
Series Editors: Lorenzo Emmi · Domenico Prisco
Rare Diseases of the Immune System

Renato Alberto Sinico
Loïc Guillevin    Editors 

Anti-Neutrophil 
Cytoplasmic 
Antibody (ANCA) 
Associated 
Vasculitis



Rare Diseases of the Immune System

Series Editors:

Lorenzo Emmi
Domenico Prisco

Editoria  Board:

Systemic Vasculitis
L. Emmi
C. Salvarani
R. A. Sinico

Autoimmune Disease
P. L. Meroni
D. Roccatello
M. Matucci Cerinic
L. Emmi

Autoinflammatory Syndromes
M. Gattorno
F. De Benedetti
R. Cimaz

Primary Immunodeficiency
A. Plebani
C. T. Baldari
M. M. D’Elios

Systemic Fibroinflammatory Disorders
A. Vaglio



Nuvole sul mare, Laura Maddii Emmi (Private collection) 



Renato Alberto Sinico • Loïc Guillevin
Editors

Anti-Neutrophil 
Cytoplasmic Antibody 
(ANCA) Associated 
Vasculitis



Editors
Renato Alberto Sinico
Department of Medicine and Surgery
University of Milano-Bicocca
Monza  
Monza e Brianza  
Italy

Loïc Guillevin
Department of Medicine
Paris Descartes University Hospital Cochin
Paris  
France

ISSN 2282-6505     ISSN 2283-6403 (electronic)
Rare Diseases of the Immune System
ISBN 978-3-030-02238-9    ISBN 978-3-030-02239-6 (eBook)
https://doi.org/10.1007/978-3-030-02239-6

© Springer Nature Switzerland AG 2020
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-02239-6


Dedicated to my family.



vii

Acknowledgements

We would like to thank all the prestigious colleagues and researches from around 
the world and from different disciplines for the invaluable contribution to this book. 
Without their help this book would not have been possible.



ix

Part I  ANCA-Associated Vasculitis

 1   Introduction: Nomenclature and Classification . . . . . . . . . . . . . . . . . . .   3
J. Charles Jennette and Ronald J. Falk

 2   Genetics of ANCA-Associated Vasculitis . . . . . . . . . . . . . . . . . . . . . . . . .  19
Federico Alberici, Paul Anthony Lyons, and Davide Martorana

 3   Etiopathogenesis of ANCA-Associated Vasculitis  . . . . . . . . . . . . . . . . .  33
Delphine Sterlin, Alexis Mathian, and Makoto Miyara

 4   ANCA: Methods and Clinical Significance  . . . . . . . . . . . . . . . . . . . . . .  47
Elena Csernok and Antonella Radice

 5   Activity and Damage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57
Raashid A. Luqmani

 6   Eosinophilic Granulomatosis with Polyangiitis  
(EGPA, Churg–Strauss) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77
Yann Nguyen and Loïc Guillevin

 7   Granulomatosis with Polyangiitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97
Christian Pagnoux

 8   Microscopic Polyangiitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131
Renato Alberto Sinico, Filippo Maria Sala, Maria Rosa Pozzi,  
Paolo Fabbrini, and Federico Pieruzzi

Part II  Vasculitis/Organs Involvement

 9   ANCA-Associated Vasculitis—ENT Involvement  . . . . . . . . . . . . . . . . . 147
Trimarchi Matteo, Galli Andrea, and Roberto Teggi

 10   Lung Involvement in ANCA-Associated Vasculitis  . . . . . . . . . . . . . . . . 163
Marta Casal Moura and Ulrich Specks

Contents



x

 11   Kidney Involvement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
Renato Alberto Sinico, Fabio Pagni, Vincenzo L’Imperio,  
Valentina Binda, Paolo Fabbrini, Federico Pieruzzi,  
and Gabriella Moroni

 12   Peripheral Nervous System Involvement  . . . . . . . . . . . . . . . . . . . . . . . . 193
Michael P. Collins and P. James B. Dyck

 13   Central Nervous System Involvement in ANCA-Associated  
Vasculitis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Hubert de Boysson

 14   Skin Involvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251
Angelo Valerio Marzano, Simona Tavecchio, and Emilio Berti

 15   Miscellaneous Organ Involvement in ANCA-Associated Vasculitis . . . 269
Giorgio Trivioli and Augusto Vaglio

 16   Prognosis and Outcomes of ANCA- Associated Vasculitis . . . . . . . . . . . 293
David Jayne

 17   Treatment of ANCA-Associated Vasculitides . . . . . . . . . . . . . . . . . . . . . 313
Loïc Guillevin, Loïc Raffray, Yann Nguyen, Benjamin Chaigne,  
and Benjamin Terrier

  Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329

Contents



Part I

ANCA-Associated Vasculitis



3© Springer Nature Switzerland AG 2020
R. A. Sinico, L. Guillevin (eds.), Anti-Neutrophil Cytoplasmic Antibody (ANCA) 
Associated Vasculitis, Rare Diseases of the Immune System, 
https://doi.org/10.1007/978-3-030-02239-6_1

J. C. Jennette (*) 
Department of Pathology and Laboratory Medicine, School of Medicine,  
University of North Carolina at Chapel Hill, Chapel Hill, NC, USA
e-mail: jcj@med.unc.edu 

R. J. Falk 
Department of Medicine, School of Medicine, University of North Carolina at Chapel Hill, 
Chapel Hill, NC, USA
e-mail: ronald_falk@med.unc.edu

1Introduction: Nomenclature 
and Classification

J. Charles Jennette and Ronald J. Falk

1.1  AAV Pathologic Features

Vasculitis is inflammation in blood vessel walls. Antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitis (AAV) is vasculitis accompanied by circulating 
ANCAs, or phenotypically identical disease without detectable ANCA (ANCA- 
negative AAV). AAV is a necrotizing vasculitis with few or no immune deposits that 
affects predominantly small vessels (i.e., capillaries, venules, arterioles, and small 
arteries) (Table 1.1) [1–3].

An understanding of the pathologic features of AAV is required to understand the 
historical and contemporary nomenclature and classification of AAV. Acute AAV 
lesions in blood vessels are characterized by segmental neutrophil-rich inflamma-
tion and necrosis (Fig. 1.1). Vessel wall necrosis allows plasma constituents, includ-
ing coagulation factors, to spill from vessels into perivascular tissue or adjacent 
spaces, for example, the urinary space adjacent to glomerular capillaries (Fig. 1.1a) 
and the air space adjacent to alveolar capillaries (Fig.  1.2a). In perivascular tis-
sue, the coagulation factors contact thrombogenic substances (e.g., tissue factor) 
and form fibrin. The accumulation of fibrin at sites of vascular necrosis is called 
fibrinoid necrosis (Fig. 1.1a, b). The infiltrating neutrophils and other leukocytes 
undergo nuclear fragmentation (leukocytoclasia) as a result of cell death produc-
ing a pattern of injury called leukocytoclastic vasculitis, which is seen most often 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02239-6_1&domain=pdf
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in inflamed venules and arterioles (Fig. 1.1c). At a given site of inflammation, the 
acute necrotizing lesions evolve within several days or weeks into chronic inflam-
matory lesions with a predominance of lymphocytes and monocytes, followed by 
progressive scarring. In patients with active disease, there is ongoing onset of new 
self-limited acute lesions concurrent with the evolution of chronic lesions. This is 

Table 1.1 Vasculitis names 
adopted by the 2012 
International Chapel Hill 
Consensus Conference on the 
Nomenclature of Vasculitides 
(2012 CHCC) [1]

Large-vessel vasculitis (LVV)
  Takayasu arteritis (TAK)
  Giant cell arteritis (GCA)
Medium-vessel vasculitis (MVV)
  Polyarteritis nodosa (PAN)
  Kawasaki disease (KD)
Small-vessel vasculitis (SVV)
  Antineutrophil cytoplasmic antibody (ANCA)–associated 

vasculitis (AAV)
   Microscopic polyangiitis (MPA)
   Granulomatosis with polyangiitis (Wegener’s) (GPA)
    Eosinophilic granulomatosis with polyangiitis 

(Churg-Strauss) (EGPA)
  Immune complex SVV
    Anti-glomerular basement membrane (anti-GBM) 

disease
   Cryoglobulinemic vasculitis (CV)
   IgA vasculitis (Henoch- Schönlein) (IgAV)
    Hypocomplementemic urticarial vasculitis (HUV) 

(anti-C1q vasculitis)
Variable vessel vasculitis (VVV)
  Behcet’s disease (BD)
  Cogan’s syndrome (CS)
Single-organ vasculitis (SOV)
  Cutaneous leukocytoclastic angiitis
  Cutaneous arteritis
  Primary central nervous system vasculitis - Isolated aortitis
  Others
Vasculitis associated with systemic disease
  Lupus vasculitis
  Rheumatoid vasculitis
  Sarcoid vasculitis
  Others
Vasculitis associated with probable etiology
  Hepatitis C virus–associated cryoglobulinemic vasculitis
  Hepatitis B virus–associated vasculitis
  Syphilis-associated aortitis
  Drug-associated immune complex vasculitis
  Drug-associated ANCA-associated vasculitis
  Cancer-associated vasculitis
  Others

J. C. Jennette and R. J. Falk
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observed in renal biopsy specimens that have different glomeruli with necrotizing, 
mixed necrotizing and sclerotic, or purely sclerotic lesions.

Because AAV can affect vessels in every organ and tissue of the body, the clini-
cal manifestations of disease are extremely variable. These are classified into one 
of several clinicopathologic categories, including microscopic polyangiitis (MPA), 
granulomatosis with polyangiitis (GPA) (formerly Wegener’s granulomatosis), 
eosinophilic granulomatosis with polyangiitis (EGPA) (formerly Churg-Strauss 
syndrome), and organ limited AAV (e.g., renal limited vasculitis, RLV) [1].

MPA has AAV with no granulomatous inflammation, whereas GPA and EGPA 
have necrotizing granulomatous inflammation, which is most frequent in the respi-
ratory tract (Table 1.1) [1]. Only EGPA is associated with asthma and blood eosino-
philia [1]. Pathologically indistinguishable vasculitis and glomerulonephritis occurs 
in MPA, GPA, and EGPA (Fig. 1.1).

a b c

Fig. 1.1 Necrotizing small-vessel vasculitis in patients with AAV. (a) Glomerulus with necrotiz-
ing and crescentic glomerulonephritis with segmental fibrinoid necrosis (long arrow) and cellular 
crescent formation (short arrow) (Masson trichrome stain). (b) Necrotizing arteritis with circum-
ferential fibrinoid necrosis (arrow) and associated infiltration by leukocytes (Masson trichrome 
stain). (c) Leukocytoclastic angiitis in the renal medulla with transmural accumulation of leuko-
cytes, including neutrophils, and multiple nuclear fragments (arrows) indicative of leukocytoclasia 
(hematoxylin and eosin stain)

a b c

Fig. 1.2 Pulmonary inflammation in patients with AAV. (a) Hemorrhagic capillaritis with alveolar 
air spaces filled with blood (hematoxylin and eosin stain). (b) Necrotizing granulomatous inflam-
mation in a GPA patient with infiltrating neutrophils, lymphocytes, monocytes, and macrophages, 
including multinucleated giant cells (arrows) (hematoxylin and eosin stain). (c) Inflammatory infil-
trate in an EGPA patient showing conspicuous eosinophils (arrows) (hematoxylin and eosin stain)

1 Introduction: Nomenclature and Classification
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Lung lesions exemplify the diversity of AAV inflammatory lesions. MPA, GPA, 
and EGPA all can have hemorrhagic capillaritis (Fig. 1.2a), which evolves to inter-
stitial fibrosis. GPA and EGPA can have pulmonary granulomatous inflammation 
(Fig.  1.2b) that begins as neutrophil-rich necrotizing lesions. These lesions have 
progressive replacement of neutrophils by lymphocytes, monocytes, and macro-
phages (including multinucleated giant cells), often surrounding a central zone of 
necrosis. These lesions may form cavities and may become fibrotic with minimal 
or no residual inflammation. Vasculitis and granulomatosis in EGPA typically have 
numerous eosinophils and neutrophils in active inflammatory lesions (Fig. 1.2c).

AAV is characterized immunopathologically by few or no immune deposits of 
immunoglobulin and complement in vessel walls, which distinguishes AAV from 
immune complex-mediated vasculitis and anti-glomerular basement membrane 
antibody (anti-GBM)-mediated vasculitis (Fig. 1.3) [1].

AAV also can be classified based on ANCA antigen specificity, for example, 
ANCA specific for proteinase 3 (PR3-ANCA AAV) or myeloperoxidase (MPO- 
ANCA AAV) or with negative serology for ANCA (ANCA-negative AAV) [1, 4, 
5]. ANCA-negative AAV has clinical and pathologic features identical to those in 
ANCA-positive AAV.  The most informative classification and diagnosis of AAV 
include both the clinicopathologic phenotype and the serotype [1]. The correla-
tion of ANCA serotypes with clinicopathologic variants and clinical outcomes is 
reviewed later in this chapter.

1.2  Historical Background

The investigation of two different manifestations of vasculitis, which eventually 
intersected, led to the discovery of AAV (Fig. 1.4). These two manifestations are 
skin purpura caused by inflammation in small vessel in the dermis and segmental 
inflammation of arteries (arteritis).

Purpura (purple spots on the skin) is caused by segmental inflammation of 
small vessels in the skin resulting in  localized hemorrhage. Robert Willian, a 

a b c

Fig. 1.3 Patterns of glomerular staining for IgG indicative of immune complex glomerulonephri-
tis (a), anti-GBM glomerulonephritis (b), and pauci-immune ANCA glomerulonephritis (c) (FITC 
anti-IgG stain)

J. C. Jennette and R. J. Falk
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dermatologist, reported in 1808 that purpura could be associated with systemic 
manifestation, such as pain in the extremities and in the abdomen, suggesting that 
the pathologic process causing purpura in the skin was also causing injury in other 
organs [6]. The pediatricians, Johann Schönlein and Eduard Henoch, collectively 
reported the association of purpura with arthralgias, abdominal pain and bleeding, 
and nephritis [7–9]. The children seen by Schönlein and Henoch most likely had 
IgA vasculitis (Henoch-Schönlein purpura) rather than AAV, because IgA vasculitis 
occurs most often in children and AAV occurs most often in adults. On the other 
hand, the internist William Osler described adults with purpura that was associ-
ated with arthritis, peripheral neuropathy, abdominal pain, pulmonary hemorrhage, 
epistaxis, iritis, and nephritis [10, 11]. Many of his patients had nephritis and some 
had rapid progression of uremia, and at autopsy had glomeruli “compressed” by 
“crescentic” masses of cells in Bowman’s space [11]. Undoubtedly, some of Osler’s 
patients had AAV.

In 1919, the pathologist Ernest Goodpasture reported the results of an autopsy on 
a patient who died of pulmonary hemorrhage and rapidly progressive glomerulone-
phritis [11]. He observed vasculitis affecting small arteries in the spleen, arterioles 
in the gut, and capillaries in the pulmonary alveoli and glomeruli. Because of this 
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report, his name became associated with pulmonary–renal syndrome caused by anti-
GBM, although the presence of arteritis in his patient is not consistent with anti-
GBM disease and indicates that the patient probably had AAV, most likely MPA.

At the same time, Schönlein and Henoch were investigating purpura caused 
by small-vessel vasculitis, Adolf Kussmaul (an internist) and Rudolf Maier (a 
pathologist) published the first detailed report of a patient with systemic necrotiz-
ing arteritis [12]. They coined the name periarteritis nodosa because of the grossly 
visible focal nodular lesions along medium-sized arteries caused by inflammation 
extending through vessel walls and into the perivascular tissue [12]. The preferred 
diagnostic term later became polyarteritis nodosa because the inflammation is trans-
mural rather than perivascular [13]. For over 50 years, virtually any patient who 
was found to have arteritis was lumped under a diagnosis of periarteritis nodosa or 
polyarteritis nodosa.

In 1923, Friedrich Wohlwill described two patients with a “microscopic form” of 
periarteritis nodosa [14]. His observations were confirmed and extended by Davson 
[15, 16]. This recognition that arteritis can occur along with small-vessel vasculitis 
began to link studies of arteritis [14–19] with studies of small-vessel vasculitis with 
purpura, glomerulonephritis, and pulmonary capillaritis [6–11] (Fig. 1.4).

From the 1920s to the 1960s, multiple variants of vasculitis were identified that 
had arteritis resembling polyarteritis nodosa, but also had distinctive features that 
warranted specific diagnoses, including microscopic polyarteritis [14], Wegener’s 
granulomatosis [17, 18], Churg-Strauss syndrome [19], and Kawasaki disease [20, 
21]. The recognition of specific variants of arteritis resembling polyarteritis nodosa 
is ongoing (e.g., the discovery of adenosine deaminase-2 deficiency vasculitis) [22].

In 1954, Gabriel Godman and Jacob Churg published a breakthrough article that 
astutely concluded that “microscopic periarteritis,” Wegener’s granulomatosis, and 
Churg-Strauss syndrome were related and were distinct from polyarteritis nodosa 
[23]. They also suggested that these three variants are probably related pathogeneti-
cally. This was a harbinger of the discovery of ANCA, which confirmed the relat-
edness of ANCA-positive MPA, GPA, and EGPA, and their distinctiveness from 
ANCA-negative polyarteritis nodosa [24].

Multiple biomarkers related to specific pathogenic mechanisms that cause vas-
culitis facilitated the classification and diagnosis of vasculitis based on laboratory 
results, such as vessel wall IgA-dominant immune deposits in Henoch-Schönlein 
purpura (IgA vasculitis) [25], cryoglobulins in the circulation in cryoglobulinemic 
vasculitis [26], and circulating ANCA in what is now called MPA, GPA, and EGPA 
(Fig. 1.4) [27–29] (Fig. 1.4). This set the stage for establishing consensus names and 
definitions for systemic vasculitides, including AAV [1, 30].

1.3  Vasculitis Nomenclature and Classification

Nomenclature, classification, and diagnosis of vasculitis is difficult because of 
the broad spectrum of types and locations of vessels affected, multiple patterns of 
injury, diverse known etiologies and pathogenic mechanisms, absence of known 

J. C. Jennette and R. J. Falk
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etiologies and pathogenic mechanisms in some forms of vasculitis, and the myriad 
overlapping and nonspecific signs and symptoms caused by vasculitides.

A nomenclature system provides names and definitions for diseases. A classifi-
cation system organizes patients into well-defined groups (classes). Classification 
allows selection of standardized patient groups (classes) to study disease character-
istics or perform clinical trials. A diagnostic system uses validated criteria to make 
a clinically actionable diagnosis in an individual patient. As stated by Hasan Yazici, 
“diagnosis is nothing different than classification in the individual patient” [31].

Classification criteria are observations or data used to place groups of patients 
into standardized classes. Diagnostic criteria are observations or data used to confi-
dently predict the presence of the defining features of a disease in a specific patient. 
Diagnostic criteria allow diagnosing (classifying) a single patient in a specific class.

If useful, names and definitions can remain the same indefinitely. Classification 
criteria and diagnostic criteria evolve more quickly, driven in part by advances in 
diagnostic technologies and development of new clinical laboratory tests that were 
not available when earlier criteria were established.

The goals of nomenclature, classification, and diagnostic systems are to enable 
effective communication among biomedical investigators and healthcare providers, 
guide clinical and basic research on well-defined cohorts (classes) of patients, and, 
most importantly, facilitate diagnosis and effective treatment of individual patients. 
Nomenclature, classification, and diagnostic systems should be under constant scru-
tiny and adjusted as new knowledge emerges. Homer Smith, a nephrologist, warns 
us that “Though we name the things we know, we do not necessarily know them 
because we name them” [32].

Two overarching etiologic categories of vasculitis are infectious vasculitis 
caused by proliferation of microorganisms in vessel walls and noninfectious vas-
culitis not caused by proliferation of microorganisms in vessel walls. The latter 
nevertheless may be caused indirectly by an infection that initiates a sequence of 
event that results in vascular inflammation, for example, hepatitis C virus infection 
secondarily causing cryoglobulinemic vasculitis.

A widely used approach to classifying vasculitis uses three categories based on 
the types of vessel that are involved, that is, large-vessel vasculitis, medium-vessel 
vasculitis, and small-vessel vasculitis. This approach was adopted in 1994 at an 
international consensus conference on the nomenclature of systemic vasculitides 
[30] and revised in 2012 by at a second consensus conference [1]. These Chapel 
Hill Consensus Conferences (1994 CHCC and 2012 CHCC) provide standard-
ized names and definitions for different classes of vasculitis (Tables 1.1 and 1.2) 
(Fig. 1.5), but do not provide validated criteria for classifying cohorts of patients 
into these classes, or for diagnosing (classifying) individual patients.

According to 2012 CHCC, large-vessel vasculitis (LVV) is vasculitis affecting 
large arteries more often than other vasculitides [1]. Large arteries are the aorta 
and its major branches. Any size artery may be affected. Medium-vessel vascu-
litis (MVV) is vasculitis predominantly affecting medium arteries defined as the 
main visceral arteries and their branches [1]. Any size artery may be affected. 
Inflammatory aneurysms and stenoses are common. Small-vessel vasculitis (SVV) 

1 Introduction: Nomenclature and Classification
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Table 1.2 AAV and AAV variant definitions from the 2012 International Chapel Hill Consensus 
Conference on the Nomenclature of Vasculitides (2012 CHCC) [1]

2012 CHCC name 2012 CHCC definition

ANCA-associated 
vasculitis (AAV)

Necrotizing vasculitis, with few or no immune deposits, predominantly 
affecting small vessels (i.e., capillaries, venules, arterioles, and small 
arteries), associated with myeloperoxidase (MPO) ANCA or proteinase 3 
(PR3) ANCA. Not all patients have ANCA. Add a prefix indicating ANCA 
reactivity, e.g., MPO-ANCA, PR3-ANCA, ANCA-negative

Microscopic 
polyangiitis (MPA)

Necrotizing vasculitis, with few or no immune deposits, predominantly 
affecting small vessels (i.e., capillaries, venules, or arterioles). Necrotizing 
arteritis involving small and medium arteries may be present. Necrotizing 
glomerulonephritis is very common. Pulmonary capillaritis often occurs. 
Granulomatous inflammation is absent

Granulomatosis with 
polyangiitis (GPA)

Necrotizing granulomatous inflammation usually involving the upper and 
lower respiratory tract, and necrotizing vasculitis affecting predominantly 
small to medium vessels (e.g., capillaries, venules, arterioles, arteries, and 
veins). Necrotizing glomerulonephritis is common

Eosinophilic 
granulomatosis with 
polyangiitis (EGPA)

Eosinophil-rich and necrotizing granulomatous inflammation often 
involving the respiratory tract, and necrotizing vasculitis predominantly 
affecting small to medium vessels, and associated with asthma and 
eosinophilia. ANCA is more frequent when glomerulonephritis is present

Large vessel vasculitis
Takayasu arteritis
Giant cell arteritis 

Medium vessel vasculitis
Polyarteritis nodosa
Kawasaki disease 

ANCA-associated small vessel vasculitis 
Microscopic polyangiitis
Granulomatosis with polyangiitis
Eosinophilic granulomatosis with polyangiitis

Immune complex  small vessel vasculitis 
IgA vasculitis
Cryoglobulinemic vasculitis
Hypocomplementemic urticarial vasculitis 

Anti-GBM disease

Capillary
Arteriole

Artery

ArteryAorta

Venule
Vein

Fig. 1.5 Diagram depicting the predominant vessel involvement by large-vessel vasculitis, 
medium-vessel vasculitis, and small-vessel vasculitis. Note that AAV is a form of SVV that has a 
greater diversity of vessel involvement than SVV caused by immune complex disease or anti-GBM 
disease. Also note that arteritis caused by AAV overlaps with arteritis caused by medium-vessel 
vasculitis. Reproduced with permission from [1]

J. C. Jennette and R. J. Falk
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is vasculitis predominantly affecting small vessels, defined as small intraparenchy-
mal arteries, arterioles, capillaries, and venules [1]. Medium arteries and veins may 
be affected. The two pathogenic categories of SVV are immune complex SVV and 
ANCA- associated SVV (AAV).

1.4  Classification and Diagnosis of AAV

The current names for the three major categories of AAV are microscopic polyangi-
itis (MPA), granulomatosis with polyangiitis (GPA), and eosinophilic granulomato-
sis with polyangiitis (EGPA) (Table 1.2) [1]. The descriptive names GPA and EGPA 
were adopted by 2012 CHCC and replaced the names Wegener’s granulomatosis 
and eosinophilic granulomatosis that were used in 1994 CHCC.

Except for the preposition (i.e., with), all of the words in the names for MPA, 
GPA, and EGPA refer to pathologic features. However, importantly, this does not 
mean that direct histopathologic observation of pathologic features is required for 
diagnosis or classification. Histopathologic observations may not be practicable or 
necessary if validated noninvasive surrogate criteria are available. For example, in 
an appropriate clinical context, destructive nodular or cavitary pulmonary lesions, 
or destructive lesions in nasal cartilage or bone, can suffice to reasonably conclude 
that an ANCA-positive patient with pauci-immune necrotizing and crescentic glo-
merulonephritis should be classified or diagnosed as GPA rather than MPA.

Clinical evidence for SVV that raises the possibility of AAV includes skin pur-
pura, petechiae, or small ulcers; glomerulonephritis with dysmorphic erythrocy-
turia, erythrocyte cylindruria, or proteinuria >1  g/day; pulmonary hemorrhage, 
radiographic consolidation, or hemoptysis; or ocular scleritis, uveitis, or ulcerative 
keratitis. Pathologic findings that confirm SVV include dermal venulitis, necrotizing 
glomerulonephritis (Fig. 1.1a), renal medullary angiitis (Fig. 1.1c), and pulmonary 
capillaritis (Fig. 1.2a). Immunohistologic identification of few or no immune depos-
its in vessel walls supports a diagnosis of AAV (Fig. 1.3c). However, immunohisto-
logic identification of moderate to marked vessel wall deposits of immunoglobulin 
and/or complement does not rule out AAV, because AAV can be concurrent with 
anti-GBM disease or immune complex disease [33]. Positive serology for ANCA 
has strong positive predictive value for AAV, but a negative result does not rule out 
AAV because a minority of patients with a clinical and pathologic phenotype that is 
identical to ANCA-positive AAV are ANCA-negative (i.e., ANCA-negative AAV). 
For example, at least 10% of patients with pauci-immune crescentic glomerulone-
phritis are ANCA-negative [34].

AAV patients may have arteritis (Fig. 1.1b), but this alone does not distinguish 
between medium-vessel vasculitis (e.g., polyarteritis nodosa and Kawasaki disease) 
and SVV with arterial involvement. Clinical evidence for arteritis includes skin ery-
thematous nodules or ulcers >1 cm; peripheral neuropathy (mononeuritis multiplex 
or asymmetrical polyneuropathy); or imaging showing arterial aneurysms, visceral 
infarcts, or gut perforation.

Importantly, classification or diagnosis of AAV clinicopathologic variants 
requires consideration of both inclusion criteria and exclusion criteria. For example, 
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classification or diagnosis of RLV and MPA requires exclusion of evidence for GPA 
and EGPA (i.e., no evidence of granulomatous inflammation, blood eosinophilia, 
or asthma). A patient can have every possible positive (inclusion) classification or 
diagnostic criterion for MPA, but these criteria alone will not be sufficient for classi-
fication or diagnosis unless they are paired with negative (exclusion) criteria to rule 
out other diseases that share the positive criteria, for example, absence of evidence 
for granulomatous inflammation to rule out GPA.

Classification or diagnosis of GPA and EGPA requires clinical or pathologic evi-
dence for granulomatous inflammation (Fig. 1.2b). Clinical evidence for granulo-
matous inflammation includes pulmonary nodules or cavities, or destructive bone or 
cartilage lesions in the upper respiratory tract. Pathologic confirmation of granulo-
matous inflammation includes identification of either active necrotizing granuloma-
tous inflammation (especially in the respiratory tract) or chronic changes consistent 
with earlier necrotizing granulomatous inflammation. EGPA is distinguished from 
GPA by the presence of asthma and blood eosinophilia. The vasculitic and granu-
lomatous lesions of EGPA typically contain conspicuous eosinophils (Fig. 1.2c); 
however, this is not specific for EGPA because MPA and GPA, as well as polyarteri-
tis nodosa, may have numerous eosinophils in inflammatory lesions.

To our knowledge, there are no widely accepted, well validated, classification or 
diagnostic criteria for AAV and its variants. However, a major effort is underway 
to remedy this deficiency. The Diagnostic and Classification Criteria in Vasculitis 
Study (DCVAS) is an international, multicenter, observational study that has col-
lected data on over 1000 AAV patients from more than 100 sites, as well as data 
from patients with other forms of vasculitis and patients with diseases that mimic 
vasculitis [35, 36]. The DCVS goal is to develop and validate diagnostic and clas-
sification criteria for systemic vasculitides, including AAV [35].

1.5  Both Serotype and Phenotype Are Useful 
for Classification and Diagnosis

2012 CHCC requires that the name (diagnosis) of AAV should include a prefix 
indicating ANCA serotype, for example, MPO-ANCA, PR3-ANCA, and ANCA- 
negative [1]. This is because both the clinicopathologic phenotype and the sero-
type are useful for classification, diagnosis, and patient management. Classifying 
or diagnosing a patient as only MPO-ANCA AAV or only GPA is less informa-
tive and less valuable than classifying or diagnosing a patient as MPO-ANCA 
GPA. Undoubtedly, identifying the serotype is much easier than confidently identi-
fying the clinicopathologic phenotype; and the phenotype may change over time as 
more data are available or as the disease process evolves in a given patient.

Classifying patients based on PR3-ANCA versus MPO-ANCA serotype corre-
lates with clinical and pathologic features, and with clinical course and outcome 
[4, 5, 37, 38], thus ANCA serotype is important component of an AAV diagnosis. 
Figure 1.6 shows data from an inception cohort of ANCA-positive AAV patients 
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from the Southeastern USA (excluding EGPA patients) patients [37]. The relative 
frequency of MPO-ANCA and PR3-ANCA varies based on the clinicopathologic 
phenotype (Fig. 1.6). For example, renal-limited vasculitis (RLV) patients have the 
highest frequency of MPO-ANCA, whereas patients with pulmonary nodules, nasal 
mucosal ulcers, and inflammatory destruction of nasal cartilage causing saddle nose 
deformity have a predominance of PR3-ANCA.  This relationship indicates that 
ANCA antigen specificity modulates the targets and nature of pathogenic events. 
However, the serotype is not specific for a given clinicopathologic phenotype.

Table 1.3 shows data from the same patient cohort used in Fig. 1.6 [4, 37]. In 
the Southeastern USA, 81% of ANCA-positive RLV patients have MPO-ANCA, 
whereas 74% of GPA patients have PR3-ANCA. MPA patients have a more equal 
distribution of serotypes. However, even though PR3-ANCA is more frequent in 
GPA patients, because of the higher frequency of MPO-ANCA in this region, PR3- 
ANCA patients more often have MPA (50%) than GPA (40%) (Table 1.3) [4].
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Fig. 1.6 Correlation between serotype and clinical phenotype in an inception cohort of ANCA- 
positive AAV patients from the Southeastern USA evaluated at the UNC Kidney Center (excluding 
EGPA patients). Reproduced with permission from [4, 38]
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The relative association of serotype with phenotype in a classification or 
diagnostic system for AAV varies based on geography and ethnicity. This will 
impact the positive and negative predictive value of a serotype for a given phe-
notype in a given location or ethnic group. An interim analysis of DCVAS AAV 
patient data indicates that PR3-ANCA AAV is the predominant type of vascu-
litis in patients with Northern Europeans, Middle Eastern/Turkish and Indian 
subcontinent ethnicity, whereas MPO-ANCA AAV is the predominant serotype 
of vasculitis in Japanese and Chinese populations [36]. MPO-AAV is more 
common in Caucasian Americans and Southern Europeans than in Northern 
Europeans.

ANCA-positive patients with EGPA usually have MPO-ANCA; however, less 
than 50% of patients with EGPA have ANCA [39–42]. Patients with clinical fea-
tures of EGPA, such as asthma and blood eosinophilia, who are ANCA-positive, are 
more likely to have phenotypic features of vasculitis including glomerulonephritis, 
skin lesions, alveolar capillaritis, and peripheral neuropathy [42]. ANCA-positive 
EGPA appears to be a subset of patients with asthma and eosinophilia, which may 
be a separate disease process, or a distinct variant that develops over time in some 
but not all patients.

Table 1.4 uses the same 502 AAV patient cohort shown in Table 1.3 and Fig. 1.6 
to compare the correlation of three different classification systems for AAV with 
clinical outcomes [4, 37]. The three classification approaches are as follows: (1) 
classification based on the 2012 CHCC names and definitions [1]; (2) the 2007 
European Medicines Agency (EMA) classification system [43], which blends ele-
ments of the 1990 American College of Rheumatology classification system [44], 
1994 CHCC definitions [30], and ANCA serotypes; and (3) classification based on 
serotype alone. The clinical outcomes are the result of different treatment regimens 
from 1985 to 2007, and thus, the responses are not in line with current optimum 
therapy; however, all classes of patients were treated similarly. Additional outcome 
correlations are in the publication by Lionaki et al. [37]. Table 1.4 indicates that 

Table 1.3 ANCA serotype (MPO-ANCA+ versus PR3-ANCA+) and clinicopathologic pheno-
type (RLV, MPA, GPA) of an inception cohort of ANCA- positive vasculitis patients with high-
frequency renal disease evaluated at the UNC Kidney Center (excluding EGPA patients)

Phenotype MPO- ANCA+ (%) PR3- ANCA+ (%)
RLV (n = 121) 81 19
MPA (n = 264) 59 41
GPA (n = 117) 26 74

Serotype RLV (%) MPA (%) GPA (%)
All ANCA+ (n = 502) 24 53 23
MPO-ANCA+ (n = 283) 35 55 11
PR3-ANCA+ (n = 219) 10 50 40

Additional features of this cohort were published in refs. [4, 38]
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classification based on phenotype as well as classification based on serotype cor-
relate with disease outcomes.

1.6  Concluding Remarks

As noted earlier in this chapter, the goals of classification and diagnostic systems 
are to enable effective communication among biomedical investigators and health-
care providers, guide clinical and basic research on well-defined cohorts (classes) 
of patients, and, most importantly, facilitate diagnosis and effective treatment of 
individual patients. Physicians and scientists have made many advances in the clas-
sification and diagnosis of vasculitides since the early seminal observational studies 
of Schönlein and Henoch [7, 8], Kusmal and Maier [12], and Godman and Churg 
[23], but validated and widely applied classification criteria and diagnostic crite-
ria that are sufficiently accurate and precise for clinical research and patient care, 
respectively, remain elusive.

We agree with Homer Smith that “Though we name the things we know, we do 
not necessarily know them because we name them” [32]. But we also believe that 
being able to accurately name (i.e., diagnose) the disease in a patient will help us 
know the disease better and provide better care to the patient.

Table 1.4 ANCA vasculitis outcomes based on different classification systems evaluated in the 
same cohort by Lionaki et al. [37] shown in Table 1.3 and Fig. 1.6

Treatment resistance 
(N = 109/483)

Relapse 
(N = 147/374)

ESKD 
(N = 161/502)

Death 
(N = 139/502)

Classification based on CHCC 2012 definitions
GPA 20/117 (17%) 58/97 (60%) 24/117 (21%) 20/117 (17%)
MPA 56/255 (22%) 74/199 (37%) 80/264 (30%) 79/264 (30%)
RLV 33/111 (30%) 15/78 (19%) 57/121 (47%) 40/121 (33%)
P value 0.0711 <0.0001 <0.0001 0.0091
Classification based on the European medicines agency system
GPA 68/317 (22%) 110/249 (44%) 92/324 (28%) 84/324 (26%)
MPA 41/166 (25%) 37/125 (30%) 69/178 (39%) 55/178 (31%)
P value 0.4244 0.0071 0.0214 0.2520
Classification based on ANCA specificity in ANCA-positive patients
PR3 
ANCA

37/213 (17%) 90/176 (51%) 56/219 (26%) 50/219 (23%)

MPO 
ANCA

72/270 (27%) 57/198 (29%) 105/283 (37%) 89/283 (31%)

P value 0.0160 <0.0001 0.0069 0.034

Treatment Resistance = persistence or new appearance of extrarenal manifestations and/or pro-
gressive decline in renal function with active urine sediment in spite of immunosuppressive ther-
apy. Relapse  =  reactivation of vasculitis in any organ after initial response to treatment. 
ESKD = chronic need for dialysis or transplantation. Death = death from any cause

1 Introduction: Nomenclature and Classification
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2Genetics of ANCA-Associated Vasculitis

Federico Alberici, Paul Anthony Lyons, 
and Davide Martorana

2.1  Introduction

2.1.1  Why Study the Genetics of AAV

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a 
multisystem inflammatory-autoimmune disease including granulomatosis with 
polyangiitis (GPA) (formerly Wegener’s granulomatosis), microscopic polyangiitis 
(MPA), and eosinophilic granulomatosis with polyangiitis (EGPA, formerly Churg- 
Strauss syndrome) [1].

AAV pathogenesis is complex with a proposed role for environmental and infec-
tious factors as well as dysregulation of the immune system; rare familial cases also 
suggested a potential role for genetic predisposition supporting further the theory of 
a multifactorial nature for the disease [2]. Such diseases are usually defined as 
“complex” meaning that both genetic and environmental factors contribute to the 
risk of their development.

Several families with GPA have been described although the increased risk for 
the development of disease in relatives of patients with GPA has been shown to be 
low compared to other autoimmune disorders [3], such as systemic lupus 
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erythematosus (SLE), inflammatory bowel disease (IBD), and multiple sclerosis 
(MS). Of interest, in a family containing a father with EGPA and a son with GPA, a 
shared HLA haplotype known to be a marker of autoimmunity was detected in the 
two affected [4]; other studies have explored the role of genetic predisposition in 
familial cases of AAV although results have been mainly negative probably due to 
the genotyping approaches employed.

While these studies were not conclusive, and in some cases contradictory, they 
provided a rational for exploring further the possible role of genetic factors in the 
development of AAV.

2.2  Molecular Genetic Approaches

Genetic studies in complex diseases require large numbers of subjects from which 
to estimate the prevalence of a disease in the population. However, many complex 
diseases are rare; thus, scientists must rely on case-controlled studies comparing a 
group of patients who harbor the disease in question with a nonaffected patient 
group to identify factors that may contribute to the disease. In complex diseases, the 
most commonly investigated genetic markers are single-nucleotide polymorphisms 
(SNPs). SNPs are variants in the genome that if located in the coding space may 
impact directly on gene function or if located in the noncoding space gene expres-
sion may be involved in gene expression; despite their causal role differences in 
allele or genotype, frequencies between patients with a given disease and controls 
may suggest that they may be associated with the disease itself.

Despite SNPs being the most widely tested markers in case–control association 
studies, they are not the only ones used. In recent years, copy-number variants 
(CNVs) have also been investigated, with a number of studies demonstrating their 
potential to underlie susceptibility to complex diseases [5]. CNVs are areas of the 
human genome that may be repeated a variable number of times potentially impact-
ing on gene expression and on the amount of protein produced.

Irrespective of the genetic marker studied, what is usually investigated is the rela-
tive frequency of a genetic variant in cases and controls or its association with disease. 
It should be noted that the concept of association does not necessarily mean “causal-
ity” with the latter requiring more complex follow-up studies in order to be assumed 
as true. As discussed previously, we should keep in mind that these are “complex” 
diseases, and therefore, several genetic variants are expected to contribute to the dis-
ease itself with each variant only playing a small effect on the final phenotype.

Several genotyping techniques may be employed; noninclusive approaches are 
ones testing a specific hypothesis; in other words, they explore the association 
between a gene thought to play a role in the pathogenesis of a disease and the dis-
ease itself. Inclusive approaches are techniques that enable the exploration of com-
mon variation across the whole genome or at least a very big proportion of it. These 
are hypothesis free studies and are, therefore, able to identify novel, unexpected 
associations. The downside of the latter approach is the easy identification of 
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spurious associations and hence the requirement for a strict p-value threshold to 
control for this.

The candidate gene approach is the hallmark of noninclusive approaches, usu-
ally it investigates genetic variants belonging to a specific biological pathway; in 
this case, the threshold of significance from the statistical point of view is usually 
represented by the p value of 0.05 (the one usually employed in any statistical 
analysis). In order to reduce the risk of associations identified by chance, a correc-
tion is strongly suggested with the Bonferroni one being the most commonly 
used.

Genome-wide association studies (GWASs) are the most used and the hallmark 
nowadays of possible inclusive approaches; these use a simple case–control design 
but rely on genotyping techniques able to investigate millions of SNPs usually tag-
ging 90% of the human genome. In order to avoid spurious associations, a very high 
level of statistical significance (p < 5 × 10−8) is required for an association to be 
considered true. Although very robust, such studies have limitations as well, for 
example, large sample sizes are generally required; the number of identified asso-
ciations is in fact proportional to the cohort dimension, and therefore, the bigger the 
study, the higher the probability of obtaining useful information, and this may be 
problematic in the field of rare diseases.

In both candidate gene and GWAS studies, replication in independent cohorts 
plays a central role to ensure the finding is robust; this is a key step to avoid findings 
that, for some reason, may be restricted only to the population initially explored. 
Irrespective of the genetic approach employed, the study design stage is of great 
importance in order to maximize the probability for a successful study; in particular, 
the cases should represent a well-defined phenotype of disease and controls should 
be matched for age, gender, and geographical area.

Other examples of inclusive genetics approaches are whole-exome/genome 
sequencing; these are approaches not yet routinely employed in the field of genetics 
of AAV but may have a big potential especially in the investigation of familial cases 
or clusters of extreme phenotypes; the employment of such approaches to large 
cohorts is still not clear, but the potential is significant allowing the exploration of 
the whole genome.

A genetic design halfway between inclusive and noninclusive approaches may 
relay on the use of chips exploring a big set of SNPs identified a priori as of poten-
tial interest. The main example in the field of rare immunological diseases is the 
Immunochip that investigates SNPs and CNVs previously found as associated with 
inflammatory and autoimmune diseases [6] including a dense coverage of the HLA 
area. Due to relatively lower costs compared to conventional GWAS chips, this is a 
feasible and economically sustainable approach able to provide useful information 
probably more meaningful than candidate gene approach studies but yet lacking the 
wide exploratory nature of the ones provided by GWASs.

Genetic studies in the field of AAV have so far mainly been restricted to candi-
date gene approaches, with only a few GWAS carried out; we will critically discuss 
the results of such studies performed so far.
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2.3  Genetics of GPA and MPA

Rare diseases genetics is always a balance between the reliability of the information 
obtained and the challenges in performing the studies themselves. The size of the 
cohorts analyzed impacts significantly on the findings and on the analytical methods 
that may be employed. Only large cohorts of patients may be studied with inclusive 
genetic methods to obtain solid results with the bigger the population studied, the 
higher the probability of finding associations with small effect sizes. On the other 
hand, due to the rarity of some diseases, the cohorts available may not always allow 
identification of associations employing inclusive genetic methods of analysis, and 
in these cases, a candidate gene approach may be required. In the field of AAV, three 
GWAS studies [7–9] have provided four strong biologically plausible associations; 
in addition, some focused candidate gene studies have also identified other associa-
tions of potential interest but, with the exception of one, the level of evidence under-
pinning the result is lower and this should be taken into account when these studies 
are considered.

The first piece of information that genetics has provided to the field of AAV con-
firms the autoimmune nature of the disease. Several genetic studies have described 
an association with the HLA Class II region even in relatively small cohorts [7]. Of 
interest, the HLA association with GPA and MPA is different being respectively 
HLA-DP and the HLA-DQ. The association is stronger when the population is strati-
fied according to ANCA specificity rather than clinical syndrome with HLA-DP 
being restricted to patients with PR3-ANCA and HLA-DQ restricted to patients 
with MPO-ANCA [7]. The mechanisms by which a predisposing HLA may facili-
tate the development of autoimmunity are several and may include abnormal anti-
gen presentation, positive selection of autoreactive T cells, or prevention of their 
negative selection [10]. A further mechanism recently described in Japanese MPA 
patients carrying the HLA–DRB1∗09:01, which is in strong linkage disequilibrium 
with HLA-DQ, is the ability to process and present the antigen MPO at the cell 
surface; this complex appears to be recognized by MPO-ANCA providing an 
important pathogenetic insight [11].

In the case of MPA, GWASs have not been able to so far identify other genetic 
associations largely due to the small samples size of the cohorts analyzed; further 
studies with larger samples will be required to shed further light on the genetic 
architecture of MPA. On the other hand, in case of GPA, the larger sample sizes 
have allowed the identification of three further associations at PRTN3, SERPINA1, 
and PTPN22.

PRTN3 encodes the serum protease PR3, the fact that patients with GPA are 
more often PR3-ANCA positive already pointed toward this enzyme playing a cen-
tral in the pathogenesis. PR3 is expressed on the surface of a proportion of neutro-
phils, and it has been described that only this membrane bound form is able to 
interact with ANCA facilitating neutrophil activation. In addition, PR3 may mediate 
direct tissue damage once it is released by the neutrophils [12]. Of interest, the SNP 
associated with GPA has been found to be linked to the levels of PR3 expression 
with the carriers of the susceptibility genotype characterized by higher expression 
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of the protein [9]. This is in keeping with studies that had previously described that 
neutrophils with high expression of membrane bound PR3 were found more fre-
quently in GPA patients compared to controls [13] and suggest that higher levels of 
PR3 is an important step in the pathogenesis of the disease.

SERPINA1 encodes alpha-1 antitrypsin which is a protease inhibitor, with PR3 
being one of its targets. The SNP associated with the risk of developing GPA has 
been identified as one encoding a variant of the enzyme with null activity (the so- 
called Z allele) [9]. The importance of reduced activity of alpha-1 antitrypsin in the 
pathogenesis of AAV had been already suggested by studies from the pre-GWAS 
era; in a cohort of 433 GPA cases and 421 controls, the presence of two of the alleles 
with null or reduced enzymatic activity (“Z” and “S” allele) increased the probabil-
ity of developing disease with an odds-ratio of 14.58 [14].

PTPN22 is a genetic hallmark of autoimmunity, and it encodes the lymphoid 
tyrosine phosphatase (Lyp) which may be aberrant in the form encoded by the 
genetic variant associated with autoimmunity, causing abnormal CD4 T-cell (Treg) 
activity, increased humoral activity, and enhanced neutrophil functions [15–17]. 
Interestingly, Ptpn22 knock-out mice have higher IgG levels, further supporting the 
significant impact of this gene on the B-cell compartment [18]. The central role of 
B cells in the pathogenesis of AAV is now well established as confirmed by the 
therapeutic efficacy of the anti-CD20 monoclonal antibody rituximab [19], provid-
ing a further biological rationale for the important role of this gene in AAV. Some 
candidate gene studies in well-replicated cohorts have suggested a role for the 
620W variant in the development of GPA. Importantly, recently this has been fur-
ther confirmed at the level of GWAS significance. Of interest, this association was 
observed after combining GPA and MPA cases while, when stratifying the cohort 
according to the diagnoses, the magnitude of the association was similar in both 
GPA and MPA, but with lower level of significance probably due to the reduction of 
case numbers when analyzing subgroups; this suggests that, differently from PRTN3 
and SERPINA1, PTPN22 might actually be a shared association between GPA and 
MPA [9].

Although still lacking confirmation at genome-wide significance, CTLA4 is 
likely to play a central role in the pathogenesis of AAV as well as other autoimmune 
diseases. The inhibitory glycoprotein encoded by this gene is expressed on activated 
T cells and competes with the co-stimulatory molecule CD28 for the binding of 
CD80 and CD86 preventing the stimulatory drive induced by CD28 itself. The cen-
tral role in the immunological response of this immune checkpoint is nicely demon-
strated by the fact that the CTLA4 inhibitors are now in use in the field of oncology 
to enhance immune system activity while a fusion protein CTLA4-Ig (abatacept) is 
now in use in autoimmune diseases, including GPA with nonsevere manifestations, 
aiming to achieve the opposite result. So far, several candidate gene studies have 
proposed a role for this gene as risk factor in AAV [20, 21]; however, bigger cohorts 
will be required to confirm its association at genome-wide significance. Table 2.1 
summarizes the genes robustly described as associated with GPA and/or MPA.

Several other genes have been identified as potentially associated with GPA and/
or MPA by smaller genetic studies. These relied on a candidate gene approach 
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design, meaning that some genes thought a priori to be involved in the disease have 
been explored. The threshold of the association required to be considered significant 
is lower than that of GWAS; on one hand, this allows easier identification of asso-
ciations; on the other hand, it may increase the rate of spurious ones. Findings 
obtained by such studies may be of potential interest but should be considered pre-
liminary as long as confirmation in bigger cohorts is lacking. Among these associa-
tions, the most potentially significant are reported in Table 2.2.

