TAs on palpation (tender, nodular, swollen,
and thickened arteries) (Figure 2).

A study of Gonzales-Gay aiming to establish the best set of clinical features that may predict
a positive TAB in a community hospital disclosed that headache, jaw claudication, and
abnormal TAs on palpation were the best positive predictors of positive TAB in patients on
whom a biopsy was performed to diagnose GCA [6]. This author established clinical differ‐
ences between biopsy proven GCA and biopsy-negative GCA patients. Moreover, he observed
a non–significantly increased frequency of abnormal palpation of the TA on physical exami‐
nation in biopsy-proven GCA patients (73.3%) compared with biopsy-negative GCA patients
(54.2%). The lack of pulsation is very suggestive of GCA because it is most unusual for the
superficial TAs to be non-pulsatile in normal elderly individuals. The jaw claudication is the
result of ischemia of the masseter muscles, which causes pain on speaking and chewing [6, 13].

FEATURE A-AION NA-AION

Age (mean years) 70 60

Sex ratio Female > male Female = male

Associated symptoms New temporal headache, jaw claudication,

abnormal temporal arteries on palpation,

with reduced pulse, scalp tenderness

Pain occasionally noted

Visual acuity Up to 76% < 20/200 (6/60) Up to 61% > 20/200 (6/60)

Optic disc Pale edema > hyperemic edema

Cup normal

Hyperemic edema > pale

edema

Cup small

Erythrocyte sedimentation rate (mm/h)

C-reactive protein (mg/l)

>50

> 5

<50

< 5

Temporal artery biopsy Granulomatous inflammation of the media

layer

-

Color Doppler Imaging of the

retrobulbar (orbital) vessels

Severe diminished blood flow velocities in

the posterior ciliary arteries (PCAs), especially

on the affected side, and high resistance

index (RI) in all retrobulbar vessels, in both

orbits.

Blood flow velocities and RI in

PCAs are preserved.

Fluorescein fundus angiography Disc and choroid filling delay Disc filling delay

Treatment Corticosteroids None proved

Table 1. The comparison of major features of arteritic-anterior ischemic optic neuropathies (A-AION) and nonarteritic-
anterior ischemic optic neuropathies (NA-AION).
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Figure 2. Patient MM with giant cell arteritis. Dilated and nodular right superficial temporal artery.

The classic clinical symptoms of GCA cases with A-AION are absent in NA-AION patients [1].

Large vessel GCA is a subgroup of GCA described in at least 17% of cases. In these patients,
inflammation occurs also at the level of the aorta and its branches (especially of the subclavian,
the axillary arteries, etc), despite the fact that symptoms of aortic involvement (aortic aneurysm
rupture) may appear years after the initial diagnosis of this vasculitis [4, 14, 15, 16].

4.3. Systemic symptoms of GCA with A-AION

The majority of patients with GCA and A-AION present fever, fatigue, malaise, and weight
loss. Some patients with GCA develop severe bilateral pain and aching involving the neck,
shoulders, and pelvic girdles associated with morning stiffness (polymyalgia rheumatica) [13].
However, a study [17] showed that 21% of the patients with positive TAB for GCA had no
systemic symptoms or signs and the only presenting sign was visual loss. This type of GCA is
called occult GCA, which is fairly common - a very important fact to be borne in mind when
dealing with AION [1].

The systemic symptoms of GCA are absent in NA-AION patients [1].

4.4. Systemic diseases associated with NA-AION

Nocturnal hypotension seems to be an important precipitating factor in the susceptible
patients. It is the most important systemic disease associated with NA-AION [1, 2]. In Hayreh
series [1, 2] of 544 NA-AION cases, where the patients could give some information on the
time of onset of visual loss, 73.3% gave a definite history of discovering the visual loss on
waking up in the morning. When antihypertensive drugs were taken at bedtime, they
produced a far more marked degree of nocturnal hypotension than when taken in the morning,
because they aggravate the naturally occurring fall of BP during sleep. Hayreh’s studies [1, 2]
suggest that in an ONH already susceptible to ischaemic disorder, nocturnal hypotension may
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Figure 2. Patient MM with giant cell arteritis. Dilated and nodular right superficial temporal artery.

The classic clinical symptoms of GCA cases with A-AION are absent in NA-AION patients [1].

Large vessel GCA is a subgroup of GCA described in at least 17% of cases. In these patients,
inflammation occurs also at the level of the aorta and its branches (especially of the subclavian,
the axillary arteries, etc), despite the fact that symptoms of aortic involvement (aortic aneurysm
rupture) may appear years after the initial diagnosis of this vasculitis [4, 14, 15, 16].

4.3. Systemic symptoms of GCA with A-AION

The majority of patients with GCA and A-AION present fever, fatigue, malaise, and weight
loss. Some patients with GCA develop severe bilateral pain and aching involving the neck,
shoulders, and pelvic girdles associated with morning stiffness (polymyalgia rheumatica) [13].
However, a study [17] showed that 21% of the patients with positive TAB for GCA had no
systemic symptoms or signs and the only presenting sign was visual loss. This type of GCA is
called occult GCA, which is fairly common - a very important fact to be borne in mind when
dealing with AION [1].

The systemic symptoms of GCA are absent in NA-AION patients [1].

4.4. Systemic diseases associated with NA-AION

Nocturnal hypotension seems to be an important precipitating factor in the susceptible
patients. It is the most important systemic disease associated with NA-AION [1, 2]. In Hayreh
series [1, 2] of 544 NA-AION cases, where the patients could give some information on the
time of onset of visual loss, 73.3% gave a definite history of discovering the visual loss on
waking up in the morning. When antihypertensive drugs were taken at bedtime, they
produced a far more marked degree of nocturnal hypotension than when taken in the morning,
because they aggravate the naturally occurring fall of BP during sleep. Hayreh’s studies [1, 2]
suggest that in an ONH already susceptible to ischaemic disorder, nocturnal hypotension may
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act as "the straw that breaks the camel's back". In a healthy ONH with normal autoregulation,
a similar fall of BP during the night may have no deleterious effect at all. All these facts indicate
that NA-AION may be occurring as an iatrogenic disease in some persons. A combination of
arterial hypertension and associated nocturnal hypotension can play an important role in
either the development or the progression of NA-AION.

Hayreh [1] showed that, compared with the prevalence reported in the general population,
young (<45 years), middle-aged (45-64 years) and elderly (≥65 years) patients with NA-AION
showed a significantly higher prevalence of arterial hypertension, diabetes mellitus, and
gastro-intestinal ulcer. Development of NA-AION following massive or recurrent haemor‐
rhages has been know for well over twenty centuries. These usually occur from the gastroin‐
testinal tract or uterus. Also, middle-aged and elderly patients showed a significantly higher
prevalence of ischaemic heart disease and thyroid disorders. Following NA-AION, patients
with both arterial hypertension and diabetes mellitus had a significantly higher incidence of
cerebrovascular disease.

As a part of generalized atherosclerosis and arteriosclerosis, the ICAs, OAs, and PCAs may
contribute to the development of NA-AION. ICA disease can contribute to development of
NA-AION either by embolism or by lowering the perfusion pressure because of marked
stenosis. The most likely mechanism of development of NA-AION in cardiac valvular disease
is microembolism to the ONH [1, 2].

Patients with NA-AION may give a history of migraine. Hayreh studies have shown that
serotonin released by platelets at the site of atheromatous plaques in the atherosclerotic arteries
can also produce vasospasm of the PCAs [1, 2].

NA-AION has  been  reported  in  patients  with  haematologic  disorders,  including  sickle-
cell  trait,  polycythaemia,  thrombocytopenic  purpura,  leukaemia  and  various  types  of
anaemia [1, 2].

4.5. Ocular conditions associated with NA-AION

The most important ocular conditions associated with NA-AION are: a). absent or small cup
in the optic disc, b). raised intraocular pressure, c). marked optic disc edema, d). location of
the watershed zone of the PCAs in relation to the ONH, and e). vascular disorders in the
nutrient vessels of the ONH [1, 2].

4.5.1. Absent or small cup in the optic disc

Studies have shown that eyes with NA-AION have no cup or only a very small cup in the optic
disc. The overcrowding of the nerve fibers in a small scleral canal may be a precipitating factor
in the production of NA-AION, although not the primary factor. The ONH in the prelaminar
region is surrounded by a firm, non-yielding Bruch's membrane. When the axons swell, they
can expand only at the expense of capillaries in the ONH, so the capillaries are compressed,
causing impaired blood flow. When BP falls during sleep due to nocturnal arterial hypoten‐
sion, there may be little or no blood flow in the ONH capillaries, resulting in hypoxia or
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ischaemia of the axons. The patient discovers the visual loss upon waking. If the optic disc has
a large enough cup, the axons have sufficient space to swell without significantly compressing
the capillaries; thus the presence of a cup is a protective mechanism [1, 12].

4.6. Laboratory findings in GCA with A-AION

ESR is often very high in GCA, with levels more than 50 mm/hr (fairly suggestive of this
disease).  In interpreting the ESR it should be emphasized that the levels of 40 mm/hour
may be  normal  in  the  elderly  and  cases  of  biopsy-proven  GCA have  been  reported  in
patients with ESR levels  lower than 30 mm/hr.  Approximately 20% of  the patients who
have a positive TAB for GCA present a normal ESR; hence "normal" ESR does not rule out
GCA. CRP is often raised in GCA (the normal range is <5mg/l). It generally runs parallel
with ESR, and may be helpful when the ESR is equivocal. However, in some cases there is
elevation of ESR but not of CRP. The combination of ESR and CRP together gives the best
specificity (97%) for detection of GCA [1, 6, 18].

Patients with NA-AION do not show any of these laboratory abnormalities [1, 6, 18].

4.7. Temporal artery biopsy and the histopathologic picture in GCA with A-AION

A TAB is the gold standard test for the diagnosis of GCA. Because corticosteroid therapy is
required in most cases for more than 1 year in GCA with A-AION, the pathologic confirmation
of this vasculitis is advisable. A biopsy result may be negative in 9-44% of patients with clinical
positive signs of temporal arteritis, because of segmental (discontinous) involvement of TA
[10, 19-21]. For this reason, the TAB has to be guided in all cases with clinical suspicion of GCA
by Doppler Ultrasonography and typical TAs signs (tender, swollen portions of TAs). In all
cases with A-AION due to GCA the histopathologic picture is represented by a granulomatous
inflammation of the media layer (chronic inflammatory infiltrate with giant cells) with
characteristic fragmentation of the internal limiting lamina and intimal thickening.

4.8. Extracranial Dupplex Sonography in AION patients

4.8.1. Extracranial Dupplex Sonography in A-AION patients

US of the TAs in temporal arteritis has garnered considerable interest as a GCA diagnosis tool.
It indicates segmental inflammation of TAs [14, 22]. Schmidt demonstrated that the most
specific (almost 100% specificity) and sensitive (73% sensitivity) sign for GCA is a concentric
hypoechogenic mural thickening “halo”, which was interpreted as vessel wall edema. Other
positive findings for GCA are the presence of occlusion and stenoses. US investigation of the
TAs must be performed before corticosteroid treatment, or within the first 7 days of treatment,
because the halo revealed by TAs US disappears within 2 weeks of corticotherapy [10, 14, 22].

Similar US patterns can be find in other branches of the ECAs, including the facial, internal
maxilary, and lingual arteries.

Interestingly, in some cases with large-vessel GCA, the common carotid arteries (CCAs) and
the ICAs are also involved [16] (figure 3).
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act as "the straw that breaks the camel's back". In a healthy ONH with normal autoregulation,
a similar fall of BP during the night may have no deleterious effect at all. All these facts indicate
that NA-AION may be occurring as an iatrogenic disease in some persons. A combination of
arterial hypertension and associated nocturnal hypotension can play an important role in
either the development or the progression of NA-AION.

Hayreh [1] showed that, compared with the prevalence reported in the general population,
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rhages has been know for well over twenty centuries. These usually occur from the gastroin‐
testinal tract or uterus. Also, middle-aged and elderly patients showed a significantly higher
prevalence of ischaemic heart disease and thyroid disorders. Following NA-AION, patients
with both arterial hypertension and diabetes mellitus had a significantly higher incidence of
cerebrovascular disease.
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contribute to the development of NA-AION. ICA disease can contribute to development of
NA-AION either by embolism or by lowering the perfusion pressure because of marked
stenosis. The most likely mechanism of development of NA-AION in cardiac valvular disease
is microembolism to the ONH [1, 2].

Patients with NA-AION may give a history of migraine. Hayreh studies have shown that
serotonin released by platelets at the site of atheromatous plaques in the atherosclerotic arteries
can also produce vasospasm of the PCAs [1, 2].

NA-AION has  been  reported  in  patients  with  haematologic  disorders,  including  sickle-
cell  trait,  polycythaemia,  thrombocytopenic  purpura,  leukaemia  and  various  types  of
anaemia [1, 2].

4.5. Ocular conditions associated with NA-AION

The most important ocular conditions associated with NA-AION are: a). absent or small cup
in the optic disc, b). raised intraocular pressure, c). marked optic disc edema, d). location of
the watershed zone of the PCAs in relation to the ONH, and e). vascular disorders in the
nutrient vessels of the ONH [1, 2].

4.5.1. Absent or small cup in the optic disc

Studies have shown that eyes with NA-AION have no cup or only a very small cup in the optic
disc. The overcrowding of the nerve fibers in a small scleral canal may be a precipitating factor
in the production of NA-AION, although not the primary factor. The ONH in the prelaminar
region is surrounded by a firm, non-yielding Bruch's membrane. When the axons swell, they
can expand only at the expense of capillaries in the ONH, so the capillaries are compressed,
causing impaired blood flow. When BP falls during sleep due to nocturnal arterial hypoten‐
sion, there may be little or no blood flow in the ONH capillaries, resulting in hypoxia or
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ischaemia of the axons. The patient discovers the visual loss upon waking. If the optic disc has
a large enough cup, the axons have sufficient space to swell without significantly compressing
the capillaries; thus the presence of a cup is a protective mechanism [1, 12].

4.6. Laboratory findings in GCA with A-AION

ESR is often very high in GCA, with levels more than 50 mm/hr (fairly suggestive of this
disease).  In interpreting the ESR it should be emphasized that the levels of 40 mm/hour
may be  normal  in  the  elderly  and  cases  of  biopsy-proven  GCA have  been  reported  in
patients with ESR levels  lower than 30 mm/hr.  Approximately 20% of  the patients who
have a positive TAB for GCA present a normal ESR; hence "normal" ESR does not rule out
GCA. CRP is often raised in GCA (the normal range is <5mg/l). It generally runs parallel
with ESR, and may be helpful when the ESR is equivocal. However, in some cases there is
elevation of ESR but not of CRP. The combination of ESR and CRP together gives the best
specificity (97%) for detection of GCA [1, 6, 18].

Patients with NA-AION do not show any of these laboratory abnormalities [1, 6, 18].

4.7. Temporal artery biopsy and the histopathologic picture in GCA with A-AION

A TAB is the gold standard test for the diagnosis of GCA. Because corticosteroid therapy is
required in most cases for more than 1 year in GCA with A-AION, the pathologic confirmation
of this vasculitis is advisable. A biopsy result may be negative in 9-44% of patients with clinical
positive signs of temporal arteritis, because of segmental (discontinous) involvement of TA
[10, 19-21]. For this reason, the TAB has to be guided in all cases with clinical suspicion of GCA
by Doppler Ultrasonography and typical TAs signs (tender, swollen portions of TAs). In all
cases with A-AION due to GCA the histopathologic picture is represented by a granulomatous
inflammation of the media layer (chronic inflammatory infiltrate with giant cells) with
characteristic fragmentation of the internal limiting lamina and intimal thickening.

4.8. Extracranial Dupplex Sonography in AION patients

4.8.1. Extracranial Dupplex Sonography in A-AION patients

US of the TAs in temporal arteritis has garnered considerable interest as a GCA diagnosis tool.
It indicates segmental inflammation of TAs [14, 22]. Schmidt demonstrated that the most
specific (almost 100% specificity) and sensitive (73% sensitivity) sign for GCA is a concentric
hypoechogenic mural thickening “halo”, which was interpreted as vessel wall edema. Other
positive findings for GCA are the presence of occlusion and stenoses. US investigation of the
TAs must be performed before corticosteroid treatment, or within the first 7 days of treatment,
because the halo revealed by TAs US disappears within 2 weeks of corticotherapy [10, 14, 22].

Similar US patterns can be find in other branches of the ECAs, including the facial, internal
maxilary, and lingual arteries.

Interestingly, in some cases with large-vessel GCA, the common carotid arteries (CCAs) and
the ICAs are also involved [16] (figure 3).
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Figure 3. Patient MO - B mode insonation in large vessel giant cell arteritis. Transverse view of the left CCA. Hypoecho‐
ic wall swelling with CCA occlusion.

After weeks with corticosteroids treatment, the halo revealed by TAs US disappeares, but the
wall swelling of the larger arteries (subclavians, axilars, CCAs, ICAs, etc.) remains in large-
vessel GCA cases [16].

Schmidt compared the results of TAs US examinations with the occurrence of visual ischemic
complications in 222 consecutive patients with newly diagnosed, active GCA. However,
findings of TAs US did not correlate with eye complications [14].

4.8.2. Extracranial Dupplex Sonography in NA-AION patients

Ipsilateral ICA severe stenosis/occlusion can contribute to development of NA-AION either
by embolism or by transient nonperfusion or hypoperfusion of the nutrient vessels in the ONH
(paraoptic branches of PCAs) (figure 4) [1, 23].

Figure 4. Patient AP- Color Doppler ultrasound. Longitudinal view of the left CCA with severe stenosis.

In Hayreh oppinion [1, 2], embolic occlusion of the PCAs or of the ONH arterioles seems to
occur much less frequently than thrombotic occlusion, but this impression may be erroneous
because of our inability to see the emboli in these vessels on ophthalmoscope compared to the
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ease with which they are seen in the retinal arterioles. Embolic etiology of NA-AION can be
clinically suspected if the patients presents the following features: a). sudden onset of visual
loss, definitely later on in the day, and not related to sleep or any other condition associated
with arterial hypotension; b). the optic disc has a large cup; c). evidence of occlusion of a PCA
on fluorescein fundus angiography, and on CDI of retrobulbar vessels, but d). no systemic
symptoms or signs suggestive of GCA and, e). a negative TAB for GCA [1, 24-26].

4.9. Cranial computed tomography, Computed tomography angiography, and transthoracic
echocardiography

CT-scanning identifies associated strokes (including occipital infarction), CT-A confirmes
cases of large-vessel GCA associated with A-AION, or patients with ipsilateral occlusion/
severe ICA stenosis associated with NA-AION. TTE represents a part of the embolic evaluation
in AION patients. Cardiac embolic source is rarely detected only in NA-AION cases.

4.10. Ocular symptoms

Anterior segment examination of both eyes is generally normal in all AION cases. Simultane‐
ous bilateral AION onset is very rare (during cardio-pulmonary surgery with massive blood
loss) [1].

4.10.1. Monocular amaurosis fugax and permanent visual loss

If a patient with AION has a history of amaurosis fugax before the permanent visual loss, it is
highly suggestive of GCA associated with A-AION. Other A-AION patients develop perma‐
nent visual loss without any warning [1, 12].

However, amaurosis fugax is never found in NA-AION cases [1, 12].

A-AION results from PCAs vasculitis and the consecutive ONH infarction. Human autopsy
studies of acute A-AION demonstrated ischemic necrosis of the prelaminar, laminar, and
retrolaminar portions of the ONH and infiltration of the PCAs by chronic inflammatory cells.
In some cases of these studies, segments of PCAs were occluded by inflammatory thickening
and thrombi [12, 23].

In a Hayreh study [1], 54% of patients with A-AION had initial visual acuity ranging from
counting fingers to no light perception, as compared to 26% in the NA-AION group, and only
light or no light perception in 29% and 4%, respectively. This result shows that sudden,
painless, severe permanent deterioration/loss of vision is extremely suggestive of A-AION.
However, in Hayreh’s series, about 21% of eyes with A-AION had 6/12 or better vision [1]. In
NA-AION cases, generally there is progressive visual loss, and the patient usually notices
further loss on waking in the morning [1].

4.10.2. Visual fields

Perimetry usually shows relative or absolute visual field defects. The most common visual
field defect in NA-AION is an inferior nasal sectoral defect, which is relative or absolute. The
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Figure 3. Patient MO - B mode insonation in large vessel giant cell arteritis. Transverse view of the left CCA. Hypoecho‐
ic wall swelling with CCA occlusion.

After weeks with corticosteroids treatment, the halo revealed by TAs US disappeares, but the
wall swelling of the larger arteries (subclavians, axilars, CCAs, ICAs, etc.) remains in large-
vessel GCA cases [16].

Schmidt compared the results of TAs US examinations with the occurrence of visual ischemic
complications in 222 consecutive patients with newly diagnosed, active GCA. However,
findings of TAs US did not correlate with eye complications [14].

4.8.2. Extracranial Dupplex Sonography in NA-AION patients

Ipsilateral ICA severe stenosis/occlusion can contribute to development of NA-AION either
by embolism or by transient nonperfusion or hypoperfusion of the nutrient vessels in the ONH
(paraoptic branches of PCAs) (figure 4) [1, 23].

Figure 4. Patient AP- Color Doppler ultrasound. Longitudinal view of the left CCA with severe stenosis.

In Hayreh oppinion [1, 2], embolic occlusion of the PCAs or of the ONH arterioles seems to
occur much less frequently than thrombotic occlusion, but this impression may be erroneous
because of our inability to see the emboli in these vessels on ophthalmoscope compared to the
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ease with which they are seen in the retinal arterioles. Embolic etiology of NA-AION can be
clinically suspected if the patients presents the following features: a). sudden onset of visual
loss, definitely later on in the day, and not related to sleep or any other condition associated
with arterial hypotension; b). the optic disc has a large cup; c). evidence of occlusion of a PCA
on fluorescein fundus angiography, and on CDI of retrobulbar vessels, but d). no systemic
symptoms or signs suggestive of GCA and, e). a negative TAB for GCA [1, 24-26].

4.9. Cranial computed tomography, Computed tomography angiography, and transthoracic
echocardiography

CT-scanning identifies associated strokes (including occipital infarction), CT-A confirmes
cases of large-vessel GCA associated with A-AION, or patients with ipsilateral occlusion/
severe ICA stenosis associated with NA-AION. TTE represents a part of the embolic evaluation
in AION patients. Cardiac embolic source is rarely detected only in NA-AION cases.

4.10. Ocular symptoms

Anterior segment examination of both eyes is generally normal in all AION cases. Simultane‐
ous bilateral AION onset is very rare (during cardio-pulmonary surgery with massive blood
loss) [1].

4.10.1. Monocular amaurosis fugax and permanent visual loss

If a patient with AION has a history of amaurosis fugax before the permanent visual loss, it is
highly suggestive of GCA associated with A-AION. Other A-AION patients develop perma‐
nent visual loss without any warning [1, 12].

However, amaurosis fugax is never found in NA-AION cases [1, 12].

A-AION results from PCAs vasculitis and the consecutive ONH infarction. Human autopsy
studies of acute A-AION demonstrated ischemic necrosis of the prelaminar, laminar, and
retrolaminar portions of the ONH and infiltration of the PCAs by chronic inflammatory cells.
In some cases of these studies, segments of PCAs were occluded by inflammatory thickening
and thrombi [12, 23].

In a Hayreh study [1], 54% of patients with A-AION had initial visual acuity ranging from
counting fingers to no light perception, as compared to 26% in the NA-AION group, and only
light or no light perception in 29% and 4%, respectively. This result shows that sudden,
painless, severe permanent deterioration/loss of vision is extremely suggestive of A-AION.
However, in Hayreh’s series, about 21% of eyes with A-AION had 6/12 or better vision [1]. In
NA-AION cases, generally there is progressive visual loss, and the patient usually notices
further loss on waking in the morning [1].

4.10.2. Visual fields

Perimetry usually shows relative or absolute visual field defects. The most common visual
field defect in NA-AION is an inferior nasal sectoral defect, which is relative or absolute. The
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next most common visual field defect is the relative or absolute inferior altitudinal; other optic
disc-related field defects (central scotoma, etc) are less common (Figure 5). While the disc has
edema, the visual fields may improve or deteriorate further, but once the disc edema has
resolved completely, the visual field defects tend to stabilize [1, 12].

Figure 5. Common visual field defects in patients with nonarteritic-anterior ischemic optic neuropathies.

A relative afferent pupillary defect is invariably present in all cases of monocular AION.

4.11. Ophthalmoscopy

The majority of A-AION cases (69 % in Hayreh study [1]) unlike NA-AION patients have optic
disc swelling with a characteristic chalky white color (pallor is associated with the edema of
the optic disc) (Figure 6.A.).
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thy. The optic disc demonstrates hyperemic diffuse edema.

Diffuse disc pallor develops 2 weeks after the onset of visual loss. On resolution of optic disc
edema within 1-2 months, the optic disc develops cupping in almost all cases. Also unlike NA-
AION, all A-AION patients have a contralateral optic disc, with normal diameter/normal
physiological cup (absence of “disk at risk”).

Initially, the optic disc is edematous in all NA-AION patients. Sometimes, the edema is more
prominent in one part of the disc. Frequently, there are associated splinter hemorrhages at the
disc margin. Hyperemia is associated with optic disc edema in the majority of cases (Figure
6.B.). The fellow optic disc showes a very small cup in the majority of cases (>75% of NA-AION
patients present a contralateral “disk at risk”, with associated mild disc elevation, and disc
margin blurring without over edema) [1,12].

At 2 months, the optic disc edema resolves spontaneusly, resulting in generalised or sectoral
pallor of the optic disc.

Consequently, ophthalmoscopy indicates that optic disc edema is associated more frequently
with pallor (a chalky white color) in A-AION patients, and more frequently with hyperemia
in NA-AION patients [1, 2, 24, 25].

4.12. Fluorescein fundus angiography

If angiography is performed during the first few days after the onset of A-AION (acute A-
AION) there is almost always evidence of PCA thrombotic occlusion, with absence of choroidal
and optic disc filling in its distribution in all A-AION patients. However, later, with the
establishment of collateral circulation, this information may be lost. In contrast, there is an
impaired optic disc perfusion, with relatively conserved choroidal perfusion in all NA-AION
cases.

Consequently, extremely delayed or absent filling of the choroid, which was identified in acute
A-AION patients, has been suggested as a fluorescein-angiogram characteristic of A-AION. It
has been considered as one useful factor to differentiate A-AION from NA-AION [1, 12].
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4.13. Color Doppler imaging of the retrobulbar (orbital) vessel features

4.13.1. Spectral Doppler analysis of the retrobulbar vessels in A-AION

In acute stage, blood flow cannot be detected in the PCAs in the clinically affected eye of any
of the GCA patients with A-AION. Low EDV and high RI are identified in all other retrobulbar
vessels (including the PCAs in the fellow eye) of all A-AION patients.

At one week, CDI examination of retrobulbar vessels reveales blood flow alterations in all
A-AION patients despite the treatment with high-dose corticosteroids. Severely diminished
blood flow velocities (especially EDV) in the PCAs of the affected eye (both nasal and tem‐
poral), compared to the unaffected eye, are noted (Figure 7 A., B., C., D.). An increased RI in
the PCAs is noted (the RI is higher on the clinically affected eye as compared to the unaffect‐
ed eye) (Figure 7 A., B., C., D.).
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Figure 7. A. B. Pacient TL with arteritic-anterior ischemic optic neuropathy – Color Doppler Imaging of temporal poste‐
rior ciliary arteries (PCAs) of both eyes. Diminution of blood flow velocities (especially end-diastolic velocities) in the
temporal PCA of the affected left eye, compared to the other side. C. D. Pacient TL with arteritic-anterior ischemic op‐
tic neuropathy – Color Doppler Imaging of nasal posterior ciliary arteries (PCAs) of both eyes. Diminution of blood
flow velocities (especially end-diastolic velocities) in the nasal PCA of the affected left eye, compared to the other side.
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Fewer abnormalities are observed in the CRAs: high RI are measured in both sides, with
decreased PSV in the CRA of the clinically affected eye (Figure 8 A., B.).

Similar abnormalities are noted in the OAs: high RI are measured in both sides (Figure 8
C., D.).

At one month, after treatment with high-dose corticosteroids, CDI examinations of orbital
blood vessels reveal that blood flow normalization is slow in all A-AION patients.

In conclusion, the Spectral Doppler Analysis of the orbital vessels in A-AION indicates (after
a few days of treatment with corticosteroids) low blood velocities, especially EDV, and high
RI in all retrobulbar vessels, in both orbits. These signs represent characteristic features of the
CDI of the orbital vessels in A-AION.
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Figure 8. A. B. Pacient TL with arteritic-anterior ischemic optic neuropathy - Color Doppler Imaging of central retinal
arteries of both eyes. High RI in both sides. C. D. Pacient TL with arteritic-anterior ischemic optic neuropathy - Color
Doppler Imaging of ophthalmic arteries of both eyes. High RI in both sides.

4.13.2. Spectral Doppler analysis of the retrobulbar vessels in NA-AION

In contrast, the patients with NA-AION present the following aspects in acute stage, and at
one week of evolution:
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flow velocities (especially end-diastolic velocities) in the nasal PCA of the affected left eye, compared to the other side.
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decreased PSV in the CRA of the clinically affected eye (Figure 8 A., B.).

Similar abnormalities are noted in the OAs: high RI are measured in both sides (Figure 8
C., D.).

At one month, after treatment with high-dose corticosteroids, CDI examinations of orbital
blood vessels reveal that blood flow normalization is slow in all A-AION patients.

In conclusion, the Spectral Doppler Analysis of the orbital vessels in A-AION indicates (after
a few days of treatment with corticosteroids) low blood velocities, especially EDV, and high
RI in all retrobulbar vessels, in both orbits. These signs represent characteristic features of the
CDI of the orbital vessels in A-AION.
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Figure 8. A. B. Pacient TL with arteritic-anterior ischemic optic neuropathy - Color Doppler Imaging of central retinal
arteries of both eyes. High RI in both sides. C. D. Pacient TL with arteritic-anterior ischemic optic neuropathy - Color
Doppler Imaging of ophthalmic arteries of both eyes. High RI in both sides.

4.13.2. Spectral Doppler analysis of the retrobulbar vessels in NA-AION

In contrast, the patients with NA-AION present the following aspects in acute stage, and at
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a. slight decrease of PSV in PCAs (nasal and temporal) in the affected eye, compared to the
unaffected eye (Figure 9 A., B., C., D.);

b. slight decrease of PSV in CRA of the affected eye, due to papillary edema (Figure 9 E., F.);

c. in OAs, PSV are variable: normal to decreased, according to ipsilateral ICAs status. Severe
ICA stenosis (>70% of vessel diameter)/occlusion combined with an insufficient Willis
polygon led to decreased PSV in ipsilateral OA.
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Figure 9. A. B. Pacient AN with nonarteritic-anterior ischemic optic neuropathy - Color Doppler Imaging of temporal
posterior ciliary arteries (PCAs) of both eyes. Slight diminution of systolic blood flow velocities in temporal PCA in the
affected left eye, compared to the normal side. C.D. Pacient AN with nonarteritic-anterior ischemic optic neuropathy -
Color Doppler Imaging of nasal posterior ciliary arteries (PCAs) of both eyes. Slight diminution of systolic blood flow
velocities in nasal PCA in the affected left eye, compared to the normal side. E. F. Pacient AN with nonarteritic-anterior
ischemic optic neuropathy - Color Doppler Imaging of central retinal arteries of both eyes. Slight diminution of systolic
blood flow velocities in CRA of affected left eye, due to papilar edema.

At one month, CDI examinations of orbital blood vessels reveal that blood flow normalization
is reached. The exceptions are the cases with severe ipsilateral ICA stenosis/occlusion.

Consequently, in NA-AION, blood velocities and RI in PCAs are preserved. Similar results
were obtained in other studies [24-26].
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CDI of retrobulbar vessels and fluorescein fundus angiography data support the histopatho‐
logical evidence of involvement of the entire PCA trunck in A-AION (impaired both ONH and
choroidal perfusion in these patients) [12, 24, 25].

In contrast, in NA-AION cases, affected flow to the ONH is distal to the PCA trunck, possibly
at the level of the paraoptic branches. These branches directly supply the ONH with only one-
third of the flow of the PCAs (impaired optic disc perfusion, with relatively preserved
choroidal perfusion in NA-AION patients) [12, 16, 23].

CDI of retrobulbar vessels sustains the involvement of the entire PCA trunk in A-AION in a
non-invasive manner and in real time and may rapidly point to an A-AION diagnosis. While
CDI of orbital vessels does not eliminate the need for fluorescein fundus angiography,
hematologic assessment, carotid US, and echocardiography, it does however enhance the
precision of the diagnostic evaluation for patients, because it accurately, reproducibly, and
safely assesses the vascular supply of the ONH.

There are certain cases where the differential diagnosis between arteritic and nonarteritic
AION is difficult: GCA without systemic/clinical symptoms, even a swollen TA, GCA with a
normal ESR, and patients with NA-AION that have high ESR levels due to a neoplasm
association. When CDI detects a NA-AION, the patient does not have to be subjected to high-
dose corticosteroids until a TAB is performed even if the ESR is elevated. Conversely, patients
with clinical evidence of A-AION, who have typical signs on CDI of retrobulbar vessels, should
be treated before TAB in order to protect the fellow eye from going blind [16].

In our opinion, the results from CDI of retrobulbar vessels and extracranial duplex US
(especially of TAs) can substitute the TAB, which is more inconvenient for the patient, more
expensive and has up to 40% false negative error data, because of skip lesions [14].

5. Conclusions

A history of amaurosis fugax before an abrupt, painless, and severe loss of vision of the
involved eye, with concomitant diffuse pale optic disc edema is extremely suggestive of A-
AION. None of these symptoms are found in NA-AION patients.

Because findings of TAs US does not correlate with eye complications in A-AION patients,
CDI of the retrobulbar vessels is of critical importance. It allows the detection and monitoring
of alterations in orbital blood flow, especially of the PCAs, which corespond with the clinical
features of A-AION.

Patients with clinical evidence of A-AION, who have typical signs on CDI of retrobulbar
vessels, should be treated before TAB, with corticosteroids to protect against blindness of the
fellow eye.

Although none of all presented criteria is individually infallible and present in one hundred
percent of AION cases, the collective information provided by the various parameters is
extremely helpful in diagnosis of A-AION or NA-AION.
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Color Doppler Imaging of nasal posterior ciliary arteries (PCAs) of both eyes. Slight diminution of systolic blood flow
velocities in nasal PCA in the affected left eye, compared to the normal side. E. F. Pacient AN with nonarteritic-anterior
ischemic optic neuropathy - Color Doppler Imaging of central retinal arteries of both eyes. Slight diminution of systolic
blood flow velocities in CRA of affected left eye, due to papilar edema.
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1. Introduction

1.1. Infectious vasculitis

The vasculitides are a heterogeneous group of clinicopathological entities that share the
common feature of vascular inflammation and injury. There is no universally acceptable
classification of this group of disorders. While a number of underlying causes can be identified
in some disorders, the aetiology is unknown in many. The pathogenetic mechanisms involved
are mainly immunological, immune complex mediated tissue injury being the most commonly
incriminated factor.

In 1952, Zeek [1] became the first author to incorporate a clinicopathological assessment based
on the size of the vessels involved in the inflammatory process in her classification of necrot‐
izing vasculitis. A number of alternative classification systems were proposed later and a major
break was made in the 1990s with the 1990 American College of Rheumatology criteria (ACR
1990 criteria); and the elaboration of a uniform terminology for naming, defining, classifying
and diagnosing vasculitic disorders at the Chapel

Hill Conference 1992 (1992 CHC definitions). The 1990 ACR criteria were reviewed in 1996 by
Hunder [2]. The 1992 CHC definitions now include immunodiagnostically significant markers
[e.g. ANCA in Wegener's granulomatosis (WG) and immunohistological findings (e.g. IgA‐
dominant immune deposits in Henoch–Schönlein purpura) which are specific for certain
diseases and were described by Jennette et al. [3]

The major problem with previous classification schemes was the lack of standardized diag‐
nostic terms and definitions. As a consequence, different names had been applied to the same
disease and the same name to different diseases. Therefore, the CHC committee—comprised
of internists, rheumatologists, nephrologists, immunologists and pathologists who have in
common extensive experience with diagnosing vasculitides—proposed the names and
definitions given in Table 3.

© 2013 Choucair; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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2. Immunopathogenesis

Most of the vasculitic syndromes are mediated by immunopathogenic mechanisms (‘immune
vasculitides’) and most ‘immune vasculitides’ are idiopathic (= ‘primary’ vasculitis).

The immunopathogenic mechanisms of vasculitides have been classified into the four types
of hypersensitivity reaction described by Coombs and Gell [4]; this classification was reviewed
recently [5]. Accordingly, clinicopathological and immunohistochemical studies have led to
the terms allergic angiitis (I), antibody‐mediated angiitis, including the ‘new’ group of ANCA‐
associated vasculitides (II), immune complex vasculitis (III), and vasculitis associated with T‐
cell‐mediated hypersensitivity (IV). Eosinophilia and elevated IgE in the blood and tissues (in
situ) are characteristically associated with allergic angiitis and granulomatosis (‘Churg–Strauss
syndrome’; CSS); in ‘ANCA‐associated vasculitides’ (AAV) few or no immune deposits are
found in situ (‘pauci‐immune vasculitis’).

aLarge vessel refers to the aorta and the largest branches directed towards major body regions (e.g. to the extremities
and the head and neck); medium-sized vessel refers to the main visceral arteries (e.g. renal, hepatic, coronary, and
mesenteric arteries); small veseel refers to venules, capillaries, arterioles, and the intraparenchymal distal arterial radicals
that connect with arterioles. Some small and large vessel vasculitides may involve medium-sized arteries,but large- and
medium- sized vessel vasculitides do not involve vessels smaller than arteries. Essential components are represented by
normal type; italicized type represent usual, but not essential components.

bPreffered term.

cStrongly associated with ANCA.

Reproduced from [4] with permission.

Table 1. Names and definitions of vasculitides adopted by the Chapel Hill Concensus Conference on the
Nomenclature of Systemic Vasculitis

Updates in the Diagnosis and Treatment of Vasculitis132

By contrast, immune complex deposits in situ are the hallmark of immune complex vasculitis,
which is frequently associated with low complement levels. Granulomatous arteritis is
characterized by an inflammatory infiltrate induced by Th1 cells. The predominant immune
phenomena in systemic vasculitides associated with the major hypersensitivity reaction type
are given in Fig. 1.

Figure 1. Pease add caption

While some forms of vasculitides may be ascribed to underlying factors like infections,
malignancy, drug reactions or connective tissue disorders, the cause may remain undeter‐
mined in many vasculitic syndromes. Immunologic damage by immune-complex deposition
or cell-mediated hypersensitivity is responsible in the majority of cases.

The possible immunopathologic mechanism in the causation of vasculitis are:

1. Deposition of circulating antigen-antibody complex or in -situ formation of immune
complex within the vessel wall. This leads to complement activation and chemotactic
attraction of neutrophils by complement components. Subsequent phagocytosis of such
complexes with liberation of neutrophil granular products leads to vascular damage.

2. Cell-mediated hypersensitivity: Antigenic exposure may attract lymphocytes which
liberate cytokines causing tissue damage and further activation of macrophages and
lymphocytes.

3. Failure to clear the antigen may lead to persistent inflammation and eventual formation
of epithelioid cells and giant cells, giving rise to a granulomatous tissue reaction.

Whatever the underlying mechanism, vascular inflammation and necrosis ensues which is
often accompanied by thrombosis. These pathologic changes result in tissue ischaemia,
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necrosis and infarction, leading to a variety of clinical manifestations depending on the
anatomic structures involved

3. Pathology

Perivascular cellular infiltration is a common histological finding in many disease entities, but
for a definitive diagnosis of vasculitis, the presence of vascular damage, particularly in the
form of fibrinoid degeneration, is necessary.

Vasculitis may involve blood vessels of varying calibers and this feature forms the basis of a
useful pathological classification of vasculitis. An infiltrate, composed of a variety of cell types,
like neutrophils, lymphocytes, and histiocytes may invade the vessel wall and the surrounding
tissue. Extravasation of red cells is a prominent feature in many vasculitides. Granulomatous
inflammation with giant cell formation is a characteristic finding in some types.

4. Classification

Vasculitis is a taxonomist’s nightmare. Diseases with diverse causes and pathology may share
the same symptomatology. On the other hand, a disease may show different histopathologic
features at different periods in its evolution. Many diseases have overlapping features and it
is impossible to formulate a classification scheme that unifies clinicopathological, etiological
and immunological features of different diseases.

4.1. Immunopathologic classification

i. Immune- complex mediated vasculitis:

• Polyarteritis nodosa

• Microscopic polyangiitis

• Hypersensitivity vasculitis

• (Leukocytoclastic vasculitis)

• Henoch-Schonlein purpura

ii. Vasculitis due to cellular hypersensitivity (Granulomatous vasculitis)

• Giant cell arteritis

• Takayasu’s arteritis

• Churg-Strauss disease (allergic granulomatosis)

• Wegener’s granulomatosis

• Isolated CNS vasculitis

Updates in the Diagnosis and Treatment of Vasculitis134

4.2. Classification based on caliber of blood vessel involved

i. Large vessel vasculitis:

• Giant cell arteritis

• Takayasu’s arteritis

ii. Medium vessel vasculitis:

• Polyarteritis nodosa

• Kawasaki disease

iii. Small vessel vasculitis:

• Microscopic polyangiitis

• Leukocytoclastic vasculitis

• Wegener’s granulomatosis

• Churg-Strauss disease

4.3. Classification based on cellular composition of the infiltrate

i. Leukocytoclastic vasculitis (LCV): Neutrophils are predominant. Cellular fragments
and nuclear debris (leukocytoclasia) are found in the infiltrate.

• Polyarteritis nodosa

• Henoch-Schonlein purpura

• Vasculitis due to drugs, infections, and connective tissue diseases

• Erythema elevatum diutinum

• Granuloma faciale etc.

ii. Lymphocytic vasculitis:

• Lupus erythematosus

• Lymphoma

• Pityriasis lichenoides

iii. Eosinophilic vasculitis :

• Churg-Strauss vasculitis

iv. Granulomatous vasculitis :

• Wegener’s granulomatosis and Churg-Strauss

v. Giant cell arteritis:

• Temporal arteritis
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• Takayasu’s arteritis

4.4. Clinical classification

i. Systemic necrotizing vasculitis :

• Polyarteritis nodosa

◦ Classical

◦ Microscopic polyangiitis

◦ Allergic granulomatosis

◦ Polyangiitis overlap

• Wegener’s granulomatosis

ii. Giant cell vasculitis

• Temporal arteritis

• Takayasu’s disease

iii. Predominantly Cutaneous small vessel vasculitis :

a. Idiopathic

b. Secondary:

• Infection: ( Streptococcus, Staph, TB, Leprosy, Hep.B and C, HIV, Subacute
bacterial endocarditis, EBV, parvovirus, Rickettsia)

• Drugs: Penicillin, sulpha, phenytoin, allopurinol, gold, thiazide, NSAIDs,
Frusemide, quinidine, thiouracils, mefloquine

• Connective tissue disease (SLE, Sjogren’s syndrome, RA, Scleroderma,
Dermatomyositis )

• Malignancy (Lymphoma, leukemia, solid organ tumors )

• Other diseases: Cryoglobulinemia, complement deficiency, alpha1 antitryp‐
sin deficiency Inflammatory bowel disease, Chronic active hepatitis, intestinal
bypass surgery, primary biliary cirrhosis,Relapsing polychondritis

c. Clinical syndromes with leukocytoclastic vasculitis:

• Henoch-Schonlein purpura

• Urticarial vasculitis

• Serum sickness

• Erythema elevatum diutinum

• Granuloma faciale

Updates in the Diagnosis and Treatment of Vasculitis136

• Hyperimmunoglobulinemia D

• Acute hemorrhagic edema of children

• Familial Mediterranean fever.

iv. Other vasculitic syndromes:

• Behcet’s disease Buerger’s disease

• Kawasaki’s disease

• Isolated CNS vasculitis

• Cogan’s syndrome

5. Immunodiagnostic approach

Primary systemic vasculitides were reclassified based on ANCA serology, the presence of
immune deposits in situ, and the size of the vessels involved. WG, MPA and CSS were
subsumed in the group of ANCA‐associated vasculitides, which are characterized clinically
by a WG, CSS or non‐granulomatous MPA inflammation commonly involving the respiratory
tract and ear–nose–throat (ENT) region and by a necrotizing pauci‐immune (= no or minimal
immune deposits) vasculitis typically affecting small‐ to medium‐sized vessels.

ANCA are a heterogeneous group of autoantibodies that can be subdivided by indirect
immunofluorescence tests (IFTs) and by enzyme‐linked immunosorbent assays (ELISAs). IFTs
can distinguish two major fluorescence patterns on ethanol‐fixed human granulocytes: one of
these patterns, classic cANCA, is highly specific for WG, while the other, perinuclear pANCA,
is commonly seen in MPA (rarely in WG), but may be detected in a wide variety of other
autoimmune conditions (e.g. systemic lupus erythematosus, rheumatoid arthritis, Felty's
syndrome and chronic inflammatory bowel diseases with associated disorders).