The genetics of GPA and MPA is still at a relative early stage of development 
compared to other diseases. However, it has already contributed in a significant way 
to improving our understanding of the disease. First of all, it has provided signifi-
cant insight into a better classification of AAV which will be discussed below. 
Second, it has confirmed and provided further rational for potential therapeutic tar-
gets: the confirmation of the central role of B-cell hyperactivity as well as of the 

Table 2.1 Genes robustly associated with the risk of developing AAV

Gene Disease Phenotype resulting from the variant associated with the disease
HLA- DPB1 GPA Abnormal antigen presentation
HLA-DQ MPA Abnormal antigen presentation
PRTN3 GPA Increased expression of PR3 on neutrophils surface
SERPINA1 GPA Reduced activity of alpha1-antitrypsine, main inhibitor of PR3 activity
PTPN22 GPA Abnormal Treg function, increase B cells and neutrophils function
CTLA4 GPA Increased T-cell activity

GPA granulomatosis with polyangiitis, MPA microscopic polyangiitis, PR3 proteinase 3

Table 2.2 Genes proposed as associated with the risk of developing AAV with a high degree of 
uncertainty

Gene Disease Limitation Role of the protein encoded by the gene
IL10 [22, 
23]

GPA- 
MPA

Not robustly 
replicated

Anti-inflammatory activity

IL2RA 
[21]

AAV Weak association, 
not replicated

Immune system function

CD226 
[24]

GPA Not replicated NK- and T-cell stimulation

FCGRs 
[25–28]

AAV Not replicated Binding of the FC portion of the 
immunoglobulins on cells surface

IRF5 [29, 
30]

AAV Not robustly 
replicated

Interferon-alpha regulatory factor

TLR9 [31] AAV Not robustly 
replicated

Recognition of microbiological structures and 
activation of the immune response

DEFB4 
[32]

GPA Not replicated Proteins with antimicrobial activity

ETS1 [33] GPA Not replicated Regulation of immune system activity

GPA granulomatosis with polyangiitis, MPA microscopic polyangiitis, FCGRs Fc gamma 
receptors
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immune checkpoint CTLA4 supports, respectively, the use of B-cell depleting strat-
egies and abatacept among the treatment armamentarium of the disease.

Another important contribution of genetics is an increased understanding of the 
underlying pathogenesis. The central role of an HLA association has been the defin-
itive confirmation of the autoimmune nature of the disease. Moreover in GPA, 
increased PR3 expression or activity has been recognized as key. As expected in a 
disease with a multifactorial pathogenesis, other factors play a role such as an 
abnormal and increased function of the T- and B-cell compartments as supported by 
the associations with PTPN22 and CTLA4.

However, what we know so far is still the tip of the iceberg; bigger studies and 
combined analyses of the studies performed so far will provide further insight on 
this topic and contributing to an even deeper understanding of AAV.

2.4  Genetics of EGPA

The challenges of performing genetic studies in EGPA are even more striking than 
in GPA and MPA mainly due to the lower frequency of the disease as well as diffi-
culties from the classification point of view. ANCA-positive EGPA is more often 
characterized by vasculitic manifestations, such as lung hemorrhage, neuropathy, 
glomerulonephritis, and purpura, and is the subset of EGPA most easy to diagnose 
having a clear-cut clinical presentation and frequently relying on a biomarker such 
as ANCA. In the ANCA-negative cases, the diagnostic challenges have more sig-
nificant difficulties in terms of differential diagnoses with other immunological dis-
eases such as allergy/atopy or hypereosinophilic syndrome. These difficulties have 
been the major obstacles to the running of genetics studies with an inclusive 
approach in EGPA; so far, in fact, no GWAS has been published in this disease, 
although one is now ongoing by the European Vasculitis Genetic Consortium 
(EVGC).

What data exist in terms of the genetics of EGPA come from relatively small 
candidate gene studies; however, despite providing some insight, these data are 
probably still insufficient in order to draw firm conclusions.

The first set of candidate genes that were chosen to be explored were within the 
HLA area: two studies identified a robust association with the genes DRB4 and DRB3 
[34, 35]; of interest, the likelihood of having this association increased with the 
increasing of the number of vasculitic manifestation. The identification of an associa-
tion in the HLA area pointed also in EGPA toward an autoimmune nature of the dis-
ease, providing an important step forward in the understanding of the disease.

Unfortunately, these findings have been the most robust so far in EGPA; other 
small studies have been performed with, however, relatively inconsistent results. 
One of them regarded the gene encoding IL10; IL-10 is a cytokine produced by the 
T-helper cells characterized by anti-inflammatory properties, including the inhibi-
tion of immune mediator secretion, antigen presentation, and phagocytosis. A poly-
morphism in this gene has been found to be associated with EGPA, although this 
association was restricted to the ANCA-positive subtype [23].
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CNVs represent a significant source of genetic heterogeneity in addition to 
SNPs; CNVs refer to the intrinsic characteristics of some genes being potentially 
represented in a variable number of copies; this may induce phenotypic heterogene-
ity influencing protein expression. In patients with autoimmune diseases, CNVs 
involving Fcγ receptor (FcγR) genes have reported an association of CNVs of the 
Fcγ-receptor 3B (FCGR3B) with systemic lupus erythematosus (SLE). Since carri-
ers of low copies of the FCGR3B were shown to express lower protein levels, the 
pathogenetic mechanism proposed for this association was a reduced ability to clear 
immune complexes in subjects at risk [36]. The role of CNVs of FCGR3B has been 
investigated also in EGPA, and it has been found that being carrier of one copy of 
FCGR3B was a risk factor for the disease; this is relatively surprising since the role 
of immune complexes in the pathogenesis of the disease may not be considered as 
relevant as in SLE. However, of interest, this association was stronger in the sub-
group of patients showing vasculitic manifestations, the subgroup more likely to be 
ANCA positive, suggesting that in some way an altered interaction with the autoan-
tibody ANCA might be the explanation for this association.

Data on genetics in EGPA are still scanty; what we may so far conclude is a 
likely autoimmune nature for the disease and a possible different genetic back-
ground between subsets of the disease with and without vasculitic manifestations; 
these conclusions are, however, preliminary and the results of the ongoing GWAS 
run by the EVGC might be able to provide further insight.

2.5  Contribution of Genetics to Better AAV Classification

AAV has been historically classified into three different clinical entities: GPA, 
MPA, and EGPA. Significant overlap exists between these leading to difficulties in 
clinical classification, which may impact on the therapeutic approach and disease 
monitoring with important consequences for the single patient. Of interest, ANCAs 
are a shared biomarker, and this, together with the important clinical overlap, may 
suggest a pathogenetic overlap between GPA, MPA, and EGPA. Of note, only 40% 
of EGPA cases are ANCA-positive and the ANCA-negative subgroup is more fre-
quently represented by a variant of the disease usually without vasculitic manifesta-
tions and more often characterized by clinical characteristics that arise as a 
consequence of hypereosinophilia. In this context of clinical uncertainty, genetics 
has played a big role in improving our understanding of AAV classification.

First of all, the GWASs in GPA and MPA provided the insight that the genetic 
background is more clearly associated with the ANCA specificity rather than the 
clinical diagnoses. The associations were in fact stronger when the population was 
stratified according to the ANCA specificity rather that the clinical phenotype. This 
provides the rational for the suggestion of the probable need of re-think GPA and 
MPA more as PR3+ and MPO+ AAV. The idea that ANCA specificity might be 
more robustly able to differentiate disease subtypes rather than clinical syndrome 
was not new, and some clinical observations already pointed toward this direction; 
the contribution of genetics has been to confirm that giving a very strong rational to 
the observation. Table 2.3 reports the clinical and genetic characteristics supporting 
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a re-classification of GPA and MPA according to ANCA specificity rather than the 
clinical characteristics [37].

However, it is common experience of physicians used to dealing with vasculitis 
that even a classification based on ANCA specificity may not reflect everyday life in 
our clinics. MPO positivity in vasculitis is more frequent in certain geographical 
areas, such as south Europe or East Asia, and this may reflect, as well demonstrated 
in the Japanese population, a higher prevalence of the HLA-DQ risk allele. Of inter-
est, despite the lower prevalence of PR3 positivity, clinical phenotypes resembling 
GPA and the clinical characteristics of PR3+ AAV are indeed still detected also in 
MPO-positive patients. This overlap suggests that, although convenient, the classi-
fication according to ANCA specificity has some limitations as well, and there must 
therefore be also likely shared genetics variants associated with both syndromes; 
PTPN22 is at the moment a strong candidate, but others may well be detected by 
better powered studies. Future studies will need to be able to identify these associa-
tions in order to provide improvement in the understanding of disease pathogenesis 
as well as identifying new potential therapeutic targets.

In terms of EGPA genetics, data so far are very weak and the conclusions that we 
may draw are partial. The first thing of interest is a signal suggesting that the sub-
type of EGPA showing vasculitic manifestations (the group of patients more likely 
to be ANCA positive) may have differences in terms of genetic background com-
pared to the subtype without vasculitic manifestations. Of great interest is also the 
association of EGPA with HLA-DR, due to its strong LD with the HLA-DQ; this 
may raise the idea of some potential shared genetic background with MPO+ AAV; 
this would provide a nice justification to the observation that HLA-DR was more 
represented in the subgroups of EGPA cases with vasculitic manifestation and 
increases as these increase. Furthermore, we should underline how, in the subgroup 

Table 2.3 Proposed reclassification of GPA and MPA in PR3+ and MPO+ AAV as supported by 
clinical phenotype and genetic evidence [37]

Variable PR3+ AAV
MPO+ 
AAV

Mean age at onset 56–59 62–65
Male gender 66% 48%
ENT involvement 77% 23%
Eye involvement 40% 15%
Kidney-limited disease 2% 31%
Interstitial lung disease 0% 7.2%
Relapse (HR of PR3+ vs MPO+) 1.89 (95% CI 

1.33–2.69)
Relapse free patients 5 years after diagnoses 32% 60%
Cardiovascular risk (patients with at least one event over 5 years of 
follow-up)

6.6% 19.2%

Genetics associations HLA-DP
PRTN3
SERPINA1

HLA-DQ

PTPN22

ENT ear, nose, and throat involvement, HR hazard ratio
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of ANCA-positive EGPA, roughly in 90% of the cases the ANCA specificity is 
directed to MPO. Another important justification would be the clinical observation 
of quite strikingly overlapping phenotypes between MPO+ AAV and ANCA- 
positive EGPA with frequently challenging differential diagnoses.

We are, therefore, heading toward the direction of a likely need to reclassify 
AAV: on one hand, we may have PR3+ and MPO+ AAV with indeed two clinical 
extremes well differentiated and then some forms with overlapping characteristics. 
Genetic results available so far and preliminary results of the GWAS in EGPA might 
suggest that, while ANCA-positive EGPA should really be considered in close link 
with MPO+ AAV, ANCA-negative EGPA may be a variant with a less clear relation-
ship with the rest of AAV and might eventually need to be reclassified under a dif-
ferent umbrella (Fig. 2.1).

In conclusion, although genetic data in AAV are still scanty compared to other 
diseases characterized by higher prevalence, their interpretation in light of our clini-
cal knowledge has so far provided significant insight in terms of improving disease 
classification. This eventually may allow not only better understanding of the dis-
ease but also a huge rational for changes in disease management and monitoring as 
well as for trial design and eventually to therapeutic approach. Further studies are 
still needed to expand our understanding in the field, and the completion of a GWAS 
in EGPA will be of great help in confirming some of this speculation.

2.6  Genetics and Prognosis

In the end, genetic studies are mainly case–control studies looking for associations 
of genes with the diseases. We have discussed how this may improve our understand-
ing of the disease pathogenesis, and classification as well as contributing to the 

AAV

MPO+ EGPA

MPO- EGPA

MPO+ AAVPR3+ AAV

PTPN22 HLA – DQHLA – DP

PRTN3

SERPINA1

Fig. 2.1 Proposed 
classification of AAV 
according to the genetics 
information provided by the 
studies so far published 
integrated by AAV clinical 
phenotypes characteristics. In 
Italics are reported the genes 
associated with the different 
disease entities
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identification of potential therapeutic targets and biomarkers. Interest has recently 
moved to the potential use of genetics as a way to better define prognosis. As clini-
cians, what we are eventually interested in is understanding how the disease is going 
to behave in an individual patient, if it is going to have a chronic relapsing course, or 
if it is going to have a benign outcome and genetics may contribute to that as well. 
Recently, a prognostic GWAS has been carried out in the field of inflammatory bowel 
disease showing that the genes associated with outcome, despite having a significant 
biological rational, were not overlapping with the ones associated with the risk of 
developing the disease itself, suggesting in some way that the biology of prognosis 
may not necessarily overlap with the biology of disease susceptibility [38]. In design-
ing such studies, great effort should be directed to careful patient selection as well as 
long-term outcome definitions in terms of remission and relapse; such studies are 
designed as case–case ones where two groups of patients with different outcomes 
will be compared with no need of healthy controls. Genetic studies in AAV are still 
at early stage, and very few such studies have been performed so far; a prognostic 
GWAS has been planned by the EVGC but results are not available at the moment.

Epigenetics explores the regulation of gene expression via modification of the 
DNA structure itself; DNA methylation and acetylation are markers frequently 
explored. A recent study has shown that methylation of PRTN3 and MPO correlates 
with protein expression and patients with decrease PRTN3 methylation had a greater 
risk of relapse identifying a subgroup that may need a more intense immunosup-
pressive approach.

Pharmacogenetics explores association of SNPs and response to treatment or 
risk of side effects to a specific drug. Three studies of pharmacogenetics have so far 
been performed in the field of AAV all exploring the role of some candidate genes 
and response to therapy. One of them identified a SNP in the regulatory region of the 
B-cell activating factor (BAFF) associated with a poor outcome after rituximab 
treatment; interestingly, the carriers of the unfavorable genotype showed signs for 
increased B-cell activity, such as a higher proportion of detectable B cells and a 
smaller IgM reduction 6 months after therapy [39]. BAFF has already been identi-
fied as central in AAV pathogenesis, and a rebound of its levels after rituximab 
treatment has been considered as a risk factor for treatment failures [19] at the point 
that trials exploring a combined approach of anti-CD20 and anti-BAFF drugs are 
ongoing; this genetic study provides a further rational for identifying a potential 
biomarker. The second study identified, in a cohort of patients enrolled for a clinical 
trial comparing the use of rituximab and cyclophosphamide as induction therapy in 
AAV, a SNP in the FCGR2A gene as associated with quicker remission; this may 
also play an important role as biomarker since as far as we know, the quicker remis-
sion is induced, the lower the probability of developing serious damage induced by 
AAV [40]. The third identified a role for a SNP in cytochrome P450 in predicting 
response of AAV patients treated with cyclophosphamide [41].

All these studies, despite of interest, are characterized by several limitations and 
need further replication or follow-up studies in order to have their findings con-
firmed. However, they represent good examples of what genetics can do in order to 
contribute to better defining disease prognosis.
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2.7  Conclusion

Despite three GWASs in AAV have been performed so far and one in EGPA is cur-
rently on-going, the field of genetics in AAV is still at an early stage of develop-
ment. Few robust associations have been so far identified although those found have 
significantly contributed to our understanding of disease pathogenesis and classifi-
cation. Some studies have also started to point their focus toward the role of genetics 
in defining prognosis with further needed in order to fully develop this interesting 
branch of genetics.
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3Etiopathogenesis of ANCA-Associated 
Vasculitis

Delphine Sterlin, Alexis Mathian, and Makoto Miyara

3.1  Introduction

ANCA-associated vasculitides (AAVs) are characterized by the inflammation of 
small vessels leading to organ damages due to the pathogenic role of ANCA. Those 
autoantibodies recognize either myeloperoxidase or proteinase 3 that are present in 
neutrophils granules [1]. Accumulating experimental evidence indicate that AAVs 
are autoimmune conditions since all the mechanistic criteria required for a disease 
to be considered autoimmune are observed in patients or animal models. All auto-
immune diseases are defined by the presence of autoimmune immune cells, either 
T cells and B cells or both, the presence of autoantibodies that can be pathogenic 
or not, and the observation that the disease can be transferred in animal models or 
in individuals [2]. In this chapter, we discuss the etiopathogenesis of autoimmune 
responses in AAV and the ensuing molecular processes that are responsible for tis-
sue lesions.
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3.2  Genesis of the ANCA Autoimmune Response

Original events leading to a breakdown of tolerance and generation of autoantibod-
ies are still poorly understood. The exposure of the main target antigens MPO and 
PR3 to the immune system is greatly limited. Indeed, both are localized in cytoplas-
mic granules of neutrophils and are quickly inhibited after degranulation by specific 
inhibitors: ceruloplasmin for MPO [3] and α1-antitrypsin for PR3 [4]. Several fac-
tors may play a role in revealing these antigens to the immune system and enhanc-
ing the development of autoantibodies. Evidence for a genetic contribution to AAV 
susceptibility has been extensively reviewed in previous chapter. It includes HLA 
variants and SERPINA1 that encodes for α1-antitrypsin [5]. A variety of microbial 
agents such as Staphylococcus aureus, Ross River virus, and Entamoeba histolyt-
ica have also been implicated in the pathogenic autoimmune response of AAV [6], 
suggesting that ANCA autoimmunity is likely multifactorial and may vary among 
individuals. Here, we focus on three key hypotheses that dominate the current 
understanding of ANCA generation (Fig. 3.1).

Molecular 

mimicry

NETsComplementary 

peptide

Pathogens

ANCA formation

ANCA antigens 

Fig. 3.1 Putative events in the genesis of ANCA autoimmune response. A first theory suggests 
that initial immune response could target complementary peptides of PR3 expressed by a range of 
microbes, which initiates anti-idiotypic antibodies reacting as a consequence to PR3. A second 
hypothesis proposed that microbe antigens could mimic autoantigen and induce pathogenic auto-
antibodies. Finally, an alternative mechanism involves neutrophils extracellular traps (NETs) that 
expose danger signals and facilitate breakdown of tolerance
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3.2.1  Molecular Mimicry Theory

The molecular mimicry theory points out the protein lysosome-associated mem-
brane protein 2 (LAMP2) as a possible autoantigen. LAMP2 belongs to a family 
of membrane glycoproteins mostly expressed in lysosomes and cell surface that 
have essential roles in maintaining cellular homeostasis and shuttling polysac-
charides from lysosomes to the cell surface of neutrophils [7]. Kain et al. dem-
onstrated the presence of antibodies against LAMP2 in 80–90% of AAV patients 
with active glomerulonephritis regardless of their ANCA status. These autoanti-
bodies decrease much more rapidly than other ANCA after immunosuppression-
induced remission and so may reflect disease activity [8]. The pathogenicity of 
anti-LAMP2 antibodies has been shown in a rodent adoptive immunization model. 
Indeed, rats injected with high titers of rabbit IgG anti-hLAMP2 (which cross-
react with rat LAMP2) developed a glomerulonephritis with proteinuria, hema-
turia, and focal necrotizing crescents in about 25% of glomeruli. Furthermore, a 
monoclonal antibody to hLAMP activates primed neutrophils and induces apop-
tosis of human endothelial cells in vitro. While the most common LAMP2 epitope 
in human shows 100% homology to a bacterial adhesin FimH, immunization with 
FimH causes both LAMP-2 IgG and a pauci-immune glomerulonephritis in rats 
[9]. Theoretically, an infection by fimbriated FimH-expressing bacteria such as 
E. coli could lead to a pathogenic immune response that cross-react with LAMP2 
through molecular mimicry, resulting in the induction of AAV. However, the low 
prevalence of systemic vasculitis compared to the high frequency of such infec-
tions suggests that individual susceptibility factors likely take part in the develop-
ment of AAV. Importantly, other studies using different assays for anti-LAMP2 
detection highlight difficulties in replicating these findings and reach contrasting 
results [10, 11].

3.2.2  Complementary Peptides

The complementary PR3 (cPR3) and anti-idiotype antibodies hypothesis is sup-
ported by the presence of antibodies to cPR3 peptide (generated from antisense 
DNA strand of PR3) in PR3-ANCA AAV patients [6]. In addition to anti-cPR3 
antibodies, these patients also harbor specific anti-cPR3 CD4+ T cells, which are 
not found in MPO-ANCA AAV patients [12]. Pendergraft and colleagues, therefore, 
postulated that anti-PR3 response could be developed through an immune response 
against a peptide complementary to the original autoantigen, which in turn initi-
ates anti-idiotypic antibodies that react not only with the idiotype but also with the 
epitope on the sense PR3. Indeed, immunization of naïve mice with cPR3 resulted 
in the production of both anti-cPR3 and anti-PR3 antibodies. Interestingly, cPR3 
sequence shares partial homology with sequences carried by a range of microbes 
such as S. aureus, Entamoeba histolytica, and Ross River virus making them capa-
ble of inducing the ANCA autoimmune response [6]. While chronic nasal carriage 
of S. aureus has been shown as an independent risk factor for GPA relapses, rodents 
immunized with these bacteria do no develop AAV [13, 14]. Besides, no study to 
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date has demonstrated that anti-cPR3 antibodies also recognize S. aureus. Thus, 
further work is necessary to translate the concept of anti-idiotypic antibodies in the 
pathogenesis of AAV in vivo.

3.2.3  NETosis

Neutrophils extracellular traps (NETs) are fibrous structures released by activated 
neutrophils that contain double-stranded DNA, citrullinated peptides, and an array 
of antimicrobial peptides such as MPO and PR3. Initially described as a mechanism 
to trap and kill extracellular microorganisms, NETs have been found in a wide vari-
ety of conditions, including malignancy, atherosclerosis, and autoimmune diseases 
[15]. In addition to MPO and PR3, NETs also expose danger signals that could 
facilitate breakdown of tolerance [16]. Nevertheless, the most persuasive clues that 
NETs present autoantigens leading to a pathogenic immune response in AAV arise 
from reports on drug-induced vasculitis. First, combined immunization of anti-
thyroid drug propylthiouracil (PTU) and phorbol 12-myristate 13-acetate (PMA) 
resulted in the formation of NETs which enhanced the production of MPO-ANCA 
in mice [17]. Another group demonstrated that cocaine and levamisole, its com-
mon adulterant, induced NETs that may be an important source of autoantigens. 
Notably, patients with cocaine-associated vasculitis possess autoantibodies against 
NET components, including neutrophil elastase, PR3, MPO which in turn contrib-
ute to NETosis which likely create a vicious circle in these patients [18]. S. aureus 
is also known as a strong inducer of NETs. This pathway could provide another 
explanation for the relationship between S. aureus carriage and increased relapse 
risk discussed above. Altogether, these findings proposed NETs as a bridge between 
innate and adaptive immune systems in the pathogenesis of AAV.

3.2.4  T-Cell Dysregulation and MPO/PR3 Autoimmunity

Autoreactive CD4+ T cells play a major in the pathogenesis of most autoimmune 
diseases as they provide co-activation signals for B cells to produce autoantibodies 
[2]. CD3+ T lymphocytes specific for MPO or PR3 peptides have been described 
in murine models of AAV [19, 20] and in patients [21, 22]. An important pathway 
in the pathogenesis of AAV involved the autoimmune response directed against the 
complementary peptides of PR3 (cPR3). This includes the production of anti-cPR3 
autoantibodies, described in details above, and the presence of cPR3-specific T cells 
[12]. Autoreactive T cells with pathogenic potential can theoretically be found in 
every individual [23]. Those cells are permanently controlled by a key mechanism 
of maintenance of tolerance to self-antigens, that is, dominant peripheral tolerance 
mediated by transcription factor FOXP3 expressing CD4+ regulatory T (Treg) cells 
[24]. Treg cells play a crucial role in the prevention of autoimmune disease [25]. 
The preventive role of Treg cells against autoimmune responses directed against the 
MPO protein has been demonstrated in mice [26] and in humans [21]. Deficiencies 
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in the number and/or in the function of Treg cells have been observed in humans, 
accounting for the lack of immune suppression of ANCA-specific autoreactive T 
cells [27–30].

Th17 cells are a subset of effector CD4+ T cells that promote responses toward 
fungi and some bacteria by stimulating neutrophils [31]. Those cells, increased in 
patients with granulomatosis with polyangiitis, are also involved in autoimmune 
reaction [20]. Indeed, T cells escaping Treg cells control in AAV have been shown 
to be, in part, Th17 cells [32]. Thus, the activation of Th17 cells and their uncon-
trolled effector function can also lead to vessels and tissue damages [33]. Beyond 
Th17 cells, CD4+ T cells demonstrated a skewed Th2 (IL-4, IL-5) and Th9 (IL-9) 
polarization in PR3 microenvironment [20].

3.3  Evidence for the Pathogenic Role of ANCAs

While AAV is characterized by a “pauci-immune” vascular inflammation, in which 
only scarce immunoglobulin and complement deposition can be detected, there 
is in  vitro and in  vivo human and animal evidence that ANCAs are pathogenic 
(Fig. 3.2).

ANCAs

Disease

Clinical evidence

•     ANCAs in 80–90% AAV patients 

•     Drug-induced (1) ANCA and (2) AAV

Mouse model

•     MPO-ANCA vasculitis and glomerulonephritis

In vitro experiments

•     Neutrophils activation 

•     Neutrophils degranulation

•     NET source of autoantigens

•     Correlation of ANCA titers with disease activity

Fig. 3.2 Evidence for the pathogenic role of ANCAs. In addition to clinical studies, numerous 
in vitro and in vivo experiments readily documented that ANCA can mediate inflammatory pro-
cesses and induce vasculitis. Antineutrophil cytoplasmic antibodies (ANCA), ANCA-associated 
vasculitis (AAV)
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3.3.1  Clinical Support for ANCA Pathogenicity

The presence of ANCAs in about 80–90% of AAV patients is consistent with the pos-
sibility that ANCA may cause the disease but also may accompany the disease without 
driving it. More convincing is the temporal relationship between the development of 
AAV and the administration of specific drugs such as hydralazine, allopurinol, propyl-
thiouracil, and levamisole, which may contaminate illicit cocaine. The clinical mani-
festations of drug-induced AAV are similar to those of primary AAV, and the prognosis 
of patients is good after the offending drug is discontinued [34]. The correlation of 
ANCA titers with disease activity or with response to treatment also supports their 
pathogenicity [35]. However, ANCA-negative vasculitis and the persistence of ANCA 
in some remitting patients sustain controversy [36]. Roth et al. suggested that the immu-
nological assays used routinely might be partly responsible for these inconsistent cor-
relations. Indeed, using sensitive mass spectrometry and epitope excision approaches, 
they identified autoantibody diversity in ANCAs with some epitope specificities that 
only occur in active patients, whereas others were found in active patients as well as in 
patients in remission. Among over 20 different epitopes, they further separated patho-
genic autoantibodies as showed by their ability to induce nephritis in mice and non-
pathogenic ones. They also observed that current laboratory tests could not detect some 
pathogenic MPO epitopes because of the presence in serum of ceruloplasmin, which 
play a role of confounder for serological detection [37].

Another clinical observation that strongly supports ANCA pathogenicity is the 
development of renal and pulmonary disease in a neonate who acquired maternal 
MPO-ANCA by transplacental transfer [38]. Finally, the efficacy of targeted B-cell 
therapy (e.g., rituximab) and plasma exchanges, which reduce ANCA levels in 
serum, suggests an antibody-mediated process [39–41].

3.3.2  In Vitro Support for ANCA Pathogenicity

Compelling in vitro experiments showed that ANCA could activate neutrophils and 
cause small-vessels damage, resulting in vasculitis. Indeed, incubation of normal 
human neutrophils with PR3-ANCA or MPO-ANCA IgG leads not only to toxic 
oxygen radicals and destructive enzymes release but also to NETs formation that 
induce tissue injury and facilitate autoimmune response [42–44]. In line with these 
observations, NETs have been reported in kidney biopsies and skin specimens from 
AAV patients [45, 46]. NETs can damage the vasculature both directly and indi-
rectly. Directly, NETs release toxic substances such as enzymes and histones that 
induce endothelial cells apoptosis and vascular leakage. Indirectly, NETs activate 
the alternative complement pathway which causes necrotizing crescentic glomeru-
lonephritis in AAV mouse model [47, 48]. As noted earlier, ANCA IgG from patients 
with active AAV harbors different epitope specificities than those from patients in 
remission, resulting in variant efficiency levels in activating neutrophils in vitro. 
Thereby, ANCA from active patients activates more neutrophils in vitro than does 
ANCA from remitting patients.
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An increase of MPO and PR3 expression that can facilitate interactions between 
ANCA and their targets has been demonstrated in AAV patients. While MPO and 
PR3 expression is tightly regulated during neutrophils maturation process, AAV 
patients have perturbed epigenetic modifications associated with gene silencing 
which contribute to an elevated neutrophil membrane expression of both enzymes 
[49, 50]. Inflammatory factors such as cytokines (e.g., tumor necrosis factor alpha, 
TNFα) or microbial products (e.g., lipopolysaccharides) activate neutrophils and 
raise the exposure of ANCA target antigens at the cell surface or in the microenvi-
ronment where they can interact with autoantibodies [51, 52]. Neutrophil activation 
by ANCA involves both Fab’2 -mediated antigen binding and Fc receptors engage-
ment, but the latter mechanism is likely predominant [53, 54]. ANCA also binds 
to MPO and PR3 that have been adsorbed onto endothelial cells or expressed by 
monocytes in the inflammatory environment [55, 56].

3.3.3  Animal Model Supports ANCA Pathogenicity

Animal models readily confirmed in  vitro experiments and documented ANCA 
pathogenicity. A model of MPO-ANCA vasculitis based on injection of mouse anti- 
MPO antibodies in mice has been reproduced in numerous labs [57]. However, a 
convincing animal model for PR3-ANCA AAV is still lacking likely because of 
the differences in the biology of PR3 between humans and mice. Indeed, two main 
problems stand in this way of progress: (a) primed murine neutrophils exhibit only 
small amounts of PR3 at their surface [58] and (b) human anti-PR3 antibodies do 
not react with mouse targets.

MPO-deficient mice immunized with murine MPO generate a robust immune 
response such that injection of anti-MPO antibodies from these mice into wild-type 
mice leads to a pauci-immune glomerulonephritis similar to human AAV disease 
[57]. Interestingly, the genetic background of the mice has a significant effect on the 
severity of the disease, with more affected glomeruli in 129S6 than in C57BL6J mice 
[59]. Using Rag2−/− mice that lack B and T lymphocytes and neutrophil- depleting 
treatment, Xiao et al. also showed that neutrophils, but not lymphocytes, are the 
main drivers of MPO-ANCA disease [60]. To confirm neutrophils requirement in 
anti-MPO-induced disease, the same group irradiated immunized MPO- deficient 
mice and then transferred either MPO-expressing or MPO-deficient hematopoietic 
cells. Only mice with MPO-expressing cells developed necrotizing glomerulone-
phritis, which demonstrated that hematopoietic cells are sufficient to induce the 
disease [61]. Confirming in vitro data, proinflammatory stimuli such as LPS exacer-
bate the autoimmune response in MPO-disease model via the TNFα signaling [60].

As noted earlier, animal models for PR3-ANCA AAV are encouraging but 
less convincing. In contrast to MPO-ANCA, no spontaneous vasculitis has been 
observed after injection of anti-PR3 antibodies [62]. Indeed, in an effort to replicate 
the MPO-ANCA model, Pfister et al. immunized PR3-deficient mice with murine 
PR3 and transferred their autoantibodies to LPS-pretreated mice but failed to induce 
glomerulonephritis or vasculitis. However, they showed a stronger cutaneous 
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inflammation by intradermal injection of TNFα, suggesting an enhanced neutrophil 
activation [58]. Using autoimmunity-prone nonobese diabetic (NOD) mice, Primo 
et al. observed high titers of anti-PR3 antibodies after immunization. While these 
mice did not develop vasculitis, the transfer of their splenocytes into NOD-SCID 
recipients (which lack T- and B-lymphocytes) led to the development of vasculi-
tis and glomerulonephritis. Rag−/− B6 injected with the same splenocytes did not 
develop disease, which underlines the role of genetic background in disease suscep-
tibility [49]. More recently, Little et al. generated chimeric mice by injecting human 
hematopoietic stem cells into irradiated NOD-SCID IL2R KO mice. Following pas-
sive transfer of human PR3-ANCA IgG, 39% of treated mice showed hematuria 
within 6 days. Microscopic examination of lungs and kidneys revealed pulmonary 
hemorrhage and mild glomerulonephritis [63]. Even though the extent of kidney 
disease was moderate compared with human AAV, this model may open an encour-
aging way to further investigate pathogenic mechanisms of PR3-ANCA disease.

3.3.4  Mechanisms of ANCA-Induced Lesions: The Role 
of Complement

The role of complement activation in AAV has been overlooked initially because 
deposits of complement and of immune complexes are rarely observed in kidneys 
with necrotizing crescentic glomerulonephritis. However, when closely analyzing 
histopathological samples of tissues with vasculitis, some fractions of complement 
can be detected [64]. Furthermore, a crucial role for the complement alternate acti-
vation pathways has been demonstrated in experimental models and confirmed in a 
recent clinical trial. In transfer models of anti-MPO antibodies, while C4 KO mice 
develop the disease, C5 knock-out mice do not [65]. The blockade of C5a receptor 
in mice could prevent the development of vasculitis, while the blockade of C6 did 
not, indicating that the formation of membrane attack complex was not required to 
induce vessel lesions [66]. C5a can bind to C5a receptor 1 (C5aR1) that is present 
on neutrophils. The priming of neutrophils trough their C5a receptor is an additional 
mechanism for the induction of vasculitis since C5aR1 inhibition prevents the reten-
tion of neutrophil and reactive oxygen species burst within glomerular capillaries 
[67, 68]. Those findings indicate that the neutralization of C5a can be a specific 
therapeutic target in AAV. This has been verified recently in a clinical trial evaluat-
ing the efficacy of avacopan, an oral C5a receptor inhibitor which was shown to be 
efficient in replacing high-dose glucocorticoids as an induction therapy of vasculitis 
along with cyclophosphamide or rituximab [69]. Moreover, the use of eculizumab, a 
monoclonal antibody targeting C5a, has also been shown to be effective in a patient 
with AAV with complement activation [70].

Altogether, those recent findings highlight the unexpected role for the alter-
nate activation pathway of complement in enhancing neutrophil-induced vasculitis 
lesions. Of note, it is still unknown how the alternate complement activation path-
way is triggered in AAV. An autonomous activation loop by primed neutrophils that 
would be able to activate the alternate pathways themselves is suspected [71].
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3.4  Conclusion: Pathogenic Mechanism Overview

Animal model studies, in  vitro experiments, and clinical observations provide a 
putative sequence of events leading to vascular and tissue injury in AAV (Fig. 3.3). 
As an initial event, a multifactorial process results in the genesis of pathogenic 
ANCA.  Then, priming factors such as inflammatory cytokines (e.g., TNF-α) or 
complement factors cause the release of ANCA antigens (e.g., MPO and PR3) on 
the surface of neutrophils and in their microenvironment. Primed neutrophils, after 
binding of ANCA to ANCA antigens, undergo activation and degranulation, mostly 
through Fc receptor engagement. Monocyte activation by ANCA also occurred in 
parallel, but less importantly. Of note, in PR3-ANCA-associated vasculitis, those 
monocytes can be involved in the formation of granulomas in the sites of vasculitis 
[72]. ANCA-activated neutrophils release reactive oxygen species and destructive 
enzymes that mediate acute endothelial damage [44]. Moreover, activated neutro-
phils release complement-activating factors resulting in C5a production, which 
recruits and activates more neutrophils to the site of injury. This amplification loop 
leads to accumulation and subsequent death of a large number of neutrophils within 
vessel wall and matrix that is a histologic hallmark of AAV. At sites of endothelium 
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Complement
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� Th17
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Fig. 3.3 Schematic illustration of the pathogenesis of AAV. Primed neutrophils (e.g., by cyto-
kines) present ANCA antigens at the cell surface and into the microenvironment where they bind 
ANCA. Activated neutrophils release factors that enhance C5a production through the alternative 
complement pathway. C5a amplifies the inflammatory loop by recruiting and priming more neu-
trophils. Activated neutrophils spill into vessel walls and release inflammatory factors resulting in 
vascular necrosis. Uncontrolled activation of Th17 cells contributes to vessels and tissue damages
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injury, leakage of plasma and coagulation factors give rise to fibrinoid necrosis in 
vessels and crescents in glomeruli. Within a few days, infiltrating macrophages and 
T lymphocytes replace apoptotic neutrophils and facilitate injury resolution. In case 
of persistent injury, collagen deposit by fibroblasts and myofibroblasts results in 
fibrosis/sclerosis of damaged vessels.

The etiopathogeny of AAV vasculitis has been deeply studied since the discovery 
of ANCA [73, 74], resulting in a rapidly obtained step-by-step precise description 
of the cellular and molecular processes resulting in vasculitis lesions. Today, those 
well-defined processes are already targeted by specific therapeutic strategies that 
have proven efficient.
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4ANCA: Methods and Clinical Significance

Elena Csernok and Antonella Radice

4.1  Introduction

In 1982, Davies and colleagues [1] discovered the association of the antineutrophil 
cytoplasmic antibody (ANCA) in segmental necrotizing glomerulonephritis, and 
3 years later, Van der Woude and coworkers [2] characterized their presence as a 
diagnostic tool and marker of disease in Wegener’s granulomatosis. The spectrum 
of diseases associated with ANCA has since increased [3]. Two ANCA specificities 
are highly associated markers for the collectively called ANCA-associated vascu-
litides (AAV), which include granulomatosis with polyangiitis (GPA [Wegener’s]), 
microscopic polyangiitis (MPA), eosinophil granulomatosis with polyangiitis 
(EGPA [Churg-Strauss syndrome]), and primary pauci-immune crescentic glo-
merulonephritis, namely proteinase 3 (PR3-ANCA) and myeloperoxidase (MPO- 
ANCA). By indirect immunofluorescence, two main fluorescence patterns can be 
recognized, a cytoplasmic fluorescence (C-ANCA), which usually occurs with 
PR3 specificity, and a perinuclear staining (P-ANCA), largely caused by MPO- 
ANCA. However, ANCA can be demonstrated in patients with inflammatory bowel 
disease (IBD), autoimmune liver disease, connective tissue diseases, infections, and 
drug-induced vasculitis, often with multiple antigen specificities and unclear clini-
cal significance [3–5].
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Detection of ANCA in vasculitis is based on primary screening by immunofluo-
rescence test (IFT) on ethanol-fixed neutrophils, and positive IIF test should always 
be followed by a specific PR3-ANCA and MPO-ANCA immunoassays. Ideally, 
all three tests should be used in each sample [6, 7] Since the establishment of this 
consensus, many new antigen-specific immunoassays have become available, and 
this has challenged the position of IFT in the testing algorithm for ANCA in vascu-
litis [8, 9]. Furthermore, there is a need for screening algorithm including clinical 
gating policies to guide the flow of analysis in diagnostic laboratories. In the right 
clinical context, a positive test for PR3-ANCA or MPO-ANCA has high sensitiv-
ity and specificity for a diagnosis of AAV. The value of measuring ANCA during 
follow-up to predict relapse is controversial [10]. Recent studies have shown that 
the longitudinal ANCA measurements may be useful in patients with renal involve-
ment and patients treated with rituximab [11, 12]. This chapter considers current 
data on ANCA testing, presents the new international consensus on ANCA testing, 
and discusses the usefulness of PR3-ANCA and MPO-ANCA in the diagnosing and 
managing of patients with small-vessel vasculitis.

4.2  Detection of ANCA in Small-Vessel Vasculitis

Standard methods for detection of ANCA include immunofluorescence technique 
on ethanol-fixed human neutrophils and antigen-specific immunoassays for PR3- 
ANCA and MPO-ANCA [6]. Three main patterns of fluorescence have been 
demonstrated with IFT on ethanol-fixed neutrophils. The first is a diffuse, gran-
ular cytoplasmic neutrophil fluorescence with central interlobular accentuation 
(“C-ANCA”) so noted overall in 90% of patients with active generalized GPA [3]. 
The second is perinuclear neutrophil staining pattern often with nuclear extension 
(“P-ANCA”) so noted in those with MPA and EGPA. So-called atypical patterns 
(A-ANCA) are infrequent comprising a mix of cytoplasmic and perinuclear/nuclear 
fluorescence, with multiple antigen specificities, for example, in association with 
drug exposure, inflammatory bowel disease, rheumatoid arthritis, most often in the 
absence of vasculitis. The perinuclear/nuclear staining pattern actually is an artifact, 
and really, P-/A-ANCA causes a cytoplasmic staining after formalin fixation. The 
use of differentially fixed neutrophils (ethanol and formalin) allows differentiation 
between P- /A-ANCA and ANAs [8]. The alternative to conventional IFT is image 
analysis, which quantifies fluorescence in a single dilution of a patient sample in 
comparison with the intensity of standardized calibrators. Evaluation of the image 
analysis for the potential to detect ANCA in a cohort of a consecutive PR3-ANCA-
positive GPA patients [13] revealed detectable ANCA levels in 75% of patients 
at the time of renal relapse, indicating a lower diagnostic sensitivity as compared 
with IFT and capture ELISA (100%). Quantitative image analysis predicted disease 
relapse somewhat better than IFT, but was comparable to direct ELISA [14].

Positive immunofluorescence results should be tested subsequently by antigen- 
specific tests for PR3-ANCA and MPO-ANCA [6]. The most frequently used 
tests to identify types of ANCA with different specificities are enzyme-linked 
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immunosorbent assay (ELISA). However, a combination of both IFT and antigen-
specific assays (PR3-ANCA and MPO-ANCA) was confirmed in several studies to 
be the best strategy for ANCA detection in vasculitis [15]. In addition to PR3 and 
MPO, other antigenic specificity for ANCA can be detected by ELISA screening for 
elastase, cathepsin G, bactericidal increasing protein, lactoferrin, and other. These 
ANCA specificities have no diagnostic value for patients with AAV.

Although many studies report particular epitopes of PR3 and MPO, routine test-
ing for epitopes of major ANCA antigens has not been accomplished.

Over the last decade, several new developments in the ANCA detection tech-
niques, in particular, PR3-ANCA and MPO-ANCA detection, such as addressable- 
laser- bead immunoassays (ALBIA), chemiluminescent immunoassays (CLIA), 
dot-/line-immunoassays, and fluorescent-enzyme immunoassays (FEIA) have been 
introduced (for review, see [8, 9, 16]). Besides, there have been advances in assay 
setup (antigen presentation) with development of second- (capture-based) and 
third- (anchor-based) generation assays. Most often, these novel assays have been 
clinically evaluated as an isolated entity, and this obviously hampers comparabil-
ity due to distinct sample selection, study design, and data analysis. The specific 
applications of these novel techniques could improve and simplify ANCA testing 
in vasculitis.

Dot blot is a qualitative technique, with antigen coated to a nitrocellulose strip. 
This assay is especially suitable for examination of a single serum in case of emer-
gency, because it is a single strip preparation. For rapid ANCA testing, a biochip 
technology has also been developed [17]. In this assay, IFT is combined with a dot 
blot test for PR3-ANCA and MPO-ANCA. However, the results obtained are only 
qualitative and should be confirmed and quantified by other ANCA assays.

4.3  Revised 2017 International Consensus on ANCA Testing 
in Small-Vessel Vasculitis

The emergence of new detection technologies, automated platforms, and labora-
tory environments has led to updating of the standardization process and a revi-
sion of existing ANCA detection strategies. Recent European Vasculitis Study 
Group (EUVAS) multicenter study has compared the diagnostic performance of 
manual and automated IIF with various antigen-specific immunoassays for ANCA 
detection [18–21]. Four international vasculitis centers (Klinikum Bad Bramstedt, 
Germany; Staten Serum Institute, Denmark; Maastricht University Medical Centre, 
The Netherlands, and University Hospitals Leuven, Belgium) contributed newly 
diagnosed GPA (total n = 186) and MPA (total n = 65) patients and relevant dis-
eased controls (total n = 924). The antigen-specific immunoassays evaluated (n = 8) 
were from seven manufacturers and included first-, second-, and third-generation 
assays applied on different technological platforms (ALBIA, CLIA, ELISA, and 
FEIA). For manual IIF, two different approaches were used. The original approach 
described in 1989 (Copenhagen) used an ethanol-fixed mixture of neutrophils and 
lymphocytes, whereas the other approach (Bad Bramstedt) used ethanol-fixed 
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neutrophils in combination with additional tests on formalin-fixed neutrophils and 
HEp-2 cells to better discriminate between MPO-related P-ANCA and ANA reac-
tivity [8, 22].

The results of the study revealed a large variability between IIF methods, and 
variation in pattern assignment between IIF methods [18]. The area under the curve 
(AUC, 95% CI) of the receiver operating characteristics (ROC) curve to discrimi-
nate AAV from controls considerably differed for the two IIF methods with AUC 
values of 0.925 (0.904–0.946) and 0.848 (0.821–0.876), respectively. By contrast, 
PR3-ANCA and MPO-ANCA by immunoassay had a somewhat higher diagnostic 
performance, with AUCs (95% CI) that only varied between 0.936 (0.912–0.960) 
and 0.959 (0.941–0.976), except for one immunoassay for which the AUC was 
0.919 (0.892–0.945) [19]. This study, which was performed on diagnostic samples 
obtained from patients without immunosuppressive treatment, did not reveal con-
sistent differences between different assay generations and formats. It should be 
mentioned that there were some AAV patients that tested negative by both IIF and 
immunoassay or by either immunoassay or IIF. Thus, a diagnosis of AAV cannot be 
excluded for ANCA-negative patients as well as the opposite.

New guidelines for ANCA testing have been developed based on these data. 
According to the revised 2017 international consensus recommendations, testing 
for ANCA in small-vessel vasculitis can be done by PR3-ANCA and MPO-ANCA 
immunoassays, without the categorical need for IIF.  Thus, IIF can be discarded 
completely or can be used as confirmation assays instead of as screening test [21]. 
Finally, these data challenged the role of IIF in the ANCA testing algorithm, and 
consequently, the earlier international consensus on ANCA detection utilizing dual 
IIF/antigen-specific immunoassay testing of each sample was revised [21].

4.4  Clinical Usefulness of ANCA Testing

At present, ANCA testing is a noninvasive diagnostic tool widely used by clinicians 
when considering a diagnosis of AAV. The most relevant clinical issue is accurate 
identification of all patients with active AAV and avoidance of any misdiagnosis. 
For patients with inflammatory conditions of unknown origin, it is better to use 
ANCA tests with high specificity rather than high sensitivity for vasculitis. The 
highest specificity is obtained by antigen-specific immunoassays [18, 19]. With this 
strategy, PR3-ANCA or MPO-ANCA is detectable in nearly all patients with active 
generalized GPA or MPA, but only in approximately 60% of patients with limited 
(“initial phase”) disease [23] and about 40% of patients affected by EGPA [24]. 
In cases of emergency, such as the pulmo-renal syndrome, several rapid screen-
ing assays for ANCA are available [9]. If the results are clearly PR3-ANCA or 
MPO- ANCA positive, immunosuppressive therapy should be started immediately. 
However, patients with ANCA should receive a careful workup, because conditions 
other than vasculitis, such infections or drugs, may be implicated in the presence 
of ANCA and may be dramatically worsened by immunosuppression. Thus, rapid 
ANCA tests may be helpful as an adjunct to urgent therapeutic decisions, but they 
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cannot supplant the need for critical appraisal of all findings including the patient’s 
history, clinical and imaging results, as well as other laboratory result. Histological 
confirmation of vasculitis is still the gold-standard and should be sought in every 
patient.

Whereas PR3-ANCA and MPO-ANCA have been shown to be highly specific 
for AAV, their diagnostic value in nonvasculitic conditions is very limited. An over-
estimation of the diagnostic relevance of a positive ANCA test may erroneously mis-
direct clinicians and delay adequate treatment. The diagnostic accuracy of ANCA 
testing in vasculitis should be improved by an increased pretest probability [20].

4.4.1  Gating Policy

Accurate identification of all patients with AAV and the avoidance of misdiagnosis 
can be achieved by the use of a “gating policy” based on clinical information given 
to the laboratory at the time of request. This policy limits requests for ANCA testing 
exclusively to clinical scenarios that may suggest a diagnosis of necrotizing vasculi-
tis [20, 21]. Two studies demonstrated that a “gating policy,” based on the consensus 
statement clinical ordering guidelines for ANCA testing, makes ANCA screening 
clinically more relevant [25, 26]. Recently, Arnold et al. investigated the impact of 
a “gating policy” at a single regional center in the year prior to and following the 
consensus guidelines, and they demonstrated that adherence to a “gating policy” for 
ANCA testing coupled with close liaison between clinician and laboratory does not 
result in either a missed or delayed diagnosis of AAV [27].

4.4.2  Utility of ANCA in Managing Disease Activity 
and Guidance Therapy

Controversial results have been published on the utility of ANCA for monitoring 
disease activity and guidance of treatment decisions in AAV. A meta-analysis of 
nine studies concluded that the value of serial measurements of ANCA in patients 
in remission is limited. Neither the increase nor the persistence of ANCA in patients 
who achieved remission is highly predictive of relapse [10]. Anyway, Fussner and 
Specks summarized the studies on the relationship between ANCA levels and dis-
ease activity. They concluded that these various studies are difficult to compare 
because of many factors such as disease pattern, antigen specificity, assay used for 
testing, interval between taking samples, and treatment regimens [28]. Kemna et al. 
tested a cohort of 166 patients with PR3-ANCA or MPO-ANCA-associated vascu-
litis for predictive value of a rise in ANCA levels for relapsing diseases [12]. Rises 
of the ANCA titer were correlated with relapses in patients with renal involvement 
(hazard ratio 11.09; 95% CI, 5.01–24.55), whereas relapses in patients with non-
renal disease were less well associated with rise in ANCA values (hazard ratios 
2.79; 95% CI, 1.30–5.98). Recently, Fussner and colleagues describe a compre-
hensive analysis of serial ANCA measurements in patients with AAV who were 
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prospectively followed up after treatment with rituximab or cyclophosphamide and 
azathioprine within the Rituximab in ANCA-associated Vasculitis (RAVE) trial. 
They confirm the findings of early publications that an increase in PR3-ANCA lev-
els is not a very sensitive and specific predictor of a subsequent relapse in general. 
However, an increase in PR3-ANCA titers detected by ELISA was associated with 
severe relapses (hazard ratio 4.57), particularly in patients with renal involvement 
(hazard ratio 7.94) and alveolar hemorrhage (hazard ratio 24.19) [11]. Thus, rises 
in ANCA titers during follow-up of AAV patients in the absence of signs of relapse 
should prompt intensification of monitoring measures such as more frequent urinal-
ysis. However, the recent EULAR recommendations for the management of AAV 
state that treatment decisions during patient follow-up should rather be based on 
clinical evaluation and not on changes of the ANCA serology alone [29].

4.5  Proteinase 3-ANCA and Myeloperoxidase-ANCA 
Subtype: Useful Tool for Disease Classification  
in Small- Vessel Vasculitis

Several clinical and pathological classification systems exist that aim to define 
homogeneous groups among patients with AAV; however, considerable debate 
surrounds this classification. Existing classification systems have relied on com-
binations of different clinical, radiographic, and histological findings, but have not 
included ANCA specificity. Accumulating evidence suggests that ANCA specificity 
could be better than clinical diagnosis for defining groups of patients, as PR3- ANCA 
and MPO-ANCA are associated with different genetic backgrounds, epidemiology, 
and pathogenesis. The new classification approach of AAV is to use ANCA sero-
types to classify disease and provide immediate diagnosis based on the presence of 
PR3-ANCA and/or MPO-ANCA. It was demonstrated that serotyping distinguishes 
distinct classes of ANCA disease: PR3-ANCA-associated vasculitides (PR3-AAV), 
MPO-ANCA-associated vasculitides (MPO-AAV), and ANCA- negative vasculiti-
des (for review, see [30]).

4.5.1  Epidemiological and Genetic/Epigenetic Features  
vs. ANCA Specificity

Today, epidemiological evidence indicates that AAVs develop as a result of complex 
gene–environment interactions. The nature of these risks factors and pathogenic 
mechanisms involved, however, are only just beginning to be understood.

The incidence of PR3-AAV and MPO-AAV is different over the world. There 
is substantial heterogeneity between different geographic regions: PR3-AAV has 
a higher prevalence in north-western Europe and North-America, whereas MPO- 
AAV is more common in southern Europe and Asia [31–33]. In PR3-AAV, it has 
been shown that lower vitamin D levels play a role in the disease and that PR3- 
ANCA- positive patients but not MPO-ANCA-positive patients who carry nasal S. 
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aureus chronically are at higher risk for disease relapse. Furthermore, in MPO- 
AAV, silica exposure is thought to contribute to disease [32].

The genetic data from genome-wide studies (GWAS) and African-American 
population point to genetic differences between PR3-ANCA and MPO-ANCA 
patients. These studies have shown that the autoantigen specificities PR3 and MPO 
correlate better with different HLA risk genes (PR3-ANCA with HLA-DP, MPO- 
ANCA with HLA-DQ) than with the clinical and pathological phenotypes of GPA 
and MPA [34]. Moreover, the association with the genes encoding PR3 (PTN3) 
and its inhibitor α-1-antitrypsin (SERPINA1) with PR3-ANCA disease and/or GPA 
supports additionally a central pathogenetic role of autoantigens and their neutral-
izing counterparts [34].

There are also biological differences in epigenetic expression of MPO and PR3, 
and in glycosylation of PR3-ANCA vs. MPO-ANCA. Recently, a further epigenetic 
silencing defect involving DNA methylation was identified: DNA was unmethyl-
ated at CpG island in PR3, in both patients and controls, whereas in healthy con-
trols, DNA was methylated at CpG island of MPO [35]. Altogether, these results 
suggest that epigenetic deregulation underlines further distinction between PR3- 
ANCA and MPO-ANCA-positive patients.

4.5.2  ANCA Specificity and Clinical/Histological Features

Clinical features differ both in the type and in frequency between PR3-AAV and 
MPO-AAV.  PR3-AAV is associated with granulomatous inflammation, respira-
tory tract involvement, more extensive extra-renal organ manifestation, and a 
higher relapse rate [36, 37]. In contrast, MPO-AAV is more frequent in kidney-
limited disease, displays more severe renal scarring, and is a worse renal prognosis. 
Furthermore, patients with MPO-ANCAs are more likely than patients with PR3- 
ANCAs to have renal pathology classified as mixed or sclerotic and to have a strong 
association with lung fibrosis [38, 39].

Among patients receiving a clinical diagnosis of GPA, those positive for MPO- 
ANCAs more frequently have limited disease without severe organ involvement, 
a higher prevalence of subglottic stenosis, a less frequent need for cyclophospha-
mide or rituximab therapy, and fewer relapses than patients who are positive for 
PR3- ANCA [40–42]. A study of more than 700 patients with GPA or MPA from 
five different randomized controlled trials found that the addition of ANCA speci-
ficity to a clinical-only clustering strategy improved the classification of patients 
into distinct categories with different outcomes (for review, see [30]). These data 
indicate again that ANCA specificity is a major determinant of the clinical pre-
sentation in AAV.

In summary, the classification of patients by ANCA specificity (PR3-ANCAs 
versus MPO-ANCAs) provides practical diagnostic criteria better aligned to patient 
phenotype, outcomes, and treatment responses than does their classification by clin-
ical diagnosis (GPA vs. MPA and EGPA).
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4.6  Conclusion

ANCA serology and the associated clinical manifestation of AAV continue to 
attract the attention of clinicians and investigators alike. In addition to be providing 
a useful diagnostic tool for small-vessel vasculitis, ANCA testing may be useful in 
predicting relapses and in guiding therapy. The revised consensus recommendations 
on ANCA testing state that high-quality antigen-specific immunoassays are the pre-
ferred screening methodology for the diagnosis of ANCA-associated vasculitis. 
When the pretest probability of the disease is high (appropriate request), perform-
ing IFT adds little to antigen-specific assays in the diagnosis of ANCA-associated 
vasculitis.

Notwithstanding, any testing strategy applicable to vasculitis should be able to 
identify relevant ANCA target antigens (PR3 and MPO) since these correlate best 
with the clinicopathological aspects, disease activity, propensity for relapse, and 
response to therapy.
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5Activity and Damage

Raashid A. Luqmani

5.1  Introduction

The underlying pathogenesis of the vasculitides is complex and varies between 
conditions, but the clinical manifestations can be similar. The pattern of disease 
involvement tends to vary, with a greater likelihood of significant nephritis and lung 
hemorrhage in MPA, while in GPA, upper airways disease is a dominant feature; 
by contrast, nephritis is less common in EGPA. However, in all three main forms 
of AAV, there is potential for overlapping clinical features; furthermore, the treat-
ments used are similar at present, resulting in similar drug toxicity profiles for these 
patients. Documenting the nature of each condition and defining the severity of 
involvement for each patient allows the clinician to formulate a treatment plan. We 
will discuss how best to evaluate patients, to document their treatment needs, and to 
measure their response to therapy and outcome. These assessments have become a 
core feature of clinical trials in AAV and form the basis for sound clinical manage-
ment of these complex conditions.

5.2  How Can Laboratory Measures Help?

The use of conventional inflammatory markers (C-reactive protein [CRP] and eryth-
rocyte sedimentation [ESR]) to assess disease activity in AAV is limited by their 
lack of specificity, particularly in case of concomitant infections or other immune- 
mediated conditions. Although they are routinely used to aid clinical decisions, their 
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results and changes in values should be interpreted with caution before considering 
any treatment modifications [1, 2].

GPA, MPA, and, to a lesser extent, EGPA are strongly associated with the pres-
ence of antineutrophil cytoplasmic antibodies (ANCAs) [3]. ANCA can be detected 
by indirect immunofluorescence (IIF), where a cytoplasmic pattern (C-ANCA) or 
a perinuclear pattern (P-ANCA) is identified, or by antigen-specific tests target-
ing proteinase 3 (PR3) or myeloperoxidase (MPO). PR3-ANCA, which is typically 
associated with a cytoplasmic pattern, is found in 80–90% of patients with the diag-
nosis of granulomatosis with polyangiitis (GPA); MPO-ANCA, usually associated 
with a perinuclear pattern, is present in 60–80% of patients with the diagnosis of 
microscopic polyangiitis (MPA) and 25–40% of patients with eosinophilic granu-
lomatosis with polyangiitis (EGPA) [4]. Hence, ANCAs are an integral part of the 
diagnostic workup of patients with suspected AAV, even though not all cases of 
AAV actually have ANCA.

However, there is much less agreement over the value of measuring serial ANCA 
titers to assess disease activity and predict relapse. Although early studies using IIF 
[5, 6] advocated that serial ANCA measurements provided a sensitivity of around 
100% in the prediction of relapse when a rise in the titer was observed, subsequent 
studies reported sensitivity below 45% [7, 8]. In 2006, a systematic review of the 
available literature was conducted to investigate the value of serial ANCA testing 
for monitoring patients with AAV [9]. However, it was unable to provide firm con-
clusions due to considerable methodological heterogeneity, particularly regarding 
the techniques used for ANCA determination, definition of ANCA increase, dif-
ferent frequency of sampling, and variations in the definitions of disease activity, 
relapse, or remission. A more recent meta-analysis [10] suggested a modest, but sta-
tistically significant, positive likelihood ratio of 2.84 (95% CI 1.65, 4.90) of a future 
relapse when a rise in ANCA was detected during remission. Moreover, persistently 
positive ANCA during remission was associated with a positive likelihood ratio of 
1.97 (95% CI 1.43, 2.70) of a subsequent relapse, suggesting that serial ANCA test-
ing might have some albeit limited value in predicting relapse.

Animal models have been used to demonstrate that ANCAs target MPO or PR3, 
which leads to the induction of glomerulonephritis and pulmonary capillaritis [11, 
12]; by contrast, ANCAs directed against proteinase 3 fail to induce granulomatous 
inflammation [19]. On this basis, Kemna et al. and Fussner et al. [12, 13] inves-
tigated the role of serial ANCA measurements (PR3 or MPO) in patients with or 
without renal involvement and demonstrated a strong association between rise in 
titer and disease relapse (HR 11.09 [95% CI 5.01–24.55]) for patients with renal 
disease, when compared to patients without renal manifestations (HR 2.79 [95% 
CI 1.30–5.98]). These findings were supported by data from a clinical trial of AAV 
[14, 15], which showed that a rise in PR3-ANCA levels during complete remission 
was strongly associated with the risk of a subsequent severe relapse (HR 4.57 [95% 
CI 2.16–10.37]), particularly in patients with renal involvement (HR 7.94 [95% 
CI 2.72–29.18]) and alveolar hemorrhage (HR 24.19 [95% CI 3.05–447.2]); by 
contrast, there was no association between PR3-ANCA levels and disease relapse 
in patients with a granulomatous phenotype. Moreover, many other studies have 
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documented that patients with PR3-ANCA have a higher risk of relapse when com-
pared to patients with MPO-ANCA [16–22]. Therefore, although the use of serial 
ANCA testing remains debatable for monitoring disease activity, it may potentially 
aid clinical decisions by taking into account other features of the disease, such as 
ANCA type, specific organ involvement, and ongoing treatment.

Other laboratory markers are currently being investigated for potential use in 
monitoring disease activity. Urinary soluble CD163, a protein expressed by mac-
rophages and monocytes, has been strongly associated with active renal vasculitis 
[23]; antibodies against lysosome-associated membrane protein 2 (LAMP-2), fre-
quently found in patients with pauci-immune glomerulonephritis, have shown to 
correlate with disease activity [24]; antibodies against plasminogen [25], identified 
in approximately 25% of patients with AAV, have been associated with more severe 
glomerular involvement and a higher incidence of thrombotic events; antibodies 
against moesin, present in around 50% of patients with MPO-ANCA, have been 
reported in more severe cases of AAV [26]; and the serum proteins CXCL13, MMP- 
3, and TIMP-1 have been shown to discriminate active disease from remission [26]. 
However, further studies with larger series are required to establish the validity of 
these findings.

5.3  Clinical Disease Activity and Damage Measures

Given the uncertainty over use of ANCA testing or other serological measurements 
of disease status in AAV discussed above, the most widely used assessments to doc-
ument disease status are based primarily on clinical evaluation of the patient. The 
Birmingham Vasculitis Activity Score (BVAS) is the most effective validated tool 
to document disease activity and to be used as definition for remission and response 
to therapy as well as flare (and is discussed in detail in the next section). The BVAS 
consists of typical features of active systemic vasculitis related to each body system, 
with each item recorded as present only if the clinician judges it to be due to active 
vasculitis [27, 28]. This is semisubjective because some of the active evidence is 
sought from the patient history and physical examination and cannot always be 
confirmed with more objective testing. However, the BVAS is valid, is reliable, 
and has been widely used in clinical trials in vasculitis to define the responsive-
ness to various agents, including cyclophosphamide, methotrexate, mycophenolate, 
intravenous immunoglobulin, and rituximab. It is a valuable tool for the clinicians 
and strongly recommended as a regular part of disease management in small- and 
medium-vessel vasculitis. Other versions of BVAS have been validated for use in 
individual forms of vasculitis, such as the BVAS/Wegener’s granulomatosis for 
patients with GPA. The Disease Extent Index (DEI) is similar to the BVAS but with 
less items and represents a combination of activity and damage in AAV [29].

The Vasculitis Damage Index (VDI) is designed to document the damage occur-
ring as a result of having a diagnosis of vasculitis (and is described in more detail 
below). VDI could be regarded as a cumulative measure to define the effectiveness 
of therapy (by limiting or preventing the accumulation of damage items). The VDI 
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is strongly correlated with future mortality risk. The presence of at least five VDI 
items (on a scale of 0–64 items), when measured 6 months from diagnosis (and 
which occurs in about a third of patients) [30], is associated with a much higher 
future mortality (approximately sixfold higher) than patients with less than five 
items of damage [31]. The Combined Damage Assessment (CDA) is an expanded 
list of damage items, based on the VDI, with more detail, and includes weighting 
and reversibility of damage items. Its performance is, however, inferior to the VDI 
[32]. Prognosis can also be assessed using the Five-Factor Score [33] revised for 
use in AAV, which defines older age, the presence of renal, cardiac, or gastrointesti-
nal involvement as adverse features, while upper airways involvement is associated 
with a more favorable prognosis. A score has been proposed for prognosis in MPA 
(Japanese Vasculitis Activity Score), based on age, creatinine, inflammatory marker 
levels, and the presence or absence of lung involvement [34], but not yet validated.

There is an increasing interest in the role of patient-reported outcomes as a mea-
sure of the impact of disease on patient function, and although until now the only 
measures in use are generic ones such as SF36 and EQ-5D, a disease-specific mea-
sure for use in AAV is being developed [35] (Table 5.1).

5.4  Disease Activity Assessment in Vasculitis

5.4.1  BVAS, BVAS WG, and PVAS

Careful assessment of disease activity in AAV is critical to guide treatment deci-
sions, monitor progress, and ensure the appropriate use of potentially toxic thera-
pies. We will describe the Birmingham Vasculitis Activity Score version 3 (BVAS 
v3) in more detail below but summarize similarities and differences with BVAS WG 
and PVAS in Table 5.2. BVAS v1–v3 are validated objective measures of disease 
activity in systemic vasculitis. BVAS is a practical, easy to use (with training) tool 
in standard clinical practice, recording features attributable to active vasculitis. It 
is based on the concept that features should be recorded if the treating clinician 
intends to give immunosuppressive therapy or escalate of immunosuppressive ther-
apy due to the presence of active disease. This concept underpins the use of BVAS 
v3 because many of the items in BVAS v3 could result from other causes (includ-
ing damage, infection, drug toxicity, or comorbidity). It is absolutely essential that 
the items recorded in BVAS v3 should only be recorded after consideration of the 
actual cause. For example, in a patient who develops a cough with purulent sputum 
and fever and new infiltrates on a chest X ray, it is more likely that the cause is a 
chest infection than a flare of vasculitis; hence, the fever and infiltrates should not 
be recorded in BVAS v3 if the clinician is intending to manage the problem without 
escalating immunosuppression (in this case, the clinician will probably treat the 
patient with antibiotics).
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Table 5.1 Measures used to assess different aspects of disease status in AAV, it summarizes the 
main characteristics of these assessments

Assessment method Status assessed Comment
Disease 
activity

Damage Prognosis Function

Clinician-based evaluations
Birmingham Vasculitis 
Activity Score (BVAS) 
Versions 1–3

x All forms of vasculitis

Birmingham Vasculitis 
Activity Score (BVAS) 
for Wegener’s 
granulomatosis 
(BVAS-WG)

x Validated in patients 
with GPA, but used in 
other forms of 
vasculitis

Japanese Vasculitis 
Assessment Score 
(JVAS)

x Predictive score for 
MPA for mortality risk 
based on renal 
function, lung 
involvement, CRP, and 
age

Vasculitis Damage 
Index (VDI)

x Damage assessment in 
all forms of vasculitis

Combined Damage 
Assessment (CDA)

x Not formally 
validated; used in 
some trials of patients 
with ANCA-associated 
vasculitis

Disease Extent Index 
(DEI)

x x x Only developed for 
GPA

Five-Factor Score 
(FFS)

x Validated and used in 
ANCA-associated 
vasculitis and PAN

Patient-reported assessments
Short form 36 x Generic for many 

conditions—has been 
evaluated in ANCA- 
associated vasculitis

EuroQOL x Generic for many 
conditions—has not 
been evaluated in 
ANCA-associated 
vasculitis

AAV-PRO x Currently being 
validated as a specific 
functional assessment 
in AAV
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BVAS v3 consists of a list of items from nine organ systems with the clini-
cian required to document the presence or absence of each item. Each item is 
weighted, and a maximum score is applied to each system. When the scores from 
each system are added together, it gives a score from 0 to 63 (or 0–33 for persis-
tent disease items), providing an overall measure of disease activity.

At the first assessment of vasculitis using BVAS, all features due to active vas-
culitis are scored irrespective of how long the features have been present. At subse-
quent evaluations, it is necessary to consider the duration that the features have been 
present before completing the form. Only those items, which are newly present or 
clearly worsening over the preceding 4 weeks, are scored.

The definition of persistent disease can be a difficult concept to grasp. Persistent 
disease for the purpose of BVAS v3 represents ongoing active vasculitis which, 
while it still requires immunosuppression, does not require escalation of therapy. 
By definition, we record items as “persistent” if they last up to 3 months, based 
on trials of vasculitis therapy showing that most patients no longer have any active 
disease features following 3 months of induction therapy. Persistent disease is not 
the same as damage, which should be recorded in the damage index. Persistent 
items should have been recorded as new or worse at a previous evaluation, but have 
not deteriorated since the last evaluation and which have been present for less than 
3 months. If all the items to record are persistent, the “Persistent disease” box is 
ticked at the bottom right-hand corner of the BVAS v3 form. Persistent items have 
a lower weighting attached so that the overall BVAS v3 score reflects the low-grade 
nature of persistent disease, which usually would not require a change in treatment. 
However, items that have been present at a previous assessment but which have 
deteriorated and have been present for less than 3 months are considered as active 
disease and should be scored as new/worse. In general, for those items present 
longer than 3 months, they are often considered as due to damage and should be 
scored separately in the Vasculitis Damage Index (VDI) form.

In a number of patients during follow-up, there will be a mix of new/worse and 
persistent features present between assessments. In this case, all items are scored 
as representing active disease. The rationale for this is that the emergence of new 
features or the deterioration of existing features will likely lead to an escalation 
of immunosuppressive treatment, and the BVAS v3 scores should reflect this. 
Figure 5.1 is an algorithm to assist in completion of the BVAS v3 form.

The Paediatric Vascultis Activity Score (PVAS) is an objective measure of dis-
ease activity in childhood vasculitis. It is based on the intention to treat or escalate 
treatment model of BVAS and shares the same overarching principles but contains 
some additional items pertinent to a pediatric population [36] (Fig. 5.2).

5.5  Assessment of Damage in Vasculitis

5.5.1  VDI

The Vasculitis Damage Index (VDI) is a scoring system that records damage, irre-
spective of disease activity. Damage represents an irreversible state which does not 

5 Activity and Damage
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improve with increased immunosuppression. Regardless of whether features are 
attributable directly to vasculitis or not, if they occur after the onset of vasculitis 
and for most items, last for at least 3 months (even if they subsequently resolve), 
then they should be recorded in the VDI score. Some VDI items are individual 
events, such as a stroke or a myocardial infarction or a surgical procedure. In order 
to provide an equivalent way of recording these individual events, they are recorded 
in VDI at a time point at least 3 months after they occur. Since VDI is a cumulative 
measure of damage, the score never improves; it either remains stable over time or 
gets worse.

VDI measures the outcome of treatment in a different way from BVAS v3. It 
encompasses the irreversible scars of the disease as well as some of the adverse 
effects of treatment. If there are any items scored on VDI, we could interpret this as 
meaning that the instituted treatment was not enough to prevent damage, or indeed 
could have caused it. Although the current treatment strategies focus on controlling 
disease activity, in the long term, limiting the amount of damage experienced by a 
patient is likely to result in an improved overall outcome. High VDI values (at least 
five items recorded) are associated with a 6.4-fold increase in mortality risk (95% 
CI 2.1–19) [31] compared to patients with lower VDI values.

The VDI consists of a list of abnormalities occurring in ten systems: musculo-
skeletal, skin/mucous membranes, ocular, ENT, pulmonary, cardiovascular, periph-
eral vascular disease, gastrointestinal, renal, neuropsychiatric, and an additional 
11th field for others (Fig. 5.1). The “other” section includes gonadal failure, marrow 
failure, diabetes, chemical cystitis, malignancy, and the opportunity to document 
any other unlisted feature that can be considered as damage. VDI can be performed 
by any health professional (see Sect. 5.8) [37].

Is this the 1st evaluation of the disease?

YES NO

• Score all items present in BVAS (if
related to vasculitis) regardless of
length of time since onset

Are there current features of active disease ?

NOYES

BVAS = 0

Have any of the features started or deteriorated in the last 1 month

NOYES

• Score all items

• DO NOT TICK PERSISTENT!

NOYES

BVAS = 0

Have they occurred within the last 3 months?

Have all features started between the last 3 to 1 month and
are currently all stable or improving?

YESNO
• Score all items

• YOU CAN NOW TICK PERSISTENT!

Fig. 5.1 An algorithm to indicate how to evaluate patients when using the BVAS v3 form

R. A. Luqmani
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When completing the VDI, it is necessary to refer to previous assessments and 
patient records, in order to ensure that all the items previously recorded in former 
damage evaluations are also listed in the current record, in order to avoid underesti-
mating the amount of damage. It is important to consider that some items of damage 

Birmingham Vasculitis Activity Score ( version 3)
Case Number:
Name: Data of assessment :
Tick an item only if attributable to active vasculitis.
If there are no abnormalities in a section, please
tick ‘None’ for that organ-system.

If all abnormalities are due to persistent disease (active vasculitis
which is not new/worse in the prior 4 weeks), tick the PERSISTENT
box at the bottom right corner 

Is this the patient’s first assessment? Yes No
Active

disease
None Active

disease
None

1. General 6. Cardiovascular
Myalgia Loss of pulses

A 62-year-old female presents for the first time with a 6 month history of nasal crusting and bloody nasal discharge.
She has had a number of courses of antibiotics for extensive sinusitis confirmed on a recent CT without an improvement
in her symptoms.  More recently she has developed a cough associated with increasing shortness of breath. Her chest
radiograph demonstrates cavitating pulmonary lesions. On systems review, arthralgia, myalgia and 10 kg of weight loss
in the preceding 6 months are also noted. She is c-ANCA positive with a high titre of PR3 present. Histology from a nasal
biopsy confirms a granulomatous inflammatory infiltrate, and she is commenced on appropriate therapy. Her BVAS from her 
initial visit is completed as follows:

Arthralgia / arthritis Valvular heart disease
Fever ≥38° C Pericarditis
Weight loss ≥2 kg Ischaemic cardiac pain
2. Cutaneous  Cardiomyopathy
Infarct  Congestive cardiac failure
Purpura 7. Abdominal
Ulcer Peritonitis

 Gangrene Bloody diarrhoea
Other skin vasculitis Ischaemic abdominal pain

3. Mucous membranes / eyes 8. Renal

Mouth ulcers Hypertension
Genital ulcers Proteinuria >1+
Adnexal inflammation Haematuria ≥10 RBCs/hpf
Significant proptosis Creatinine 125-249µ/L(1.41-2.82mg/dl)*
Scleritis / Episcleritis Creatinine 250-499 µ/L(2.83-5.64mg/dl)*
Conjunctivitis / Blepharitis / Keratitis  Creatinine ≥500 µ/L (≥5.66mg/dl)* 
Blurred vision  Rise in serum creatinine >30% or fall in creatinine

 clearance >25%Sudden visual loss

Uveitis *Can only be scored on the first assessment

 Retinal changes (vasculitis /
thrombosis / exudate / haemorrhage)

9. Nervous system
Headache
Meningitis

4. ENT Organic confusion
Bloody nasal discharge / crusts /
ulcers / granulomata

Seizures (not hypertensive)
 Cerebrovascular accident

Paranasal sinus involvement  Spinal cord lesion
Subglottic stenosis  Cranial nerve palsy
Conductive hearing loss Sensory peripheral neuropathy

 Sensorineural hearing loss Mononeuritis multiplex
Wheeze 10. Other
Nodules or cavities a.
Pleural effusion / pleurisy b.
Infiltrate c.
Endobronchial involvement d.

 Massive haemoptysis / alveolar
haemorrhage
 Respiratory failure

PERSISTENT DISEASE ONLY:
(Tick here if all the abnormalities are due to persistent
disease)

 Major items highlighted

Fig. 5.2 Example of a case presentation and completed BVAS form
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may develop unrelated to disease activity, such as hypertension. Although this is a 
common feature in patients with renal involvement, it may also develop in patients 
without renal involvement (due, in part, to glucocorticoid therapy).

Particular attention should be given to features that are a direct consequence 
of other lesions; for example, muscle wasting can be a direct consequence of 
peripheral neuropathy. When scoring the VDI, only the peripheral neuropathy 
should be recorded. Some items are always preceded by other items as is the 
case for the following: “Estimated/measured GFR ≤ 50%” prior to “end-stage 
renal failure”; “Subglottic stenosis (no surgery)” prior to subglottic stenosis 
(with surgery); “Visual impairment/diplopia” precedes “blindness”; “Blindness 
in one eye” precedes “Blindness in second eye” [37]. An algorithm for com-
pleting the VDI is shown in Fig. 5.3, with an example of a completed VDI in 
Fig. 5.4.

To limit interobserver variability, training in use of VDI is recommended (see 
below). A list of questions proposed for each item of the VDI score as well as other 
information and tips on how to complete the VDI score can be found in practical 
guides to using BVAS v3 and VDI [37]. The calculation for VDI is simple: each 
item is valued at one point and the score is cumulative. For each patient, we can 
calculate three possible scores—total VDI, system score, and critical damage score. 
Total score refers to the sum of all items and varies from 0 to 64. The system score 
refers to the extent of disease defined by the number of separate systems with at 
least one item scored. The critical damage score refers to the number of items of 
damage consistent with organ failure.

Did the event start after the disease diagnosis?

YES NO

DO NOT SCORE IN VDI

Score in VDI
(regardless of its
relation to vasculitis)

Was it a single event (e.g. MI)?

YES NO

Did the event start or happen more than 3 months ago?

YES NO

DO NOT SCORE IN VDI

Was the duration of the event >3 months?

NO

DO NOT SCORE IN VDI

YES

Score in VDI
(regardless of its relation to vasculitis)

Fig. 5.3 Algorithm for completing the vasculitis damage index
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VASCULITIS DAMAGE INDEX (VDI)
This is for recording organ damage that has occurred in patients since the onset of vasculitis. Patients often have
co-morbidity before they develop vasculitis, which must not be scored. Record features of active disease using the
Birmingham Vasculitis Activity Score (BVAS). A new patient should usually have a VDI score of zero, unless: (a) they
have had vasculitis for more than three months of onset of disease and (b) the damage has developed or become worse
since the onset of vasculitis. 
1. Musculoskeletal No Yes Name

Trial Number 
Date 
Centre 

None 
Significant muscle atrophy or weakness 

Deforming/erosive arthritis 

Osteoporosis/vertebral collapse 7. Peripheral vascular disease No Yes
Avascular necrosis None
Osteomyelitis Absent pulses in one limb

An 82-year-old man presents with a 3-week history of generalised myalgia and weight loss. 
On initial assessment, he is noted to have significant haematuria (+++, with 35 rbc/hpf) and proteinuria
(+++) and kidney biopsy shows active glomerulonephritis. He has new onset of gangrene at the tips of the 
middle three fingers of the right hand and new ulcers on both legs. He is treated with glucocorticoids and 
cyclophosphamide. His creatinine at diagnosis is elevated at 600 µmol/L (6.78 mg/dL) and increases to >1,000 µmol/L
(>11.3 mg/dL), with an estimated GFR of less than 50% of normal within 4 months of onset despite treatment. 
He develops proteinuria of 3 g/24 h, which improves over the years but he has persistent proteinuria of 1.3 g/24 
and reaches end-stage renal disease. He has got ulcers on his left leg, 4 months since the onset of his disease. 
He sustained minor tissue loss at the pulp of the middle three fingers of the right hand, but the gangrene has otherwise 
healed well. He is very tired and weak with muscle wasting from atrophy (there is no neuropathy) in both legs. 
He has developed a cataract in the right eye which was not previously present a month ago. 
Figure adapted from Exley et al. [41].

Skin/Mucous membranes 2nd episode of absent pulses in one limb 

None Major vessel stenosis
Alopecia Claudication >3 mths

Cutaneous ulcers Minor tissue loss

Mouth ulcers Major tissue loss

Ocular Subsequent major tissue loss

None Complicated venous thrombosis

Cataract Gastrointestinal
Retinal change None
Optic atrophy Gut infarction/resection

Visual impairment/diplopia Mesenteric insufficiency/pancreatitis 

Blindness in one eye Chronic peritonitis

Blindness in second eye Oesophageal stricture/surgery

Orbital wall destruction Renal
ENT None
None Estimated/measured GFR ≤ 50%
Hearing loss Proteinuria ≥ 0.5g/24hr

Nasal blockage/chronic discharge/crusting End stage renal disease

Nasal bridge collapse/septal perforation Neuropsychiatric
Chronic sinusitis/radiological damage None
Subglottic stenosis (no surgery) Cognitive impairment

Subglottic stenosis (with surgery) Major psychosis

Pulmonary Seizures

None Cerebrovascular accident
Pulmonary hypertension 2nd cerebrovascular accident

Pulmonary fibrosis Cranial nerve lesion

Pulmonary infarction Peripheral neuropathy

Pleural fibrosis Transverse myelitis
Chronic asthma Other
Chronic breathlessness None
Impaired lung function Gonadal failure
Cardiovascular Marrow failure

Diabetes

4

Chemical cystitis

Malignancy

Other

Total VDI Score. Record the number of positive
Items (1 point for each). The VDI score can either 
increase or remain the same over time.

Remember to carry forward any previous items of damage.

None
Angina/angioplasty

Myocardial infarction

Subsequent myocardial infarction

Cardiomyopathy

Valvular disease
Pericarditis ≥ 3 mths or pericardectomy

Diastolic BP ≥ 95 or requiring antihypertensives

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

No Yes

Fig. 5.4 Example of a completed VDI score
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5.5.2  Main Differences When Scoring VDI Versus BVAS v3

Unlike BVAS v3, VDI records features which may not be directly caused by vascu-
litis as long as they occurred since the onset of vasculitis and lasted for more than 
3 months.

Scoring items on VDI can be confusing, especially when a feature could appar-
ently be scored on BVAS v3 as well. For example, a stroke is recorded in BVAS v3, 
if attributed to vasculitis, but it will also be scored as a damage item; however, it 
should not be scored on VDI until 3 months have passed since the event.

5.5.3  Key Points About VDI

 1. VDI records damage and is a cumulative score, so it never improves.
 2. VDI records any items that occurred and lasted for more than 3 months since the 

onset of vasculitis, even they subsequently resolve.
 3. The same lesion should not be scored twice.
 4. Some items are always preceded by other items when scoring.
 5. A cumulative VDI score of ≥5 is associated with a significantly increased risk of 

mortality.
 6. Most damage occurs early, but relapses usually result in a subsequent further 

increase in VDI.

5.6  Role of Assessment of Disease Status in AAV

Disease activity and damage are important concepts in vasculitis. Disease activity 
relates to the degree of inflammation and reflects a need for more aggressive treat-
ment, namely immunosuppression, whereas damage represents the consequence of 
disease activity or its therapy and does not respond to additional immunosuppres-
sive treatment. In order to rationalize clinical decisions in patients with AAV, it 
is necessary to accurately measure disease activity and monitor damage; however, 
there are no perfect biomarkers to help us. The elevation and decrease of CRP and 
ESR rate give us evidence of inflammation, but they are not specific, and given the 
difficulty in finding a perfect biomarker or set of biomarkers, the best way to cur-
rently measure disease activity and monitor damage is to use comprehensive clini-
cal tools that reflect the multisystem nature of vasculitis [27]. BVAS v3 and VDI are 
the most widely used tools for this.

BVAS (BVAS v1–v3 and BVAS WG) and VDI have been approved by the 
Outcome Measures in Rheumatology (OMERACT) group and the European league 
against Rheumatism (EULAR), as key outcome measures to record disease activ-
ity and damage, respectively, in AAV clinical trials [38–40]. Using BVAS, we can 
create more robust definitions of disease status; BVAS has been employed for this 
purpose in a number of clinical trials. BVAS can be used to set a minimal level of 
disease activity to be eligible for a study (typically a minimum score on BVAS, 
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or the presence of a minimum number of items, or the presence of at least one 
major item). In terms of response, this can be defined as the absence of any active 
BVAS items or no new or worse items appearing after a period of treatment; or a 
fall in BVAS from baseline of least 50%. Flares or relapses can be defined as a rise 
in BVAS or the appearance or worsening of at least one major item. We propose 
that BVAS and its variants represent the most reliable and comprehensive outcome 
measures available and should be evaluated in any clinical trial targeting disease 
activity.

All forms of BVAS (including BVAS v1, BVAS v3, and BVAS/WG) are sensitive 
to change in disease activity and can differentiate between disease states—remis-
sion vs. activity [39]. There are alternatives to BVAS, but these are not commonly 
used in clinical trials.

Like BVAS, VDI is also sensitive to change over time and is superior to other 
instruments in discriminating between levels of damage [41]. Damage is an impor-
tant concept in vasculitis and refers to irreversible aspects of the disease that are not 
responsive to immunosuppression. VDI as a total score is a good predictor of mor-
tality, as are some of its subscores, such as the critical damage score [42]. Individual 
items of VDI can be used as outcomes measures; for example, in the renal section, 
altered renal function is one of the most common and severe manifestations of AAV 
and is an important predictor of mortality [39].

Having reliable tools to measure activity and damage in AAV is crucial not only 
to monitor an individual patient’s progress but also from a health economic point of 
view. Most of the healthcare systems are funded by public taxation, and there is a 
need to demonstrate value for money in terms of health gain. In the United Kingdom, 
the National Health Service (NHS), for example, has a commissioning system with 
clinically based patient pathways, requiring continuous quality assessment (https://
www.england.nhs.uk/commissioning/). The ultimate goal is to provide the best pos-
sible care without compromising financial stability. Rituximab treatment in AAV is 
approved by NHS England but prerequisites must be met including the following: 
the disease has remained active or progressed, or relapsed, despite standard therapy 
[43]. The definitions of these disease states rely on assessment of BVAS.

5.7  Patient-Reported Outcomes

Patients with AAV, as is often the case in any chronic disease, perceive the burden of 
their illness differently from clinicians [44]. Constitutional features, such as fatigue, 
low energy level, and musculoskeletal manifestations, are considered by patients as 
the most important aspects of their disease, as opposed to the physicians who give 
greater relevance to organ damage. This highlights the need to incorporate patient-
reported outcomes (PROs) in clinical management.

Patients with AAV have an impaired health-related quality of life (HRQoL) based 
on studies using generic PROs [39, 45–49]. The Short Form 36 (SF-36) is currently 
included in the AAV core set measures endorsed by the OMERACT [39]. It contains 
36 questions that assess HRQoL in eight domains, with a physical and a mental 
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component summary [50]. Both components can be of value in discriminating dis-
ease states, that is, activity vs. remission, and correlate with disease activity as mea-
sured by the BVAS WG [49, 51]. However, SF-36 is extensive and still not able to 
capture specific disease characteristics. More recently, the Routine Assessment of 
Patient Index Data 3 (RAPID3), a component of the multidimensional health assess-
ment questionnaire (MDHAQ) which includes measures for physical function, pain, 
and patient global assessment, has shown to discriminate between disease states in 
AAV and significantly correlate with the BVAS scores with the additional advan-
tage of taking less time to complete (<5 min) when compared to SF-36 [52]; how-
ever, larger studies are still needed to establish its role in clinical practice.

In response to the lack of a disease-specific PRO for patients with AAV, the 
OMERACT Vasculitis Working Group has recently developed the AAV-PRO.  It 
consists of 29 items representing six domains: organ-specific symptoms, systemic 
symptoms, treatment side effects, social and emotional effect, concerns about the 
future, and physical function [53]. In addition, three generic Patient-Reported 
Outcomes Measurement Information System (PROMIS) instruments (fatigue, 
physical functioning, and pain interference) have been explored for use in AAV. The 
disease-specific AAV-PRO and the generic PROMIS are complementary instru-
ments to each other and have both been recently endorsed by the OMERACT for 
use in clinical trials [35]. Future studies in prospective cohorts are needed to further 
assess their value and performance characteristics.

5.8  Training

For clinician-based assessments, training is recommended in order to accurately 
record disease status and to ensure standardization of assessments between asses-
sors. A web-based program has been developed (bvasvdi.org) for BVAS and VDI 
training and certification. It comprises educational multimedia material and an 
interactive training module, with a collection of training and certification cases 
based on cohorts of patients with vasculitis. We have developed and implemented 
this system to provide a certification of competency in evaluating patients with vas-
culitis. Training in vasculitis assessment is becoming a mandatory element for a 
number of clinical trials in vasculitis as well as being recommended by regulatory 
authorities to ensure appropriate use of high-cost drugs such as rituximab or mepo-
lizumab in clinical practice. We are currently extending the training package for use 
of assessment tools in pediatric patients, that is, the Paediatric Vasculitis Activity 
Score (PVAS) and the Paediatric Vasculitis Damage Index.

5.9  Future

Patients with AAV usually survive their initial presentation, but subsequently 
develop chronic problems of recurring episodes of disease and/or complicating co- 
morbidity, drug toxicity, and damage. Recognizing and adequately characterizing 
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these different aspects is essential to ensure that each patient is managed appro-
priately, avoiding excess immunosuppression but instituting it when required. As 
our therapies become more targeted, we should reduce the comorbidity associated 
with treatment and we also anticipate that this should lead to less scarring from the 
disease process. It is always going to be necessary to assess the clinical status of 
patients with vasculitis before determining the optimal choice of therapy, but we 
anticipate that we will be able to make better use of existing or future biomarkers to 
provide further delineation of disease characteristics that would guide immunosup-
pressive strategies.

5.10  Conclusions

The systemic vasculitides have a significant risk of organ failure and death. The intro-
duction of immunosuppression, particularly cyclophosphamide and more recently 
rituximab, has transformed the outcome, but survivors are liable to experience epi-
sodes of ongoing disease activity or relapse, as well as suffering consequences of 
damage from their disease and toxicity from drug therapy. This complicated set of 
problems is very common among the patients with AAV. Discriminating between 
active disease, damage, and drug toxicity can be problematic. Unfortunately, no 
serological markers can reliably help to inform clinical management, although in 
some types of disease (especially patients with GPA who are PR3-ANCA positive), 
there does appear to be a relationship between disease activity and levels of ANCA; 
however, this does not apply to other forms of AAV or indeed for patients with 
GPA who do not have a renal involvement. CRP is a reflection of inflammation, 
but also infection and has poor discriminatory value in differentiating relapse from 
infection. For this reason, clinical evaluation of patient status remains the current 
gold standard, and Birmingham Vasculitis Score is a good example of a structured 
protocol to allow documentation of features representing disease activity, as well as 
a quantification of the level of disease activity using a weighted score. In this way, 
we can precisely define terms such as active disease, relapse, response to treatment, 
and remission. BVAS has been used to define response in several clinical trials of 
therapies of systemic vasculitis, as well as being used as part of the eligibility crite-
ria for studies. BVAS provides an item list of abnormities which are likely to occur 
in AAV, so that each patient’s clinical status can be accurately assessed, providing a 
rational basis for treatment. Indeed for some funding authorities, there is a require-
ment to evaluate patient’s status to ensure that there is active disease prior to use of 
expensive biologic therapies. Disease assessment tools can offer prognostic value, 
as well as being used in determining treatment response. The Vasculitis Damage 
Index (VDI) provides a description of features representing the cumulative burden 
of having had a diagnosis of vasculitis, combining not only the effects of disease 
but also any comorbidity occurring since the onset of disease or effects of long-term 
drug therapy. The association between damage and subsequent mortality is well 
established, and this should be regarded as an effective measurement to determine 
the long-term success of different therapeutic regimens.
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Eosinophilic Granulomatosis 
with Polyangiitis (EGPA, Churg–Strauss)

Yann Nguyen and Loïc Guillevin

6.1  Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA), formerly called Churg–
Strauss syndrome, is a systemic necrotizing vasculitis (SNV) of small- and 
medium- sized vessels that is characterized by asthma and blood eosinophilia [1, 
2]. Jacob Churg and Lotte Strauss were the first to describe it in 1951, calling it 
allergic angiitis and granulomatosis. Although the presence of antineutrophil cyto-
plasm antibody (ANCA) is not constant, EGPA is classified as a small-sized ves-
sel, ANCA-associated vasculitis (AAV) [3]. Clinical phenotypes and pathogenic 
mechanisms of this rare disease have now been partly described, but gaps in our 
knowledge persist. Recent advances in EGPA management include several novel 
immunomodulatory drugs and biotherapies, the efficacies of which are currently 
being evaluated. In this review, EGPA epidemiology, pathophysiology, clinical 
manifestations, outcomes, and the different therapeutic options, including therapeu-
tic perspectives, are addressed.

6.2  Epidemiology

EGPA is a rare disease and its prevalence in inhabitants ranges between 7.3 and 17.8/
million [4, 5] and annual incidence ranges between 0.9 and 2.4/million [6]. Some 
authors found higher EGPA incidences in urban than rural regions [7], but provided 
no clear explanation for the cause. Its prevalence seems to be similar in Europe, 
Japan, and the USA [5]. Patients’ mean age of ~50 years at diagnosis [8] is lower 
than those for microscopic polyangiitis (MPA), granulomatosis with polyangiitis 
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(GPA), and polyarteritis nodosa (PAN). Childhood-onset EGPA is extremely rare 
[9]. No male/female sexual predominance has been reported.

According to a French EGPA study [10], most patients have asthma for a mean 
of 9.3 years before the first vasculitis manifestations appear. The EGPA incidence 
among asthma patients was 34.6 (range: 21.4–53)/million person-years. Because of 
their asthma, most patients are nonsmokers, so smoking is not a factor associated 
with EGPA.

6.3  Triggering Factors

Although no common EGPA-triggering event or cause has yet been identified, many 
environmental factors implicated in its pathogenesis have been described, for exam-
ple, inhalation of antigens (dark diesel fumes, grain dust, cereal dust, and dust), 
desensitization, or vaccination [11, 12]. However, those exposures may merely be 
disease accelerators in patients, with already present but undiagnosed EGPA, rather 
than its true cause.

Because of EGPA’s asthmatic phase, allergens are thought to be its triggers. But 
less than one-third of EGPA patients had documented allergies, when frequent aller-
gens were systematically tested. That finding suggests that the potentially respon-
sible molecules have not yet been identified or their mechanism to induce EGPA 
manifestations is not the only one [13].

Certain medications, mainly leukotriene-receptor antagonists (e.g., montelu-
kast) or, more recently, anti-IgE antibodies (e.g., omalizumab), are still possible 
suspects because they are often prescribed during corticosteroid tapering but their 
role remains unclear [14–18].

6.4  Pathophysiology

EGPA pathogenesis is still incompletely understood, but genetic background, envi-
ronmental factors, and immune dysregulation seem to be implicated.

Genetic studies revealed associations between EGPA patients and specific 
human leukocyte antigen (HLA) alleles. Indeed, genetically distinct subsets within 
AAVs, with major-histocompatibility-complex (MHC) and non-MHC associations, 
were identified in a genome-wide association study (GWAS) on GPA and MPA, 
but not EGPA [19], with the strongest associations being with the ANCA-antigen 
specificities but not the clinical phenotype. Anti-myeloperoxidase (MPO) and 
anti- proteinase 3 (PRS) ANCA, respectively, were associated with HLA–DQ and 
HLA–DP. An earlier study had found an association with the HLA–DRB4 gene, for 
EGPA patients harboring an HLA–DRB1∗04, HLA–DRB1∗07, or HLA–DRB1∗09 
allele (odds ratio (OR) 2.49; 95% confidence interval (CI) 1.58–3.09), but HLA–
DRB3-gene frequency was lower in EGPA patients than controls (OR 0.54, 95% CI 
0.35–0.84) [20].
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Although allergy–EGPA associations have been described for many years, 
allergy does not represent a constant predisposing factor because the quasi-totality 
of patients have asthma as their first EGPA sign and their total serum IgE levels are 
elevated but less than a third of them have documented allergies [13].

Because blood and tissue eosinophilia are among the major EGPA characteris-
tics, eosinophils are thought to be key players in EGPA pathogenesis. That immune 
dysfunction results in massive eosinophilic proliferation, impaired apoptosis, and 
elevated tissue toxicity attributed to eosinophil products. Defective CD95 (Apo-1/
Fas)-mediated apoptosis seems to be involved in eosinophil proliferation [21]. Blood 
eosinophils from patients with active EGPA have less expression of primarily pro-
apoptotic genes (e.g., BLC2L13 (mitochondrially localized protein with conserved 
B-cell lymphoma 2 homology motifs), CASP2 (Caspase 2), and CARD4 (caspase 
recruitment domain family member 4)) involved in NF-κB (nuclear factor- kappa 
B) regulation [22]. EGPA patients also have elevated concentrations of eosinophil- 
synthesized interleukin (IL)-25, which maintains eosinophil proliferation via 
T-helper cell type 2 (Th2)-predominant stimulation by cytokines synthesized by 
CD4+ T-lymphocytes [23]. Eosinophilic cytotoxic proteins (e.g., eosinophil cat-
ionic protein, eosinophil peroxidase) directly involved in damaging tissues, are also 
found at high levels in EGPA patients’ sera, urine, and tissues [24].

As seen in asthma, EGPA patients’ CD4+ T lymphocytes, mostly Th2 pheno-
type, are activated. EGPA patients’ sera and bronchoalveolar lavage (BAL) fluid 
also contain elevated concentrations of Th2 ILs (e.g., IL-4, IL-5, and IL-13) [25]. 
IL-5 plays major roles in eosinophil maturation and survival, and strong associa-
tions have been established between IL-5 expression and clinical parameters of 
EGPA activity (Birmingham Vasculitis Activity Score, eosinophilia). Moreover, 
EGPA pathogenesis also seems to implicate Th1 and Th17 responses [26].

Although the precise role of B lymphocytes has not yet been fully elucidated, 
their involvement in EGPA pathogenesis is being more thoroughly examined, in 
light of the efficacy of anti-CD20 monoclonal antibodies against GPA and MPA 
[27, 28]. Higher percentages of CD80+, CD27+, or CD95+ B cells and lower rates 
CD19+ B cells were described in patients with frequently relapsing EGPA [29]. 
Furthermore, IgG4 levels, indirect surrogate signs of B-lymphocyte activation, were 
elevated during EGPA flares [30].

Pertinently, ANCA-positivity, albeit in only one-third of EGPA patients, is also 
indicative of B-lymphocyte activation. Direct EGPA pathogenesis via anti-MPO 
ANCA was demonstrated in vitro and in mouse models [31, 32].

6.5  Clinical Manifestations

EGPA generally evolves in three stages, with asthma or sometimes symptoms attrib-
uted to allergy appearing first, then eosinophilia and lung infiltrates, and later sys-
temic vasculitis manifestations. The time between the first asthma manifestations 
and EGPA is usually around 9  years, but the onset of all manifestations can be 
simultaneous in some patients (Table 6.1).
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6.5.1  General Symptoms

Fever, asthenia, and weight loss commonly occur before systemic manifestations, as 
for our EGPA series at diagnosis: 38.9% had fever and myalgias, 29.8% had arthral-
gias, and almost 50% had lost weight, with mean loss at 7.8 ± 4.7 kg [8].