The clinical utility of cANCA as a diagnostic marker for WG was recently confirmed in a large
prospective European study undertaken with sera from vasculitis patients (sensitivity 60%,
specificity 95%) [6]. However, when employed as a routine screening method for WG (defined
according to ACR criteria) in patients with suspected vasculitis, the sensitivity of cANCA in a
recent prospective single‐centre study on 346 consecutive patients was only 28% (specificity
for WG: 98%). The sensitivity rose to 83% if only biopsy‐proven WG was considered [7]. A
meta‐analysis of 15 studies comprising 13 652 patients (including 736 cases of WG) yielded a
pooled sensitivity of 66% and a specificity of 98% [8]. Taken together, these data show that the
value of cANCA testing is limited by a rather low sensitivity; the greatest utility of cANCA
testing may be in patients with suspected, but not yet proven, WG. This view is supported by
a recent analysis of ANCA results in a large routine laboratory (Regional Immunology
Laboratory, Belfast, UK). The overall positive predictive value for primary systemic vasculi‐
tides was 38% for all cANCA and only 20% for all pANCA. Specificity improved when only
antinuclear antibody (ANA)‐negative samples with a high ANCA titre were considered

Infectious Causes of Vasculitis
http://dx.doi.org/10.5772/55189

137



• Takayasu’s arteritis

4.4. Clinical classification

i. Systemic necrotizing vasculitis :

• Polyarteritis nodosa

◦ Classical

◦ Microscopic polyangiitis

◦ Allergic granulomatosis

◦ Polyangiitis overlap

• Wegener’s granulomatosis

ii. Giant cell vasculitis

• Temporal arteritis

• Takayasu’s disease

iii. Predominantly Cutaneous small vessel vasculitis :

a. Idiopathic

b. Secondary:

• Infection: ( Streptococcus, Staph, TB, Leprosy, Hep.B and C, HIV, Subacute
bacterial endocarditis, EBV, parvovirus, Rickettsia)

• Drugs: Penicillin, sulpha, phenytoin, allopurinol, gold, thiazide, NSAIDs,
Frusemide, quinidine, thiouracils, mefloquine

• Connective tissue disease (SLE, Sjogren’s syndrome, RA, Scleroderma,
Dermatomyositis )

• Malignancy (Lymphoma, leukemia, solid organ tumors )

• Other diseases: Cryoglobulinemia, complement deficiency, alpha1 antitryp‐
sin deficiency Inflammatory bowel disease, Chronic active hepatitis, intestinal
bypass surgery, primary biliary cirrhosis,Relapsing polychondritis

c. Clinical syndromes with leukocytoclastic vasculitis:

• Henoch-Schonlein purpura

• Urticarial vasculitis

• Serum sickness

• Erythema elevatum diutinum

• Granuloma faciale
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• Hyperimmunoglobulinemia D

• Acute hemorrhagic edema of children

• Familial Mediterranean fever.

iv. Other vasculitic syndromes:

• Behcet’s disease Buerger’s disease

• Kawasaki’s disease

• Isolated CNS vasculitis

• Cogan’s syndrome

5. Immunodiagnostic approach
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testing may be in patients with suspected, but not yet proven, WG. This view is supported by
a recent analysis of ANCA results in a large routine laboratory (Regional Immunology
Laboratory, Belfast, UK). The overall positive predictive value for primary systemic vasculi‐
tides was 38% for all cANCA and only 20% for all pANCA. Specificity improved when only
antinuclear antibody (ANA)‐negative samples with a high ANCA titre were considered
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(cANCA 90%, pANCA 60%) [9]. In most, but not all cases, titres correlated with disease activity.
Rising titres should alert the clinician to an increased risk of exacerbation, but are generally
not regarded as an indication for intensifying therapy [10].

ELISAs are used to specify further the target antigens of ANCA, namely proteinase 3 (PR3;
cANCA‐positive samples have a 99% specificity for WG), myeloperoxidase (MPO; 80%
specificity for MPA) [6], as well as less important target antigens such as cathepsin G, lacto‐
ferrin, lysozyme and human leucocyte elastase, which are not specific for any particular
vasculitic disorder. Whether anti‐bactericidal permeability increasing protein (BPI) ANCA
offer further diagnostic perspectives in vasculitis is still unclear [11-13].

So, ANCA are not specific for ANCA‐associated vasculitides and despite the high specificity
of cANCA/PR3‐ANCA for WG and of MPO‐pANCA for MPA, an increasing number of ‘false‐
positive’ PR3‐/MPO‐ANCA have been described [10]. More recently, we and others have
observed PR3‐ANCA in subacute bacterial endocarditis, a condition sometimes associated
with vasculitis [14]. Still, because ANCA test results are usually available before histological
analyses are completed, ANCA serology remains the most important tool in the diagnostic
repertoire for ANCA‐associated vasculitides, especially in seriously ill patients suspected of
having vasculitis. Under life‐threatening conditions, therefore, therapy should be commenced
based on clinical and serological findings! An overview of predominant immune phenomena
in systemic vasculitides associated with the hypersensitivity reaction types (and the serological
markers) is given in Table 2.

The incidence of ANCA in CSS is much lower than in WG and MPA, and their immunodiag‐
nostic significance is limited [6]. However, active CSS is characterized by increased eosinophils
in conjunction with strongly elevated IgE and eosinophil cationic protein values [15].

Furthermore, endothelial cell damage in active AAV is indicated by markedly increased serum
thrombomodulin (sTM) values [15]: in CSS, high levels of sTM correlate closely with the soluble
interleukin‐2 receptor, which has been shown to be a promising seromarker of disease activity
in WG [16].

Because intermittent infections are a major differential diagnostic problem in seriously ill AAV
patients (Table 3), a marker that distinguishes between the two conditions is urgently needed.
Procalcitonin was recently shown to be normal in active autoimmune rheumatic disorders, but
strongly elevated in concomitant bacterial infections and sepsis [17]. However, these findings
have yet to be confirmed [18].

6. The mycotic process in endocarditis

Infective endocarditis (IE) is defined as an infection of the endocardial surface of the heart,
which may include one or more heart valves, the mural endocardium, or a septal defect. Its
intracardiac effects include severe valvular insufficiency, which may lead to intractable
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congestive heart failure and myocardial abscesses. IE also produces a wide variety of systemic
signs and symptoms through several mechanisms, including both sterile and infected emboli
and various immunological phenomena [19-21].

IE develops most commonly on the mitral valve, closely followed in descending order of
frequency by the aortic valve, the combined mitral and aortic valve, the tricuspid valve, and,
rarely, the pulmonic valve. Mechanical prosthetic and bioprosthetic valves exhibit equal rates
of infection.

All cases of IE develop from a commonly shared process, as follows:

1. Bacteremia (nosocomial or spontaneous) that delivers the organisms to the surface of the
valve

aIn about 30% of patients MPO-ANCA or PR3-ANCA were detected.

bOr in the cryoprecipitates.

cIn particular in the respiratory tract.

Modified from [16].

Table 2. Differential diagnostic features of small vessel vasculitides
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congestive heart failure and myocardial abscesses. IE also produces a wide variety of systemic
signs and symptoms through several mechanisms, including both sterile and infected emboli
and various immunological phenomena [19-21].

IE develops most commonly on the mitral valve, closely followed in descending order of
frequency by the aortic valve, the combined mitral and aortic valve, the tricuspid valve, and,
rarely, the pulmonic valve. Mechanical prosthetic and bioprosthetic valves exhibit equal rates
of infection.

All cases of IE develop from a commonly shared process, as follows:
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2. Adherence of the organisms

3. Eventual invasion of the valvular leaflets

The common denominator for adherence and invasion is nonbacterial thrombotic endocarditis,
a sterile fibrin-platelet vegetation. The development of subacute IE depends on a bacterial
inoculum sufficient to allow invasion of the preexistent thrombus. This critical mass is the
result of bacterial clumping produced by agglutinating antibodies.

In acute IE, the thrombus may be produced by the invading organism (ie, S aureus) or by
valvular trauma from intravenous catheters or pacing wires (ie, NIE/HCIE). S aureus can
invade the endothelial cells (endotheliosis) and increase the expression of adhesion molecules
and of procoagulant activity on the cellular surface. Nonbacterial thrombotic endocarditis may
result from stress, renal failure, malnutrition, systemic lupus erythematosus, or neoplasia.

The Venturi effect also contributes to the development and location of nonbacterial thrombotic
endocarditis. This principle explains why bacteria and the fibrin-platelet thrombus are
deposited on the sides of the low-pressure sink that lies just beyond a narrowing or stenosis.

In patients with mitral insufficiency, bacteria and the fibrin-platelet thrombus are located on
the atrial surface of the valve. In patients with aortic insufficiency, they are located on the
ventricular side. In these examples, the atria and ventricles are the low-pressure sinks. In the
case of a ventricular septal defect, the low-pressure sink is the right ventricle and the thrombus
is found on the right side of the defect.

Nonbacterial thrombotic endocarditis may also form on the endocardium of the right ventricle,
opposite the orifice that has been damaged by the jet of blood flowing through the defect (ie,
the MacCallum patch).

GN, glomerulonephritis; Foc. segm. cresc, focal segmental crescentic; nd, not done; s., Streptococcus; n.i., not isolated;
cran., cranial; aneurysm., aneurysmatic; neg., negative; nd, not defined.

Reviewed and modified from [39].

Table 3. Summary of subacute bacterial endocarditis associated with PR3-ANCA
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The microorganisms that most commonly produce endocarditis (ie, S aureus; Streptococcus
viridans; group A, C, and G streptococci; enterococci) resist the bactericidal action of comple‐
ment and possess fibronectin receptors for the surface of the fibrin-platelet thrombus. Among
the many other characteristics of IE-producing bacteria demonstrated in vitro and in vivo,
some features include the following:

• Increased adherence to aortic valve leaflet disks by enterococci, S viridans, and S aureus

• Mucoid-producing strains of S aureus

• Dextran-producing strains of S viridans

• S viridans and enterococci that possess FimA surface adhesin

CMV, cytomegalovirus.

Table 4. Secondary vasculitides
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• Platelet aggregation by S aureus and S viridans and resistance of S aureus to platelet micro‐
bicidal proteins

Bacteremia (either spontaneous or due to an invasive procedure) infects the sterile fibrin-
platelet vegetation described above. BSIs develop from various extracardiac types of infection,
such as pneumonias or pyelonephritis, but most commonly from gingival disease. Of those
with high-grade gingivitis, 10% have recurrent transient bacteremias (usually streptococcal
species). Most cases of subacute disease are secondary to the bacteremias that develop from
the activities of daily living (eg, brushing teeth, bowel movements).

Bacteremia can result from various invasive procedures, ranging from oral surgery to sclero‐
therapy of esophageal varices to genitourinary surgeries to various abdominal operations. The
potential for invasive procedures to produce a bacteremia varies greatly. Procedures, rates,
and organisms are as follows:

• Endoscopy - Rate of 0-20%; coagulase-negative staphylococci (CoNS), streptococci, diph‐
theroids

• Colonoscopy - Rate of 0-20%; Escherichia coli, Bacteroides species

• Barium enema - Rate of 0-20%; enterococci, aerobic and anaerobic gram-negative rods

• Dental extractions - Rate of 40-100%; S viridans

• Transurethral resection of the prostate - Rate of 20-40%; coliforms, enterococci, S aureus

• Transesophageal echocardiography - Rate of 0-20%; S viridans, anaerobic organisms,
streptococci

Bacterial adherence to intravascular catheters depends on the response of the host to the
presence of this foreign body, the properties of the organism itself, and the position of the
catheter. Within a few days of insertion, a sleeve of fibrin and fibronectin is deposited on the
catheter. S aureus adheres to the fibrin component.

S aureus also produces an infection of the endothelial cells (endotheliosis), which is important
in producing the continuous bacteremia of S aureus BSIs. Endotheliosis may explain many
cases of persistent methicillin-susceptible S aureus (MSSA) and methicillin-resistant S aureus
(MRSA) catheter-related BSIs without an identifiable cause.

S aureus catheter-related BSIs occur even after an infected catheter is removed, apparently
attributable to specific virulence factors of certain strains of S aureus that invade the adjacent
endothelial cells. At some point, the staphylococci re-enter the bloodstream, resulting in
bacteremia [22].

Four days after placement, the risk of infection markedly increases. Lines positioned in the
internal jugular are more prone to infection than those placed in the subclavian vein. Coloni‐
zation of the intracutaneous tract is the most likely source of short-term catheter-related BSIs.
Among lines in place for more than 2 weeks, infection of the hub is the major source of
bacteremia. In some cases, the infusion itself may be a reservoir of infection.
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Colonization of heart valves by microorganisms is a complex process. Most transient bacter‐
emias are short-lived, are without consequence, and are often not preventable. Bacteria rarely
adhere to an endocardial nidus before the microorganisms are removed from the circulation
by various host defenses.

Once microorganisms do establish themselves on the surface of the vegetation, the process of
platelet aggregation and fibrin deposition accelerate at the site. As the bacteria multiply, they
are covered by ever-thickening layers of platelets and thrombin, which protect them from
neutrophils and other host defenses. Organisms deep in the vegetation hibernate because of
the paucity of available nutrients and are therefore less susceptible to bactericidal antimicro‐
bials that interfere with bacterial cell wall synthesis.

Complications of subacute endocarditis result from embolization, slowly progressive valvular
destruction, and various immunological mechanisms. The pathological picture of subacute IE
is marked by valvular vegetations in which bacteria colonies are present both on and below
the surface.

The cellular reaction in SBE is primarily that of mononuclear cells and lymphocytes, with few
polymorphonuclear cells. The surface of the valve beneath the vegetation shows few organ‐
isms. Proliferation of capillaries and fibroblasts is marked. Areas of healing are scattered
among areas of destruction. Over time, the healing process falls behind, and valvular insuffi‐
ciency develops secondary to perforation of the cusps and damage to the chordae tendineae.
Compared with acute disease, little extension of the infectious process occurs beyond the
valvular leaflets.

Levels of agglutinating and complement-fixing bactericidal antibodies and cryoglobulins are
markedly increased in patients with subacute endocarditis. Many of the extracardiac mani‐
festations of this form of the disease are due to circulating immune complexes. Among these
include glomerulonephritis, peripheral manifestations (eg, Osler nodes, Roth spots, subungual
hemorrhages), and, possibly, various musculoskeletal abnormalities. Janeway lesions usually
arise from infected microemboli.

The microscopic appearance of acute bacterial endocarditis differs markedly from that of
subacute disease. Vegetations that contain no fibroblasts develop rapidly, with no evidence of
repair. Large amounts of both polymorphonuclear leukocytes and organisms are present in
an ever-expanding area of necrosis. This process rapidly produces spontaneous rupture of the
leaflets, of the papillary muscles, and of the chordae tendineae.

The complications of acute bacterial endocarditis result from intracardiac disease and meta‐
static infection produced by suppurative emboli. Because of their shortened course, immuno‐
logical phenomena are not a part of acute IE.

W illiam Osler first used the term mycotic aneurysm in his 1885 Gulstonian Lecture series [23]
to refer to an aneurysm resulting from an infectious process of the arterial wall, although a
more accurate term might have been endovascular infection or infective vasculitis, because
mycotic aneurysms are not due to a fungal organism.
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Intracranial mycotic aneurysms (ICMAs) complicate about 2% to 3% of infective endocarditis
(IE) cases, although as many as 15% to 29% of patients with IE have neurologic symptoms
[24-26]. Of all intracerebral aneurysms, only 2% to 6% have an infectious etiology. Signs and
symptoms of mycotic aneurysms may be misleading during the early stages, resulting in
misdiagnosis and delays in treatment [27]. Early diagnosis of ICMA is the cornerstone of
effective treatment.

Mycotic aneurysms can be divided into 4 types: [1] embolic, secondary to bacterial endocarditis
(embolomycotic aneurysms); [2] extravascular, secondary to extension of contiguous infection
from a septic focus neighboring an artery; [3] cryptogenic or primary bacteremic; and [4] direct
contamination following arterial wall trauma, which may be postprocedural [28]. Aneurysms
can occur in the cerebral circulation, usually at points of vessel bifurcation, or in the systemic
circulation [29].

In IE-associated mycotic aneurysms, septic emboli are released from infected cardiac vegeta‐
tions. These tiny septic emboli occlude the vasa vasorum or entire arterial lumen, which leads
to damage to the muscular layer of the vessel. ICMA tend to occur in the more distal portions
of the middle cerebral artery, near the surface of the brain, involving the secondary and tertiary
branches. In contrast, berry aneurysms occur at proximal branch points in or near the circle of
Willis [26]. The outcome depends upon the anatomical location of the embolus, the causative
bacteria and associated virulence of the organism, underlying host defenses, and appropriate
antibiotic therapy. Mycotic aneurysms can decrease, increase, remain the same in size, or even
disappear during treatment for endocarditis [30].

Patients with bacterial intracranial aneurysms have variable neurological symptoms, and early
symptoms of infection may be subtle. In ICMA, patients may have symptoms ranging from
nonspecific, general complaints, including fever or headache, to neurological deficits or
catastrophic intracranial hemorrhage. Laboratory results are typically suggestive of an
underlying inflammatory process and may include leukocytosis, elevated erythrocyte
sedimentation rate and/or C-reactive protein concentration, and anemia. Blood cultures are
almost universally positive for microbial growth.

Computed tomographic angiography, magnetic resonance angiography (MRA), and catheter
angiography are used to study the size,  location, and morphology of intracranial  aneur‐
ysms. Aneurysms 5 mm in diameter or larger can be detected by CTA and MRA. Smaller
aneurysms are detected less reliably or detected in retrospect after comparison with cerebral
angiography.[31-33].  Cerebral  angiography  is  the  gold  standard  and  is  often  used  in
preoperative  assessment  and  in  determining  prognosis[34];  however,  it  is  not  routinely
recommended due to risk of  complications associated with it.  The size of  the aneurysm
during therapy can be safely and accurately monitored using CTA and MRA. In our patient,
CTA was selected as the diagnostic tool.

Treatment of ICMA is controversial, in that the appropriate patients for surgical intervention,
need for follow-up imaging, and most efficacious treatment are not well delineated in the
medical literature. The appropriate treatment always involves medical and sometimes surgical
therapies [35]. Moreover, there is no single uniformly accepted approach to the treatment of
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ICMA in IE. The aim of therapy is to cure the underlying infection and avoid complications
from the aneurysm. Some lesions will resolve with antibiotic therapy alone. The decision to
pursue surgical management is complex and involves a number of factors, including the
number, site, and anatomy of the aneurysm(s) and the comorbidities of the patient. Treatment
options for unruptured aneurysms include observation or surgical approaches, such as
craniotomy and clipping or endovascular coiling [36,37]. The surgical choice of treatment for
ICMA is controversial, patient-specific, and is generally beyond the scope of this article. Four-
to 6-week courses of pathogen-specific intravenous antibiotic are recommended. In addition,
medical therapy should include control of hypertension and seizures. Therapy should be
monitored with serial CTA or MRA, and surgical intervention is generally recommended for
enlarging aneurysms in accessible locations. Ruptured aneurysms are treated emergently with
surgery to prevent rebleeding if possible.

Staphylococcus aureus (~30%), Salmonella species (~15%), and less commonly viridans group
streptococci are some of the causitive organisms of mycotic aneurysms in the postantibiotic era [38].

Recent reports suggest Streptococcus pneumoniae, including penicillin-resistant strains, are re-
emerging as a cause of mycotic aneurysms [39]. Our patient was infected with Streptococcus
bovis, a gram-positive cocci classified as group D streptococci. Endocarditis is the most
significant clinical infection associated with S bovis, but bacteremia from enteric origins also
occurs. S bovis accounts for 2% to 6% of streptococcal bloodstream isolates from hospitalized
patients and for 2.4% to 25% of organisms associated with IE [40-44]. S bovis is a rare cause of
ICMA, however. Interestingly, S bovis endocarditis or bacteremia is associated with concom‐
itant undiagnosed gastrointestinal (GI) tumors in up to 56 % of patients [45]. GI diseases
associated with S bovis endocarditis include colonic cancers, gastric ulcers, gastric cancer,
duodenal ulcers, inflammatory bowel disease, colonic diverticula, angiodysplasia, and liver
cirrhosis [40,46-48]. Thus, any patient with S bovis bacteremia should undergo screening for
occult GI malignancy. Although our patient died before such screening could be completed,
he did have a family history of gastric cancer and a personal history of colon cancer.

7. Bacterial causes of vasculitis

Bacterial seeding of vessels may lead to necrosis through direct bacterial action. Vessels may
be seeded intraluminally at sites of endothelial injury or flow turbulence. Seeding of vasa
vasora may cause destruction of vessels from the outside in. An injury of a large vessel by this
mechanism is classically termed a “mycotic aneurysm.”

Contiguous spread from an infected site to a vessel may occur. Vessels may also be seeded
from within the lumen, as in subacute bacterial endocarditis in which septic emboli embed
within the wall of smaller vessels, causing a “mycotic” process via a luminal route. Immune
response to bacteria or to bacterial components may also lead to vasculitis, usually by immune-
complex–mediated mechanisms[24].

In subacute bacterial endocarditis, direct spread via septic emboli and immune complex injury
may occur.
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of the middle cerebral artery, near the surface of the brain, involving the secondary and tertiary
branches. In contrast, berry aneurysms occur at proximal branch points in or near the circle of
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antibiotic therapy. Mycotic aneurysms can decrease, increase, remain the same in size, or even
disappear during treatment for endocarditis [30].

Patients with bacterial intracranial aneurysms have variable neurological symptoms, and early
symptoms of infection may be subtle. In ICMA, patients may have symptoms ranging from
nonspecific, general complaints, including fever or headache, to neurological deficits or
catastrophic intracranial hemorrhage. Laboratory results are typically suggestive of an
underlying inflammatory process and may include leukocytosis, elevated erythrocyte
sedimentation rate and/or C-reactive protein concentration, and anemia. Blood cultures are
almost universally positive for microbial growth.

Computed tomographic angiography, magnetic resonance angiography (MRA), and catheter
angiography are used to study the size,  location, and morphology of intracranial  aneur‐
ysms. Aneurysms 5 mm in diameter or larger can be detected by CTA and MRA. Smaller
aneurysms are detected less reliably or detected in retrospect after comparison with cerebral
angiography.[31-33].  Cerebral  angiography  is  the  gold  standard  and  is  often  used  in
preoperative  assessment  and  in  determining  prognosis[34];  however,  it  is  not  routinely
recommended due to risk of  complications associated with it.  The size of  the aneurysm
during therapy can be safely and accurately monitored using CTA and MRA. In our patient,
CTA was selected as the diagnostic tool.

Treatment of ICMA is controversial, in that the appropriate patients for surgical intervention,
need for follow-up imaging, and most efficacious treatment are not well delineated in the
medical literature. The appropriate treatment always involves medical and sometimes surgical
therapies [35]. Moreover, there is no single uniformly accepted approach to the treatment of
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ICMA in IE. The aim of therapy is to cure the underlying infection and avoid complications
from the aneurysm. Some lesions will resolve with antibiotic therapy alone. The decision to
pursue surgical management is complex and involves a number of factors, including the
number, site, and anatomy of the aneurysm(s) and the comorbidities of the patient. Treatment
options for unruptured aneurysms include observation or surgical approaches, such as
craniotomy and clipping or endovascular coiling [36,37]. The surgical choice of treatment for
ICMA is controversial, patient-specific, and is generally beyond the scope of this article. Four-
to 6-week courses of pathogen-specific intravenous antibiotic are recommended. In addition,
medical therapy should include control of hypertension and seizures. Therapy should be
monitored with serial CTA or MRA, and surgical intervention is generally recommended for
enlarging aneurysms in accessible locations. Ruptured aneurysms are treated emergently with
surgery to prevent rebleeding if possible.

Staphylococcus aureus (~30%), Salmonella species (~15%), and less commonly viridans group
streptococci are some of the causitive organisms of mycotic aneurysms in the postantibiotic era [38].

Recent reports suggest Streptococcus pneumoniae, including penicillin-resistant strains, are re-
emerging as a cause of mycotic aneurysms [39]. Our patient was infected with Streptococcus
bovis, a gram-positive cocci classified as group D streptococci. Endocarditis is the most
significant clinical infection associated with S bovis, but bacteremia from enteric origins also
occurs. S bovis accounts for 2% to 6% of streptococcal bloodstream isolates from hospitalized
patients and for 2.4% to 25% of organisms associated with IE [40-44]. S bovis is a rare cause of
ICMA, however. Interestingly, S bovis endocarditis or bacteremia is associated with concom‐
itant undiagnosed gastrointestinal (GI) tumors in up to 56 % of patients [45]. GI diseases
associated with S bovis endocarditis include colonic cancers, gastric ulcers, gastric cancer,
duodenal ulcers, inflammatory bowel disease, colonic diverticula, angiodysplasia, and liver
cirrhosis [40,46-48]. Thus, any patient with S bovis bacteremia should undergo screening for
occult GI malignancy. Although our patient died before such screening could be completed,
he did have a family history of gastric cancer and a personal history of colon cancer.

7. Bacterial causes of vasculitis

Bacterial seeding of vessels may lead to necrosis through direct bacterial action. Vessels may
be seeded intraluminally at sites of endothelial injury or flow turbulence. Seeding of vasa
vasora may cause destruction of vessels from the outside in. An injury of a large vessel by this
mechanism is classically termed a “mycotic aneurysm.”

Contiguous spread from an infected site to a vessel may occur. Vessels may also be seeded
from within the lumen, as in subacute bacterial endocarditis in which septic emboli embed
within the wall of smaller vessels, causing a “mycotic” process via a luminal route. Immune
response to bacteria or to bacterial components may also lead to vasculitis, usually by immune-
complex–mediated mechanisms[24].

In subacute bacterial endocarditis, direct spread via septic emboli and immune complex injury
may occur.
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Patients may present with evidence of elevated acutephase reactants, fever, malaise, myalgia,
arthralgia, Osler’s nodes, Janeway lesions, and septic infarcts [49,50].

Staphylococcus and streptococcus infections are common causes. Gram-negative organisms,
other gram-positive cocci, fungi, and parasites may be causative as well, and their occurrence
depends on the clinical setting [51-57].

Mycotic aneurysms resulting from septic emboli are common with staphylococcus, streptococ‐
cus, and Salmonella species [58-60]. Patients with subacute infections may develop cryoglobu‐
lins [61-63]. Bacteremia may present as leukocytoclastic vasculitis [64, 65]. Small-vessel vasculitis
may be associated with post-streptococcal infection, distinct from endocarditis [66, 67].

The Rickettsiae are a group of obligate intracellular bacteria with tropism for vascular endo‐
thelium [68]. Infection results in widespread microvascular leak, local thrombosis, and
ultimately multisystem failure if untreated. [69, 70].

Treponema pallidum and borrelia burgdorferi are also rare causes of infectious vasculitis
[71].

In the lung, necrosis of vessels may occur from septic emboli or from contiguous spread in
primary pneumonias. In the latter setting, Pseudomonas aeruginosa and Legionella pneumophila
often cause direct necrosis via contiguous spread [72]. The presentation, however, is that of
pneumonia.

Mycobacterial or fungal pulmonary infections may mimic Wegener’s granulomatosis or
Churg-Strauss vasculitis in eliciting a granulomatous reaction in vessels [73].

Spread of Mycobacterium tuberculosis to the aorta may be seen as a cause of tuberculous aortitis,
coronary arteritis, and mycotic aneurysm [74-76]. Aspergillus aeruginosa, Aspergillus fumiga‐
tus, and Mucor may be characterized by direct vessel invasion and necrosis [59, 77, 78]
Coccidioides immitis meningitis may be associated with vasculitis that can be confused with
central nervous system

Angeitis [79, 80]. Coccidioides immitis may also present as an immune-complex–mediated
disease with erythema nodosum, periarthritis predominantly of the ankles, and bihilar
lymphadenopathy [81, 82]. This presentation is often confused with Löfgren’s syndrome of
sarcoidosis. While sarcoidosis as a cause of Löfgren’s syndrome is more prevalent in eastern
United States populations, Coccidioides immitis is a more likely cause of a Löfgren’s-like
presentation in the western United States.

Neisseria species may be associated with small-vessel vasculitis. In Neisseria gonorrhea infection,
cutaneous papules vesiculate, then becomes necrotic [83]. In N meningitides infections,
vasculitis may manifest in the skin and gastrointestinal tract with the endothelium showing
necrosis and thrombosis [84-86]. In immunocompromised hosts, Pseudomonas aeruginosa and
other gram-negative organisms can present as a large 1- to 5-cm macular erythema that
develops central necrosis and peripheral edema and induration—a condition termed “ecthyma
gangrenosum.” Vessel thrombosis results from direct bacterial invasion of the vessels. Similar
lesions may be seen in immunocompromised patients with disseminated Pseudomonas,
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Nocardia, Aspergillus, Mucor, Curvularia, Pseudallescheria, Fusarium, Morganella, Metarrhizium,
Xanthomonas, Klebsiella, E coli, and Aeromonas infections.[87-99].

Before AIDS, syphilis was the infectious agent known as the “great imposter,” presenting as
large- or medium size vessel disease (aortitis or coronary arteries) or as the small-vessel rash
of secondary lues. Aortic aneurysms were insidious in clinical presentation. Treponema
pallidum spirochetes were rarely detected in fibrosed and scarred vessels [100-102]. At least
briefly, Borrelia burgdorferi, the causative agent of Lyme disease, was known as an “imposter.”
Vasculitic changes may be seen in the central nervous system, retina, and temporal arteries
[103-116].

8. Viral causes of vasculitis

Our knowledge of viral pathogenesis has exploded in the last quarter of the twentieth century,
accelerated in large part by epidemics of “emerging” viral diseases. Hepatitis C virus,
discovered in 1989, has worldwide prevalence [25]. The10- to 20-year latent period before
hepatic or rheumatic manifestations of disease explains the increasing number of cases of
hepatitis C virus–mediated vasculitis currently being seen in the United States following the
epidemic of new infections in the 1980s [26]. Prior to the discovery and characterization of
hepatitis C virus in the late 1980s, the triad of arthritis, palpable purpura, and type II cryoglo‐
bulinemia was given the sobriquet “essential mixed cryoglobulinemia” and considered an
idiopathic vasculitis.

Availability of diagnostic testing for hepatitis C virus demonstrated that almost all of these
cases were associated with hepatitis C virus infection. Immune response to the virus elicits a
response to the Fc portion of immunoglobulin with the majority of elicited antibody having
the Wa idiotype [27,28].

Immune complexes of anti–Fc Wa idiotypic antibody and pre-existing antibody, and virus
have the peculiar physical property of precipitating out of solution in the cold (“cryoglobu‐
lins”). Presumably, Wa idiotype recognizes a cross-reactive epitope found on hepatitis C virus
and immunoglobulin. Extremities and skin are sufficiently cold so as to explain a predilection
for small-vessel leukocytoclastic vasculitis of the skin; gravity enhances vascular injury in
dependent distal vessels, giving rise to palpable purpura predominantly in the lower extrem‐
ities. More severe cases may manifest visceral organ involvement including membranoproli‐
ferative glomerulonephritis and bowel involvement. Small- and mediumsized arteries may be
involved as well, especially in the kidneys.

Hepatitis B virus (HBV) infection provides the classic example of virally mediated immune
complex disease. A lymphocytic venulitis or neutrophilic vasculitis of small vessels with
leukocytoclastic or fibrinoid changes presents typically as an “urticaria-arthritis syndrome.”[29].

Immune complexes of hepatitis B virus surface antigen (HBsAg) and antibodies to hepati‐
tis B virus surface antigen (HBsAb) circulate in the blood and are found deposited in vessels
in association with complement [30, 31]. The long latency period of HBV allows time for an
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Patients may present with evidence of elevated acutephase reactants, fever, malaise, myalgia,
arthralgia, Osler’s nodes, Janeway lesions, and septic infarcts [49,50].

Staphylococcus and streptococcus infections are common causes. Gram-negative organisms,
other gram-positive cocci, fungi, and parasites may be causative as well, and their occurrence
depends on the clinical setting [51-57].

Mycotic aneurysms resulting from septic emboli are common with staphylococcus, streptococ‐
cus, and Salmonella species [58-60]. Patients with subacute infections may develop cryoglobu‐
lins [61-63]. Bacteremia may present as leukocytoclastic vasculitis [64, 65]. Small-vessel vasculitis
may be associated with post-streptococcal infection, distinct from endocarditis [66, 67].

The Rickettsiae are a group of obligate intracellular bacteria with tropism for vascular endo‐
thelium [68]. Infection results in widespread microvascular leak, local thrombosis, and
ultimately multisystem failure if untreated. [69, 70].

Treponema pallidum and borrelia burgdorferi are also rare causes of infectious vasculitis
[71].

In the lung, necrosis of vessels may occur from septic emboli or from contiguous spread in
primary pneumonias. In the latter setting, Pseudomonas aeruginosa and Legionella pneumophila
often cause direct necrosis via contiguous spread [72]. The presentation, however, is that of
pneumonia.

Mycobacterial or fungal pulmonary infections may mimic Wegener’s granulomatosis or
Churg-Strauss vasculitis in eliciting a granulomatous reaction in vessels [73].

Spread of Mycobacterium tuberculosis to the aorta may be seen as a cause of tuberculous aortitis,
coronary arteritis, and mycotic aneurysm [74-76]. Aspergillus aeruginosa, Aspergillus fumiga‐
tus, and Mucor may be characterized by direct vessel invasion and necrosis [59, 77, 78]
Coccidioides immitis meningitis may be associated with vasculitis that can be confused with
central nervous system

Angeitis [79, 80]. Coccidioides immitis may also present as an immune-complex–mediated
disease with erythema nodosum, periarthritis predominantly of the ankles, and bihilar
lymphadenopathy [81, 82]. This presentation is often confused with Löfgren’s syndrome of
sarcoidosis. While sarcoidosis as a cause of Löfgren’s syndrome is more prevalent in eastern
United States populations, Coccidioides immitis is a more likely cause of a Löfgren’s-like
presentation in the western United States.

Neisseria species may be associated with small-vessel vasculitis. In Neisseria gonorrhea infection,
cutaneous papules vesiculate, then becomes necrotic [83]. In N meningitides infections,
vasculitis may manifest in the skin and gastrointestinal tract with the endothelium showing
necrosis and thrombosis [84-86]. In immunocompromised hosts, Pseudomonas aeruginosa and
other gram-negative organisms can present as a large 1- to 5-cm macular erythema that
develops central necrosis and peripheral edema and induration—a condition termed “ecthyma
gangrenosum.” Vessel thrombosis results from direct bacterial invasion of the vessels. Similar
lesions may be seen in immunocompromised patients with disseminated Pseudomonas,
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Nocardia, Aspergillus, Mucor, Curvularia, Pseudallescheria, Fusarium, Morganella, Metarrhizium,
Xanthomonas, Klebsiella, E coli, and Aeromonas infections.[87-99].

Before AIDS, syphilis was the infectious agent known as the “great imposter,” presenting as
large- or medium size vessel disease (aortitis or coronary arteries) or as the small-vessel rash
of secondary lues. Aortic aneurysms were insidious in clinical presentation. Treponema
pallidum spirochetes were rarely detected in fibrosed and scarred vessels [100-102]. At least
briefly, Borrelia burgdorferi, the causative agent of Lyme disease, was known as an “imposter.”
Vasculitic changes may be seen in the central nervous system, retina, and temporal arteries
[103-116].

8. Viral causes of vasculitis

Our knowledge of viral pathogenesis has exploded in the last quarter of the twentieth century,
accelerated in large part by epidemics of “emerging” viral diseases. Hepatitis C virus,
discovered in 1989, has worldwide prevalence [25]. The10- to 20-year latent period before
hepatic or rheumatic manifestations of disease explains the increasing number of cases of
hepatitis C virus–mediated vasculitis currently being seen in the United States following the
epidemic of new infections in the 1980s [26]. Prior to the discovery and characterization of
hepatitis C virus in the late 1980s, the triad of arthritis, palpable purpura, and type II cryoglo‐
bulinemia was given the sobriquet “essential mixed cryoglobulinemia” and considered an
idiopathic vasculitis.

Availability of diagnostic testing for hepatitis C virus demonstrated that almost all of these
cases were associated with hepatitis C virus infection. Immune response to the virus elicits a
response to the Fc portion of immunoglobulin with the majority of elicited antibody having
the Wa idiotype [27,28].

Immune complexes of anti–Fc Wa idiotypic antibody and pre-existing antibody, and virus
have the peculiar physical property of precipitating out of solution in the cold (“cryoglobu‐
lins”). Presumably, Wa idiotype recognizes a cross-reactive epitope found on hepatitis C virus
and immunoglobulin. Extremities and skin are sufficiently cold so as to explain a predilection
for small-vessel leukocytoclastic vasculitis of the skin; gravity enhances vascular injury in
dependent distal vessels, giving rise to palpable purpura predominantly in the lower extrem‐
ities. More severe cases may manifest visceral organ involvement including membranoproli‐
ferative glomerulonephritis and bowel involvement. Small- and mediumsized arteries may be
involved as well, especially in the kidneys.

Hepatitis B virus (HBV) infection provides the classic example of virally mediated immune
complex disease. A lymphocytic venulitis or neutrophilic vasculitis of small vessels with
leukocytoclastic or fibrinoid changes presents typically as an “urticaria-arthritis syndrome.”[29].

Immune complexes of hepatitis B virus surface antigen (HBsAg) and antibodies to hepati‐
tis B virus surface antigen (HBsAb) circulate in the blood and are found deposited in vessels
in association with complement [30, 31]. The long latency period of HBV allows time for an
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immune  response  to  occur.  Viral  replication  increases  HBsAg  load,  and  is  temporally
associated with jaundice [32]. The immune complexes eventually no longer form in antigen
excess, and the serum sickness-like illness resolves. HBV has also been associated with large-
vessel  polyarteritis  nodosa-like illness  [33].  Onset  is  early  in  the course of  chronic  HBV
hepatitis.

Immune complexes containing HBsAg, HBsAb, and complement are found in the vessel wall
[34]. The determinants of small vessel versus larger vessel disease in the two syndromes of
HBV infection are unknown.

Human immunodeficiency virus (HIV) patients may present with a variety of vasculitides.
However, it is difficult to specifically attribute the various vasculitides seen to HIV because of
frequent co-infections with other agents that may cause vasculitis in the absence of HIV
infection.

Human T lymphotropic virus l infection may cause retinal, cutaneous, or central nervous
system vasculitis [35-38].

The herpesviruses (cytomegalovirus, varicella-zoster, herpes simplex viruses 1 and 2, and
herpes hominis) may be associated with retinal vasculitis in immunocompromised patients
[39-45]. Varicella-zoster may also cause a diffuse central nervous system small arterial
granulomatous vasculitis, or a small- and/or large-artery vasculopathy [46-48, 117]. Herpes
simplex viruses 1 and 2 have been associated with cutaneous vasculitis and necrotizing arteritis
of small and medium vessels [118-120]. Epstein-Barr virus has been suggested as a cause of
both small- and large-vessel disease in a number of cases and short series [121-126]. However,
the ability to demonstrate causality in many instances is made all the more difficult by the
latency of herpesvirus infection.

Varicella zoster virus and CMV have been as well implicated in the etiopathogenesis of various
vasculitides via numerous and overlapping mechanisms including direct microbial invasion
of endothelial cells, immune complex mediated vessel wall damage and stimulation of
autoreactive B and/or T cells through molecular mimicry and superantigens [71].

Vasculitis following varicella-herpes zoster infection occasionally develops in the form of a
central neurological deficiency (locomotor deficiency with or without aphasia around one
month after an ophthalmologic herpes zoster) or involving the retina or, more rarely, the skin
or the kidneys. Vasculitis associated with cytomegaloviral infection,predominantly observed
in immunodepressed patients, is diffuse and basically involving the digestive tube, notably
the colon, the central nervous system and the skin [127].

Parvovirus B19 has been suggested as the causative agent of Wegener’s granulomatosis and
polyarteritis nodosa in a number of cases and short series [128-133]. However, the issue of
latency and the failure to eliminate B19 from pooled blood products provides a cautionary
note when considering causality [134-137]. Rare cases of vasculitis have similarly been reported
following rubella virus, adenovirus, echovirus, coxsackievirus, parainfluenza virus, herpes
simplex viruses, and hepatitis A virus infections [23, 138-148].
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Ziegler et al demonstrated the presence of vasculitis in infected falcons by the West Nile virus.
West Nile virus (WNV) is a zoonotic flavivirus that is transmitted by blood-suckling mosqui‐
toes with birds serving as the primary vertebrate reservoir hosts (enzootic cycle). Some bird
species like ravens, raptors and jays are highly susceptible and develop deadly encephalitis
while others are infected subclinically only. Pathological findings in infected birds consistently
included splenomegaly, non-suppurative myocarditis, meningoencephalitis and vasculitis. By
immunohistochemistry WNV-antigens were demonstrated intralesionally. These results
impressively illustrate the devastating and possibly deadly effects of WNV infection in falcons,
independent of the genetic lineage and dose of the challenge virus used. Due to the relatively
high virus load and long duration of viremia falcons may also be considered competent WNV
amplifying hosts, and thus may play a role in the transmission cycle of this zoonotic virus.

Rare cases of vasculitis have similarly been reported following rubella virus, adenovirus,
echovirus, coxsackievirus, parainfluenza virus, herpes simplex viruses, and hepatitis A virus
infections [23, 138-148].

9. Parasitic causes of vasculitis

Toxocara canis presented in an adolescent as palpable purpura with additional features
suggesting Henoch-Schönlein purpura [149]. Cysticercus has caused vasculitis and arachnoi‐
ditis as it infects the central nervous system [150] Angiostrongylus nematodes apparently
caused a Wegener’s granulomatosis-like pulmonary angiitis [151]. Loa loa, a filarial parasite,
presented with cutaneous leukocytoclastic vasculitis
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immune  response  to  occur.  Viral  replication  increases  HBsAg  load,  and  is  temporally
associated with jaundice [32]. The immune complexes eventually no longer form in antigen
excess, and the serum sickness-like illness resolves. HBV has also been associated with large-
vessel  polyarteritis  nodosa-like illness  [33].  Onset  is  early  in  the course of  chronic  HBV
hepatitis.

Immune complexes containing HBsAg, HBsAb, and complement are found in the vessel wall
[34]. The determinants of small vessel versus larger vessel disease in the two syndromes of
HBV infection are unknown.

Human immunodeficiency virus (HIV) patients may present with a variety of vasculitides.
However, it is difficult to specifically attribute the various vasculitides seen to HIV because of
frequent co-infections with other agents that may cause vasculitis in the absence of HIV
infection.

Human T lymphotropic virus l infection may cause retinal, cutaneous, or central nervous
system vasculitis [35-38].

The herpesviruses (cytomegalovirus, varicella-zoster, herpes simplex viruses 1 and 2, and
herpes hominis) may be associated with retinal vasculitis in immunocompromised patients
[39-45]. Varicella-zoster may also cause a diffuse central nervous system small arterial
granulomatous vasculitis, or a small- and/or large-artery vasculopathy [46-48, 117]. Herpes
simplex viruses 1 and 2 have been associated with cutaneous vasculitis and necrotizing arteritis
of small and medium vessels [118-120]. Epstein-Barr virus has been suggested as a cause of
both small- and large-vessel disease in a number of cases and short series [121-126]. However,
the ability to demonstrate causality in many instances is made all the more difficult by the
latency of herpesvirus infection.

Varicella zoster virus and CMV have been as well implicated in the etiopathogenesis of various
vasculitides via numerous and overlapping mechanisms including direct microbial invasion
of endothelial cells, immune complex mediated vessel wall damage and stimulation of
autoreactive B and/or T cells through molecular mimicry and superantigens [71].

Vasculitis following varicella-herpes zoster infection occasionally develops in the form of a
central neurological deficiency (locomotor deficiency with or without aphasia around one
month after an ophthalmologic herpes zoster) or involving the retina or, more rarely, the skin
or the kidneys. Vasculitis associated with cytomegaloviral infection,predominantly observed
in immunodepressed patients, is diffuse and basically involving the digestive tube, notably
the colon, the central nervous system and the skin [127].

Parvovirus B19 has been suggested as the causative agent of Wegener’s granulomatosis and
polyarteritis nodosa in a number of cases and short series [128-133]. However, the issue of
latency and the failure to eliminate B19 from pooled blood products provides a cautionary
note when considering causality [134-137]. Rare cases of vasculitis have similarly been reported
following rubella virus, adenovirus, echovirus, coxsackievirus, parainfluenza virus, herpes
simplex viruses, and hepatitis A virus infections [23, 138-148].
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Ziegler et al demonstrated the presence of vasculitis in infected falcons by the West Nile virus.
West Nile virus (WNV) is a zoonotic flavivirus that is transmitted by blood-suckling mosqui‐
toes with birds serving as the primary vertebrate reservoir hosts (enzootic cycle). Some bird
species like ravens, raptors and jays are highly susceptible and develop deadly encephalitis
while others are infected subclinically only. Pathological findings in infected birds consistently
included splenomegaly, non-suppurative myocarditis, meningoencephalitis and vasculitis. By
immunohistochemistry WNV-antigens were demonstrated intralesionally. These results
impressively illustrate the devastating and possibly deadly effects of WNV infection in falcons,
independent of the genetic lineage and dose of the challenge virus used. Due to the relatively
high virus load and long duration of viremia falcons may also be considered competent WNV
amplifying hosts, and thus may play a role in the transmission cycle of this zoonotic virus.

Rare cases of vasculitis have similarly been reported following rubella virus, adenovirus,
echovirus, coxsackievirus, parainfluenza virus, herpes simplex viruses, and hepatitis A virus
infections [23, 138-148].