6.5.2  Pulmonary and Ear, Nose, and Throat (ENT) Manifestations

Asthma is the major EGPA characteristic, affecting 91–100% of the patients, 
most often before systemic vasculitis (mean interval: 9.3  ±  10.8  years). It is 
often late- onset asthma, starting around 30–40 years of age, but can start dur-
ing childhood. Asthma is generally severe and corticosteroid-dependent. During 
the weeks preceding the onset of systemic EGPA manifestations, asthma often 
worsens, despite inhaled and oral corticosteroids. In a retrospective study on 157 
EGPA patients, at diagnosis, 3 years and the final visit, respectively, 57%, 48%, 
and 56% of them had severe asthma, and 38%, 30%, and 46% had persistent 
airflow obstruction [33].

Asthma can be associated with ENT symptoms. Maxillary sinusitis is common 
in EGPA and is one of the American College of Rheumatology (ACR) classification 
criteria defining this vasculitis. Allergic rhinitis and nasal polyposis, found in 17% 
and 41% of EGPA patients, must be distinguished from the ENT manifestations of 
GPA, which are often destructive and severe.

Alveolar hemorrhage, resulting from pulmonary vasculitis, is rare (4%) but can 
sometimes be severe with massive hemoptysis (often associated with renal involve-
ment); however, it is usually mild in most patients, with only bloody sputum or 
diagnosed by BAL.  Pulmonary infiltrates can be seen on computed-tomography 
(CT) scans and the most severely affected patients can be anemic. Pleural involve-
ment, with eosinophilic exudative pleural effusions, has been described. Pleural 
biopsy, rarely obtained, can show signs of vasculitis, with eosinophilic infiltrates 
[34]. Lung infiltrates are common (38.6%), and can be uni- or bilateral, transitory 
and often disappear after a few days of corticosteroids [35]. Phrenic paralysis has 
been described, but is extremely rare [36].

6.5.3  Neurological Manifestations

Peripheral neuropathies are frequent (affecting 46–75%), mainly mononeuritis mul-
tiplex (46% in our series) [8]. These result from vasculitis of the vasa nervorum of 
peripheral nerves, most frequently involving common peroneal nerves, sometimes 
internal popliteal nerves and less frequently, radial, cubital, and median nerves. 
Patients may complain of paresthesia or sometimes painful hyperesthesia before 
the onset of sensory and motor deficiencies. When mild, only superficial sensi-
tivity is affected. Recovery is long and unpredictable. Cranial nerve involvement 
occurs rarely (3.1%) [8]. As for PAN and MPA, EGPA peripheral neuropathy is not 
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a poor- prognosis factor and does not influence mortality, as evaluated by the Five-
Factor Score (FFS) [37], but motor or sensitive deficiency sequelae can worsen the 
functional prognosis.

Central nervous system involvement is uncommon (5.2%), with nonspecific 
clinical manifestations of cerebral vasculitis: hemiplegia, brain hemorrhage, sub-
arachnoid hemorrhages, and seizures. Although CT scans visualize ischemic or 
hemorrhagic events, magnetic resonance imaging (MRI) can detect T2-weighted 
cortical and subcortical signals, more specific to cerebral vasculitis. Since the FFS 
was revised in 2011, central nervous system involvement is no longer considered as 
a poor-prognosis factor.

6.5.4  Skin Manifestations

Skin involvement is frequent (affecting 40–70%), due to small-vessel vasculitis or 
extravascular granuloma, with vascular purpura, preferentially affecting the lower 
limbs, being the most common (22–50%). Subcutaneous nodules, often bilateral, 
symmetrical, red, and predominantly affecting the fingers, elbows and upper limbs, 
are found in 10–30% of EGPA patients. Nodules can also develop on the fore-
head. Nodule biopsies contain extravascular granuloma(s), but they are not specific 
to EGPA, as they can also be seen in other vasculitides or inflammatory bowel 
diseases. Other skin manifestations are known: Raynaud’s phenomenon, urticaria, 
livedo reticularis (3.9%), and gangrenous necrotic lesions.

6.5.5  Gastrointestinal Involvement

Gastrointestinal involvement is often severe and is an FFS poor-prognosis factor [37, 
38]. Clinical manifestations are often nonspecific, with abdominal pain (30–60%), 
nausea, vomiting, diarrhea, and/or intestinal hemorrhage. Bowel perforation, the 
most severe digestive manifestation, is associated with high mortality. In a French 
study on 96 EGPA patients, four required surgical interventions for ischemic colitis 
or mesenteric ischemia [39].

Histological findings can include vasculitis, extravascular granulomas, and 
sometimes mimicking pseudopolypoid lesions and eosinophilic infiltrates.

Vascular stenosis and microaneurysms can be seen on angiograms, although 
much less frequently than in PAN.

6.5.6  Cardiac Manifestations

Heart involvement, one of the most severe EGPA manifestations and its primary 
cause of death, is also a FFS prognostic item. In our series, 16.4% and 15.1% 
of the patients, respectively, had cardiomyopathy and pericarditis [8]. The prev-
alence of EGPA cardiac manifestations may be underestimated. Based on 32 
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ambulatory patients in EGPA remission, detailed cardiac work-ups revealed that 
62% had cardiac involvement, 26% were clinically symptomatic, but 66% had 
electrocardiogram abnormalities, 60% had echocardiographic defects, and 62% 
had MRI abnormalities [40]. Cardiac involvement is more frequent in ANCA-
negative patients [39]. Cardiac manifestations derive pathophysiologically from 
coronary vasculitis, extravascular granuloma(s), and eosinophilic interstitial 
infiltrate.

The clinical manifestations can include eosinophilic myocarditis, pericarditis, 
hypertension, valvulopathy, and/or congestive heart failure, which were implicated in 
14 (31%) of the 45 deaths that occurred in our series [8]. Despite coronary vasculitis, 
myocardial infarcts remain rare. Moreover, the absence of symptoms or electrocar-
diogram abnormalities does not exclude cardiac involvement; notably, echocardiog-
raphy or cardiac MRI still detected abnormalities in 38% of those patients [40].

Although T1-weighted cardiac MRI sequences can reveal centromyocardial, 
subepicardial, and/or subendocardial myocardial late gadolinium enhancement, 
its/their meaning in EGPA patients remains unelucidated, especially for asymp-
tomatic patients with cardiac abnormalities. In a retrospective study on 42 EGPA 
patients who had systematically undergone cardiac MRI, 82.4% with cardiomy-
opathy (diagnosed independently of MRI findings) had myocardial late gadolinium 
enhancement and 56% has no cardiomyopathy. Noncardiomyopathic patients with 
or without MRI abnormalities had comparable EGPA outcomes and cardiac mani-
festations. MRI findings should not be the only criteria used to diagnose cardio-
myopathy [41, 42]. For patients with symptomatic cardiomyopathy, cardiac MRI 
can help detect those with less favorable cardiac outcomes. Coronary arteriography 
may be necessary to differentiate EGPA cardiomyopathy from underlying isch-
emic cardiopathy.

6.5.7  Renal Manifestations

Renal involvement is relatively uncommon in EGPA (affecting 16–22%), com-
pared with other AAVs. In our series, mean creatininemia at diagnosis was 
89.1 ± 38.6 μmol/L (1.01 ± 0.44 mg/dL), and 12.8% of the patients had proteinuria 
above 0.4 g/24 h [8]. Renal biopsies mainly show crescentic glomerulonephritis, 
which can be focal or diffuse, and less frequent renal vasculitis, eosinophilic infil-
trates, or granuloma(s) [43]. Dialysis may be required temporarily or definitively. 
Glomerulonephritis in EGPA is usually associated with anti-MPO ANCA-positivity. 
Ureteral stenosis has been described but rarely [44].

6.5.8  Other Manifestations

Ophthalmological disease, with uveitis, episcleritis, ischemic vasculitis, and/
or orbital inflammatory pseudotumor with conjunctival involvement, has been 
described [45].

6 Eosinophilic Granulomatosis with Polyangiitis (EGPA, Churg–Strauss)



84

6.6  Complementary Investigations

Blood eosinophilia is a constant EGPA symptom, with counts exceeding 1,500/
mm3 or 10% of total leukocytes as diagnostic criteria. In the French series, the 
mean eosinophil count was 7569 ± 6428/mm3 [8], but eosinophil counts exceed-
ing 50,000/mm3 have been reported [46]. Eosinophilia may decline rapidly, 
within a few days, under corticosteroids. Although eosinophilia can be a marker 
of EGPA evolution, when isolated, it may not be sufficient to diagnose a relapse. 
During follow-up, eosinophil counts rise frequently without clinical manifesta-
tions, usually when corticosteroids are being tapered, making close surveillance 
necessary.

Approximately, 80% of EGPA patients have signs of an inflammatory syndrome, 
with elevated C-reactive protein (66.9 ± 61.8 mg/L) or erythrocyte sedimentation 
rate [8].

BAL is indicated when alveolar hemorrhage is suspected; it contains red blood 
cells and has an elevated Golde score (Prussian blue-stained macrophages). When 
BAL was performed for other indications, inflammatory fluid contained a mean 
total of 296 leukocytes/mm3, with a mean (± standard deviation; SD) 33 ± 29% 
eosinophils [33].

Antinuclear antibodies are not present, but rheumatoid factor can be detected 
[47]. About a third of EGPA patients are ANCA-positive, with mostly perinuclear 
immunofluorescence-staining P-ANCA and approximately 70% with myeloperoxi-
dase (MPO) specificity, as determined by enzyme-linked immunosorbent assay.

Skin, nerve, and/or muscle biopsy can confirm EGPA diagnosis, with good 
sensitivity (48–67%) [39, 48]. Biopsies may contain three types of lesions: (1) 
necrotizing small- to medium-sized vessel vasculitis, which is typified by fibri-
noid necrosis of the media and pleomorphic cellular infiltrate(s), predominantly 
composed of eosinophils; (2) extravascular granuloma(s), with central necrosis 
and epithelioid cells, are quite typical, but nonspecific, of EGPA and can be seen 
in other vasculitides (e.g., GPA) or autoimmune diseases; and (3) eosinophil 
infiltration(s) of arterial walls and adjacent tissues that can be seen in any organ 
[49]. Finding all three lesion types in the same specimen is very rare (<20% of 
EGPA patients).

Among imaging techniques, chest radiographs can be useful. In a study on 91 
patients, chest X-ray abnormalities, for example, ground-glass attenuation (29%), 
nodules or mass (9%), consolidation (29%), and/or pleural effusion (10%), were 
seen in 58% of the patients at diagnosis, and they were frequently bilateral (58%) 
[33]. Chest CT scans can further evaluate lung abnormalities, being able to visualize 
ground-glass opacities (39%), bronchial wall thickening (32%), and/or micronod-
ules less than 3 mm (24%).

Angiography, if done, may reveal typical stenosis consistent with vasculitis; it 
can be particularly useful to detect mesenteric vasculitis. Microaneurysms are rarely 
seen in EGPA.
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6.7  Diagnosis

6.7.1  Diagnostic Criteria

Initially, the three EGPA-defining pathological lesions mentioned above served as 
the basis of the diagnosis. Because finding all three lesions in one biopsy is very 
rare, less stringent diagnostic criteria were devised.

Today, EGPA diagnosis remains clinical: vasculitis and systemic manifesta-
tions in a previously asthmatic patient with eosinophilia and sometimes, anti-MPO 
ANCA-positivity. In 1984, to help clinicians diagnose EGPA with good specific-
ity and sensitivity, Lanham et al. formulated a clinical redefinition of EGPA [48] 
combining the following criteria: asthma, blood eosinophilia >1500/mm3 and at 
least two organs with manifestations suggestive of vasculitis. However, those crite-
ria have been considered insufficient because asthma onset can follow the vasculitic 
phase, eosinophilia sometimes varies, and vasculitis documentation is difficult to 
confirm without biopsy.

Other criteria have been devised for classification: ACR (Table 6.2) and more 
recently, the Chapel Hill Consensus Conference criteria [2, 3], which define EGPA 
as an eosinophil-rich and necrotizing granulomatous inflammation, frequently 
involving the respiratory tract, and necrotizing vasculitis predominantly affect-
ing small- to medium-sized vessels, and associated with asthma and eosinophilia. 
However, those criteria are not diagnostic; they are intended for classification of 
patients with probable EGPA, once vasculitis has already been diagnosed. They are 
more useful in clinical studies.

Table 6.2 1990 American College of Rheumatology criteria for the classification of Churg–
Strauss syndrome (Reproduced with permission from [2])

Criterion Definition
1. Asthma History of wheezing or diffuse high-pitched rales on expiration
2. Eosinophilia Eosinophilia >10% of white blood cell differential count
3. Mononeuropathy or 

polyneuropathy
Development of mononeuropathy, multiple mononeuropathies, 
or polyneuropathy (i.e., glove/stocking distribution) attributable 
to vasculitis

4. Pulmonary infiltrates, 
nonfixed

Migratory or transitory pulmonary infiltrates on radiographs 
(not including fixed infiltrates), attributable to systemic 
vasculitis

5. Paranasal sinus 
abnormality

History of acute or chronic paranasal sinus pain or tenderness or 
radiographic opacification of the paranasal sinuses

6. Extravascular 
eosinophils

Biopsy including artery, arteriole or venule, showing 
accumulations of eosinophils in extravascular areas

For classification purposes, a patient with vasculitis shall be said to have EGPA, when at least four 
of these six criteria are present. The presence of any four or more criteria yields 85% sensitivity of 
and 99.7% specificity
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6.7.2  Differential Diagnosis

Clinical manifestations dictate the entities included in the differential diagnosis of 
EGPA. Prior to the onset of vasculitic manifestations, it may be difficult to differ-
entiate EGPA among eosinophilic asthma, parasitic infections, or allergic broncho-
pulmonary aspergillosis.

Once vasculitis symptoms have become overt, the main differential diagnoses 
are other systemic vasculitides, especially GPA and PAN. Although eosinophilia 
is also seen in GPA, EGPA can usually be differentiated by concomitant asthma or 
previous atopic allergies, nondestructive sinus manifestations, and anti-MPO speci-
ficity, if ANCA are detected (as opposed to anti-PR3 in GPA).

Another potentially difficult differential diagnostic entity to consider is hypereo-
sinophilic syndrome (HES), which can also be associated with cardiopathy, pulmo-
nary manifestations, and/or nerve involvement. The main differences between the 
two are the vasculitis symptoms and/or biopsy confirmation of EGPA but not HES 
[50]. Because HES myeloid variants have specifically elevated tryptase and vitamin 
B12 levels, those biological determinations can be useful to exclude HES, the diag-
nosis of which can be confirmed by genetic testing for FIP1L1–PDGFRA fusion 
and JAK2 mutations [51]. HES lymphocytic variant typically has a predominance 
of skin-and-soft tissue involvements, resulting from abnormal CD3−CD4+ T-cell 
subsets that are responsible for IL-5 synthesis [52]. To exclude at least differential 
diagnoses, the EGPA Consensus Task Force experts recommended [53] toxocaria-
sis and human immunodeficiency virus serology, specific IgE and IgG dosages for 
Aspergillus spp., the search for Aspergillus spp. in sputum and/or BAL specimens, 
tryptase and vitamin B12 dosages, peripheral blood smears to look for dysplastic 
eosinophils or blasts, and thoracic CT scan.

6.8  Prognosis

Corticosteroids and immunosuppressants have revolutionized EGPA prognoses. In 
the 1950s, the five-year survival rate for PAN (still grouped together with EGPA) 
patients was 10%, whereas overall EGPA survival at 7 years now reaches 90%.

However, prognosis is not the same for all EGPA patients and varies according 
to the presence or not of several identified prognostic factors. The original 1996 
prognostic FFS, based on multivariate analyses of the characteristics of 260 PAN 
and 82 EGPA patients, retained five items significantly associated with outcome 
and accorded each presence with one point: proteinuria >1 g/day; gastrointestinal 
bleeding, perforation, infarction and/or pancreatitis; renal insufficiency (with cre-
atininemia >1.58 mg/dL or 140 μmol/L); central nervous system involvement; and 
cardiomyopathy. Adding the accorded points, an FFS of 0, 1, or 2 led to five-year 
mortality rates of 12%, 26%, or 46%, respectively. In 2011, a new analysis of 1108 
vasculitis patients (230 with EGPA as well as those with GPA or MPA), generated 
the revised FFS [37], which retained five factors associated with a higher mortality- 
risk rate: serum creatinine >150  μmol/L; severe gastrointestinal involvement; 
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myocardial involvement; age >65 years; and the absence of ENT manifestations. 
Again, each factor was accorded one point and the sum of those points is strong 
prognostic indicator of death, with FFS  =  0, 1, or 2 associated with respective 
five- year mortality rates of 9%, 21%, or 40%. Hence, simple determination of the 
revised FFS can contribute to identifying vasculitis patients at high risk of death, 
who require aggressive therapy with immunosuppressants.

In our series, 11.7% of the patients died with a mean  ±  SD of 50.4  ±  60.1 
(median: 21.4) months postdiagnosis. The leading cause of death (31%) was heart-
related (i.e., myocardial infarction, cardiac insufficiency, or arrhythmia), followed 
by infections or malignancies (11% each), active vasculitis, and respiratory failure 
(severe asthma attacks and/or end-stage chronic pulmonary obstructive disease, 9% 
each) [8].

EGPA relapses were defined as the new appearance, recurrence or worsening of 
clinical EGPA manifestations (excluding asthma and/or ENT) that required adjunc-
tion, change, or intensification of the corticosteroid and/or other immunosuppres-
sant dose(s). They represent another major concern [53]. Although almost 90% of 
EGPA patients achieve remission, 25.3% of our series relapsed, and 18% experi-
enced asthma flares, sinusitis, and/or enhanced eosinophilia levels, justifying pro-
longed use of corticosteroids for about 85% of the series. The relapse-free survival 
rate was 78.6% (95% CI: 64.3–84.3) for all patients, and most relapses occurred 
during the first year postdiagnosis.

6.9  Phenotypes According to ANCA Status

EGPA clinical findings and prognosis differ depending on the patient’s ANCA sta-
tus, which defined two phenotypes [54, 55].

Sinico et al.’s analysis of 93 patients showed that ANCA-positivity was associ-
ated with more frequent renal involvement (51.4% vs. 12.1%, P < 0.001), pulmo-
nary hemorrhages (20% vs. 0%, P = 0.001), purpura, and mononeuritis multiplex, 
but less frequent lung infiltrates (34.2% vs. 60.3%) and cardiac involvement (5.7% 
vs. 22.4%, P = 0.042) [54]. Those findings suggested that ANCA-positivity might 
be associated with more frequent vasculitis-associated symptoms, whereas ANCA- 
negativity would be associated with eosinophilic infiltrates. In our series, prognoses 
differed according to the ANCA phenotype: positivity was associated with more 
frequent relapses (35.2% vs. 22.5%, P = 0.01) but fewer deaths (5.6% vs. 12.5%, 
P < 0.5) [8].

Recent genetic findings (Lyons et  al., unpublished personal data) indicated 
that different genes were involved in EGPA and corresponded to biological and 
clinical parameters, establishing EGPA clusters/phenotypes able to differentiate 
genetically and clinically two subentities, based on ANCA-positivity with distinct 
genetic features. ANCA-positive EGPA was associated with HLA-DQ, whereas 
ANCA- negative EGPA had no HLA association. Those observations indicate that, 
in future clinical trials, EGPA patients should be stratified based on their ANCA 
profile.
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6.10  Treatment

Corticosteroids, immunosuppressants, and now targeted therapies can be prescribed 
for EGPA patients. In our opinion, each patient should receive a tailored regimen 
adapted to different parameters, for example, disease severity, organ involvement, 
age, and predictable outcomes, with the aim of inducing, as rapidly as possible, 
clinical remission, defined as the absence of clinical manifestations of vasculitis. As 
for most SNVs, EGPA’s treatment comprises induction and maintenance phases, as 
recommended by the EGPA Consensus Task Force in its 2015 recommendations for 
evaluation and management of these patients [53].

6.10.1  Remission Induction

Corticosteroids are the foundation of induction therapy. When life-threatening symp-
toms are present, methylprednisolone pulses (usually 7.5–15 mg/kg/day, administered 
intravenously (IV) over 1 h on days 1–3) should be given, because of that drug’s rapid 
action and relative safety. As induction or relay therapy, prednisone (or its equivalent 
of methylprednisolone), starting at 1 mg/kg/day, should be taken for 2–3 weeks, fol-
lowed by gradual tapering. A therapeutic response is usually achieved very rapidly, 
with rapid attenuation of asthma and vasculitis symptoms and reduction of eosino-
philia levels. No standard regimen has been accorded consensus for corticosteroid 
tapering, but the maintenance corticosteroid dose should be slowly reduced to the low-
est effective dose, or when possible, until withdrawal. A daily dose less than 7.5 mg 
could be the goal to avoid corticosteroid-related adverse events (AEs). However, the 
chronic steroid-dependent asthma often accompanying EGPA frequently makes long-
term prednisone intake essential. AEs may occur even when corticosteroid doses are 
low and it should be kept in mind that corticosteroid toxicity is cumulative.

For patients without poor-prognosis factors (1996 FFS = 0), induction and main-
tenance regimens of corticosteroids alone were shown to be safe and effective in the 
CHUSPAN trial [56, 57]. Indeed, 92% of the patients enrolled in that prospective 
study were still alive at 5 years, which also further validated the FFS. However, 
the complete remission rate was only 56% and 35% eventually required recourse 
to immunosuppressant use. Good-prognosis patients were prescribed different 
immunosuppressants to limit relapses but their efficacies remain controversial. The 
recently reported results of the prospective, randomized CHUSPAN2 trial demon-
strated that adding azathioprine to corticosteroid neither improved the remission 
rate nor limited the relapse rate, that is, azathioprine is not an effective steroid- 
sparing agent [58].

For high-risk patients, defined as having FFS ≥ 1, adjunction of cytotoxic agents 
is recommended [59]. Although not FFS items, other life- and/or organ-threaten-
ing disease manifestations (i.e., alveolar hemorrhage, eye involvement and ful-
minant mononeuritis multiplex) should encourage physicians to also prescribe an 
immunosuppressant.
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Cyclophosphamide was evaluated prospectively in a study on 48 EGPA patients 
with FFS-defined poor-prognosis factors, comparing 12 vs. 6 cyclophosphamide 
pulses, both combined with corticosteroids, but no maintenance therapy [59]. 
Among them, 42 (78.5%) entered complete remission, with the two regimens being 
comparably effective. However, the 12-pulse arm had fewer mild relapses (6/21 
(28.6%) vs. 14/21 (66.7%), P < 0.02). Since then, maintenance therapy has become 
the standard of care, by analogy with other AAVs: a 6-pulse induction regimen 
(three infusions at 0.6 g/m2 or 15 mg/kg every 2 weeks, followed by 3–6 additional 
pulses at 15 mg/kg or 0.7 g/m2 every 3 weeks) is now followed by maintenance ther-
apy. To induce remission, IV pulses or continuous oral cyclophosphamide (2 mg/
kg/day) are equally effective, in analogy to GPA and MPA induction therapy in 
the CYCLOPS trial [60], but oral administration has been associated with a higher 
leukopenia rate and a higher cumulative cyclophosphamide dose. However, long-
term follow-up of that study found that the IV-pulse regimen was associated with a 
higher risk of relapse (39.5% vs. 29.8%, hazard ratio = 0.50 [95% CI: 0.26–0.93]; 
P = 0.029), but not with increased mortality [61], and might favor compliance and, 
hence, less long-term morbidity and mortality. The results of the prospective ran-
domized CORTAGE trial on 108 SNV patients (including 14 with EGPA) ≥65 year-
old given fixed low-dose IV cyclophosphamide pulses (500 mg/m2 every 2–3 weeks 
until remission) and limiting corticosteroid exposure [62] showed no difference, 
compared to the standard regimen for achieving remission, but fewer severe AEs 
with the “lighter” regimen.

Physicians should strive to prevent cyclophosphamide-associated severe 
AEs (e.g., hemorrhagic cystitis and gonadal toxicity, for which cryopreservation 
and GnRH-analog treatment for women is recommended). Prophylaxis against 
Pneumocystis jiroveci pneumonia with co-trimoxazole (or pentamidine aerosols 
in the case of intolerance to sulfa drugs) should be prescribed and screening for 
cyclophosphamide- related neutropenia may be useful.

6.10.2  Maintenance Therapy

Once remission has been achieved, poor-prognosis EGPA patients (FFS ≥ 1) should 
be prescribed maintenance therapy, because of their high risk of relapse. Without 
maintenance therapy, relapse rates are high, ranging from 73.8% to 85.7% depend-
ing on how many cyclophosphamide pulses were administered [59]. Unlike other 
AAVs, no randomized trial for EGPA has compared immunosuppressants as opti-
mal maintenance agents or determined the best duration of their administration.

Maintenance therapy with an immunosuppressant should be started 2  weeks 
after the last cyclophosphamide pulse, or a few days after stopping oral cyclophos-
phamide, when the leukocyte count is acceptable.

Azathioprine, at an initial maintenance dose of 2  mg/kg/day, can be used, in 
analogy to that prescribed for GPA and MPA. Its dose can be adjusted to the clinical 
response, being upped to 3 mg/kg/day, or tapered if toxicity occurs.
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Methotrexate, at a dose 0.25  mg/kg/week, seems to be a comparable mainte-
nance alternative, based on findings of a prospective trial comparing azathioprine to 
methotrexate for GPA and MPA remission-maintenance therapy [63].

Mycophenolate mofetil is prescribed less frequently for maintenance because of 
its poorer efficacy in this context for patients with GPA and MPA [64].

How long maintenance therapy should last to be optimal remains unknown. It 
does not seem untoward to recommend 18–24  months after remission has been 
obtained. However, to date, no consensus criteria exist for completely stopping 
treatment.

6.10.3  Other Treatments

Although therapeutic plasma exchanges are usually ineffective against EGPA [65], 
they can be used for selected ANCA-positive patients with rapidly progressive 
glomerulonephritis or severe pulmonary–renal syndrome [66]. Whether they have 
long-term benefits for these patients is unknown [67].

The efficacy of rituximab, a chimeric monoclonal antibody directed against 
CD20-expressing B lymphocytes, to induce GPA and MPA remissions and main-
tain them was demonstrated [27, 28], but EGPA patients were not enrolled in those 
studies, and data on rituximab treatment of EGPA are limited to case reports and 
case series [68–70]. Rituximab EGPA-remission induction seems to be effective 
and safe, mainly for ANCA-positive patients. However, bronchospasms after the 
first infusion were reported [71]. The French Vasculitis Study Group is currently 
conducting the prospective, randomized REOVAS trial. Until its results become 
available, rituximab use seems reasonable for patients with severe refractory EGPA 
despite conventional therapy or when it is contraindicated.

According to case reports and case series [72, 73], IV immunoglobulins (IVIg) 
can be a second-line therapy option for patients with EGPA flares, especially those 
with myocardial or neural involvement, that fail to respond to other therapeutics.

Interferon-alpha has successfully induced EGPA remission but seems to have 
limited efficacy in preventing major relapses, and because of its numerous AEs, 
its use should be avoided [74, 75]. It could be considered a second- or third-line 
therapy for selected patients.

Omalizumab, an anti-IgE monoclonal antibody, has successfully treated allergic 
asthma and allergic rhinitis. Available information on its use to treat EGPA is scarce 
and contradictory, with some case reports suggesting that it was beneficial against 
active disease, but others claiming an association between omalizumab intake and 
EGPA onset [17, 18, 76, 77]. A more recent French retrospective study [78] on 
17 patients indicated that omalizumab might have a corticosteroid-sparing effect, 
allowing lowering of the median prednisone dose of 16 mg/day at baseline to 9 mg/
day at 12 month; however, eight patients stopped taking it because of refractory 
disease (25%), relapse (50%), or severe asthma flare for two, raising the question 
of its safety.
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Mepolizumab, an anti-IL-5 monoclonal antibody, was assessed in a multicenter, 
double-blind, phase 3 trial that enrolled 136 relapsing/refractory EGPA patients, 
who had received a stable prednisone dose for at least 4 weeks. Mepolizumab, com-
pared to placebo, achieved significantly more weeks in remission, a higher per-
centage of patients in remission (respectively: 32% vs. 3%; OR: 16.7 [95% CI: 
3.61–77.56]; P < 0.001), and the corticosteroid dose could also be diminished.

Lastly, other therapeutic supportive care is important. The improved EGPA prog-
nosis means it has become a chronic relapsing disease for most patients, despite 
the need for long-term steroids. Thus, other supplemental agents, for example, as 
calcium, vitamin D, and bisphosphonates, should be added to the therapeutic regi-
men to prevent corticosteroid-related complications. Patients must also be warned 
to avoid tobacco smoke and other respiratory irritants.

Immunization with inactivated vaccines against influenza and pneumococcal 
pneumonia should be strongly encouraged. In a large prospective study on patients 
with autoimmune diseases, vaccines against pandemic A/H1N1 influenza strains 
seemed safe and well tolerated in EGPA patients [79]. Optimized vaccination regi-
mens against pneumococcal pneumonia are currently being tested in GPA and MPA 
patients, who received corticosteroids and rituximab remission-induction therapy in 
the prospective French PNEUMOVAS trial.

Finally, implementation of patient-education programs is strongly encouraged to 
help patients’ improve their knowledge of the disease [80].

6.11  Conclusion

The notable progress made over the past three decades, in our understanding of 
EGPA pathophysiology and the management of affected patients, has substantially 
improved their prognoses.

Two subsets of EGPA patients, defined by their ANCA status but also different 
clinical findings, prognoses, and genetic backgrounds are now distinguished, and 
can contribute to better individually tailoring each patient’s therapeutic regimen. 
Nonetheless, the EGPA-relapse rate remains high and long-term damage is conse-
quential. Further investigations are needed to improve overall care of EGPA patient.
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7Granulomatosis with Polyangiitis

Christian Pagnoux

7.1  Introduction

Granulomatosis with polyangiitis (GPA; previously called Wegener’s granulomato-
sis) is a necrotizing systemic vasculitis characterized by granulomatous inflamma-
tion of small-vessel walls [1, 2]. Although GPA is rare, its incidence seems to have 
increased over the past decades, at least in some Nordic countries [3, 4]. It mainly 
affects adults between 45 and 60 years old. The ear, nose, and throat (ENT), pulmo-
nary, and/or renal manifestations represent the cardinal signs of the disease [5, 6]. 
The origin of GPA remains unknown, although knowledge of the main pathogenic 
mechanisms has greatly improved, particularly since the discovery of antineutrophil 
cytoplasmic antibodies (ANCA) in 1985 and their possible pathogenic role, and in 
recent years [7]. GPA is typically associated with the presence in serum of these 
autoantibodies directed against cytoplasmic granules of neutrophils, as detected by 
indirect immunofluorescence (mainly cANCA) or ELISA (mainly antiproteinase 3 
[PR3]-ANCA).

In the mid-1950s, the median survival of GPA patients was only 5 months [8], 
with 82% of deaths occurring within 1 year of the first symptoms. With current 
treatments, when respected, remission can be achieved in most cases, with limited 
side effects [9, 10]. However, the risk of relapse is still an issue and requires pro-
longed prescription of immunosuppressive treatments for maintenance, the opti-
mal duration still unclear [11, 12]. Some patients also carry GPA forms that are 
refractory to “classical” treatments or experience multiple relapses, the treatment of 
which can be challenging.
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7.2  Epidemiology

The global incidence of GPA is estimated at 2–12 cases per year per million popu-
lation and its prevalence 23–160 cases per million inhabitants [3, 13, 14]. GPA 
affects both sexes with equal frequency, although a few studies suggested a rela-
tively higher frequency among women. The median age of patients at diagnosis is 
in the fifth decade, but children and older people can be affected. White Caucasian 
individuals represent 93–98% of the GPA population [5, 15].

The incidence of GPA appears to show a North–South gradient, at least in Europe: 
indeed, the reported incidence of GPA is twice as high in Norway as in Spain (10.6 
vs. 4.9 new cases per year per million inhabitants) [4, 16]. The incidence seems to 
have increased in recent years, as suggested by several Scandinavian studies [16, 
17], but remained stable between 1990 and 2005 in an English study, at around 8.4 
new cases of GPA per year per million inhabitants (8.8 for men and 8.1 for women), 
although the prevalence had increased (from 28.8 per million inhabitants in 1990 
to 64.8  in 2005) [18]. These changes in incidence and prevalence rates could be 
related, at least in part, to better knowledge of the disease, especially since the dis-
covery of the ANCA and the reduced mortality under treatment. Seasonal variations 
in the incidence of GPA have also been reported but remain uncertain [19]. The 
existence of these geographical differences and temporal variations of incidence 
suggest possible pathogenic environmental factors, including occupational expo-
sures, allergens, toxic and/or infectious agents, and/or genetic predisposing factors 
(see Chaps. 2 and 3) [20].

7.3  Pathogeny

The pathophysiological mechanisms of GPA are more extensively detailed in Chaps. 
3 and 4. They are not all known and, above all, the primum movens of the disease 
remains to be identified [21, 22].

GPA remains considered an inflammatory autoimmune disease, and 80% of 
patients with systemic GPA are positive for PR3-ANCA.  The current theory 
remains that the disease could be triggered by one or more antigenic stimuli (such 
as infections or exposure to environmental and/or toxic agents) in patients with 
some genetic predispositions. The hypothesis of an infectious agent, especially 
Staphylococcus aureus, responsible for the activation or the persistent activation of 
the immune system has been suggested by a few studies [23, 24]. Family forms are 
exceptional, which supports GPA as not an inherited or genetic disease, although 
the relative risk of GPA in first-degree relatives of GPA patients compared to the 
general population is 1.56 times higher (95% confidence interval 0.35–6.90) [25]. 
A few genetic predisposing factors or associations have been demonstrated with 
certain alleles, such as those encoding PR3 (PRTN3 (rs62132295)), intracellular 
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tyrosine phosphatase PTPN22 (620W allele) or alpha-1 antitrypsin (serpine A1), the 
natural inhibitor of PR3 [26, 27]. Various associations with molecules of the major 
histocompatibility complex, in particular, with HLA-DPB1∗0401, have also been 
described [26–29].

Following this initial triggering signal(s), the synthesis and subsequent secre-
tion of pro-inflammatory cytokines (tumor necrosis factor α [TNF-α], interleukin 
8 [IL- 8], and IL-1, in particular) would lead to the activation of neutrophils, then 
the translocation of cytoplasmic PR3 to the neutrophil membrane, the increased 
expression of membrane adhesion molecules, and the migration and fixation of neu-
trophils to endothelial cells. Once attached to the endothelium, neutrophils secrete 
oxygenated radicals and externalize proteolytic enzymes (including PR3), which 
are toxic to endothelial cells, and eventually release neutrophil extracellular traps 
(NETs), loaded in PR3, which may perpetuate PR3 presentation and therefore the 
production of PR3-ANCA [30–32]. The release and binding of ANCA also lead 
to the activation of the alternative complement pathway, which amplifies the local 
inflammatory response and thus increases endothelial lesions.

However, the mechanistic pathogenic role of PR3-ANCA remains uncertain or 
at least less well demonstrated than that of anti-myeloperoxidase ANCA (MPO- 
ANCA), which is more characteristic of microscopic polyangiitis and can induce 
vasculitis in relatively simple animal models [33]. In addition, 10–20% of patients 
with GPA are negative for ANCA or MPO-ANCA positive. Numerous other dys-
regulations of the immunological systems have been reported in GPA, including 
functional abnormalities of T lymphocytes CD4+ CD25+ FoxP3+ regulators [34, 
35], whose pathogenic role and frequency are variable. Functional abnormalities of 
endothelial cells have also been described, and serum endothelial cell autoantibod-
ies have been found in some patients [36, 37].

The formation of granuloma, another histological feature of GPA, involves var-
ious cell subpopulations, whose role and action are still poorly elucidated. This 
granulomatous reaction is thought to be related to a preferential cytokine secretion 
pattern of T helper 1 (TH1)-type T cells, whereas the predominant TH2-type reac-
tions (IL-4 and IL-10) rather lead to “vasculitic” systemic manifestations (alveo-
lar hemorrhage or glomerulonephritis) [38]. Cytokine imbalances during GPA are 
probably much more complex, and other types of lymphocytes and cytokines are 
involved, such as TH17 lymphocytes, the source of IL-17 [39].

7.4  Clinical Manifestations

The main clinical manifestations of GPA and their frequencies are summarized in 
Table 7.1 [5, 6, 40–42]. The three main target organs or systems are the upper (ENT) 
and lower (lung) respiratory airways and the kidneys (necrotizing extracapillary, 
pauci-immune glomerulonephritis).
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7.4.1  ENT Manifestations

Noted in 70% of patients, ENT manifestations often reveal the disease and include 
persistent nasal obstruction, nasal pain, sinusitis, rhinitis, possibly hemorrhagic 
and/or crusting, repeated epistaxis, serous otitis media and/or hypoacousia, con-
ductive, neurosensorial or mixed and sometimes definitive [43]. Hyposmia and/or 
hypogeusia are not exceptional [44]. Sinus CT may reveal unilateral or bilateral 
sinusitis, bone destruction, and/or lysis of the cartilage of the nose, which may 
result in perforation of the nasal septum (Figs. 7.1 and 7.2) and clinically manifest 
as a “saddle nose” (Fig.  7.3), observed in 4% of patients at diagnosis but up to 
23% afterward [15, 45]. The cartilage of the ears can also be affected (chondritis). 
Erosion of sinus bone and cartilage can be accompanied by the development of 
granulomatous inflammatory pseudotumors, which can infiltrate the sinuses, the 
base of the skull, and/or the orbits (Figs. 7.1, 7.2, and 7.4) and be responsible for 
pain, exophthalmia, pachymeningitis by contiguity, and/or compress surrounding 
structures, such as cranial nerves (ophthalmoplegia) or optic nerves.

Table 7.1 Main characteristics of granulomatosis with polyangiitis

Clinical manifestations
Constitutional 
symptoms (fever, 
arthralgia, myalgia)

70–100%

Skin Purpura (10–50%)
Ear, nose, and throat 
(ENT) manifestations

Frequent (50–95%): crusting rhinitis, destructive sinusitis, saddle-nose 
deformity, nasal septum deformity, otitis media

Lung involvement Frequent (60–80%): lung solid and/or excavated nodules, alveolar 
hemorrhage, bronchial and/or subglottic stenosis

Kidney involvement Frequent (60–80%): glomerulonephritis (pauci-immune, necrotizing 
extracapillary)

Peripheral neuropathy 
(mononeuritis 
multiplex)

Possible (25%)

Other “classical” 
manifestations

Eye manifestations (scleritis, orbital tumor); pachymeningitis; venous 
thrombosis (7–8%)

Biology
Standard Nonspecific inflammatory syndrome; check creatinine and urine 

analysis (red blood cell casts?)
ANCA Yes (90% if systemic disease): mainly PR3-ANCA (cytoplasmic 

ANCA in immunofluorescence)
Radiology

Check chest X-ray and/or CT scan for lung nodules, cavitary or not, 
alveolar hemorrhage (ground-glass opacities), subglottic and/or 
bronchial stenosis; sinus X-ray and/or CT scan for erosive sinusitis, 
pseudotumor; other imaging according to clinical presentation

Histology
Granuloma (frequent but not always); necrotizing vasculitis of 
small-sized vessels

ANCA antineutrophil cytoplasmic antibodies, PR3-ANCA antiproteinase 3-ANCA
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Subglottic stenosis (7–15% of patients) can be responsible for dysphonia and dys-
pnea, with or without stridor, and may occasionally require local urgent procedures 
(dilation with local injections of glucocorticoids or surgery with tracheostomy) and 
are sometimes associated with endobronchial lesions [46, 47] (Figs. 7.5, 7.6, and 7.7).

Fig. 7.1 Head CT (coronal 
view). Erosive destruction of 
the midline sinonasal 
cartilaginous structures, 
atrophy of left maxillary 
sinus, mild right maxillary 
sinusitis, erosion of lamina 
papyracea, and right 
supero-orbital pseudotumor 
in a patient with 
granulomatosis with 
polyangiitis (GPA)

Fig. 7.2 Head MRI (coronal 
view) (same patient as in 
Fig. 7.7). Erosive destruction 
of the midline sinonasal 
cartilaginous structures, 
atrophy of left maxillary 
sinus, mild right maxillary 
sinusitis, erosion of lamina 
papyracea, and right 
supero-orbital pseudotumor 
in a patient with GPA
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Fig. 7.3 Saddle nose deformity in a patient with GPA

Fig. 7.4 Head CT (axial 
view). Right orbital, 
retro-ocular pseudotumor in a 
patient with GPA
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Fig. 7.5 Chest/neck CT 
(axial view). Subglottic 
narrowing, with 
submucosal infiltration

Fig. 7.6 Chest CT (coronal 
view). Main bronchial 
stenosis in a patient with 
GPA (especially the main left 
bronchus, with compensatory 
dilation of the end portion of 
the trachea)

7.4.2  Pulmonary Manifestations

Pulmonary manifestations, present in 70% of patients, can be asymptomatic or present 
clinically as simple cough, moderate dyspnea, chest pain, or acute respiratory distress 
with hemoptysis due massive alveolar hemorrhage. Pulmonary nodules are charac-
teristic signs of GPA, observed on X-rays and CT scan of the thorax in 40–66% of 
patients [5, 48], unilateral or bilateral, single or multiple (generally <10), and excavated 
in half of the cases (Figs. 7.8, 7.9, and 7.10). Alveolar hemorrhage (8–30% of patients) 
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Fig. 7.8 Chest CT (axial 
view). Plain nodule in the 
left lung of a patient with 
GPA

Fig. 7.7 Bronchoscopic 
appearance of the left main 
bronchus stenosis (almost 
completely occluded) in a 
patient with GPA (same 
patient as Fig. 7.5)

may be limited to a few hemoptoic expectorations or be more massive, responsible 
for acute respiratory failure and anemia (Fig. 7.11). Unilateral or bilateral pulmonary 
infiltrates are observed in 30–50% of patients and pleural effusion in 9–28%. Bronchial 
stenoses are not uncommon, often combined with subglottic stenosis [49] (Figs. 7.5, 
7.6, and 7.7). Pneumothorax or hemopneumothorax has also been reported.

7.4.3  Renal Involvement

The most typical and earliest sign of renal involvement during GPA is microscopic 
hematuria, before the development of proteinuria and renal function impairment. 
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Fig. 7.9 Chest CT 
(coronal view). Multiple, 
bilateral lung nodules in a 
patient with GPA

Fig. 7.10 Chest CT (axial 
view). Large cavitary 
lesion in the left lung of a 
patient with GPA

Segmental and focal necrotizing glomerulonephritis, associated with extracapillary 
proliferation with crescents, with no (or very little) detectable deposits in immuno-
fluorescence (pauci-immune glomerulonephritis) are the classical histological find-
ings on renal biopsy. The combination of alveolar hemorrhage and renal involvement 
defines the pneumorenal syndrome, the occurrence of which evokes a number of 
vasculitides, including GPA and microscopic polyangiitis but also anti-glomerular 
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basement membrane antibody (antiGBM) disease (overlaps exist between renal 
ANCA-associated vasculitis and antiGBM disease). Rarer renal manifestations dur-
ing GPA include interstitial granulomatous nephritis, granulomatous renal masses, 
or renal artery branch aneurysms, especially parenchymal [50].

7.4.4  Other Manifestations

General signs are common during GPA, especially asthenia, fever, myalgia, arthral-
gia, and/or weight loss but are nonspecific.

Peripheral neuropathy, related to ischemic axonal vasculitis of vasa nervorum, is 
noted in 11–68% of the patients [51, 52], at the time of diagnosis in more than half of 
the cases [53], and most typically mononeuritis multiplex. Sensorimotor polyneuropa-
thy is less common. Central neurological system involvement is rarer (6–13% of the 
patients, on average) and occurs often later than peripheral involvement, 8 months on 
average, after GPA diagnosis [52, 54]. Central nervous system involvement can result 
from the contiguous extension of sinus or orbital granulomatous lesions or the devel-
opment of authentic granulomatous lesions of the meninges (pachymeningitis) and/or 
intracranial vasculitis. These lesions can clinically manifest with headaches, meningeal 
syndrome, cranial nerve palsies, hypoacousia, ischemic or rarely hemorrhagic stroke, 
or comitiality [55]. Pituitary involvement is a rare but well-known manifestation and 
may result in optic chiasma compression or diabetes insipidus [56]. Medullary involve-
ment is rare, related to compression by a granulomatous meningeal infiltrate or to isch-
emic medullary vasculitis [52]. Cranial nerve palsies, mainly of the optic nerves (II), 
VI, and/or VII, unilateral or bilaterally, is found in 4–14% of patients [53].

Skin lesions, observed 10–50% of patients, are mainly vascular purpura, declive, 
petechial, infiltrated, and palpable (Figs. 7.12 and 7.13) but sometimes ulcerative, 
necrotic, and extensive and, more rarely, subcutaneous nodules [57]. Lesions on the 
elbows and hands, including the pulp of the fingertips, are not uncommon. Pyoderma 
gangrenosum or hidradenitis suppurativa (Fig. 7.14) has also been reported [58]. 

Fig. 7.11 Chest CT (axial 
view). Diffuse ground 
glass opacities and 
posterior consolidation 
areas in a patient with GPA 
and alveolar hemorrhage
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Oral mucosal lesions such as ulcerations have been reported in 10–50% of patients. 
“Raspberry” gingival hypertrophy is rarer but very suggestive of GPA.  Genital 
ulcerations are less common.

Ocular and/or orbital involvement is reported in 14–60% of patients [59], 
sometimes inaugural and/or isolated (Fig. 7.4). Exophthalmia, possibly associated 

Fig. 7.12 Purpuric-
ecchymotic lesions of the 
legs (left leg on the picture) 
in a patient with GPA
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with ophthalmoplegia, can result from the local extension of a contiguous granu-
lomatous lesion within the orbital frame. Conjunctivitis and/or episcleritis are 
relatively frequent and of no particular gravity, whereas corneal ulcerations, nec-
rotizing nodular scleritis (with risk of perforation of the eye and endophthalmitis), 
and/or, more rarely, retinal vasculitis represent more serious manifestations that 
may lead to vision loss. Dacryocystitis can be responsible for obstruction of the 
lacrimal ducts and require surgical debridement and stenting of lacrimal canals. 
Xanthelasma may develop, spontaneously or after regression of an ipsilateral 
orbital pseudotumor [57].

Clinically manifested cardiac manifestations are rare during GPA (0–12%) [8, 
60]. Pericardial effusion, tamponade and/or constrictive pericarditis, and coronary 
artery disease, mostly clinically silent, account for half of these cases. Valvular 

Fig. 7.13 Small necrotic 
purpuric lesion of the talus in 
a patient with GPA

Fig. 7.14 Hidradenitis 
suppurativa lesion of the 
abdominal pannus in a patient 
with GPA
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lesions, mainly aortic, are reported with a frequency of 21% in some ultrasonog-
raphy studies [61]. Sinus tachycardia is common, as is atrial fibrillation; granulo-
matous involvement of conduction tissues (sinus node: 13%, atrioventricular node: 
13%) can lead to atrioventricular blocks or bundle branch blocks, generally regress-
ing rapidly after initiation of medical treatment for GPA.  Cardiac abnormalities 
may be more frequent on MRI imaging, yet of undetermined clinical significance 
[62, 63].

Gastrointestinal (GI) manifestations concern 5–11% of patients, ranging from 
simple, nonspecific abdominal pain to more severe ischemic digestive perforations, 
especially of the small bowel [64, 65]. Granulomatous ileocolitis, anorectitis, or gas-
tritis have also been reported, sometimes mimicking Crohn’s disease or ulcerative 
colitis [66]. Granulomatous, vasculitic appendicitis or pancreatic lesions (some-
times with a pseudotumoral appearance), and/or cholecystitis have been reported. 
Hepatic involvement is rare and usually remains biological and subclinical, as are 
splenic lesions [67], although they may be responsible for infarction or nontrau-
matic rupture of the spleen [68]. Aneurysms of GI arteries, which may rupture, have 
rarely been reported in GPA [69].

Various other and rarer manifestations described during GPA include thyroid 
granulomatous lesions; ureteral stenosis related to ischemic fibrosing lesions, ure-
teral or periureteral arteriolitis, granulomatous infiltrates, or retroperitoneal fibrosis; 
granulomatous prostatitis, cystitis, orchitis, urethritis, and penile ulcerations; masti-
tis, vulvar, ovarian, or uterine localizations; periostitis or prevertebral dorsal lesions; 
and aortitis [70, 71].

Finally, increased risk of thromboembolic venous accidents (7.6% of patients 
with GPA in a French cohort) was demonstrated in several studies, 20 times more 
than in the general population, particularly within 2–3 months after the initial diag-
nosis or a relapse [72–75].

7.4.5  Limited/Localized Forms Versus Diffuse/Systemic/Severe 
Forms

Systemic/diffuse/severe forms of GPA are characterized by the involvement of one 
or more major organs, particularly progressive renal disease and/or extensive and 
progressive alveolar hemorrhage. Limited/localized forms are mainly ENT (rhinitis, 
sinusitis) and/or respiratory (lung nodules), sometimes also cutaneous [40, 76], and 
do not involve the life prognosis. These localized/limited forms would represent 
up to 29% of GPA patients at diagnosis, particularly women, slightly younger than 
those with diffuse forms (41 years vs. 50 years, on average, at diagnosis) [42, 77]. 
From a biological point of view, ANCAs are found in more than 90% of patients 
with systemic/diffuse/severe forms but only 50–78% of those with the limited/local-
ized forms [78, 79].

Although limited/localized, these forms of GPA are no less difficult to treat, and 
the transition to a systemic/diffuse/severe form is possible, and vice versa, during the 
course of the disease. GPA strictly localized to an organ or system and remaining as 
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such is indeed rather exceptional in practice. In the German and French cohorts, patients 
with GPA remaining with localized disease after 3 years of follow- up (with treatments 
adapted to these forms) represented less than 5% of all GPA patients [78, 79].

7.4.6  Pediatric Patients

GPA is exceptional in children. The disease presentations remain very similar to that 
in adults, although girls appear to be more often affected than boys. As well, nasal 
deformities and subglottic stenosis are more common, thereby being integrated in 
the criteria for classification of GPA of the European research groups EULAR/PReS 
[80]. Renal damage is also common, and venous thrombosis may occur more often 
than in adults (up to 16% of children with GPA) as well as ischemic abdominal 
pain (20% vs. 6% in adults). However, neurological disorders appear to be slightly 
less frequent (18% of cases) [81, 82]. The short-term overall prognosis seems quite 
comparable, but with significant morbidity related to the disease and the side effects 
of treatments [83, 84].

7.5  Diagnosis

The diagnosis of GPA can be straightforward in patients with a combination of clas-
sical features such as crusting rhinitis, pulmonary nodules, renal involvement with 
microscopic hematuria and proteinuria, necrotic purpura of the lower limbs, and 
mononeuritis multiplex. PR3-ANCA positivity then makes the diagnosis certain. 
However, especially in those less obvious situations, histological confirmation of 
the diagnosis can be preferable. Renal biopsy, in case of renal impairment, may also 
provide prognostic information about the chance of renal function recovery [50].

A nonspecific inflammatory syndrome with neutrophilia is usual (about 9500–
12,500/mm3), with anemia in 50–73% of patients, more pronounced with alveolar 
hemorrhage [5]. The erythrocyte sedimentation rate is increased, as is C-reactive 
protein level [85]. Transient and moderate eosinophilia is possible (<12% of cases), 
which, however, should prompt discussion of an alternative diagnosis of eosino-
philic granulomatosis with polyangiitis or immunoglobulin G4 (IgG4)-related dis-
ease [86].

The presence of cANCA (diffuse cytoplasmic type in immunofluorescence) 
directed against PR3 on ELISA is a major argument for the diagnosis of GPA. The 
ANCA search by two techniques combined (immunofluorescence and ELISA) has 
excellent specificity (95%) and sensitivity (80–90%) for the diffuse forms of the 
disease, less so in the “limited” forms (sensitivity 50–60% and specificity 95%). 
Recent recommendation is to prioritize ELISA as the primary screening method 
[87]. Some cases of GPA are called ANCA negative, especially in patients with 
“limited” disease forms, and some patients are positive for pANCA (perinuclear 
type in immunofluorescence) directed against MPO on ELISA (less than 5% of 
patients but more in Asian GPA patients). Patients with both types, PR3-ANCA and 
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MPO-ANCA, are exceptional, and this double positivity should raise suspicion for 
cocaine-levamisole–induced vasculopathy, during which anti-elastase antibodies, 
cross-reacting with PR3-ANCA tests, can be detected. Importantly, the detection 
of ANCA is possible under other conditions or pathologies, some of which may 
mimic or be accompanied by genuine vasculitis, such as infectious endocarditis or 
ulcerative colitis (see Chap. 6) [66, 87, 88].

Imaging of the chest should always be performed. CT imaging will be ordered 
in case of abnormal chest X-ray findings or systematically. Other radiological 
examinations, such as brain MRI or angio-MRI, cerebral arteriography, abdomi-
nopelvic ultrasonography, or CT, are prescribed according to the clinical findings. 
The presence of micro-aneurysms of the renal, splenic, and/or hepatic arteries is 
characteristic of polyarteritis nodosa, although a few cases of microaneurysms 
have been reported in GPA [69]. Endoscopic examinations should also be consid-
ered in case of ENT, bronchial, and/or lung involvement, with caution in case of 
subglottic or bronchial stenosis (risk of spasm or subacute edematous inflamma-
tory reaction). Bronchoalveolar lavage can confirm alveolar hemorrhage and rule 
out infection (or neoplasia). Bronchial biopsy can be performed, with sensitivity 
lower than that of surgical lung biopsy [5, 89]. In cases of GI manifestations, 
endoscopy can be used to detect ulcerations, especially ileocolic or anorectal, 
sometimes resembling those found in Crohn’s disease, but also gastric and/or 
esophageal. GI tract biopsy is not without risk (perforations), and the sensitivity 
is low in practice [64–66].

Electromyography exploration (nerve conduction studies) may confirm or rule 
out axonal peripheral neuropathy, most typically manifesting as asymmetric mono-
neuritis multiplex or, less commonly, polyneuropathy [52].

Histological confirmation of the diagnosis can be obtained by biopsy of an organ 
affected by the disease. Naso-sinus biopsy is simple to perform but requires a large 
number of samples (only half of sinus biopsies and only 20% of nasal biopsies are 
contributory) [43]. Tracheal biopsy, in case of subglottic stenosis, can be hazardous, 
and therefore, findings often remain superficial; as a result, less than 18% are con-
tributive [90]. Biopsy of pulmonary nodules is more difficult and can sometimes be 
performed only surgically. However, they can show necrotizing arteriolar vasculitis 
in more than 60% of cases, sometimes associated with palisade granulomas and/or 
giant cells [89]. Renal biopsy (in case of renal involvement) typically shows pauci- 
immune glomerulonephritis (little or no Ig and complement deposits), also known 
as extracapillary necrotizing glomerulonephritis. Granulomas can be observed in 
less than 20% of cases. The amount of damage observed is associated with the prob-
ability of kidney recovery [50]. Focal glomerular involvement and/or numerous glo-
merular crescents (>50% of glomeruli) carry better prognosis than highly sclerotic 
(>50% glomeruli) or mixed cases (<50% sclerotic or crescent glomeruli). Muscle 
or neuromuscular biopsies have a sensitivity of about 60% in patients with periph-
eral neuropathy [91]. Biopsy of cutaneous lesions often reveals leucocytoclastic 
vasculitis, which remains nonspecific. A few patients with GPA-related temporal 
arteritis and granulomatous findings on biopsy, similar to giant cell arteritis, have 
been reported [92].
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7.6  Treatment

Untreated, GPA is almost always fatal, at least in its diffuse form [8]. With current 
treatments, remission is achieved in more than 80% of cases, with an overall mortal-
ity rate of 10–15% at 5 years [10]. This mortality rate remains higher than that of 
the general population of the same age, with a standardized mortality ratio (SMR) 
of 1.58 (95% confidence interval 1.14–2.13), particularly for males (SMR 1.8 vs. 
1.23 for women) [6]. The main causes of early mortality include infections and poor 
disease control [93]. Beyond the first year after the diagnosis, the main causes of 
death include cardiovascular complications (from treatments and/or disease), infec-
tions, and late cancers [94, 95].

The risk of relapse, sometimes multiple in the same patient, is one of the main 
outcome features of GPA. Relapse is almost guaranteed in the absence of prolonged 
treatments to maintain remission. However, even with maintenance treatments, 
relapse remains frequent. The relapse-free survival rate does not exceed 42–57% 
at 5  years with conventional treatments, although it has improved over the last 
decades [6, 96]. Moreover, only 11–14% of patients do not show damage or defini-
tive adverse effects from the treatments received [15].

7.6.1  Induction Treatment of Diffuse/Systemic/Severe Forms

The treatment of GPA has two phases: first the induction treatment, based on the 
combination of corticosteroids and an immunosuppressant, then, once remission 
has been achieved, maintenance treatment (to maintain remission); however, opti-
mal regimens and durations are not fully established.

Since the late 1970s, the combination of corticosteroids and cyclophosphamide 
has been considered the standard induction treatment for severe forms of GPA [97, 
98], allowing for remission in more than 80% of cases. The initial corticosteroid 
dose is 1 mg/kg/day prednisone equivalent, sometimes preceded by one to three 
methylprednisolone boluses (15 mg/kg/day) [11, 12, 99]. After the first 2–4 weeks 
of treatment, the dose of corticosteroids should be reduced rapidly, by approxi-
mately 10% every 1–2 weeks, to reach a half-dose after 1–3 months. The optimal 
duration and tapering pace of treatment with corticosteroids remain debated [100]. 
In the United States, some centers consider that treatment beyond 6 months is use-
less and even dangerous [101, 102].

Cyclophosphamide can be administered in two modalities: intravenous “pulsed” 
(bolus at regular intervals) or continuous oral, usually for a total of 3–6 months. 
Pulsed oral administration at regular intervals is another possibility, unusually cho-
sen in practice. The intravenous boluses of cyclophosphamide are administered 
every 15 days for 1 month at 0.6 g/m2 or 15 mg/kg (on days 1, 15, and 30), then at 
0.7 g/m2 or 15 mg/kg every 3 weeks [97, 103]. Oral cyclophosphamide is prescribed 
at 2 mg/kg/day [11, 12, 104, 105]. Doses must be adjusted to renal function and the 
patient’s age, then according to the therapeutic response and side effects, regardless 
of the route used [12, 106]. Good hydration should be ensured when intravenous 
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boluses of cyclophosphamide are used, when the bolus dose exceeds 600 mg, in 
combination with mesna to reduce the bladder toxicity of the cyclophosphamide 
[107]. In France and most European countries, the most often used regimen is intra-
venous boluses of cyclophosphamide [108]. The continuous oral route is then a 
possible “rescue” option for patients who do not achieve remission with intravenous 
cyclophosphamide boluses. Several studies have established that the two routes of 
administration of cyclophosphamide (intravenous boluses or oral continuous) are 
comparable in terms of achieving remission [103, 104, 109]. However, cumula-
tive doses of cyclophosphamide are higher with the continuous oral route, which 
is associated in some studies with greater risk of neutropenia and infections [103, 
104] but also, in the long term, with a lower rate of subsequent relapse [110]. The 
risk of infertility and/or long-term delayed complications (cancer) are also directly 
associated with the cumulative dose of cyclophosphamide received.

Rituximab was approved in 2012 by the US Food and Drug Administration for 
adults with severe forms of GPA as an alternative to cyclophosphamide for induc-
tion therapy, combined with corticosteroids. Indeed, two randomized prospective 
studies showed that rituximab was not inferior in efficacy to cyclophosphamide as 
induction therapy for remission [101, 111, 112]. At 6 and 18 months, the rates of 
adverse events, particularly infectious, were also quite comparable in patients with 
rituximab or cyclophosphamide induction [101]. The primary reason for choos-
ing rituximab over cyclophosphamide is to limit exposure to the latter in patients 
with contraindication to cyclophosphamide, those with GPA relapse, and/or those 
who previously received significant cumulative doses of cyclophosphamide (>20 
or 30 g, despite no consensual threshold dose to date). Another preferential indi-
cation for rituximab is for women of childbearing age (the risk of infertility in a 
20-year- old woman receiving a cumulative dose of 6–9 g of cyclophosphamide is 
probably minimal but not null). The use of rituximab in children with GPA remains 
limited to date [82, 113]. Other factors may influence the preference for rituximab 
over cyclophosphamide. The response to rituximab seems better in patients posi-
tive for PR3- ANCA and/or with relapsing GPA but less and/or slower in patients 
with granulomatous lesions (such as ENT lesions or lung nodules), as opposed to 
vasculitis manifestations (such as alveolar hemorrhage) [114]. The choice between 
cyclophosphamide and rituximab is also based on economic parameters; of note, 
rare cases of progressive multifocal leukoencephalopathy have been reported in 
patients receiving rituximab for other pathologies (lymphoma, lupus) as well as 
allergic reactions, sometimes very serious, and interstitial “immunoallergic” pneu-
mopathies. Rituximab for induction can be given as four infusions of 375 mg/m2 at 
1-week intervals each or as two infusions of 1 g at 15-day intervals, with compa-
rable efficacy [115]. Maintenance treatment should be considered 4–6 months later.

Plasma exchange has been proposed with rapidly progressive glomerulone-
phritis and/or alveolar hemorrhage [99, 116, 117]. However, the exact benefit of 
plasma exchange in patients with ANCA-associated vasculitis has not been for-
mally demonstrated to date. A single small randomized study suggested that in 
patients with severe renal impairment, plasma exchange (with the classical scheme 
of “seven exchanges over 15 days”) could improve the chance of renal function 
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recovery at 12 months, but the benefit was not sustained beyond this time [118, 
119]. The final results of the PEXIVAS trial, expected in late 2019, should help 
determine the exact place of plasma exchange [120]. Preliminary data suggest no 
overt benefit of plasma exchange in term of overall or renal survival. The latter 
study will also inform on the optimal dosing of prednisone during the first months 
of induction, because it also compared a standard regimen, as described above, to 
one with faster dose tapering.

7.6.2  Maintenance Treatment of Diffuse/Systemic/Severe Forms

The simple continuation of cyclophosphamide beyond remission is associated 
with a relatively low rate of relapse of 13% at 5 years [98, 103], but its cumula-
tive toxicity over the long term clearly overweighs its efficacy. Other immunosup-
pressants, less toxic than cyclophosphamide, should be prescribed for maintenance, 
after induction therapy with cyclophosphamide [97], usually started within 2 to a 
maximum of 4 weeks after the last dose of cyclophosphamide. The current choice of 
conventional maintenance therapy is primarily between oral azathioprine (2–3 mg/
kg/day) and methotrexate (orally, intramuscularly, or subcutaneously, 0.3 mg/kg/
week, up to 25 mg/week) [97, 121, 122]. Leflunomide (20 mg/day) and mycophe-
nolate mofetil (2 g/day) have also been evaluated for maintenance but in smaller 
series and, for the latter, with inferior results at maintaining remission over time 
than azathioprine [123, 124]. Therefore, leflunomide and mycophenolate are usu-
ally considered only for patients intolerant to or with a history of relapse(s) with 
azathioprine and methotrexate.

The optimal duration of maintenance with these agents remains debated, and 
despite their use, the global relapse rates remain at about 16% at 18 months, 37% 
at 25 months, and 51–64% at 7 years [6, 97, 121, 125, 126]. Some studies showed 
no overt benefit in pursuing them beyond 2 years, whereas the largest randomized 
prospective REMAIN study showed that 4 years of combined maintenance with 
low- dose prednisone and azathioprine was superior to 2 years in preventing relapse 
(22% of relapse vs. 63% at year 4), especially in patients who are persistently 
ANCA-positive at the time of remission (when cyclophosphamide is discontinued) 
[127]. A few other studies also suggested higher risk of relapse for patients positive 
for PR3-ANCA than MPO-ANCA (and thus possibly candidates for longer main-
tenance therapy), although in these studies, MPO-ANCA–positive patients mostly 
had microscopic polyangiitis rather than GPA [128–130].

The same debate exists regarding the optimal duration of low-dose corticoste-
roids. In some centers, corticosteroids are stopped early, by months 4–6, especially 
to reduce the risk of steroid-related infections [131]. However, the continuation of 
low-dose corticosteroid therapy (prednisone 5 mg/day) beyond 6 and 12 months 
may also reduce the risk of relapse [100]. Several prospective studies are ongoing 
and/or planned to more definitely answer this question.

Meanwhile, several studies reported that routine maintenance infusions of ritux-
imab, instead of the conventional azathioprine, could reduce the relapse rate to only 

C. Pagnoux



115

7% or 22% at 2–3 years [132–136]. In the MAINRITSAN study, rituximab was 
given at 500  mg every 6  months for a total of 5 infusions, after induction with 
corticosteroids and cyclophosphamide [137]. Rituximab was superior to azathio-
prine in preventing major relapse, in newly diagnosed as well as relapsing patients. 
In the ongoing RITAZAREM study, rituximab is given at 1 g every 4 months for 
18 months (results expected late 2019), for patients with relapse, induced with ritux-
imab [138]. If confirmed superior to the conventional azathioprine or methotrexate 
for maintenance, the next question will also be to determine the optimal duration of 
rituximab use and that of the associated low-dose corticosteroid therapy. Because of 
the high cost of rituximab, it would also be useful to have definitive answers as to 
which patient subsets would benefit the most from rituximab maintenance therapy 
and whether rituximab could be given with a more sparing approach (i.e., only 
with B-cell repopulation and/or ANCA reappearance or significant titer increase). 
The MAINRITSAN-2 study showed that this later sparing approach was grossly 
as effective as systematic infusions every 6  months (17.3% vs. 9.9% of major 
relapses at 28 months postremission; P = 0.22), although this “on-demand” strategy 
requires a closer biologic monitoring (CD19-B-cell count and ANCA testing every 
3 months) [139].

As stated earlier, the therapeutic maintenance strategy when remission is 
achieved with rituximab is not well defined at this time. In the RAVE trial, no main-
tenance treatment was given after induction [101]. Hence, a simple monitoring of 
patients is one option, with repeat treatment only with disease relapse. A few groups 
suggested that repeat treatments could be given with B-cell repopulation and/or 
ANCA reappearance or titer increase, as was done in the MAINRITSAN-2 trial 
mentioned above, although relapse can also occur in patients persistently B-cell 
depleted and ANCA negative [132, 140]. Conventional maintenance treatments can 
be considered but with conflicting results on their efficacy in two separate retrospec-
tive studies [111, 141]. Finally, systematic maintenance infusions of rituximab, as 
in the previously mentioned MAINRITSAN (in which cyclophosphamide was used 
for induction) and (ongoing) RITAZAREM trials, can be considered, especially in 
patients in remission after a GPA relapse [137, 138].

Cotrimoxazole (trimethoprim-sulfamethoxazole) is not a substitute for mainte-
nance immunosuppressants and is clearly not as effective in this indication [142]. 
However, its prescription at high dose (trimethoprim 320 mg/day, sulfamethoxazole 
1600 mg/day), combined with or after the usual maintenance treatments for GPA, 
allowed for a further reduction of the relapse rate of 40% at 1 year in a small study, 
regardless of the presence or absence of S. aureus in nasal swabs [143]. Therefore, 
it can be prescribed in combination (although not with methotrexate, because the 
renal toxicity of these two drugs could be increased) and/or continued after stopping 
the other maintenance agent for several months or years [144, 145].

The prevention of relapses and adjustments of the maintenance strategy should 
also take into account some of the patient’s and disease’s characteristics. Patients 
with GPA and PR3-ANCA experience relapse more often than do those with 
MPO- ANCA microscopic polyangiitis in published studies of ANCA-associated 
vasculitis [128, 130, 140, 146]. However, in GPA patients only, this distinction 
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between PR3-ANCA and MPO-ANCA is not as obvious. The persistence or reap-
pearance of ANCA under treatment, particularly when switching to maintenance 
treatment, is associated with a higher subsequent relapse rate. However, relapses 
are not systematic in case of persistent ANCA, and even patients who become 
ANCA-negative can relapse [147, 148]. Hence, the consensus is that the treat-
ment should not be adjusted based solely on the ANCA titer, at least when using 
conventional immunosuppressants, but patients should be monitored closely [11, 
12]. In patients receiving rituximab for maintenance, the follow-up of ANCA 
and CD19 B-cell count may be more reliable [132, 148, 149]. As mentioned 
earlier, few studies suggested that repeat rituximab infusions for maintenance 
could be given cost effectively based on ANCA and CD19 B-cell count monitor-
ing every 3 months [132, 139]. Several other clinical predictors of relapse have 
been identified in several patient cohorts but not uniformly, and none has since 
been studied prospectively. Among them, the existence of cardiac involvement 
at diagnosis, a “less intense” initial treatment (cumulative dose of cyclophospha-
mide <10 g after the first 6 months of treatment and/or reduction of the dose of 
corticosteroids to <20 mg/day before the third month), previous relapses, pul-
monary involvement, especially cavitary lung nodules, and/or ENT involvement 
have been associated with frequent relapses. Conversely, the presence of initial 
renal impairment (serum creatinine level >100 μmol/L) seems associated with 
low risk of relapse [85, 146, 150, 151].

7.6.3  Treatment of Localized/Limited Forms

Lighter treatment may be attempted for localized/limited forms of GPA, mainly 
granulomatous ENT manifestations. Corticosteroids alone provide improvement 
in more than 50% of cases but exceptionally, sustained remission [77]. For some 
patients, treatment has been successful with cotrimoxazole (trimethoprim 320 mg/
day, sulfamethoxazole 1600 mg/day) alone or combined with corticosteroids [144], 
but the results with this treatment were disappointing in a few subsequent prospec-
tive studies, some of which had to be stopped early [42, 142]. Moreover, these lim-
ited forms are often recurrent, destructive, and/or eventually evolve into a diffuse 
form; therefore, treatment with a combination of corticosteroids and an immuno-
suppressant may be preferable [79, 114].

These limited forms may be treated with cyclophosphamide or another, less toxic 
immunosuppressant, particularly methotrexate, which can achieve remission as fre-
quently and rapidly as cyclophosphamide in these limited forms [152, 153]. More 
recently, similar results were observed with mycophenolate mofetil, which achieved 
a similar rate of remission as cyclophosphamide in nonsevere forms [11]. However, 
the relapse rates were high after methotrexate or mycophenolate mofetil treatment, 
which should likely be continued for years when effective.

The place of rituximab for limited forms remains to be determined (at present, 
it is mainly considered for patients with refractory/relapsing limited forms, rather 
than as a first-line option).
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7.6.4  Principles of Treating Relapses and Refractory Forms

When a relapse is suspected, it is first (and concomitantly) necessary to rule out 
an infection or another associated pathology, particularly neoplasm. Treatment of 
a relapse occurring under maintenance treatment or when the patient no longer 
takes immunosuppressants is based on the same type of induction treatment as 
detailed above. However, results of the RAVE study suggested that rituximab is 
more often effective than cyclophosphamide in achieving remission in relaps-
ing patients [101, 112]. The cumulative dose of cyclophosphamide previously 
received must also be considered in the choice between these two induction 
immunosuppressants. The subsequent switch to maintenance treatment is again 
based on azathioprine or methotrexate, although maintenance with rituximab 
may then also be more effective [133, 134, 137, 141]. The results of the ongoing 
RITAZAREM study should further determine the place of rituximab for mainte-
nance in relapsing patients [138].

For patients with the most severe, refractory, and/or multirelapsing disease, other 
strategies or combinations can be discussed on a case-by-case basis and in consulta-
tion with reference centers for the management of GPA, ideally as part of prospec-
tive therapeutic protocols.

7.6.5  Other Treatments and Special Situations

7.6.5.1  Polyvalent Intravenous Immunoglobulins
Intravenous Ig treatment is mainly used in patients with refractory, relapsing GPA, 
and/or those with ongoing infections, at 2 g/kg/month, given over 2–5 days, with 
good immediate results but usually only transient, nonsustained efficacy [154, 155]. 
The treatment has the advantage of being less toxic, particularly in terms of infec-
tion and does not cause delayed neoplastic complications, which are other reasons 
for its occasional use in children or pregnant women with GPA.

7.6.5.2  Treatments Under Investigation and/or Development
Ofatumumab is another fully humanized monoclonal antibody directed against 
B cells that targets CD20 and has slower dissociation kinetics than rituximab. 
Ofatumumab is a more potent activator of complement-dependent cytotoxicity 
in vitro. Combined with low-dose pulsed intravenous cyclophosphamide and corti-
costeroids, it achieved remission in small group of eight patients with GPA (n = 3) 
or other ANCA-associated vasculitis [156].

Avacopan is an orally administered, selective complement C5a receptor inhibitor 
tested in small randomized trials in systemic GPA, with promising results, and it is 
now under investigation in a larger study [157]. In this latter study, it is given orally 
(30 mg × 2/day) for 12 months, combined with cyclophosphamide (then azathio-
prine for maintenance) or rituximab (then no maintenance immunosuppressant) and 
no (or a very brief) corticosteroid treatment and compared with the conventional 
regimen with the same immunosuppressant(s) and corticosteroids for 20 weeks (and 
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placebo of avacopan). Other complement inhibitors or blocking monoclonal anti-
bodies are also under investigations.

Abatacept is a selective T-cell co-stimulation modulator that consists of the extra-
cellular domain of human cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) 
linked to the modified Fc (hinge, CH2, and CH3 domains) portion of human IgG1. 
It has been tested in a small open-label study in patients with relapsing limited/
nonsevere GPA, with promising results (intravenous infusions of 10 mg/kg on days 
1, 15, 29 then every 4 weeks) [158]. A larger placebo-controlled randomized study 
of subcutaneous injections of abatacept (125 mg every week) combined with cor-
ticosteroids for relapsing nonsevere GPA is ongoing (ClinicalTrials.gov Identifier: 
NCT02108860).

Belimumab is a human monoclonal antibody that inhibits B-cell activating fac-
tor (BAFF), also known as B-lymphocyte stimulator (BLyS). It has been tested in 
combination with low-dose corticosteroids and azathioprine for maintenance (intra-
venous infusions of 10 mg/kg on days 1, 15, and 30, then monthly). This addition 
of belimumab, as compared with placebo, to the conventional maintenance regi-
men had no obvious benefit, although a slightly lower relapse rate was observed in 
the subset of patients induced with rituximab before switching to azathioprine for 
maintenance [159]. Thus, other studies with belimumab may be considered in GPA 
patients, especially those receiving rituximab for induction.

Tocilizumab, a humanized monoclonal antibody against the IL-6 receptor, has 
been used with some benefit in a few patients with GPA or microscopic polyangi-
itis [160, 161]. A small randomized trial in Japan is further determining whether 
tocilizumab could have a place for treatment of nonlimited, severe but not-life- 
threatening GPA (intravenous infusions of 8 mg/kg ever 2 weeks for 4 months, then 
every 2 months [162]).

New potential therapeutic targets are being identified at an increasing pace, and 
hence, new agents will likely be investigated in the near future, possibly directed 
against IL-17, IL-23, NETs, or the Janus kinase/signal transducers and activators of 
transcription (JAK-STAT) signaling pathway [31, 163, 164].

7.6.5.3  Other Treatments
Both infliximab and etanercept, the two anti-TNF-alpha drugs, have been inves-
tigated in ANCA-associated vasculitides but are no longer used today for GPA, 
despite some beneficial results with infliximab (prescribed at 5 mg/kg on days 0, 
15, and 45, then every 1–2 months) in patients with refractory forms [165, 166]. The 
results of the WGET study, in which etanercept was studied in combination with 
usual induction and then maintenance treatments, showed no benefit in preventing 
relapses as compared with placebo. Also, solid cancers developed in several patients 
who received etanercept combined with corticosteroids and cyclophosphamide, 
including several years after the end of the study [102, 167].

Deoxyspergualin was also used in patients with relapsing or refractory GPA, 
and in a prospective, multicenter open-label study, it achieved at least partial remis-
sion in most patients and complete remission in almost half of them (0.5 mg/kg per 
day, subcutaneously, for six cycles of up to 21 days with a 7-day washout between 
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cycles) [95]. However, relapse occurred in 43% of the patients after a median of 
approximately 6 months after achieving remission, and severe or life-threatening 
adverse events, mostly leukopenias, occurred in 53%.

Alemtuzumab (CAMPATH-1H) is a humanized monoclonal anti-CD52 anti-
body rarely used to treat relapsing/refractory GPA or MPA. In a single series from 
Cambridge, UK, 85% of the 71 patients receiving alemtuzumab (doses of 4, 10, 40, 
40, and 40 mg on five consecutive days) achieved remission, but 43 showed relapse 
(median 9.2 months), and adverse events, mainly infections, were common [168].

7.6.5.4  Adjuvant Measures
Other therapies may be indicated according to the clinical manifestations and in 
combination with corticosteroids and immunosuppressive treatments, such as dialy-
sis and then renal transplant in the absence of recovery of renal function [169], sur-
gery for intestinal perforation or ischemic gangrene of limb(s) extremities, insertion 
of a pacemaker in patients with severe conduction disorders, local treatments with 
corticosteroids and/or anti-inflammatory agents for episcleritis, and cosmetic surgi-
cal repair of nasal deformities.

The treatment of subglottic and bronchial stenoses is complex, especially 
because this manifestation is often isolated and not accompanied by other signs 
of disease activity [46, 47, 90]. Systemic treatment is often disappointing because 
of the fibrotic and atrophic component of the lesions. Endoscopic dilations with 
bougies, balloons, and repeated local injections of corticosteroids, with or without 
mitomycin application, may be effective. Stents and surgery (in referral and special-
ized centers) can be considered in refractory patients.

The adverse effects of prolonged systemic corticosteroid therapy are numer-
ous and require at least the preventative prescription of calcium, vitamin D, and, 
often, bisphosphonates, according to the current recommendations for preventing 
osteoporosis [11, 12]. The management of the usual factors of cardiovascular risk 
is essential, from the beginning of treatment (smoking, dyslipidemia, diabetes, etc.) 
and to limit the cardiovascular consequences of the corticosteroid therapy, which 
are added to those related to the vascular inflammation of GPA [170, 171].

During the induction phase, cotrimoxazole should be prescribed as prophy-
laxis against Pneumocystis jiroveci infection (sulfamethoxazole 400 mg/day and 
trimethoprim 80 mg/day, or 800 mg and 160 mg, respectively, 3 days per week) 
systematically according to most teams, at least for patients receiving both cortico-
steroids and cyclophosphamide or rituximab. In addition, this risk persists for sev-
eral months (3–6 months) after discontinuation of cyclophosphamide or rituximab 
and when the prednisone dose is less than 10 mg/day [11, 12, 144]. Therefore, this 
treatment should be maintained 3–6 months after stopping cyclophosphamide or 
rituximab if possible. In case of cotrimoxazole allergy, contraindication, or intol-
erance, the prevention of pneumocystosis can be based on pentamidine aerosol-
izations (300 mg every 3–4 weeks), oral disulone (100 mg/day), which can cause 
hemolytic anemia even in the absence of glucose-6-dehydrogenase deficiency (or 
more rarely methemoglobinemia), or atovaquone (1500  mg/day). Other oppor-
tunistic infections have been reported during GPA treatment, including bacterial 
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infections (community- acquired pneumonia, urinary sepsis, nocardiosis, etc.), dis-
seminated histoplasmosis, oral or mucosal candidiasis, and progressive multifocal 
leukoencephalitis with JC virus [172]. Most cannot be prevented, but annual vac-
cination against influenza, pneumococcal and Haemophilus influenzae, and shingles 
is good practice, as is ensuring that the mandatory vaccines are up-to-date [173].

In addition, the risk of treatment-induced neoplasia, teratogenicity, and/or infer-
tility must be taken into account in therapeutic decisions and follow-up of patients 
[174, 175].

7.7  Conclusion

GPA is a severe, chronic, and often recurrent disease. However, with appropriate 
and extended treatment, as detailed in this chapter, patient survival now exceeds 
80–90% at 5  years and relapse rates can be lowered. Relapse-free survival at 
5 years varies from 30% to 40% with more “conventional” maintenance regimens 
to 60–70% with newer maintenance strategies such as rituximab. Many therapeutic 
protocols have been and are still being investigated by international groups to fur-
ther improve the management and overall prognosis of GPA patients and to limit 
the damage related to the disease or, very often, the treatments. Epidemiological and 
fundamental research is in continual progress, which will allow for better under-
standing the pathophysiological mechanisms of the disease, thereby enabling the 
identification of new therapeutic targets and more precisely adapting the treatments 
to each form of the disease and, eventually, each patient individually. Also, one (or 
a combination of several) biological marker(s), more reliable than ANCA status 
and titers, to monitor disease activity and predict the risk of relapse may finally be 
identified and further help guide treatments.
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8Microscopic Polyangiitis
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Maria Rosa Pozzi, Paolo Fabbrini, and Federico Pieruzzi

8.1  Introduction

Microscopic polyangiitis (MPA) is defined as a necrotizing small vessel vasculitis 
(i.e., capillaries, venules, or arterioles) with no or few immune-deposits in which 
necrotizing glomerulonephritis (GN) is very common and pulmonary capillaritis 
often occurs. It can be differentiated from granulomatosis with polyangiitis (GPA) 
because granulomatous inflammation is absent and necrotizing arteritis involving 
small and medium arteries may be present [1, 2].

It is classified among the so-called anti-neutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis (AAV) along with GPA and eosinophilic granuloma-
tosis polyangiitis (EGPA) [1, 2]. Anti-neutrophil cytoplasmic antibodies are usually 
directed against myeloperoxidase (MPO) in MPA giving rise to a perinuclear pat-
tern (P-ANCA) by indirect immunofluorescence on ethanol-fixed neutrophils [3, 4]. 
In a minority of patients, ANCA recognizes as antigenic target proteinase 3 (PR3) 
that gives a granular cytoplasmic neutrophil fluorescence with central interlobular 
accentuation (C-ANCA) [3, 4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02239-6_8&domain=pdf
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8.2  Historical Notes

MPA was temporally the last type of vasculitis, included within the AAV group, that 
was recognized as a distinct entity. Until then, it was considered a variant of poly-
arteritis nodosa (PAN). A clinical form distinct from classical PAN was first noted 
by F. Wohlwill in 1923; he described a form of periarteritis nodosa whose lesions 
were only microscopically identifiable [5]. In 1948, Davson et al compared cases of 
classical PAN and its variant that they defined as microscopic form of periarteritis 
nodosa [6]. In their work, they described the presence of glomerular renal lesions 
and the absence of medium-sized vessels involvement as in the classical form. This 
form did not correspond to the criteria for PAN identified by Kussmaul and Maier 
in 1889. In the same year, Zeek described the pulmonary involvement in hypersen-
sitivity angiitis that separated this form of vasculitis from PAN [7]. Interestingly, 
he already reported with detailed images fundamental histological features that dif-
ferentiated MPA from PAN, such as necrotizing glomerulonephritis and pulmonary 
arteritis.

In 1954, Goodman and Churg described the similarities between MPA, GPA, 
and EGPA [8]. However, it was only in 1985 that MPA was recognized as a disease 
entity when Savage et al described a case series of 34 patients with prominent renal 
involvement [9].

The current definition of microscopic polyangiitis was proposed during the 
International Chapel Hill Consensus Conference Nomenclature of Vasculitides in 
1994 [1].

8.3  Epidemiology

AAVs are rare diseases with an annual incidence ranging from 12 to 20 cases per 
million population and a prevalence of 4.6 to 18.4 cases per 100,000 individuals 
[10]. There is a geographic variation in AAVs with a higher incidence of GPA in 
northern Europe and Australia, and a higher frequency of MPA in southern Europe 
and in Asia [11–15]. The incidence of ANCA-associated vasculitis in the Midlands 
of the UK was estimated at 23.1 per million person-years [16]. In particular, the 
incidence rates of GPA, MPA, and EGPA were 8.2 per million (95% CI: 5.8, 11.3), 
13.4 per million (95% CI: 10.3, 17.2), and 1.5 per million (95% CI: 0.6, 3.1), respec-
tively [16]. Worth of note, the age- and sex-adjusted incidence of ANCA-associated 
vasculitis in the black and minority ethnic and the white populations was similar 
[16]. A recent study from Minnesota has found an annual incidence rate of MPA of 
16 per million population vs. 13 per million for GPA [17]. MPA may affect any age; 
however, most of the patients are usually >50 years old with a slight male preva-
lence [11–13]. Recent data seem to indicate an increasing age of patients [18–20] 
(Table 8.1). This is probably due to the wider availability of ANCA testing and to a 
greater awareness of the disease especially in the elderly.

Epidemiological data in children are scarce because most of the pediatric 
reports are based on single-center and national retrospective cohort studies and 
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also because vasculitis in children is extremely rare [26]. The annual incidence of 
AAV reported in a retrospective multicenter French study including 66 children, 
the largest cohort in Europe, was ~0.5 per million children [27]. Higher incidence 
rates of up to 6.39 cases/million children/year were reported in a Canadian study 
[28]. A population- based study from southern Sweden has found an annual inci-
dence rate per million children of 1.4 (0–2.8) for each of GPA and MPA [29]. 
Unlike in adults, where AAVs occur more frequently in male than in female 
patients, childhood AAVs are more common in female subjects and their onset 
peaks in the early second decade, with a median age at diagnosis of approximately 
11–14 years [26].

8.4  Pathogenesis

Pathogenesis of ANCA-associated vasculitis is the topic of another chapter of 
this book. In brief, clinical and experimental animal data support the hypothesis 
that ANCA can activate neutrophils and cause vasculitis, especially if there is 
a concurrent synergistic proinflammatory stimulus (reviewed in [30, 31]). This 
is particularly true for MPO-ANCA (and MPA) since most of the experimen-
tal models have succeeded only with anti-MPO antibodies [32]. Environmental 
factors, including silica, infection especially with Staphylococcus aureus, and 
drugs, have been considered important in the development of ANCA [30, 31]. 
How ANCAs are generated is not known. However, studies suggest that molecu-
lar mimicry and responses to complementary peptides may be initiating events 
for ANCAs production [30]. A genetic background has long been suspected for 
AAVs. A recent genome-wide association study has confirmed that the patho-
genesis of ANCA-associated vasculitis has a genetic component, and has dem-
onstrated a genetic distinction between GPA and MPA that is associated with 
ANCA specificity [33].

8.5  Clinical Presentation

MPA can have a wide range of presentation ranging from indolent renal-limited 
disease to acute pulmo-renal syndrome [11–13]. Acute presentation manifesting 
principally with diffuse alveolar hemorrhage (DAH), rapidly progressive glomer-
ulonephritis (RPGN), or motor mononeuritis multiplex can lead to dysfunction 
of one or more organs. In most cases, however, the disease begins with insidious 
non- specific symptoms, usually prodromal constitutional symptoms such as low-
grade fever, arthralgia, weight loss, and discomfort that lead within a few weeks 
or months to an acute phase with involvement of one or more organs. General 
symptoms are present in 55.3–91.7% of patients in the largest case series [19–25] 
(Table 8.1).
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8.6  Renal Involvement

The kidneys are the organs most frequently affected, up to 90–100% in some series 
(Table 8.1) [19–25]. The main clinical presentation is represented by rapidly pro-
gressive glomerulonephritis (RPGN) [34, 35]. RPGN is characterized clinically by 
a rapid decrease in the glomerular filtration rate (GFR) of at least 50% over a short 
period, from a few days to 3 months and, histologically, by extensive glomerular 
crescent formation. Other features include microscopic hematuria with often eryth-
rocyte casts, and usually non-nephrotic proteinuria [34, 35]. Quite often RPGN is so 
severe to cause dialysis dependence at diagnosis in almost 60% of patients [34, 35]. 
With improvement in early diagnosis, a minor but significant number of patients 
may have just urinary abnormalities, microscopic hematuria and proteinuria, with 
serum creatinine within the normal range. A small but significant percentage of 
patients, especially those with MPA (14% in our series), may have a more indolent 
course and present, at diagnosis, with chronic renal insufficiency [34].

The histological lesions are represented by necrosis of capillary loops, extra-
capillary proliferation with crescent formation, periglomerular and interstitial infil-
trates, and necrotizing arteritis [34, 35]. Crescents can involve only a part of the 
glomerular tuft or can be circumferential with collapse of the glomerular tuft. They 
can be florid or fibrous according to the stage of the disease [34, 35]. When such 
lesions are present in the context of a paucity of immune deposits, they become 
diagnostic [34].

Chronic damage is significantly higher in MPA than in GPA [36–39]. Moreover, 
MPO-ANCA-positive patients have significantly higher percentage of globally 
sclerosed glomeruli, whereas PR3-ANCA-positive patients show more glomeruli 
with active lesions and arteritis [38, 39]. This difference has been explained by a 
delayed establishment of diagnosis in MPA compared to patients with GPA and/or 
by a different pathogenesis of renal lesions [38].

In a subgroup of patients, kidney, apparently, is the only organ/system involved 
and pauci-immune crescentic necrotizing glomerulonephritis is considered a renal- 
limited form of MPA [21, 34, 35].

8.7  Lung Involvement

Pulmonary involvement ranges from 25% to more than 70% (Table 8.1) and often 
represents the most frequent clinical sign that leads patients to medical supervision 
[11]. Two main types of lung involvement can be identified. The first is a direct 
consequence of the acute capillaritis, typically presenting in an acute phase of the 
disease, and the second is interstitial lung disease (ILD) [40, 41]. Interestingly, 
in the majority of these patients, pulmonary fibrosis occurs concurrently or pre-
dates the diagnosis of ANCA vasculitis [40–43]. Diffuse alveolar hemorrhage 
(DAH) is reported at presentation in 20% to 50% generally associated with RPGN 
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(pulmonary renal syndrome) [40–43]. Hemoptysis is experienced by the patients 
in variable degrees [40]. Overt lung hemorrhage, requiring mechanical ventilation, 
happens in up to a third of subjects with DAH in AAV. However, the typical triad 
(hemoptysis, anemia, and dyspnea) is not always detected and DAH should be sus-
pected when severe anemia or rapidly decreasing hemoglobin values are present 
[44]. Focal or more often diffuse infiltrates with ground-glass opacities and con-
solidation are the most frequent radiological findings but are not specific [44, 45]. 
Bronchoscopy with bronchoalveolar lavage is diagnostic but it cannot always be 
performed [44]. The mortality rate of MPA patients with pulmonary hemorrhage 
is 8.65 times greater than that of MPA patients without pulmonary hemorrhage 
[46]. In a recent large series from Mayo Clinic, eight out of 73 patients (11%) died 
during hospitalization [47]. The most important predictor of respiratory failure in 
patients with DAH secondary to AAV was the degree of hypoxemia upon presenta-
tion [47].

ILD can present either as usual interstitial pneumonia or as nonspecific intersti-
tial pneumonia [40]. Two main different subsets of patients can be recognized: one 
with lung disease presenting after other organs have been affected by MPA, another 
as MPA with ILD since diagnosis recognition [40]. A higher mortality has been 
found associated with fibrosing interstitial lung disease in MPA [20].

Recently, a few studies have shown that bronchiectasis is a highly prevalent pre- 
existing respiratory condition in patients with anti-MPO AAV ranging from 16% 
to 37.9% [48, 49]. Which implication has this finding for the pathogenesis of the 
disease is not known yet.

8.8  Skin Involvement

Cutaneous manifestations are found in 12–62% of patients [19–25] (Table 8.1).
The most frequent skin lesion is palpable purpura. Other manifestations in 

decreasing order of discovery are: cutaneous ulcers, livedo reticularis, nodules, and 
the rarest vasculitic urticaria [24]. Skin biopsies often show leukocytoclastic vas-
culitis, with fibrinoid necrosis, neutrophilic infiltration of the small vessels in the 
dermis, and nuclear dust [50].

8.9  Gastrointestinal

Gastrointestinal (GI) involvement, characterized by abdominal pain and GI bleed-
ing, has been reported in 2–30% of patients [19–25] (Table 8.1). Because of perfora-
tion, patients may undergo hemicolectomy or small intestine resection.

In a recent series from Sweden, fourteen (6.5%) of 216 consecutive patients with 
GPA/MPA had GI manifestations. Abdominal pain and GI bleeding were the most 
common symptoms. Radiology was important for detection of GI disease, while 
endoscopy failed to support the diagnosis in many patients [51].

Despite its low frequency, GI involvement is associated with poorer outcome [52].
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8.10  Nervous System

Nervous system (NS) involvement is described in 20–58% of patients [19, 20, 22–
25] (Table 8.1). The most frequent and typical NS manifestation is peripheral neu-
ropathy [53–55]. Vasculitic neuropathies are usually but not always painful and tend 
to produce sensory motor or sensory symptoms. Deficits are typically multifocal 
or asymmetric, but distal symmetric polyneuropathy can occur [53–55]. Vasculitic 
peripheral neuropathy typically results from ischemic axonal injury. Evaluation 
requires laboratory tests, electrodiagnostic studies, and nerve or nerve/muscle 
biopsy. Electrodiagnostic studies in vasculitic neuropathy typically show asymmet-
ric or non-length-dependent patterns of axonal neuropathy [53–55].

The EUVAS group has reported the incidence and prevalence of peripheral 
neuropathy in a series of 506 patients with AAV enrolled in therapeutical trials. 
Forty (8%) of 506 patients had vasculitic neuropathy at baseline and a further eight 
patients developed active vasculitic neuropathy at a later time point [56]. The pres-
ence of motor (or motor-sensory) neuropathy at baseline was identical between 
MPA [16 (7%) out of 237] and granulomatosis with polyangiitis [19 (7%) out of 
269], P = 0.94. Pure sensory neuropathy was reported in 5 (2%) out of 269 patients 
with granulomatosis with polyangiitis, but not in any of the patients with MPA, 
P = 0.065. Cranial nerve palsy was more common in granulomatosis with polyangi-
itis [45 (17%) out of 269] compared with MPA [18 (8%) out of 237], P = 0.002 [56].

Central nervous system (CNS) disease is an uncommon complication and affects 
probably less than 10% of patients [57]. CNS involvement is more frequently 
observed in GPA than in MPA. In MPA, most reported cases are CNS vasculitis, 
responsible for cerebral infarcts and subarachnoid hemorrhages [57–59]. Diagnosis 
relies on imaging, mainly MRI angiography [57].

8.11  Eye

Eye involvement is present in a minority of patients [19, 20, 22–25] (Table 8.1). The 
most frequent ocular manifestations include episcleritis, scleritis, iridocyclitis, and 
conjunctivitis. Retinal involvement is rare but also documented. These symptoms 
are caused by a vasculitic involvement of the vessels of the choroidal membrane, 
retina, and conjunctiva. Ocular involvement can be the first vasculitic manifestation 
of the disease, usually misdiagnosed [60].

8.12  ENT

ENT manifestations affecting the upper airways and the ear, although not specific 
for MPA, are reported in significant percentages: up to 27% of the cases in some 
studies [19, 20, 22–25]. The percentage range is narrower in the most recent cohorts 
validated by the EMA algorithm and appears to be slightly more common in Asian 
patients. Sinusitis is the most typical symptom of this group along with otitis media 
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frequently associated with hearing loss. Otitis media ANCA vasculitis (OMAAV) 
has been recently described not only concomitant with PR3-ANCA but also with 
MPO-ANCA.

MPO-ANCA positive otitis media predominantly presents as otitis media with 
effusion and is frequently associated with hearing loss due to the autoimmune 
inflammatory process in the internal ear. OMAVV can be associated with facial 
palsy and pachymeningitis in MPA patients [61].

8.13  Heart

Cardiac involvement is described in 3.8–17.6% of patients [19, 20, 22–25] and may 
have different forms, including coronary vessels vasculitis, pericarditis, myocardi-
tis, endocarditis, myocardial infarction, and subendocardial vasculitis [11, 22]. The 
most commonly reported manifestations are pericardial effusion and chronic heart 
failure [11].

8.14  Diagnosis

When MPA is suspected, a complete clinical history should be collected and an 
exhaustive physical examination performed. Further investigations should be 
aimed, on the one hand, to evaluate organ/system involvement and, on the other, to 
correctly classify the patient on an etiologic/pathogenetic point of view.

An initial set of laboratory tests should include complete blood count, inflamma-
tory markers such as erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CPR), renal function, and urinary sediment. The clinical picture should dictate fur-
ther investigations; for instance, paresthesia should suggest performing electromyog-
raphy in order to confirm or exclude neuropathy, cough, and/or shortness of breath, 
CT scan and lung function test, urinary abnormalities, kidney biopsy, and so on.

Anti-neutrophil cytoplasmic antibodies have a crucial role in diagnosing AAVs 
and are detected in up to 80–90% of patients with active MPA [3, 4]. According to 
the 1999 international consensus on ANCA testing, indirect immunofluorescence 
(IIF) should be used to screen for ANCAs, and samples containing ANCAs should 
then be tested by immunoassays for proteinase 3 (PR3)-ANCAs and myeloperoxi-
dase (MPO)-ANCAs [3, 4]. New guidelines for ANCA testing have been developed 
based on a recent European multicenter study, and according to the revised 2017 
international consensus recommendations, testing for ANCA in small vessel vascu-
litis can be done by PR3- and MPO-ANCA immunoassays, without the categorical 
need for IIF [62]. Antigen specificity (PR3 or MPO) does not effectively differenti-
ate among the different AAVs; however, C-ANCA/PR3-ANCA are mainly found in 
GPA, while P-ANCA/MPO-ANCA are more prevalent in MPA (65–97%) [19–25] 
(Table  8.1) and EGPA [3, 4, 62]. Recent developments have shown that ANCA 
specificity is more closely associated with disease phenotype and prognosis than 
clinical diagnosis. In particular, as expected, patients with kidney-limited disease 
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or any form of vasculitis without radiographic or histologic proof of granulomatous 
inflammation were more likely to have MPO-ANCA, and those with the most com-
pelling evidence for necrotizing granulomatous inflammation were most likely to 
have PR3-ANCA [3].

The presence of determined clinical findings plus specific laboratory tests allows 
to correctly classifying the vast majority of patients.