9. Parasitic causes of vasculitis

Toxocara canis presented in an adolescent as palpable purpura with additional features
suggesting Henoch-Schönlein purpura [149]. Cysticercus has caused vasculitis and arachnoi‐
ditis as it infects the central nervous system [150] Angiostrongylus nematodes apparently
caused a Wegener’s granulomatosis-like pulmonary angiitis [151]. Loa loa, a filarial parasite,
presented with cutaneous leukocytoclastic vasculitis
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1. Introduction

Vessels and the vascular endothelium are involved in the pathogenesis of inflammatory
rheumatic diseases a family of related disorders that include rheumatoid arthritis (RA),
systemic lupus erythematosus (SLE) and systemic sclerosis (SSc). In these conditions vascular
involvement is very important. This chapter aims to give an overview of the prevalence of the
different forms of vasculopathy/vasculitis that can be encountered in the RA, SLE and SSc
patients, describe their pathogenesis, and address their impact on disease severity and
outcome. All of these rheumatic diseases involve some level of underlying vasculitis.

SSc is a connective tissue disease characterized by fibrosis and vasculopathy involving
multiple organ systems. Many clinical complications of SSc are due to dysfunction of vascular
beds throughout the body. Involvement of the microvasculature leads to cutaneous and
mucosal telangiectasias, digital ulcers, and tissue ischemia. If medium-sized blood vessels are
involved, manifestations include gangrene, digital loss, renal crisis, and pulmonary arterial
hypertension. While occlusive vasculopathy is a well-recognized feature of SSc, less is known
about the occurrence and the consequences of frank vascular inflammation. Albeit rare, typical
vasculitis with inflammatory infiltrates damaging blood vessels has been reported in patients
with systemic sclerosis. The distinction between SSc vasculopathy and SSc-associated vascu‐
litis can be difficult to make based on clinical presentation alone, but knowledge of the
underlying pathogenesis and histopathology can be very helpful. In the current pathogenic
model of SSc, a vascular injury of unknown cause leads to endothelial apoptosis and initiates
the process of SSc vasculopathy. Continuous endothelial dysfunction likely contributes to
activation of adventitial fibroblasts with resultant intimal proliferation, eventual luminal
narrowing, and tissue hypoxia. Histopathology of SSc vasculopathy reflects the underlying
pathogenesis, with myofibroblast proliferation and matrix deposit in the subendothelial layer
leading to obliterative thickening of vessel walls. Inflammatory infiltrates are absent, and the
internal elastic lamina remains intact. In contrast to vasculopathy, concurrent vasculitis in SSc
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shows histopathologic evidence of inflammation, with presence of mononuclear infiltrates and
destruction of the vascular wall. However, vasculitis is known to occur even in the setting of
a disease predisposing towards vasculopathy, and histology is required to distinguish the two
pathogenic processes.

SLE is a connective tissue autoimmune disease, where vasculopathy is one of the typical
symptoms. It is reported in 10-40% of patients. It occurs more often in women (80%) than in
men and may precede the development of a full-blown SLE. The differentiation of the type of
vascular complications is very difficult, sometimes impossible, and requires an in-depth
immune, histopathologic and imaging diagnostic approaches, and extensive clinical experi‐
ence. It may play a key role in the choice of treatment strategy and prediction of the patient
prognosis. Therefore, the awareness of the etiology, pathophysiology, the clinical and histo‐
pathogical setting, and SLE associated vascular complications is of great clinical significance.
Vascular lesions in SLE are commonly known as the lupus vasculopathy; a typical lupus
vasculitis with inflammatory and vascular wall necrosis and a thrombus in the lumen of
affected artery occurs less often. SLE-associated vasculitis may present different clinical
courses. The broad spectrum of symptoms includes mild forms affecting only cutaneous
vessels, and also severe, catastrophic forms, with organ complications development, and
vasculitis within the internal organs. Lupus vasculopathy is usually seen in cutaneous vessels,
in renal glomeruli, coronary and brain vessels, the brain, lung alveoli and less often in the
gastrointestinal tract. It has to be stressed that cutaneous lupus vasculopathy in systemic lupus
erythematosus occurs most often, and is reported in 94% of patients with lupus vasculitis.

Systemic rheumatoid vasculitis is a multisystem autoimmune inflammatory condition of small
and medium-sized vessels that typically affects a subset of patients with longstanding
seropositive RA and alters the course and prognosis of the disease. Mortality rates are high,
with significant morbidity. Systemic rheumatoid vasculitis refers to patients with rheumatoid
arthritis, a chronic disease with painful inflammation of the joints, who also develop inflam‐
matory disease in small and medium-sized blood vessels. The reason why systemic rheuma‐
toid vasculitis develops in some RA patients and not others is not clear. Genetic factors may
be involved. Viral infections and drug reactions have been suggested as causes of systemic
rheumatoid vasculitis. The blood vessels most often involved are arteries that bring blood to
the skin, nerves, and internal organs. Veins can also be involved. When systemic rheumatoid
vasculitis involves the small arteries and veins that nourish the skin of the fingertips and skin
around the nails, small pits in the fingertips or small sores causing pain and redness around
the nails can occur. Involvement of somewhat larger arteries and veins of the skin can cause a
painful red rash that often involves the legs. If the skin is very inflamed, ulcers can occur and
infection becomes a complicating risk. Systemic rheumatoid vasculitis that injures the nerves
can cause loss of sensation, numbness and tingling, or potentially weakness or loss of function
of the hands and/or feet. The rare systemic rheumatoid vasculitis of larger arteries can cause
complete absence of blood flow to tissue sites supplied by the affected vessel (termed occlusion,
resulting in infarction), which can cause gangrene of fingers or toes, stomach pain, cough, chest
pain, heart attack, and/or a stroke if the brain is involved. This form of systemic rheumatoid
vasculitis can also be accompanied by general symptoms such as fever, loss of appetite, weight
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loss, and loss of energy. Higher titers of rheumatoid factors, antibodies to cyclic citrullinated
peptides (anti CCP), and circulating immune complexes with lower C4 levels are detected in
the sera of patients with RA and vasculitis, compared with patients with RA only. Deposition
of rheumatoid factor-containing immune complexes likely contributes to vessel inflammation
and damage through binding to cell surface Fc receptors, activation of the complement cascade,
and release of proinflammatory cytokines.

2. Systemic sclerosis (SSc)

2.1. SSc vasculopathy

SSc is a connective tissue disease characterized by fibrosis and vasculopathy involving
multiple organ systems. Classification into diffuse or limited cutaneous forms depends on the
extent of skin thickening, with the former affecting areas proximal to the elbows or knees, and
the latter limited to the face and distal extremities [1]. Systemic sclerosis (scleroderma) has two
very different subsets: limited scleroderma and diffuse scleroderma. These can be identified
by differences in clinical findings and by the temporal relationship to vasospasm. Limited
scleroderma is so named because skin involvement is limited to the hands and face. Limited
SSc is characterized by calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclero‐
dactyly, and telangiectasia (CREST syndrome). The most common cause of death in limited
scleroderma is pulmonary hypertension or pulmonary fibrosis. Because Raynaud’s phenom‐
enon is a near universal prodrome, there are long-standing suggestions that the initial event
in limited SSc may affect the vasculature [2]. Even in localized SSc, which has fewer systemic
features, Raynaud’s progresses to peripheral ischemia with digital ulceration and loss of
fingers [3]. Although the vasospasm associated with Raynaud’s phenomenon may be prodro‐
mal, it is not itself a sufficient cause of the disease because symptoms of vasospasm can precede
diagnosis of limited SSc by many years, and the incidence of SSc in the population of people
with Raynaud’s phenomenon is very low [4]. Diffuse SSc appears with a much wider extent
of skin involvement. Patients with diffuse SSc are prone to kidney crisis and pulmonary
fibrosis. These patients develop Raynaud’s phenomenon within 1 year of onset of symptoms
but they tend to not have it as a prodrome. Both limited and diffuse SSc patients have ischemic
changes in their digits (80%–95% have Raynaud’s phenomenon), some with ulcers, gangrene,
and loss of fingers [3]. Many clinical complications of SSc are due to dysfunction of vascular
beds throughout the body. Involvement of the microvasculature leads to cutaneous and
mucosal telangiectasias, digital ulcers, and tissue ischemia. If medium-sized blood vessels are
involved, manifestations include gangrene, digital loss, renal crisis, and pulmonary arterial
hypertension [5]. While occlusive vasculopathy is a well-recognized feature of SSc, less is
known about the occurrence and the consequences of frank vascular inflammation. The
distinction between SSc vasculopathy and vasculitis can be difficult to make based on clinical
presentation alone, but knowledge of the underlying pathogenesis and histopathology can be
very helpful. In the current pathogenic model of SSc, a vascular injury of unknown cause leads
to endothelial apoptosis and initiates the process of SSc vasculopathy. Autoantibodies,
reperfusion injury, infection, and defects in vascular repair have all been implicated as possible

Vasculitis and Vasculopathy in Rheumatic Diseases
http://dx.doi.org/10.5772/55056

163



shows histopathologic evidence of inflammation, with presence of mononuclear infiltrates and
destruction of the vascular wall. However, vasculitis is known to occur even in the setting of
a disease predisposing towards vasculopathy, and histology is required to distinguish the two
pathogenic processes.

SLE is a connective tissue autoimmune disease, where vasculopathy is one of the typical
symptoms. It is reported in 10-40% of patients. It occurs more often in women (80%) than in
men and may precede the development of a full-blown SLE. The differentiation of the type of
vascular complications is very difficult, sometimes impossible, and requires an in-depth
immune, histopathologic and imaging diagnostic approaches, and extensive clinical experi‐
ence. It may play a key role in the choice of treatment strategy and prediction of the patient
prognosis. Therefore, the awareness of the etiology, pathophysiology, the clinical and histo‐
pathogical setting, and SLE associated vascular complications is of great clinical significance.
Vascular lesions in SLE are commonly known as the lupus vasculopathy; a typical lupus
vasculitis with inflammatory and vascular wall necrosis and a thrombus in the lumen of
affected artery occurs less often. SLE-associated vasculitis may present different clinical
courses. The broad spectrum of symptoms includes mild forms affecting only cutaneous
vessels, and also severe, catastrophic forms, with organ complications development, and
vasculitis within the internal organs. Lupus vasculopathy is usually seen in cutaneous vessels,
in renal glomeruli, coronary and brain vessels, the brain, lung alveoli and less often in the
gastrointestinal tract. It has to be stressed that cutaneous lupus vasculopathy in systemic lupus
erythematosus occurs most often, and is reported in 94% of patients with lupus vasculitis.

Systemic rheumatoid vasculitis is a multisystem autoimmune inflammatory condition of small
and medium-sized vessels that typically affects a subset of patients with longstanding
seropositive RA and alters the course and prognosis of the disease. Mortality rates are high,
with significant morbidity. Systemic rheumatoid vasculitis refers to patients with rheumatoid
arthritis, a chronic disease with painful inflammation of the joints, who also develop inflam‐
matory disease in small and medium-sized blood vessels. The reason why systemic rheuma‐
toid vasculitis develops in some RA patients and not others is not clear. Genetic factors may
be involved. Viral infections and drug reactions have been suggested as causes of systemic
rheumatoid vasculitis. The blood vessels most often involved are arteries that bring blood to
the skin, nerves, and internal organs. Veins can also be involved. When systemic rheumatoid
vasculitis involves the small arteries and veins that nourish the skin of the fingertips and skin
around the nails, small pits in the fingertips or small sores causing pain and redness around
the nails can occur. Involvement of somewhat larger arteries and veins of the skin can cause a
painful red rash that often involves the legs. If the skin is very inflamed, ulcers can occur and
infection becomes a complicating risk. Systemic rheumatoid vasculitis that injures the nerves
can cause loss of sensation, numbness and tingling, or potentially weakness or loss of function
of the hands and/or feet. The rare systemic rheumatoid vasculitis of larger arteries can cause
complete absence of blood flow to tissue sites supplied by the affected vessel (termed occlusion,
resulting in infarction), which can cause gangrene of fingers or toes, stomach pain, cough, chest
pain, heart attack, and/or a stroke if the brain is involved. This form of systemic rheumatoid
vasculitis can also be accompanied by general symptoms such as fever, loss of appetite, weight

Updates in the Diagnosis and Treatment of Vasculitis162

loss, and loss of energy. Higher titers of rheumatoid factors, antibodies to cyclic citrullinated
peptides (anti CCP), and circulating immune complexes with lower C4 levels are detected in
the sera of patients with RA and vasculitis, compared with patients with RA only. Deposition
of rheumatoid factor-containing immune complexes likely contributes to vessel inflammation
and damage through binding to cell surface Fc receptors, activation of the complement cascade,
and release of proinflammatory cytokines.

2. Systemic sclerosis (SSc)

2.1. SSc vasculopathy

SSc is a connective tissue disease characterized by fibrosis and vasculopathy involving
multiple organ systems. Classification into diffuse or limited cutaneous forms depends on the
extent of skin thickening, with the former affecting areas proximal to the elbows or knees, and
the latter limited to the face and distal extremities [1]. Systemic sclerosis (scleroderma) has two
very different subsets: limited scleroderma and diffuse scleroderma. These can be identified
by differences in clinical findings and by the temporal relationship to vasospasm. Limited
scleroderma is so named because skin involvement is limited to the hands and face. Limited
SSc is characterized by calcinosis, Raynaud’s phenomenon, esophageal dysmotility, sclero‐
dactyly, and telangiectasia (CREST syndrome). The most common cause of death in limited
scleroderma is pulmonary hypertension or pulmonary fibrosis. Because Raynaud’s phenom‐
enon is a near universal prodrome, there are long-standing suggestions that the initial event
in limited SSc may affect the vasculature [2]. Even in localized SSc, which has fewer systemic
features, Raynaud’s progresses to peripheral ischemia with digital ulceration and loss of
fingers [3]. Although the vasospasm associated with Raynaud’s phenomenon may be prodro‐
mal, it is not itself a sufficient cause of the disease because symptoms of vasospasm can precede
diagnosis of limited SSc by many years, and the incidence of SSc in the population of people
with Raynaud’s phenomenon is very low [4]. Diffuse SSc appears with a much wider extent
of skin involvement. Patients with diffuse SSc are prone to kidney crisis and pulmonary
fibrosis. These patients develop Raynaud’s phenomenon within 1 year of onset of symptoms
but they tend to not have it as a prodrome. Both limited and diffuse SSc patients have ischemic
changes in their digits (80%–95% have Raynaud’s phenomenon), some with ulcers, gangrene,
and loss of fingers [3]. Many clinical complications of SSc are due to dysfunction of vascular
beds throughout the body. Involvement of the microvasculature leads to cutaneous and
mucosal telangiectasias, digital ulcers, and tissue ischemia. If medium-sized blood vessels are
involved, manifestations include gangrene, digital loss, renal crisis, and pulmonary arterial
hypertension [5]. While occlusive vasculopathy is a well-recognized feature of SSc, less is
known about the occurrence and the consequences of frank vascular inflammation. The
distinction between SSc vasculopathy and vasculitis can be difficult to make based on clinical
presentation alone, but knowledge of the underlying pathogenesis and histopathology can be
very helpful. In the current pathogenic model of SSc, a vascular injury of unknown cause leads
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triggers [6]. Increased levels of endothelial cells in the circulation have been cited as evidence
that the intactness of the vascular lining is jeopardized [6, 7]. Subsequent endothelial dysfunc‐
tion results in the imbalance of vasoactive factors: decreased levels of vasodilators such as
endothelial nitric oxide synthase and prostacyclin syntheses, as well as increased levels of the
vasoconstrictor endothelin-1 and vascular endothelial growth factor [8, 9]. Continuous
endothelial dysfunction likely contributes to activation of adventitial fibroblasts with resultant
intimal proliferation, eventual luminal narrowing, and tissue hypoxia [7, 10]. Intimal hyper‐
plasia, or more correctly the formation of a neointima, is a common response to arterial injury,
and it is a characteristic feature of the arteries in SSc. The best evidence for intimal hyperplasia
in SSc is found in a remarkable autopsy series reported by D’Angelo et al. [11] that is sum‐
marized in Table 1.

System Pathology

Pulmonary interstitial fibrosis and arterial thickening

fibrotic pleuritis

Coronary myocardial fibrosis

arteriolar concentric intimal thickening

pericarditis fibrous and adhesive

Gastrointestinal esophageal atrophy and fibrosis

lesions of reflux

small intestine atrophy and fibrosis

large intestine atrophy and fibrosis

Renal artery hyperplasia and bone marrow

thickening, fibrinoid necrosis

Skeletal muscle atrophy

round cell myositis

Arterioles noninflammatory intimal proliferation in

two or more organ systems

inflammatory polyarteritis

Table 1. Summary of vascular pathology findings in SSc

Characteristic vascular changes in scleroderma also occur at the capillary level. The change
most studied in the clinical literature is at the level of the nail beds. Changes in the nailfold
capillaries are one of the first signs in SSc [12]. Because these changes have only been described
by nail bed microscopy, little is known about the mechanism of this change. However, the
morphology seen in the scleroderma nail beds closely resembles changes seen when vascular
endothelial growth factor (VEGF) is overexpressed locally [13], and nailfold changes appear
to be associated with very high levels of circulating VEGF [14]. These abnormalities have led
to speculation that endothelial death is a primary and ongoing process in SSc. Although there
is evidence from in vitro studies that SSc serum may contain antiangiogenic or other agents
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that are toxic to endothelium, apoptotic change or even increased endothelial turnover has not
been demonstrated in vivo [15, 16]. Endothelin-1 (ET-1) is a prototypical endothelial cell-
derived product, and endothelial damage leads to increased production of ET-1. Since ET-1 is
a vasoconstrictive agent, loss of normal vessel compliance and vasorelaxation may be induced
by increased levels of ET-1. In addition, ET-1 promotes fibroblast synthesis of collagen [17].
ET-1 upregulates expression of adhesion molecules, which promote the homing of pathogenic
leukocytes to the skin. Further, ET-1 can also induce myofibroblast differentiation in fibroblasts
[18]. ET-1 can induce connective tissue growth factor (CTGF), and may mediate the induction
of collagen synthesis by activation of CTGF [19]. Circulating ET-1 levels have been observed
in patients with diffuse SSc with widespread fibrosis and those with limited SSc and hyper‐
tensive disease [20], suggesting that soluble ET-1 levels may be a marker of fibrosis and
vascular damage. Thus, ET is suggested to significantly contribute to fibrogenesis, linking
between vasculopathy, and fibrosis, and the blockade of ET signalling may lead to the
reduction of fibrosis. In vitro, SSc fibroblasts synthesized increased amounts of ET-1, and
further, bosentan reduced the contractile ability of the SSc fibroblasts [18]. Therefore, a blocking
ET-1 might be expected as a benefit in reducing pulmonary fibrosis. Recently, bosentan is
demonstrated to reduce the number of newly formation of digital ulcers associated with SSc
[21]. Additionally, bosentan may reduce the sclerosis of the skin in a pilot study [22].

Nitric  oxide  (NO)  is  a  strong  vasodilator  and  inhibits  the  biochemical  effect  of  ET-1.
However, ET-1 induces inducible NO syntheses (iNOS) expression in endothelial cells [23],
and iNOS expression is detected in the endothelial cells in the lesion skin of SSc [24]. So
far,  several  reports  have  shown  impaired  NO  production  in  SSc  [24,  25],  which  may
contribute to the vascular pathogenesis of the arteriolar intimal proliferation in SSc. Thus,
an imbalance  between vasoconstriction and vasodilatation can lead to  ischemia-reperfu‐
sion  injury,  endothelial  damage  and  subsequent  increased  collagen  gene  expression  via
hypoxia. Hypoxia induces ECM proteins in cultured fibroblasts, and vascular endothelial
growth  factor  (VEGF)  overexpression  may  be  caused  in  response  to  chronic  hypoxia
condition [26].

Histopathology of SSc vasculopathy reflects the underlying pathogenesis, with myofibro‐
blast  proliferation  and  matrix  deposit  in  the  subendothelial  layer  leading  to  obliterate
thickening  of  vessel  walls.  Inflammatory  infiltrates  are  absent,  and  the  internal  elastic
lamina remains intact [27].

In contrast to vasculopathy, concurrent vasculitis in SSc shows histopathologic evidence of
inflammation, with presence of mononuclear infiltrates and destruction of the vascular wall.
Notably, both vasculopathic and vasculitic changes were seen in five of nine (55%) digital
amputation specimens from SSc patients, emphasizing that small vessel vasculitis and
stenosing vasculopathy may coexist[27]. Further support has come from autopsy studies of
SSc patients, where 24% of 58 cases showed noninflammatory intimal proliferation in two or
more organs, but 9% had features of inflammatory polyarteritis [11]. Thus, vasculitis is known
to occur even in the setting of a disease predisposing towards vasculopathy, and histology is
required to distinguish the two pathogenic processes.
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2.2. Large-vessel vasculitis associated with SSc

Giant cell arteritis is a common vasculitis of the elderly involving large- and medium-sized
arteries, typically the temporal, ophthalmic, vertebral, and axillary arteries as well as the aorta.
The American College of Rheumatology (ACR) criteria include at least three of the following:
(1) onset at age 50, (2) new headache, (3) claudication of the jaw or tongue, (4) temporal artery
tenderness to palpation or decreased pulsation, (5) ESR 50 mm/h, and (6) temporal artery
biopsy showing vasculitis with mononuclear inflammatory infiltrate or granulomatous
inflammation with presence of giant cells [28]. While giant cell arteritis is relatively common
among the vasculitides, it has only been reported in three cases of concurrent SSc, all of which
were women in their sixth decade with limited skin involvement [29-31].

Takayasu arteritis is a relatively rare large vessel vasculitis (incidence 0.4–2/million/year)
affecting mostly young women of Asian origin although the incidence among the middleaged
with atherosclerosis has been rising [32, 33]. The aorta and its main branches are typically
involved. ACR diagnostic criteria include at least three of the following: (1) onset before age
40, (2) claudication of an extremity, (3) decreased brachial artery pulse, (4) 10 mmHg in systolic
blood pressure between the arms, (5) bruit over the subclavian arteries or aorta, and (6)
stenosis/occlusion of the aorta, its major branches, or large arteries in proximal upper or lower
extremities [34]. Similar to giant cell arteritis, the histopathology in Takayasu arteritis shows
mononuclear infiltrates in the vessel wall, intimal thickening, and destruction of elastic
laminas, giant cell formation, and expansion of the adventitial layer. Elastic lamina destruction
can lead to aneurysm formation while transmural inflammation drives intimal proliferation,
adventitial scarring, and vascular lumen narrowing. Four cases of Takayasu arteritis in the
setting of SSc have been reported. As the overwhelming majority of patients with Takaysu
arteritis are female, all four of these cases were women, with ages ranging from 29 to 68 [35-38].
Three of the patients had diffuse skin involvement of SSc.

2.3. Medium- and small-vessel vasculitis associated with SSc

Polyarteritis nodosa (PAN) is a necrotizing vasculitis affecting medium-sized vessels, with a
constellation of clinical findings that reflect multiorgan involvement. It can be associated with
hepatitis B viral infection. PAN can be distinguished from the small-vessel vasculitides such
as microscopic polyangiitis by the absence of antineutrophil cytoplasmic antibodies. The ACR
diagnostic criteria for PAN include at least three of the following: (1) weight loss 4 kg, (2) livedo
reticularis, (3) testicular pain or tenderness, (4) myalgias, weakness, or leg tenderness, (5)
mono- or polyneuropathy, (6) hypertension, (7) elevated blood creatinine or urea, (8) serum
hepatitis B antigen or antibody, (9) aneurysms or occlusions of visceral arteries, or (10)
granulocytes on biopsy of small- or medium-sized arteries [39]. A recent retrospective study
of 348 patients with PAN found general symptoms in 93.1%, neurologic involvement in 79%,
and skin involvement in about 50% [40]. Five-year relapse-free survival was 59.4% for
nonhepatitis-B-associated PAN and 67% for HBV-associated PAN. Only one case of PAN has
been described in a 28-year-old woman with diffuse SSc, characterized by Raynaud’s phe‐
nomenon and skin sclerosis over the hands, arms, and chest [41].
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Primary angiitis of the central nervous system (PACNS) is a rare poorly characterized entity
affecting small- and medium-sized vessels of the central nervous system (CNS) but not organs
or vessels outside the CNS. In general, PACNS is distinguished from secondary CNS vasculitis
with the exclusion of infections, malignancy, systemic vasculitis or connective tissue disease,
or drug-induced vasculitis. Clinical presentations of PACNS include confusion, new onset
headache, seizures, stroke or cerebral hemorrhage, and myelopathy [42]. The duration from
symptom onset to diagnosis can range from 3 days to 3 years [43]. Multiple laboratory data
abnormalities can occur but none is specific for the diagnosis, with ESR described to be normal
in a number of cases. Characteristic changes on cerebral angiography include multifocal
segmental stenosis, dilatation, or occlusion of small- and medium-sized leptomeningial and
intracranial vessels as well as formation of collateral vessels. Further supportive evidence can
be obtained from leptomeningeal or parenchymal biopsies, which are specific but not sensitive
for vasculitis given the focal segmental nature of the disease; therefore, a negative biopsy does
not rule out the diagnosis. Histology can show either granulomas in small vessel walls,
lymphocytic infiltrates, or necrotizing vasculitis [43]. The rarity and heterogeneity complicate
classification, diagnosis, and management. Calabrese and Mallek have proposed the following
diagnostic criteria for PACNS: (1) recent onset of headache, confusion, or multifocal neurologic
deficits, (2) cerebral angiographic changes suggestive of vasculitis, (3) exclusion of systemic
disease or infection, and (4) leptomeningeal or parenchymal biopsy to confirm vasculitis and
to exclude infection, malignancy, and noninflammatory vascular occlusive disease [44].
However, only one case of PACNS has been described in SSc [41].

2.4. Mixed cryoglobulinemia and cryofibrinogenemiaassociated with SSc

Mixed cryoglobulinemia is the presence of polyclonal immunoglobulins that precipitate in
the  serum  with  cold  exposure,  often  secondary  to  a  connective  tissue  disease  such  as
systemic lupus erythematosus or Sjogren’s syndrome. The presence of cryoglobulins (CGs)
may be asymptomatic or may lead to manifestations of the cryoglobulinemic syndrome,
including  purpura,  arthralgia,  myalgia,  glomerulonephritis,  and  peripheral  neuropathy
[45].  The diagnosis of the latter entails a combination of clinical presentation, laboratory
testing  showing  the  presence  of  circulating  cryoglobulins,  and  histopathologic  appear‐
ance such as leukocytoclastic  vasculitis  (most  common).  Similarly,  cryofibrinogenemia is
the presence of cold-induced precipitants in the plasma but not in the serum. Connective
tissue  diseases,  malignancy,  and  infection  have  been  known  to  be  associated  with  this
condition,  which  can  be  asymptomatic  or  can  manifest  as  painful  ulcers,  purpura,  or
perniosis,  reflecting  possible  underlying  cold-induced  thromboses,  increased  blood
viscosity, or vascular reactivity. The diagnosis of clinically significant cryofibrinogenemia
requires not only circulating cryofibrinogen (CF) but also clinical features and histopatho‐
logic evidence of small-vessel thrombosis and perivascular infiltrate [46]. For both mixed
cryoglobulinemia  and  cryofibrinogenemia,  treating  the  underlying  disease  (whether
infection,  connective  tissue  disease,  or  malignancy)  can  sometimes  improve  symptoms.
Plasmapheresis  and  immunosuppression  with  glucocorticoids  and/or  cytotoxic  therapy
have also been used in severe disease although with unclear efficacy.
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Connective tissue diseases have been associated with the presence of both CG and CF, perhaps
more so than CF alone [47]. In the few studies and reports involving SSc, these cold-induced
precipitants do not appear to trigger symptoms. In one study, one out of 19 patients with both
CG and CF carried the diagnosis of SSc [47]. In another study, 10 out of 20 SSc patients had the
presence of polyclonal IgG and IgM cryoglobulins in the serum, but none exhibited clinical
signs of cryoglobulinemic syndrome [48]. In one report of long-standing SSc with the presence
of cryoglobulins (both IgG and IgM), the patient presented with paresthesias, transient
aphasia, vision changes, and delirium. Cerebral angiogram was normal, and electroencepha‐
logram revealed generalized slowing of action potentials, and computed tomography of the
extremities revealed calcinosis. While peripheral neuropathy can be a manifestation of mixed
cryoglobulinemia, central nervous system involvement would be highly unusual; therefore it,
is unclear whether the presence of cryoglobulins in this case is an incidental finding. Another
man with long-standing SSc presented with sudden onset gangrene in the fingers and toes
after cold exposure and was found to have very elevated cryofibrinogen [49].

2.5. Behcet’s disease associated with SSc

Behcet’s disease is characterized by recurrent oral aphthous ulcers and other systemic
manifestations believed to be due to systemic vasculitis, including genital aphthous ulcers,
ocular disease, skin involvement, gastrointestinal ulcers, neurologic disease, and arthritis. It
is more common along the ancient Silk Road, with 0.11% prevalence in Turkey and 2.6% per
100,000 in Southern China [50]. Diagnosis is made based on clinical features including presence
of recurrent oral aphthae plus two of the following without other systemic disease: (1) recurrent
genital aphthae, (2) eye lesions including uveitis or retinal vasculitis, (3) skin lesions including
erythema nodosum, pseudovasculitis, papulopustular lesions, or acneiform nodules, or (4)
positive pathergy test [51]. Treatment for mucocutaneous and joint disease includes colchicine
(mixed results), glucocorticoids, and other immunosuppressives such as azathioprine. More
serious disease with internal organ involvement has been treated with cyclophosphamide and
high-dose steroids. Overviewing the literature, only two cases of Behcet’s disease with
concurrent SSc have been reported [52, 53].

2.6. Relapsing polychondritis associated with SSc

Relapsing polychondritis (RPC) is an inflammatory disease of unknown etiology involving
cartilagenous tissues in multiple organs, typically the ears, nose, eyes, respiratory tract, and
joints. Vascular and neurologic complications have also been reported. Association with
systemic vasculitis, connective tissue disease, or myelodysplastic syndrome occurs in up to
one-third of the cases. The original diagnostic criteria by McAdam required three of six clinical
manifestations: (1) bilateral auricular chondritis, (2) nonerosive seronegative polyarthritis, (3)
nasal chondritis, (4) respiratory tract chondritis, (5) ocular inflammation, or (6) cochlear
and/or vestibular dysfunction [54]. The criteria were later modified to include the presence of
three or more of the above, one clinical manifestation with corroborating histology, or
chondritis at more than two sites responsive to steroids or diamino-diphenyl sulfone [55]. Only
one case of RPC has been reported in association with SSc [56]

Updates in the Diagnosis and Treatment of Vasculitis168

2.7. ANCA-associated vasculitis (AAV) in SSc patients

The spectrum of necrotizing small-vessel vasculitis known as ANCA-associated vasculitis
(AAV) includes Wegener’s granulomatosis (WG), microscopic polyangiitis (MPA), and Churg-
Strauss syndrome (CSS). While formally classified as small-vessel vasculitis, AAV can involve
medium-sized vessels. Cytoplasmic antineutrophil cytoplasmic antibodies (c-ANCAs)
directed against proteinase 3 (PR3) are more commonly found in WGs whereas perinuclear
ANCAs (p-ANCA) targeting myeloperoxidase (MPO) are more frequently seen in MPA and
CSS. Variable organ involvement makes diagnosis a challenge, with alveolar hemorrhage and
crescentic glomerulonephritis frequently occurring in WG and MPA, while polyneuropathy
can be seen in ANCA-associated CSS [57]. Disease stage can range from localized without end-
organ damage to severe generalized with organ failure. Of all the small vessel vasculitides,
AAV is the most frequently reported in association with SSc, raising the question whether an
overlap syndrome exists that combines features from both diseases. A study by Rho et al. found
31 reports containing 63 cases of AAV in SSc up to 1994 [58].

While lumen-occlusive vasculopathy is a prominent feature of SSc, frank vasculitis may also
occur. Coexistent SSc and vasculitis have been reported for vessels of all sizes, either before or
after SSc diagnosis, and in either SSc subtype (limited or diffuse).

3. Systemic lupus erythematosus (SLE)

3.1. Vascular involvement in SLE

SLE is a connective tissue autoimmune disease, where vasculopathy is one of the most typical
symptoms [59]. Vascular involvement is frequent in SLE patients and represents the most
frequent cause of death in established disease. In this context, vasculopathy can be directly
aetiologically implicated in the pathogenesis of the disease, presenting as an acute/subacute
manifestation of lupus (e.g., antiphospholipid syndrome (APS), lupus vasculitis). Besides overt
vessel obstruction, vascular disease in lupus, especially when affecting medium- and small-
sized vessels, may contain both vasculopathic and vasculitic pathophysiologic parameters.

Livedoid vasculopathy, a condition which can be observed in patients with systemic lupus
erythematosus/antiphospholipid syndrome or specific forms of systemic vasculitis (mainly
polyarteritis nodosa and cryoglobulinemia), is associated with chronic ulcerations of the lower
extremities and characterized by uneven perfusion [60]. The pathogenesis of livedoid vascul‐
opathy has not been fully elucidated, or rather, cannot be solely attributed to a particular
mechanism, as both hypercoagulable states, as well as autoimmune diseases, appear to
associate with and contribute to its development [61].

The typical histological findings show dermal blood vessel occlusion [62]. The histopatho‐
logical findings of intravascular fibrin, segmental hyalinization, and endothelial prolifera‐
tion  clearly  support  the  thrombotic  parameter  of  its  pathogenesis  [63].  The  presence  of
immunoreactants in the vessel wall and circulating immune complexes (such as rheuma‐
toid factor)  are  in  favor  of  its  immunological  component;  the  absence however  of  fibri‐
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noid  necrosis  and  inflammatory  infiltration  of  the  vessel  wall  differentiates  livedoid
vasculopathy from true vasculitides.

It is reported in 10–40% of patients. It occurs more often in women (80%) than in men and may
precede the development of a full-blown SLE [64]. Vascular lesions in SLE are commonly
known as the lupus vasculopathy; a typical lupus vasculitis with inflammatory and vascular
wall necrosis and a thrombus in the lumen of affected artery occurs less often [65-67]. However,
the rate of thrombotic events is higher in patients with disease of recent onset, when compared
to patients with other autoimmune diseases and remains so throughout the course of the
disease [68]; in the LUMINA study, which included multiethnic SLE patients of recent
diagnosis, age, damage accrual at enrolment, and antiphospholipid antibodies, as well as the
use of higher dosages of glucocorticoids were associated with a shorter time interval to
thrombotic events [69]. Appel et al. [66] provided an SLE vasculopathy classification including:
non complicated vascular deposits of immune complexes, noninflammatory necrotic vascul‐
opathy, thrombotic microangiopathy and true lupus vasculitis. Of all lupus vasculitis, cases
more than 60% is leucocytoclastic inflammation, 30% is vasculitis with cryoglobulinemia, and
systemic vasculitis resembling polyarteritis nodosa constitutes about 6% of SLE vasculitides
patients [66, 70-72]. Other clinical syndromes of vasculopathy in patients from the discussed
group include thrombocytopenia with thrombotic purpura, venous thrombosis, antiphospho‐
lipid syndrome and urticaria vasculitis, reported in 5% of SLE patients [66]. The SLE associated
vasculitis may present different clinical courses. The broad spectrum of symptoms includes
mild forms affecting only cutaneous vessels, and also severe, catastrophic forms, with organ
complications development, and vasculitis within the internal organs [73, 74]. Lupus vasculitis
is usually seen in cutaneous vessels, in renal glomeruli, coronary and brain vessels, the brain,
lung alveoli and less often in the gastrointestinal tract [59]. It has to be stressed that cutaneous
lupus vasculopathy in SLE occurs most often, and is reported in 94% of patients with lupus
vasculitis [75, 76]. Mild forms are characterized by purpura, urticaria lesions or bullous lesions
of extremities, and livedo reticularis on the trunk.

It has been demonstrated that internal organ vessels are affected in 18% of SLE vasculitis
patients. Renal vasculitis takes the shape of focal segmental glomerulitis with development of
fibrinoid necrosis [59]. Lung vasculitis takes the form of necrotic alveolar capillaritis predis‐
posing to pulmonary hemorrhage [59]. Brain vasculitis occurs only in about 10% of SLE
patients, and associated clinical symptoms are very variable; from a mild cognitive dysfunction
to severe psychosis and convulsions, local ischemia and strokes [59, 77]. The peripheral
nervous system may also be affected by lupus vasculopathy leading to multifocal inflamma‐
tory mononeuropathies [59]. Mesothelium vasculitis may also occur and lead to gastrointes‐
tinal hemorrhage or perforation [59]

3.2. Antiphospholipid syndrome

The clinical APS, an autoimmune syndrome usually developing in the context of SLE, is a
condition defined as a predisposition for arterial and/or venous thromboses and/or recurrent
miscarriages or other obstetric emergencies (e.g., premature birth, preeclampsia) in association
with hematologic abnormalities and specific antibodies targeted against phospholipid-
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binding plasma proteins [78]. It has been suggested that endothelial damage of whatever origin
exposes endothelial cell phospholipids, which enables the adhesion of antibodies directed
against phospholipids (aPL) [75]. The pathogenetic action mechanisms of aPL antibodies are
variable. When binding with membrane phospholipids aPL antibodies may inhibit reactions
catalyzed by them in the coagulation cascade, for example through inhibition of C and S protein
activation [79]. These antibodies may also activate endothelial cells thrombin formation [79].
The binding of aPL antibodies with platelet membrane phospholipids binding protein
predisposes to platelet activation and adhesion, with consequent thrombus formation. These
antibodies probably also participate in the complement system activation [79]. As a result, the
aPL antibodies demonstrate proadhesive, proinflammatory and prothrombotic effects on
endothelial cells [79].Thrombosis within the context of APS may occur even in histologically
normal vessels. However, in the majority of aPL-positive patients, seropositivity per se does
not suffice for the development of clinical events. Thrombotic events seem to occur more
readily in SLE patients with coexistent atherosclerosis [80]. Recently, the presence of micro‐
angiopathy, defined as capillary microhemorhages, and diagnosed with the aid of capillaro‐
scopy, has been proposed as an augmentary screening tool for aPL-seropositive patients who
are prone to develop clinical thrombotic manifestations [81].

3.3. Lupus vasculitis

Distinction of inflammatory lupus vasculitis from APS, which may present with similar clinical
manifestations, is of major significance in terms of clinical management. Inflammatory
vascular disease is triggered by the in situ formation, or the deposition, of immune complexes
within the vessel wall.

Vasculitis may manifest in as high as 56% of SLE patients throughout their life, in contrast to
antiphospholipid syndrome which has a prevalence of 15%. Patients with vasculitis are mainly
male and tend to be of younger age [82]. Antibodies against endothelial cells have been
identified as a major endothelial cell cytotoxic effector and have been implicated in the
pathogenesis of several connective tissue diseases, predominantly vasculitides [83]. More than
80% of systemic lupus erythematosus patients are positive for antiendothelial cell antibodies
(AECAs) [84]. Other forms of SLE-related vasculitis include drug-induced vasculitis [85] and
infection-induced vasculitis [86] either through direct compromise of the vascular wall by
pathogens, or through antigen-induced autoimmune and inflammatory processes. Some
drugs may play a role in the induction of inflammatory vascular lesions in SLE. The drug
molecule may act as a hapten, which as a result of autoantigen binding alters the antigen
properties. Several SLE inducing drugs are listed below: penicillins, allopurinol, thiazides,
pyrazolones, retinoids, streptokinase, cytokines, monoclonal antibodies, chinolons, hydan‐
toin, carbamazepine and other anticonvulsants [59, 87]. Vasculitis may be a result of direct
attack of microorganisms on the blood vessel wall or may be caused by infected thrombotic
mass [74]. Hepatitis C virus may take part in vasculitis development, with the cryoglobulin
presence [88]]. There is an unexplained relationship between blood cryoglobulins and hepatitis
C [74]. The following mechanisms leading to viral and bacterial vasculitis in SLE have been
suggested: [1] the viruses directly attack the vascular wall inducing an inflammatory process,
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[2] some of them, as cytomegalovirus, may permeate and activate endothelial cells leading to
vasculitis and [3] bacterial Staphylococcus antigens, as for example neutral phosphatase, may
bind with basement membranes and adhere specifically to IgG, which in turn induces an
immune response and an inflammatory process.

4. Rheumatoid arthritis (RA)

RA is a chronic inflammatory systemic disorder which primarily involves the joint synovial
membrane. The purpose of this chapter section is to describe the occurrence and pathophysi‐
ology of vasculitis and vasculopathy in RA.

4.1. Rheumatoid vasculitis

Rheumatoid vasculitis typically affects small and medium-size blood vessels. It is associated
with high rates of premature mortality with up to 40% of patients dying by 5 years as well as
significant morbidity due to both organ damage from vasculitis and consequences of the
treatment [89, 90]. Diagnostic criteria for systemic rheumatoid vasculitis were proposed in 1984
by Scott et al. [91], although the classification of RA-associated vasculitis remains poorly
codified. It shares many characteristics with a classic polyarteritis nodosa and may affect
peripheral nerves, causing mononeuritis multiplex, skin, gastrointestinal tract, and other
organs, but it is not usually associated with the development of microaneurysms [92]. High
levels of circulating immune complexes have been observed in patients with rheumatoid
vasculitis [93], and in particular high serum levels of rheumatoid factor are often detected at
the time of onset of vasculitis [94]. Deposition of immune complexes most likely contributes
to small vessel inflammation and organ damage. Anti CCP levels also tend to be higher in
patients with RA who have systemic vasculitis than in those who do not. Rheumatoid vasculitis
has been reported in a substantial number of patients with RA [95]. It is more common in men
and patients with longstanding disease [91]. The annual incidence of rheumatoid vasculitis in
men to be 15.8 per million and in women, 9.4 per million [95]. Nevertheless, the 30-year
incidence of vasculitis in patients with RA was estimated to be 3.6% [96].

Predictors of vasculitis in RA patients include clinical and generic factors (Table 2) [97-103].
Smoking, which is also a risk factor for development of RA in the general population [104], is
associated with an increased risk of vasculitis among patients with RA [99, 100]. Rheumatoid
nodules early during the disease predict the occurrence of systemic rheumatoid vasculitis [97,
98]. However, genetic predisposition toward developed RA, as HLA-DRB1-shared epitope
genotypes is strongly associated with extraarticular disease manifestations such as rheumatoid
vasculitis [101, 102]. In particular, double dose of RA-associated HLADRB1*04 alleles is
associated with an increased risk of vasculitis [105]. Rheumatoid vasculitis is associated with
an increased mortality as compared with that in patients with RA in general [89]. In particular,
a poor survival has been observed after diagnosis of vasculitis-related neuropathy [106]. In
such patients, a low serum level of complement factor C4 is a negative prognostic marker [90].
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The increased mortality may be due to a high risk of cardiovascular comorbidity [107, 108] and
severe infections [109].

Marker Pathophysiological explanation

Rheumatoid nodules sign of microvascular extraarticular inflammation

Smoking vascular damage, immunomodulation

HLA-DRB1*04/04 double gene dose selection and activation of T cells

HLA-C*3 allele activation of cytotoxic CD28null T cells

KIR2DS2 allele activation of cytotoxic CD28null T cells

KIR, killer immunoglobulin-like receptors

Table 2. Predictors for vasculitis in RA patients

According to the data from the literature very little is known of what events trigger the
development of vasculits in RA patients at a particular time point. This probably includes a
number of different infectious agents and other immune exposures. For example, rare cases
of rheumatoid vasculitis following influenza vaccination have been described [110].

4.2. Clinical manifestations of rheumatoid vasculits

Rheumatoid vasculitis often affects more than single organ. Patients may develop nailfold
infarcts and leg ulcers. These patients may go on to have more widespread vascular disease
but usually do not [111]. Cutaneous manifestations of rheumatoid vasculitis may present as
digital digital infarcts, livedo, palpable purpura, bulla, ulcerations, painful nodules, or
gangrene. Histologically, rheumatoid vasculitis involves blood vessels of the small arteries,
and all layers of the vessel wall are infiltrated by neutrophils, lymphocytes, and plasma cells.
Cutaneous manifestation of rheumatoid vasculitis is classified into three grades: severe,
moderate, and mild. The severe type presents with digital gangrene, nail fold infarcts, large
cutaneous ulcers; the moderate type presents with palpable purpura; and the mild type
presents with nailfold telangiectasias with thromboses, minute digital ulcerations, petechiae,
and livedo reticularis. Minor bleeding from the nail folds, finger pulp, and the edge of the nails
results from digital infarcts (isolated nailfold vasculitis) [112]. RA patients who develop leg
ulcers and digital ulcers should be more closely monitored, especially patients who have high
titers of rheumatoid factor, positive anti CCPs, cryoglobulins, and low complements, as more
ominous manifestations of RA are more likely to occur in these patients [113]. The diagnosis
of leg ulcers in patients with RA is often associated with trivial trauma. There is often an
underlying vasculitis, which promotes the lesion.

Systemic vasculitis in RA usually occurs in patients who have longstanding disease, generally
of more than 10-year duration. Even so, it may occur at any time during the disease course,
and, irrespective of when it occurs, it is associated with a poor prognosis. From a clinical
standpoint, patients have more severe RA with destructive joint disease and other features of
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extraarticular disease [98]. Patients with Felty’s syndrome are particularly prone to develop
rheumatoid vasculitis. The appearance of rheumatoid vasculitis may be associated with a rise
in acute-phase markers, including the sedimentation rate and C-reactive protein, together with
longstanding thrombocytosis and anemia of chronic disease [98]. RA-associated vasculitis may
involve any blood vessel bed in the body, including cerebral, mesenteric, and coronary arteries
[114]. More severe features of rheumatoid vasculitis are frank infarctions of the digits and
mononeuritis multiplex [113, 115]. Unfortunately, patients with systemic rheumatoid vascu‐
litis may develop mononeuritis multiplex [116]. Mononeuritis in RA often begins with
numbness and then progresses to tingling and muscle weakness. Initially, the mononeuritis is
asymmetric but may become symmetrical. Other early manifestations of rheumatoid vasculitis
include pericarditis and scleritis. Rheumatoid vasculitis is also strongly associated with the
presence of rheumatoid nodules, and most RA patients with vasculitis have nodulosis [98].
Rheumatoid vasculitis may also affect the coronary arteries. In the kidney, renal artery
involvement, as occurs in polyarteritis nodosa with vasculitis, may cause renal failure,
although the disorder should be distinct from polyarteritis nodosa [117, 118].

Rheumatoid vasculitis is an unusual complication of RA, which has profound impact on
disease severity and life expectancy of patients who develop this extraarticular disease
manifestation.

4.3. Angiogenesis in RA

RA is the rheumatic disease in which the role of angiogenesis has been studied most exten‐
sively; it is characterized by excessive angiogenesis [119]. Proangiogenic mediators associated
with RA include the following: growth factors such as VEGF; cytokines such as TNF-α (which
has many effects in addition to angiogenesis); chemokines such as IL-8; and other mediators,
including ET-1. VEGF, an endothelial selective mitogen that is secreted predominantly by
macrophages, is an important cytokine in both angiogenesis and vasculogenesis [120]. In RA,
VEGF expression is induced by hypoxia. Hypoxic environment of the inflamed RA joint
activates the VEGF gene via binding of hypoxia inducible factor. This in turn augments IL-1
or transforming growth factor (TGF)-β induced synovial fibroblast VEGF [121], which
contributes significantly to angiogenesis in the synovium and progression of RA. Evidence of
the importance of TNF-α as a proangiogenic mediator in RA is illustrated by the effect of giving
anti-TNF-a to patients with RA. Administration of anti-TNF-α drugs to patients with RA leads
to vascular deactivation, including decreased angiogenesis and endothelial cell markers [122].
Chemokines are also very important in angiogenesis in RA. Recent studies have shown that
the chemokine IL-8/CXC chemokine ligand (CXCL)8 plays a role in the pathogenesis of RA
synovitis. This molecule is angiogenic and appears to be responsible for much of the macro‐
phage-derived angiogenic activity seen in RA [123]. In addition to its well recognized effects
as a potent endogenous vasoconstrictor and smooth muscle mitogen, ET-1 also appears to have
proangiogenic effects in some rheumatic diseases. In patients with RA, levels of ET-1 in
synovial fluid, serum and plasma are elevated in comparison with those in normal individuals
[124-127]. Although this clearly does not demonstrate a causal role for ET-1 in the pathophysi‐
ology of RA, it may suggest some degree of involvement.
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4.4. Vasculopathy in RA

Atherogenesis  is  a  precocious  feature  in  RA,  as  extraarticular  manifestation  of  the  syn‐
drome, and might be defined as rheumatoid vasculopathy. RA has been associated with
precocious and accelerated atherosclerosis [128-134] and with increased CV morbidity and
mortality  [135].  Notably,  atherosclerosis  has  been  proposed  as  extraarticular  manifesta‐
tion  of  the  disease  [130].  Several  disease-related  mechanisms  may  be  involved  in  the
development  of  premature  vascular  damage  in  RA,  including  increased  synthesis  of
proinflammatory mediators (such as cytokines, chemokines, adhesion molecules), autoanti‐
bodies  against  endothelial  cell  components,  perturbations  in  T-cell  subsets,  genetic
polymorphisms, hyperhomocysteinemia, oxidative stress, and abnormal vascular repair, as
well as iatrogenic factors [136, 137]. Hyperhomocysteinemia, which is a common finding
in patients with RA, is a further contributor to the impaired endothelial function, potenti‐
ates  the  oxidation  of  lipoproteins,  and  has  prothrombotic  effects  [138].  Inflammation
severity was found to be associated with functional and structural arterial wall changes in
patients  with  recent  RA  onset,  and  early  control  of  inflammation  is  associated  with
improved arterial function that may reduce atherosclerosis progression [139].

5. Conclusion

Vascular damage in humans develops on various grounds. It may be inflammatory or
noninflammatory. The damages may be induced by environmental factors (toxic agents,
medications, microorganisms), through cancer as a paraneoplastic syndrome, or may be
directly associated with an active immune process. Distinguishing between noninflammatory
vasculopathy and vasculitis can pose a significant diagnostic challenge in the absence of
histological examination. Vasculitis should not be confused with vasculopathy, which simply
means something is wrong with the blood vessels, although it's usually not vasculitis. When
a blood vessel becomes inflamed and narrowed, blood supply to that area can become partially
or completely blocked. Complete blockage is called occlusion; it causes the vessel wall to swell
and makes things stick to the wall -- so a clot forms. When vasculitis interferes with circulation
in any part of the body, it causes local tenderness and pain. If the blood vessels are close to the
skin, characteristic rashes occur. Depending on where the blockage occurs, almost any organ
in the body can be affected. However, vasculopathy can also block blood vessels, but it does
not cause the fever, pain, and local tenderness associated with vasculitis.

As this chapter illustrates, vascular involvement is an important part in the RA, SLE and SSc
pathogenesis. Vasculitis in RA is generally associated with longstanding disease, has an
important impact on s patient’s well being and markedly influences patient life expectancy.
Predictors of vasculitis in RA patients include clinical and genetic factors. Vaculitis in RA
generally affects small and medium-seized vessels. It shares many characteristics with a classic
polyarteritis nodosa and may affect peripheral nerves, causing mononeuritis multiplex, skin,
gastrointestinal tract and other organs. It is not usually associated with the development of
microaneurysms. Atherogenesis is a precocious feature in RA, as extraarticular manifestation
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although the disorder should be distinct from polyarteritis nodosa [117, 118].

Rheumatoid vasculitis is an unusual complication of RA, which has profound impact on
disease severity and life expectancy of patients who develop this extraarticular disease
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has many effects in addition to angiogenesis); chemokines such as IL-8; and other mediators,
including ET-1. VEGF, an endothelial selective mitogen that is secreted predominantly by
macrophages, is an important cytokine in both angiogenesis and vasculogenesis [120]. In RA,
VEGF expression is induced by hypoxia. Hypoxic environment of the inflamed RA joint
activates the VEGF gene via binding of hypoxia inducible factor. This in turn augments IL-1
or transforming growth factor (TGF)-β induced synovial fibroblast VEGF [121], which
contributes significantly to angiogenesis in the synovium and progression of RA. Evidence of
the importance of TNF-α as a proangiogenic mediator in RA is illustrated by the effect of giving
anti-TNF-a to patients with RA. Administration of anti-TNF-α drugs to patients with RA leads
to vascular deactivation, including decreased angiogenesis and endothelial cell markers [122].
Chemokines are also very important in angiogenesis in RA. Recent studies have shown that
the chemokine IL-8/CXC chemokine ligand (CXCL)8 plays a role in the pathogenesis of RA
synovitis. This molecule is angiogenic and appears to be responsible for much of the macro‐
phage-derived angiogenic activity seen in RA [123]. In addition to its well recognized effects
as a potent endogenous vasoconstrictor and smooth muscle mitogen, ET-1 also appears to have
proangiogenic effects in some rheumatic diseases. In patients with RA, levels of ET-1 in
synovial fluid, serum and plasma are elevated in comparison with those in normal individuals
[124-127]. Although this clearly does not demonstrate a causal role for ET-1 in the pathophysi‐
ology of RA, it may suggest some degree of involvement.
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of the syndrome, and might be defined as rheumatoid vasculopathy. Several disease-related
mechanisms may be involved in the development of premature vascular damage in RA.
Increased synthesis of proinflammatory mediators, autoantibodies against endothelial cell
components, perturbations in T-cell subsets, genetic polymorphisms, hyperhomocysteinemia,
oxidative stress and abnormal vascular repair are associated with atherosclerosis in RA.

Vascular involvement in SLE may be of inflammatory or thrombotic origin. Both mechanisms
involve the immune system. The activation and consequent endothelial lesions play a very
important role in the disease pathogenesis. The common hypothesis for vasculopathy in SLE
concerns the endothelial deposition of circulating immune complexes. There are many various
autoantibodies in SLE as circulating immune complexes which directly or indirectly affect
endothelial cells, causing chronic vessel wall damage. Furthermore, vasculitis in SLE is
proatherogenic condition and is characterized by leucocytes activation and production of
cytokine and other inflammatory mediators.

Although SSc is considered a fibrosing disease, vascular involvement plays a major role in
pathogenesis and organ dysfunction. SSc vascular disease involves vasculopathy with luminal
occlusion, thrombosis and vasospasm. The vascular pathology in SSc is not necessarily an
inflammatory process and would be better be characterised as a vasculopathy in the absence
of vasculitis. In the current pathogenic model of SSc, a vascular injury of unknown cause leads
to endothelial apoptosis and initiates the process of SSc vasculopathy. Histopathology of SSc
vasculopathy reflects the underlying pathogenesis, with myofibroblast proliferation and
matrix deposit in the subendothelial layer leading to obliterative thickening of vessel walls.
Inflammatory infiltrates are absent, and the internal elastic lamina remains intact. In contrast
to vasculopathy, concurrent vasculitis in SSc shows histopathological evidence of inflamma‐
tion with presence of mononuclear infiltrates and destruction of the vascular wall.
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Treatment of ANCA-Associated Vasculitis in Adults
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Additional information is available at the end of the chapter
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1. Introduction

Vasculitis is the general term used to describe diseases associated with inflammation of the
blood vessels. This inflammation results in end-organ ischemia and damage with life-
threatening consequences. Treatment is tailored to the type of vasculitis the patient has,
prognostic features and disease severity. Two main treatment phases are recognized: induction
of remission, and maintenance of remission. In this chapter we will focus on the treatment of
ANCA-associated vasculitis (AAV), namely: Granulomatosis with polyangiitis (GPA),
formerly Wegener’s Granulomatosis; Eosinophilic granulomatosis with polyangiitis (EGPA),
formerly Churg-Strauss Syndrome, and Microscopic Polyangiitis (MPA). Patients with
Polyarteritis nodosa (PAN) were included in the initial therapeutic trials of these diseases,
therefore some of the studies results have been applied to that population as well.

We introduce first the historical use of glucocorticoids, which are uniformly incorporated in
the treatment protocols of therapeutic trials. Cyclophosphamide is recommended for the
induction of remission in AAV, and in particular for generalized and severe disease. CY‐
CLOPS, a trial of oral versus intravenous cyclophosphamide, demonstrated that intravenous
dosing was as effective in inducing remission with a reduced cumulative dose, and with fewer
episodes of leucopenia, but in long-term follow-up relapse was more common in the intrave‐
nous treatment group. NORAM compared the use of methotrexate compared to oral cyclo‐
phosphamide for induction of remission in patients with limited GPA, and concluded that
methotrexate was nearly as effective as cyclosphosphamide in achieving remission, but in
long-term follow-up more corticosteroids and further immunosuppressive agents were
required. More recently, rituximab use for the induction of remission was studied in the RAVE
and RITUXVAS clinical trials. Rituximab was proven to be effective as cyclophosphamide, but
without a reduction in the rate of infection as had been expected. Plasma exchange in combi‐
nation with oral cyclophosphamide for patients with severe renal involvement significantly
decreases the risk of end-stage renal disease compared to intravenous steroids and oral
cyclophosphamide, but without a significant difference in patient survival.

© 2013 Fifi-Mah and Barnabe; licensee InTech. This is an open access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Maintenance of remission is typically with oral cyclophosphamide, azathioprine or metho‐
trexate, with demonstrated efficacy in the CYCAZAREM and WEGENT studies. Leflunomide
is also effective, and mycophenolate mofetil is less effective than azathioprine but is an
alternative agent should the others not be tolerated. Etanercept therapy does not have a role
in maintenance therapy given its inefficacy and toxicity in patients exposed to cyclophospha‐
mide. Other anti-TNF agents, rituximab, Intravenous Immunoglobulin (IVIg), 15-Deoxysper‐
gualin, antithymocyte globulin and alemtuzumab (CAMPATH-1H) have shown some benefit
for refractory or relapsing disease and require further evaluation.

We conclude the chapter by discussing the use of trimethoprim-sulfamethoxazole (T/S) use in
localized disease, as well as a specific focus on the treatment evidence in EGPA with and
without poor prognostic factors.

2. ANCA-associated vasculitis (AAV)

AAV refers to primary forms of vasculitis targeting the small and medium sized arteries. These
were initially differentiated on the basis of clinical features in the 1990 American College of
Rheumatology (ACR) classification [1-4]. Further refinements to the classification criteria and
new nomenclature have evolved from the initial classification criteria. In 1994, the Chapel Hill
Consensus Conference group incorporated vessel size and pathological features to define the
different primary vasculitides. They also introduced the use of antibodies to discriminate
between vasculitis of the small vessels [5]. Anti-neutrophil cytoplasmic antibodies (ANCA)
were initially described in 1985 in patients with segmental necrotizing and crescentic glomer‐
ulonephritis [6] but were later identified in patients with GPA, EGPA and MPA, and are
associated with these conditions with high sensitivity and specificity [7].

There are two major types of ANCA recognized by indirect immunofluorescence (IIF). The
perinuclear pattern, or P-ANCA, is characterized by immunofluorescence seen at the periph‐
ery of the nucleus of alcohol-fixed neutrophils. The cytoplasmic pattern, or C-ANCA, is
characterized by diffuse staining of the cytoplasm. C-ANCA has a specificity for proteinase 3
(PR3), most frequently associated with GPA. P-ANCA has a specificity for myeloperoxidase
(MPO), and is most commonly seen in MPA and EGPA.

Although the etiopathogenesis of AAV is not yet well understood, immune system dysregu‐
lation and abnormal inflammatory responses ensue. Therapies which alter immune system
signaling and response are used to halt perpetuation of the inflammatory response to prevent
end-organ damage and suppress disease activity.

3. Outcomes without treatment and determining prognosis

Because these diseases have a high mortality rate (82% of mortality in GPA at one year
without treatment) [8] and relapse frequently (38% of patients with AAV will experience
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a relapse within 5 years despite treatment) [9] treatment protocols have reflected the need
to  obtain  rapid  control  of  disease  activity  and  maintain  long-term  immunosuppression
while  reducing  drug  toxicity.  This  is  the  basis  for  an  induction  phase  of  treatment  to
achieve remission followed by a maintenance phase to reduce the risk of relapse. Guille‐
vin  et  al.  developed  the  Five  Factor  Score  [10]  to  identify  factors  associated  with  poor
prognosis at the time of diagnosis. They initially analysed 342 patients with MPA, EGPA
and PAN, and the five factors associated with increased mortality were: renal failure with
creatinine greater than 140 μmol/L, proteinuria greater than 1 gram/day, cardiac involve‐
ment,  central  nervous  system  involvement,  or  severe  gastro-intestinal  involvement.  In
patients with none of these features, the 5 year survival rate was 88.1%. With 1 of these
features, the 5 year survival rate declined to 74.1%, and with 2 or more of these features
the survival rate was only 54.1%. The analysis of a larger group of 1108 patients with GPA,
MPA, EGPA and PAN in 2009 [11] resulted in the identification of new prognosis factors
associated with an increase in 5-year mortality rate. These include age > 65 years, cardiac
involvement, gastro-intestinal involvement, and renal failure with creatinine >150 μmol/L.
The  presence  of  ear,  nose  and  throat  symptoms  in  patients  with  GPA  and  EGPA  is
associated with a lower relative risk of death.

4. Categorization of disease severity to guide initial treatment agent

As reflected in the European League Against Rheumatism (EULAR) treatment guidelines
[12] the initial immunosuppressive agent choice is dictated by the extent and severity of
the disease. The European Vasculitis Study (EUVAS) disease categorisation [13] separates
disease  severity  into  localized  disease,  early  systemic  disease,  generalized,  severe  and
refractory disease.

Category Definition

Localised Upper and/or lower respiratory tract disease without any other systemic involvement or

constitutional symptoms

Early Systemic Any, without organ-threatening or life-threatening disease

Generalised Renal or other organ threatening disease, serum creatinine <500 μmol/liter (5.6 mg/dl)

Severe Renal or other vital organ failure, serum creatinine "/>500 μmol/litre (5.6 mg/dl)

Refractory Progressive disease unresponsive to glucocorticoids and cyclophosphamide

Table 1. Categorization of disease severity to guide initial treatment in anti-neutrophilic cytoplasmic antibodies
(ANCA)-associated vasculitis [13]

We will now review in detail the evidence for the agents recommended in these treatment
guidelines, as well as new evidence arising since their development.
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5. Induction of remission

5.1. Glucocorticoids

Efficacy: Glucocorticoids are the first line treatment to rapidly control inflammation and
prevent further organ damage in patients with active AAV. There is no trial evidence to
support the use, dose or route of steroids traditionally used in AAV but certainly experience
has solidified their clinical use. In all the randomized trials glucocorticoids were used in
combination with immunosuppressants and is it not possible to know their effect alone. A
report in 1957 of 17 patients with PAN revealed that the use of glucocorticoids alone lead to
80% survival at 12 months compared to 64% in an untreated group [14]. However the superi‐
ority of cortisone was not maintained at 3 years [14, 15].

In randomized controlled studies of remission induction, prednisone is started at 1 mg/kg then
tapered to a low dose (e.g. 5 mg at 18 months in CYCLOPS) [16] or completely stopped at 12
months (NORAM) [17] or even 6 months (WGET [18], RAVE [19]). The complete weaning of
steroids is not necessarily desirable as shown by a meta-analysis done by Walsh et al [20].
Continuation of low dose prednisone (5-7.5 mg/day) was associated with a lower relapse rate
of 14% (95%CI 10-19%) compared to a relapse rate of 43% (95%CI 33-52%) in those with
complete glucocorticoid discontinuation.

The European Vasculitis Study group (EUVAS) guidelines for the treatment of AAV [12]
indicate that high dose prednisolone or prednisone at 1 mg/kg be used for the first month, then
tapered to no less than 15 mg at 3 months and 10 mg or lower during the maintenance phase
of treatment. In instances where rapid control of disease is necessary, parenteral methylpred‐
nisolone (1 g daily for 3 days) should be used in addition to oral glucocorticoids.

A clinical trial currently in progress named ‘plasma exchange and glucocorticoid dosing in the
treatment of ANCA-associated vasculitis’ (PEXIVAS) (ClinicalTrials.gov Identifier:
NCT00987389) will address the question of dose and tapering schedule of glucocorticoids. The
trial design will compare the standard dosing of glucocorticoids (similar to the recommenda‐
tions of EUVAS) compared to a reduced dose regimen. All patients will receive between 1 and
3 g of intravenous methylprednisolone over 1 to 3 days, then daily oral glucocorticoid, which
may consist of prednisone or prednisolone and administered through a weight-based protocol.
Based on body weight, all participants will receive either 50, 60 or 75 mg/day of oral gluco‐
corticoid for 7 days. Participants in the standard-dose group will continue at 50, 60 or 75
mg/day for 7 additional days and taper to between 12.5 and 20 mg/day at 3 months and 5 mg/
day at 6 months. Participants in the low-dose group will continue at 25, 30 or 40 mg/day for 7
days and taper to between 6 and 10 mg/day by 3 months and 5 mg/day by 6 months.
All patients will receive 5 mg/day from 6 months to 12 months after randomisation.

Safety: Multiple adverse consequences of steroid therapy are recognized, including weight gain
and fat redistribution, fluid retention and hypertension, irritability and difficulty sleeping,
cataracts and glaucoma, elevated blood sugars and skin thinning. It is critical to minimize
steroid exposure while suppressing disease activity. It is common practice to prescribe therapy
to reduce the risk of glucocorticoid-induced osteoporosis. Vitamin D supplementation and
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Calcium intake should fall in line with local treatment recommendations, and bisphosphonates
are typically necessary for patients as they will be exposed to prolonged steroid use. Additional
considerations are prophylaxis against opportunistic infections such as Pneumocystis jiroveci
with Trimethoprim/Sulfamethoxazole (T/S), and stress-dose steroids for critical illness.

5.2. Induction of remission in generalized and severe AAV

5.2.1. Cyclophosphamide

Efficacy: Cyclophosphamide is typically reserved for patients with severe or generalized AAV,
or if a poor prognostic factor is present. In 1973, Fauci and Wolff published their experience
of treating 18 patients with GPA and systemic involvement with oral cyclophosphamide [21].
Twelve patients achieved remission, and 6 were able to discontinue immunosuppression after
several months. They later reported on a larger cohort of 85 patients with GPA treated with a
protocol of oral cyclophosphamide of 2 mg/kg/day and high dose prednisone of 1 mg/kg /day
[22]. They were followed prospectively over 21 years with 93% achieving complete remission
and a mean survival of 48 months although 29% relapsed. This work also highlighted the
toxicity of this drug, such as gonadal failure, cystitis in 34% of patients, and 1 patient devel‐
oping lymphoma.

In an effort to reduce the toxicity associated with the prolonged used of cyclophosphamide,
Hoffman et al [23] designed a protocol of intravenous pulses, similar to the National Institute
of Health (NIH) study of treatment of severe lupus nephritis [24]. Fourteen patients with GPA,
12 with relapsing disease previously treated with daily oral cyclophosphamide, received
monthly pulses of 1g/m2 of cyclophosphamide for 6 months along with high dose oral
glucocorticoids. If remission was achieved the pulses were reduced in frequency to every 2
months for 6 months then every 3 months for a total of 1.5 years. Glucocorticoids were tapered
and stopped over this time period. Unfortunately, although 93% improved initially, only 21%
had sustained remission. Thirty six percent (4 patients) had experienced toxicity, mostly
attributable to infections, but confounded by the concomitant use of high doses of prednisone.

A subsequent 18 month European open-label randomized controlled multicenter clinical trial,
CYCLOPS [16], of pulse versus daily oral cyclophosphamide in 149 newly diagnosed patients
with AAV (including GPA, MPA and renal limited vasculitis) with renal involvement and a
creatinine between 150 and 500 umol/L was performed. Patients in the intravenous pulse group
received cyclophosphamide 15 mg/kg every 2 weeks for the first 3 pulses then continued either
intravenous pulse (15 mg/kg) or oral pulse (5 mg/kg for 3 consecutive days), every 3 weeks
afterwards until remission and then for another 3 months. The oral cyclophosphamide group
received 2 mg/kg daily until remission then 1.5 mg/kg for another 3 months. Remission
maintenance was with azathioprine at a dose of 2 mg/kg for 18 months. The cyclophosphamide
doses were adjusted for renal function and age, as well as leukocyte count, with a maximum
dose of 1.2 g in the pulse group and 200 mg in the daily oral group. Both groups were also
treated with oral glucocorticoids during induction, with initially 1 mg/kg (maximum 80 mg)
used, but with progressive tapering to 12.5 mg at 3 months and 5 mg at 18 months.
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NCT00987389) will address the question of dose and tapering schedule of glucocorticoids. The
trial design will compare the standard dosing of glucocorticoids (similar to the recommenda‐
tions of EUVAS) compared to a reduced dose regimen. All patients will receive between 1 and
3 g of intravenous methylprednisolone over 1 to 3 days, then daily oral glucocorticoid, which
may consist of prednisone or prednisolone and administered through a weight-based protocol.
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corticoid for 7 days. Participants in the standard-dose group will continue at 50, 60 or 75
mg/day for 7 additional days and taper to between 12.5 and 20 mg/day at 3 months and 5 mg/
day at 6 months. Participants in the low-dose group will continue at 25, 30 or 40 mg/day for 7
days and taper to between 6 and 10 mg/day by 3 months and 5 mg/day by 6 months.
All patients will receive 5 mg/day from 6 months to 12 months after randomisation.

Safety: Multiple adverse consequences of steroid therapy are recognized, including weight gain
and fat redistribution, fluid retention and hypertension, irritability and difficulty sleeping,
cataracts and glaucoma, elevated blood sugars and skin thinning. It is critical to minimize
steroid exposure while suppressing disease activity. It is common practice to prescribe therapy
to reduce the risk of glucocorticoid-induced osteoporosis. Vitamin D supplementation and
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considerations are prophylaxis against opportunistic infections such as Pneumocystis jiroveci
with Trimethoprim/Sulfamethoxazole (T/S), and stress-dose steroids for critical illness.
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Efficacy: Cyclophosphamide is typically reserved for patients with severe or generalized AAV,
or if a poor prognostic factor is present. In 1973, Fauci and Wolff published their experience
of treating 18 patients with GPA and systemic involvement with oral cyclophosphamide [21].
Twelve patients achieved remission, and 6 were able to discontinue immunosuppression after
several months. They later reported on a larger cohort of 85 patients with GPA treated with a
protocol of oral cyclophosphamide of 2 mg/kg/day and high dose prednisone of 1 mg/kg /day
[22]. They were followed prospectively over 21 years with 93% achieving complete remission
and a mean survival of 48 months although 29% relapsed. This work also highlighted the
toxicity of this drug, such as gonadal failure, cystitis in 34% of patients, and 1 patient devel‐
oping lymphoma.

In an effort to reduce the toxicity associated with the prolonged used of cyclophosphamide,
Hoffman et al [23] designed a protocol of intravenous pulses, similar to the National Institute
of Health (NIH) study of treatment of severe lupus nephritis [24]. Fourteen patients with GPA,
12 with relapsing disease previously treated with daily oral cyclophosphamide, received
monthly pulses of 1g/m2 of cyclophosphamide for 6 months along with high dose oral
glucocorticoids. If remission was achieved the pulses were reduced in frequency to every 2
months for 6 months then every 3 months for a total of 1.5 years. Glucocorticoids were tapered
and stopped over this time period. Unfortunately, although 93% improved initially, only 21%
had sustained remission. Thirty six percent (4 patients) had experienced toxicity, mostly
attributable to infections, but confounded by the concomitant use of high doses of prednisone.

A subsequent 18 month European open-label randomized controlled multicenter clinical trial,
CYCLOPS [16], of pulse versus daily oral cyclophosphamide in 149 newly diagnosed patients
with AAV (including GPA, MPA and renal limited vasculitis) with renal involvement and a
creatinine between 150 and 500 umol/L was performed. Patients in the intravenous pulse group
received cyclophosphamide 15 mg/kg every 2 weeks for the first 3 pulses then continued either
intravenous pulse (15 mg/kg) or oral pulse (5 mg/kg for 3 consecutive days), every 3 weeks
afterwards until remission and then for another 3 months. The oral cyclophosphamide group
received 2 mg/kg daily until remission then 1.5 mg/kg for another 3 months. Remission
maintenance was with azathioprine at a dose of 2 mg/kg for 18 months. The cyclophosphamide
doses were adjusted for renal function and age, as well as leukocyte count, with a maximum
dose of 1.2 g in the pulse group and 200 mg in the daily oral group. Both groups were also
treated with oral glucocorticoids during induction, with initially 1 mg/kg (maximum 80 mg)
used, but with progressive tapering to 12.5 mg at 3 months and 5 mg at 18 months.
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The administration route of cyclophosphamide did not affect the remission rate, with 88% of
subjects randomized to pulse therapy and 88% of subjects randomized to daily oral therapy
in remission at 9 months. Both groups had a median time to remission of 3 months (range of
0.5 to 8 months in the pulse group and 1 to 7.5 months in the daily oral group). The cumulative
dose in the oral group was higher than the pulse group (median 15.9 g vs. 8.2 g) with a lower
rate of leukopenia in the pulse group.

The long-term follow-up of these studies was recently reported [25]. Retrospective chart
information was available for 134 out of 148 patients, and 1 patient was subsequently excluded
as their diagnosis was changed to EGPA. The median follow-up was 4.3 years. An increased
relapse rate was observed in the pulse group compared to the daily oral group. Fifteen (20.8%)
of the daily oral group and 30 (39.5%) of the pulse group had at least one relapse. However
there was no difference in survival, renal function nor adverse events between groups. The
presence of PR3-ANCA was independently associated with an increase risk of relapse (hazard
ratio 2.47 (95%CI 1.32-4.59, p=0.004).

A meta-analysis [26] of randomized trials [27-29] comparing daily oral versus intravenous
pulse of cyclophosphamide concluded that pulse therapy was significantly less likely to fail
in remission induction (odds ratio (OR) 0.29 (95% CI 0.12-0.73) and had a significantly lower
risk of infection (OR: 0.45 (95% CI 0.23-0.89)) and leucopenia (OR 0.36 (95% CI 0.17-0.78)). There
was a non-significant increase in the relapse odds in the pulse cyclophosphamide group (OR
1.79 (95%CI 0.85-3.75).

Safety: Although cyclophosphamide has been the mainstay of treatment for generalized and
severe forms of AAV, there are several limitations to its use. First, there are significant adverse
events associated with this drug even at the lower cumulative dose achieved through pulse
therapy. Infertility is a concern in individuals of childbearing age, and bladder toxicity and
malignancy are associated with increased morbidity and mortality [30-32]. The development
of leukopenia significantly increases the risk of bacterial infection, and renders the patient
susceptible to opportunistic infections. Table 2 provides dose adjustment recommendations
based on the patient’s age, renal function and leukocyte nadir to reduce the risk of toxicity.

5.2.2. Rituximab

Efficacy: The use of Rituximab, an anti-CD20 monoclonal antibody depleting B lymphocytes,
has been reported in several case series and case reports to be effective in patients with
generalized, severe and refractory disease [33]. This was subsequently confirmed by 2
randomized controlled trials published in 2010, “Rituximab in ANCA-associated Vasculitis”
(RAVE) [19] and “Randomised Trial of Rituximab Versus Cyclophosphamide for Generalized
ANCA-Associated Vasculitis” (RITUXVAS) [34]. In these two studies rituximab was non-
inferior and/or equivalent to cyclophosphamide in inducing remission in AAV. Rituximab was
superior to cyclophosphamide in relapsing patients.

RAVE [19] was a North American multicentre, randomized, double blind, controlled thera‐
peutic trial where 197 patients with new or relapsing ANCA positive GPA and MPA without
severe renal disease (creatinine less than 354 umol/L) or severe alveolar hemorrhage (not
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requiring a ventilator). The study was designed as a non-inferiority trial comparing intrave‐
nous rituximab (375 mg/m2 of body surface weekly for 4 weeks) to daily oral cyclophospha‐
mide (2mg/kg). Both groups received methylprednisolone 1 g for one to three pulses, followed
by prednisone 1 mg/kg. The primary end point was defined as a Birmingham Vasculitis
Activity Score for Wegener’s Granulomatosis (BVAS/WG) [35] of 0 and the complete discon‐
tinuation of prednisone at 6 months. Once remission was achieved by 3 to 6 months, mainte‐
nance therapy was initiated in the cyclophosphamide group with azathioprine (2 mg/kg),
however the Rituximab group did not receive maintenance therapy. There was no difference
in the primary outcome at 6 months between the 2 groups. Sixty-three of the 99 patients in the
rituximab group (64%) reached the primary end point, as compared with 52 of 98 in the control
group (53%), and met the criterion for non-inferiority (P<0.001). However, among patients with
relapsing disease at baseline, rituximab was more efficacious than cyclophosphamide, with 34
of 51 patients in the rituximab group (67%) reaching the primary end point, as compared with
only 21 of 50 in the control group (42%) (p=0.01). In an oral presentation at the American
College of Rheumatology Annual Meeting in November 2011, the extended follow-up to 18
months was reported. One single course of rituximab without maintenance therapy was as
effective as 18 months of induction and maintenance therapy with cyclophosphamide followed
by azathioprine. Complete remission was achieved and sustained at 6, 12, and 18 months in
64%, 47%, and 39% of subjects in the rituximab arm, comparable at 53%, 39%, and 33% of
subjects in the cyclophosphamide/azathioprine arm, respectively. Disease flares in the two
treatment arms did not differ in number or severity, and no unexpected safety issues were
detected. Patients at highest risk for flare had GPA, were PR3 positive, were without major
renal disease, and had relapsing disease at baseline. Disease flares in the rituximab treated
subjects occurred only after the return of detectable levels of B cells.

RITUXVAS [34]  was  a  European multicenter,  open label,  randomized trial  of  rituximab
compared to intravenous cyclophosphamide in 44 patients with newly diagnosed ANCA-
associated vasculitis with renal involvement [34]. Subjects in the rituximab group received both

Age Creatinine Leukocyte nadir
(10-14 days)

Leukocyte count

IV cyclosphamide: 15
mg/kg
Max dose: 1.2 g

>60: reduce dose by
2.5 mg/kg per pulse
>70: reduce dose by
5 mg/kg per pulse

300 to 500 μmol/L
(3.4 to 5.7 mg/dL)
reduce pulse by 2.5
mg/kg

2 to 3 x109/L reduce
dose of subsequent
pulse by 20%
1 to 2 x109/L reduce
dose of subsequent
pulse by 40%

Daily Oral
cyclophosphamide
2 mg/kg
Max dose: 200 mg

>60 reduce dose by
25%
>70 reduce dose by
50%

< 4x109/L stop drug
until >4
reduce dose by 25%
<1x109/L restart at
50 mg then increase
weekly as tolerated

Table 2. Adjusted cyclophosphamide dose according to age, renal function and leukocyte count [16]
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The administration route of cyclophosphamide did not affect the remission rate, with 88% of
subjects randomized to pulse therapy and 88% of subjects randomized to daily oral therapy
in remission at 9 months. Both groups had a median time to remission of 3 months (range of
0.5 to 8 months in the pulse group and 1 to 7.5 months in the daily oral group). The cumulative
dose in the oral group was higher than the pulse group (median 15.9 g vs. 8.2 g) with a lower
rate of leukopenia in the pulse group.

The long-term follow-up of these studies was recently reported [25]. Retrospective chart
information was available for 134 out of 148 patients, and 1 patient was subsequently excluded
as their diagnosis was changed to EGPA. The median follow-up was 4.3 years. An increased
relapse rate was observed in the pulse group compared to the daily oral group. Fifteen (20.8%)
of the daily oral group and 30 (39.5%) of the pulse group had at least one relapse. However
there was no difference in survival, renal function nor adverse events between groups. The
presence of PR3-ANCA was independently associated with an increase risk of relapse (hazard
ratio 2.47 (95%CI 1.32-4.59, p=0.004).

A meta-analysis [26] of randomized trials [27-29] comparing daily oral versus intravenous
pulse of cyclophosphamide concluded that pulse therapy was significantly less likely to fail
in remission induction (odds ratio (OR) 0.29 (95% CI 0.12-0.73) and had a significantly lower
risk of infection (OR: 0.45 (95% CI 0.23-0.89)) and leucopenia (OR 0.36 (95% CI 0.17-0.78)). There
was a non-significant increase in the relapse odds in the pulse cyclophosphamide group (OR
1.79 (95%CI 0.85-3.75).

Safety: Although cyclophosphamide has been the mainstay of treatment for generalized and
severe forms of AAV, there are several limitations to its use. First, there are significant adverse
events associated with this drug even at the lower cumulative dose achieved through pulse
therapy. Infertility is a concern in individuals of childbearing age, and bladder toxicity and
malignancy are associated with increased morbidity and mortality [30-32]. The development
of leukopenia significantly increases the risk of bacterial infection, and renders the patient
susceptible to opportunistic infections. Table 2 provides dose adjustment recommendations
based on the patient’s age, renal function and leukocyte nadir to reduce the risk of toxicity.

5.2.2. Rituximab

Efficacy: The use of Rituximab, an anti-CD20 monoclonal antibody depleting B lymphocytes,
has been reported in several case series and case reports to be effective in patients with
generalized, severe and refractory disease [33]. This was subsequently confirmed by 2
randomized controlled trials published in 2010, “Rituximab in ANCA-associated Vasculitis”
(RAVE) [19] and “Randomised Trial of Rituximab Versus Cyclophosphamide for Generalized
ANCA-Associated Vasculitis” (RITUXVAS) [34]. In these two studies rituximab was non-
inferior and/or equivalent to cyclophosphamide in inducing remission in AAV. Rituximab was
superior to cyclophosphamide in relapsing patients.

RAVE [19] was a North American multicentre, randomized, double blind, controlled thera‐
peutic trial where 197 patients with new or relapsing ANCA positive GPA and MPA without
severe renal disease (creatinine less than 354 umol/L) or severe alveolar hemorrhage (not
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requiring a ventilator). The study was designed as a non-inferiority trial comparing intrave‐
nous rituximab (375 mg/m2 of body surface weekly for 4 weeks) to daily oral cyclophospha‐
mide (2mg/kg). Both groups received methylprednisolone 1 g for one to three pulses, followed
by prednisone 1 mg/kg. The primary end point was defined as a Birmingham Vasculitis
Activity Score for Wegener’s Granulomatosis (BVAS/WG) [35] of 0 and the complete discon‐
tinuation of prednisone at 6 months. Once remission was achieved by 3 to 6 months, mainte‐
nance therapy was initiated in the cyclophosphamide group with azathioprine (2 mg/kg),
however the Rituximab group did not receive maintenance therapy. There was no difference
in the primary outcome at 6 months between the 2 groups. Sixty-three of the 99 patients in the
rituximab group (64%) reached the primary end point, as compared with 52 of 98 in the control
group (53%), and met the criterion for non-inferiority (P<0.001). However, among patients with
relapsing disease at baseline, rituximab was more efficacious than cyclophosphamide, with 34
of 51 patients in the rituximab group (67%) reaching the primary end point, as compared with
only 21 of 50 in the control group (42%) (p=0.01). In an oral presentation at the American
College of Rheumatology Annual Meeting in November 2011, the extended follow-up to 18
months was reported. One single course of rituximab without maintenance therapy was as
effective as 18 months of induction and maintenance therapy with cyclophosphamide followed
by azathioprine. Complete remission was achieved and sustained at 6, 12, and 18 months in
64%, 47%, and 39% of subjects in the rituximab arm, comparable at 53%, 39%, and 33% of
subjects in the cyclophosphamide/azathioprine arm, respectively. Disease flares in the two
treatment arms did not differ in number or severity, and no unexpected safety issues were
detected. Patients at highest risk for flare had GPA, were PR3 positive, were without major
renal disease, and had relapsing disease at baseline. Disease flares in the rituximab treated
subjects occurred only after the return of detectable levels of B cells.

RITUXVAS [34]  was  a  European multicenter,  open label,  randomized trial  of  rituximab
compared to intravenous cyclophosphamide in 44 patients with newly diagnosed ANCA-
associated vasculitis with renal involvement [34]. Subjects in the rituximab group received both
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rituximab (375 mg/m2 per week for 4 consecutive weeks) and intravenous cyclophosphamide
(15 mg/kg) with the first and third rituximab infusions. They did not receive any maintenance
therapy. If they had progressive disease within the first 6 months, a third dose of intravenous
cyclophosphamide was permitted. Subjects in the control group received intravenous cyclophos‐
phamide (15 mg/kg), every 2 weeks for the first three doses then every 3 weeks for 3 to 6 months
until remission, followed by azathioprine for maintenance. Both treatment arms received 1 g of
intravenous methylprednisolone and then oral prednisone at 1 mg/kg per day initially, with a
reduction to 5 mg per day at the end of 6 months. The primary outcome was sustained remis‐
sion and rates of serious adverse events at 12 months. Thirty-three subjects were enrolled in the
rituximab group and 11 in the control group. Sustained remission was observed in 25 of 33
patients in the rituximab group (76%) and 9 of 11 patients in the control group (82%) (p=0.68).
Six of the 33 subjects in the rituximab group (18%) and 2 of the 11 patients in the control group
(18%) died. Among the survivors, sustained remission rates at 12 months were equal, and
observed in 93% of the rituximab group and 90% of the control group (p = 0.80). The median time
to remission was 90 days (interquartile range, 79 to 112) in the rituximab group and 94 days
(interquartile range, 91 to 100) in the control group (p=0.87). At 12 months of follow-up, 4 of 27
subjects in the rituximab group (15%) and 1 of 10 subjects in the control group (10%) suffered a
relapse (p=0.70). This study also demonstrated efficacy in serious renal disease. Among the 9
subjects who were on dialysis at study entry, 6 of the 8 subjects randomized to the rituximab
group attained sustained remission, and 5 no longer required dialysis.

Safety: Unfortunately, rituximab use was not associated with a lower rate of serious adverse
events in either study, although there were more episodes of leukopenia in subjects random‐
ized to cyclophosphamide. In the RAVE study, there were no significant differences between
the treatment groups in the numbers of total adverse events, serious adverse events, or non
−disease related adverse events. During the first 6 months of the trial, solid malignant tumors
were diagnosed in 1 patient in each group; 2 patients in the control group and 1 in the rituximab
group died. Six malignant conditions developed in 5 additional patients after 6 months. Four
of those patients had been assigned initially to rituximab and one had been assigned to
cyclophosphamide. Among patients with exposure to rituximab during the trial, malignant
conditions developed in 6 of 124 (5%), as compared with 1 of 73 patients without exposure to
rituximab (1%, p=0.26). In RITUXVAS, severe adverse events were similar between groups
(rituximab group 42% and 36% in the standard care group). Infection rates were similar
(rituximab group incidence rate 0.66/patient year vs 0.60/patient year in the standard care
group). Dialysis patients were particular prone to adverse events, with 3 of the 9 dying, and 7
of 9 with at least one serious adverse event.

5.2.3. Plasma exchange

The  rationale  for  the  physical  removal  of  ANCA  by  plasma  exchange  is  based  on  the
demonstration  of  the  pathogenic  role  of  ANCA  in  animal  models  of  AAV  [36,  37].
Corticosteroids and cyclophosphamide are used concomitantly to suppress inflammation
and autoantibody production.
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A  study  of  patients  with  severe  renal  involvement  of  GPA  and  MPA  causing  rapidly
progressive glomerulonephritis was designed to compare intravenous (IV) methylpredniso‐
lone and plasma exchange [38]. One hundred and thirty-seven patients with creatinine >500
umol/l were enrolled in this open label, randomized trial and 69% were on dialysis for less
than 2 weeks at study entry. Both groups received oral cyclophosphamide (2.5 mg/kg/day
reduced to  1.5  mg/kg/day at  3  months and stopped at  6  months),  followed by azathio‐
prine (2 mg/kg/day). Oral prednisolone was tapered from 1 mg/kg/day at entry to 0.25 mg/
kg/day  by  week  10,15  mg/day  at  3  months  and10mg/day  from  5  to12  months.  The  IV
methylprednisolone group (n=67)  received 1000 mg/day for  three consecutive days,  and
the  subjects  in  the  plasma  exchange  group  (n=70)  underwent  a  total  of  seven  plasma
exchanges within 14 days of study entry, with a plasma exchange volume of 60 ml/kg on
each occasion and volume replacement with 5% albumin mandated in the protocol.  The
primary outcome measure was renal  recovery at  3  months,  defined by patient  survival,
dialysis independence, and serum creatinine <500 umol/l (5.8 mg/dl).

There  was  a  significant  decrease  in  the  risk  of  end-stage  renal  disease  in  the  plasma
exchange group compared to IV methylprednisolone but there was no significant differ‐
ence  in  patient  survival  at  12  months.  By 3  months,  renal  recovery had occurred in  33
(49%) of 67 of the IV methylprednisolone group and 48 (69%) of 70 of the plasma exchange
group (95%CI for the difference 18 to 35%; p = 0.02). This effect was sustained to 12 months
from entry with only two from each group progressing to end stage renal  disease after
initial recovery, with a risk reduction of 24% (95%CI 6.1 to 41) at 12 months. At 12 months,
43% of  subjects  in the IV methylprednisolone group and 59% of  subjects  in the plasma
exchange group remained alive and independent of dialysis (p = 0.008). The hazard ratio
for end stage renal disease over 12 months for plasma exchange versus IV methylpredniso‐
lone was 0.47 (95%CI 0.24 to 0.91; p = 0.03). Subject survival at 3 and 12 months respective‐
ly was 84% and 76% in the IV methylprednisolone group and 84% and 73% in the plasma
exchange group (log rank test p = 0.68). Mortality was 25.5% at 12 months, and the major
causes of death were infection (n = 19), pulmonary hemorrhage (n = 6), and cardiovascu‐
lar disease (n = 4).  Most deaths occurred during the first  3 months,  when corticosteroid
dosages were highest and vasculitis was most active. After 3 months, there was a higher
mortality in those who had failed to recover renal function.