There are no validated diagnostic/classification criteria for MPA.  MPA is usu-
ally defined according to the Chapel Hill Consensus Conference [1] and classified 
using the European Medicines Agency (EMA) algorithm [63]. Classification of the 
ANCA-associated vasculitides remains controversial. Existing systems, developed by 
the American College of Rheumatology (ACR) in 1990, the CHCC in 1994, all have 
deficiencies, especially when applied to unselected patients. The ACR system did not 
include ANCA or microscopic polyangiitis, and the CHCC (1994) included MPA but 
not ANCA. To partly overcome these limitations, the European Medicines Agency 
(EMA) has developed a stepwise algorithm to categorize patients with GPA, MPA, 
EGPA, and PAN into single clinically relevant categories. The ACR and Lanham cri-
teria for EGPA and ACR criteria for GPA are applied first, as these are considered to 
be the most specific. Surrogate markers for GPA are included to distinguish GPA from 
MPA. MPA is classified using the CHCC definition and surrogate markers for renal 
vasculitis. This algorithm has been shown to perform better than the previous ones 
with an increased sensitivity [63]. To summarize, a patient with a clinical diagnosis of 
primary small vessel vasculitis and/or pauci-immune necrotizing glomerulonephritis 
is diagnosed as having MPA if no criteria for EGPA or GPA are satisfied [63].

8.15  Pathology

Histologically, MPA is characterized by necrotizing vasculitis of small vessels (arte-
rioles, capillaries, venules) and lack or paucity of immune deposits within the ves-
sel wall [1, 10–13]. Kidney is the most studied organ: as said before, the typical 
lesions are represented by necrosis of capillary loops, extracapillary proliferation 
with crescent formation, and periglomerular and interstitial infiltrates in the context 
of a paucity of immune deposits, the so-called “pauci-immune necrotizing crescen-
tic glomerulonephritis” [1, 10–13]. Capillaritis with fibrinoid necrosis is the typical 
finding in the lungs where, in contrast with GPA, granulomatous inflammation is 
absent [40]. The histopathological pattern of MPA in skin lesions is represented by 
leukocytoclastic vasculitis [50].

8.16  Prognosis and Outcome

Untreated MPA has an unfavorable course with a patient survival of less than 20% 
at 5 years [11–13]. Even if the frequency of relapses is lower in MPA in comparison 
with GPA, patient survival is, on the contrary, lower for MPA than for GPA and 
EGPA (27.5 vs. 13%) [11, 64, 65].
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Factors independently related to death are the presence and severity of renal 
involvement, cardiac symptoms, gastrointestinal involvement, and age over 65 years 
[64, 65]. ENT symptoms, affecting patients with WG and CSS, are associated with 
a lower relative risk of death [64, 65].

8.17  Treatment

Therapy of AAV will be covered in another chapter of this book. However, some 
guidelines on the treatment of MPA will be given.

Patients with serum creatinine lower than 500 μmol/l (5.7 mg/dl) should be 
treated with prednisone and cyclophosphamide for 3–6  months until remis-
sion is reached [66]. Oral and pulse cyclophosphamide have been shown to 
be equivalent in terms of clinical response [67]. Cyclophosphamide pulses 
are, however, associated with less episodes of leukopenia and the cumulative 
dose of the drug is inferior to that found in the oral cyclophosphamide-treated 
patients [67]. Long-term follow- up of CYCLOPS study has shown that pulse 
cyclophosphamide is associated with a higher relapse risk than daily oral 
cyclophosphamide. However, this is not associated with increased mortality or 
long-term morbidity [68].

Once that disease is into remission (usually within 3–6 months), azathioprine 
is as effective as cyclophosphamide and more effective than mycophenolate/
mofetil to maintain remission [66]. How long to continue maintenance therapy 
is not known.

Patients with renal involvement with a serum creatinine higher than 500 μmol per 
liter (5.7 mg/dl) and/or lung hemorrhage should be treated with a course of plasma 
exchange (7 sessions in 2 weeks) in addition to prednisone and oral cyclophospha-
mide. In a randomized controlled trial, plasma exchange (PLEX) was shown to be 
more effective than methylprednisolone pulses (IV MeP) in terms of renal function 
recovery [69]. However, although short-term results with PLEX were encouraging, 
the long-term benefits remain unclear since, after a median of almost 4 years follow-
up, there was no evidence of a net difference between PLEX and IV MeP in clinical 
outcomes [70].

In a larger unpublished trial presented at the last ERA/EDTA meeting, an addi-
tive effect of plasma exchange on the cumulative end point of ESRD and death was 
not confirmed raising doubts on its utility [71].

While rituximab has been shown in a post hoc analysis to be superior to cyclo-
phosphamide to induce remission in patients with PR3-AAV (GPA), the same drug 
was found to be as effective as cyclophosphamide in MPO-AAV (MPA) [72, 73]. 
Therefore, rituximab can be used instead of cyclophosphamide in MPA, especially 
in younger patients in order to preserve fertility.

Preliminary results from small pilot studies indicate that mycophenolate mofetil 
is effective for induction and maintenance of remission in microscopic polyangiitis 
with mild-to-moderate renal involvement [74, 75].
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8.18  Conclusions

MPA is a severe chronic relapsing disease with a particular predilection for kid-
ney and lung. It is classified among the so-called AAV and it can be distinguished 
from GPA for the absence of granulomatous inflammation and from EGPA for the 
absence of asthma and eosinophilia.

ANCA, usually P-ANCA with specificity for MPO, are found in 80–90% of cases.
Renal involvement is characterized by pauci-immune necrotizing crescentic 

glomerulonephritis. Even though there are no qualitative differences in glomerular 
lesions in patients with MPA or with GPA, chronic damage is significantly higher 
in MPA (and/or MPO-ANCA-positive patients) than in GPA (and/or PR3-ANCA- 
positive patients).

Two main types of lung involvement can be identified: alveolar hemorrhage that 
is a direct consequence of acute necrotizing capillaritis, and interstitial lung disease 
that often occurs concurrently or predates the diagnosis of ANCA vasculitis and, 
therefore, cannot be considered a direct consequence of vasculitis.

Even if the frequency of relapses is lower in MPA in comparison with GPA, 
patient outcome is worse. Age over 65 years old, renal, gastrointestinal, and cardiac 
involvement are associated with poorer prognosis.
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9ANCA-Associated Vasculitis—ENT 
Involvement

Trimarchi Matteo, Galli Andrea, and Roberto Teggi

9.1  Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) are idio-
pathic, immunologically mediated diseases predominantly affecting small vessels 
throughout the body (capillaries, venules arterioles, and small arteries), which are 
pathogenetically associated with pauci-immune vasculitis and with either protein-
ase 3-ANCA (PR3-ANCA or c-ANCA) or myeloperoxidase-ANCA (MPO-ANCA 
or p-ANCA) [1]. AAV are typically characterized by necrotizing, granulomatous 
inflammation of the upper and lower respiratory tract and focal or proliferative glo-
merulonephritis in combination with other eventual vasculitis-related manifestations; 
long-term prognosis is poor if adequate treatment is not promptly established [2].

The 2012 revised Chapel Hill Consensus Conference (CHCC) defined micro-
scopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA, formerly 
Wegener’s granulomatosis), eosinophilic granulomatosis with polyangiitis 
(EGPA, also known as Churg-Strauss syndrome), and single-organ manifestations 
(e.g., acute renal-limited disease known as pauci-immune necrotizing crescentic 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02239-6_9&domain=pdf
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glomerulonephritis, NCGN) as the main clinic-pathological variants within the 
AAV spectrum [3]. PR3-ANCA cases are more frequent than MPO-ANCA in GPA, 
whereas MPO-ANCA-positive patients are more common in MPA, EGPA, and 
renal-limited pauci-immune NCGN [4].

It is often difficult to consider each entity by itself due to the overall rarity of 
AAV and the frequent overlap of clinical and pathological factors: most trials, 
indeed, have recruited patients from the entire spectrum, especially GPA and MPA 
[5]. However, recognizing minor phenotypes is nowadays mandatory, not only for 
epidemiological issues, but also because each has a different clinical course, with 
the obvious therapeutic implications [6].

MPA is defined as a pauci-immune small-vessel vasculitis (SVV), potentially 
affecting any organ or tissue, in the absence of evidences for GPA or EGPA [7]. 
Its reported prevalence ranges from 2.7 to 94 cases per million [8], with southern 
Europe more affected than northern (11.6/million in Spain against 2.7/million in 
Norway) [9]: mean age at onset is between 50 and 60 years, with a slight male pre-
dominance (male:female ratio 1.8:1) [10].

Initial single-organ involvement with or without subsequent systemic spread is 
typical MPA course. Common clinical features are purpura (determined by dermal 
venulitis), hemorrhagic pulmonary alveolar capillaritis, NCGN, and mononeuritis 
multiplex as a consequence of epineural arteritis [1]. ENT and eye manifestations 
are not considered as typical clinical symptoms of MPA, in contrast to GPA and 
EGPA. However, such findings are not so uncommon: different series report their 
presence in 9% [11], 20% [12], and 30% [13] of MPA patients, especially in asso-
ciation with chronic rhinosinusitis [10] or sensorineural hearing loss [14].

GPA, formerly known as Wegener’s granulomatosis [15], is also a SVV that is 
pathologically identical to MPA, except for the presence of necrotizing granuloma-
tous inflammation that can affect vessels or appear exclusively in extravascular tis-
sues [1]. This peculiar extravascular necrosis, in the absence of clearly identifiable 
vessels, is known as “pathergic granulomatosis” [16]. Such granulomatous inflam-
mation commonly involves the upper or lower respiratory tract, even though it can 
occur anywhere (e.g., skin, orbit meninges), and is usually very different from that 
observed in cases with mycobacteriosis, sarcoidosis, or fungal infections [16]. In 
addition to necrotizing granulomatous lesions and pathological-related vasculitis, 
GPA is typically defined by focal or proliferative glomerulonephritis [17].

Single-organ GPA, lacking clear systemic involvement, may also occur, frequently 
as isolated head and neck granulomatous manifestations [18]: classic otorhinolaryngo-
logic symptoms may define the initial clinical picture in many GPA patients, since the 
upper respiratory tract is involved in 70–100% of cases [19]. These localized forms, in 
the same way of single-organ EGPA, are less often associated with ANCA-positivity 
and their course is often unpredictable in terms of systemic progression [1, 20].

The prevalence of GPA is about 5 cases per 100,000 in Europe, with northern 
counties more commonly involved. Mean age at diagnosis is 40 years (range: 8–99); 
both sexes seem equally affected [21, 22].

EGPA, also known as Churg–Strauss syndrome, is a condition at the crossroads 
between SVV and hypereosinophilic disorders. It is generally characterized by a 
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non-vasculitis prodrome of asthma and/or allergic rhinitis, subsequent blood hype-
reosinophilia with single-organ eosinophilic inflammation (e.g., pneumonia, gas-
troenteritis), and a final systemic stage defined by SVV and glomerulonephritis [7]. 
ANCA-positive patients usually develop peripheral neuropathy, glomerulonephritis, 
and purpura due to prevalent SVV, while myocardial involvement, lung infiltrates, 
and gastrointestinal symptoms are easily detectable within the ANCA-negative sub-
set [23, 24].

Both vasculitis and glomerulonephritis are substantially indistinguishable from 
those occurring in GPA and MPA, except for the number of eosinophils detectable 
within inflammatory lesions; the same applies for “pathergic granulomatosis” in 
comparison to GPA [1].

Head and neck manifestations are typical of the first stage of the disease, 
when recurrent or chronic rhinosinusitis with/without nasal polyps are commonly 
encountered; sinonasal granulomas, recalcitrant endonasal crusting, and otological 
or orbital involvement are less frequently part of the clinical picture [25, 26].

The estimated prevalence of EGPA is of 10.7–14 cases per million [27], with a 
mean age of onset of 38–54 years [28].

Other than the AAV spectrum, the so-called cocaine-induced midline destruc-
tive lesions (CIMDL) are emerging pathologies caused by habitual cocaine 
insufflation frequently presenting with clinical, endoscopic, serological, and his-
topathological features resembling those of systemic vasculitis, especially GPA 
[29]. Their incidence is increasing with the widespread illicit use of the drug, 
whose most common route of administration is the intranasal one by inhalation 
[30]. In these conditions, patients may display focal/diffuse destruction of the 
osteocartilagineous nasal framework, positive ANCA tests, and leukocytoclastic 
vasculitis with fibrinoid necrosis, in a pattern significantly mimicking a localized-
form of GPA [31]. Differential diagnosis between CIMDL and sinonasal GPA is 
thus particularly challenging, as patients do not readily admit their drug abuse: in 
these settings, blood, urine, and hair evaluation for cocaine metabolites is manda-
tory to confirm addiction and rule out a misleading diagnosis [29]. Though dif-
ficult, clinicians must recognize these peculiar manifestations in order to provide 
appropriate treatment [32].

Since head and neck involvement in AAV is quite common and occasionally 
the first and isolated sign of active disease, otorhinolaryngologists become essen-
tial members of the multidisciplinary team approaching these conditions. We now 
review the most common ENT manifestations of AAV, according to the phenotype 
of vasculitis involved (Table 9.1). The CIMDL spectrum is also analyzed due to its 
large and troublesome similarity to the sinonasal, localized-form of GPA.

9.2  Microscopic Polyangiitis (MPA)

MPA is primarily a cause of pulmonary–renal syndrome (i.e., pulmonary capillaritis 
with glomerulonephritis), a group of disorders including Goodpasture’s disease [9]. 
ENT manifestations are not considered a typical feature, in contrast to the GPA and 
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EGPA phenotypes; however, head and neck involvement has been documented in 
9%, 20%, and 30% of MPA cases in three major series [11–13]. Chronic rhinosi-
nusitis is the most common condition [33] along with sensorineural hearing loss 
with tinnitus [14].

9.3  Granulomatosis with Polyangiitis (GPA)

The nasal cavity and paranasal sinuses are the most commonly affected sites within 
the head and neck area in GPA patients (85–100%) [22, 34]. Interestingly, the nose 
is the only diseased site in 30% of cases [35]. In active nasal disease, the nasal 
mucosa displays copious crusting, diffuse hemorrhages, swelling, and purulent 
secretions due to superimposed bacterial infection (e.g., S. aureus, P. aeruginosa), 
conditions that may lead to nasal obstruction, hyposmia/anosmia, cacosmia, recur-
rent epistaxis, nasal pain, and finally to chronic rhinosinusitis with or without nasal 
polyps [18].

Mucosal granulomatous inflammation primarily affects the turbinates and nasal 
septum, especially at the locus Valsalvae (Fig.  9.1a): vasculitic involvement at 
Kiesselbach’s plexus can cause transmural necrosis of the underlying cartilage and 
consequent septal perforation [18, 22]. Although distressing for patients, this find-
ing is not necessarily synonymous of an active disease state [36]. A deeper involve-
ment of nasal framework by vasculitic and “pathergic granulomatosis” process can 
determine the collapse of its cartilaginous midvault, resulting in a depressed appear-
ance of the nose, the so-called “saddle-nose” deformity [37]: this condition gener-
ally develops in 10–25% of patients with blown nasal GPA [22].

Endonasal mucosal swelling and/or granulomatous destructive lesions can 
also lead to nasolacrimal duct obstruction (NLDO) or direct lacrimal sac involve-
ment, with epiphora as a possible initial sign of disease [38]. Further extension 

a b

Fig. 9.1 GPA-related endonasal granulomatous inflammation affecting anterior mucosa of nasal 
septum and turbinates (a); subglottic stenosis markedly reducing laryngo-tracheal respiratory 
space (b)
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of inflammation to the paranasal sinuses is the result of prolonged active disease, 
occurring in 50% of patients with nasal GPA [35]. Sinus imaging (CT or MRI) does 
not allow distinguishing GPA-related inflammation from non-specific inflamma-
tion/infection occurring during clinical relapses, but it can help in the chronic stage 
by noting long-term sequelae of the disease, such as the scar tissue frequently fill-
ing maxillary sinuses and the progressive ossification of the paranasal cavities [39]. 
Moreover, narrow-band imaging (NBI) endoscopy can be helpful in the diagnostic 
process to detect peculiar vascular patterns and guide physicians toward a biopsy 
diagnosis of GPA [40].

Otologic manifestations are commonly reported during the clinical course of 
GPA, with a prevalence reported in the range between 19% and 61%. Otologic dis-
orders may be part of the initial presentation in about 33% of cases [41, 42].

The external ear is less frequently involved, with ulcerated lesions (in a clinical 
picture resembling perichondritis or acute external otitis) being the most common 
manifestations; these lesions are poorly responsive to antibiotic or local steroids [43].

Since Eustachian tube dysfunction resulting from nasopharyngeal involvement 
is a common finding in GPA patients, unilateral or bilateral serous or, less fre-
quently, purulent otitis media is the most recurrent otologic feature of the dis-
ease. More rarely otitis media may be caused by granulomatous involvement of the 
middle ear itself, which in turn leads to mastoiditis and chronic otitis media [21, 
44]. Different authors underline how GPA should be considered within potential 
differential diagnoses in this context, especially in otitis that are poorly responsive 
to therapy and/or whenever a discrepancy between otoscopic findings and severity 
of the hearing loss is noticed: in these cases surgical intervention (i.e. exploratory 
tympanotomy with or without concurrent tympanoplasty) should be performed, at 
least with diagnostic purpose and in a minimally invasive fashion [21, 45].

Progressive sensorineural hearing loss, initially high pitched and associated with 
tinnitus, has been reported in around one-third of GPA cases [46]. Its pathogenesis 
remains unclear: hearing loss may be related to the toxic action of inflammatory by-
products released in the middle ear that can act beyond it against the inner portion of 
the organ through the round window [21, 36]. As far as this hypothesis is concerned, 
a case of a rapidly progressive hearing loss occurring during chronic otitis media 
with effusion has been reported [47]: in this patient, T1-weighted gadolinium- 
enhanced ear MRI demonstrated bilateral enhancement of the basal turn of the 
cochlea, a possible expression of cochleitis related to the above- mentioned mecha-
nism [47]. Similar involvement of the vestibule can lead to acute onset of vertigo 
[36]. Other suggested pathogeneses are vasculitis of the vasa nervorum of the VIII 
cranial nerve, deposition of immune complexes within the inner ear, and pressure 
on the acoustic nerve by granulomatous lesions [17, 21, 36, 46, 48, 49]. The same 
processes, in a small percentage of GPA patients, can lead to VII cranial nerve palsy, 
with or without concurrent middle ear disorder [46].

Recently, a stand-alone nosological entity has been advocated by the Japanese 
Otorhinolaryngology Society with proper diagnostic criteria: otitis media ANCA- 
associated vasculitis (OMAAV) [50]. This proposal derives from the evidence that 
exclusive otitis media refractory to antibiotics or tympanostomy tube with findings 
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suggestive for GPA but formally inconclusive (e.g., serological MPO-ANCA posi-
tivity) could represent an independent disease. Whether or not this hypothesis is true 
is still controversial, since granulomas do exist in the middle ear of these patients, 
destroying ossicles as they grow up: OMAAV may indeed be considered as a pecu-
liar, localized form of GPA [50].

Oral lesions in GPA patients are uncommon findings, occurring in about 5–10% 
of cases. Their incidence as presenting manifestations of the disease is even more 
infrequent (around 2%) [51, 52]. When observed, such include non-specific deep 
ulcers of tongue, cheek, and palate mucosa (i.e., ulcerative stomatitis) as well 
as “strawberry” gingival hyperplasia, an exophytic gingival swelling of reddish 
purple color with petechiae that commonly originates in the interdental papillae. 
This latter is an obvious pathognomonic sign of GPA, although its occurrence is 
quite rare [53, 54]. However, recognition of this typical condition is crucial for 
timely diagnosis [53]. Moreover, sinonasal involvement in the form of granulo-
matous destructive lesions can evolve downward as osteonecrosis of the hard pal-
ate and/or oro-antral fistula, although these findings favor a diagnosis of CIMDL 
over GPA [55].

Sialoadenitis of major salivary glands (i.e., parotid, submandibular) is another 
rare manifestation of GPA, and rarely its presenting symptom: enlargement of the 
glands with pain and signs of acute/subacute inflammation are indeed sometimes 
noticed within GPA patients [56, 57]. Salivary involvement is nonetheless non- 
specific and may even mimic malignancies: when this is the presenting condition, 
a diagnosis of GPA is uncertain until more common features arise or it is demon-
strated histopathologically [18].

Laryngo-tracheal involvement is reported in 15–55% of GPA patients, and rarely 
as a presenting condition [58–61]. Mucosal ulcers are found in 25% of cases, more 
commonly than subglottic stenosis (16%) (Fig. 9.1b) [62]: many of these lesions, 
however, become heavily symptomatic, causing progressively hoarseness, cough, 
wheezing, and dyspnea; in acute settings, urgent tracheostomy becomes mandatory 
to ensure airway patency [58, 59, 63]. Subglottic stenosis often requires invasive 
approaches in the course of GPA treatment, depending on its type and localization: 
translesional injection of corticosteroids, endoscopic pneumatic dilation, laser abla-
tion with radial incisions, stenting (preferring silastic to metal wire mesh ones), or 
even tracheal resection with reanastomosis [62, 64]. In any case, non-medical treat-
ment should be delayed after the healing of acute inflammatory phase, minimizing 
additional surgical injury to laryngo-tracheal tissues [18].

Ocular and orbital manifestations may occur in about 50–60% of GPA patients; 
these can even remain as stand-alone symptoms, especially in limited forms of GPA 
[22]. Episcleritis is found in up to 16–38% of cases [51]; other possible findings are 
uveitis, retinal ischemia, and optic neuropathy [22, 51].

Orbital inflammation can also be noticed within GPA subjects, typically affecting 
both sides, with proptosis, diplopia, visual loss, and periorbital cellulitis as symp-
toms [51, 65]. Inflammation is generally the result of sinonasal disease whenever 
it diffusely involves orbital tissues, but may arise as discrete granulomatous mass 
similar to presentations of pseudotumor or lymphoma [22].
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9.4  Eosinophilic Granulomatosis with Polyangiitis (EGPA)

The prodromal phase of EGPA may last months to years and is usually characterized 
by constitutional symptoms, such as arthralgia, myalgia, malaise, fever, and weight 
loss, accompanied by asthma (96–100%) and upper respiratory tract involvement 
(47–93%) [25, 26]. This latter feature generally includes a simple allergic rhini-
tis, with diffuse mucosal swelling and distressing serous rhinorrhea, but also wider 
inflammation of the sinonasal tract with chronic rhinosinusitis (62–77%) with or 
without nasal polyps (Fig. 9.2) [25, 26].

Clear granulomatous destructive lesions, as observed in GPA patients, are less 
common in EGPA: as a consequence, recalcitrant crusting rhinitis with typical foul- 
smelling discharge, recurrent epistaxis, septal perforation, nasal framework col-
lapse, and orbital pseudotumor are rarer findings in these patients [25, 26].

Otologic manifestations of EGPA, seen in about 50% of patients, occur more 
frequently in early stages and include both sensorineural and conductive hearing 
loss, otitis media with effusion, and chronic suppurative otitis media [25, 26, 66]. 
According to two recently published papers, sensorineural and conductive deficit 
has been detected in 12–14% and 12–17% of subjects, respectively [67, 68]. The 
latter is mainly caused by effusion in the middle ear or chronic suppurative inflam-
mation [67, 68].

Vestibular impairment is a sporadic finding: BPPV is observed in 9% of EGPA 
patients, and unspecified dizziness in 11.8% [68].

As far as otologic pathogenesis is concerned, ear involvement has been corre-
lated to vasculitic involvement of middle ear mucosa rather than as a consequence 
of extended nasal disease [67, 68].

Fig. 9.2 Chronic 
rhinosinusitis with nasal 
polyposis extending 
beyond middle meatus and 
completely obstructing left 
nasal cavity in an EGPA 
patient. ∗ inferior 
turbinate; ∗∗ nasal septum 
with cartilaginous spur; 
∗∗∗ floor of the nasal 
cavity
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9.5  Cocaine-Induced Midline Destructive Lesion (CIMDL)

Long-lasting nasal obstruction, epistaxis, and moderate-to-severe facial pain are 
the most common symptoms referred by CIMDL patients. Endoscopic examina-
tion frequently reveals diffuse necrotizing ulcerative lesions, extensive crusting, and 
septal perforation (Fig. 9.3a) [31]. More severe cases are characterized by broader 
osteocartilagineous destruction (e.g., “saddle-nose” deformity), which extends to 
the lateral wall of the nose (i.e., middle and superior turbinates), to the orbit (pro-
ducing proptosis and diplopia), and to the hard and soft palate (causing dysphagia 
and disturbing nasal reflux). Recurrent superimposed bacterial infections are also 
typical, triggering distressing cacosmia (Fig. 9.3b) [31].

Systemic symptoms (e.g., malaise, fever, weight loss, arthralgia) are usually 
absent at presentation [29]. Concurrent enlargement of palatine and pharyngeal ton-
sils is a common finding, as well as signs of otitis media (with effusion), which is a 
direct consequence of prolonged nasal involvement [29, 31].

Secondary acquired NLDO is also noticeable in cocaine abusers, with epiphora 
and recurrent dacryocystitis as leading manifestations [69]. Widespread intranasal 
destruction is commonly found in these patients, with loss of the head of the infe-
rior turbinate and consequent exposure of the nasal valve of the nasolacrimal duct 
to snorted cocaine effects [70]. Even orbital cellulitis is potentially detectable [70].

A few recent papers have even described sudden hearing loss following cocaine 
abuse, which is frequently unilateral [71, 72] and possibly related to decreased 
cochlear blood flow [73] or, on the contralateral side, to direct action of the drug on 
hair cells, since cocaine has been demonstrated to be a fast K+-channel blocker [74].

a b

Fig. 9.3 Cocaine-induced septal perforation (a) and more severe endonasal osteocartilagineous 
destruction with superimposed ulcerative lesions and crusting (b)
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Proper diagnosis of CIMDL is based upon clinical history, documentation of 
drug abuse, and exclusion of other potential etiologies (Table 9.2) [30]. Although 
multiple biopsy specimens and samples are very useful to rule out infections (e.g., 
tuberculosis, tertiary syphilis, leishmaniasis, mucormycosis), neoplasms (e.g., lym-
phoproliferative disorders, squamous cell carcinoma), and many inflammatory con-
ditions (e.g., sarcoidosis), it may not be adequate to differentiate CIMDL from a 
sinonasal limited form of GPA, especially in the absence of extravascular changes 
such as stromal granulomas with giant cells, microabscesses, and deeply located 
necrosis [31, 32]. A high apoptotic cell index determined by a commercially avail-
able in situ terminal deoxynucleotidyl transferase-mediated dUTP-dygoxygenin 
nick end labeling (TUNEL) cell death detection kit on tissue specimens may be 
helpful for distinguishing CIMDL from nasal GPA on individual basis [75].

Serologic differentiation between these two conditions is sometimes easier: given 
that almost all CIMDL patients have circulating ANCAs, these antibodies primar-
ily target human neutrophil elastase (HNE), producing a p-ANCA staining pattern, 
without reacting against myeloperoxidase (MPO) [76]. Instead, GPA patients most 
often show c-ANCA staining pattern addressing proteinase 3 (PR3) and more rarely 
MPO-targeting p-ANCA one or even ANCA-negative serology [77]. In any case, in 
CIMDL, the immune response is generally directed against multiple antigens at the 
same time, while in GPA patients toward a single one [77].

Moreover, downward evolution of nasal granulomatous destructive lesions (e.g., 
osteonecrosis of the hard and/or soft palate, oro-antral fistula) is a clinical finding 
that favors a diagnosis of CIMDL over localized GPA (Fig. 9.4) [55].

Table 9.2 Differential diagnosis in head and neck midline granulomatous lesions (in bold the 
most common etiologies)

Infection Inflammation Neoplasm
Bacterial GPA NK-T cell lymphoma
Tuberculosis EGPA Squamous cell carcinoma
Leprosy MPA Rhabdomyosarcoma
Tertiary syphilis Sarcoidosis Adenoid cystic carcinoma
Rhinoscleroma CIMDL Basal cell carcinoma
Actinomicosis Eosinophilic granulomatosis Esthesioneuroblastoma
Fungal Inflammatory bowel disease Lymphomatoid granulomatosis
Aspergillosis Relapsing polychondritis Necrotizing sialometaplasia
Zygomycosis Behcet’s disease
Dermatacietes Systemic lupus erythematosus
Rhinosporidiosis Mixed connective tissue disease
Blastomycosis Giant cell granuloma
Histoplasmosis Post-surgical
Sporotrichosis Toxic agents
Coccidioidomycosis
Protozoal
Leishmaniasis
Brachycera
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9.6  Conclusion

As detailed herein, head and neck involvement in the course of AAV is a quite 
frequent finding, and not uncommonly a first and stand-alone sign of active dis-
ease. This is particularly true for GPA and EGPA, especially in limited forms of 
disease: this renders the otorhinolaryngologist a key figure in the multidisciplinary 
team approaching these conditions, mainly in the diagnostic phase. Correlation 
with other concurrent clinical symptoms and biochemical findings, when present, is 
essential to rule out a potentially misleading diagnosis. In particular, discrimination 
between CIMDL and sinonasal localized GPA is often challenging, owing to their 
large similarity and the reluctance of patients in admitting cocaine addiction: this 
must always be kept in mind in diagnostic algorithms.
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10Lung Involvement in ANCA-Associated 
Vasculitis

Marta Casal Moura and Ulrich Specks

10.1  Introduction

This chapter focuses on the clinical presentation, diagnostic evaluation, and specific 
management issues associated with the various aspects of pulmonary parenchymal 
and tracheobronchial involvement of GPA and MPA. We emphasize the pulmon-
ologist’s perspective and refer to general treatment recommendations of GPA and 
MPA only briefly when necessary. Diagnosis and management of EGPA is covered 
elsewhere in this book.

10.2  Necrotizing Granulomatous Inflammation of the Lung

Disease manifestations caused by necrotizing granulomatous inflammation are the 
hallmark and disease-defining feature of GPA, setting GPA apart from MPA and 
EGPA [1]. In the lung, the pathognomonic histopathologic features of GPA include 
neutrophilic microabscesses, fibrinoid necrosis, palisading histiocytes, and giant 
cells forming a granulomatous inflammation pattern that is often called “geographic 
necrosis” [2]. Areas involved with this type of necrotizing granulomatous inflam-
mation may encroach on vessel walls or contain focal vasculitis, thrombosis, and 
fibrous obliteration of vascular lumina. Other more non-specific histopathologic 
features have also been reported to occur rarely in GPA, including organizing pneu-
monia, bronchocentric inflammation, and occasionally prominent eosinophils in the 
inflammatory infiltrates [3, 4].
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Radiographic correlates of the necrotizing granulomatous inflammation are soli-
tary or multiple pulmonary nodules or mass lesions with or without cavitation or 
non-specific pulmonary infiltrates that are radiographically indistinguishable from 
pneumonia (Fig. 10.1). A peribronchial distribution of the inflammatory lesions can 
often be seen by computed tomography (Fig. 10.1) [5]. Fibrotic changes are usu-
ally not a radiographic feature associated with GPA, but rather with MPO-ANCA 
associated MPA (see below).

The differential diagnosis of these lesions is broad, particularly when they are 
the only disease manifestations in a given patient [5]. Infections, including fungal 
infections, such as histoplasmosis, coccidioidomycosis and, to a lesser degree, blas-
tomycosis are endemic in certain defined areas of the world. Nocardia infections 
can occur in immunocompetent patients and mimic the pulmonary presentation of 
GPA [6, 7]. Cryptogenic organizing pneumonia can be radiographically indistin-
guishable from GPA limited to the lung. This differentiation is further complicated 
by the fact that organizing pneumonia has been described as a rare histopathologic 
occurrence in GPA [4]. Malignancy, including metastatic disease and lymphopro-
liferative disorders, can cause multiple bilateral pulmonary nodules and therefore 
also needs to be considered in the differential diagnosis. Particularly, lymphomatoid 
granulomatosis, a rare angiocentric and angiodestructive, Epstein Barr virus-related 
T-cell-rich B-cell lymphoma can mimic GPA because, like GPA, it often affects dif-
ferent extra- pulmonary organs [8, 9].

Microbiologic studies and cytology performed on sputum samples or samples 
obtained during bronchoscopy procedures are usually helpful in the differential 
diagnostic evaluation. Transbronchial biopsies can provide tissue samples that are 
supportive of a diagnosis of GPA in about 50% of patients who have other support-
ive clinical features or ANCA [10]. Tissue samples obtained by transbronchoscopic 
biopsy are diagnostic by themselves in up to a quarter of patients [10]. A CT-guided 

Fig. 10.1 Necrotizing 
granulomatous lung lesions 
of GPA. Typical computed 
tomography cut from a 
67-year-old woman with GPA 
showing multiple bilateral 
nodules and cavitating mass 
lesions as well as 
peribronchial inflammation 
(black arrow)
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core needle biopsy is preferred to transbronchial biopsies when the lesions are very 
peripheral. A video-assisted thoracoscopic lung biopsy has the highest diagnostic 
yield for GPA, but it is also associated with the highest morbidity and should there-
fore be used very judiciously.

The pulmonary parenchymal lesions caused by the necrotizing granulomatous 
inflammation may be asymptomatic, and they may not lead to measurable impair-
ment of lung function. Consequently, they may be a serendipitous radiographic 
finding in newly diagnosed patients. For the same reason, any screening for disease 
activity during follow-up of patients with AAV must include chest imaging even if 
the patient does not endorse any respiratory symptoms.

Cough and minor hemoptysis are symptoms that may be associated with such 
lesions having access to subsegmental bronchi. The development of cavitation as a 
consequence of necrotizing granulomatous inflammation also signals involvement 
of a draining airway. Air-fluid levels within cavitary lesions are usually a sign of 
bacterial superinfection and should prompt a careful microbiologic evaluation and 
appropriate antibiotic therapy.

The disease manifestations caused by necrotizing granulomatous inflammation 
usually progress more slowly than capillaritis-related disease manifestations (see 
below), are not life-threatening, and they rarely cause irreversible lung damage. 
Therefore, patients who only have these disease manifestations are categorized for 
treatment stratification as having “non-severe” disease, implying that the combina-
tion of glucocorticoids with weekly methotrexate should be tried as first-line remis-
sion induction therapy [11]. Patients who fail this regimen usually respond well 
to the combination of glucocorticoids and rituximab [12, 13]. Sometimes, if the 
overall pulmonary disease burden is deemed extensive, treatment following the rec-
ommendations for “severe” disease using the combination of glucocorticoids with 
cyclophosphamide or rituximab may be appropriate [11]. Since most of the patients 
with such “severe” disease are PR3-ANCA-positive and have a very highly likeli-
hood of relapse, management with rituximab from the get-go may be preferable.

10.3  Tracheobronchial Inflammation of GPA

In GPA, tracheobronchial involvement (Fig. 10.2) has been reported in 15–55% of 
cases, but it is usually not a feature of MPA [14]. Patients with tracheobronchial dis-
ease, including subglottic inflammation and subsequent stenosis, most commonly 
have PR3-ANCA, but may have MPO-ANCA or be ANCA-negative. The tracheo-
bronchial inflammation is thought to be the result of necrotizing granulomatous 
inflammation, but confirmation by biopsy is rare. Therefore, we acknowledge that, 
whether tracheobronchial involvement is reported as a feature of GPA or MPA in 
cohort reports depends on the clinician’s acceptance and application of different 
disease definitions and clinical surrogates of GPA-defining necrotizing granuloma-
tous inflammation [15–17].

One characteristic feature of the tracheobronchial inflammation of GPA is 
its localized or patchy distribution throughout the airway with affected areas 
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right next to entirely normal appearing airways. The subglottic region is most 
commonly involved, but airway inflammation may occur at any level of the 
tracheobronchial tree from the trachea down to the subsegmental airways. The 
inflammation of affected airways can consist of mucosal erythema, edematous 
swelling, friability, ulcerations, or so-called cobble-stoning. The inflammation 
is often circumferential. If it is transmural, it is detectable by CT imaging of the 
chest. If the cartilage of the airways is damaged by the inflammation, tracheo- 
or bronchomalacia with significant expiratory dynamic airway collapse may be 
the result. Alternatively, the acute inflammation as well as subsequent scarring 
occurring with immunosuppressive therapy can cause stenosis of the affected 
airway or complete occlusion.

The differential diagnosis of the tracheobronchial inflammation of GPA may be 
difficult in patients who do not have other typical organ manifestations of GPA or 
typical PR3- or MPO-ANCA. Relapsing polychondritis [18], inflammatory bowel 

a b

c

Fig. 10.2 Tracheobronchial involvement of GPA. (Panel a) Significant erythema and friable 
mucosa in the immediate subglottic region. (Panel b) Scarring of the main carina which is signifi-
cantly broadened, but the entrance to the right main stem bronchus is widely patent. (Panel c) 
Anterior segment of the right lower lobe occluded by a web with two pin holes. The other segments 
appeared normal. (Panel d) The bronchoscopically introduced microknife was used to make a 
couple of cuts in the anterior segment of the right lower lobe leading to significant improvement of 
the lumen (d)
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disease [19, 20], and sarcoidosis [21] should be considered as alternative diagno-
ses in such patients, and infections, particularly with fungal organisms, should be 
ruled out.

Symptoms that can occur as the result of airway inflammation of GPA include 
cough, streaky hemoptysis, stridor, localized wheezes, and dyspnea. Early inflam-
matory lesions remain often undetected because they do not cause significant air-
way obstruction. The presence and degree of stridor, localized wheezes, or dyspnea 
depend on the localization and severity of large airway obstruction.

The diagnostic approach is determined by the degree of suspicion for the presence 
of airway inflammation as well as by the symptoms of the patient. Pulmonary func-
tion testing, bronchoscopic inspection of the airways, as well as three- dimensional 
reconstruction of computed tomography images are important components of the 
diagnostic evaluation [14]. Inspiratory and expiratory flow-volume tracings allow 
the detection of airway stenoses and an estimate of their functional severity. When 
assessing and following airway stenosis in patients with GPA, measurements of the 
maximum voluntary ventilation during pulmonary function testing or of the peak 
expiratory flow, using a peak flow meter, are very useful for determining the degree 
of airflow limitation. Serial pulmonary function testing during follow- up is helpful 
in assessing the effects of medical therapy or of bronchoscopic interventions on 
airway patency. Pulmonary function testing is indicated for any patient with GPA 
who has respiratory symptoms such cough, dyspnea, or hemoptysis. It should also 
be pursued in any patient who has radiographic abnormalities of the pulmonary 
parenchyma or the airways, regardless of the presence or absence of symptoms.

Bronchoscopic inspection of the airways is indicated for patients with respira-
tory symptoms, abnormalities on pulmonary function testing, or on chest imag-
ing studies. Bronchoscopy is indispensable for (1) the assessment and mapping of 
inflammatory lesions in the tracheobronchial tree, (2) planning of any therapeutic 
interventions, (3) to obtain specimens for microbiologic studies, and (4) to assess 
the effect of therapy on the airways. The so-called “virtual bronchoscopy” or three- 
dimensional reconstruction of CT images of the airways plays a significant role in 
the planning of dilation procedures or stent placement as it is important to assess 
airway patency distal to tight stenosis that cannot accommodate a pediatric bron-
choscope [22].

The treatment of tracheobronchial involvement of GPA often poses specific 
challenges. First, tracheobronchial inflammation may be more resistant to systemic 
immunosuppressive therapy compared to other disease manifestations. Second, 
symptoms of progressive airway obstruction may be the result of scarring or dam-
age rather than of persistent inflammation, explaining their resistance to immuno-
suppressive therapy and calling for other interventions, such as dilation procedures 
or stent placements for airway stenosis or the application of continuous positive 
airway pressure (CPAP) treatment in patients with tracheo- or bronchomalacia. 
Third, localized persistent infections with organisms such as Staphylococcus aureus 
or Pseudomonas aeruginosa may be persistent “antigenic drivers” of the autoim-
mune inflammation unless addressed with appropriate antimicrobial therapy. For 
this reason, potential pathogens identified by bronchoscopic sampling of the airway 
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secretions are treated based on antimicrobial susceptibility results in our practice. 
Finally, to suppress airway inflammation while minimizing cumulative systemic 
glucocorticoid exposure, we also advocate for the use of high-dose inhaled gluco-
corticoids in patients with tracheobronchial disease.

10.4  Pulmonary Capillaritis and Diffuse Alveolar 
Hemorrhage

GPA and MPA represent the most common causes of capillaritis of the lung leading 
to diffuse alveolar hemorrhage (DAH) [23] (Fig. 10.3). About a quarter of patients 
with GPA or MPA will present with or experience DAH during the course of their 
disease [13, 24]. By contrast, DAH occurs rarely (0–10%) in EGPA, where it seems 
to be linked to the presence of MPO-ANCA [25–27]. The clinical presentation of 
DAH is non-specific, consisting of various degrees of dyspnea, hypoxemia, diffuse 
alveolar filling defects detectable by chest imaging studies, and anemia. Cough may 
not be a prominent feature, and hemoptysis is absent as presenting feature in a third 
of patients with DAH [28, 29].

If suspected, DAH should be confirmed or ruled out. This is usually accomplished 
by bronchoscopy with bronchoalveolar lavage (BAL). At the same time, the BAL pro-
cedure offers the opportunity to collect specimens for detailed microbiologic studies 

a b c

*

Fig. 10.3 Diffuse alveolar hemorrhage. (Panel a) Chest roentgenogram of a 20-year-old man with 
known GPA, PR3-ANCA-positive, presenting with cough, fever, malaise, and arthralgias, but 
without hemoptysis, to the emergency department on Day 1. Hemoglobin is 11.0 g/dL and oxygen 
saturation on room air is 94%. The patient is given antibiotics and dismissed for further outpatient 
evaluation the next day. (Panel b) Computed tomography is performed the next day (day 2) show-
ing typical features of diffuse alveolar hemorrhage, including dense infiltrates and consolidation 
with air bronchograms, partially respecting lobar borders (thin arrows). Nodules (star) and peri-
bronchial inflammation (bold arrow) are radiographic features that point toward GPA as underly-
ing cause of the hemorrhage. The patient is admitted to the intensive care unit. (Panel c) Rapid 
progression of hemorrhage by day 3. Hemoglobin is now 8.0 g/dL, and the patient is intubated and 
receives mechanical ventilation. This patient also suffered bilateral pneumothoraces requiring 
placement of chest tubes. This case illustrates how quickly patients with diffuse alveolar hemor-
rhage can progress from a relatively indolent clinical presentation to respiratory failure requiring 
intensive care
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for the identification or exclusion of an infection. If the bleeding originates with the 
alveolar space, successively returned BAL aliquots turn bloodier. In contrast, if the 
bleeding source is in the large airways, the first returned aliquot is the bloodiest, and 
subsequent aliquots of return become clearer. A negative BAL does not rule out that 
the diffuse alveolar filling defect on chest imaging is caused by DAH or capillaritis as 
the bleeding may have stopped by the time the BAL is performed. However, in that 
case, at least 20% of alveolar macrophages should stain positive for iron deposits, 
which is a well-accepted BAL criterion for alveolar hemorrhage [30]. However, this 
criterion is not entirely specific for DAH as up to a third of patients with diffuse alveo-
lar damage may also have more than 20% hemosiderin- laden macrophages in their 
BAL fluid [31]. In very acute situations, iron-laden alveolar macrophages may not yet 
be detectable, as it is assumed to take a minimum of 24–48 h for the macrophages to 
engulf the hemoglobin and turn positive on iron stains; this is based on a study in mice 
in which hemosiderin was first detectable in alveolar macrophages on day 3 following 
intranasal blood instillation [32]. The percentage of hemosiderin-laden macrophages 
was not identified as a predictor of progression to respiratory failure in DAH caused 
by AAV, but the presence of greater than 30% neutrophils on the BAL differential cell 
count was an independent risk factor for development of respiratory failure, probably 
because it is an indirect marker for the severity of the interstitial inflammation [28]. 
Bronchoscopy and BAL should only be performed in clinical setting where the level 
of care can easily be escalated, as the procedure may result in temporary acute wors-
ening of the patient’s respiratory status requiring a higher level of respiratory support 
including intubation and mechanical ventilation.

The differential diagnosis of DAH related to AAV depends on when it occurs 
in the patient’s disease course. If DAH is the first presentation of the disease, all 
other possible causes of DAH need to be considered until the diagnosis of AAV is 
substantiated. Once respiratory support is assured and adequate oxygenation has 
been secured, the first decision to make is whether and when to initiate therapy 
with high- dose glucocorticoids (usually in the form of 1–3 pulses of 500–1000 mg 
of intravenous methyl-prednisolone). This decision depends on whether an immu-
nologic cause of the DAH is suspected or not. Any combination of the four fac-
tors, including the presence of (1) respiratory symptoms exceeding 11 days prior 
to presentation, (2) constitutional symptoms such as fatigue and/or weight loss, (3) 
arthralgias or arthritis, and (4) proteinuria of greater than 1 g per liter, has been 
identified as having a very high positive predictive value for an immunologic cause 
of DAH, which should prompt the institution of glucocorticoid therapy [33, 34].

The diagnosis of a specific immunologic cause of DAH including GPA, MPA, or 
EGPA can usually be established when the complete clinical context is considered 
in conjunction with specific serological testing for the specific autoimmune condi-
tions that can cause alveolar hemorrhage. A lung biopsy is usually not necessary 
and is associated with a very unfavorable risk-to-benefit ratio. If tissue confirmation 
is needed for a diagnosis of GPA or MPA, it can usually be obtained in a safer man-
ner from other organs such as skin, nose and sinuses, or kidneys. A kidney biopsy 
may also provide additional valuable prognostic information, which a lung biopsy 
cannot [35–37].
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If DAH is suspected in an established patient with GPA or MPA because of 
the clinical presentation of dyspnea, hypoxemia, and radiographic alveolar filling 
defects, the differential diagnosis includes infection, particularly if the patient is 
being treated with immunosuppressive agents, drug toxicity, and other unrelated 
co-morbidities. Again, bronchoscopy with BAL is indicated in such patients.

DAH is a severe disease manifestation of GPA and MPA, which can rapidly 
progress to respiratory failure threatening the patient’s life. Mortality rates reported 
in the largest most recent series range from about 10% to 25% [28, 38]. If patients 
survive the original episode of DAH, their response to treatment is similar to that 
of patients with all other disease manifestations of GPA and MPA in aggregate 
[13, 28]. In most cases, the lung parenchyma also recovers without significant loss 
in lung function [28, 39]. Early detection of DAH and prompt implementation of 
definitive therapy is the key to curb the early mortality associated with DAH caused 
by GPA or MPA.

A multivariate analysis conducted in a cohort of 73 patients with DAH caused by 
GPA or MPA has identified three risk factors portending a high likelihood of pro-
gression to respiratory failure requiring ventilatory support. They include an oxygen 
saturation measured by pulse oximetry (SpO2) to fraction of inspired oxygen (FiO2) 
ratio of <450 (OR 74, 95% CI 9–180) measured at the time of first presentation, 
a C-reactive protein level >25 mg/dL (OR 7.4, 95% CI 1.7–48), and the presence 
of >30% neutrophils on the differential cell count of the BAL fluid (OR 6.4, 95% 
CI 1.6–34) [28]. Consequently, the SpO2:FiO2 ratio should be determined in any 
patient with vasculitis presenting with dyspnea or with a pulmonary infiltrate even 
in the absence of dyspnea or hemoptysis, so that the appropriate level of care can be 
chosen for the implementation of further diagnostic and therapeutic interventions.

Patients with DAH caused by GPA or MPA respond well to standard therapy 
for severe disease manifestations. The response of patients with DAH to the appli-
cation of 1–3 daily pulses of 1 g of intravenous methyl-prednisolone followed by 
oral prednisone in combination with either rituximab (RTX) or cyclophosphamide 
(CYC) was equivalent to that of the entire trial cohort in the RAVE trial [13]. An 
analysis of a large single-center cohort (n = 73) showed similar early response 
rates and hospital survival in patients treated with RTX or CYC. Complete remis-
sion, defined as a Birmingham Vasculitis Activity score of 0 and complete discon-
tinuation of prednisone by 6 months, was superior in patients treated with RTX 
compared to those treated with CYC (89% versus 68%, p = 0.02), even in the sub-
set of patients who required mechanical ventilation (n = 31, 83% with RTX versus 
42% with CYC, p = 0.02), a group of patients that was excluded from enrollment 
into the RAVE trial [28].

The addition of plasma exchange (PLEX) to standard immunosuppressive ther-
apy has been advocated to curb the early mortality associated with DAH in the set-
ting of AAV based on a single report of 20 patients treated with PLEX and surviving 
the initial hospitalization [40]. However, a larger single-center cohort analysis of 73 
patients, 32 of which were treated with PLEX, did not identify any benefit derived 
from PLEX after adjustment for the disease severity and treatment (RTX versus 
CYC) [28]. Results from a large multicenter randomized controlled trial comparing 
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PLEX to no PLEX in AAV also showed no benefit of PLEX in the subset of patients 
with DAH [41]. Consequently, the addition of PLEX to standard immunosuppres-
sive therapy can no longer be advocated.

10.5  Interstitial Lung Disease and ANCA with or Without 
MPA

An association between fibrotic interstitial lung disease (ILD) and MPO-ANCA 
and MPA is increasingly recognized but remains poorly understood [42–44]. Case 
reports and case series from all over the world have documented interstitial lung 
disease in patients who are ANCA-positive. MPO-ANCA is the predominant 
ANCA type encountered in the context of interstitial lung disease. In contrast, PR3-
ANCA occurs rarely. The patients with PR3-ANCA may or may not have abnor-
mal markers of inflammation or typical signs of vasculitis (MPA) in other organs. 
Careful review and analysis of these reports indicate that in the majority of cases, 
the interstitial lung disease either has radiographic and histopathologic features of 
nonspecific interstitial pneumonitis (NSIP) (Fig.  10.4a, b) or of usual interstitial 
pneumonia (UIP) (Fig.  10.4c, d). However, atypical features including follicular 
bronchiolitis have also been reported. The available reports suggest the following 
common themes:

 1. Patients who are MPO-ANCA-positive with ILD have a 25% chance of subse-
quently developing clinical features of MPA [45, 46]. This progression to MPA 
has been documented for MPO-ANCA, but has not been observed for PR3- 
ANCA [45].