5.3. Induction of remission in early systemic disease

5.3.1. Methotrexate

The treatment of AAV with cyclophosphamide is associated with significant toxicity and
morbidity as previously discussed. Alternative immunosuppression to reduce this risk have
been  studied.  The  “Non-Renal  Wegener’s  Granulomatosis  Treated  Alternatively  with
Methotrexate” (NORAM) [17] trial was designed to test the hypothesis than methotrexate
could replace cyclophosphamide for remission induction. NORAM was a non-inferiority,
unblinded,  prospective,  randomized,  controlled  trial  in  early  systemic  GPA  and  MPA,
without organ-threatening or life-threatening disease and a creatinine of less than 150 umol/
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rituximab (375 mg/m2 per week for 4 consecutive weeks) and intravenous cyclophosphamide
(15 mg/kg) with the first and third rituximab infusions. They did not receive any maintenance
therapy. If they had progressive disease within the first 6 months, a third dose of intravenous
cyclophosphamide was permitted. Subjects in the control group received intravenous cyclophos‐
phamide (15 mg/kg), every 2 weeks for the first three doses then every 3 weeks for 3 to 6 months
until remission, followed by azathioprine for maintenance. Both treatment arms received 1 g of
intravenous methylprednisolone and then oral prednisone at 1 mg/kg per day initially, with a
reduction to 5 mg per day at the end of 6 months. The primary outcome was sustained remis‐
sion and rates of serious adverse events at 12 months. Thirty-three subjects were enrolled in the
rituximab group and 11 in the control group. Sustained remission was observed in 25 of 33
patients in the rituximab group (76%) and 9 of 11 patients in the control group (82%) (p=0.68).
Six of the 33 subjects in the rituximab group (18%) and 2 of the 11 patients in the control group
(18%) died. Among the survivors, sustained remission rates at 12 months were equal, and
observed in 93% of the rituximab group and 90% of the control group (p = 0.80). The median time
to remission was 90 days (interquartile range, 79 to 112) in the rituximab group and 94 days
(interquartile range, 91 to 100) in the control group (p=0.87). At 12 months of follow-up, 4 of 27
subjects in the rituximab group (15%) and 1 of 10 subjects in the control group (10%) suffered a
relapse (p=0.70). This study also demonstrated efficacy in serious renal disease. Among the 9
subjects who were on dialysis at study entry, 6 of the 8 subjects randomized to the rituximab
group attained sustained remission, and 5 no longer required dialysis.

Safety: Unfortunately, rituximab use was not associated with a lower rate of serious adverse
events in either study, although there were more episodes of leukopenia in subjects random‐
ized to cyclophosphamide. In the RAVE study, there were no significant differences between
the treatment groups in the numbers of total adverse events, serious adverse events, or non
−disease related adverse events. During the first 6 months of the trial, solid malignant tumors
were diagnosed in 1 patient in each group; 2 patients in the control group and 1 in the rituximab
group died. Six malignant conditions developed in 5 additional patients after 6 months. Four
of those patients had been assigned initially to rituximab and one had been assigned to
cyclophosphamide. Among patients with exposure to rituximab during the trial, malignant
conditions developed in 6 of 124 (5%), as compared with 1 of 73 patients without exposure to
rituximab (1%, p=0.26). In RITUXVAS, severe adverse events were similar between groups
(rituximab group 42% and 36% in the standard care group). Infection rates were similar
(rituximab group incidence rate 0.66/patient year vs 0.60/patient year in the standard care
group). Dialysis patients were particular prone to adverse events, with 3 of the 9 dying, and 7
of 9 with at least one serious adverse event.

5.2.3. Plasma exchange

The  rationale  for  the  physical  removal  of  ANCA  by  plasma  exchange  is  based  on  the
demonstration  of  the  pathogenic  role  of  ANCA  in  animal  models  of  AAV  [36,  37].
Corticosteroids and cyclophosphamide are used concomitantly to suppress inflammation
and autoantibody production.
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A  study  of  patients  with  severe  renal  involvement  of  GPA  and  MPA  causing  rapidly
progressive glomerulonephritis was designed to compare intravenous (IV) methylpredniso‐
lone and plasma exchange [38]. One hundred and thirty-seven patients with creatinine >500
umol/l were enrolled in this open label, randomized trial and 69% were on dialysis for less
than 2 weeks at study entry. Both groups received oral cyclophosphamide (2.5 mg/kg/day
reduced to  1.5  mg/kg/day at  3  months and stopped at  6  months),  followed by azathio‐
prine (2 mg/kg/day). Oral prednisolone was tapered from 1 mg/kg/day at entry to 0.25 mg/
kg/day  by  week  10,15  mg/day  at  3  months  and10mg/day  from  5  to12  months.  The  IV
methylprednisolone group (n=67)  received 1000 mg/day for  three consecutive days,  and
the  subjects  in  the  plasma  exchange  group  (n=70)  underwent  a  total  of  seven  plasma
exchanges within 14 days of study entry, with a plasma exchange volume of 60 ml/kg on
each occasion and volume replacement with 5% albumin mandated in the protocol.  The
primary outcome measure was renal  recovery at  3  months,  defined by patient  survival,
dialysis independence, and serum creatinine <500 umol/l (5.8 mg/dl).

There  was  a  significant  decrease  in  the  risk  of  end-stage  renal  disease  in  the  plasma
exchange group compared to IV methylprednisolone but there was no significant differ‐
ence  in  patient  survival  at  12  months.  By 3  months,  renal  recovery had occurred in  33
(49%) of 67 of the IV methylprednisolone group and 48 (69%) of 70 of the plasma exchange
group (95%CI for the difference 18 to 35%; p = 0.02). This effect was sustained to 12 months
from entry with only two from each group progressing to end stage renal  disease after
initial recovery, with a risk reduction of 24% (95%CI 6.1 to 41) at 12 months. At 12 months,
43% of  subjects  in the IV methylprednisolone group and 59% of  subjects  in the plasma
exchange group remained alive and independent of dialysis (p = 0.008). The hazard ratio
for end stage renal disease over 12 months for plasma exchange versus IV methylpredniso‐
lone was 0.47 (95%CI 0.24 to 0.91; p = 0.03). Subject survival at 3 and 12 months respective‐
ly was 84% and 76% in the IV methylprednisolone group and 84% and 73% in the plasma
exchange group (log rank test p = 0.68). Mortality was 25.5% at 12 months, and the major
causes of death were infection (n = 19), pulmonary hemorrhage (n = 6), and cardiovascu‐
lar disease (n = 4).  Most deaths occurred during the first  3 months,  when corticosteroid
dosages were highest and vasculitis was most active. After 3 months, there was a higher
mortality in those who had failed to recover renal function.

5.3. Induction of remission in early systemic disease

5.3.1. Methotrexate

The treatment of AAV with cyclophosphamide is associated with significant toxicity and
morbidity as previously discussed. Alternative immunosuppression to reduce this risk have
been  studied.  The  “Non-Renal  Wegener’s  Granulomatosis  Treated  Alternatively  with
Methotrexate” (NORAM) [17] trial was designed to test the hypothesis than methotrexate
could replace cyclophosphamide for remission induction. NORAM was a non-inferiority,
unblinded,  prospective,  randomized,  controlled  trial  in  early  systemic  GPA  and  MPA,
without organ-threatening or life-threatening disease and a creatinine of less than 150 umol/
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L. More than 90% of patients had GPA. In total, 49 subjects were treated with methotrex‐
ate (15 mg/week orally escalating to a maximum of 20–25 mg/week by 12 weeks), which
was then maintained until month 10 and then tapered and discontinued by month 12. A
total  of  46  subjects  received  oral  cyclophosphamide  (2  mg/kg/day  (maximum  150  mg/
day) until remission), for a minimum of 3 and a maximum of 6 months. Dose alterations
were made for subjects >60 years of age, and the drug was withdrawn if the total white
blood cell  count fell  below 4 x109/liter.  At remission,  cyclophosphamide was reduced to
1.5 mg/kg/day until month 10, when it was tapered and discontinued by month 12. Both
treatment  groups  received  oral  prednisolone  1  mg/kg/day,  tapered  to  15  mg/day  at  12
weeks and 7.5  mg/day by 6  months,  and discontinued by 12 months.  The primary end
point  was  induction  of  remission  within  6  months.  Between  month  12  to  18,  patients
received no immunosuppressant agents.

At 6 months,  90% of subjects randomized to methotrexate and 94% of subjects random‐
ized to cyclophosphamide achieved remission (p=0.041). The median time to remission was
3 months (range 1–9) in the methotrexate group and 2 months (range 1–5) in the cyclophos‐
phamide group (p=0.19 log rank test). Of the subjects who achieved remission during the
treatment  period,  70% of  the  subjects  randomized to  methotrexate  and 47% of  subjects
randomized to cyclophosphamide had a relapse, with the time to relapse being significant‐
ly longer in the cyclophosphamide group (median 15 months, range 4-17) compared to the
methotrexate group (median 13 months, range 2-17) (P =0.023 log rank test). Leukopenia
was  more  common  in  the  cyclophosphamide  group  and  liver  dysfunction  was  more
common in the methotrexate group.

The long term follow-up of patients treated in the NORAM study was recently reported [39].
Data was obtained on all 95 original subjects with a median duration of follow-up of 6 years.
Subjects in the methotrexate group required a longer duration of corticosteroid therapy during
the trial period of 18 months (median 15 months, interquartile range (IQR) 12-18) compared
to 12 months (IQR 12-15) in the cyclophosphamide group, p=0.005). During subsequent follow-
up, the median duration of corticosteroid therapy during months 19-60 was 3.0 years in the
methotrexate group and only 1.5 years in the cyclophosphamide group (p=0.004). After the
trial period of 18 months, patients’ treatment was left at the discretion of their physicians.
Physicians were asked to provide information regarding drugs used to manage disease flare
such as cyclophosphamide, methotrexate, azathioprine and mycophenolate mofetil. Exposure
to cyclophosphamide and these other agents was also longer in the methotrexate group
(p=0.037; and p=0.031, respectively).

Overall, the cumulative relapse-free survival from the time of first remission was 69% after 1
year, 32% after 3 years, and 24% after 5 years of follow-up, demonstrating a trend to being
higher in the cyclophosphamide group (p=0.056, logrank test). The cumulative overall survival
did not differ between treatment arms (p=0.88, log-rank test) and was 98% after 1 year, 93%
after 3 years, and 89% after 5 years. The number of serious infections did not differ between
treatment groups. The authors have concluded that methotrexate therapy was associated with
less effective long-term disease control as compared to cyclophosphamide.
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6. Maintenance of remission

The relapse rate of AAV is high, as demonstrated by the different induction trials, and occur
frequently during a drug withdrawal period [32, 39]. Therefore it is important to maintain
long-term immunosuppression, while limiting drug toxicity. When a standardized treatment
of induction of remission followed by maintenance therapy is applied, the relapse rate in GPA
can be reduced from 76.8% (in cohorts treated before 1993) to 50% (in cohorts treated after
1999) over 5 years follow-up [40]. Several studies have provided different drug alternatives
for maintenance of remission.

6.1. Azathioprine

An 18 month prospective open label study (CYCAZAREM) compared the use of oral cyclo‐
phosphamide to azathioprine in the maintenance phase, with 155 subjects with GPA, MPA
and renal limited vasculitis recruited from 39 hospitals in 11 European countries [41]. All
subjects had received the same remission-induction therapy, consisting of daily oral cyclo‐
phosphamide (2 mg/kg) and prednisolone (initially 1 mg/kg/day, with the dose tapered to 0.25
mg/kg/day by 12 weeks). Renal vasculitis was the most common form of organ involvement,
occurring in 94 percent of the patients in the study. Patients attaining remission by 3 months,
and those attaining remission between 3 and 6 months, were randomly assigned to treatment
with azathioprine (2 mg/kg/day) or to continue cyclophosphamide therapy at a lower dose
(1.5 mg/kg/day). Both treatment groups continued to receive prednisolone 10 mg daily. At 12
months after study entry, both groups received azathioprine at a dose of 1.5 mg/kg/day and
prednisolone 7.5 mg daily. The primary end point was relapse, either major (threatened
function of the kidney, lung, brain, eye, motor nerve or gut) or minor (affecting at least three
other items in the Birmingham Vasculitis Activity Score (BVAS)) [42].

Of the initial 155 subjects, clinical remission was achieved in 93% overall, with 77% reaching
this target by 3 months and 16% between 3 and 6 months. These patients were randomly
assigned to cyclophosphamide (73 patients) or azathioprine (71 patients). Azathioprine was
demonstrated to be equivalent to cyclophosphamide for maintenance therapy. Sixteen percent
in the azathioprine group had relapses, compared to 14% in the cyclophosphamide group
(p=0.65). Five patients in each group had a major relapse. The most frequent adverse event was
neutropenia (55% of patients, including the remission and maintenance phase), with 52% of
infections occurring during an episode of neutropenia. There was no difference in renal
outcomes between the groups, with renal failure occurring in only 3% of patients.

6.2. Methotrexate

A prospective, open-label, multicenter trial, comparing methotrexate and azathioprine for
maintenance of remission in GPA and MPA (WEGENT) was designed to detect treatment
tolerance [43]. Three-quarters of the patients had GPA. Sixty-three patients who had achieved
remission with intravenous cyclophosphamide and corticosteroids received oral azathioprine
(2 mg/kg/day) and 63 received methotrexate (initial 0.3 mg/kg/week, progressively increased
to 25 mg per week) for 12 months. At the end of the scheduled maintenance therapy period,
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blood cell  count fell  below 4 x109/liter.  At remission,  cyclophosphamide was reduced to
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randomized to cyclophosphamide had a relapse, with the time to relapse being significant‐
ly longer in the cyclophosphamide group (median 15 months, range 4-17) compared to the
methotrexate group (median 13 months, range 2-17) (P =0.023 log rank test). Leukopenia
was  more  common  in  the  cyclophosphamide  group  and  liver  dysfunction  was  more
common in the methotrexate group.

The long term follow-up of patients treated in the NORAM study was recently reported [39].
Data was obtained on all 95 original subjects with a median duration of follow-up of 6 years.
Subjects in the methotrexate group required a longer duration of corticosteroid therapy during
the trial period of 18 months (median 15 months, interquartile range (IQR) 12-18) compared
to 12 months (IQR 12-15) in the cyclophosphamide group, p=0.005). During subsequent follow-
up, the median duration of corticosteroid therapy during months 19-60 was 3.0 years in the
methotrexate group and only 1.5 years in the cyclophosphamide group (p=0.004). After the
trial period of 18 months, patients’ treatment was left at the discretion of their physicians.
Physicians were asked to provide information regarding drugs used to manage disease flare
such as cyclophosphamide, methotrexate, azathioprine and mycophenolate mofetil. Exposure
to cyclophosphamide and these other agents was also longer in the methotrexate group
(p=0.037; and p=0.031, respectively).

Overall, the cumulative relapse-free survival from the time of first remission was 69% after 1
year, 32% after 3 years, and 24% after 5 years of follow-up, demonstrating a trend to being
higher in the cyclophosphamide group (p=0.056, logrank test). The cumulative overall survival
did not differ between treatment arms (p=0.88, log-rank test) and was 98% after 1 year, 93%
after 3 years, and 89% after 5 years. The number of serious infections did not differ between
treatment groups. The authors have concluded that methotrexate therapy was associated with
less effective long-term disease control as compared to cyclophosphamide.

Updates in the Diagnosis and Treatment of Vasculitis198

6. Maintenance of remission

The relapse rate of AAV is high, as demonstrated by the different induction trials, and occur
frequently during a drug withdrawal period [32, 39]. Therefore it is important to maintain
long-term immunosuppression, while limiting drug toxicity. When a standardized treatment
of induction of remission followed by maintenance therapy is applied, the relapse rate in GPA
can be reduced from 76.8% (in cohorts treated before 1993) to 50% (in cohorts treated after
1999) over 5 years follow-up [40]. Several studies have provided different drug alternatives
for maintenance of remission.

6.1. Azathioprine

An 18 month prospective open label study (CYCAZAREM) compared the use of oral cyclo‐
phosphamide to azathioprine in the maintenance phase, with 155 subjects with GPA, MPA
and renal limited vasculitis recruited from 39 hospitals in 11 European countries [41]. All
subjects had received the same remission-induction therapy, consisting of daily oral cyclo‐
phosphamide (2 mg/kg) and prednisolone (initially 1 mg/kg/day, with the dose tapered to 0.25
mg/kg/day by 12 weeks). Renal vasculitis was the most common form of organ involvement,
occurring in 94 percent of the patients in the study. Patients attaining remission by 3 months,
and those attaining remission between 3 and 6 months, were randomly assigned to treatment
with azathioprine (2 mg/kg/day) or to continue cyclophosphamide therapy at a lower dose
(1.5 mg/kg/day). Both treatment groups continued to receive prednisolone 10 mg daily. At 12
months after study entry, both groups received azathioprine at a dose of 1.5 mg/kg/day and
prednisolone 7.5 mg daily. The primary end point was relapse, either major (threatened
function of the kidney, lung, brain, eye, motor nerve or gut) or minor (affecting at least three
other items in the Birmingham Vasculitis Activity Score (BVAS)) [42].

Of the initial 155 subjects, clinical remission was achieved in 93% overall, with 77% reaching
this target by 3 months and 16% between 3 and 6 months. These patients were randomly
assigned to cyclophosphamide (73 patients) or azathioprine (71 patients). Azathioprine was
demonstrated to be equivalent to cyclophosphamide for maintenance therapy. Sixteen percent
in the azathioprine group had relapses, compared to 14% in the cyclophosphamide group
(p=0.65). Five patients in each group had a major relapse. The most frequent adverse event was
neutropenia (55% of patients, including the remission and maintenance phase), with 52% of
infections occurring during an episode of neutropenia. There was no difference in renal
outcomes between the groups, with renal failure occurring in only 3% of patients.

6.2. Methotrexate

A prospective, open-label, multicenter trial, comparing methotrexate and azathioprine for
maintenance of remission in GPA and MPA (WEGENT) was designed to detect treatment
tolerance [43]. Three-quarters of the patients had GPA. Sixty-three patients who had achieved
remission with intravenous cyclophosphamide and corticosteroids received oral azathioprine
(2 mg/kg/day) and 63 received methotrexate (initial 0.3 mg/kg/week, progressively increased
to 25 mg per week) for 12 months. At the end of the scheduled maintenance therapy period,
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azathioprine and methotrexate were withdrawn over a period of 3 months at the discretion of
the treating physician. T/S was recommended for 2 additional years for patients with GPA
after discontinuation of the maintenance immunosuppressive agents. The primary end point
was an adverse event requiring discontinuation of the study drug or causing death.

At the censoring date for analysis, the mean follow-up after randomization was 29 months.
Adverse events leading to the primary end point (i.e., discontinuation of the study drug or
death) occurred in 11% of the azathioprine group and 19% in the methotrexate group (p=0.21).
After starting maintenance therapy, 46% of azathioprine recipients had at least one adverse
event as compared with 56% of methotrexate recipients (p= 0.29). Thirty-six percent of
azathioprine subjects and 33% of methotrexate subjects had a relapse (p=0.71). In 73% of the
patients the relapse occurred after discontinuation of the drugs. This study demonstrated that
the two agents were equivalent in safety and also efficacy. There was a trend toward a higher
risk of adverse events with methotrexate, with a hazard ratio of 1.65 (95%CI, 0.65-4.18).

6.3. Mycophenolate mofetil

Mycophenolate mofetil is a prodrug of mycophenolic acid, which is a reversible inhibitor of
inosine monophosphate dehydrogenase in guanosine nucleotide synthesis, upon which T and
B cells are dependent, and has cytostatic effects on lymphocytes [44]. It has been proposed as
a less toxic alternative to azathioprine and has been evaluated in one randomized trial. The
IMPROVE study was an open-label trial to assess whether mycophenolate mofetil reduces the
risk of relapse compared with azathioprine in patients with AAV in remission [45]. All patients
received cyclophosphamide (daily oral or intermittent intravenous doses for a maximum of 6
months) and glucocorticoids (up to 3 g of methylprednisolone over 3 days was allowed for
severe disease, then 1 mg/kg/day (maximum 80 mg) of oral prednisolone) for induction of
remission. Plasma exchange could also be used for severe disease. Oral steroids were reduced
according to a standardized schedule to 15 mg/day at the start of the remission regimen,
tapered to 5 mg/day after 12 months, and were withdrawn after 24 months. One hundred and
fifty six patients with a new diagnosis of GPA and MPA were enrolled after remission was
achieved. The azathioprine group (n=80) initially received 2 mg/kg/day (maximum 200 mg),
with dose reductions to 1.5 mg/kg/day after 12 months and 1 mg/kg/day after 18 months, with
drug withdrawal after 42 months. Seventy-six patients assigned to the mycophenolate mofetil
group received 2 g/day, which was reduced to 1500 mg/day after 12 months, 1000 mg/day after
18 months, and withdrawn after 42 months. The primary end point was relapse-free survival,
defined as the time from remission to the first relapse (major or minor), withdrawal, death or
loss to follow-up, or the end of the follow-up period.

Median follow-up for both treatment groups from start of maintenance therapy was 39 months.
Relapses were more common in the mycophenolate mofetil group. In total, 55% of the
mycophenolate mofetil recipients experienced relapses (18 major, 24 minor), as compared to
38% of azathioprine recipients (10 major, 20 minor), with an unadjusted hazard ratio for
mycophenolate mofetil use of 1.69 (95%CI, 1.06-2.70; p=0.03) at 4 years. The risk of severe
adverse events was not significantly different between groups, with a hazard ratio of 0.53
(95%CI, 0.23-1.18, p=0.12). Therefore mycophenolate mofetil should not be considered as a first
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choice for maintenance of remission in AAV, but could be used in situations of intolerance or
contraindication to azathioprine.

6.4. Leflunomide

Leflunomide is a disease-modifying agent commonly used in the treatment of rheumatoid
arthritis as an alternative to methotrexate. A prospective randomized controlled trial of
leflunomide compared to methotrexate in patients with generalized GPA for maintenance of
remission was conducted in 5 German rheumatology centres [46]. The study was powered to
find equivalence between the 2 drugs. Patients achieving complete or partial remission with
daily oral cyclophosphamide (2mg/kg) and prednisolone and maintained remission for at least
3 months were enrolled in the study. Partial remission was defined as partial improvement of
the disease persisting for at least 3 months represented by a constant disease extent index and
BVAS. Complete remission was defined as the absence of pathological findings in clinical,
radiological and serological investigations, irrespective of the ANCA titre. Twenty-eight
subjects received oral methotrexate starting at a dose of 7.5 mg/week, increased over 9 weeks
to 20 mg/week. Folic acid 10 mg weekly was taken the day after methotrexate. Twenty-six
patients received leflunomide with a loading dose of 100 mg daily for 3 days, followed by 20
mg daily and then increased to 30 mg daily after 4 weeks. Prednisone was allowed at a dose
of 10mg/day or less, and was tapered by 2.5mg/month in the absence of disease activity until
a dose of 5 mg was reached, and then by 1 mg/month thereafter. The primary efficacy outcome
was the number of major and minor relapses.

In the leflunomide group, 23% of subjects experienced a relapse, compared to 46% of metho‐
trexate subjects (p=0.09), and the incidence of major relapses was significantly higher in the
methotrexate group (p=0.037). The study was terminated prematurely in September 2003 after
the advisory board had decided that the high rate of major relapses in the methotrexate group
was not acceptable.

Safety: There was no significant difference in the number of adverse events between the groups.
Thirty-four adverse events were observed in the leflunomide group and 17 in the methotrexate
group (p=0.09). Leflunomide was stopped in two patients with intractable hypertension, one
patient with peripheral neuropathy and one patient with leucopenia, whereas no patient
stopped due to adverse events in the methotrexate group. Twenty-five infectious episodes, 13
in the leflunomide group and 12 in the methotrexate group were noted, all responding well to
conventional antibiotic treatment on outpatient basis.

7. Refractory/relapsing disease

Some patients have disease that proves to be refractory to the therapies used for induction and
maintenance of remission as above. Typically, patients with lung and upper airway involve‐
ment, positive PR3-ANCA and severe renal involvement have more resistant disease [47-49].
Relapse is also frequent in AAV, with an overall risk of 38% at 5 years seen in a large cohort
of 535 patients from 70 European trial sites between 1995 and 2002 [32]. The presence of positive
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azathioprine and methotrexate were withdrawn over a period of 3 months at the discretion of
the treating physician. T/S was recommended for 2 additional years for patients with GPA
after discontinuation of the maintenance immunosuppressive agents. The primary end point
was an adverse event requiring discontinuation of the study drug or causing death.

At the censoring date for analysis, the mean follow-up after randomization was 29 months.
Adverse events leading to the primary end point (i.e., discontinuation of the study drug or
death) occurred in 11% of the azathioprine group and 19% in the methotrexate group (p=0.21).
After starting maintenance therapy, 46% of azathioprine recipients had at least one adverse
event as compared with 56% of methotrexate recipients (p= 0.29). Thirty-six percent of
azathioprine subjects and 33% of methotrexate subjects had a relapse (p=0.71). In 73% of the
patients the relapse occurred after discontinuation of the drugs. This study demonstrated that
the two agents were equivalent in safety and also efficacy. There was a trend toward a higher
risk of adverse events with methotrexate, with a hazard ratio of 1.65 (95%CI, 0.65-4.18).

6.3. Mycophenolate mofetil

Mycophenolate mofetil is a prodrug of mycophenolic acid, which is a reversible inhibitor of
inosine monophosphate dehydrogenase in guanosine nucleotide synthesis, upon which T and
B cells are dependent, and has cytostatic effects on lymphocytes [44]. It has been proposed as
a less toxic alternative to azathioprine and has been evaluated in one randomized trial. The
IMPROVE study was an open-label trial to assess whether mycophenolate mofetil reduces the
risk of relapse compared with azathioprine in patients with AAV in remission [45]. All patients
received cyclophosphamide (daily oral or intermittent intravenous doses for a maximum of 6
months) and glucocorticoids (up to 3 g of methylprednisolone over 3 days was allowed for
severe disease, then 1 mg/kg/day (maximum 80 mg) of oral prednisolone) for induction of
remission. Plasma exchange could also be used for severe disease. Oral steroids were reduced
according to a standardized schedule to 15 mg/day at the start of the remission regimen,
tapered to 5 mg/day after 12 months, and were withdrawn after 24 months. One hundred and
fifty six patients with a new diagnosis of GPA and MPA were enrolled after remission was
achieved. The azathioprine group (n=80) initially received 2 mg/kg/day (maximum 200 mg),
with dose reductions to 1.5 mg/kg/day after 12 months and 1 mg/kg/day after 18 months, with
drug withdrawal after 42 months. Seventy-six patients assigned to the mycophenolate mofetil
group received 2 g/day, which was reduced to 1500 mg/day after 12 months, 1000 mg/day after
18 months, and withdrawn after 42 months. The primary end point was relapse-free survival,
defined as the time from remission to the first relapse (major or minor), withdrawal, death or
loss to follow-up, or the end of the follow-up period.
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Relapses were more common in the mycophenolate mofetil group. In total, 55% of the
mycophenolate mofetil recipients experienced relapses (18 major, 24 minor), as compared to
38% of azathioprine recipients (10 major, 20 minor), with an unadjusted hazard ratio for
mycophenolate mofetil use of 1.69 (95%CI, 1.06-2.70; p=0.03) at 4 years. The risk of severe
adverse events was not significantly different between groups, with a hazard ratio of 0.53
(95%CI, 0.23-1.18, p=0.12). Therefore mycophenolate mofetil should not be considered as a first

Updates in the Diagnosis and Treatment of Vasculitis200

choice for maintenance of remission in AAV, but could be used in situations of intolerance or
contraindication to azathioprine.

6.4. Leflunomide

Leflunomide is a disease-modifying agent commonly used in the treatment of rheumatoid
arthritis as an alternative to methotrexate. A prospective randomized controlled trial of
leflunomide compared to methotrexate in patients with generalized GPA for maintenance of
remission was conducted in 5 German rheumatology centres [46]. The study was powered to
find equivalence between the 2 drugs. Patients achieving complete or partial remission with
daily oral cyclophosphamide (2mg/kg) and prednisolone and maintained remission for at least
3 months were enrolled in the study. Partial remission was defined as partial improvement of
the disease persisting for at least 3 months represented by a constant disease extent index and
BVAS. Complete remission was defined as the absence of pathological findings in clinical,
radiological and serological investigations, irrespective of the ANCA titre. Twenty-eight
subjects received oral methotrexate starting at a dose of 7.5 mg/week, increased over 9 weeks
to 20 mg/week. Folic acid 10 mg weekly was taken the day after methotrexate. Twenty-six
patients received leflunomide with a loading dose of 100 mg daily for 3 days, followed by 20
mg daily and then increased to 30 mg daily after 4 weeks. Prednisone was allowed at a dose
of 10mg/day or less, and was tapered by 2.5mg/month in the absence of disease activity until
a dose of 5 mg was reached, and then by 1 mg/month thereafter. The primary efficacy outcome
was the number of major and minor relapses.

In the leflunomide group, 23% of subjects experienced a relapse, compared to 46% of metho‐
trexate subjects (p=0.09), and the incidence of major relapses was significantly higher in the
methotrexate group (p=0.037). The study was terminated prematurely in September 2003 after
the advisory board had decided that the high rate of major relapses in the methotrexate group
was not acceptable.

Safety: There was no significant difference in the number of adverse events between the groups.
Thirty-four adverse events were observed in the leflunomide group and 17 in the methotrexate
group (p=0.09). Leflunomide was stopped in two patients with intractable hypertension, one
patient with peripheral neuropathy and one patient with leucopenia, whereas no patient
stopped due to adverse events in the methotrexate group. Twenty-five infectious episodes, 13
in the leflunomide group and 12 in the methotrexate group were noted, all responding well to
conventional antibiotic treatment on outpatient basis.

7. Refractory/relapsing disease

Some patients have disease that proves to be refractory to the therapies used for induction and
maintenance of remission as above. Typically, patients with lung and upper airway involve‐
ment, positive PR3-ANCA and severe renal involvement have more resistant disease [47-49].
Relapse is also frequent in AAV, with an overall risk of 38% at 5 years seen in a large cohort
of 535 patients from 70 European trial sites between 1995 and 2002 [32]. The presence of positive
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PR3 ANCA, cardiac involvement and absence of severe renal disease at presentation was found
to be a predictor of relapse in that group [9]. A variety of agents have been proposed to address
these refractory cases.

7.1. Tumor necrosis factor inhibition

7.1.1. Etanercept

The “Wegener’s Granulomatosis Etanercept Trial” (WGET) was a randomized, double blind,
placebo controlled trial of etanercept as an adjunct to conventional therapy in patients with
GPA [18]. The study enrolled 181 patients from 8 centres in the United States. Patients had
newly diagnosed or relapsing GPA with a BVAS/WG of ≥3 and either limited or severe
manifestations of their disease. Etanercept at the dose of 25 mg twice weekly subcutaneously
or placebo was used simultaneously at the time of randomization with conventional therapy
(corticosteroids along with methotrexate for limited disease and oral cyclophosphamide
followed by methotrexate for severe disease induction and azathioprine for maintenance) and
maintained as the conventional drugs were tapered over time. Prednisone was tapered by a
specific protocol to be completely discontinued within six months, assuming that no relapse
occurred.

The primary outcome measure was sustained disease remission, defined as a BVAS/WG of 0,
for at least six months. The median duration of treatment was 25 months for etanercept and
19 months for placebo and the mean duration of follow-up was 27 months in the overall cohort.
Seventy percent of subjects in the etanercept group met the primary outcome, as compared
with 75% in the control group (p=0.39). There was no significant difference between groups in
the time to sustained remission. The overall rate of sustained remission throughout follow-up
was only 49.4%. Disease flares during treatment were not significantly different between the
etanercept and control groups (relative risk, 0.89 (95%CI 0.62 to 1.28; p=0.54). The major
concern arising from this study however was in the development of adverse events. Moder‐
ately severe to fatal infections occurred in 49% of subjects and were equal between treatment
groups, however six solid cancers were identified during the trial, and all occurred in the
etanercept group (standardized incidence ratio of 3.12 (95%CI 1.15–6.80, p=0.014)). An
additional 3 other patients were subsequently diagnosed with a solid malignancy within 6
months of completion of the trial [50]. This study clearly demonstrated that etanercept was
not effective, and the use of etanercept in combination with cyclophosphamide is associated
with an increased risk of malignancy.

7.1.2. Infliximab and adalimumab

Infliximab has been studied as an adjuvant therapy for induction of remission in new, relapsing
and refractory disease. A prospective, open label, multicenter study in the United Kingdom
evaluated 2 small groups of patients with active disease [51]. In the new presentation or relapse
group, infliximab (5 mg/kg) was given at 0, 2, 6 and 10 weeks as an adjuvant therapy to oral
cyclophosphamide (2mg/kg/day) for 14 weeks and prednisolone. Once remission was
achieved the cyclophosphamide was replaced by azathioprine (2 mg/kg/day, reduced to 1.5
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mg/kg/day after 1 year) or mycophenolate mofetil if azathioprine wasn’t tolerated. In patients
with persistent disease despite the use of methotrexate, azathioprine, mycophenolate mofetil
or T/S, infliximab (5 mg/kg) at 0, 2, 6 and 10 weeks was added. If remission was achieved
infliximab was maintained every 6 weeks for 1 year. In both groups, 88% achieved remission
(BVAS ≤1) within a mean of 6.4 weeks. During follow-up (mean 17 months), only 18%
experienced a relapse of disease. Both groups were able to significantly reduce their gluco‐
corticoid dose from a mean of 24 mg/day to 9 mg/day at week 14. There were 2 deaths in the
newly diagnosed and relapsing group and 21% had severe infections. A second study has also
examined infliximab use (5 mg/kg at 0, 2, 6 and 10 weeks) in addition to standard therapy and
found no effect [52]. At 1 year, time to achieve remission, remission rates, adverse events,
damage index scores, and relapse rates were similar between groups.

Adalimumab was used as an adjunctive therapy in a single centre, open label, prospective,
uncontrolled study of newly diagnosed patients with GPA or MPA with renal involvement
[53]. Seventy-nine percent of patients achieved remission (BVAS = 0) within the first 14 weeks
of the study, and the mean oral prednisolone dose decreased from 37 to 8 mg/day, demon‐
strating potential efficacy but requiring further rigorous study.

7.2. Rituximab

Smith et al [54] reported a retrospective study of maintenance therapy with Rituximab in 73
patients with refractory or relapsing GPA and MPA. Twenty-eight received treatment with a
single dose of rituximab (1000 mg) at the time of relapse. Of these, 19 were subsequently
retreated at 6 months intervals. Another 45 patients were treated with rituximab (1000 mg
twice at an interval of 2 weeks) and then received treatment (1000 mg) every 6 months for 24
months with ongoing follow-up for an additional 24 months. Of the patients treated with a
single 1000 mg dose at relapse, 73% relapsed within 24 months. The frequency of relapse was
lower in patients who received retreatment at 6 months at only 11% (p<0.001), and in those
treated with the higher initial dose and ongoing retreatment at 12% (p<0.001). At 48 months,
relapses had occurred in 81% of the single dose group, compared to 26% and 39% in the group
with retreatment and the higher initial dose and retreatment. The median time to first relapse
was 12 months (range 5-76) in the group receiving the single dose, compared to 29 months
(range 5-48) in the group receiving retreatment and 34.5 months (range 5-53) in the group with
the higher initial dose and retreatment. Retreatment was associated with a reduction in relapse
rates compared to single rituximab courses and allowed early withdrawal of immunosup‐
pression and glucocorticoid reduction or withdrawal. In this study B cell count and ANCA
positivity didn’t correlate with the time of relapse.

7.3. Intravenous immunoglobulin (IVIg)

IVIg consists of intact IgG molecules, representing all IgG subclasses, from the pooled plasma
of donors [55]. Small amounts of IgM, IgA, HLA and cytokines are also present in the prepa‐
ration. As such, IVIg contains a broad range of immune antibodies against pathogens and
foreign antigens. Proposed mechanisms of action include modulation of the expression and
function of Fc receptors, interference with the activation of complement and the cytokine
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PR3 ANCA, cardiac involvement and absence of severe renal disease at presentation was found
to be a predictor of relapse in that group [9]. A variety of agents have been proposed to address
these refractory cases.

7.1. Tumor necrosis factor inhibition

7.1.1. Etanercept

The “Wegener’s Granulomatosis Etanercept Trial” (WGET) was a randomized, double blind,
placebo controlled trial of etanercept as an adjunct to conventional therapy in patients with
GPA [18]. The study enrolled 181 patients from 8 centres in the United States. Patients had
newly diagnosed or relapsing GPA with a BVAS/WG of ≥3 and either limited or severe
manifestations of their disease. Etanercept at the dose of 25 mg twice weekly subcutaneously
or placebo was used simultaneously at the time of randomization with conventional therapy
(corticosteroids along with methotrexate for limited disease and oral cyclophosphamide
followed by methotrexate for severe disease induction and azathioprine for maintenance) and
maintained as the conventional drugs were tapered over time. Prednisone was tapered by a
specific protocol to be completely discontinued within six months, assuming that no relapse
occurred.

The primary outcome measure was sustained disease remission, defined as a BVAS/WG of 0,
for at least six months. The median duration of treatment was 25 months for etanercept and
19 months for placebo and the mean duration of follow-up was 27 months in the overall cohort.
Seventy percent of subjects in the etanercept group met the primary outcome, as compared
with 75% in the control group (p=0.39). There was no significant difference between groups in
the time to sustained remission. The overall rate of sustained remission throughout follow-up
was only 49.4%. Disease flares during treatment were not significantly different between the
etanercept and control groups (relative risk, 0.89 (95%CI 0.62 to 1.28; p=0.54). The major
concern arising from this study however was in the development of adverse events. Moder‐
ately severe to fatal infections occurred in 49% of subjects and were equal between treatment
groups, however six solid cancers were identified during the trial, and all occurred in the
etanercept group (standardized incidence ratio of 3.12 (95%CI 1.15–6.80, p=0.014)). An
additional 3 other patients were subsequently diagnosed with a solid malignancy within 6
months of completion of the trial [50]. This study clearly demonstrated that etanercept was
not effective, and the use of etanercept in combination with cyclophosphamide is associated
with an increased risk of malignancy.

7.1.2. Infliximab and adalimumab

Infliximab has been studied as an adjuvant therapy for induction of remission in new, relapsing
and refractory disease. A prospective, open label, multicenter study in the United Kingdom
evaluated 2 small groups of patients with active disease [51]. In the new presentation or relapse
group, infliximab (5 mg/kg) was given at 0, 2, 6 and 10 weeks as an adjuvant therapy to oral
cyclophosphamide (2mg/kg/day) for 14 weeks and prednisolone. Once remission was
achieved the cyclophosphamide was replaced by azathioprine (2 mg/kg/day, reduced to 1.5
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mg/kg/day after 1 year) or mycophenolate mofetil if azathioprine wasn’t tolerated. In patients
with persistent disease despite the use of methotrexate, azathioprine, mycophenolate mofetil
or T/S, infliximab (5 mg/kg) at 0, 2, 6 and 10 weeks was added. If remission was achieved
infliximab was maintained every 6 weeks for 1 year. In both groups, 88% achieved remission
(BVAS ≤1) within a mean of 6.4 weeks. During follow-up (mean 17 months), only 18%
experienced a relapse of disease. Both groups were able to significantly reduce their gluco‐
corticoid dose from a mean of 24 mg/day to 9 mg/day at week 14. There were 2 deaths in the
newly diagnosed and relapsing group and 21% had severe infections. A second study has also
examined infliximab use (5 mg/kg at 0, 2, 6 and 10 weeks) in addition to standard therapy and
found no effect [52]. At 1 year, time to achieve remission, remission rates, adverse events,
damage index scores, and relapse rates were similar between groups.

Adalimumab was used as an adjunctive therapy in a single centre, open label, prospective,
uncontrolled study of newly diagnosed patients with GPA or MPA with renal involvement
[53]. Seventy-nine percent of patients achieved remission (BVAS = 0) within the first 14 weeks
of the study, and the mean oral prednisolone dose decreased from 37 to 8 mg/day, demon‐
strating potential efficacy but requiring further rigorous study.

7.2. Rituximab

Smith et al [54] reported a retrospective study of maintenance therapy with Rituximab in 73
patients with refractory or relapsing GPA and MPA. Twenty-eight received treatment with a
single dose of rituximab (1000 mg) at the time of relapse. Of these, 19 were subsequently
retreated at 6 months intervals. Another 45 patients were treated with rituximab (1000 mg
twice at an interval of 2 weeks) and then received treatment (1000 mg) every 6 months for 24
months with ongoing follow-up for an additional 24 months. Of the patients treated with a
single 1000 mg dose at relapse, 73% relapsed within 24 months. The frequency of relapse was
lower in patients who received retreatment at 6 months at only 11% (p<0.001), and in those
treated with the higher initial dose and ongoing retreatment at 12% (p<0.001). At 48 months,
relapses had occurred in 81% of the single dose group, compared to 26% and 39% in the group
with retreatment and the higher initial dose and retreatment. The median time to first relapse
was 12 months (range 5-76) in the group receiving the single dose, compared to 29 months
(range 5-48) in the group receiving retreatment and 34.5 months (range 5-53) in the group with
the higher initial dose and retreatment. Retreatment was associated with a reduction in relapse
rates compared to single rituximab courses and allowed early withdrawal of immunosup‐
pression and glucocorticoid reduction or withdrawal. In this study B cell count and ANCA
positivity didn’t correlate with the time of relapse.

7.3. Intravenous immunoglobulin (IVIg)

IVIg consists of intact IgG molecules, representing all IgG subclasses, from the pooled plasma
of donors [55]. Small amounts of IgM, IgA, HLA and cytokines are also present in the prepa‐
ration. As such, IVIg contains a broad range of immune antibodies against pathogens and
foreign antigens. Proposed mechanisms of action include modulation of the expression and
function of Fc receptors, interference with the activation of complement and the cytokine
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network, provision of antiidiotypic antibodies (idiotypes are located in the variable region of
autoantibodies in autoimmune conditions), and effects on the activation, differentiation and
effector functions of both T and B cells [55]. In vasculitis, IVIG may reverse monocyte and
neutrophil activation, reduce autoantibody production or effect the autoreactive T cell function
[56]. In vitro, incubation of ANCA vasculitis patient sera with IVIg inhibited ANCA activity
[57] which provided evidence to proceed with clinical use of this agent.

In the initial publication, 7 patients with long-standing ANCA vasculitis resistant to standard
immunosuppressive therapy received IVIg at a dose of 0.4 g/kg/day for 5 days [58] with
maintenance of steroids and cytotoxic drugs for at least 6 weeks following the infusions. All
patients improved within 2 days to 3 weeks; 5 went into full remission, 1 had sustained
improvement and 1 had a partial transient response within 8 weeks. Relapses occurred in 3
patients between 2 and 9 months after treatment, with no relapses documented in the others
who were followed between 6 and 18 months. Other successful case reports, case series and
open-label studies followed [59-64] describing positive treatment responses, however there is
likely an element of publication bias and confounding due to the variety in disease presenta‐
tions, prior and concomitant immunosuppressive therapies received, variable steroid doses
and the lack of a control arm for comparison. Jayne et al reported on a prospective double-
blind placebo-controlled multicentre randomized study targeting a reduction in the BVAS [65].
Patients had either GPA or MPA with active vasculitis despite 2 months of treatment with
prednisolone and cyclophosphamide or azathioprine. The mean disease duration of subjects
in this study was 52.5 months. Seventeen subjects were randomized to receive IVIg 0.4
g/kg/day for 5 days with no changes in immunosuppressive drugs for 3 months after the trial
infusion, and 17 subjects were in the placebo arm. Patients were assessed 2 weeks following
the infusion and then monthly until 12 months. A 50% reduction in the BVAS was observed
in 14/17 of the IVIg group and 6/17 of the placebo group respectively (OR 8.56; 95%CI 1.74-42.2,
p-0.015) and two subjects in the placebo group died within 3 months. The mean BVAS in the
IVIg group at baseline was 6.1, with a BVAS reduction of 3.2 at 1 month and 4.1 at 3 months,
compared to a baseline BVAS of 5.4 in the placebo group with reductions of 0.87 and 2.3 at 1
and 3 months. However, after 3 months there were no significant differences in the BVAS
between groups or in the frequency of relapse (5/16 for IVIG and 4/15 for placebo), and no
differences in the subsequent steroids or immunosuppressive doses in follow-up.

An open-label study enrolled 22 poor-prognosis patients experiencing a relapse of WG or MPA
despite treatment or within 1 year of stopping corticosteroids and/or immunosuppressants
(0.5 g/kg/day for 4 days) to monthly IVIg for 6 months [66]. Temporary increases in prednisone
doses were allowed but other immunosuppressants had to be maintained during the 6 months
of IVIg therapy but could then be reduced, discontinued or switched to maintenance agents if
cyclophosphamide had been given. In this study, the mean disease duration was 27 months
(range 7-109 months) and the median BVAS 2005 at study entry was 11 (range 3-25). All but 1
patient was receiving steroids and/or immunosuppressants. Between months 1 and 5, 21
subjects achieved remission, with complete remission in 73% at 6 months, partial remission in
9% and relapse in 14%. The effect seemed persistent, with 13/16 responders still in complete
remission at 9 months, and with 12/16 in complete remission at month 24. In those achieving
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complete remission at month 9, steroids were stopped in 4 and reduced in 9, with reductions
in other immunosuppressants in 4 subjects. The median BVAS 2005 was 0 (range 0-13) at month
9 and 0 (range 0-12) at month 24. Moderate and transient effects of IVIg were reported including
nausea, headaches, fever, arthralgias, and 1 patient developed renal insufficiency and was
deemed a treatment failure.

IVIg is a safe agent for use in particular clinical situations, such as pregnancy, those with a
potential infection mimicking vasculitis, and for patients with refractory persistent disease
despite traditional immunsuppressive agents. Adverse effects included headaches, rise in
creatinine, aseptic meningitis, backache and fever/chills. Theoretical adverse effects include
the transmission of blood-borne pathogens, although extensive screening of blood donors
occurs. Randomized clinical trials are lacking, and the role in new-onset disease or specific
ANCA vasculitis entities is unexplored. The current evidence base is considered poor given
the open-label nature of the literature with a lack of a control arm data or control over
concomitant treatments received in addition of IVIg.

7.4. 15-deoxyspergualin (DSG; 1-amino-19-guanidino-11-hydroxy-4,9,12-triazanona-
decane-10,1-3-dione; gusperimus)

DSG is a synthetic analogue of spergualin, a natural product of the bacterium Bacillus latero‐
sporus, which possesses immunosuppressive properties [67, 68]. DSG has effects on B cell
differentiation, blocks kappa light-chain expression at the transcriptional level and acts on T
effector cells. A pilot study of DSG (0.5 mg/kg daily subcutaneously to target a leukocyte nadir
of 3000/μ, 6 cycles with 2 week recovery periods) was performed in 20 subjects with refractory
WG or MPA [68]. Steroids were dosed at the discretion of the treating physician but no other
immunosuppressives were allowed. The primary endpoint was remission (either complete
remission with no signs of disease activity, or partial remission defined as no new activity but
with minor persistent activity) after 6 cycles of DSG. Response was noted in 14 subjects (6
complete, 8 partial, with the mean BVAS improving from 11 (SD 5.8) to 4 (2.9) in responders,
and a reduction of oral steroids from 30 mg per day to 7.5 mg/day. Response was maintained
out to 6 months for 11/14 of the responders. Side effects were largely infectious in nature, with
diarrhea, headache, bronchitis, and anemia also reported. In a further open label-study, 44
patients with refractory WG received DSG (0.5 mg/kg/day in six cycles of 21 days with 7 days
between cycles) followed by azathioprine [69]. In this study, 20 patients achieved remission
(BVAS of 0 for 2 months) and 22 achieved partial remission (BVAS <50% of entry score).

7.5. Alemtuzumab (campath-1H)

The humanized monoclonal antibody, anti-CD52 (alemtuzumab, CAMPATH-1H) depletes
circulating lymphocytes and macrophages. It has shown a promising effect in patients with
multiple sclerosis and Behçet’s disease. It has been studied in a group of patients with relapsing
and refractory GPA or MPA in one UK centre [70]. Patients were eligible to receive CAM‐
PATH-1H if they had multiple relapses or life threatening disease despite the standard of care.
Prednisolone was continued at 10 mg/day but all other immunosuppressants were discontin‐
ued. CAMPATH-1H was administered intravenously on consecutive days at doses of 4, 10,
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network, provision of antiidiotypic antibodies (idiotypes are located in the variable region of
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neutrophil activation, reduce autoantibody production or effect the autoreactive T cell function
[56]. In vitro, incubation of ANCA vasculitis patient sera with IVIg inhibited ANCA activity
[57] which provided evidence to proceed with clinical use of this agent.
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immunosuppressive therapy received IVIg at a dose of 0.4 g/kg/day for 5 days [58] with
maintenance of steroids and cytotoxic drugs for at least 6 weeks following the infusions. All
patients improved within 2 days to 3 weeks; 5 went into full remission, 1 had sustained
improvement and 1 had a partial transient response within 8 weeks. Relapses occurred in 3
patients between 2 and 9 months after treatment, with no relapses documented in the others
who were followed between 6 and 18 months. Other successful case reports, case series and
open-label studies followed [59-64] describing positive treatment responses, however there is
likely an element of publication bias and confounding due to the variety in disease presenta‐
tions, prior and concomitant immunosuppressive therapies received, variable steroid doses
and the lack of a control arm for comparison. Jayne et al reported on a prospective double-
blind placebo-controlled multicentre randomized study targeting a reduction in the BVAS [65].
Patients had either GPA or MPA with active vasculitis despite 2 months of treatment with
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in this study was 52.5 months. Seventeen subjects were randomized to receive IVIg 0.4
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in 14/17 of the IVIg group and 6/17 of the placebo group respectively (OR 8.56; 95%CI 1.74-42.2,
p-0.015) and two subjects in the placebo group died within 3 months. The mean BVAS in the
IVIg group at baseline was 6.1, with a BVAS reduction of 3.2 at 1 month and 4.1 at 3 months,
compared to a baseline BVAS of 5.4 in the placebo group with reductions of 0.87 and 2.3 at 1
and 3 months. However, after 3 months there were no significant differences in the BVAS
between groups or in the frequency of relapse (5/16 for IVIG and 4/15 for placebo), and no
differences in the subsequent steroids or immunosuppressive doses in follow-up.

An open-label study enrolled 22 poor-prognosis patients experiencing a relapse of WG or MPA
despite treatment or within 1 year of stopping corticosteroids and/or immunosuppressants
(0.5 g/kg/day for 4 days) to monthly IVIg for 6 months [66]. Temporary increases in prednisone
doses were allowed but other immunosuppressants had to be maintained during the 6 months
of IVIg therapy but could then be reduced, discontinued or switched to maintenance agents if
cyclophosphamide had been given. In this study, the mean disease duration was 27 months
(range 7-109 months) and the median BVAS 2005 at study entry was 11 (range 3-25). All but 1
patient was receiving steroids and/or immunosuppressants. Between months 1 and 5, 21
subjects achieved remission, with complete remission in 73% at 6 months, partial remission in
9% and relapse in 14%. The effect seemed persistent, with 13/16 responders still in complete
remission at 9 months, and with 12/16 in complete remission at month 24. In those achieving
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9 and 0 (range 0-12) at month 24. Moderate and transient effects of IVIg were reported including
nausea, headaches, fever, arthralgias, and 1 patient developed renal insufficiency and was
deemed a treatment failure.
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potential infection mimicking vasculitis, and for patients with refractory persistent disease
despite traditional immunsuppressive agents. Adverse effects included headaches, rise in
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the transmission of blood-borne pathogens, although extensive screening of blood donors
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ANCA vasculitis entities is unexplored. The current evidence base is considered poor given
the open-label nature of the literature with a lack of a control arm data or control over
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decane-10,1-3-dione; gusperimus)

DSG is a synthetic analogue of spergualin, a natural product of the bacterium Bacillus latero‐
sporus, which possesses immunosuppressive properties [67, 68]. DSG has effects on B cell
differentiation, blocks kappa light-chain expression at the transcriptional level and acts on T
effector cells. A pilot study of DSG (0.5 mg/kg daily subcutaneously to target a leukocyte nadir
of 3000/μ, 6 cycles with 2 week recovery periods) was performed in 20 subjects with refractory
WG or MPA [68]. Steroids were dosed at the discretion of the treating physician but no other
immunosuppressives were allowed. The primary endpoint was remission (either complete
remission with no signs of disease activity, or partial remission defined as no new activity but
with minor persistent activity) after 6 cycles of DSG. Response was noted in 14 subjects (6
complete, 8 partial, with the mean BVAS improving from 11 (SD 5.8) to 4 (2.9) in responders,
and a reduction of oral steroids from 30 mg per day to 7.5 mg/day. Response was maintained
out to 6 months for 11/14 of the responders. Side effects were largely infectious in nature, with
diarrhea, headache, bronchitis, and anemia also reported. In a further open label-study, 44
patients with refractory WG received DSG (0.5 mg/kg/day in six cycles of 21 days with 7 days
between cycles) followed by azathioprine [69]. In this study, 20 patients achieved remission
(BVAS of 0 for 2 months) and 22 achieved partial remission (BVAS <50% of entry score).

7.5. Alemtuzumab (campath-1H)

The humanized monoclonal antibody, anti-CD52 (alemtuzumab, CAMPATH-1H) depletes
circulating lymphocytes and macrophages. It has shown a promising effect in patients with
multiple sclerosis and Behçet’s disease. It has been studied in a group of patients with relapsing
and refractory GPA or MPA in one UK centre [70]. Patients were eligible to receive CAM‐
PATH-1H if they had multiple relapses or life threatening disease despite the standard of care.
Prednisolone was continued at 10 mg/day but all other immunosuppressants were discontin‐
ued. CAMPATH-1H was administered intravenously on consecutive days at doses of 4, 10,
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40, 40 and 40 mg, for a total dose of 134 mg. CAMPATH-1H was readministered for relapsing
disease if the initial treatment was tolerated. A total of 71 patients were treated and followed
for a mean of 5 years. Sixty-five percent of patients achieved clinical remission, and an
additional 20% had a clinically significant improvement in disease activity but still required
greater than 10 mg of prednisolone per day or an additional immunosuppressive agent to
control disease activity. Almost all subjects relapsed after 9 months, with better renal function
and the absence of neurologic involvement protective for relapse. Unfortunately, 44% of the
cohort died during the follow-up period, 5 patients were diagnosed with malignancy, and 11%
developed Graves disease. These adverse events may limit the use of alemtuzumab in practice
to highly selected patients or those with disease refractory to all other agents.

7.6. Antithymocyte globulin (ATG)

The SOLUTION protocol was an uncontrolled prospective open-label study of ATG in 15
subjects with refractory GPA [71]. ATG was given intravenously at a dose of 2.5 mg/kg for a
mean of 2 doses. The authors describe partial remission in 9/15 subjects and complete remission
in 4/15 with reduced prednisone requirements (mean 49 mg/day to 13 mg/day) and only
experiencing relapse after 8 months. However, 2 patients died and 5 others developed severe
infections.

8. Treatment of localized vasculitis

8.1. Trimethoprim/sulfamethoxazole (T/S)

There have been case reports and case series of patients with AAV limited to the upper and/or
lower respiratory tract treated with T/S for induction of remission with a good outcome [72]. A
study of 72 patients with GPA looked at the role of T/S for induction of remission in the localized
stage, and maintenance of remission in the generalized stage [73]. Nineteen patients with
localized disease received T/S (2×960 mg/day) with 58% achieving complete or partial remis‐
sion for a median of 43 months. Patients with generalized disease in remission did poorly with
T/S, with 42% of those treated with T/S alone relapsing after a median of 13 months compared
to a relapse rate of 29% at a median of 23 months in the patients not receiving T/S.

T/S was found to be superior to placebo in maintaining remission in a prospective, placebo
controlled study of 81 patients with GPA, 41 of whom received T/S after induction of remission
of generalized disease [74]. At 24 months of follow-up 82% of patients in the T/S group were
still in remission, as compared to only 60% in the placebo group, with a relative risk of relapse
of 0.40 (95%CI 0.17 to 0.98). This reduction was especially evident with respect to relapses
involving the upper airways.

Therefore, T/S can be considered for the induction of remission of localized GPA but patients
should be monitored carefully for signs of progression to systemic disease. The efficacy of
maintenance of remission in generalized disease is controversial and currently not the
recommended standard of practice.
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9. Treatment of eosinophilic granulomatosis with polyangiitis (Churg-
Strauss syndrome)

Most of the studies in AAV include only a small number of patients with EGPA or exclude
them altogether. We will discuss trials performed specifically in EGPA.

9.1. EGPA with poor prognosis

A prospective, multicenter, randomized trial of patients newly diagnosed with EGPA and
at least  1  poor prognosis factor (creatinine >140 μmol/l  (1.58 mg/dl);  proteinuria >1 gm/
day; or central nervous system, gastrointestinal, or myocardial involvement) was conduct‐
ed to determine the shortest immunosuppressant duration able to limit the occurrence of
side effects and still induce and maintain disease remission by comparing glucocorticoids
and 6 compared to 12 intravenous cyclophosphamide pulses [75]. All patients received 3
consecutive  intravenous  pulses  of  methylprednisolone  (15  mg/kg)  followed  by  oral
prednisone  (1  mg/kg/day)  for  3  weeks  followed  by  a  tapering  regime.  Intravenous
cyclophosphamide (0.6 g/m2) was given every 2 weeks for 1 month, then every 4 weeks,
and  patients  were  randomized  to  receive  either  6  or  12  cyclophosphamide  pulses.  The
cumulative cyclophosphamide dose was twice as high in the 12-pulse group than in the
6-pulse group (6.6  g/m2  versus 3.48 g/m2).  There was a  non-significant  difference in the
proportion  of  patients  achieving  complete  remission,  at  91%  for  the  group  receiving  6
pulses and 84% for the group receiving 12 pulses. Relapse frequency demonstrated a trend
to significance at 74% for the group receiving 6-pulses compared to 62% in the 12-pulse
group (p=0.07),  and the  mean time to  first  relapse  was  268  days  in  the  12-pulse  group
compared to 222 days in the 6-pulse group, although this was not statistically different.
Adverse events and deaths were equal between both groups.

9.2. EGPA without poor prognosis factor

One study examined treatment efficacy of corticosteroids as first-line treatment of EGPA
without  poor  prognosis  factors,  and  the  use  of  azathioprine  compared  to  intravenous
cyclophosphamide for treatment failure or relapse [76].  Subjects  could receive 1 intrave‐
nous pulse of methylprednisolone (15 mg/kg) and then oral prednisone (1 mg/kg/day for
3 weeks) followed by a tapering regimen. If the prednisone could not be tapered below 20
mg,  or  if  the  patient  experienced  a  relapse,  they  were  randomized  to  azathioprine  (2
mg/kg/day  for  6  months)  or  6  cyclophosphamide  doses  (0.6  g/m2  every  2  weeks  for  1
month, then every 4 weeks). Ninety-three percent of subjects achieved remission, with a 1
year  survival  rate  of  100%  and  5  year  survival  rate  of  97%.  Of  the  subjects  achieving
remission,  37% relapsed,  and 3% could not  reduce  their  prednisone.  A total  of  19  sub‐
jects  went  onto  randomization  with  10  receiving  cyclophosphamide  and  9  receiving
azathioprine.  Fifty  percent  of  the  cyclophosphamide  subjects  achieved  remission,  com‐
pared to 78% of the azathioprine subjects. Low-dose corticosteroid therapy was required
in 79% of subjects long-term, primarily due to lung disease.

Treatment of ANCA-Associated Vasculitis in Adults
http://dx.doi.org/10.5772/54290

207



40, 40 and 40 mg, for a total dose of 134 mg. CAMPATH-1H was readministered for relapsing
disease if the initial treatment was tolerated. A total of 71 patients were treated and followed
for a mean of 5 years. Sixty-five percent of patients achieved clinical remission, and an
additional 20% had a clinically significant improvement in disease activity but still required
greater than 10 mg of prednisolone per day or an additional immunosuppressive agent to
control disease activity. Almost all subjects relapsed after 9 months, with better renal function
and the absence of neurologic involvement protective for relapse. Unfortunately, 44% of the
cohort died during the follow-up period, 5 patients were diagnosed with malignancy, and 11%
developed Graves disease. These adverse events may limit the use of alemtuzumab in practice
to highly selected patients or those with disease refractory to all other agents.

7.6. Antithymocyte globulin (ATG)

The SOLUTION protocol was an uncontrolled prospective open-label study of ATG in 15
subjects with refractory GPA [71]. ATG was given intravenously at a dose of 2.5 mg/kg for a
mean of 2 doses. The authors describe partial remission in 9/15 subjects and complete remission
in 4/15 with reduced prednisone requirements (mean 49 mg/day to 13 mg/day) and only
experiencing relapse after 8 months. However, 2 patients died and 5 others developed severe
infections.

8. Treatment of localized vasculitis

8.1. Trimethoprim/sulfamethoxazole (T/S)

There have been case reports and case series of patients with AAV limited to the upper and/or
lower respiratory tract treated with T/S for induction of remission with a good outcome [72]. A
study of 72 patients with GPA looked at the role of T/S for induction of remission in the localized
stage, and maintenance of remission in the generalized stage [73]. Nineteen patients with
localized disease received T/S (2×960 mg/day) with 58% achieving complete or partial remis‐
sion for a median of 43 months. Patients with generalized disease in remission did poorly with
T/S, with 42% of those treated with T/S alone relapsing after a median of 13 months compared
to a relapse rate of 29% at a median of 23 months in the patients not receiving T/S.

T/S was found to be superior to placebo in maintaining remission in a prospective, placebo
controlled study of 81 patients with GPA, 41 of whom received T/S after induction of remission
of generalized disease [74]. At 24 months of follow-up 82% of patients in the T/S group were
still in remission, as compared to only 60% in the placebo group, with a relative risk of relapse
of 0.40 (95%CI 0.17 to 0.98). This reduction was especially evident with respect to relapses
involving the upper airways.

Therefore, T/S can be considered for the induction of remission of localized GPA but patients
should be monitored carefully for signs of progression to systemic disease. The efficacy of
maintenance of remission in generalized disease is controversial and currently not the
recommended standard of practice.

Updates in the Diagnosis and Treatment of Vasculitis206

9. Treatment of eosinophilic granulomatosis with polyangiitis (Churg-
Strauss syndrome)

Most of the studies in AAV include only a small number of patients with EGPA or exclude
them altogether. We will discuss trials performed specifically in EGPA.

9.1. EGPA with poor prognosis

A prospective, multicenter, randomized trial of patients newly diagnosed with EGPA and
at least  1  poor prognosis factor (creatinine >140 μmol/l  (1.58 mg/dl);  proteinuria >1 gm/
day; or central nervous system, gastrointestinal, or myocardial involvement) was conduct‐
ed to determine the shortest immunosuppressant duration able to limit the occurrence of
side effects and still induce and maintain disease remission by comparing glucocorticoids
and 6 compared to 12 intravenous cyclophosphamide pulses [75]. All patients received 3
consecutive  intravenous  pulses  of  methylprednisolone  (15  mg/kg)  followed  by  oral
prednisone  (1  mg/kg/day)  for  3  weeks  followed  by  a  tapering  regime.  Intravenous
cyclophosphamide (0.6 g/m2) was given every 2 weeks for 1 month, then every 4 weeks,
and  patients  were  randomized  to  receive  either  6  or  12  cyclophosphamide  pulses.  The
cumulative cyclophosphamide dose was twice as high in the 12-pulse group than in the
6-pulse group (6.6  g/m2  versus 3.48 g/m2).  There was a  non-significant  difference in the
proportion  of  patients  achieving  complete  remission,  at  91%  for  the  group  receiving  6
pulses and 84% for the group receiving 12 pulses. Relapse frequency demonstrated a trend
to significance at 74% for the group receiving 6-pulses compared to 62% in the 12-pulse
group (p=0.07),  and the  mean time to  first  relapse  was  268  days  in  the  12-pulse  group
compared to 222 days in the 6-pulse group, although this was not statistically different.
Adverse events and deaths were equal between both groups.

9.2. EGPA without poor prognosis factor

One study examined treatment efficacy of corticosteroids as first-line treatment of EGPA
without  poor  prognosis  factors,  and  the  use  of  azathioprine  compared  to  intravenous
cyclophosphamide for treatment failure or relapse [76].  Subjects  could receive 1 intrave‐
nous pulse of methylprednisolone (15 mg/kg) and then oral prednisone (1 mg/kg/day for
3 weeks) followed by a tapering regimen. If the prednisone could not be tapered below 20
mg,  or  if  the  patient  experienced  a  relapse,  they  were  randomized  to  azathioprine  (2
mg/kg/day  for  6  months)  or  6  cyclophosphamide  doses  (0.6  g/m2  every  2  weeks  for  1
month, then every 4 weeks). Ninety-three percent of subjects achieved remission, with a 1
year  survival  rate  of  100%  and  5  year  survival  rate  of  97%.  Of  the  subjects  achieving
remission,  37% relapsed,  and 3% could not  reduce  their  prednisone.  A total  of  19  sub‐
jects  went  onto  randomization  with  10  receiving  cyclophosphamide  and  9  receiving
azathioprine.  Fifty  percent  of  the  cyclophosphamide  subjects  achieved  remission,  com‐
pared to 78% of the azathioprine subjects. Low-dose corticosteroid therapy was required
in 79% of subjects long-term, primarily due to lung disease.

Treatment of ANCA-Associated Vasculitis in Adults
http://dx.doi.org/10.5772/54290

207



10. Chapter summary

The treatment of AAV is directed at achieving disease control to prevent morbidity and
mortality, while minimizing treatment toxicity. Corticosteroid use remains critical in rapidly
achieving disease activity suppression, whereas cyclophosphamide and rituximab regimens
should be reserved for induction of severe generalized disease, and plasma exchange for severe
renal disease. In less severe cases of systemic disease methotrexate is suitable for remission
induction. Maintenance of remission is achieved preferably with azathioprine or methotrexate,
with leflunomide, mycophenolate mofetil and cyclophosphamide remaining as options.
Finally, new discoveries and research will certify the role of alternative agents, such as
monoclonal anti-tumor necrosis factor therapy, IVIg, DSG, ATG and CAMPATH-1, in
refractory disease.
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1. Introduction

Small  vessels  refer  to  arterioles,  capillaries  and  venules.  According  to  an  international
consensus  conference,  small  vessel  vasculitides  include,  ANCA-associated  vasculitis
(granulomatosis with polyangitis [Wegener’s],  Churg-Strauss syndrome, microscopic pol‐
yangiitis),  cryoglobulinaemic  vasculitis,  Henoch-Scholein  purpura,  and cutaneous  leuko‐
cytoclastic angiitis [1].

2. ANCA-associated vasculitis

2.1. Cryoglobulinaemic vasculitis

Cryoglobulinaemia refers to circulating cryoglobulins. Cryoglobulins are immunoglobulins,
which precipitate in temperatures below 37oC and dissolve upon rewarming [2]. Cryoglobu‐
linaemia is classified in 3 types based on clonality and immunoglobulin class. In particular,
type I consists of monoclonal IgM or IgG immunoglobulin, type II is a mixture of monoclo‐
nal IgM and polyclonal IgG, while type III is a mixture of polyclonal IgM and IgG. Type II
and III are also called “mixed”, since both contain a mixture of IgM and IgG immunoglobu‐
lins [3]. The IgM component of type II cryoglobulins has rheumatoid factor activity (can
bind to the Fc portion of IgG). All 3 types of cryoglobulinaemia may or may not result from
an underlying disorder. In the absence of an identifiable cause cryoglobulinaemia is charac‐
terized as “essential”.

Circulating cryoglobulins induce damage through 2 mechanisms: type I monoclonal IgM
cryoglobulins, due to the large size of IgM and their high concentration levels – usually as‐
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sociated with Waldenström disease– result in hyperviscosity-induced vascular damage. On
the other hand, type II and III mixed cryoglobulins in combination with complement com‐
ponents form immune complexes, which deposit in capillaries and small arterioles leading
to vascular inflammation [3]. Patients with symptomatic mixed cryoglobulinaemic vasculitis
typically display low serum levels of complement C4, reflecting complement consumption
via the classical, immune complexed-mediated activation pathway. Palpable purpura repre‐
sents a typical clinical manifestation. Skin biopsy reveals small vessel leukocytoclastic vas‐
culitis namely inflammation and destruction of the vessel wall along with
polymorphonuclear leukocyte nuclear debris. Involvement of internal organs, most com‐
monly peripheral nerves, kidneys and joints will dictate prognosis and treatment decisions.
Clinical and laboratory features of cryoglobulinaemia are summarized in Table1.

Treatment of mixed cryoglobulinaemic syndrome depends essentially on two parameters:
First the type and severity of manifestations and second the underlying disease. It is appa‐
rent that the identification and treatment of the underlying cause is of paramount impor‐
tance. Mixed cryoglobulinaemic syndrome is typically divided as hepatitis virus C (HCV) –
related or not.

CRYOGLOBULINAEMIA

TYPE I

monoclonal

IgM or IgG

TYPE II

monoclonal IgM + polyclonal IgG

TYPE III

polyclonal IgM

+ polyclonal IgG

Essential Secondary Essential Secondary Essential Secondary

Waldenström

Myeloma

Lymphoma

HCV

Myeloma

Lymphoma

Autoimmune

diseases

Autoimmune diseases

Chronic Inflammatory

diseases

HYPER – VISCOSITY

Raynaud’s

Digital ischemia

Hyperviscosity syndrome

CRYOGLOBULINAEMIC VASCULITIS

Purpura, Arthritis, Raynaud’s,

Renal disease, Neuropathy

CLINICAL SYNDROME

Table 1. Clinical and laboratory characteristics of cryoglobulinaemia.

2.2. Treatment of HCV related cryoglobulinaemic vasculitis

2.2.1. Aiming the virus: Treatment of chronic HCV

The majority of cases with cryoglobulinaemia are considered to be induced by HCV. Evi‐
dence of HCV infection is usually displayed by serum antibodies against the virus or pres‐
ence of HCV-RNA. It should be noted however that false negative results do occur. If
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suspicion of HCV infection is strong further examination of the cryoprecipitate, where both
antibodies and RNA are concentrated, should be performed. Management of patients in this
category should take place in collaboration with a hepatologist

The role of  interferon alpha (INFα) in the treatment of  cryoglobulinaemic vasculitis  has
been examined approximately 2 decades ago. In an early study, among 53 patients with
HCV – related cryoglobulinaemic  vasculitis,  only  patients  who displayed a  drop in  the
virus RNA levels showed clinical improvement.  Reduction of RNA levels was restricted
to patients who received INFα in addition to conventional treatment [4]. Moreover, vire‐
mia, cryoglobulinaemia and clinical symptoms returned following INFα cessation. Apart
from INFα therapeutic  potential,  this  as  well  as  similar  studies  showed that  clinical  re‐
sponse parallels the levels of viremia.

Addition of the broad spectrum anti-viral agent rivabirin proved to add therapeutic benefit
to INFα monotherapy [5, 6]. More recently, PEGylated INFα combined with ribavirin was
shown to have superior efficacy compared to non-pegylated INFα / ribavirin combination
[7-9]. PEGylation is a process where polyethylene molecules (PEG) are covalently attached
to, in this case, INFα producing a molecule with prolonged pharmacokinetics. A recent up‐
date of recommendations by the American Association for the Study of Liver Diseases is
shown in Table 2 [10].

INFα

(SC per week)
plus

Ribavirin

(orally per day)

180 μg PEG-INFα-2a +
BW<75kg: 1000mg,

BW"/>75kg: 1200mg

or

1 – 5 μg PEG-INFα-2b +

BW<65kg: 800mg,

BW=65-85kg: 1000mg,

BW=85-105kg: 1200mg BW"/>105kg: 1400mg

SC: subcutaneous, PEG-INFα: PEGylated interferon alpha, BW: body weight

Table 2. Antiviral combination treatment in HCV-related cryoglobulinaemic vasculitis

There are no definite guidelines regarding duration of treatment. Treatment of HCV infec‐
tion is recommended to last from 24 weeks (for virus genotypes 2 and 3) to 48 weeks (geno‐
types 1 and 4). The rational behind this recommendation lies on the observation that if viral
response has not been achieved within this time frame, it is highly unlikely that prolonga‐
tion of treatment will lead to substantial and sustained viral response [10]. However, in the
case of cryoglobulinaemic vasculitis accompanying HCV infection, a less strict approach is
endorsed, where besides viral levels, clinical and immunologic features are also taken into
account [7, 11]. Prolongation of antiviral therapies may be appropriate in a subset of patients
who display clinical benefit and no drug intolerance [3].
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INFα

(SC per week)
plus
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BW<75kg: 1000mg,
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or

1 – 5 μg PEG-INFα-2b +
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Table 2. Antiviral combination treatment in HCV-related cryoglobulinaemic vasculitis

There are no definite guidelines regarding duration of treatment. Treatment of HCV infec‐
tion is recommended to last from 24 weeks (for virus genotypes 2 and 3) to 48 weeks (geno‐
types 1 and 4). The rational behind this recommendation lies on the observation that if viral
response has not been achieved within this time frame, it is highly unlikely that prolonga‐
tion of treatment will lead to substantial and sustained viral response [10]. However, in the
case of cryoglobulinaemic vasculitis accompanying HCV infection, a less strict approach is
endorsed, where besides viral levels, clinical and immunologic features are also taken into
account [7, 11]. Prolongation of antiviral therapies may be appropriate in a subset of patients
who display clinical benefit and no drug intolerance [3].
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2.2.2. Downregulation of cryoglobulins: Rituximab

Although many patients achieve virological response using INFα and ribavirin, several con‐
siderations still exist: only 50% patients carrying genotype 1, which is the most common
genotype in Europe and Americas, respond. Also, pegylated form of INFα as well as ribavir‐
in are contraindicated in patients with compromised renal function, which may prove puz‐
zling when treating patients with severe renal involvement.

Rituximab is an anti-CD20 chimeric monoclonal antibody, which results in prompt deple‐
tion of circulating and tissue B cells. Cryoglobulins are produced by B cells. Hence, B-cell
depleting biological therapy using Rituximab, holds theoretical promise of down-regulating
the production and circulating levels of cryoglobulins. Following few cohort studies with
promising results [12-16], a prospective randomized controlled trial to examine the role of
rituximab in the treatment of patients non-responding to antiviral therapy has only recently
been presented [17]. Twenty-four non-responders were included and followed for 12
months. Twelve patients were managed according to conventional strategies (maintain or
increase immunosuppression) and twelve received rituximab (as administered in vasculitis:
375mg/m2 every week for 4 weeks). Following 6 months, 10 patients (83%) receiving rituxi‐
mab achieved remission compared to 1 patient (8%) in the control group. At this point it ap‐
pears that rituximab could be used in patients who did not respond to conventional
treatment. In addition there is no restriction regarding renal function. However, the risk of
serious infection remains an important consideration. Of note, in patients with high concen‐
trations of IgM-k cryoglobulins with rheumatoid factor activity, complex formation with rit‐
uximab can occur resulting in severe systemic reactions.

A significant proportion of patients treated with conventional therapy despite sustained vi‐
rological response relapsed during long-term follow-up, posing a significant question re‐
garding the role of HCV on the pathophysiology of the disease [18]. Off label experience
with rituximab to date may provide relevant insight: in patients receiving rituximab, relap‐
ses did not parallel virus load but coincided with the recovery of peripheral B cells. It has
been proposed that B cell proliferation and thus subsequent cryoglobulin production can be‐
come independent of HCV overtime [3].

2.2.3. Vasculitis treatment: Plasmapheresis and conventional immunosuppression

Severe, life-threatening disease. Plasmapheresis is reserved for patients with acute, serious,
life-threatening disease such as progressive renal failure, severe neuropathy, intestinal ische‐
mia, alveolar hemorrhage and digital necrosis [19]. Removing cryoglobulins from the circu‐
lation presumably hinders immune-complex mediated vasculopathy leading to prompt
improvement. However, following termination of plasma exchange a rebound overproduc‐
tion of cryoglobulins may occur. Therefore, concomitant treatment aiming to mute cryoglo‐
bulin production is required. High dose glucocorticoids in conjunction with
cyclophosphamide (CyP) represent the standard therapeutic regimen. Following the para‐
digm of ANCA-associated vasculitis, azathioprine and mycophenolate mofetil (MMF) are
often used for remission maintenance or in the place of CyP when the disease is less severe
(doses are presented in Table 2) [20]. Duration and efficacy of such treatment modalities
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have not been assessed in controlled clinical trials. Consequently, therapeutic decisions are
usually taken on an individual basis according to clinical response, personal history, comor‐
bidity as well as the centre’s experience to treat such patients.

Antiviral treatment is usually avoided until acute flare has been controlled [21, 22]. Exac‐
erbation of the underlying vasculitis due to INFα and restrictions regarding ribavirin ad‐
ministration  in  patients  with  impaired  renal  function  remain  the  main  considerations.
The same may apply to rituximab where monotherapy rather than combination with an‐
tiviral therapy is recommended by some authorities during the treatment of a severe dis‐
ease  [23].  Following  remission  of  severe  inflammatory  phenomena,  antiviral  treatment
should be administered.

Mild-to-moderate disease. Manifestations, such as purpura, arthralgias/arthritis, mild pro‐
teinuria/hematuria with normal serum creatinine or peripheral sensory neuropathy repre‐
sent mild-to-moderate disease activity. In cases of HCV-related disease, viral clearance with
combination therapy as described above is the initial treatment of choice.

Low-dose corticosteroids (<7.5–10 mg/day) can be administered for more efficient control of
symptoms (arthritis/arthralgias, persisting purpura, etc.). Sequential or simultaneous ad‐
ministration [16, 24] of corticosteroids with IFNα did not influence the sustained virological
response in treated patients. Nevertheless, whenever possible it is prudent to avoid cortico‐
steroids during the initial course of antiviral therapy. Quick tapering of corticosteroids is al‐
so advised since long-term administration does not seem to grant a favorable effect on
vasculitis, while can harm the liver function.

The use of immunosuppression in cyoglobulinaemic vasculitis is summarized in Table 3.

Drug Dosage Comments

Prednisolone
60 mg/day for 1 month tapered to 15

mg/day at 3 months

IV methylprednisolone 500-1,000 mg/day

for 3 successive days in critical organ

manifestations

Cyclophosphamide

(CyP)
for 3-6 pulses Oral CyP (2 mg/Kg/day) can be used

Rituximab IV 375 mg/m2/week for 4 pulses
In intolerance to CyP and in young patients

with severe disease

Azathioprin 2 mg /kg/ day

Mycophenolate Mofetil 2 g/day
In patients with moderate renal involvement

who cannot take CyP

Plasmapheresis
three times weekly for two to three

weeks
In critical organ manifestations

Table 3. Immunosuppressive treatment for cryoglobulinaemic vasculitis
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2.3. Treatment of non-HCV mixed cryoglobulaenimic syndrome

According to current EULAR recommendations, patients presenting with mixed cryoglobu‐
linaemic syndrome non-related to HCV or other disorder should be treated as patients with
ANCA – associated vasculitis [8].

Although rare, cases associated to hepatitis B virus (HBV) have been documented. Antiviral
therapy with lamivudine or entecavir has led to remission in isolated case reports. Myelo‐
proliferative diseases and most commonly B cell lymphoma may also be the cause of mixed
cryoglobulinaemia. Prompt diagnosis and appropriate treatments should be applied.
Among autoimmune diseases, Sjogren’s syndrome and systemic lupus erythematosus most
commonly are associated with cryoglobulinaemia.

2.4. Special considerations

Patients with end Stage Renal Disease. Patients are treated with hemodialysis or peritoneal
dialysis. Survival is comparable with with that of end stage renal diseases. Kidney trans‐
plantation can be performed. High rate of relapse has been recorded (up to 70%). However,
recurrent disease does not lead to graft loss and thus relapse risk does not forbid transplan‐
tation in patients with end stage renal disease. Another concern in cases of HCV-related dis‐
ease is that robust immunosuppression following transplantation may exacerbate HCV
infection. Fortunately, this has proven to be the exception rather than the rule [25].

Cancer Risk. B-cell lymphoma has been reported in up to 25% of patients with mixed cryo‐
globulinaemic syndrome. Patients are usually diagnosed within 10 years. Low levels of
gamma globulins may predate neoplastic transformation. Standard chemotherapy in combi‐
nation with rituximab is usually required. HCV infection increases the B-cell lymphoma risk
by 20-30% and is associated with increased frequency of liver cancer, which is diagnosed in
up to 10% of patients [26].

2.5. Prognosis

Prognosis mainly depends on whether vital organ(s) are involved.

Most studies have examined glomerulonephritis (GN) where 10-year survival rate was re‐
ported to be 30-50%. However, therapeutic progress substantially improved prognosis since
10-year survival has recently been raised to almost 80%. Male gender, HCV infection, high
cryocrit, low C3 and raised serum creatinine at baseline are considered bad prognostic fac‐
tors. Intestinal ischaemia and alveolar haemorrhage have high mortality rates (>80%). In pa‐
tients with HCV infection, carriers of genotype 2 and 3 along with early virological response
have the best outcome. Of interest, changes of cryocrit level do not seem to correlate with
clinical activity. It would be interesting, however, to examine whether the degree of solubili‐
ty at 37°C or a decline in the temperature at which the cryoproteins precipitate might better
correlate with response to treatment [27].
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3. Henoch-Schonlein Purpura

Henoch-Schönlein purpura (HSP) is the most common vasculitis syndrome of childhood, al‐
though is also well described in adults. Clinical features include palpable non-thrombocyto‐
penic purpura, particularly over the buttocks and lower extremities, arthritis (or arthralgia)
affecting primarily large joints, diffuse abdominal pain and renal involvement with micro‐
scopic or gross haematuria, and/or proteinuria. There are also reports on the involvement of
other organs, including lungs, brain and testes. Generally, it is a benign disorder that fol‐
lows an intercurrent illness, usually an upper respiratory tract infection.

HSP is an immune complex-mediated small vessel vasculitis. Serologic studies document
elevated levels of IgA and activation of the alternate pathway of the complement system.
The characteristic histopathologic finding of HSP is leukocytoclastic vasculitis with IgA de‐
posits with affected vessels.

Although prognosis is excellent in children with HSP, a small minority of patients develop
long-term complications, and primarily renal disease. In adults, the risk of significant renal
disease is increased. Management of HSP includes supportive care to ameliorate acute
symptoms, as well as targeted treatment to decrease the risk of complications (usually due
to gastrointestinal complications) and to prevent chronic renal insufficiency. Targeted treat‐
ment is summarized in Table 4.

3.1. Supportive management

Treatment of HSP is primarily supportive and includes adequate hydration and sympto‐
matic relief  of pain.  Edema of the lower extremities and buttocks is improved with bed
rest  and/or elevating the affected area.  Acetaminophen and non-steroidal anti-inflamma‐
tory  drugs  (NSAIDs)  help  with  mild  rash  and  arthritis.  However,  NSAIDs  should  be
used cautiously in elderly persons due to increased risk of renal impairment and gastro‐
intestinal bleeding.

3.2. Targeted treatment

3.2.1. Glucocorticosteroids

Oral steroids. Oral steroids are used in patients with painful cutaneous edema, severe rash,
scrotal and testicular involvement, renal involvement and abdominal pain [28]. There is
some supportive evidence for the use of corticosteroids in severe abdominal pain. In a sys‐
temic review that included three randomized trials and 12 retrospective studies, predniso‐
lone at a dose of 1 mg/Kg/day for two weeks or 2 mg/Kg/day for one week may decrease the
intensity and duration of abdominal pain and may decrease the frequency of bowel intus‐
susceptions and thus surgical interventions [29-31] .

Renal involvement is a common finding in HSP. Although the prognosis of HSP is excellent
in children, persistent renal disease can cause long-term morbidity. This risk of significant
renal disease is greater in adults with HSP [32]
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However, it is not clear if corticosteroids decrease the likelihood of renal disease
[29;30;32-39]. A meta-analysis suggested that early use of corticosteroids reduced the odds
of developing persistent renal disease [29]. However, concerns are raised over the validity of
this analysis, which included studies with different treatment protocols and follow-up time
[36]. A more recent meta-analysis of four randomized controlled trials showed no significant
difference in the risk of persistent renal disease at 6 and 12 months in children treated with
prednisone for 2-4 weeks after initial presentation compared with placebo or supportive
treatment [34]. Thus there are no convincing data to support the routine use of oral steroids
as a measure to prevent renal disease in patients with uncomplicated HSP.

High dose steroids. Steroid treatment with high intravenous doses (pulses) and/or long
term oral administration are the treatment of choice in acute HSP glomerulonephritis in chil‐
dren [32]. Methylprednisolone pulse therapy was evaluated in a prospective study with 38
children with severe HSP nephritis, defined as nephrotic syndrome at presentation and/or
50% or more crescentic glomeruli on biopsy [37]. Clinical recovery was achieved in 20 chil‐
dren. Renal biopsy in these children showed a significant decrease of the activity index with
a decrease or disappearance of IgA deposits.

Steroids can be used alone or in combination with immunosuppressive agents (i.e., cyclo‐
sporin A, cyclophosphamide, mycophenolate mofetil, and azathioprine) [32].

3.2.2. Cyclophosphamide

Cyclophosphamide (CyP) is widely used in the treatment for the majority of vasculitides. In
HSP, CyP has been used mainly for rapidly progressive glomerulonephritis (GN), while
case reports of successful management of pulmonary hemorrhage also exist [33].

In a randomized controlled trial, 56 children with severe HSP nephritis were treated with
oral cyclophosphamide (90mg/m2/day) without steroids for 42 days. At final follow-up,
48.2% of children had full recovery, 39.3% had persistent abnormalities and 12.5% ended up
with end-stage renal failure or death. No patient with crescents in 50% or more of glomeruli
went on to full recovery. The authors concluded that CyP had no significant efficacy [39].

The combination of CyP with steroids has provided better outcome. In a retrospective study,
high dose corticosteroids plus oral CyP (2mg/kg/day for 12 weeks) significantly reduced
proteinuria in children with HSP GN [35]. Oral prednisolone (1.5 mg/kg/day) combined
with an 8-week course of CyP (2 mg/kg/day) in 9 children with severe HSP nephritis, result‐
ed in remission of proteinuria in 7 children [38]. Triple therapy with oral CyP (2.5mg/kg/
day), methylprednizolone (30 mg/kg/day [maximum 1g/day], for 3 days), and intravenous
urokinase (5000 U/kg/day [max 180.000], for 7 days) reduced protein excretion and mesan‐
gial IgA deposition compared with the group that received the same therapeutic combina‐
tion without CyP [40]. In another study, combined therapy with intravenous pulse
methylprednisolone (for 3 days), oral CyP (for 2 months), oral dipyridamole (for 6 months)
and oral prednisolone (for 3 months) resulted in normalization of glomerular filtration rate
in all but 1 patient [41]. Combined therapy with prednisolone, CyP, heparin/warfarin, and
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dipyridamole, in 14 children with severe HSP nephritis, followed for 7.5 years, resulted in a
significant improvement of histological grade of nephritis [42].

In adults, adding CyP to steroids provided no benefit in a 12-month, open-label trial of 54
patients with severe HSP GN [43].

3.2.3. Cyclosporin A

Cyclosporin A (CsA) is an effective immunosuppressive agent used for different immune-
mediated glomerular diseases [32].

In a randomized study of of 24 children with nephrotic-range proteinuria or crescenting
HSP nephritis, CsA was more efficacious compared to IV pulses of methylprednisolone [44].
In two retrospective studies by the same group, CsA plus steroids was found to be beneficial
in HSP children with nephrotic syndrome [45,46]. In a retrospective study of 29 children
with nephrotic-range proteinuria treated with CsA plus steroids, 23 achieved stable remis‐
sion, while 6 patients became CsA-dependent [47]. In a clinical trial with a mean follow-up
of 6 years all patients responded to CsA therapy (plus ACE inhibitors), however some pa‐
tients developed CsA- dependent nephritis [48].

CsA plus steroids,  either as initial  treatment or after other immunosuppressive drugs in
a small case series of 5 adult patients with HSP with nephrotic-range proteinuria showed
beneficial effects on proteinuria and preservation of renal function, after a follow-up pe‐
riod of 5 years [49].

Overall, despite the data reporting proteinuria reduction by CsA in patients with HSP neph‐
ritis, this treatment is not supported by RCTs and cautiousness should be exercised for po‐
tential nephrotoxicity of CsA.

3.2.4. Azathioprine

Azathioprine is used in combination with steroids mostly in children with crescent HSP
nephritis [32].

Azathioprine plus steroids showed beneficial effects in a clinical trial of 21 children with
severe  HSP  GN.  Treatment  with  either  oral  or  intravenous  (IV)  corticosteroids  led  to
comparable  outcome [50].  Retrospective  studies  also  support  the  use  of  combination  of
azathioprine with steroids for the treatment of severe HSP nephritis in children [51]. Ear‐
ly treatment with azathioprine plus steroids prevented progression of chronic kidney dis‐
ease  [52].  The  combination  was  effective  in  improving  histopathological  changes  [53];
however, 2 of the 10 patients treated with azathioprine showed definite tubulointerstitial
nephritis at followup biopsy [54].

3.2.5. Mycophenolate mofetil

Mycophenolate mofetil (MMF) appears to be a promising therapeutic agent in many auto‐
immune diseases such as lupus nephritis, vasculitis and in IgA nephropathy.
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However, it is not clear if corticosteroids decrease the likelihood of renal disease
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gial IgA deposition compared with the group that received the same therapeutic combina‐
tion without CyP [40]. In another study, combined therapy with intravenous pulse
methylprednisolone (for 3 days), oral CyP (for 2 months), oral dipyridamole (for 6 months)
and oral prednisolone (for 3 months) resulted in normalization of glomerular filtration rate
in all but 1 patient [41]. Combined therapy with prednisolone, CyP, heparin/warfarin, and
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dipyridamole, in 14 children with severe HSP nephritis, followed for 7.5 years, resulted in a
significant improvement of histological grade of nephritis [42].

In adults, adding CyP to steroids provided no benefit in a 12-month, open-label trial of 54
patients with severe HSP GN [43].

3.2.3. Cyclosporin A

Cyclosporin A (CsA) is an effective immunosuppressive agent used for different immune-
mediated glomerular diseases [32].

In a randomized study of of 24 children with nephrotic-range proteinuria or crescenting
HSP nephritis, CsA was more efficacious compared to IV pulses of methylprednisolone [44].
In two retrospective studies by the same group, CsA plus steroids was found to be beneficial
in HSP children with nephrotic syndrome [45,46]. In a retrospective study of 29 children
with nephrotic-range proteinuria treated with CsA plus steroids, 23 achieved stable remis‐
sion, while 6 patients became CsA-dependent [47]. In a clinical trial with a mean follow-up
of 6 years all patients responded to CsA therapy (plus ACE inhibitors), however some pa‐
tients developed CsA- dependent nephritis [48].

CsA plus steroids,  either as initial  treatment or after other immunosuppressive drugs in
a small case series of 5 adult patients with HSP with nephrotic-range proteinuria showed
beneficial effects on proteinuria and preservation of renal function, after a follow-up pe‐
riod of 5 years [49].

Overall, despite the data reporting proteinuria reduction by CsA in patients with HSP neph‐
ritis, this treatment is not supported by RCTs and cautiousness should be exercised for po‐
tential nephrotoxicity of CsA.

3.2.4. Azathioprine

Azathioprine is used in combination with steroids mostly in children with crescent HSP
nephritis [32].