 2. The lung disease seems to precede the development of frank MPA. This is most 
clearly documented for lung fibrosis with radiographic patterns of UIP [43].

 3. Patients who present with a radiographic pattern of NSIP show a response to 
immunosuppressive therapy of their ILD, whereas patients with UIP appear 
unresponsive to immunosuppressive therapy, and the lung continues to decline 
as expected for idiopathic pulmonary fibrosis.

 4. Patients with overt manifestations of MPA, with or without alveolar hemorrhage 
superimposed on their ILD, show a clinical response to immunosuppressive 
therapy of the vasculitis disease manifestations as expected for MPA. If overt 
MPA is present, the ILD may respond to immunosuppressive therapy if the fibro-
sis has features of cellular NSIP. However, if the patient’s lung fibrosis is of the 
UIP variety, no response to immunosuppression can be expected for the 
 pulmonary fibrosis. It remains unclear, whether such patients with UIP would 
benefit from treatment with anti-fibrotic agents.

Based on these observations, pulmonologists at Mayo Clinic have adopted the 
empiric clinical management approach to patients with MPO-ANCA and ILD sum-
marized in Table 10.1. This clinical approach assures that patients who have overt 
features of MPA receive appropriate therapy for severe disease manifestations of 
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ANCA vasculitis in the form of remission induction therapy with glucocorticoids 
and cyclophosphamide or rituximab following the principles and guidelines of ther-
apy for AAV [11].

Also, patients who present with an NSIP pattern will receive a trial of immu-
nosuppressive therapy, even if no other organ disease manifestations of MPA are 
apparent. Since this immunosuppressive therapy is generally regarded as effective 
remission maintenance therapy for AAV, it may prevent the development of overt 
MPA in other organs while also preventing progression of the lung disease to irre-
versible fibrosis.

a b

c

Fig. 10.4 Interstitial lung disease associated with MPO-ANCA. (Panel a and b) Chest computed 
tomography cuts from a 49-year-old patient with a 4-year history of MPO-ANCA-positive intersti-
tial lung disease showing bilateral diffuse ground-glass infiltrates in the upper and lower lobes. 
Cystic scarring is also seen in the lower lobes posteriorly with some traction bronchiectases. These 
features are consistent with nonspecific interstitial pneumonitis. The cystic fibrotic lesions are too 
large to be called honeycombing. Two years following the diagnosis of interstitial lung disease, the 
patient developed mononeuritis multiplex and glomerulonephritis despite receiving low-dose 
prednisone and mycophenolate mofetil. (Panel c and d). Chest computed tomography cuts obtained 
from a 76-year-old lady who presented with cough and shortness of breath, an elevated sedimenta-
tion rate and C-reactive protein, and a positive MPO-ANCA test result, but without any other organ 
symptomatology. The images show fibrotic changes, including honeycombing and traction bron-
chiectases with a lower lung predominance and peripheral distribution and complete absence of 
ground-glass infiltrates; these features are typical for usual interstitial pneumonia (UIP). Review of 
old chest X-rays revealed the presence of fibrotic changes in the lower lungs dating back 4 years. 
She never developed any signs or symptoms of MPA, and died 5 years later of an “acute exacerba-
tion of IPF”
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At this point, we have not seen any beneficial effect of lung fibrosis of the UIP 
pattern in patients with MPO-ANCA, with or without features of MPA. Therefore, 
we do not believe that immunosuppressive therapy is beneficial or indicated in 
such patients in the absence of other overt features of MPA. However, since a siz-
able proportion of such patients will develop MPA later, and the development of 
renal disease can be slow and indolent, yet lead to irreversible renal insufficiency, 
we monitor patients for the development of glomerulonephritis by screening the 
urine for microhematuria at least on a monthly basis. This way, the development of 
glomerulonephritis is detected early, and effective therapy can be initiated before 
severe renal damage occurs. At the same time, such patients with UIP are not 
exposed to immunosuppressive therapy that could even be detrimental as shown 
in a randomized controlled trial of idiopathic pulmonary fibrosis [47]. As the UIP 
seems to precede disease manifestations of MPA in most patients, we do not con-
sider the lung fibrosis a priori a disease manifestation of MPA, but rather a pre-
existing comorbidity, and anti-fibrotic therapy may be an appropriate option for 
such patients with UIP.

10.6  Conclusion

Pulmonary parenchymal or tracheobronchial involvement is common in ANCA- 
associated vasculitis. The clinical presentation and symptoms including the sever-
ity of the disease depend on the underlying type of inflammation, on the affected 
tissue compartments, and on the ANCA-type and the clinical syndrome in which 
they occur. A conceptual separation into four main categories, including, (1) pul-
monary parenchymal disease manifestations caused by the necrotizing granulo-
matous inflammation of GPA, (2) tracheobronchial inflammation often leading to 
airway compromise in the context of GPA, (3) diffuse alveolar hemorrhage as an 

Table 10.1 Management of patients with MPO-ANCA and interstitial lung disease

Fibrosis 
pattern

Elevated markers of 
inflammation (ESR, 
DAH)

Extrapulmonary signs of 
vasculitis or DAH Management

UIP No No Observe and monitor for 
microhematuriab

UIP Yes No Observe and monitor for 
microhematuriaa

UIP Yes Yes Treat for MPAa,b

NSIP No No GCS plus MMF or AZA
NSIP Yes No GCS plus MMF or AZA
NSIP Yes Yes Treat for MPAa

aStandard immunosuppressive therapy following standard guidelines for MPA
bConsider anti-fibrotic therapy for UIP following guidelines for idiopathic pulmonary fibrosis
AZA azathioprine, CRP C-reactive protein, DAH diffuse alveolar hemorrhage, ESR erythrocyte 
sedimentation rate, GCS glucocorticoids, MPA microscopic poliangiitis, MMF mycophenolate 
mofetil, NSIP non-specific interstitial pneumonia, UIP usual interstitial pneumonia
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acute and severe disease manifestation caused by capillaritis in GPA or MPA, and 
(4) an association of interstitial lung disease and fibrosis with MPO-ANCA and 
MPA, is practical for clinicians, as such a categorization allows a systematic differ-
ential diagnostic approach and therapy that is appropriately targeted to individual 
patients.
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11.1  Introduction

The term vasculitides encompasses a group of inflammatory disorders that may 
affect the kidney by damaging its blood supply. Virtually any size or type of vessel 
may be involved; involvement of glomerular capillaries leads to necrotizing glomer-
ulitis, while involvement of larger arteries can cause renal infarction and ischemia. 
Although the kidney may be affected by many types of systemic vasculitis, renal 
involvement is particularly frequent in some forms of small-vessel systemic necro-
tizing vasculitis that are considered primary, such as granulomatosis with polyangi-
itis (GPA), microscopic polyangiitis (MPA), and eosinophilic granulomatosis with 
polyangiitis (EGPA), collectively called antineutrophil cytoplasmic autoantibody 
(ANCA)-associated vasculitis (AAV) [1].

Renal involvement is of particular importance in AAV because of its frequency 
and impact on prognosis. With the exception of EGPA, where kidney involvement 
is not a prominent feature [2], renal involvement is present in about 70% of patients 
with granulomatosis with polyangiitis, and in almost 100% of patients with micro-
scopic polyangiitis [1].
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Moreover, the presence and severity of kidney involvement are associated with 
poorer prognosis (both patient and renal survival) [1].

11.2  Clinical Presentation

The main clinical presentation of renal involvement in AAV is represented by 
rapidly progressive glomerulonephritis (RPGN). RPGN is characterized clini-
cally by a rapid decrease in the glomerular filtration rate (GFR) of at least 50% 
over a short period, from a few days to 3 months, and histologically, by extensive 
glomerular crescent formation. Other features include microscopic hematuria 
with often erythrocyte casts, and usually non-nephrotic proteinuria [1]. Quite 
often RPGN is so severe to cause dialysis dependence at diagnosis in almost 
60% of patients [1]. With improvement in early diagnosis, a minor but significant 
number of patients may have urinary abnormalities, microscopic hematuria, and 
proteinuria, with serum creatinine within the normal range. A small but signifi-
cant percentage of patients, especially those with MPA (14% in our series), may 
have a more indolent course and present, at diagnosis, with chronic renal insuf-
ficiency [1].

RPGN is one of the clinical presentations of glomerular diseases. It is one of the 
most dramatic and must be considered as a medical emergency.

RPGNs are classified according to their pathogenesis and immunofluores-
cence patterns [1, 3]. Type 1 is caused by the deposition of autoantibodies to 
glomerular basement membrane (GBM) and is characterized by linear depos-
its of immunoglobulin G. When lung involvement is present, the association of 
RPGN (due to antiglomerular basement membrane antibody) and pulmonary 
hemorrhage is named Goodpasture’s syndrome. Type 2 RPGNs are due to the 
deposition of immune complexes and are characterized by granular deposits of 
immunoglobulin and/or complement in the glomerulus. RPGN that we see in 
AAV is classified as type 3 or pauci-immune because immune deposits are absent 
or scanty and its pathogenesis is ANCA related. Type 3 RPGN accounts for more 
than 50% of all RPGNs, especially in older ages [4]. RPGNs are characterized 
by extracapillary proliferation (the so-called crescents) that is very similar in 
all the three types and can be distinguished from each other on the basis of the 
immunofluorescence pattern [1, 3, 5].

Renal vasculitis can occur at any age, but is seen particularly frequently 
in middle- aged and elderly subjects [1]. The median age at presentation is 
between 55 and 65 years in the majority of studies, being significantly greater 
for MPA [1].

Because of the high prevalence of renal involvement in AAV, urinary sediment 
as well as renal function tests (serum creatinine, glomerular filtration rate, and pro-
teinuria) should be performed at diagnosis and at follow-up in all patients. Kidney 
biopsy has a fundamental role in AAV, not only for diagnosis, but also for prognosis, 
and can be used to guide treatment. The gold standard for diagnosis remains renal 
biopsy [1, 3].
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11.3  Pathology

The basic lesions are represented by necrosis of capillary loops, extracapillary 
proliferation with crescent formation, periglomerular and interstitial infiltrates, 
necrotizing arteritis, and absence or paucity of immune deposits (Fig. 11.1a–g). 

Fig. 11.1 Histopathologic features of ANCA-associated glomerulonephritis. During the active phase 
of the disease glomeruli can show extracapillary hypercellularity with the formation of cellular cres-
cents and fibrinoid necrosis (a, white arrow, Jones methenamine silver stain), with consequent collapse 
of the glomerular tuft at the hilar pole and disruption of the Bowman capsule due to the inflammatory 
process (a and b, black arrow). Masson’s trichrome stain can highlight fibrinoid necrosis as fuchsino-
philic material in the context of glomeruli (b, white arrow) and, occasionally, in small vessels wall (e). 
Immunofluorescence generally shows granular deposits composed of C3  in the glomerular tuft, 
Bowman capsule, and vessel wall (c), and intense positivity to fibrinogen in cellular crescents and in 
fibrinoid necrosis (d). During the resolving/chronic phase of the disease, inflammatory lesions are 
replaced by glomerular scarring with segmental sclerosis of the tuft and formation of fibrous crescent 
(f, black arrow, PAS stain). Finally, some cases of ANCA-associated glomerulonephritis can be 
accompanied by an intense plasma cells-rich tubulointerstitial nephritis (g, white arrow, Jones) char-
acterized by the peculiar prevalence of IgG4-mounting plasma cells (h, IgG4 immunohistochemistry). 
In these cases, the differential diagnosis with IgG4-related renal disease is mandatory
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Capillaritis appears as fibrinoid necrosis of capillary loop (Fig. 11.1b) and is usu-
ally (but not invariably) accompanied by extracapillary proliferation with cres-
cent formation (Fig. 11.1a). Crescents can involve only a part of the glomerular 
tuft or can be circumferential with collapse of the glomerular tuft. They can be 
florid or fibrous according to the stage of the disease. Usually, there are important 
interstitial and periglomerular infiltrates which can be massive. Necrotizing arte-
ritis is present in less than 20% of biopsy specimens (Fig. 11.1e). These lesions, 
although characteristics, are not pathognomonic. However, when such lesions are 
present in the contest of a paucity of immune deposits they become diagnostic [1, 
5]. Crescents (and necrosis) can involve less than 50% of glomeruli (focal forms) 
or more (diffuse), and the lesions can be restricted to a part of the glomerular tuft 
(segmental) or involve all the glomerulus (global). Interstitium and tubuli can also 
be involved, to a various degree, with important lymphoplasmacellular infitrates. 
In some cases, IgG4+ plasma cells are increased in the tissue biopsies and the 
association of AAV and IgG4-related disease has been described as a new overlap 
syndrome (Fig. 11.1h) [6, 7].

Fig. 11.1 (continued)
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The extension and the stage of the lesions determine the severity of the clinical 
manifestations [8].

On the basis of the extension of the lesions and their characteristics (active or 
sclerotic), the European Vasculitis Study Group (EUVAS) has proposed a histo-
pathological classification for ANCA-associated glomerulonephritis [8]. The clas-
sification scheme has four general categories of lesions named focal, crescentic, 
sclerotic, and mixed. The first three categories are based on the predominance of 
normal glomeruli, glomeruli with cellular crescents, and globally sclerotic glom-
eruli, respectively. The mixed category represents a heterogeneous phenotype and 
comprises those biopsies in which none of the aforementioned features is dominant 
[9–13]. Preliminary results have shown that the proposed classification system is of 
prognostic value for 1- and 5-year renal outcomes.

Subsequent studies agreed about the best prognosis of the focal class [9–14] 
and many about the sclerotic class as having the worst prognosis. The difference 
in survival between crescentic and mixed forms, on the contrary, varies in different 
studies [9–16].

Even though there are not qualitative differences in glomerular lesions in patients 
with GPA or with MPA, chronic damage is significantly higher in MPA (and/or 
MPO-ANCA-positive patients) than in GPA (and/or PR3-ANCA-positive patients) 
[5, 17]. Moreover, MPO-ANCA-positive patients have significantly higher percent-
age of globally sclerosed glomeruli, whereas PR3-ANCA-positive patients show 
more glomeruli with active lesions and arteritis [17]. This difference has been 
explained by a delayed establishment of diagnosis in MPA compared to patients 
with GPA and/or by a different pathogenesis of renal lesions [17].

Necrotizing crescentic glomerulonephritis in AAV is defined as pauci-immune 
because of the absence or paucity of significant immunoglobulin deposits. However, 
a subgroup of patients (18%) has substantial deposition of immunoglobulin in the 
mesangium and/or along the glomerular basement membrane [18]. Such deposits 
are found even in a higher percentage (54%) of cases by electron microscopy [19]. 
The presence of immune deposits is associated with a significantly greater degree 
of proteinuria [18, 19].

11.4  Clinical and Pathological Correlations

The prognostic significance of histological characteristics at kidney biopsy is still 
controversial. In addition to the proposed histological classification, there are other 
recognized factors correlating with poorer renal outcomes. Among the prognostic 
clinical features identified, some are associated with renal survival and others are 
associated with poor patient survival.

Generally, the percentage of normal glomeruli is the strongest predictor of 
glomerular filtration rate (GFR) at diagnosis, with higher GFR in those patients 
whose biopsy had shown the highest percentages of normal glomeruli [1, 17]. Other 
parameters which are correlated with serum creatinine are: percentage of glom-
eruli with cellular crescents, percentage of globally sclerosed glomeruli, extent of 
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interstitial infiltrates, interstitial fibrosis, and tubular lesions [1, 17]. No correlation 
is usually found between renal function and fibrinoid necrosis or with the presence 
of arteritis [17].

11.5  Prognosis and Prognostic Factors

Untreated necrotizing and crescentic glomerulonephritis has an unfavorable course 
leading in a few weeks or months to end-stage renal disease (ESRD). Even if the 
prognosis has improved in the last years with the introduction of corticosteroids 
and cyclophosphamide as treatment of choice, a significant percentage of patients 
still require renal replacement therapy because of progressive disease. In a recently 
published large series, 14% and 18% of patients required permanent dialysis and 
23% and 40% had died in 1 and 5 years, respectively. The presence and severity of 
renal involvement at diagnosis have an important impact on both renal and patient 
survival [20, 21].

Among predictors of renal outcome, a number of clinical and histological deter-
minants have been identified. They can be summarized, pooling data from different 
large cohorts of patients, as follows: older age, female gender, serum creatinine 
for clinical predictors, and chronic lesions (glomerulosclerosis, interstitial fibrosis, 
and tubular atrophy) for histological parameters [reviewed in 1]. Other predictors 
are treatment resistance and relapses [21]. Considering diagnosis, MPA and renal- 
limited vasculitis tend to have a worse prognosis because of older age and because 
of more chronic lesions at kidney biopsy [11, 14, 17, 20, 21].

Including clinical and histological features, at multivariate analysis, Moroni et al. 
[11] found that serum creatinine (p = 0.009, relative ratio [RR] 1.11 for every mg of 
serum creatinine, 95% CI 1.03–1.21), presence of arterial hypertension (p = 0.006, 
RR 5.54, 95% CI 1.6–18.8), and less than 20% of normal glomeruli (p = 0.022, RR 
3.05, 95% CI 1.17–7.93) emerged as the independent predictors of development of 
ESRD.

11.6  Renal Involvement in EPGA

EPGA is considered one of the so-called ANCA-associated systemic vasculitis 
because of its clinical and pathologic features that overlap with those of the other 
AAV, GPA, and MPA [1]. However, these two diseases differ from EGPA clinically, 
by the absence of asthma, and pathologically, by the absence of eosinophilia and 
eosinophil-rich tissue infiltrates [22]. Moreover, although ANCA are consistently 
found in 75–95% of patients with active GPA and MPA [23], the prevalence of 
ANCA in EGPA is much lower [24, 25]. Indeed, ANCA, usually P-ANCA/MPO- 
ANCA, are present in only about 40% of patients [24, 25].

Renal disease is often an overlooked feature of EGPA. Although less frequent 
and severe than in the other ANCA-associated vasculitides, renal manifestations 
occur in 25% of EGPA patients and range from isolated urinary abnormalities to 
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rapidly progressive glomerulonephritis; some patients have chronic renal failure at 
diagnosis [2]. The most typical picture is pauci-immune focal and segmental nec-
rotizing glomerulonephritis, with or without crescents, which usually involve less 
than 50% of the glomeruli. Tubulointerstitial nephritis with eosinophilic predomi-
nance is found only occasionally; a few patients have mesangial glomerulonephritis 
or focal segmental sclerosis [2].

Patients with necrotizing crescentic glomerulonephritis and, in general, patients 
with clinical signs of glomerular involvement have a higher prevalence of ANCA 
positivity [2, 24–26].

Renal flares are rare, and long-term prognosis and outcome are generally good 
[2]. Nonetheless, kidney disease is an adverse prognostic factor for EGPA patients; 
the largest study accurately assessing renal involvement in EGPA demonstrated a 
(albeit not statistically significant) higher 5-year mortality rate in patients with than 
in those without renal involvement [2]; previous studies also showed that particu-
larly proteinuria >1 g/24 h was a strong predictor of mortality in EGPA [27].

11.7  Treatment of Renal Involvement

Therapy of AAV will be covered in another chapter of this book. However, some 
guidelines on the specific aspects of treatment of necrotizing crescentic glomerulo-
nephritis will be given. EUVAS has categorized renal AAV patients in two subgroups 
according to the presence and severity of kidney involvement [28]. Randomized 
controlled trials have been conducted in order to obtain evidence- based recommen-
dations [29–31].

Patients with serum creatinine lower than 500  μmol/l (5.7  mg/dl) should be 
treated with prednisone and cyclophosphamide for 3–6 months until remission is 
reached [29]. Oral and pulse cyclophosphamide have been shown to be equivalent 
in terms of clinical response [31]. Cyclophosphamide pulses are, however, associ-
ated with less episodes of leukopenia and the cumulative dose of the drug is inferior 
to that found in the oral cyclophosphamide-treated patients [31]. Long-term follow-
 up of CYCLOPS study has shown that pulse cyclophosphamide is associated with 
a higher relapse risk than daily oral cyclophosphamide. However, this is not associ-
ated with increased mortality or long-term morbidity [32].

Once the disease is into remission (usually within 3–6 months), azathioprine is 
as effective as cyclophosphamide and more effective than mycophenolate/mofetil 
to maintain remission [29, 33]. Methotrexate has also been shown to be equivalent 
to azathioprine, but it should not be used in patients with renal impairment [1]. A 
recent randomized trial has demonstrated a superiority of rituximab versus azathio-
prine in maintaining remission [34]. In this study, patients with newly diagnosed 
or relapsing granulomatosis with polyangiitis, microscopic polyangiitis, or renal- 
limited ANCA-associated vasculitis in complete remission after a cyclophospha-
mide–glucocorticoid regimen were randomly assigned to receive either 500 mg of 
rituximab on days 0 and 14 and at months 6, 12, and 18 after study entry or daily 
azathioprine until month 22. At month 28, major relapse had occurred in 17 (29%) 
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patients in the azathioprine group and in 3 (5%) patients in the rituximab group 
(hazard ratio for relapse 6.61, 95% CI 1.56–27.96, p = 0.002). The frequencies of 
severe adverse events were similar in the two groups [34].

How long to continue maintenance therapy is not known. A prospective random-
ized trial—that has compared two different durations of maintenance immunosup-
pressive therapy for the prevention of relapse in AAV—has shown that prolonged 
remission maintenance therapy with azathioprine/prednisolone beyond 24 months 
after diagnosis reduces relapse risk out to 48 months and improves renal survival 
in AAV [35]. On the contrary, a post hoc analysis of combined trial data has sug-
gested that stopping azathioprine maintenance therapy does not lead to a signifi-
cant increase in relapse rate and AZA maintenance for more than 18 months after 
diagnosis does not significantly influence relapse-free survival. ANCA specificity 
had more effect on relapse-free survival than duration of maintenance therapy and 
should be used to tailor therapy individually [36].

Patients with generalized vasculitis and renal involvement with a serum creati-
nine higher than 500 μmol/l (5.7 mg/dl) should be treated with a course of plasma 
exchange (seven sessions in 2  weeks) in addition to prednisone and oral cyclo-
phosphamide [30]. In a randomized controlled trial, plasma exchange (PLEX) was 
shown to be more effective than methylprednisolone pulses (IV MeP) in terms of 
renal function recovery [30]. However, although short-term results with PLEX were 
encouraging, the long-term benefits remain unclear since, after a median of almost 
4 years follow-up, there was no evidence of a net difference between PLEX and IV 
MeP in clinical outcomes [37].

Rituximab, a chimeric monoclonal antibody to CD20, is as effective as cyclo-
phosphamide in inducing remission in AAV and should be preferred to cyclophos-
phamide in younger patients in order to preserve fertility [38, 39]. Rituximab was 
superior to cyclophosphamide in patients enrolled in the RAVE (Rituximab in 
ANCA-Associated Vasculitis) randomized controlled trial because of a severe flare 
and, therefore, these patients should be treated accordingly [38].

Worth of note, a post hoc analysis of this clinical trial data has demonstrated 
that patients with PR3-AAV were more than twice as likely to achieve complete 
remission at 6 months if treated with RTX rather than with cyclophosphamide/aza-
thioprine. In addition, among patients with PR3-AAV who had relapsing disease 
at baseline, the risk of disease flare in RTX-treated patients was lower, not only at 
6 months, but also at 12 and 18 months, despite the fact that patients randomized to 
RTX were not retreated preemptively with a maintenance regimen [40].

Rituximab has also some efficacy in refractory cases and may be used in patients 
who do not respond to standard treatment [41].

Preliminary results from small pilot studies indicate that mycophenolate mofetil 
is effective for induction and maintenance of remission in microscopic polyangiitis 
with mild-to-moderate renal involvement [42].

Accumulating evidence from animal models and clinical observations indicate 
that activation of the complement system—and the alternative pathway in particu-
lar—is crucial for the development of AAV, and that the complement activation 
product C5a has a central role. Recently, in a phase 2 randomized controlled trial, 
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C5a receptor inhibition with avacopan was effective in replacing high-dose gluco-
corticoids in treating vasculitis [43].

Prophylaxis and monitoring for many conditions, including Pneumocystis jir-
oveci infection, fungal and other opportunistic infections, osteoporosis should be 
considered in all patients [28].

A significant percentage of patients will remain with some degree of chronic 
renal impairment in terms of either reduced GFR or proteinuria or both. In this set-
ting, antiproteinuric treatment with angiotensin-converting enzyme (ACE) inhibi-
tors and/or angiotensin II receptor blockers (ARBs) is warranted in order to prevent 
or delay ESRD [1]. All the patients should be monitored closely in order to identify 
renal flares. Urinary sediment is fundamental for an early diagnosis of a renal flare 
and for differential diagnosis between proteinuria due to chronic damage from pro-
teinuria due to active disease [1, 11].

Proteinuria due to renal scarring should not be treated as an active disease with 
corticosteroids and immunosuppressants. In doubtful cases, a repeat kidney biopsy 
should be performed if not contraindicated [1, 11].

11.8  End-Stage Renal Disease

Despite significant improvement in patient outcomes over the past decades, AAV 
still results in end-stage renal disease in a quarter of patients over 5 years [44, 45]. 
Renal replacement therapy (RRT) is required at diagnosis in a significant number 
of GPA and MPA patients who present with rapidly progressive renal insufficiency. 
Immunosuppressive treatment fails to obtain renal function recovery in one third of 
these patients and they need to continue RRT definitively [46]. Moreover, progres-
sive renal insufficiency can develop in patients with less severe renal dysfunction 
at diagnosis because of the evolution of the histological lesions into glomerular, 
tubular, and vascular sclerosis. The occurrence of new renal relapses, together with 
arterial hypertension, atherosclerosis, and/or diabetes, contributes to the progressive 
deterioration of renal function. Hemodialysis and peritoneal dialysis are the treat-
ment for acute and chronic forms of renal insufficiency. Renal transplantation is the 
best option for the treatment of AAV patients with irreversible ESRD.

11.9  Patients Requiring Acute Renal Replacement Therapy at 
Diagnosis

It is reported that from 29% to 55% of AAV patients are dialysis dependent at diagno-
sis [47, 48]. In our cohort of 92 AAV patients, 32% required dialysis at presentation 
or within the first week after diagnosis [11]. EUVAS investigators reported on the 
outcome of 41 AAV patients diagnosed between 2005 and 2010 and requiring RRT at 
presentation. Patients were treated with plasma exchange, corticosteroids, and intra-
venous cyclophosphamide. Three months later, 7.3% of patients had died on dialysis, 
29.3% remained dialysis dependent, and 63.4% were dialysis independent. At 1-year 
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follow-up, 13 (35%) patients remained dialysis dependent and 24 (65%) had indepen-
dent renal function [46]. The Glomerular Disease Collaborative Network described 
155 AAV patients diagnosed between 1985 and 2011, 87% of whom required dialysis 
at diagnosis. Four months after starting therapy, 35% of dialysis-dependent patients 
had not recovered renal function and 14% had died. At 12 months, four additional 
dialysis patients died and three new patients entered dialysis [49]. These data sug-
gest that aggressive immunosuppressive treatment is unable to restore renal function 
in around one third of patients, while it can also cause potentially lethal adverse 
effects. For these reasons, it is a challenge for clinicians to decide which patients 
may benefit from treatment. To face this question, De Lind van Wijngaarden et al. 
[49] investigated the clinical and histological variables that determine the chances 
of dialysis independence, or death in 69 AAV dialysis- dependent patients. After 
1  year of immunosuppressive therapy plus either intravenous methylprednisolone 
or plasma exchange, 43% of patients were dialysis independent, 32% were dialysis 
dependent, and 25% had died. Intravenous methylprednisolone as adjunctive ther-
apy in the presence of less than 18% normal glomeruli and severe tubular atrophy 
increased the chance of therapy-related death over that of dialysis independence. 
Plasma exchange as adjunctive therapy increases the chance of renal recovery over 
that of death even in the presence of severe histological features (less than 2% of 
normal glomeruli). Lee et al. [50] found that low chronicity index and glomerular fil-
tration rate (GFR) >10 ml/min were significantly associated with treatment response 
at 4 months. Notwithstanding these results, in cyclophosphamide-treated group, it 
was impossible to identify a threshold able to differentiate patients for whom the 
risks of therapy outweighs the benefits. Considering the low probability of achieving 
dialysis independence after 4 months therapy, the authors suggest that therapy should 
be discontinued after 4 months in nonresponders.

11.10  Patients Requiring Chronic Renal Replacement Therapy

The incidence and outcome of AAV patients requiring chronic RRT are poorly 
investigated. The incidence of chronic ESRD was 14% in 302 AAV patients 
included in six EUVAS trials and followed for 7.1 years [51]. A population-based 
study including 201 new cases of AAV diagnosed between 1997 and 2009  in 
southern Sweden (98 positive for PR3-ANCA and 85 positive for MPO-ANCA) 
reported the development of ESRD in 20% during a follow-up of around 5 years. 
Patients with MPO-ANCA were more likely to develop ESRD (38%) than those 
with PR3-ANCA (5%) [52].

Between 2002 and 2011, 425 AAV patients (166 MPA, 259 GPA) started chronic 
dialysis and were registered in the REIN (Renal Epidemiology and Information 
Network) registry accounting for 0.7% of all incident dialysis patients. The median 
age at initiation of dialysis was 70 years (range 7–93). Of the patients, 94% were 
treated with hemodialysis through central venous catheter in 66% of cases [53]. 
Peritoneal dialysis was less frequently employed in this cohort as in other stud-
ies [69, 71]. After a median follow-up of 23 months, 41% of patients died (61% 
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GPA and 39% MPA). The median survival time was 5.35 years (5.6 years for GPA, 
4.7 years for MPA) and survival rates at 1 and 5 years were 85% and 53%, respec-
tively [53]. Similar results have been reported in other studies [54]. Survival of 
AAV patients was not statistically different from that of non-AAV dialysis patients 
[53, 54]. Recently, Hruskova et al. [55] reported on 2511 (1.2%) patients with AAV 
(1755 GPA and 756 MPA) of the 207,855 who initiated RRT between 1993 and 
2012 identified in 12 renal European registries. The 10-year probability patient sur-
vival in AAV on RRT after day 91 was 32.5% in comparison to 35.8% for patients 
with primitive glomerulonephritis, 17% for those with diabetes mellitus, and 30.2% 
for nondiabetes patients. Using Cox regression model and after adjusting for time 
period and country, patient survival on RRT after day 91 did not differ between AAV 
and matched nondiabetes patients, while it was lower than that of glomerulonephri-
tis and higher than diabetes controls.

The main causes of death in dialysis patients were cardiovascular diseases (20–
30%), followed by infections (10–23%) and malignancies (5–8%) [53–55]. Infections 
as cause of death was more frequent in AAV patients than in controls in some [53, 
55] but not in all studies [54]. An important issue is the type and the duration of 
immunosuppressive therapy in patients on chronic RRT. Knowledge of the risk and 
the severity of relapses during dialysis is of paramount importance for the therapeutic 
management of patients on RRT. Lionaki et al. [56] reported that the AAV relapse 
rates were significantly lower on chronic dialysis (0.08 episodes/patient year) com-
pared with the rate of the same patients before ESRD (0.20 episodes/patient/year) 
or with patients with preserved renal function (0.16 episodes). This was particularly 
true for patients with PR3-ANCA. However, it is not clear if the reduced rate of 
recurrences is due to the immunosuppressive treatment or a progressive quiescence 
of the disease during dialysis as reported for other autoimmune diseases attributed 
to an immunodeficiency status induced by uremia. Of note, infections were almost 
twice as frequent among patients with ESRD on maintenance immunosuppres-
sants and were an important cause of death. Considering that, a minority of patients 
recover renal function after 3 months of dialysis, while infections are an important 
cause of mortality, international guidelines suggest to discontinue cyclophosphamide 
after 3 months in patients without extrarenal manifestation of AAV [57].

11.11  Renal Transplant

From 14% to 22% of AAV patients on chronic dialysis receive a renal transplant 
[53, 54]. Data from the United States Renal Data Service reported that among prim-
itive and secondary glomerulonephritis on RRT, patients with vasculitis had the 
lowest rate of kidney transplantation (3.1 events for 100 patients years), and the 
highest rate of death that was more than double that of renal transplant (13.2 events 
for 100 patients years) [58]. Kidney transplantation was performed in 558 (22.2%) 
AAV patients included in 12 renal European registries. Patient and graft survival 
at 10  years were 74.8% and 63.7%, respectively. Using separate Cox regression 
models and after adjustments for time period and country, patients with AAV had 
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mortality not different from the matched control group of primary glomerulonephri-
tis and favorable transplant survival than each of the matched control groups [55]. In 
other studies including a lower number of patients, 10-year patient survival ranged 
between 65% and 87% and graft survival between 64% and 84% [59, 60]. Tang 
et al. [54] compared the outcome of 46 MPA and 47 GPA patients with that of 8193 
non-AAV patients. The 10 years patient survival was significantly lower in MPA 
(68%) than in GPA (85%), and in non-AAV (92%), however, MPA patients were 
significantly older than GPA patients. The 10 years graft survival was 50% in MPA, 
62% in GPA, and 70% in controls. After adjusting for a number of variables, MPA 
transplant patients had a risk of graft failure 1.87 times higher than that of controls. 
The MPA risk tended to be worse than that of GPA; instead, no differences were 
observed between GPA and controls. Despite some differences in the results of the 
various studies, transplantation is the therapeutic option able to assure the best sur-
vival and quality of life of ESRD patients as compared with dialysis regimens and 
with a graft survival not different from that of transplant in most renal pathologies. 
No difference in the causes of graft failure and death between AAV and non-AAV 
patients was reported by Marco et al. [59]. The only factor that has been reported to 
be associated with death post- transplant was transplant performed before 12 months 
of AAV remission.

A revision of the literature regarding the risk of AAV recurrence on renal graft 
was recently performed by Marco et al. [59]. This pooled analysis, that included 428 
patients, found that recurrence of AAV occurred in 47 patients, which corresponds 
to a relapse rate of 11%. Recurrences occurred from 0.5 to 109 months after trans-
plantation with an average time from transplantation to recurrence of 31 months 
[61]. The ANCA pattern, the duration of the original disease, the duration of dialy-
sis, treatment with cyclosporine, and the source of donors did not influence the risk 
of recurrence [60], nor were clinical parameters very useful in predicting the risk of 
recurrence of AAV [60]. Single-center studies did not demonstrate the importance of 
persistent positive ANCA tests in predicting relapses after transplantation. Instead, 
the pooled analysis of Marco et al. reported that 17% of ANCA-positive patients at 
time of transplant had a recurrence in comparison to 5% of those ANCA- negative 
[59]. Relapses were more frequent in GPA than in MPA.  The relapse rate after 
renal transplant has been reported to be lower than that observed before and during 
dialysis [60, 61]. Around 60% of recurrences involved the graft alone or in asso-
ciation with other organs, whereas the other 40% were primarily extrarenal [60]. 
Microscopic hematuria and proteinuria are the heralding signs for renal recurrences 
of AAV. These are generally associated with or followed by the deterioration of graft 
function [60]. The histologic picture is very similar to that observed in the native 
kidney and is characterized by focal or diffuse pauci-immune extracapillary necro-
tizing glomerulonephritis. In a recent study from the Dutch Transplant in Vasculitis 
(DUTRAVAS), the histological class of the 10 graft biopsies of renal AAV relapses 
were focal in 5 cases, crescentic in 1, and mixed in 4 [62]. Methylprednisolone 
pulses combined with cyclophosphamide and plasmapheresis while reducing the 
basal immunosuppression is the treatment of recurrence of AAV in renal transplant 
[63]. Recently, rituximab has been used with success to treat recurrences in renal 

R. A. Sinico et al.



189

transplant also [62]. The impact of recurrence on graft survival is not well defined. 
An Australian registry reported a graft loss of only 7.7% at 10 years due to recur-
rence of AAV in transplant patients [64]. In other studies, graft loss occurred in 
around one third of patients who had clinical recurrence of AAV [63, 64].

In conclusion, because clinical remission of AAV for less than 1 year at time of 
renal transplant is associated with a high mortality rate, AAV candidates for renal 
transplantation should be in a stable clinical remission at the time of transplanta-
tion. Prolonged immunosuppression may also expose patients to the risk of life- 
threatening infections after transplantation; thus, it is important that transplantation 
should be delayed after starting dialysis in patients who have received a prolonged 
or intense period of immunosuppression. We suggest checking for ANCA every 
6–12 months, bearing in mind that negative results do not rule out completely the 
possibility of AAV relapse. As an increase in urine protein/creatinine ratio and/or 
the onset of hematuria and of erythrocyte casts in the urine sediment may herald a 
relapse of AAV, we suggest to monitor urinalysis every month during the first year 
after transplantation and every 3 months during the follow-up. The final diagnosis 
may require graft biopsy. Treatment of relapses is mainly based on methylpred-
nisolone pulses, cyclophosphamide, and plasmapheresis or rituximab. Despite the 
unpredictable potential for recurrence, transplantation is the best option for AAV.
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EULAR European League Against Rheumatism
FVSG French Vasculitis Study Group
GCA Giant cell arteritis
GPA Granulomatosis with polyangiitis
HNPP Hereditary neuropathy with liability to pressure palsies
ICOS Inducible costimulator
IHC Immunohistochemical
IVIg Intravenous immunoglobulins
MMF Mycophenolate mofetil
MMP Matrix metalloproteinase
MPA Microscopic polyangiitis
MPO Myeloperoxidase
MTX Methotrexate
NCS Nerve conduction studies
NSVN Nonsystemic vasculitic neuropathy
PAN Polyarteritis nodosa
PE Plasma exchange
PR3 Proteinase 3
RCT Randomized controlled trial
RF Rheumatoid factor
SVN Systemic vasculitic neuropathy
VEGF Vascular endothelial growth factor
VN Vasculitic neuropathy
VZV Varicella zoster virus

12.1  Introduction

The vasculitides are a clinically, pathogenically, and etiologically diverse group of 
disorders, which share the pathologic signature of inflammatory damage to blood 
vessel walls, resulting in inflammatory and ischemic injury to the affected tissues 
[1]. They can develop from direct infections of the vessel wall, but in most cases, the 
process involves autoimmune mechanisms. While immune-mediated vasculitides 
can be triggered by identifiable factors, such as drugs, infections, cancers, connec-
tive tissue diseases (CTDs), other medical conditions, or environmental toxins, the 
underlying cause is often unknown. Some vasculitides are mild and self-limited; 
others produce multi-organ failure and death. Multiple combinations of organ sys-
tems can be affected, resulting in a wide variety of clinical manifestations. Specific 
clinical features depend on the location and size of the involved vessels, severity and 
tempo of the inflammatory process, underlying etiology, and comorbid conditions.

Systemic vasculitides that involve small-to-medium-sized vessels commonly 
affect epineurial vessels in the vasa nervorum resulting in peripheral neuropathies 
[2, 3]. In contrast, vasculitides with primarily large vessel involvement tend to spare 
epineurial vessels. For example, neuropathies occur in 60–75% of patients with 
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polyarteritis nodosa (PAN), eosinophilic granulomatosis with polyangiitis (EGPA), 
and cryoglobulinemic vasculitis and up to 40–50% of those with microscopic poly-
angiitis (MPA) and rheumatoid vasculitis. On the other hand, neuropathies are rare 
in large- vessel vasculitides, such as giant cell arteritis (GCA). Peripheral nerve vas-
culitis is usually just one of many clinical manifestations of a systemic disease, but 
vasculitis can be restricted to individual organs, tissues, or body regions [4]. These 
localized vasculitides have been reported for almost all organs, including the PNS.

The studies of Kernohan and Woltman (1938), Boyd (1940), and Lovshin and 
Kernohan (1948) focused attention on PNS involvement in PAN [5–7]. These inves-
tigators observed that vasculitic neuropathy (VN) may herald the systemic disease, 
spontaneously regress, and present not only as a multifocal neuropathy (“mono-
neuritis multiplex”) but also in a distal, symmetric fashion. Kernohan and Woltman 
were the first to report a case of PAN restricted to the PNS. Single-organ vascu-
litis of the PNS was established as a distinct entity by Kissel et  al. in 1985 and 
Dyck et al. in 1987 [8, 9]. Dyck coined the term nonsystemic vasculitic neuropathy 
(NSVN). In the last four decades, numerous series of patients with systemic vascu-
litic neuropathy (SVN) and NSVN have been reported, better defining the clinical 
and pathological spectrum of these disorders [10–42]. Single-organ PNS vasculi-
tis is still referred to as NSVN, but various forms of clinically isolated peripheral 
nerve vasculitis are now recognized and can be considered NSVN variants [43]. A 
Peripheral Nerve Society guideline group published consensus recommendations 
on the classification, diagnosis, and treatment of NSVN in 2010 [44].

12.2  Nomenclature, Classification, and Epidemiology

Numerous classifications for the vasculitides have been proposed since the 1950s 
contingent on advances in our understanding of the etiology, mechanisms, clini-
cal features, laboratory findings, and pathological alterations of these disorders. 
Most have distinguished primary vasculitides, which lack an identified cause, from 
secondary vasculitides, resulting from a known cause or predisposing condition. 
The most widely used classification criteria for the primary systemic vasculitides 
are those published by the American College of Rheumatology (ACR) in 1990 for 
PAN, Churg- Strauss syndrome, Wegener’s granulomatosis, hypersensitivity vascu-
litis, Henoch-Schönlein purpura, GCA, and Takayasu arteritis [45]. While useful 
for classifying already diagnosed patients for clinical studies, these criteria were not 
appropriate for diagnosis because they did not distinguish vasculitic from non-vas-
culitic conditions. In 1994, the Chapel Hill Consensus Conference (CHCC) defined 
ten vasculitides based on size and pathology of involved vessels—GCA, Takayasu 
arteritis, PAN, Kawasaki disease, microscopic polyangiitis (MPA), Wegener’s 
granulomatosis, Churg- Strauss syndrome, Henoch-Schönlein purpura, essen-
tial cryoglobulinemic vasculitis, and cutaneous leukocytoclastic angiitis [46]. To 
address some of the failings of the 1994 CHCC and ACR criteria, vasculitis experts 
developed a new consensus methodology for classification of Wegener’s granulo-
matosis, Churg-Strauss syndrome, MPA, and PAN in 2007 that, for the first time, 
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incorporated anti-cytoplasmic antibodies (ANCAs) [47]. In vasculitis, ANCAs are 
usually directed against proteinase 3 (PR3) or myeloperoxidase (MPO).

The 2012 Revised International CHCC (CHCC2012) convened for the purpose 
of improving nomenclature for previously defined vasculitides and adding vasculi-
tides not included in CHCC1994 [1]. Eponyms were eliminated for most disorders. 
In this system, the first level of categorization is size of predominantly involved 
vessels. Large vessels are the aorta, vena cavae, and their major branches; medium 
vessels comprise the main visceral arteries and veins and their initial branches; 
and small vessels consist of the intraparenchymal vessels. The “large-vessel vas-
culitides” are GCA and Takayasu arteritis, but they sometimes also affect small-
to-medium-sized vessels. “Medium-vessel vasculitides” are PAN and Kawasaki 
disease. They affect small- and medium-sized arteries but not the microvasculature. 
ANCAs exclude PAN. “Small-vessel vasculitides” primarily affect small arteries, 
arterioles, capillaries, and venules, but medium-sized vessels are also sometimes 
involved. The small-vessel vasculitides are, in turn, divided into those associ-
ated with sparse versus prominent vascular wall deposits of immunoglobulin and 
complement. The “pauci- immune” disorders are the ANCA-associated vasculiti-
des (AAVs), i.e., Wegener’s granulomatosis, Churg-Strauss syndrome, and MPA, 
with Wegener’s granulomatosis renamed granulomatosis with polyangiitis (GPA) 
and Churg-Straus syndrome renamed EGPA. The “immune complex small-vessel 
vasculitides” exhibit “moderate-to-marked” immune deposits in small vessels. They 
include anti-glomerular basement disease (Goodpasture syndrome), cryoglobulin-
emic vasculitis, IgA vasculitis (Henoch-Schönlein purpura), and hypocomplement-
emic urticarial vasculitis. The “variable-vessel vasculitides” are Behçet disease 
and Cogan syndrome. They affect vessels of all sizes and types non-preferentially. 
“Single-organ vasculitis” affects vessels of any type in a single organ/tissue with no 
signs of an underlying systemic vasculitis. NSVN should be included in this group. 
The many secondary causes of vasculitis are incorporated into “vasculitis associ-
ated with systemic disease” (e.g., rheumatoid arthritis and lupus) and “vasculitis 
associated with a probable etiology” (e.g., hepatitis B-associated PAN and hepatitis 
C-associated cryoglobulinemic vasculitis).

The Diagnostic and Classification Criteria in Vasculitis Study (DCVAS) is a 
multinational, observational study designed to develop and validate new diagnos-
tic and classification criteria for the primary systemic vasculitides, which will be 
applicable to both clinical practice and clinical trials [48]. More than 6800 patients 
were recruited from 2011 to 2017. Provisional classification criteria have been pre-
sented at national and international meetings but will require further testing before 
endorsement by the ACR and European League Against Rheumatism (EULAR).

For the primary small-to-medium-vessel vasculitides most routinely associated 
with neuropathy—MPA, PAN, EGPA, and GPA—annual incidence rate is ~10–20 
cases/million [49]. No study has determined the incidence or prevalence of any form 
of VN, but the relative frequency of these disorders can be derived from investiga-
tions ascertaining patients with VN based, in part, on nerve biopsy findings [8, 9, 
14, 17, 20, 22, 23, 26–28, 30, 33, 37, 38, 40, 50–57]. These frequencies (Table 12.1) 
differ from those of the corresponding systemic vasculitides because of the variable 
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prevalence of neuropathy in these conditions and the existence of NSVN. In these 
studies, the most common VNs are NSVN (27.5%) and those associated with MPA/
PAN (25%), rheumatoid vasculitis (11%), and EGPA (10%).

The primary systemic vasculitides most likely to produce a neuropathy are PAN, 
EGPA, and MPA [58–60]. Of the secondary systemic vasculitides, nerves are most 
commonly affected in hepatitis B-associated PAN, hepatitis C-related cryoglobuli-
nemic vasculitis, and rheumatoid vasculitis [2, 3, 58, 61]. Conversely, neuropathies 
are uncommon in GCA and rare in Behҫet disease and the non-cryoglobulinemic 
immune complex vasculitides. Pathologically proven VN has not been reported in 
Kawasaki disease, Takayasu arteritis, anti-glomerular basement membrane disease, 
and Cogan syndrome [44]. On the basis of these and other observations, the 2010 
Peripheral Nerve Society guideline group derived a consensus classification for 
vasculitides associated with neuropathy that categorized VNs into the primary sys-
temic vasculitides, secondary systemic vasculitides, and localized vasculitides [44]. 
In 2017, we updated this classification, adapting the CHCC2012 nomenclature and 
including a new formulation of the single-organ VNs (Box 12.1) [43].

Box 12.1: Classification of Vasculitides Associated with Neuropathy 
(Reproduced with Permission from [43])
Primary systemic vasculitides

 Predominantly small-vessel vasculitis
  Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis
   Microscopic polyangiitis
   Eosinophilic granulomatosis with polyangiitis (Churg-Strauss)
   Granulomatosis with polyangiitis (Wegener’s)
  Immune complex small-vessel vasculitis
   Cryoglobulinemic vasculitis
   IgG vasculitis (Henoch-Schönlein purpura)
   Hypocomplementemic urticarial vasculitis
 Predominantly medium-vessel vasculitic
  Polyarteritis nodosa
 Predominantly large-vessel vasculitis
  Giant cell arteritis
 Variable-vessel vasculitis
  Behçet’s disease

Vasculitis associated with systemic disease
 Connective tissue diseases
  Rheumatoid arthritis
  Systemic lupus erythematosus
  Primary Sjogren’s syndrome
  Systemic sclerosis
  Mixed connective tissue disease
  Dermatomyositis

12 Peripheral Nervous System Involvement



200

 Sarcoidosis
 Inflammatory bowel disease

Vasculitis associated with probable etiology
 Infection (such as hepatitis B virus, hepatitis C virus, HIV, cytomega-

lovirus, leprosy, Lyme disease, human T-cell-lymphotropic virus-I, 
parvovirus B19)

 Drugs
 Malignancy
 Vaccinations

Single-organ vasculitis of the PNS (nonsystemic vasculitic neuropathy)
 Includes but is not limited to following subtypes:
  Wartenberg migratory sensory neuropathy (non-mechanical cases)
  Postsurgical inflammatory neuropathy
  Diabetic radiculoplexus neuropathy
   Predominantly lumbosacral
   Predominantly thoracic (diabetic thoracic radiculopathy or 

radiculoneuropathy)
   Predominantly cervical
  Neuralgic amyotrophy (probably)
  Nonsystemic skin/nerve vasculitis
   Cutaneous polyarteritis nodosa
   Other

While most neurologists recognize NSVN as a distinct entity, non-neurologists 
often classify it as a variant of MPA or PAN [4]. However, arguing against MPA, 
NSVN is not pauci-immune and has no association with ANCAs [44]. Excluding 
PAN, nerve biopsies in patients with NSVN routinely show microvascular involve-
ment [3]. Clinically, in patients carefully selected for absence of systemic features 
and conditions predisposing to systemic vasculitis, the likelihood of spread to 
organs other than regional skin or muscle is very low, assuming immunosuppres-
sive treatment is instituted [15]. Patients with NSVN frequently relapse as treat-
ment is tapered, but unlike the SVNs, relapses are almost always restricted to the 
PNS. Furthermore, the PNS is resistant to ischemia and should not be preferentially 
susceptible to a systemic ischemic process [51]. There is also the “proof of prin-
ciple” argument provided by numerous examples of localized vasculitis involving 
other organs [4].