Azathioprine plus steroids showed beneficial effects in a clinical trial of 21 children with
severe  HSP  GN.  Treatment  with  either  oral  or  intravenous  (IV)  corticosteroids  led  to
comparable  outcome [50].  Retrospective  studies  also  support  the  use  of  combination  of
azathioprine with steroids for the treatment of severe HSP nephritis in children [51]. Ear‐
ly treatment with azathioprine plus steroids prevented progression of chronic kidney dis‐
ease  [52].  The  combination  was  effective  in  improving  histopathological  changes  [53];
however, 2 of the 10 patients treated with azathioprine showed definite tubulointerstitial
nephritis at followup biopsy [54].

3.2.5. Mycophenolate mofetil

Mycophenolate mofetil (MMF) appears to be a promising therapeutic agent in many auto‐
immune diseases such as lupus nephritis, vasculitis and in IgA nephropathy.
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There is limited evidence to support the use of MMF in HSP. Case reports [55-57] suggest a
beneficial effect of MMF on HSP with complications. In six children in whom steroid thera‐
py has failed, MMF was able to control complications and to sustain disease remission.
MMF was well tolerated [58]. More recently, MMF along with ACE inhibitors reduced pro‐
tein excretion and improved renal function in 12 children with HSP and nephrotic range
proteinuria, who failed steroid treatment (20-25mg/kg/day) [59].

3.2.6. Rituximab

The efficacy of rituximab (RTX) in chronic HSP has been suggested by a case report. Three
pediatric patients were treated with RTX for severe refractory chronic Henoch-Schönlein
purpura, characterized mainly by neurologic and gastroenterological symptoms resistant to
steroids and CyP. All 3 patients responded to 1 or 2 courses of RTX without serious adverse
events [60]. In another case report one patient with moderate nephritis and severe skin HSP
responded to RTX [61].

3.2.7. Plasma exchange

The addition of plasma exchange to common immunosuppressives and steroids have shown
efficacy in patients with HSP and severe of extra-renal manifestations (alveolar and cerebral
hemorrhage, haemorrhagic pancolitis, extensive vasculitic leg ulcers) [62-64]. Plasma ex‐
change has also been used as sole treatment in patients with severe HSP nephritis with en‐
couraging results [65,66].

3.2.8. Intravenous immunoglobulin

The clinical use of intravenous immunoglobulin (IVIg) has been extended beyond antibody-
deficiency syndromes, to a wide variety of clinical conditions, such as neuroimmunological
diseases, and systemic autoimmune diseases. Kawasaki disease was the first primary vascu‐
litis in which IVIg had become the standard treatment of care. IVIg has also shown benefi‐
cial effects in patients with ANCA-associated vasculitis (AAV) refractory to standard
therapy with prednisone and CyP [67]. In HSP, IVIg inhibited disease progression in isolat‐
ed case reports [68,69].

3.3. Additional treatments

From a pathophysiological point of view, the removal of any source of chronic bacterial
challenge, which may trigger HSP episodes, should theoretically be beneficial [70]. This is
the reason why there are reports about tonsillectomy and periodontal therapy in children
with HSP [71-73]. However, the therapeutic contribution of such approaches are difficult to
evaluate since are commonly used in combination with other therapies.

Antithrombotic  prophylaxis  with  warfarin,  dipyridamole,  and  acetylsalicylic  acid  has
been used along with immunosuppressive agents by several authors [70]. ACE inhibitors
have been shown to be efficacious in reducing proteinuria and should be added at  any
level of proteinuria.
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3.4. Emergencies

Patients with HSP may present with severe abdominal pain, gastrointestinal (GI) bleeding
and renal insufficiency. Up to 50% of patients with HSP and GI manifestations have occult
bleeding, but major hemorrhage occurs in only 5% and intussusceptions in 2% [74]. Other
manifestations may include bowel infract, perforation and pancreatitis, which may require
urgent surgical consultation.

Medication Indication Comments

Acetaminophen,

NSAIDs

Arthritis,

rash (mild)

Precautions: renal insufficiency and GI

bleeding (for NSAIDs)

Oral steroids painful cutaneous edema, severe rash,

scrotal and testicular involvement, renal

involvement and abdominal symptoms

Steroids may shorten the duration of

abdominal pain and the risk of surgical

interventions

In few RCTs, short-course of oral

prednisone does not prevent persistent

renal disease

IV pulse steroids Nephrotic range proteinuria, nephritic

syndrome

IV pulse steroids plus

Immunosuppression

Rapidly progressive glomerulonephritis,

pulmonary hemorrhage

CyP : no supporting RCT; serious side

effects

Azathioprine: no RCTs, cases of

tubulointerstitial nephritis

CsA: no RCTs, potential nephrotoxicity

MMF: limited data

Rituximab: limited data

Plasma exchange Refractory HSP nephritis

pulmonary and gastrointestinal

hemorrhage, cerebral hemorrhage

ACE inhibitors Proteinuria

Table 4. Medications used in the treatment of HSP

4. Idiopatic cutaneous vasculitis

Cutaneous vasculitis is a vasculitis confined to the dermis and is not a single disease. In
fact,  only  less  than  30% of  cutaneous  vasculitis  can  be  defined  as  idiopathic.  All  other
cases  are  systemic  vasculitides,  vasculitis  associated with  other  rheumatic  diseases  (sys‐
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temic  lupus  erythematosus,  rheumatoid  arthritis),  or  vasculitis  induced  by  malignancy,
infection  or  medication/toxin.  Therefore,  one  should  search  carefully  for  extracutaneous
manifestations of vasculitis and obtain a detailed medical history. Also mimics of vascu‐
litis,  such as antiphospolipid syndrome, should be ruled out.  Even idiopathic cutaneous
vasculitis is not a single entity. An international consensus conference defined cutaneous
leukocytoclastic  angiitis  as  isolated  cutaneous  leukocytoclastic  angiitis  without  systemic
vasculitis or glomerulonephritis [1]. This definition is controversial, since it requires biop‐
sy for diagnosis and even biopsy is not diagnostic. Other terms used under the umbrella
of idiopathic cutaneous vasculitis include hypersensitivity vasculitis, and urticarial vascu‐
litis [75]. There are few points to consider in diagnosing cutaneous leukocytoclastic angii‐
tis  (CLA).  First,  CLA  manifests  with  palpable  purpura.  On  biopsy,  cutaneous
leukocytoclastic angiitis is characterized by leukocytoclastic vasculitis in upper to middle
dermis (where small  vessles are located),  whereas necrotizing vasculitis in lower dermis
and  subcutaneous  fat  involves  medium-sized  vessels  associated  with  cutaneous  polyar‐
teritis  nodosa  and  other  systemic  vasculitides.  Serum  ANCA  tests  by  immunofluores‐
cence,  with  ELISA  for  MPO  and  PR3  to  exclude  ANCA-associated  vasculitis,  serum
cryoglobulin  test,  to  exclude  cryoglobulinaemic  vasculitis,  and  immunofluorescence  for
IgA deposits on skin biopsy, to exclude Henoch-Schonlein purpura, are necessary labora‐
tory tests in diagnosing cutaneous leukocytoclastic angiitis.

Treatment  of  idiopathic  cutaneous vasculitis  depends on the severity  of  lesions and the
extent  of  cutaneous involvement.  For example,  purpura is  a  manifestation of  superficial
dermal  small  vessel  vasculitis  with  no  serious  consequences.  Therefore  any  treatment
should be with few if any side effects. However, it should be reminded that what initial‐
ly appears to be isolated cutaneous vasculitis may be the presenting feature of an under‐
lying disease,  such as lymphoma or systemic vasculitis.  Therefore,  vigilance is  required.
Nodulal  lesions  and ulcers  are  caused by  medium-sized vessels  and suggest  cutaneous
polyarteritis  nodosa  or  other  systemic  vasculitides  Therefore,  more  intense  treatment  is
required.  It  should  be  mentioned  that  there  are  no  randomized  controlled  trials  and
treatment of idiopathic cutaneous vasculitis is based on case reports or small case series.

When cutaneous vasculitis is associated with a systemic disease one should treat the sys‐
temic  disease.  Also,  any  inciting  agent,  either  drug  or  infective  agent,  should  be  re‐
moved.  For  instance,  any  infectious  trigger  should  be  treated  with  antibiotics.  If  food
allergen is suspected, allergy testing is recommended, and if  positive,  elimination of the
relevant  food  is  tried,  since  low-antigen  diet  prevents  recurrences  of  palpable  purpura
[76]. Drugs that are used with variable efficacy in idiopathic cutaneous vasculitis include
non-steroidal anti-inflammatory drugs (NSAIDs), antihistamines (such as doxepin, lorata‐
dine,  and cetirizine),  colchicine,  hydroxychloroquine (HCQ),  dapsone,  and prednisolone.
However,  no  drug  is  universally  efficacious.  Colchicine  inhibits  neutrophil  chemotaxis.
Dapsone inhibits the alternative pathway of complement, and suppresses neutrophil che‐
motaxis. Hydroxychloroquine inhibits lysosomal enzyme release. The idiopathic leukocy‐
toclastic  cutaneous  small  vessel  vasculitis  is  often  self-limited  and  does  not  require
specific treatment.  Leg elevation,  avoidance of excessive standing, and administration of
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NSAIDs or antihistamines usually relieve symptoms, such as pruritus and burning sensa‐
tion. For persistent disease, colchicine is considered a drug of first choice [77]. Colchicine
is effective in 50% of patients with cutaneous leukocytoclastic vasculitis within 2 weeks,
although  in  a  randomized  controlled  trial  colchicine  (0.5  mg  twice  daily)  for  a  month
was  no  more  efficacious  than  topical  emollients  [78].  Patients  with  chronic  cutaneous
venulitis are usually resistant to treatment.  Dapsone (100-200 mg daily) may be very ef‐
fective  in  leukocytoclastic  vasculitis  and  urticarial  vasculitis.  Dapsone  appears  to  have
synergistic effects with colchicine or pentoxifylline [79]. HCQ is more often used in urti‐
carial  vasculitis  associated  with  connective  tissue  diseases.  Prednisolone,  at  the  initial
dose of 0.5-1 mg/Kg/day for 2 weeks with rapid tapering, can be very effective in acute
severe episodes. However, Idiopathic Cutaneous Small Vessel Vasculitis can be active for
10 years and prednisolone monotherapy is not recommended for chronic use. In difficult
to treat cases, azathioprine may be used with low-dose prednisolone. Other medications
that have been used include CsA (2.5-5 mg/kg/day, in two doses).

4.1. Urticarial vasculitis

Urticarial vasculitis(UV) is characterized by persistent (greater than 24 hours) urticarial skin
lesions and leukocytoclastic vasculitis on histology. It is associated with low serum comple‐
ment (hypocomplementaemic urticarial vasculitis, HUV) or normal serum complement lev‐
els (normocomplementaemic urticarial vasculitis, NUV). HUV is usually a systemic disease
and associated with systemic lupus erythematosus (SLE) with autoantibodies against C1q.
NUV is usually confined to the skin and rarely associated with SLE. Nearly 50% of patients
with idiopathic UV have autoantibodies against IgE or IgE receptor.

Treatment of UV is based on manifestations. For mild skin lesions antihistamines, colchi‐
cines, dapsone, HCQ and prednisolone are used. The addition of reserpine (0.3-0.4 mg/day)
to antihistamines may improve UV symptoms [80]. For extracutaneous disease or chronic
necrotizing skin lesions prednisolone is used, often in association with azathioprine, myco‐
phenolate mofetil (MMF), CsA, or CyP. IVIg and plasmapheresis have been used in difficult
to treat urticarial vasculitis [76]. Rituximab, a monoclonal antibody against CD20, present on
mature B cells, was successfully tried in a patient with UV with angioedema unresponsive
to prednisolone, CsA and plasmapheresis [8].

4.2. Cutaneous polyarteritis nodosa

In mild cases, colchicine or NSAIDs may suffice. In moderate to severe cases, prednisolone
is administered at an initial dose of 1 mg/kg/day, usually in conjunction with HCQ, dap‐
sone, methotrexate, azathioprine, CyP, or intravenous immunoglobulin [81]. Mizoribine, an
inhibitor of inosine monophosphate and guanosine monophosphate synthetase, which in‐
hibits T and B cell proliferation, is also efficacious. Warfarin or clopidogrel are helpful adju‐
vant treatment [82].

Treatment of ANCA-Negative Small Vessel Vasculitis
http://dx.doi.org/10.5772/54272

229



temic  lupus  erythematosus,  rheumatoid  arthritis),  or  vasculitis  induced  by  malignancy,
infection  or  medication/toxin.  Therefore,  one  should  search  carefully  for  extracutaneous
manifestations of vasculitis and obtain a detailed medical history. Also mimics of vascu‐
litis,  such as antiphospolipid syndrome, should be ruled out.  Even idiopathic cutaneous
vasculitis is not a single entity. An international consensus conference defined cutaneous
leukocytoclastic  angiitis  as  isolated  cutaneous  leukocytoclastic  angiitis  without  systemic
vasculitis or glomerulonephritis [1]. This definition is controversial, since it requires biop‐
sy for diagnosis and even biopsy is not diagnostic. Other terms used under the umbrella
of idiopathic cutaneous vasculitis include hypersensitivity vasculitis, and urticarial vascu‐
litis [75]. There are few points to consider in diagnosing cutaneous leukocytoclastic angii‐
tis  (CLA).  First,  CLA  manifests  with  palpable  purpura.  On  biopsy,  cutaneous
leukocytoclastic angiitis is characterized by leukocytoclastic vasculitis in upper to middle
dermis (where small  vessles are located),  whereas necrotizing vasculitis in lower dermis
and  subcutaneous  fat  involves  medium-sized  vessels  associated  with  cutaneous  polyar‐
teritis  nodosa  and  other  systemic  vasculitides.  Serum  ANCA  tests  by  immunofluores‐
cence,  with  ELISA  for  MPO  and  PR3  to  exclude  ANCA-associated  vasculitis,  serum
cryoglobulin  test,  to  exclude  cryoglobulinaemic  vasculitis,  and  immunofluorescence  for
IgA deposits on skin biopsy, to exclude Henoch-Schonlein purpura, are necessary labora‐
tory tests in diagnosing cutaneous leukocytoclastic angiitis.

Treatment  of  idiopathic  cutaneous vasculitis  depends on the severity  of  lesions and the
extent  of  cutaneous involvement.  For example,  purpura is  a  manifestation of  superficial
dermal  small  vessel  vasculitis  with  no  serious  consequences.  Therefore  any  treatment
should be with few if any side effects. However, it should be reminded that what initial‐
ly appears to be isolated cutaneous vasculitis may be the presenting feature of an under‐
lying disease,  such as lymphoma or systemic vasculitis.  Therefore,  vigilance is  required.
Nodulal  lesions  and ulcers  are  caused by  medium-sized vessels  and suggest  cutaneous
polyarteritis  nodosa  or  other  systemic  vasculitides  Therefore,  more  intense  treatment  is
required.  It  should  be  mentioned  that  there  are  no  randomized  controlled  trials  and
treatment of idiopathic cutaneous vasculitis is based on case reports or small case series.

When cutaneous vasculitis is associated with a systemic disease one should treat the sys‐
temic  disease.  Also,  any  inciting  agent,  either  drug  or  infective  agent,  should  be  re‐
moved.  For  instance,  any  infectious  trigger  should  be  treated  with  antibiotics.  If  food
allergen is suspected, allergy testing is recommended, and if  positive,  elimination of the
relevant  food  is  tried,  since  low-antigen  diet  prevents  recurrences  of  palpable  purpura
[76]. Drugs that are used with variable efficacy in idiopathic cutaneous vasculitis include
non-steroidal anti-inflammatory drugs (NSAIDs), antihistamines (such as doxepin, lorata‐
dine,  and cetirizine),  colchicine,  hydroxychloroquine (HCQ),  dapsone,  and prednisolone.
However,  no  drug  is  universally  efficacious.  Colchicine  inhibits  neutrophil  chemotaxis.
Dapsone inhibits the alternative pathway of complement, and suppresses neutrophil che‐
motaxis. Hydroxychloroquine inhibits lysosomal enzyme release. The idiopathic leukocy‐
toclastic  cutaneous  small  vessel  vasculitis  is  often  self-limited  and  does  not  require
specific treatment.  Leg elevation,  avoidance of excessive standing, and administration of

Updates in the Diagnosis and Treatment of Vasculitis228

NSAIDs or antihistamines usually relieve symptoms, such as pruritus and burning sensa‐
tion. For persistent disease, colchicine is considered a drug of first choice [77]. Colchicine
is effective in 50% of patients with cutaneous leukocytoclastic vasculitis within 2 weeks,
although  in  a  randomized  controlled  trial  colchicine  (0.5  mg  twice  daily)  for  a  month
was  no  more  efficacious  than  topical  emollients  [78].  Patients  with  chronic  cutaneous
venulitis are usually resistant to treatment.  Dapsone (100-200 mg daily) may be very ef‐
fective  in  leukocytoclastic  vasculitis  and  urticarial  vasculitis.  Dapsone  appears  to  have
synergistic effects with colchicine or pentoxifylline [79]. HCQ is more often used in urti‐
carial  vasculitis  associated  with  connective  tissue  diseases.  Prednisolone,  at  the  initial
dose of 0.5-1 mg/Kg/day for 2 weeks with rapid tapering, can be very effective in acute
severe episodes. However, Idiopathic Cutaneous Small Vessel Vasculitis can be active for
10 years and prednisolone monotherapy is not recommended for chronic use. In difficult
to treat cases, azathioprine may be used with low-dose prednisolone. Other medications
that have been used include CsA (2.5-5 mg/kg/day, in two doses).

4.1. Urticarial vasculitis

Urticarial vasculitis(UV) is characterized by persistent (greater than 24 hours) urticarial skin
lesions and leukocytoclastic vasculitis on histology. It is associated with low serum comple‐
ment (hypocomplementaemic urticarial vasculitis, HUV) or normal serum complement lev‐
els (normocomplementaemic urticarial vasculitis, NUV). HUV is usually a systemic disease
and associated with systemic lupus erythematosus (SLE) with autoantibodies against C1q.
NUV is usually confined to the skin and rarely associated with SLE. Nearly 50% of patients
with idiopathic UV have autoantibodies against IgE or IgE receptor.

Treatment of UV is based on manifestations. For mild skin lesions antihistamines, colchi‐
cines, dapsone, HCQ and prednisolone are used. The addition of reserpine (0.3-0.4 mg/day)
to antihistamines may improve UV symptoms [80]. For extracutaneous disease or chronic
necrotizing skin lesions prednisolone is used, often in association with azathioprine, myco‐
phenolate mofetil (MMF), CsA, or CyP. IVIg and plasmapheresis have been used in difficult
to treat urticarial vasculitis [76]. Rituximab, a monoclonal antibody against CD20, present on
mature B cells, was successfully tried in a patient with UV with angioedema unresponsive
to prednisolone, CsA and plasmapheresis [8].

4.2. Cutaneous polyarteritis nodosa

In mild cases, colchicine or NSAIDs may suffice. In moderate to severe cases, prednisolone
is administered at an initial dose of 1 mg/kg/day, usually in conjunction with HCQ, dap‐
sone, methotrexate, azathioprine, CyP, or intravenous immunoglobulin [81]. Mizoribine, an
inhibitor of inosine monophosphate and guanosine monophosphate synthetase, which in‐
hibits T and B cell proliferation, is also efficacious. Warfarin or clopidogrel are helpful adju‐
vant treatment [82].

Treatment of ANCA-Negative Small Vessel Vasculitis
http://dx.doi.org/10.5772/54272

229



5. Precautions

Certain precautions should be observed to reduce side effects of drugs used. CyP dose
should be adjusted for renal function and age.

Patients should be checked for tuberculosis with chest x-rays and PPD skin test, and patients
with latent tuberculosis should receive prophylaxis with isoniazid plus vitamin B6. Patients
on IV pulse CyP, receive antiemetic drug (ondaserton) immediately prior to and 8 hours af‐
ter the CyP pulse. On the day of IV CyP pulse, patients receive oral or IV hydration with 2-3
liters of fluid. They also receive IV 2-mercaptoethanesulfonate (mesna) (20% of CyP dose)
immediately before and at 2, 4 and 8 hours after the CyP pulse to reduce irritation of urinary
bladder. The dose of next IV CyP pulse is adjusted to keep nadir white blood cell (WBC)
count (12-14 days after the IV pulse) >3,000/μL. The rate of leucopenia, infections, and gona‐
dal toxicity is reduced in the IV pulse CyP compared to oral CyP regimen [83,84]. Oral mes‐
na is also beneficial for patients on oral CyP.

According to a recent study ever-tobacco smoking and previous episode of hemorrhagic
cystitis were strong predictors for the development of cancer in the urinary tract. Thus pa‐
tients with these characteristics need close surveillance with urine cytology tests.

All patients receiving CyP are advised to take prophylaxis against Pneumocystis jiroveci
with trimethoprime/sulphamethoxazole (800/160 mg thrice weekly).

Gonadal failure is a common side effect in patients treated with CyP, where the risk increas‐
es in parallel with the increase of the cumulative dose received. No standard care to pre‐
serve gonadal function has been proposed for patients with small vessel vasculitis under
CyP. For similar issues encountered in female patients with systemic lupus erythematosus
(SLE) two protocols exist: administration of leuprolide acetate with or without transdermal
estrogen and depo-progesterone for contraception. Leuprolide should be administered 10-14
days prior to each CyP infusion. In men with SLE, administration of intramuscular monthly
injections of testosterone has been proposed. Analogous approaches should probably be
adopted for young patients with small vessel vasculitis at risk.

Patients on immunosuppression should not be vaccinated with live attenuated vaccines.
They can and should be vaccinated with dead pathogens. Patients with granulomatosis with
polyangiitis(Wegener’s granulomatosis) exhibit adequate antibody [85] and cell-mediated
immune response to influenza vaccines [86].

INFα may cause hepatic dysfunction and extreme caution is advised in patients with cirrho‐
sis. PEG-INFα and ribavirin are contraindicated in renal impairment (creatinine clearance
[ClCr] <50ml). Ribavirin can cause haemolytic anaemia.

Colchicine can induce gastrointestinal upset (diarrhoea, vomiting) and rarely cytopenia.
Dapsone can cause granulopenia and severe haemolysis in patients with glucose-6-phos‐
phate dehydrogenase (G6PD) deficiency. Therefore, before initiation of dapsone, G6PD
should be measured, and then full blood count regularly. Side effects of HCQ are rare and
include retinopathy and cytopenias.
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6. Conclusion

Small vessel vasculitis may be a manifestation of systemic vasculitis or may be confined to
the skin. Therefore, biopsy of skin lesion with immunofluorescence and careful search for
systemic disease are mandatory for the correct diagnosis. The treatment of cryoglobulinae‐
mic vasculitis is based on the underlining aetiology. In HCV positive patients with severe
vasculitic manifestations, immunosuppressives with plasmapheresis is the modality of
choice. Anti-HCV treatment is administered after the control of inflammatory manifesta‐
tions. In HCV-associated cryoglobulinaemic vasculitis with mild disease, anti-HCV treat‐
ment may suffice. HSP is usually a self limited disease. In patients with HSP complications,
corticosteroids remain the main treatment. In severe refractory cases, plasmapheresis in con‐
junction with immunosuppressives have been tried. Idiopathic cutaneous leukocytoclastic
vasculitis is most of the time a mild disease and does not require toxic medications. Rituxi‐
mab is a promising new treatment for systemic or refractory small vessel vasculitis.
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1. Introduction

Systemic necrotizing vasculitides are a broad family of conditions characterized by injury or
destruction of the blood vessel walls by inflammatory cells with subsequent vessel occlusion
and ischemic tissue injury with high rates of morbidity and mortality. [1] The heterogeneous
nature of the involved etio-pathogenetic mechanisms together with the diversities in clinical
presentations poses a great challenge to successful induction and maintenance therapy in
vasculitis. Untreated, these diseases can be devastating. Treatment strategy in vasculitis depends
entirely upon the type of vasculitis, the pattern and severity of organ involvement. High dose
corticosteroids and cytotoxic drugs remain the cornerstones in the management of vasculitis
that dramatically improved the prognosis with increasing chances for remission. However,
despite such aggressive therapy the relapse rate in systemic vasculitis ranges from 30-50%. With
the increasing relapses in some cases, refractoriness to standard care measures in others together
with the toxicities associated with the use of long term high dose corticosteroids and cytotoxic
drugs there is an increasing demand for an alternative effective therapy.

The pathogenetic background in human autoimmune diseases remains poorly understood. The
recent advances in the understanding of epigenetics of autoimmune rheumatic diseases have
revealed a variety of disease specific pathways responsible for immune-mediated inflammato‐
ry and destructive events. In most of these situations including vasculitis the initial trigger is
mostly an infectious trigger. It is mostly an antigen driven response that involves activation of
the antigen presenting cells (dendritic cells, macrophages, monocytes, B lymphocytes), priming
of T lymphocytes towards a Th1, Th17 response. The primed Th1, Th17 lymphocytes initiates a
cascade of pro-inflammatory events involving the release of pro-inflammatory cytokines (TNF
alpha,  IL-1 β,IL-6,  TGF- β,  IFN-γ,  IL-17,  IL-23)  with subsequent  priming of  neutrophils,
overexpression of adhesion molecules, activation of co-stimulatory signals with further release
of pro-inflammatory mediators and autoantibody production. Figure 1
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Figure 1. Basic pathogenic theory of autoimmunity in vasculitis.

Advances in the understanding of the pathogenesis of autoimmune diseases, allow increasing‐
ly specific, targeted therapies to be developed for clinical use. These therapies are nominated as
biologic disease modifying drugs that fall under two categories: anti-cytokine strategies, and
drugs that target specific subsets of immune cells. The ultimate goal of these therapies is to target
pathogenetic pathways that contribute to disease initiation and progression. The recent attempts
to use biologic disease modifying drugs in refractory systemic vasculitis has revolutionized the
therapeutic landscape with promising observable outcome. [2]

2. Tumor necrosis factor alpha in vasculitis

TNF-α, with its’ brother lymphotoxin TNF-β, represent a family of pro-inflammatory cyto‐
kines produced by a variety of immune cells, primarily by lipopolysaccharide-stimulated
macrophages and monocytes, as well as by T lymphocytes. TNF exists in both cell membrane-
bound and soluble forms with TNF receptors (TNF- R1, TNF- R2) on many cells, including
macrophages and monocytes, thereby allowing it to stimulate its own production and release.
It has been shown to be a key cytokine in the host inflammatory response. Its actions are
modulated through various mechanisms, which include adhesion molecule expression, pro-
inflammatory cytokine release, synthesis of chemokines, inhibition of regulatory T cells and
activation of a variety of immune cells. [3, 4]
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Figure 3. Role of Tumor Necrosis Factor in Inflammatory Response.

Figure 2. The Role of Tumor necrosis Factor Targeted Biologic Therapy in Primary Systemic Vasculitides.
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The primary immunopathogenic events that initiate the process of vascular inflammation and
blood vessel damage remain largely unknown. Granulomatous inflammation involving the
vessel itself, the adjacent tissue, or distant sites is a feature of several systemic vasculitic
syndromes and tumor necrosis factor is being identified as a major contributor to granulom‐
atous tissue inflammation via its’ stimulatory effects on tissue macrophages. The unopposed
actions of TNF via its’ receptors highly potentiates and sustains inflammatory granuloma
formation and integrity. The recognition of the role of this pro-inflammatory cytokine sets it
as a potential therapeutic target. Tumor necrosis factor inhibitors have been approved for the
treatment of rheumatoid arthritis as well as sero-negative spondylo-arthropathies.

3. Tumor necrosis factor inhibitors

3.1. Classification of tumor necrosis factor inhibitors

There are presently five TNF-α inhibitors available. They are classified based on their mech‐
anism of inhibition of tumor necrosis factor into TNF neutralizing monoclonal antibodies that
are capable of neutralizing the soluble as well as the tissue bound TNF and TNF receptor fusion
protein that is capable of neutralizing the effects of the soluble TNF in circulation.

3.2. Tumor necrosis factor monoclonal antibodies

Infliximab: A chimeric human/mouse monoclonal anti-TNF antibody composed of the
constant regions of human (Hu) IgG1κ, coupled to the Fv region of a high-affinity neutralizing
murine anti-Hu TNF-α antibody. The antibody exhibits high affinity for recombinant and
natural hu TNF-α, and neutralizes TNF-mediated cytotoxicity and other functions in vitro.
The drug is given at a dose of 3-10mg/ Kg intravenous infusion at 0-2-6 and 8 weeks then every
8 weeks. Because of the potential for an immune reaction to the mouse protein components of
a chimeric antibody, an alternate strategy has been to develop a fully human anti-TNF
monoclonal antibody. [4]

Adalimumab: The first fully human monoclonal anti-tumor necrosis factor (TNF)-α antibody
approved in the year 2002 as a second line anti-tumor necrosis factor for the treatment of
refractory rheumatoid arthritis. Such antibody, known as D2E7, also known as adalimumab,
was generated by phage display technology. A high affinity murine anti-TNF monoclonal
antibody was used as a template for guided selection, which involves complete replacement
of the murine heavy and light chains with human counterparts and subsequent optimization
of the antigen-binding affinity. Adalimumab is considered a highly specific TNF-a inhibitor.
It binds to both soluble and membrane-bound TNF-a. The drug is believed to exert its
pharmacological effect by binding to soluble TNF-a preventing its interaction with TNFR1 and
TNFR2 cell receptors. The drug is given at a dose of 40mg subcutaneously every 1-2 weeks
(initially 80mg loading dose then 40 mg as maintenance therapy). [5]

Golimumab: is a human immunoglobulin (Ig) G1-kappa monoclonal antibody (mAb) that
is specific for TNF-alpha. Golimumab binds to both the soluble and transmembrane forms
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of human TNF-alpha. The drug is given in a dose of 50 mg subcutaneously every 4 weeks.
Golimumab  is  approved  for  the  treatment  of  rheumatoid  arthritis,  and  seronegative
arthropathies. [6]

Certolizumab: Certolizumab is a PEGylated recombinant, humanized antibody Fab’ fragment
specific for human tumor necrosis factor alpha (TNFα) that is indicated for treatment of
moderately to severely active Rheumatoid Arthritis (RA), treatment and maintenance of
remission of moderate to severe active Crohn’s disease (CD) in adult patients who have an
inadequate response to conventional therapy. [7]

The latest two new monoclonal antibody TNF inhibitors, certolizumab and golimumab have
been genetically engineered recently aiming to improve affinity and specificity to TNF with
better tolerability and less autoimmunity. Neither golimumab nor certolizumab have been
tried in patients with vasculitis.

3.3. Tumor necrosis factor receptor block

Etanercept: Etanercept: is a dimeric fusion protein composed of two extracellular TNF-receptor
domains bound to the Fc portion of human IgG and is injected once or twice weekly at a dose
of 50mg. It effectively binds soluble TNF, thereby blocking TNF-receptor activation. [5]

3.4. Tumor necrosis factor inhibitors in vasculitis

TNF-α is increasingly being implicated in the etio-pathogenesis of several autoimmune
diseases, including systemic vasculitis, featuring an interesting therapeutic target. Several case
series studies and case reports addressing the role of suppressing tumor necrosis factor in
vasculitis have been issued. Such studies have shown that anti TNF therapy might provide a
promising therapeutic alternative in the management of refractory systemic vasculitides [8, 9,
10] especially of granulomatous inflammatory nature including; Takayasu's arteritis, probably
in giant cell arteritis (GCA) and granulomatous polyangiitis (GPA) amongst other forms of
vasculitis.

3.4.1. Takayasu vasculitis — TAK

Takayasu's arteritis is a rare, chronic, systemic panarteritis of unknown etiology characterized
by granulomatous inflammation of the aorta and its major branches (occasionally including
the pulmonary arteries as well) with progressive fibrosis and stenosis of the affected vessel
wall and, less commonly, aneurysm formation. [11, 12, 13] The disease typically presents in
women before the age of 40 years old. Glucocorticoids and methotrexate are the mainstays of
treatment.[] Amongst the identified pathogenic targets in Takayasu arteritis displayed in
(Figure 2), TNF alpha is the only cytokine under evaluation. There have been several case series
[14, 15, 16] and case reports [17, 18, 19] that have shown clinical benefit of TNF inhibition for
refractory cases with TAK. The use of TNF blockade therapy was associated with significant
improvement in BVAS, successful reduction in the dose of oral corticosteroids and longer
glucocorticoid drug free remission in cases with refractory Takayasu arteritis. In a case series
study by Hoffman et al. including 15 patients with treatment-resistant TAK, patients were
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treated with either infliximab or etanercept for disease relapse with 93% of patients showing
marked improvement with significant reduction in the dose of oral corticosteroids from a
median dose of 20mg/day to 0 mg/day and 67% of patients sustaining up to 3 years glucocor‐
ticoid drug free remission. The need for randomized, controlled trials remains necessary to
further characterize the effectiveness of TNF inhibition in Takayasu arteritis. [20,21]

3.4.2. Giant Cell Arteritis — GCA

Giant cell arteritis is a granulomatous vasculitis that affects predominantly large- to medium-
sized arteries, including the aorta and its major branches with advancing concentric intimal
hyperplasia and subsequent vascular occlusion. Figure 5 Experimental data support the
concept that the disease is initiated in the most outer layer of the arterial wall, the adventitia.
CD4 T cells are recruited to the adventitia, undergo local activation and subsequently orches‐
trate macrophage differentiation. T cells and macrophages infiltrate into all wall layers and
acquire different effector functions dependent on cues in their immediate microenvironment.

Figure 4. Mode of action of Tumor necrosis factor inhibitors.
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The end result is myofibroblastic proliferation, luminal stenosis, and tissue ischemia. Adaptive
immune responses in the adventitia are triggered by a population of indigenous dendritic cells
(DC) placed at the adventitia-media junction. These arterial DCs have a unique surface receptor
profile, including a series of Toll-like receptors (TLR). These adventitial DCs produce chemo‐
kines (TNF alpha, IL-1B), recruit T cells and support their local activation. TNF is one of several
cytokines linked to vascular injury in giant cell arteritis.

The standard treatment for GCA is glucocorticoids, methotrexate might be used in some
cases as a steroid sparing drug. Up to 60- 80% of treated patients ultimately develop serious
adverse  effects  related  to  glucocorticoid  therapy  necessitating  an  alternative  therapy.
Tumor necrosis  factor  alpha inhibitors  have been proposed as  a  therapeutic  alternative.
Randomized controlled trials studying the efficacy of infliximab in GCS revealed inflixi‐
mab  to  be  non-superior  to  conventional  therapy  with  insignificant  difference  in  the
percentage of patients successfully tapered off glucocorticoids (71-56%). Infliximab therapy
was associated with  significanlty  higher  rates  of  infections.  The  use  of  TNF-αI  in  GCA
remains a pit controversial awaiting further studies. [22-27]

Figure 5. Identified Pathogenic Targets (black arrows) in Takayasu Arteritis.
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3.4.3. Granulomatosis with polyangiitis GPA-(Wegener's granulomatosis)

Granulomatosis with polyangiitis (Wegener’s Granulomatosis) is a systemic inflammatory
disorder characterized predominantly by the presence of a small vessel vasculitis with
necrotizing granulomatous inflammation, primarily of the upper and lower respiratory tract.
The pathogenetic pathways in ANCA associated vasculitis primarily involves neutrophil
activation secondary to an infectious trigger. S. aureus-derived products (superantigens and
peptidoglycans) stimulate APCs to produce IL-23, which induces proliferation of TH17 cells.
IL-17 secretion from TH17 cells activates macrophages that, in turn, produce pro-inflammatory
cytokines (IL-1β and TNF), which results in the priming of neutrophils. PR3 produced by
neutrophils is processed by APCs, followed by presentation to TH cells. These cells provide
help to B cells for the production of PR3-ANCAs, which interact with PR3 on the surface of
primed neutrophils that are rolling on the endothelium. These neutrophils become firmly
adhesive and produce ROS and NETs that cause necrotizing vasculitis. TH cells also differen‐
tiate into TEM cells that interact with the endothelium and participate in granuloma formation,
resulting in granulomatous vasculitis. Figure 7

Infection is the identified initial trigger with subsequent priming of neutrophils. Priming of
neutrophils leads to a cascade of events including: (a) Up-regulation of adhesion molecules on
endothelial cells, and expansion of circulating effector T cells. Primed neutrophils show
increased surface expression of ANCA antigens and adhesion molecules. ANCA binding
activates the neutrophil in the following ways: [1] enhancing vessel wall adherence and
transmigration capacity; [2] production and release of oxygen radicals, and [3] degranulation

Figure 6. Pathogenesis of Giant Cell Arteritis. [22]
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and release of enzymes including myeloperoxidase (MPO) and proteinase-3 (PR3) (a).
Transient immune complexes are formed locally by binding of ANCA to PR3/MPO sticking
to endothelial cells. Subsequently, complement is activated, which further promotes neutro‐
phil degranulation. This all adds to the development of necrotizing vasculitis. Whether this
specific cascade is also applicable to disease pathogenesis in ANCA-negative AAV patients
remains unclear. The expanded effector memory T cells (Tems) are not sufficiently regulated
by regulatory T cells (Tregs, b). This virtually leads a state of imbalance between Tregs and
Tems, resulting in further release of pro-inflammatory cytokines promoting neutrophil
priming (a); moreover, ANCA production is enhanced by further T-cell/B-cell interaction. (c)
Expanded circulating Tems migrate into target organs such as the lungs or the kidney. Within
tissues, Tems drive granuloma formation, which is considered an ‘executioner’ of tissue
destruction. Granulomas are composed of numerous cell types such as T cells, B cells, giant
cells, and dendritic cells (DCs) with local ANCA production. [28]

Randomized controlled trials studying the outcome of tumor necrosis factor inhibitors in
ANCA associated vasculitis proved that anti TNF-α therapy was non-superior to conventional
therapy in remission induction. The addition of infliximab to standard therapy did not confer
clinical benefit for patients with active AAV [29, 30]

Figure 7. Identified Pathogenic targets (red arrow heads) contributing to inflammation and tissue damage in anti-
neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV).
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The WGET (The Wegener Granulomatosis Etanercept Trial) was a double-blind study that
aimed to assess the role of etanercept in the induction and maintenance of remission in 180
patients with GPA. In this trial the use of etanercept showed no impact on the rate of achieving
sustained remission compared to placebo (69% for etanercept vs 75% for placebo) with a slight
increase in the rate of solid tumors among patients receiving a combination therapy of
cyclophosphamide and etanercept. A risk that proved to be insignificant. [31] Another open
label phase II prospective study including 14 patients with acute flares of AASV either as first
manifestation of disease or relapse demonstrated that the addition of adalimumab to predni‐
solone and cyclophosphamide for the treatment of severe ANCA associated systemic vasculitis
(AASV) was associated with response rates and adverse events similar to standard therapy
alone but with a reduced prednisolone exposure. [32]

4. TNF-α inhibitors in other forms of systemic vasculitis

4.1. Behcet’s syndrome

Infliximab at a dose of 5mg/kg, showed efficacy in cases with refractory uveo-retinitis with
improvement of visual acuity, healing of oro-genital ulcers, healing of intestinal lesions and
remission. It has also been disclosed that infliximab is a rapid and effective therapy for sight-
threatening panuveitis in Behçet's disease. Infliximab administration thus leads to a rapid and
effective suppression of acute ocular inflammation, and the remission of the uveitis remained
for as long as 28 days after infliximab administration in all five patients. Etanercept is also now
being used in refractory Behçet's disease. [33, 34, 35, 36, 37] Despite that Tumor necrosis factor
therapy is not an approved therapeutic alternative in Behcet’s syndrome due to lack of
randomized controlled studies, yet TNF inhibition might provide a valuable alternative in
Behçet's syndrome patients who were proven refractory to more commonly used treatments.

4.2. Kawasaki disease

TNF has been suggested as an important cytokine in the active phase of coronary disease in
mouse models of Kawasaki disease.However, the current use of anti TNF therapy in Kawasaki
remains restricted only to cases with immunoglobulin resistant disease. [38,39]

4.3. Deep idiopathic small vessels cutaneous vasculitis

Cutaneous vasculitis, is a disease with an annual incidence rate ranging from 39.6 to 59.8 per
million, can be classified as primary or idiopathic; or secondary, when it presents as a mani‐
festation of connective tissue diseases, infections, drug reactions or malignancies. [41, 42] Most
of the idiopathic cases are self-limited and responsive to supportive measures (limb elevation,
warming, avoid standing) and nonsteroidal anti-inflammatory drugs, potent immune-
suppressants are sometimes required for the management of the refractory situations. [42]

The high serum levels of the pro-inflammatory cytokines TNF-α, IL-1β observed in sera of
patients with small vessels cutaneous vasculitis supports a potential role of these cytokines in
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the pathogenesis of such forms of vasculitis. [43] Reports support the benefit of infliximab in
the treatment of some cases of deep cutaneous vasculitis as well as in difficult to treat cases
who failed to respond to cyclophosphamide pulse therapy with successful tapering of oral
corticosteroids [44, 45, 46] Cases of deep cutaneous vasculitis following infliximab therapy
have also been reported. [47]

5. B cell targeted therapy in systemic vasculitis

5.1. The role of B cells in vasculitis

B lymphocytes are key players in immune mediated vasculitis representing the the humoral
arm of the immune response. B cells produce pathogenic autoantibodies and because they
have multiple effector functions, including antigen uptake and transport, antigen presentation
and costimulation of T cells via membrane associated molecules, production of cytokines and
chemokines migration to sites of inflammation. B lymphocytes arise from hematopoietic stem
cells in the bone marrow. These cells mature independently of an antigen first into pro-B cells,
then into pre-B cells and immature B cells. They subsequently enter the antigen-dependent
phase in the peripheral lymphoid tissues, where mature-but-naive B cells, after encountering
their antigen in the extrafollicular regions of the lymphoid organs, become activated B cells
and migrate to the follicular regions. B lymphocytes then exit the follicular regions to differ‐
entiate into memory B cells, late plasmablasts and plasma cells. Specific markers, such as CD20,
CD27, BAFF-R (B-cell-activating factor receptor), CD38 and CD138, identify the transitional
phases of B cells from stem cells to plasma cells. (Figure 7) [48, 49, 50]

5.2. B cells surface target molecules in vasculitis

5.2.1. CD-20 cell surface molecule

CD20 is a 297-amino acid activated glycosylated trans-membrane phosphoprotein specifically
expressed on the surface of B cells, starting at the early pre-B cell stage and persists until the
differentiation of B cells into plasma cells. CD-20 is not expressed on hematopoietic stem cells,
pro-B cells, or normal plasma cells. Plasma-blasts and stimulated plasma cells may express
CD20. CD20 is co-expressed on B cells with CD19, another B cell differentiation marker. CD20
appears to play a crucial role in B cell development, differentiation, proliferation and cell-cycle
regulation events. B cell mediated disorders with clonal B cell expansion including lympho‐
mas, leukemias, autoimmune diseases were found to be associated with increasing expression
of the CD-20 antigen in variable densities. [51, 52, 53, 54]

5.2.2. CD-22 cell surface molecule

CD22 is a 135-kDa trans-membrane sialoglycoprotein, a member of the immunoglobulin
superfamily. Its expression is restricted to lymphocytes of the B cell lineage and is highly
developmentally regulated.
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of the idiopathic cases are self-limited and responsive to supportive measures (limb elevation,
warming, avoid standing) and nonsteroidal anti-inflammatory drugs, potent immune-
suppressants are sometimes required for the management of the refractory situations. [42]

The high serum levels of the pro-inflammatory cytokines TNF-α, IL-1β observed in sera of
patients with small vessels cutaneous vasculitis supports a potential role of these cytokines in
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the pathogenesis of such forms of vasculitis. [43] Reports support the benefit of infliximab in
the treatment of some cases of deep cutaneous vasculitis as well as in difficult to treat cases
who failed to respond to cyclophosphamide pulse therapy with successful tapering of oral
corticosteroids [44, 45, 46] Cases of deep cutaneous vasculitis following infliximab therapy
have also been reported. [47]

5. B cell targeted therapy in systemic vasculitis

5.1. The role of B cells in vasculitis

B lymphocytes are key players in immune mediated vasculitis representing the the humoral
arm of the immune response. B cells produce pathogenic autoantibodies and because they
have multiple effector functions, including antigen uptake and transport, antigen presentation
and costimulation of T cells via membrane associated molecules, production of cytokines and
chemokines migration to sites of inflammation. B lymphocytes arise from hematopoietic stem
cells in the bone marrow. These cells mature independently of an antigen first into pro-B cells,
then into pre-B cells and immature B cells. They subsequently enter the antigen-dependent
phase in the peripheral lymphoid tissues, where mature-but-naive B cells, after encountering
their antigen in the extrafollicular regions of the lymphoid organs, become activated B cells
and migrate to the follicular regions. B lymphocytes then exit the follicular regions to differ‐
entiate into memory B cells, late plasmablasts and plasma cells. Specific markers, such as CD20,
CD27, BAFF-R (B-cell-activating factor receptor), CD38 and CD138, identify the transitional
phases of B cells from stem cells to plasma cells. (Figure 7) [48, 49, 50]

5.2. B cells surface target molecules in vasculitis

5.2.1. CD-20 cell surface molecule

CD20 is a 297-amino acid activated glycosylated trans-membrane phosphoprotein specifically
expressed on the surface of B cells, starting at the early pre-B cell stage and persists until the
differentiation of B cells into plasma cells. CD-20 is not expressed on hematopoietic stem cells,
pro-B cells, or normal plasma cells. Plasma-blasts and stimulated plasma cells may express
CD20. CD20 is co-expressed on B cells with CD19, another B cell differentiation marker. CD20
appears to play a crucial role in B cell development, differentiation, proliferation and cell-cycle
regulation events. B cell mediated disorders with clonal B cell expansion including lympho‐
mas, leukemias, autoimmune diseases were found to be associated with increasing expression
of the CD-20 antigen in variable densities. [51, 52, 53, 54]

5.2.2. CD-22 cell surface molecule

CD22 is a 135-kDa trans-membrane sialoglycoprotein, a member of the immunoglobulin
superfamily. Its expression is restricted to lymphocytes of the B cell lineage and is highly
developmentally regulated.
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CD22 is present in the cytoplasm of pro- and pre-B cells and becomes detectable on the cell
surface only at mature stages of B cell differentiation. Cell surface expression is lost during
terminal differentiation into plasma cell and after B cell activation. CD22 is also expressed by
the vast majority of B cell NHLs. The CD22 molecule has multiple ligands because it binds to
α2–6-linked sialic acid residues present on glycoproteins expressed by activated T and B cells,
monocytes, neutrophils, erythrocytes, and activated endothelial cells. Although its function is
not yet well understood, CD22 appears to be involved in the regulation of B cell activation
through BCR signaling, (demonstrating both positive and negative roles in vitro) as well as in
cell adhesion. In vivo, the important biological functions of this receptor have been demon‐
strated by genetic disruption of CD22. CD22-deficient mice have a shorter life span, a reduced
number of mature B cells in the bone marrow and in circulation, and a chronic exaggerated
antibody response to antigen and develop elevated levels of autoantibodies, suggesting a key
role for CD22 in B cell development, survival, and function. [55-60]
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5.3. B-cell targeted therapy

Currently available B cell targeted biologic drugs can be classified into two different mecha‐
nisms, the first mechanism is the B cell depletion therapy, the second mechanism acts via
inhibition of B cell maturation. Different trials and case reports showed promising results with
the use of B cell depletion therapy in vasculitis.

5.3.1. The B-cell depletion therapy

5.3.1.1. Rituximab

A chimeric human/mouse IgG1 antibody directed at human CD20, which is found on only
pre-B and mature B cells. B-cell depletion with rituximab might be useful for patients with
autoimmune diseases driven by autoantibody production. Rituximab (anti-CD-20 therapy)
showed efficacy in autoimmune disorders including refractory systemic lupus with nephritis
and vasculitis. The types of vasculitis investigated in this regard include cryoglobulinemic
vasculitis, ANCA associated vasculitis, cutaneous vasculitis with connective tissue diseases
like rheumatoid arthritis, systemic lupus erythematosus and Sjogren’s syndrome. [51, 52, 53,
54] Figure 9.

Figure 9. Mechanism of B cell depletion with anti-CD20 therapy [54]
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5.3. B-cell targeted therapy

Currently available B cell targeted biologic drugs can be classified into two different mecha‐
nisms, the first mechanism is the B cell depletion therapy, the second mechanism acts via
inhibition of B cell maturation. Different trials and case reports showed promising results with
the use of B cell depletion therapy in vasculitis.

5.3.1. The B-cell depletion therapy

5.3.1.1. Rituximab

A chimeric human/mouse IgG1 antibody directed at human CD20, which is found on only
pre-B and mature B cells. B-cell depletion with rituximab might be useful for patients with
autoimmune diseases driven by autoantibody production. Rituximab (anti-CD-20 therapy)
showed efficacy in autoimmune disorders including refractory systemic lupus with nephritis
and vasculitis. The types of vasculitis investigated in this regard include cryoglobulinemic
vasculitis, ANCA associated vasculitis, cutaneous vasculitis with connective tissue diseases
like rheumatoid arthritis, systemic lupus erythematosus and Sjogren’s syndrome. [51, 52, 53,
54] Figure 9.
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5.3.1.2. Epratuzumab

Epratuzumab is a humanized monoclonal antibody targeting CD22 receptors on B lympho‐
cytes. Two multicenter, placebo-controlled, randomized, double-blind studies (EMBODY™ 1
and EMBODY™ 2), designed to evaluate the efficacy, safety, tolerability, and immunogenicity
of Epratuzumab in patients with moderate to severe SLE, are being designed and processed,
each will enroll 780 subjects and will last a maximum of 54 weeks. Ongoing experimental
studies addressing the role of anti-CD22 in ANCA vasculitis are being run with promising
results, whilst randomized controlled trials are still lacking. [61-65]

5.3.2. The role of B cells targeted therapy in systemic vasculitis

5.3.2.1. Cryoglobulinemic vasculitis

Mixed cryoglobulinemia (MC) is a chronic immune complex (IC) mediated systemic small
vessel vasculitis, characterized by immune complex deposits (cryo-deposits) and frequent
visceral involvement. A frequent synonym of this disease is “cryoglobulinemic vasculitis”. [66]
The term cryoglobulinemia refers to the presence of a single or monoclonal immunoglobulin
Ig or more polyclonal immunoglobulins. Cryoglobulins are classified on the basis of their Ig
components. These cryoglobulins precipitate at temperatures below 37°C giving rise to high
molecular weight aggregates and re-dissolve on rewarming. Cryoglobulins are found in small
quantities in normal serum and are present in variable concentrations in many pathological
conditions, including myeloproliferative disorders, autoimmune disorders and several
infectious diseases. They are classified into: Type I cryoglobulins (10-15% of cryoglobulins) is
comprised simply of monoclonal immunoglobulins, typically IgM but less frequently IgG, IgA,
or serum light chains. Individuals with Type I cryos typically have a paraproteinemia (e.g.,
myeloma, Waldenstrom's macroglobulinemia). Type II cryoglobulins (50-60% of cryoglobu‐
lins) occurs when a monoclonal Ig M recognizes and binds to polyclonal IgG's, accordingly,
type II cryos are typically IgM-IgG complexes.Type III cryoglobulins (30-40% of cryoglobulins)
are composed of polyclonal Ig M that binds to polyclonal IgG. Type II & III cryoglobulinemia
are referred to as “Mixed Cryoglobulinemia”, these two types are most commonly associated
with hepatitis C virus infection. [67]. The term essential cryoglobulinemia was used to describe
cryoglobulinemia without identifiable underlying disease, currently it is clear that most of the
patients with essential mixed cryoglobulinemia are chronically infected with HCV [68] The
classic pathology in cryoglobulinemic vasculitis is leukocytoclastic vasculitis. The disease
presents by Meltzer triad which is a triad of purpura, weakness, arthralgia and/or arthritis in
25-30% of cases, thereafter, a series of multisystem pathologies follow involving peripheral
nervous system and the kidneys. Widespread vasculitis involving medium-small sized
arteries, capillaries and venules with multiple organ involvement may develop in a small
proportion of patients [69-72].

The incidence of hepatitis C infection in mixed cryoglobulinemia ranges from 40 to 90%. [69,
73, 74] The hepatitis C virus infects B cells, resulting in clonal expansion and stimulation of
autoantibody production. Eradication of hepatitis C with interferon and ribavirin has been
tried, but is often ineffective for controlling extra-hepatic disease,[ 45 ] particularly with
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genotype 1, and interferon induced many side effects. On the other hand, treatments such as
cyclophosphamide and plasmapheresis are generally reserved for life- or organ-threatening
disease.

Rituximab showed efficacy in cases of HCV-mixed cryoglobulinemia. The rationale behind
anti-B-cell therapy in mixed cryoglobulinemic vasculitis includes the presence immune
complex deposition as the cause of symptoms in hepatitis C virus extra-hepatic syndrome, in
which chronic stimulation by hepatitis C virus induces the production of cryoglobulins by
infected B cells. [75, 76] Rituximab was successfully used in combination with antiviral agents
as well as mono-therapy in HCV cryoglobulinemic vasculitis. Rituximab combined with Peg-
IFN-α/ribavirin delete both virus-dependent and -independent B-cell clones. Antiviral therapy
alone decreased the memory B cells; whereas in association with rituximab, naive B cells are
the main depleted population. The observable delay in B-cell reconstitution after rituximab
plus Peg-IFN-α/ribavirin stresses the synergistic action of rituximab and antiviral therapy at
the immunologic level. Rituximab shortens the therapeutic interval required for achieving a
complete clinical response. Clonal expansion of marginal zone–like IgM+ CD27+ B cells
(VH1-69 clonal B) has been recently observed in certain HCV-MC patients. Rituximab with
Peg-IFN and ribavirin exerts a synergistic effect on polyclonal B lymphocyte expansion.
Rituximab plus Peg-IFN-α/ribavirin was more efficient to suppress both memory and VH1-69
clonal B cells compared with Peg-IFN-α/ribavirin alone. A standard therapeutic dose of 375
mg/m2 weekly for 4 weeks is effective, well tolerated and induces a significant and rapid
improvement of clinical signs (purpura, arthralgia, peripheral neuropathy) with a decline of
cryocrit in most patients with mixed cryoglobulinemia even in cases resistant to IFN therapy.
Rituximab trials emphasized the benefit of the drug in inducing remission in cutaneous
vasculitis, cryoglobulinemic glomerulonephritis, cryoglobulinemic neuropathy and in
underlying malignant lymphoproliferative disorder. [74, 76, 77, 78]

Complete clinical remission was associated with a significant reduction of RF activity and anti-
HCV antibody titers. Relapse might occur in up to 36.1%.Complete immunologic response was
higher with the combination of rituximab plus Peg-IFN-α/ribavirin. Rituximab treatment of a
renal-transplant patient with de novo HCV-related type III cryoglobulinemic MPGN resulted
in clearance of cryoglobulinemia, a decrease in proteinuria without a change in serum
creatinine or HCV RNA. [69, 77, 78, 79] Rituximab can cause serum sickness, serum sickness
like disease, neutropenia and increased risk of infections, pneumopathy, varicella zoster
infection, erysipelas, thrombosis of the retinal artery and cold agglutinin disease, occasional
flare of vasculitis. Factors that were found to be associated with increased risk of side effects
include high complement activation, higher rituximab doses and elevated levels of cryoglo‐
bulins. An increase of viremia might be observed in responders with rituximab monotherapy
with insignificant variation of transaminases or deterioration of liver disease. [80, 81] Table 1

5.3.2.2. ANCA-Associated Systemic Vasculitis (AASV)

Standard treatment of ANCA-associated vasculitic syndromes (AAVS) is composed of
remission induction regimen that involves the use of cyclophosphamide and high-dose
glucocorticoids, followed by a remission maintenance regimen using methotrexate, azathio‐
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autoantibody production. Eradication of hepatitis C with interferon and ribavirin has been
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genotype 1, and interferon induced many side effects. On the other hand, treatments such as
cyclophosphamide and plasmapheresis are generally reserved for life- or organ-threatening
disease.

Rituximab showed efficacy in cases of HCV-mixed cryoglobulinemia. The rationale behind
anti-B-cell therapy in mixed cryoglobulinemic vasculitis includes the presence immune
complex deposition as the cause of symptoms in hepatitis C virus extra-hepatic syndrome, in
which chronic stimulation by hepatitis C virus induces the production of cryoglobulins by
infected B cells. [75, 76] Rituximab was successfully used in combination with antiviral agents
as well as mono-therapy in HCV cryoglobulinemic vasculitis. Rituximab combined with Peg-
IFN-α/ribavirin delete both virus-dependent and -independent B-cell clones. Antiviral therapy
alone decreased the memory B cells; whereas in association with rituximab, naive B cells are
the main depleted population. The observable delay in B-cell reconstitution after rituximab
plus Peg-IFN-α/ribavirin stresses the synergistic action of rituximab and antiviral therapy at
the immunologic level. Rituximab shortens the therapeutic interval required for achieving a
complete clinical response. Clonal expansion of marginal zone–like IgM+ CD27+ B cells
(VH1-69 clonal B) has been recently observed in certain HCV-MC patients. Rituximab with
Peg-IFN and ribavirin exerts a synergistic effect on polyclonal B lymphocyte expansion.
Rituximab plus Peg-IFN-α/ribavirin was more efficient to suppress both memory and VH1-69
clonal B cells compared with Peg-IFN-α/ribavirin alone. A standard therapeutic dose of 375
mg/m2 weekly for 4 weeks is effective, well tolerated and induces a significant and rapid
improvement of clinical signs (purpura, arthralgia, peripheral neuropathy) with a decline of
cryocrit in most patients with mixed cryoglobulinemia even in cases resistant to IFN therapy.
Rituximab trials emphasized the benefit of the drug in inducing remission in cutaneous
vasculitis, cryoglobulinemic glomerulonephritis, cryoglobulinemic neuropathy and in
underlying malignant lymphoproliferative disorder. [74, 76, 77, 78]

Complete clinical remission was associated with a significant reduction of RF activity and anti-
HCV antibody titers. Relapse might occur in up to 36.1%.Complete immunologic response was
higher with the combination of rituximab plus Peg-IFN-α/ribavirin. Rituximab treatment of a
renal-transplant patient with de novo HCV-related type III cryoglobulinemic MPGN resulted
in clearance of cryoglobulinemia, a decrease in proteinuria without a change in serum
creatinine or HCV RNA. [69, 77, 78, 79] Rituximab can cause serum sickness, serum sickness
like disease, neutropenia and increased risk of infections, pneumopathy, varicella zoster
infection, erysipelas, thrombosis of the retinal artery and cold agglutinin disease, occasional
flare of vasculitis. Factors that were found to be associated with increased risk of side effects
include high complement activation, higher rituximab doses and elevated levels of cryoglo‐
bulins. An increase of viremia might be observed in responders with rituximab monotherapy
with insignificant variation of transaminases or deterioration of liver disease. [80, 81] Table 1

5.3.2.2. ANCA-Associated Systemic Vasculitis (AASV)

Standard treatment of ANCA-associated vasculitic syndromes (AAVS) is composed of
remission induction regimen that involves the use of cyclophosphamide and high-dose
glucocorticoids, followed by a remission maintenance regimen using methotrexate, azathio‐
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prine or other antimetabolite therapy. Patients who develop undetectable ANCA titers after
treatment are less likely to experience disease relapse than patients who remain ANCA
positive. Conventional immunosuppression led to a dramatic improvement in the prognosis
of patients with increasing remission reaching up to 70%. Conventional immunosuppression
might fail to achieve remission in a substantial minority of patients (25-30%). [82] With the
tumor necrosis factor inhibition therapy clearly proven to be non-superior to conventional
lines of therapy alternative biologic targets are being extensively investigated in AAVS. [31]

B-cell activation is believed to play an important role in the pathogenesis of the ANCA-
associated vasculitis concerning antigen presentation, activation of T cell differentiation to Th1
and Th17 cell types and activating TNF-primed neutrophils, leading to premature degranu‐
lation and resultant endothelial damage. [83] Given the role of B cells in the pathogenesis of
this disease, B cell depletion and interruption of B cell dependent T cell regulator function with
rituximab represents a potentially attractive treatment alternative. [84] Open label and cohort
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Table 1. Rituximab treatment in Patients with HCV cryoglobulinemic vascultis.CNI = Calcineurin inhibitor; HCV =
Hepatitis C virus; HSV = Herpes simplex virus; MMF = Mycophenolate mofetil; NR = Not reported; S = Steroids.↑:
Increase; ↓: Decrease; =: No change. [69]
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studies demonstrated successful treatment of the ANCA-associated vasculitides with rituxi‐
mab. [85-88] These early successes led to two landmark studies that support the use of B-cell
therapies for these diseases. The efficacy of rituximab in ANCA associated vasculitis was
further studied in 2010 in two randomized controlled trials. Both trials examined the use of
rituximab for patients with ANCA-associated vasculitis.

5.3.2.2.1. The Rituximab for ANCA-associated Vasculitis (RAVE) trial

A multicentered randomized, double-blind, non-inferiority study of patients with severe GPA
and microscopic polyangiitis. In this trial, 197 patients with either new or relapsing disease
were randomized in a 1:1 ratio to receive remission-induction therapy with either oral
cyclophosphamide (2 mg/kg/day) or rituximab (375 mg/m2 weekly for 4 weeks). Both groups
received the same glucocorticoid regimen (i.e., up to 3 pulses of 1 g of intravenous methyl‐
prednisolone, and then prednisone 1 mg/kg/day, followed by a protocolized taper). Approx‐
imately 50% of subjects enrolled in this trial had significant renal disease and 28% had alveolar
hemorrhage at trial entry, although patients were not eligible for this trial if their serum
creatinine exceeded 4 mg/dl or if the patient required mechanical ventilation during the study
period. The primary end point of this study was achievement of remission at 6 months in the
absence of glucocorticoids.

The RAVE trial showed that rituximab was non-inferior to cyclophosphamide in inducing
remission especially in cases with alveolar haemorrhage and/or glomerulonephritis. Rituxi‐
mab was proven superior to cyclophosphamide in the treatment of relapsing disease in AASV.
Rituximab therapy was associated with sustained remission over a period of 6 months with
encouraging steroid sparing effect. In general, the frequency of adverse events was the same and
correlated significantly with the early use of high doses of glucocorticoids in both groups.

5.3.2.2.2. The Randomized Trial of Rituximab versus Cyclophosphamide in ANCA-Associated
Vacsulitis (RITUXVAS) Trial

A randomized open-label study that looked at the effectiveness of rituximab for the treatment
of 44 patients with newly diagnosed ANCA-associated glomerulonephritis. Subjects were
randomized in a 3:1 ratio, stratified by age, diagnosis and baseline renal function. The
rituximab group (33 patients) received standard dosing of rituximab (375 mg/m2 weekly for 4
doses) as well as two intravenous cyclophosphamide pulses (15 mg/kg) with the first and third
rituximab doses. A third dose of cyclophosphamide was permitted if remission had not been
achieved after 6 months of therapy. No maintenance therapy was given in this group. The
control group (11 patients) received intravenous cyclophosphamide monthly for 3–6 months
followed by azathioprine for remission maintenance. Some subjects also underwent plasma‐
pheresis. Remission was defined as the absence of disease activity for 2 months and relapse
was defined as any disease activity after remission had been attained. In this trial, 76% of
patients in the rituximab group had a sustained remission at 12 months as opposed to 82% in
the cyclophosphamide group. Severe adverse effects were noted 42% of the rituximab patients
and 36% of patients in the control group. A total of eight patients died, six of whom had been

Recent Advances in the Management of Refractory Vasculitis
http://dx.doi.org/10.5772/54517

255



prine or other antimetabolite therapy. Patients who develop undetectable ANCA titers after
treatment are less likely to experience disease relapse than patients who remain ANCA
positive. Conventional immunosuppression led to a dramatic improvement in the prognosis
of patients with increasing remission reaching up to 70%. Conventional immunosuppression
might fail to achieve remission in a substantial minority of patients (25-30%). [82] With the
tumor necrosis factor inhibition therapy clearly proven to be non-superior to conventional
lines of therapy alternative biologic targets are being extensively investigated in AAVS. [31]

B-cell activation is believed to play an important role in the pathogenesis of the ANCA-
associated vasculitis concerning antigen presentation, activation of T cell differentiation to Th1
and Th17 cell types and activating TNF-primed neutrophils, leading to premature degranu‐
lation and resultant endothelial damage. [83] Given the role of B cells in the pathogenesis of
this disease, B cell depletion and interruption of B cell dependent T cell regulator function with
rituximab represents a potentially attractive treatment alternative. [84] Open label and cohort

Study

Patients

(number

with

nephritis)

Rituximab

dose

Other

treatments

Remission

overall

(nephritis)

Remission

Purpura

Neuropathy

Side effects HCV viral load

Relapse

(number of

cases)

Sansonno

et al. 2003
20 (1)

375 mg/m2

weekly × 4

weeks

S (low doses)
16/20

(1/1)

12/14

(6/12)

Septic fever

(1)

↑ responders

=

nonresponders

4/16 (>7

months)

Zaja et al.

2003
15 (2)

375 mg/m2

weekly × 4

weeks

S (<0.5 mg/

kg/day)

13/14

(1/2)

12/12

(5/5)

Retinal

thrombosis

(1)

↑ 2/8

↑ 1/8

= 5/8

6 (3–6

months)

Roccatello

et al. ,2004
6 (5)

375 mg/m2

weekly × 4

weeks; 375

mg/m2

monthly × 2

months

5/5
4/4

(5/6)

Transient

bradycardia

(2)

4 unchanged
2 (>12

months)

Quartuccio

et al., 2006
5 (5)

375 mg/m2

weekly × 4

weeks

S (one case)
5/5

(5/5)

4/4

(1/2)

Transient

neutropenia

(1)

NR
3 (>5, >7 and

>12 months)

Basse et al.

2005

7 (7)

(post-

kidney

transplant)

375 mg/m2

weekly × 2–4

weeks

CNI, MMF

and S
7/7

Lethal

infection (2,

fungal and

HSV)

NR NR

Visentini et

al. 2007
6 (2)

250 mg/m2

weekly × 2

weeks

S 4/6 (1/2) 4/5 (2/2)

Lethal

intestinal

infarction

↓ 2/5

= 3/5
NR

Table 1. Rituximab treatment in Patients with HCV cryoglobulinemic vascultis.CNI = Calcineurin inhibitor; HCV =
Hepatitis C virus; HSV = Herpes simplex virus; MMF = Mycophenolate mofetil; NR = Not reported; S = Steroids.↑:
Increase; ↓: Decrease; =: No change. [69]

Updates in the Diagnosis and Treatment of Vasculitis254

studies demonstrated successful treatment of the ANCA-associated vasculitides with rituxi‐
mab. [85-88] These early successes led to two landmark studies that support the use of B-cell
therapies for these diseases. The efficacy of rituximab in ANCA associated vasculitis was
further studied in 2010 in two randomized controlled trials. Both trials examined the use of
rituximab for patients with ANCA-associated vasculitis.

5.3.2.2.1. The Rituximab for ANCA-associated Vasculitis (RAVE) trial

A multicentered randomized, double-blind, non-inferiority study of patients with severe GPA
and microscopic polyangiitis. In this trial, 197 patients with either new or relapsing disease
were randomized in a 1:1 ratio to receive remission-induction therapy with either oral
cyclophosphamide (2 mg/kg/day) or rituximab (375 mg/m2 weekly for 4 weeks). Both groups
received the same glucocorticoid regimen (i.e., up to 3 pulses of 1 g of intravenous methyl‐
prednisolone, and then prednisone 1 mg/kg/day, followed by a protocolized taper). Approx‐
imately 50% of subjects enrolled in this trial had significant renal disease and 28% had alveolar
hemorrhage at trial entry, although patients were not eligible for this trial if their serum
creatinine exceeded 4 mg/dl or if the patient required mechanical ventilation during the study
period. The primary end point of this study was achievement of remission at 6 months in the
absence of glucocorticoids.

The RAVE trial showed that rituximab was non-inferior to cyclophosphamide in inducing
remission especially in cases with alveolar haemorrhage and/or glomerulonephritis. Rituxi‐
mab was proven superior to cyclophosphamide in the treatment of relapsing disease in AASV.
Rituximab therapy was associated with sustained remission over a period of 6 months with
encouraging steroid sparing effect. In general, the frequency of adverse events was the same and
correlated significantly with the early use of high doses of glucocorticoids in both groups.

5.3.2.2.2. The Randomized Trial of Rituximab versus Cyclophosphamide in ANCA-Associated
Vacsulitis (RITUXVAS) Trial

A randomized open-label study that looked at the effectiveness of rituximab for the treatment
of 44 patients with newly diagnosed ANCA-associated glomerulonephritis. Subjects were
randomized in a 3:1 ratio, stratified by age, diagnosis and baseline renal function. The
rituximab group (33 patients) received standard dosing of rituximab (375 mg/m2 weekly for 4
doses) as well as two intravenous cyclophosphamide pulses (15 mg/kg) with the first and third
rituximab doses. A third dose of cyclophosphamide was permitted if remission had not been
achieved after 6 months of therapy. No maintenance therapy was given in this group. The
control group (11 patients) received intravenous cyclophosphamide monthly for 3–6 months
followed by azathioprine for remission maintenance. Some subjects also underwent plasma‐
pheresis. Remission was defined as the absence of disease activity for 2 months and relapse
was defined as any disease activity after remission had been attained. In this trial, 76% of
patients in the rituximab group had a sustained remission at 12 months as opposed to 82% in
the cyclophosphamide group. Severe adverse effects were noted 42% of the rituximab patients
and 36% of patients in the control group. A total of eight patients died, six of whom had been

Recent Advances in the Management of Refractory Vasculitis
http://dx.doi.org/10.5772/54517

255



randomized to receive rituximab therapy. Adverse events were not lower in the rituximab
group as had been expected. [90]

Abbrevaitions: Antineutrophil cytoplasmic autoantibodies; RAVE: Rituximab for ANCA-associated vasculitis; RITUXVAS:
Rituximab versus cyclophosphamide in ANCA-associated vasculitis. [55,56]

Table 2. Demographics of patients enrolled in RAVE and RITUXVAS.

Rituximab may be an effective alternative treatment in newly diagnosed as well as refractory
ANCA-associated vasculitis. Wegener’s Granulomatosis (granulomatosis with polyangiitis)
patients with retro-orbital granulomas tend to be less responsive to rituximab therapy. [91]
The great limitation of rituximab is some cases with GPA or microscopic polyangiitis may need
to be retreated following initial treatment. New anti-CD20 agents, or agents that attack
different B-cell precursors, may overcome this hurdle, and may enable even longer periods of
remission.

6. Future perspectives in the management of systemic vasculitis

6.1. Inhibitors of B cell maturation

BAFF (B lymphocyte survival Factor, BLyS) is a member of the tumor necrosis factor (TNF)
family  and  is  expressed  on  the  surface  of  monocytes,  dendritic  cells  (DC),  neutrophils,
stromal cells, activated T cells, malignant B cells and epithelial cells. BAFF binds to three
different receptors, BAFF-R, TACI (transmembrane activator and calcium modulator and
cyclophilin  ligand interactor)  and BCMA (B cell  maturation protein),  that  are  expressed
differentially at various times during B cell  maturation. BAFF enhances long-term B cell
survival primarily by up-regulating anti-apoptotic proteins provoking a prompt response
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of B cells to BCR activation. TACI and BCMA signal through the classic NF-κB pathway
and  through  the  Mek  (mitogen-activated  protein  extracellular  signal-related  kinase)
pathway  to  up-regulate  anti-apoptotic  and  down-regulate  pro-apoptotic  pathways,  and
through JNK/p38 (c-Jun N-terminal kinase) to drive class-switching. Survival and reactiva‐
tion of B cell memory is BAFF-independent. Plasma cells express TACI and/or BCMA and
their  survival  can  be  supported  by  either  BAFF or  APRIL.  In  contrast,  B1  cells  do  not
require BAFF or APRIL for survival.  BAFF plays an important role in humoral immuni‐
ty.  T  cell-independent  type  II  responses  require  the  interaction  of  BAFF  60-mer  or
membrane BAFF with TAC. This interaction is vital  for T cell-dependent immunoglobu‐
lin (Ig)M responses. BAFF is also an essential component of the innate immune response
and is  induced in myeloid DC by type I  interferons (IFNs).  BAFF up-regulates Toll-like
receptor (TLR) expression, promotes B cell survival and, together with IL-6, promotes Ig
class-switching and plasma cell differentiation. Soluble BAFF and APRIL are expressed at
high  levels  in  the  serum and in  the  target  organs  of  individuals  with  established  anti‐
body dependent  autoimmune diseases.  Therapeutic  antagonism of  BAFF and its  homo‐
logue APRIL (a proliferation-inducing ligand) targets an important homeostatic signal for
B  cell  survival  and  selection  (Figure  10).  Belimumab  and  atacicept  are  two  potential
therapeutic anatgonists to the BAFF-APRIL pathway for B cell activation that are current‐
ly being investigated. [92-105]

Figure 10. B cells maturation and antibody production in autoimmune diseases.

Recent Advances in the Management of Refractory Vasculitis
http://dx.doi.org/10.5772/54517

257



randomized to receive rituximab therapy. Adverse events were not lower in the rituximab
group as had been expected. [90]

Abbrevaitions: Antineutrophil cytoplasmic autoantibodies; RAVE: Rituximab for ANCA-associated vasculitis; RITUXVAS:
Rituximab versus cyclophosphamide in ANCA-associated vasculitis. [55,56]

Table 2. Demographics of patients enrolled in RAVE and RITUXVAS.

Rituximab may be an effective alternative treatment in newly diagnosed as well as refractory
ANCA-associated vasculitis. Wegener’s Granulomatosis (granulomatosis with polyangiitis)
patients with retro-orbital granulomas tend to be less responsive to rituximab therapy. [91]
The great limitation of rituximab is some cases with GPA or microscopic polyangiitis may need
to be retreated following initial treatment. New anti-CD20 agents, or agents that attack
different B-cell precursors, may overcome this hurdle, and may enable even longer periods of
remission.

6. Future perspectives in the management of systemic vasculitis

6.1. Inhibitors of B cell maturation

BAFF (B lymphocyte survival Factor, BLyS) is a member of the tumor necrosis factor (TNF)
family  and  is  expressed  on  the  surface  of  monocytes,  dendritic  cells  (DC),  neutrophils,
stromal cells, activated T cells, malignant B cells and epithelial cells. BAFF binds to three
different receptors, BAFF-R, TACI (transmembrane activator and calcium modulator and
cyclophilin  ligand interactor)  and BCMA (B cell  maturation protein),  that  are  expressed
differentially at various times during B cell  maturation. BAFF enhances long-term B cell
survival primarily by up-regulating anti-apoptotic proteins provoking a prompt response

Updates in the Diagnosis and Treatment of Vasculitis256

of B cells to BCR activation. TACI and BCMA signal through the classic NF-κB pathway
and  through  the  Mek  (mitogen-activated  protein  extracellular  signal-related  kinase)
pathway  to  up-regulate  anti-apoptotic  and  down-regulate  pro-apoptotic  pathways,  and
through JNK/p38 (c-Jun N-terminal kinase) to drive class-switching. Survival and reactiva‐
tion of B cell memory is BAFF-independent. Plasma cells express TACI and/or BCMA and
their  survival  can  be  supported  by  either  BAFF or  APRIL.  In  contrast,  B1  cells  do  not
require BAFF or APRIL for survival.  BAFF plays an important role in humoral immuni‐
ty.  T  cell-independent  type  II  responses  require  the  interaction  of  BAFF  60-mer  or
membrane BAFF with TAC. This interaction is vital  for T cell-dependent immunoglobu‐
lin (Ig)M responses. BAFF is also an essential component of the innate immune response
and is  induced in myeloid DC by type I  interferons (IFNs).  BAFF up-regulates Toll-like
receptor (TLR) expression, promotes B cell survival and, together with IL-6, promotes Ig
class-switching and plasma cell differentiation. Soluble BAFF and APRIL are expressed at
high  levels  in  the  serum and in  the  target  organs  of  individuals  with  established  anti‐
body dependent  autoimmune diseases.  Therapeutic  antagonism of  BAFF and its  homo‐
logue APRIL (a proliferation-inducing ligand) targets an important homeostatic signal for
B  cell  survival  and  selection  (Figure  10).  Belimumab  and  atacicept  are  two  potential
therapeutic anatgonists to the BAFF-APRIL pathway for B cell activation that are current‐
ly being investigated. [92-105]

Figure 10. B cells maturation and antibody production in autoimmune diseases.

Recent Advances in the Management of Refractory Vasculitis
http://dx.doi.org/10.5772/54517

257



6.1.1. Belimumab

Belimumab (LymphoStat-B; Human Genome Sciences, Inc., Rockville, MA, USA) is a recombi‐
nant, fully human IgG1λ monoclonal B-lymphocyte stimulator inhibitor that binds to soluble
BLyS with high affinity. The drug exerts its biologic activity by preventing the binding of BLyS
to its receptors. Belimumab potently inhibits BLyS-induced proliferation of B cells in vivo and
vitro and prevents human BLyS-induced increases in splenic B-cell numbers and serum IgA
titers. Belimumab is the only biologic approved for the treatment of systemic lupus erythe‐
matosus. Experimental evidences support the possible benefit in other B cell dependent
autoimmune diseases including vasculitis. [106]

6.1.2. Atacicept

Atacicept is a human recombinant fusion protein that comprises the binding portion of a
receptor for both BLyS (B-Lymphocyte Stimulator) and APRIL (A PRoliferation-Inducing
Ligand), two cytokines that have been identified as important regulators of B-cell maturation,
function and survival. Atacicept has shown selective effects on cells of the B-cell lineage, acting
on mature B cells and blocking plasma cells and late stages of B-cell development while sparing
B-cell progenitors and memory cells. Experimental studies demonstrated the efficacy of
atacicept in animal models of autoimmune disease and the biological activity of atacicept in
patients with systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) has been
demonstrated. [107] The use of atacicept as an alternative B cells targeted therapy in refractory
vasculitis remains to be investigated.

6.2. Inhibition of T cell co-stimulation

T cells require at least two signals for activation. The first is an antigen driven signal delivered
when the antigen binds to the T-cell receptor. The second is a co-stimulatory signal delivered
by receptor ligand interactions between the T cell and the antigen-presenting cell (eg, CD28
and B7.1). Binding of CD28 to B7.1 upregulates the production of multiple cytokines by CD8+
and CD4+ cells especially interleukin2 (IL-2) and interferon-gamma. The potential role of this
approach is just beginning to be explored for patients with systemic vasculitis. (Figure 11)

6.2.1. Abatacept

Soluble, recombinant, fully-human fusion protein, comprising the extracellular domain of
CTLA-4 linked to the Fc (hinge, CH2 and CH3 domains) portion of immunoglobulin G1.
Abatacept is an inhibitor of T-cell co- stimulation, is being explored as a potential treatment
for GPA, TAK, and GCA. [108, 109]

6.3. Other potential suppressors of T cells effector functions [Anti-cytokine therapy]

6.3.1. Tocilizumab

The first humanized monoclonal antibody that targets and inhibits the human interleukin-6.
Tocilizumab binds both soluble and membrane-bound IL-6 receptors (sIL-6R and mIL-6R),
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thereby preventing the signalling associated with IL-6 binding to its receptor. Tocilizumab is
currently being investigated as a possible remission induction alternative in old aged patients
with active Giant cell arteritis who are intolerable to high doses of steroid and as asteroid sparing
agent that might provide substantial long term benefit for these patients. [110, 111] Figure 12

Figure 12. The role of interleukin-6 in autoimmunity.

Figure 11. T cells targeted biologic therapy. T cells require two signals to become fully activated. A first signal which is
antigen-specific is provided through the T cell receptor which interacts with peptide MHC molecules on the mem‐
brane of the antigen presenting cells (APC). A second signal, the co-stimulatory signal, is antigen non-specific and is
provided by the interaction between co-stimulatory molecules expressed on the membrane of the APC and the T cell.
One of the best characterized co-stimulatory molecules expressed by the T cells is CD-28, which interacts with CD80
(B7.1) and CD86 (B7.2) on the membrane of APC. MHC: major histocompatibility complex, APC: antigen presenting
cells.
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6.3.2. Dacilizumab

A humanized IgG1 monoclonal antibody produced by recombinant DNA technology that
binds specifically to the alpha subunit (p55 alpha, CD25, or Tac subunit) of the human high-
affinity interleukin-2 (IL-2) receptor that is expressed on the surface of activated lymphocytes.
Dacilizumab proved to be an effective alternative in interferon refractory relapsing remitting
multiple sclerosis. The drug is currently being investigated in autoimmune diseases including
ANCA associated vasculitis. [112]

6.3.3. Basiliximab

A chimeric (murine/human) monoclonal antibody (IgG1K), produced by recombinant DNA
technology, that functions as an immunosuppressive agent, specifically binding to and
blocking the interleukin-2 receptor α-chain (IL-2Rα, also known as CD25 antigen) on the
surface of activated T-lymphocytes, inhibiting the binding of IL-2 to it’s receptor on target T
cells. The drug is being currently used for treatment of allograft rejection and potentially under
consideration for the ANCA associated vasculitis. [113, 114]

Principle Mechanism Agent Evidences

Depletion of effector T cells

Antibodies directed to CD25 cell

surface antigen on activated T

cells

Basiliximab

Daclizumab

Randomized controlled trials in

AAV

Regulation of effector T cells

Blockade of CD28/CD80 co-

stimulatory signal for T cell

activation

Abatacept

Belatacept

(CTLA-4 fusion

proteins)

Randomized controlled trials in

AAV

Interference with granuloma

formation
Tumor necrosis factor blockade

Infliximab

Adalimumab

Experimental and clinical

evidences in AAV

Depletion of B lymphocytes

B lymphocyte depletion by

antibodies directed to CD20/

CD22 cell surface molecule

Rituximab

Epratezumab

(both are anti-CD20)

Experimental and clinical

evidences in AAV

Inhibition of B cell maturation

Neutralization of BLys and

blockade of BLys receptor on B

cells

Belimumab

Atacicept
Experimental evidence

Antimicrobial treatment

Reduction of microbial flora

that might provoke disease

flares

cotrimoxazole
Experimental and clinical

evidences in AAV

Inhibition of migration
Blockade of a-4integrins on T

cells
Natalizumab

Experimental and clinical

evidences in MS

Evidences in AAV are lacking

Enhance vascular repair
Promote epithelial progenitor

cell (EPC) function and repair

Erythropoietin (EPO)

Statins

Experimental and clinical

evidence

Table 3. Current and future considerations in treat to target strategy in systemic vasculitis.[116]
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7. Secondary vasculitis

The role of biologic therapy in the management of leukocytoclastic vasculitis secondary to
rheumatoid arthritis, systemic lupus erythematosus and Sjogren’s syndrome has not been fully
explored. Anti-tumor necrosis factor (TNF) treatment proved to be effective in rheumatoid
arthritis patients with refractory systemic rheumatoid vasculitis after failure of conventional
therapy including cyclophosphamide and corticosteroids with successful tapering of cortico‐
steroids. The use of anti-TNF therapy and other biologic drugs might be considered in
refractory secondary vasculitis to induce remission and as steroid sparing therapy for main‐
tenance of remission. [115]

8. Special considerations in ANCA Associated Small vessels Vasculitis
AASV

Therapeutic targets that are currently being considered in ANCA associated vasculitis include:
(a) Inhibition of adhesion and activation of neutrophils aiming to dampen vascular injury. (b)
Boosting vascular repair via endothelial progenitor cells (EPCs) which are regarded as an
important factor of vascular repair. EPC mobilization and function might be enhanced by
additional treatment with erythropoietin (EPO) or statins. (c) The use of antibiotics (cotrimox‐
azole) might prevent disease flares triggered by bacteria.

9. Hazards of biologic therapy

The development of recombinant technology represented the single biggest advance leading
to humanized products with minimal or no contaminants in comparison to products purified
from animal tissues. Nevertheless, the type of manufacturing process including choice of cell
type, culture medium, and purification method can result in changes to the protein. Mono‐
clonal antibodies represent a major class of successful biologics. Toxicities associated with
these agents include those associated with the binding of the complementary determining
region (CDR) with the target biologic molecule. [117, 118] Most of the concerns about safety
of biologic therapy are related to the use of biologic agents particularly TNFi in the treatment
of rheumatoid arthritis.

9.1. Infections

Bacterial, mycobacterial and fungal infections might occur during biologic therapy especially
with tumor necrosis factor inhibitors. Infections usually occur in first year of treatment,
including life threatening serious infections and mostly caused by intracellular pathogens
(tubercle bacillus, listeria, histoplasma, atypical mycobacteria, coccidioidomycosis and
legionella). Infection risk with biologic therapy in patients with autoimmune diseases signif‐
icantly correlated to the dose of glucocorticoids given in such patients.
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Regulation of effector T cells

Blockade of CD28/CD80 co-
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proteins)

Randomized controlled trials in
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Interference with granuloma
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Tumor necrosis factor blockade
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Experimental and clinical
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Table 3. Current and future considerations in treat to target strategy in systemic vasculitis.[116]
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7. Secondary vasculitis
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these agents include those associated with the binding of the complementary determining
region (CDR) with the target biologic molecule. [117, 118] Most of the concerns about safety
of biologic therapy are related to the use of biologic agents particularly TNFi in the treatment
of rheumatoid arthritis.
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Bacterial, mycobacterial and fungal infections might occur during biologic therapy especially
with tumor necrosis factor inhibitors. Infections usually occur in first year of treatment,
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An analysis of Medicare beneficiaries enrolled in the Pharmaceutical Assistance Contract
for the Elderly in Pennsylvania, USA demonstrated that among almost 16,000 patients with
rheumatoid arthritis  over  the age of  65  years  old,  treatment  with TNF inhibitors  didn’t
increase  the  risk  of  serious  bacterial  infections  when  compared  with  patients  who  had
received  treatment  with  methotrexate.  Another  review  of  three  European  registries
suggested an increased risk of several types of infections among patients treated with TNF
inhibitors,  including tuberculosis.  Therapy with biologic agents especially TNFi carries a
potential  risk  for  reactivation  of  latent  TB,  reactivation  of  dormant  hepatitis  B  or  C
infection. [117-121]

Table 4. Standardized Incidence Ratios (SIR) for Lymphoma and Malignancies in RA on Biologics versus the Population
Rate from Package Insert or Registration RCTs* [126]

9.2. Malignancy

Lymphomas: Increased risk for lymphoma (with anti-TNF therapy). Concern regarding a
potential relationship between use of biologic agents and lymphoma arose in 2003 when the
FDA noted 6 lymphomas among the first 6303 RA patients treated with etanercept, infliximab
and adalimumab, but none in the control subjects treated with placebo during the first six
months of exposure. [122, 123]
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Hepatosplenic T cell lymphomas (HSTCL): There are over 200 documented HSTCL cases in
literature. This is a very rare, aggressive and often fatal malignancy that may be associated
with IBD (25%), immunosuppression or immunosuppressive drugs. HSTCL primarily affects
children and young adults (< 30 yrs) who are receiving azathioprine or 6-mercaptopurine
treatment for Crohn's colitis. This lymphoma also has been reported in a few adults (over age
60 yrs.) receiving TNFi for RA. [122, 123]

Melanoma and non-melanoma skin cancer (NMSC): have been reported to occur more
commonly among patients with RA, especially in those receiving TNF inhibitors (TNFi).

Solid tumors: Increased rates of other solid tumors have been observed among patients treated
with TNFi for inflammatory diseases other than RA. Three RCTs have described more solid
tumors among patients receiving TNFi in studies of: [1] infliximab in COPD; [2] etanercept in
granulomatosis polyangiitis (formerly Wegener’s granulomatosis); and [3] golimumab in
severe asthma. The finding of greater numbers of solid tumors among TNFi-treated patients
in these relatively small RCTs was unexpected and remains of uncertain significance.

Data  from recent  multiple  registries  and randomized controlled  trials  RCTs  showed no
increase in overall malignancy risk among RA patients treated with biologic agents (with
the possible exception of an increased risk of melanoma recurrence with TNFi). Over 40,000
patients participating in numerous large databases and RA registries worldwide (CORRO‐
NA,  National  Databank  for  Rheumatic  Diseases,  ARTIS,  BSRBR,  BIOBADASER,LO‐
RHEN), have shown consistent cancer incidence rates (~1%), both among TNFi- and non-
biologic DMARD treated patients. The noticed increase in the risk of hematological cancers
in patients with autoimmune diseases particularly among males over the age of 65 years
old should be balanced against  the increased risk of  lymphoma in rheumatoid arthritis.
[124, 125, 126](Table 3)

9.3. Cardiac complications

The risk of aggravation of heart failure has been a major concern with TNF inhibition therapy
particularly in patients classified as class III-IV according to the American heart Association.
An analysis of the cardiovascular risk in rheumatoid arthritis patients treated with TNF
inhibitors demonstrated no difference in cardiovascular events when compared with patients
treated with conventional disease-modifying anti-rheumatic drugs. Increase in the risk of
dyslipidemia was observed with anti IL-6 therapy. [120]

9.4. Autoimmune phenomena

–Drug induced lupus.

–Sarcoidosis.

–Human anti-chimeric antibodies with or without autoimmune phenomena.

–Vasculitis: cases of TAK arteritis, ANCA associated vasculitis (Wegener’s granulomatosis)
and deep cutaneous vasculitis have been reported in rheumatoid arthritis patients treated with
tumor necrosis factor inhibitors. [47, 127-133].
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Demyelinating diseases demyelinating neuropathies, and flare of multiple sclerosis and other
diseases of the central nervous system have been reported with tumor necrosis factor inhibition
therapy. [134]

9.5. Pulmonary complications

Flare and progression of interstitial lung disease, allergic pneumonitis, new onset interstitial
lung disease, culture-negative pneumonitis have been reported in cases treated with tumor
necrosis factor inhibitors, tocilizumab, rituximab and golimumab. Flare of chronic obstructive
pulmonary disease was reported in patients treated with abatacept. [135]

9.6. Infusion reactions

Biologics encompass a broad range of therapeutics that include proteins and other products
derived from living systems. First dose reactions or infusion reactions are generally thought
to be mediated via the Fc region of the antibody activating cytokine release, and have been
observed with several antibodies. Usually, these effects (flu-like symptoms, etc.) are transient
with subsequent dosing. Although biologics can have nonpharmacologic toxicities, these are
less common than with small molecule drugs. Fever, shivering, chest pain, blood pressure
oscillation, dyspnea, pruritus and/or urticaria, injection site reactions have been reproted. [118]

9.7. Hematological complications: Neutropenias and thrombocytopenias

The use of biologics as targeted therapies not only targets the currently identified pathogenic
targets even more it might also improve the understanding of the pathophysiology of inflam‐
mation with autoimmunity. While the advent of biologics heralds a new era in the therapeutic
armamentarium of the systemic vasculitis, evidences for their efficacy and safety in vasculitis
is still in its infancy and are not yet superior to conventional immune-suppressants [136] with
the exception of anti-CD20 B cell targeted therapy.
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