VNs can also be divided into two groups based on the size of predominantly 
involved vessels: nerve large arteriole vasculitis and nerve microvasculitis [62]. 
All vessels in peripheral nerves are, by definition, “small vessels.” Microvessels 
are venules, capillaries, and small arterioles (diameters <40 μm). Larger arteri-
oles have diameters up to 100 μm. Arterial vessels with diameters >100 μm are 
small arteries. While all endoneurial and perineurial vessels are microscopic, most 
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epineurial vessels are larger in size (50–300 μm) [51]. The nerve large arteriole 
vasculitides demonstrate primary involvement of small arteries and large arterioles 
combined with variable involvement of smaller vessels (Fig. 12.1). They include 
most of the SVNs. Nerve microvasculitis is restricted to microvessels and can 
occur in NSVN, Sjogren’s syndrome, some virus-associated vasculitic neuropa-
thies (e.g., HIV), diabetic radiculoplexus neuropathy, and non-diabetic radiculo-
plexus neuropathy (clinical variant of NSVN) (Fig. 12.2). Of note, NSVN can also 
affect large arterioles and small arteries and is thus not, strictly speaking, a pure 
microvasculitis. It tends to involve smaller vessels (<100 μm) but is not limited to 
microvessels [31, 32].

12.3  Clinical Presentation of Vasculitic Neuropathy

The clinical presentation of PNS vasculitis depends on the distribution of affected 
nerves, disease severity, and spectrum of systemic involvement. Signs and symp-
toms of multi-organ dysfunction are indicative of a systemic vasculitis or underlying 
CTD. Combining information from numerous series of patients with SVN, skin is 

Fig. 12.1 Serial paraffin cross sections of nerve showing large inflammatory collection involving 
a large arteriole exhibiting sectoral fibrinoid necrosis in a (H&E) and b (Masson’s trichrome). 
Vessel wall inflammation highlighted with pan-leukocyte marker CD45  in c and macrophage 
marker CD68 in d. Taken together, the findings are diagnostic of nerve large arteriole necrotizing 
vasculitis
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Fig. 12.2 Serial paraffin cross sections of a microvessel showing lymphocytic-predominant 
inflammation and only rare macrophages in vessel wall in a (H&E), c (CD45), and d (CD68). 
Human smooth muscle actin stain in b shows separation and fragmentation of smooth muscle lay-
ers of the vessel wall. Taken together, these findings are diagnostic of nerve microvasculitis

affected in 1/3 of patients, while renal, GI tract, lung (excluding EGPA), and heart 
involvement occurs in <15% [10, 12, 18–21, 24–26, 29, 63–67]. Consistent with this 
data, analysis of 506 patients with GPA or MPA who participated in clinical trials 
conducted by European Vasculitis Study Group revealed that SVNs were associated 
with skin, mucous membrane, and ENT manifestations but not renal, cardiac, pulmo-
nary, or GI involvement [68]. An assessment of 955 patients with AAV included in the 
DCVAS revealed that SVN was significantly associated with skin, musculoskeletal, 
and cardiovascular involvement and with the absence of renal, eye, and GI involve-
ment [69]. Prevalence of SVN was also higher in GPA and EGPA lacking in pulmo-
nary involvement. In summary, SVN tends to occur in association with cutaneous, 
musculoskeletal, and ENT manifestations and independent of more life-threatening 
internal organ involvement. SVNs are accompanied by fevers and other constitutional 
symptoms in 60–65% of patients [7, 8, 10, 11, 14, 22, 24, 28–31, 66, 67, 70, 71]. 
By definition, NSVN is not accompanied by clinical evidence of extra-neurologic 
involvement, but constitutional symptoms occur in almost 30% of patients and fevers 
in 10–15% [43]. In patients with SVN, neuropathic symptoms are one of the present-
ing features in 70% of cases; in the other 30%, systemic symptoms precede the neu-
ropathy by weeks to months [5, 7, 11, 12, 18, 20, 21, 24, 25, 39, 72–74].
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VN has a characteristic clinical picture whether occurring alone or as one feature 
of a systemic vasculitis. Studies have shown that NSVN is clinically similar to SVN 
except for reduced severity and more indolent progression [16, 19, 20, 30, 31]. VN 
can develop at any age but most commonly occurs in the 6th–8th decades. The mean 
age at onset of SVN ranges from 53 to 67 years in various series if not restricted 
to EGPA, which tends to develop at a younger age [11, 14, 19, 20, 26, 30, 41]. For 
NSVN, the mean age at diagnosis is 60 years [43]. In the primary SVNs, men are 
more frequently affected than women in PAN, MPA, and rheumatoid vasculitis, but 
there is no association with gender for GPA and EGPA [75]. In NSVN, both gen-
ders are equally affected [43]. Most patients follow a stepwise or relapsing course, 
but the disease steadily progresses in 40% [9, 14, 30]. Some 5–10% of patients 
with NSVN and up to 35–40% of those with an SVN present with acute, rapidly 
progressive deficits and are diagnosed within 1 month, but most patients progress 
subacutely over several months [8, 16, 20, 25, 30, 34, 36, 41, 42, 65]. Still others 
follow an indolent course over multiple years prior to diagnosis, highlighting the 
need to maintain vigilance for NSVN in patients with long-standing neuropathies 
[76]. Median delay from symptom onset to diagnosis has ranged from 2 to 8 months 
in most series [14–16, 20, 30, 31].

Three patterns of clinical involvement in NSVN and SVN have been identified: 
multifocal neuropathy (also referred to as multiple mononeuropathy), asymmetric 
polyneuropathy (also referred to as overlapping or confluent multifocal neuropa-
thy), and distal symmetric polyneuropathy (Fig. 12.3). Most distinctive is a mul-
tifocal neuropathy, wherein patients develop pain, weakness, and/or sensory loss 
in the distribution of a single peripheral nerve, followed by stepwise involvement 
of other nerves. Although distinctive, this pattern is not pathognomonic for vascu-
litis. An asymmetric polyneuropathy restricted to the lower limbs with proximal 
involvement can be labeled a lumbosacral radiculoplexus neuropathy. The distribu-
tion most difficult to recognize as vasculitic is a distal, symmetric polyneuropathy. 
The reported frequencies of these three phenotypes are highly variable due to a lack 
of standardized definitions. For example, in a 2003 Ohio State series of patients 
with NSVN where no asymmetry was ignored, asymmetric polyneuropathy was 
the most common pattern (85%) followed by multifocal neuropathy (13%) and dis-
tal symmetric polyneuropathy (2%) [15], but combined data from all series and 
case reports of NSVN yield a different distribution (45% asymmetric polyneuropa-
thy, 33% multifocal neuropathy, and 23% symmetric polyneuropathy) [43], as do 
pooled data from many studies of SVN (48% multifocal neuropathy, 32% asym-
metric polyneuropathy, and 20% symmetric polyneuropathy) [8, 10, 19–22, 28, 29, 
33, 36, 51, 55, 65, 77]. In vasculitis, symmetric polyneuropathies are necessarily 
overlapping multifocal neuropathies at the microscopic level, suggesting that clini-
cal findings in VN should always be at least slightly asymmetric or multifocal.

To address this problem, we recently proposed new definitions for these patterns 
[43]. We defined multifocal neuropathy as a peripheral neuropathy that affects two 
or more noncontiguous, individual, named, somatic, sensory, motor or sensorimo-
tor peripheral or cranial nerves simultaneously or sequentially. Conversely, a dis-
tal symmetric polyneuropathy was defined as a length- dependent neuropathy that 
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affects multiple somatic nerves diffusely and symmetrically, commencing distally 
and spreading proximally with continued distal predominance. We defined an early 
overlapping multifocal neuropathy as a multifocal neuropathy in which contigu-
ous cranial or individual peripheral nerves distal to the plexuses are involved. In a 
late overlapping multifocal neuropathy, there is more extensive involvement of con-
tiguous nerves, to the extent that individual mononeuropathies are no longer distin-
guishable and the anatomical pattern loses its multifocal features. The neuropathy 
then appears as a diffuse process, mimicking a distal symmetric polyneuropathy, but 
can be identified by residual asymmetries. A late overlapping multifocal neuropathy 
is identical to an asymmetric polyneuropathy.

Certain nerves have a propensity for vasculitic involvement, but at presentation, 
the most commonly affected nerves are a diffuse, overlapping mixture of lower limb 
nerves derived from the lumbosacral plexus [14, 15, 35]. The tendency of VN to 
affect certain nerves has generally been attributed to poor collateral vascular supply, 
but variability in vascular topography, antigen expression, and adhesion molecules 
might also play a role [78]. The most frequently affected nerve is the common pero-
neal or peroneal division of the distal sciatic nerve. In the arms, the ulnar nerve 
is most commonly involved. Combined data from several studies indicate that the 
prevalence of individual distal motor nerve involvement is as follows: common pero-
neal 93% of patients, tibial 61%, ulnar 48%, median 43%, and radial 20% [9, 12, 14, 
18, 25, 30, 33, 39, 65, 79, 80]. Data on proximal nerve involvement are more limited, 
variable, and confounded by superimposed myopathies. Cranial neuropathies occur 
in 5–10% of patients with SNV and NSVN [25, 39, 43, 57, 60, 68, 80, 81].

PNS vasculitis affects mixed or purely sensory peripheral nerves rather than ante-
rior horn cells or sensory/autonomic ganglia [82]. As such, most patients develop 
both sensory and motor deficits, but 10–15% have purely or predominantly sensory 
signs and symptoms due to cutaneous nerve involvement (more common in NSVN 
than SVN) [7, 11, 13, 14, 18, 21, 30, 31, 36, 43, 64, 67, 70]. Sensory dysfunction 
usually involves all modalities, but exceptional patients have small fiber-predomi-
nant neuropathies [30]. Pure motor presentations are rare [34]. Vasculitic neuropa-
thy is generally considered to be a painful neuropathy, but based on our review of 
the literature, 25% of patients with SVN and NSVN have no pain.

Summarizing, patients with [1] no asymmetries, [2] pure motor involvement, or 
[3] entirely proximal findings are unlikely to have a VN.

12.4  Clinical Features of Vasculitic Neuropathy in PAN 
and AAV

The clinical features of the AAVs—GPA, MPA, and EGPA—are detailed in Chapters 
8–10. The clinical manifestations of the VNs—both nonsystemic and systemic—are 
described in Section 3. In this section, we summarize the non-ANCA-associated 
primary systemic vasculitis most closely associated with SNV, PAN, and contrast 
this condition from the AAVs, followed by up-to-date analyzes of the prevalence of 
VN in these vasculitides.
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12.4.1  Polyarteritis Nodosa

PAN is a systemic vasculitis that affects small- and medium-sized arteries [58, 83]. 
It is sometimes triggered by hepatitis B, hepatitis C, or HIV infection, but in the 
2012 Revised International CHCC Nomenclature of Vasculitides, infection-related 
vasculitides were recast as “vasculitis associated with a probable etiology” [1]. PAN 
has traditionally represented the most common small- to- medium-vessel systemic 
vasculitis and most common cause of SVN. However, its incidence was reduced by 
the 1994 and 2012 CHCC nomenclature, which mandated that any pathologically 
proven microvessel involvement excluded the diagnosis, making MPA the more 
prevalent disease in most studies [84]. It is also excluded by lung vasculitis, glo-
merulonephritis, cryoglobulins, or ANCAs [1, 58, 83].

PAN usually develops between the ages of 40 and 70 years [58, 83, 85, 86]. The 
onset is subacute, characterized by constitutional symptoms emerging over weeks to 
months. Fevers and weight loss occur in 60–70% of patients. Symptoms referable to 
specific organ involvement soon follow. The most commonly affected tissues are the 
PNS, skin (55–60%), joints (50%), kidneys (40–50%), muscles (25–50%), GI tract 
(30%), and testes (2–29%) [2]. Lungs and spleen are rarely involved. Angiography 
shows microaneursyms in renal, hepatic, and mesenteric arteries in 2/3 of patients 
and nonspecific occlusive changes in 98% [87]. About 30% of patients relapse [58]. 
Death most commonly ensues from mesenteric vasculitis.

There are no diagnostic criteria for PAN, but the 2007 European Medicines 
Agency classification criteria allow for a PAN designation in patients having histol-
ogy compatible with CHCC PAN (no microvascular involvement or granulomas) or 
typical angiographic features of PAN but no ANCAs, surrogate clinical markers of 
upper/lower airway granulomatous disease, surrogate markers of glomerulonephri-
tis, or eosinophilic lung disease [47].

Based on a review of over 1000 patients in 13 old series (prior to 1994), neu-
ropathies occur in 60% of patients with PAN [88]. In the only large post-CHCC 
study of 348 patients with PAN, neuropathies occurred in 74% of patients, including 
85% of those with hepatitis B-related PAN and 68% of those with non-viral PAN 
[58]. In five much smaller series since 1994, neuropathies developed in 52% of 
patients [89–93]. None of the post-CHCC studies presented data on cranial nerve 
involvement.

12.4.2  Microscopic Polyangiitis

MPA is a “microscopic” form of PAN that primarily affects arterioles, capillaries, and 
venules [59, 72, 94]. In contrast to GPA and EGPA, there are no granulomas. Unlike 
the immune complex vasculitides, immune deposits are inconspicuous. Clinically, 
MPA is similar to PAN, but distinguishing features include rapidly progressive glo-
merulonephritis in ~80% of patients, occasional pulmonary involvement (20% with 
alveolar hemorrhage), ANCAs, and the absence of visceral aneurysms. MPO-ANCAs 
are positive in 71–88% of patients and PR3-ANCAs in another 5–9% [95].
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Peripheral neuropathy was consistently identified in 20% of patients with MPA in 
the 1980s nephrology literature [96–100]. However, in 19 series since the 1994 CHCC, 
the prevalence of neuropathy in MPA has been highly variable (7–58%), indicative of 
implicit biases [39, 59, 68, 69, 72, 89, 101–113]. The 7% incidence in one retrospec-
tive study was likely an underestimate due to insensitivity of the screening process 
[68]. Combined data from these 20 studies yield an overall prevalence of 30%. In all of 
these cohorts, the percentage of patients with renal involvement was high (57–100%). 
In these studies, neuropathies were more commonly identified in patients lacking in 
renal involvement. This observation is consistent with the inverse relationship between 
PNS and renal involvement in MPA revealed in the DCVAS analysis cited above [69]. 
Possible reasons for this relationship include a true pathogenic interaction, varying 
attention to neuropathy between nephrology and non-nephrology centers, and misclas-
sification. The prevalence of neuropathy in childhood-onset MPA is much lower (3%) 
[114–116]. Cranial neuropathies occur in 8% of patients with MPA [39, 68, 107].

12.4.3  Eosinophilic Granulomatosis with Polyangiitis

EGPA is another AAV, but ANCAs only occur in 30–40% of patients (usually 
MPO-ANCAs) [60, 73, 117, 118]. Its salient histopathologic alterations are (1) 
eosinophilic tissue infiltration, (2) extravascular granulomas, and (3) small-vessel 
vasculitis [118]. The Lanham diagnostic criteria require (1) asthma, (2) eosinophilia 
(>1500/mm3), and (3) vasculitis involving two or more non- pulmonary sites [118]. 
Clinical features distinguishing EGPA from PAN are (1) asthma (100% of patients), 
(2) pulmonary infiltrates (50–75%), (3) allergic rhinosinusitis (60–80%), (4) glo-
merulonephritis (15–30%), and (5) congestive heart failure (25%) [2]. In adults, 
neuropathies occur in 65% of patients [60, 66, 69, 73, 104, 118–122], contrasting 
with only 35% of children [123–125]. Cranial neuropathies develop in about 5% of 
patients [18, 39, 60, 66, 107, 126, 127].

In 2017, a European task force proposed a revised nomenclature for EGPA 
and a new entity referred to as eosinophilic asthma with systemic manifestations 
(HASM), designed to restrict the diagnosis of EGPA to patients with clinical or 
pathological evidence of systemic vasculitis [128]. Under this proposal, EGPA is 
defined as hypereosinophilic asthma accompanied by biopsy-proven vasculitis, 
biopsy-revealed leukocytoclastic capillaritis or eosinophilic infiltration of arterial 
wall, alveolar hemorrhage, palpable purpura, myocardial infarction due to coro-
nary arteritis, clinical surrogates of glomerulonephritis, multifocal neuropathy, or 
ANCAs occurring with any systemic manifestations. The incidence of neuropathy 
in EGPA will undoubtedly increase with this new definition.

12.4.4  Granulomatosis with Polyangiitis

GPA is defined by the pathological triad of granulomatous inflammation, necro-
sis, and vasculitis predominating in the respiratory tracts and kidneys [129–131]. 
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Vasculitis affects the microvasculature and small-to-medium-sized arteries and 
veins. In patients with active, generalized disease, ANCAs directed against PR3 
occur in 77–81% of patients, while MPO-ANCAs are found in 9–12% [95]. ANCA 
positivity decreases to 40–60% in those with inactive or limited disease.

In numerous studies and literature reviews dating back to 1975, the prevalence of 
neuropathy in GPA has consistently ranged from 15% to 20% [69, 80, 81, 103, 107, 
108, 112, 129, 131, 132], except for a higher prevalence in Germany, where 40% of 
GPA patients develop neuropathy [130]. Hence, patients with GPA or PR3-related 
AAV are less likely to develop a SVN than those with EGPA, MPA, or MPO-related 
AAV. Neuropathies are rare (2%) in childhood-onset GPA [133–135]. Cranial neu-
ropathies, often multiple and most commonly involving nerves II, VI, or VII, occur 
in ~10% of patients, but they usually result from contiguous extension of nasal or 
paranasal granulomas rather than vasculitis [25, 68, 80, 81].

12.5  Nerve Pathology

Nerve biopsies in patients with SVN and NSVN reveal changes indicative of an axo-
nal neuropathy because axons are more vulnerable to ischemia than Schwann cells 
[26, 51]. Affected fascicles usually exhibit decreased myelinated nerve fiber den-
sity, prominent Wallerian-like degeneration, and regenerating axonal clusters [14, 
20, 26, 31, 51] (Fig. 12.4). Axon loss tends to be centrofascicular in proximal water-
shed areas (e.g., sciatic nerve bifurcation in distal thigh) but becomes multifocal in 
distal parts of the nerve due to intermingling of descending fibers (Fig. 12.4) [82, 
136, 137]. Segmental demyelination/remyelination is also sometimes increased, but 
tends to cluster on individual teased fibers and consecutive internodes, consistent 
with secondary demyelination induced by axonal atrophy [138]. Some studies have 
reported preferential involvement of larger myelinated nerve fibers [139], while oth-
ers have not [31]. In fulminant vasculitis, Schwann cells, fibroblasts, and all other 
cellular elements are lost.

Nerve large arteriole or systemic PNS vasculitis primarily affects epineurial ves-
sels with diameters of 50–300 μm [9, 20, 26, 31, 37, 51]. NSVN tends to involve 
smaller vessels (<100 μm) within this range but is not limited to the microvasculature 
[31, 32]. All endoneurial and perineurial vessels are microscopic (<40 μm); these 
vessels are only infrequently affected in vasculitis [51]. Active vasculitic lesions 
are characterized by epineurial T-cells and macrophages surrounding and invad-
ing vessel walls, producing fibrinoid necrosis and other signs of vascular damage 
(Fig. 12.1). Cellular infiltrates are perivascular and predominate in the epineurium. 
They consist primarily of T-cells and macrophages, with T-cells generally outnum-
bering macrophages by a factor of 2–3 [18, 31, 140–144]. B-cells are uncommon 
(2–6% of cells), and natural killer cells and polymorphonuclear leukocytes rare. 
Epineurial T-cells are almost always CD4+ or CD8+ with varying CD4+/CD8+ 
ratios. No immunohistochemical (IHC) studies of plasma, dendritic, or T-regulatory 
cells have appeared. Direct immunofluorescence (DIF) shows immune deposits of 
IgM, fibrinogen, C3, or complement terminal membrane attack complex (C5b9) in 
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epineurial vessel walls in 55–80% of patients (Fig. 12.5) [16, 20, 140, 145]. C3d 
epineurial vascular deposits were more common in NSVN than MPA-associated 
SVN in one study [146].

The final common pathway of tissue damage is regional ischemia due to occlu-
sion of the involved epineurial or nutrient vessels. Peripheral nerves have a rich 
anastomotic vascular supply composed of two integrated but distinct systems [147]. 
This rich blood supply, coupled with the ability of the nerve to tolerate anaerobic 
conditions, enables the PNS to resist the effects of chronic ischemia [148]. Only 
with extensive involvement of the vasa nervorum does ischemia induce axonal 
degeneration. In experimental models of small vessel occlusion, the central regions 
of large fascicles in proximal nerves degenerate most consistently [136]. Autopsy 
studies of peripheral nerves in patients with SVN (MPA and rheumatoid vasculitis) 
have shown that vasculitis is distributed in the epineurium throughout the proximal 
and distal segments of nerves, but myelinated fiber loss and Wallerian-like degen-
eration begin in the middle nerve segments, corresponding to the distal upper arm 
and distal thigh [82, 137]. Likewise, the ischemic pattern of centrofascicular degen-
eration occurs only in proximal and middle nerve segments, while diffuse nerve 

Fig. 12.4 Typical findings of ischemic injury of nerve. Two epoxy cross sections of nerve stained 
with methylene blue. In a, there is multifocal fiber loss. The lower fascicle has a normal density 
and size distribution of myelinated nerve fibers. The upper fascicle (asterisk) has a mildly reduced 
density and many actively degenerating fibers. The middle fascicle has thickened perineurium and 
marked reduction in fiber density. Three microvessels surrounding the middle fascicle are sur-
rounded by mononuclear inflammatory cells (perivascular inflammation). In b, there are multiple 
microfascicles (arrows), sometimes containing small myelinated nerve fibers, surrounding a parent 
fascicle at the bottom left with thickened perineurium (asterisk) and reduced density of myelinated 
fibers
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loss predominates distally. In teased nerve fiber examinations, myelin wrinkling 
and mild demyelination/remyelination predominate in proximal sections, contrast-
ing with axonal degeneration in distal sections. The spinal cord, dorsal root and 
sympathetic ganglia, and ventral/dorsal roots are spared. Systemic vasculitis thus 
tends to affect the PNS diffusely but produces maximal damage in a border zone 
vulnerable to ischemia in the proximal/middle portions of the extremities.

12.6  Pathogenesis of Vasculitic Neuropathy

While ANCAs appear important to the pathogenesis of AAV, they are unlikely to 
mediate VNs. For example, nerve biopsies in patients with SVN and NSVN only 
rarely reveal neutrophils, the chief effector cells in AAV [18, 31, 140]. In addition, 
while biopsies in most tissues in patients with AAV are “pauci-immune” (i.e., few 
immunoglobulins and complement deposits in involved tissues), vascular immune 
deposits are common in nerve biopsies of patients with VN [145]. Moreover, in 
EGPA—the AAV most closely associated with neuropathy—most patients with 
neuropathy are ANCA-negative [61]. Finally, in the most common VN—NSVN—
ANCAs are rarely present [44].

The available evidence suggests that NSVN and most SVNs are mediated pri-
marily by T-cell mechanisms (cytokine-mediated inflammation, macrophage activa-
tion, and/or direct T-cell cytotoxicity). First, a DNA microarray analysis of nerve 
biopsies in patients with VN revealed many genes involved in T-cell and mac-
rophage responses to be differentially upregulated [149]. Second, an analysis of 
mRNA expression in nerve biopsies of patients with SVN revealed a Th1 cytokine 
profile and upregulation of chemokines and chemokine receptors involved in the 
migration and activation of T-cells and macrophages [150]. Third, nerve biopsies in 
patients with NSVN and SVN consistently demonstrate a predominance of CD4+ 
or CD8+ T-cells and macrophages in the epineurium, with many of the T-cells 
expressing markers of cytotoxic T lymphocytes (CTLs) [31, 140, 141, 151]. Fourth, 

Fig. 12.5 High-power 
frozen section of nerve 
immunostained for C5b9 
(complement membrane 
attack complex) showing 
deposits of C5b9 in the 
perineuria of two adjacent 
fascicles (black arrows), a 
normal finding, and in the 
vessel walls of an epineurial 
capillary and large arteriole 
(yellow arrows) in a patient 
with vasculitic neuropathy
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antigen-presenting cells (macrophages and—to a lesser extent—T-cells, Schwann 
cells, endothelial cells, and perineurial cells) are increased in the epineurium and 
endoneurium [140, 143, 152]. Fifth, co-stimulatory molecule CD86, which interacts 
with CD28 on naïve T-cells, is upregulated on endothelial cells in NSVN [152]. 
Sixth, co-stimulatory molecule ICOS (inducible costimulator), which is expressed 
preferentially by effector memory T-cells, is upregulated on epineurial T-cells, 
while ICOS-ligand is upregulated on epineurial macrophages, suggesting that 
macrophages act as antigen-presenting cells to re-stimulate activated T-cells [54]. 
Seventh, CD58—an adhesion/co-stimulatory molecule that interacts with CD2 
on T-cells—is upregulated on Schwann cells and endothelial cells [152]. Eighth, 
allograft inflammatory factor (AIF)-1 expression is upregulated in T-cells, macro-
phages, and vascular smooth muscle cells in patients with VNs. AIF-1 promotes 
macrophage and T-cell activation, proliferation, and migration [153].

These and other observations support a pathogenic model wherein disease-spe-
cific, autoreactive T-cells are recruited to the PNS; recognize self-glycolipid or pep-
tide antigens presented by macrophages, Schwann cells, and/or endothelial cells; 
undergo activation; and then mature into CTLs or Th1 helper cells that stimulate 
inflammation and activate other leukocytes, thereby damaging targeted epineurial 
vessels. However, arguing against this model, one analysis of T-cell receptor Vβ 
gene utilization in epineurial infiltrates in sural nerve biopsies of five NSVN patients 
demonstrated no evidence of clonally expanded populations of T-cells, suggesting 
that polyclonal T-cells had been recruited nonspecifically to the PNS during the 
course of the inflammatory response, and in another investigation of patients with 
both NSVN and SVN, apoptosis was restricted to perivascular mononuclear cells, 
implicating apoptosis in recovery from rather than mediation of vascular injury 
[151, 154]. These studies imply that T-cells might have a nonspecific or regulatory 
rather than pathogenic role in VN.

Humoral mechanisms probably also contribute to the pathogenesis of VN. As 
noted above, epineurial vessel walls often contain deposits of immunoglobulin 
and complement [145]. Compellingly, an analysis of differential gene expression 
in patients with VN revealed immunoglobulin genes to be maximally upregulated, 
indicative of B-cell selection and antigen recognition [149]. A C1q gene was also 
upregulated, suggesting concomitant activation of the classical complement path-
way. Therefore, immune complex deposition or in situ formation with subsequent 
activation of complement and recruitment of phagocytes might constitute another 
mechanism of vascular damage in VN.

A recent histopathological study offered further support for humoral mecha-
nisms in VN and suggested that NSVN and MPA might be mediated by distinct 
pathways [146]. In this investigation, sural nerve biopsies from 24 patients with 
NSVN and 37 with MPA-associated neuropathy (MPAN) were examined. IHC 
stains for C3d revealed significantly more frequent epineurial vascular deposits in 
NSVN than MPAN. On the other hand, electron microscopy showed attachment 
of neutrophils to endothelial cells of epineurial small vessels more frequently 
in MPAN than NSVN, and IHC stains demonstrated MPO-positive neutrophils 
adhering to the endothelial cells of epineurial vessels more often in MPAN than 
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NSVN. The authors concluded that attachment of neutrophils to endothelial cells 
might be an early lesion in MPAN but not NSVN, consistent with the frequent 
occurrence of ANCAs in MPA but not NSVN. Complement participated in the 
pathogenesis of vasculitis of both neuropathies but was a more salient feature 
of NSVN. This study had several methodological flaws, including the failure to 
control for duration of vasculitis, therapy, and duration of the surgical procedure.

Many other inflammatory mediators are upregulated or over-produced in nerve 
specimens from patients with SVN and NSVN, including pro-inflammatory cyto-
kines [142, 150, 155, 156]; nitric oxide [141, 150]; cyclooxygenase-2 [141, 157]; 
matrix metalloproteinase (MMP)-1, 2 and 9 [141, 150, 158–160]; receptor for 
advanced glycation end-products [161]; nuclear factor κβ [156, 161, 162]; various 
cellular adhesion molecules [152, 156, 163, 164]; oxidative and hypoxic stress-
induced proteins [54, 150, 161]; components of the plasminogen activator system 
[150]; and neutrophil extracellular traps [165].

12.7  Differential Diagnosis

The differential diagnosis of VN includes numerous non-vasculitic etiologies of a 
sensory-motor or sensory asymmetric/multifocal neuropathy. The full list is exten-
sive and was recently reviewed [43]. Among the more common or important condi-
tions to consider are hereditary neuropathy with liability to pressure palsies (HNPP), 
non-HNPP-related multiple nerve entrapments, multiple compressive radiculopa-
thies, Lewis–Sumner syndrome or multifocal chronic inflammatory demyelinat-
ing polyneuropathy (CIDP), sarcoidosis, sensory neuronopathy (paraneoplastic or 
Sjögren syndrome-related), leprosy, Lyme disease, HIV infection (with secondary 
cytomegalovirus (CMV) infection, varicella-zoster virus (VZV) infection, or diffuse 
infiltrative lymphocytosis syndrome), amyloidosis, porphyria, neoplastic cell infil-
tration, other paraneoplastic neuropathies, chronic graft-versus-host disease, and 
motor neuron disease with sensory involvement. Electrodiagnostic testing permits 
differentiation of the demyelinating features of Lewis–Sumner syndrome, HNPP, 
and leprosy from the axonal pattern of VN.

The differential diagnosis for a rapidly progressive, symmetric, axonal, sensory-
motor presentation of VN includes but is not limited to the acute inflammatory 
demyelinating and acute motor- sensory axonal variants of Guillain–Barré syn-
drome; critical illness neuropathy; acute alcohol-nutritional deficiency neuropa-
thies; other causes of severe polynutritional deficiency, such as inadequate dietary 
intake, repeated vomiting after gastric reduction surgery, other GI disorders, beri-
beri, and emesis gravidarum; acute exposures to certain drugs or toxins; the acute 
painful diabetic neuropathy; and high-grade neoplastic infiltrative neuropathies.

For patients diagnosed with definite or clinically probable VN, the differen-
tial diagnosis includes all conditions associated with PNS vasculitis (Box 12.1). 
Determination of the type of VN depends on evaluation of the clinical presentation, 
laboratory findings, and nerve pathology.

Pathologically, almost all vasculitides have the potential to involve vessels in a 
size range atypical for that disease [51]. Because of this overlap, identification of the 
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caliber and type of affected vessels does not indicate a specific disorder but can be 
used to refine the differential diagnosis. Similarly, the cellular composition of the vas-
culitic infiltrates does not reliably distinguish between the vasculitides [51]. PAN is 
a necrotizing vasculitis involving small- to medium-sized arteries [166]. Granulomas 
and eosinophilic infiltrates are rare. Considering the CHCC restriction of PAN to 
small-to-medium-sized arteries, microvascular or venular involvement excludes 
PAN [1]. MPA is also a necrotizing vasculitis that affects arterioles, capillaries, and 
venules primarily [167]. In contrast to GPA and EGPA, there are no granulomas, 
and unlike NSVN or the immune-complex small-vessel vasculitides, few immune 
deposits are seen. The three salient histopathological alterations of EGPA are eosino-
philic tissue infiltration, extravascular granulomas, and small-vessel necrotizing vas-
culitis (Fig. 12.6) [1, 118]. In six series reporting nerve biopsy findings in EGPA, 
necrotizing vasculitis was observed in 30%, eosinophilic infiltrates in 35–40%, and 
granulomas in 5% [18, 38, 63–65, 70]. CD4+/CD8+ T-cells are the predominant cel-
lular constituent in the vascular aggregates. GPA is defined by the pathological triad 
of granulomatous inflammation, necrosis, and vasculitis [168]. Vasculitis affects the 
microvasculature and small-to-medium-sized arteries and veins. Open lung biopsies 
are the most reliable method of diagnosis, yielding vasculitis, necrosis, and granu-
lomas in 90% of specimens [169]. Information on nerve pathology is sparse [170]. 
NSVN exhibits nonspecific, non-granulomatous changes reminiscent of PAN, MPA, 
or the microvasculitides, albeit with frequent vascular immune deposits [43].

12.8  Diagnosis of Vasculitic Neuropathy

The important first step in diagnosis is to recognize the clinical pattern as one com-
patible with a VN. This process requires characterization of the neuropathy’s tempo 
(acute, subacute, chronic), clinical course (steadily or stepwise progressive, stable, 
improving), functional involvement (sensory-motor, pure sensory, pure motor), 
anatomic pattern (distal symmetric, distal and proximal symmetric, asymmetric, 

Fig. 12.6 Paraffin section of 
nerve showing definite 
necrotizing vasculitis, 
featuring fibrinoid necrosis of 
the vessel wall (asterisk) and 
frequent eosinophils (arrows). 
The robust eosinophilic 
infiltration suggests that this 
vasculitis is due to 
eosinophilic granulomatosis 
with polyangiitis (EGPA)
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multifocal), and inferred pathology (axonal, demyelinating). Painful, stepwise pro-
gressive, distal-predominant, asymmetric/multifocal, axonal, sensory-motor neu-
ropathies are particularly concerning for vasculitis, even with a clinical course of 
several years. Conversely, pure motor or indolently progressive, distal, symmetric 
polyneuropathies are rarely vasculitic.

12.8.1  Electrodiagnostic Evaluation

Electromyography (EMG) and nerve conduction studies (NCS) help to determine 
the distribution of nerve involvement (focal, multifocal, or length-dependent), iden-
tify the involved functional modalities (sensory and/or motor), infer the probable 
nerve pathology (axon loss versus demyelination), and select an appropriate nerve 
to biopsy [55, 171]. Electrodiagnostic findings in VN usually reflect the underlying 
pathology of multifocal axonal damage to motor and sensory fibers. NCS demon-
strate low-amplitude or absent compound sensory nerve and muscle action poten-
tials with normal or mildly reduced conduction velocities, indicative of axon loss. 
H reflexes and F waves are often impersistent with normal or mildly prolonged 
latencies. Needle EMG demonstrates active denervation (fibrillation potentials) in 
70% of patients, decreased recruitment in clinically weak muscles, and motor unit 
potential remodeling consistent with chronic reinnervation in those with sufficiently 
long-standing disease or pre-existing neurogenic disorders [44]. Short-duration 
motor unit potentials, suggestive of a concomitant myopathy, occur in 10–15% of 
patients with SVN [10, 23, 29, 30], but not in those with NSVN [15, 23, 30]. Pre-
existing neuropathies, entrapments, and radiculopathies need to be kept in mind 
when interpreting the data.

Findings of axon loss in an asymmetric or multifocal pattern are supportive of 
a VN [55]. Conversely, symmetric findings reduce the likelihood of vasculitis. In 
motor and sensory NCS, an inter-side amplitude asymmetry of ≥50% is generally 
taken as significant, but evidence suggests that the cutoff should be lower for the 
ulnar motor nerve (25–30%) and higher for the peroneal motor and sural sensory 
nerves (at least 60%) [172–174]. Other NCS findings suggestive of an asymmetric/
multifocal process are a significant amplitude differences between nerves of similar 
length in one limb and significantly lower amplitudes in upper limb nerves than 
lower limb nerves unexplained by entrapments. In a multifocal neuropathy, needle 
EMG usually reveals active and/or chronic partial denervation in a non-length-
dependent distribution, e.g., conspicuous inter-side differences in denervation 
between homologous muscles, greater denervation in proximal than distal muscles, 
disproportionate involvement of a single nerve in one limb, and greater denervation 
in upper limb than lower limb muscles [172].

“Pseudo” conduction blocks are identified in ~10% of patients with VN. They 
occur when motor NCS are performed shortly after an ischemic insult to the nerve 
[9, 15, 30, 32, 34, 36, 41]. In this situation, the amplitude/area of the compound 
muscle action potential drops with proximal stimulation because Wallerian-like 
degeneration has not yet developed in the distal stump of the damaged nerve, which, 
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therefore, continues to conduct action potentials, contrasting with failure of con-
duction across the non-functional, ischemic nerve fibers. Following axonal degen-
eration, which develops over the next week, conduction failure occurs with both 
proximal and distal stimulation and the apparent “conduction block” disappears. 
Sensory nerve action potentials also decline in amplitude and often disappear over 
7–10 days after the ischemic event. True demyelinating but generally transient par-
tial motor conduction blocks are more rarely seen [175], but significantly reduced 
conduction velocities or other findings indicative of demyelination, such as abnor-
mal temporal dispersion or persistent conduction block, are rare and should prompt 
consideration of an alternative diagnosis, such as Lewis–Sumner syndrome.

12.8.2  Laboratory Evaluation

Laboratory evaluation of a patient with a suspected VN is designed to assess for 
(1) extra-neurologic organ dysfunction, (2) measures of systemic inflammation, 
and (3) specific causes of a multifocal neuropathy or vasculitis. In the Peripheral 
Nerve Society guideline on NSVN, consensus was reached on laboratory tests to be 
considered when evaluating a patient with an unexplained, progressive neuropathy 
suspicious for vasculitis [44]. Routinely obtained laboratory tests include complete 
blood count, metabolic panel, urinalysis, erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), antinuclear antibodies (ANA), ANCAs, rheumatoid fac-
tor (RF), angiotensin-converting enzyme, serum protein immunofixation electro-
phoresis, glucose tolerance testing and/or glycosylated hemoglobin, cryoglobulins, 
complement, hepatitis B surface antigen, hepatitis C antibodies, and chest X-ray. 
Testing for other inflammatory, genetic, or infectious disorders (e.g., HIV, PB19, 
CMV, VZV, Lyme disease, porphyria, and transthyretin amyloidosis) should be con-
sidered in select cases. As malignancies underlie only 2–3% of reported cases of 
VN (Table 12.1), cancer screening should be performed only if indicated by other 
clinical features, laboratory findings, or risk factors. Laboratory studies predictive 
of biopsy-confirmed VN include elevated ESR, CRP, RF, β2-microglobulin, MPO-
ANCAs, plasma vascular endothelial growth factor (VEGF), and neurofilament 
light chain levels [44, 176]. Based on direct comparisons of cohorts of patients with 
NSVN and SVN, the best laboratory predictors of an underlying systemic vasculitis 
in a patient presenting with VN are ANCAs and ESR ≥ 100 mm/h [44].

In NSVN, a mildly to moderately elevated ESR occurs in 50% of patients, but 
extreme elevation is concerning for a systemic condition [43]. Other laboratory 
markers of inflammation or immune system activation (e.g., ANA, RF, anemia, leu-
kocytosis, and hypocomplementemia) are abnormal in less than 25% of patients 
[43]. ANCAs are rare and, if present, exclude the diagnosis [44]. In patients with 
SVN, laboratory abnormalities are more common. In PAN, laboratory studies reveal 
highly elevated ESR in more than 85% of patients and leukocytosis, anemia, and 
thrombocytosis in 60–70%. ANAs, RFs, and reduced circulating complement occur 
less commonly (15–30%) [2, 58]. ANCAs are absent. In MPA, the incidence of 
increased ESR, anemia, leukocytosis, ANAs, and RFs is similar to that in PAN, but 
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hypocomplementemia is rare. ANCAs are positive in 85–90% of MPA patients, 
mostly MPO-ANCAs. In EGPA, elevated ESR, leukocytosis, and anemia occur in 
80–90% of patients, but ANAs, cryoglobulins, and complement are usually normal 
or negative. IgE levels are elevated in 75% of patients and RFs in 40–50%. ANCAs 
occur in 30–40%, usually MPO-ANCAs. Laboratory findings in GPA include 
markedly elevated ESR in 80–85% of patients, anemia in ~75%, thrombocytosis in 
~55%, leukocytosis in 35%, RFs in 50–60%, and ANAs in 25%. PR3-ANCAs occur 
in 90% of patients with active disease.

CSF analysis is not usually helpful. Pleocytosis is uncommon (5–10% of 
patients), and mild-to-moderate protein elevation occurs in 30–35% of patients 
with both NSVN and SVN [9–11, 14, 15, 20, 22, 23, 30, 31, 34]. Lumbar puncture 
should be considered in patients with (1) proximal signs and symptoms sugges-
tive of root involvement; (2) electrodiagnostic evidence of demyelinating or mixed 
axonal/demyelinating features; or (3) clinically suspected sarcoidosis, cancer, or 
meningeal infection [44].

12.8.3  Pathological Diagnostic Criteria

The gold standard for diagnosis of VN is nerve biopsy evidence of definite vas-
culitis. In 2010, the Peripheral Nerve Society guideline group published consen-
sus criteria for pathologically definite VN [44]. The group’s consensus was that 
vascular wall inflammation must be accompanied by active or chronic vascular 
damage to qualify as definite vasculitis (Fig. 12.1). Microvasculitis, defined as 
inflammation of microvessels without vascular damage, was deemed nonspe-
cific, as it can occur in many non-vasculitic neuropathies [37, 177–179]. The 
Peripheral Nerve Society guideline group’s definition was subsequently adapted 
by the Brighton Collaboration Vasculitic Peripheral Neuropathy Working Group 
in 2017 [180].

Nerve biopsies that fail to satisfy criteria for definite vasculitis sometimes meet 
less specific criteria for pathologically probable VN. The Peripheral Nerve Society 
guideline group formulated such criteria after reviewing the evidence on pathologi-
cal findings associated with definite VN [44]. Their consensus was that a diagnosis 
of pathologically probable VN required predominantly axonal alterations together 
with either (1) perivascular inflammation and pathological signs of vascular damage 
or (2) perivascular or vascular inflammation accompanied by one of five pathologi-
cal predictors of VN (vascular deposits of complement, IgM or fibrinogen detect-
able with DIF; hemosiderin deposits detectable with Perls’ stain; asymmetric nerve 
fiber loss or degeneration; prominent active axonal degeneration; and myofiber 
necrosis, regeneration, or infarcts in concomitant peroneus brevis muscle biopsy) 
(Figs. 12.4, 12.5, 12.7) [44].

Subsequent to the formulation of the Peripheral Nerve Society criteria, a case–
control study showed that vessel-bound T-cells and CD68+ macrophages were sig-
nificantly more prevalent in skin biopsies from 17 patients with untreated NSVN 
than those from 10 patients with non-inflammatory axonal neuropathies and nine 

M. P. Collins and P. J. B. Dyck



217

healthy controls [181]. Based on this finding, the Brighton Collaboration case 
definition of VN included “perivascular mononuclear inflammation in skin biopsy 
obtained concurrently with nerve biopsy” as a sixth criterion to support a diagnosis 
of pathologically probable VN [180]. The association between increased cutaneous 
perivascular T-cells/macrophages and biopsy-confirmed VN was recently extended 
to six patients with SVN [144]. Focal perineurial damage/thickening, injury neu-
roma with microfasciculation, endoneurial hemorrhage, and epineurial neovascular-
ization are also utilized as supportive features by some workers, but their specificity 
for vasculitis is not fully established (Fig. 12.4) [37, 44, 182].

12.8.4  Clinical Diagnostic Criteria

Evidence of pathologically definite VN in a nerve biopsy permits a diagnosis of 
clinically definite VN, irrespective of clinical phenotype. Without such evidence, 
patients can still be diagnosed with clinically probable VN if their clinicopatho-
logical profile matches that of a typical biopsy-proven case of VN, but to facilitate 
this diagnosis, a case definition is required. The Peripheral Nerve Society guideline 
group on NSVN designed such a case definition after reviewing the evidence on 

Fig. 12.7 Longitudinal paraffin sections from vasculitic nerves showing prior bleeding due to 
vessel wall damage and leakage in necrotizing vasculitis. In a (LFB/PAS), there are frequent mac-
rophages laden with dark brown balls of mature hemosiderin (upper and right sectors), contrasting 
with earlier appearing, light brown hemosiderin or biliverdin (left center) in the occluded vessel 
lumen having a more dispersed appearance and not arranged in balls. In b (Turnbull Blue), blue-
staining, hemosiderin-laden macrophages surround an inflamed blood vessel
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clinical and laboratory predictors of definite VN and analyzing uncontrolled NSVN/
SVN series to determine the typical phenotype of a VN [44]. Features with high 
sensitivity for VN were electrodiagnostically revealed axonal neuropathy, distal 
predominance, electrodiagnostic evidence of asymmetric/multifocal process, clini-
cally asymmetric/multifocal neuropathy, pain, fibrillation potentials in at least one 
muscle by EMG, and clinical course characterized by at least one acute attack. 
Conversely, factors with very low sensitivity were electrodiagnostic evidence of a 
demyelinating neuropathy, pure motor involvement, upper limb predominance, CSF 
pleocytosis, and CSF protein level >110 mg/dl.

The Brighton Collaboration case definition of VN was developed in 2015 and 
published in 2017 as a practical tool to help non-specialists identify patients with 
VN [180]. Although intended for use in epidemiological studies of adverse effects 
of vaccination, the definition was also applicable to vaccination-unrelated cases. 
It was adapted from the Peripheral Nerve Society criteria. The Brighton definition 
included three levels of diagnostic certainty (Boxes 12.2 and 12.3). The highest level 
required definite vasculitis in a nerve biopsy. The lowest level permitted a diagnosis 
of clinically probable VN based on history and examination alone. The intermediate 
level of certainty required biopsy evidence of definite vasculitis in another organ or 
nerve biopsy showing pathologically probable VN.

Box 12.2: Brighton Collaboration Case Definition of Vasculitic Neuropathy 
(Reproduced with Permission from [180])

Level 1 definition (gold standard)

Biopsy of peripheral nerve meets criteria for pathologically definite vasculitis

Level 2 definition

Clinical features are suggestive of vasculitic neuropathy (Box 12.3); and
Histopathological support for the existence of vasculitis:

• Biopsy of peripheral nerve meets criteria for pathologically probable vas-
culitis; or

• Diagnosis of systemic vasculitis confirmed by biopsy; or
• Biopsy of skin or muscle meets criteria for pathologically definite 

vasculitis

Level 3 definition (minimum acceptable evidence)

• Biopsy of peripheral nerve or muscle not done or does not meet criteria for 
definite or probable vasculitis; and

• Clinical features are suggestive of vasculitic neuropathy (Box 12.3)

M. P. Collins and P. J. B. Dyck



219

12.8.5  Nerve Biopsy

Considering the broad differential diagnosis of a multifocal/asymmetric neuropa-
thy, serious risks of long-term immunosuppressive therapy, and absence of specific 
biomarkers for NSVN, most patients with clinically suspected VN should undergo 

Box 12.3: Clinical Features Suggestive of Vasculitic Neuropathy (Brighton 
Collaboration) (Reproduced with Permission from [180])
 1. Evidence of peripheral neuropathy

 (a) Electrodiagnostic evidence of an axonal neuropathy; or
 (b) Clinical examinations signs indicative of a peripheral neuropathy;
AND

 2. Clinical presentation typical of a vasculitic neuropathy
 (a) Sensory-motor or sensory (not pure motor); and
 (b) Multifocala or asymmetric pattern,b not attributable to compression of 

peripheral nerves or nerve rootsc; AND
 (c) Either:

• Additional clinical features:
 – Lower limb predominant; and
 – Painful; and
 – One or more acute attacks,d or variable speed of progression, or 

improvement of motor or sensory deficit
OR

• Biopsy of nerve shows pathologically probable vasculitis

a “Multifocal” requires discrete involvement of multiple, individual, non-
confluent peripheral nerves.

b “Asymmetric pattern” encompasses focal or multifocal neuropathies and 
all other neuropathies exhibiting significant inter-side differences or non-
length-dependent features. Asymmetry and compression/entrapment may be 
demonstrated by history, examination, EMG/NCS, or imaging.

c If there are specific clinical features to suggest any of the following rare 
alternative diagnoses, which may cause asymmetric/multifocal neuropathy 
through a mechanism other than vasculitis, then further investigations may 
be necessary to distinguish these from VN: hereditary neuropathy, neoplastic 
cell infiltration in peripheral nerve, non-vasculitic paraneoplastic neuropa-
thies, amyloidosis, sarcoidosis, Lewis–Sumner syndrome (multifocal CIDP), 
idiopathic brachial plexus neuropathy (neuralgic amyotrophy), chronic graft-
versus-host disease, motor neuron disease with sensory involvement, neu-
roborreliosis (Lyme disease), leprosy.

d Onset to maximum severity within 1  month followed by spontaneous 
stabilization.
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nerve biopsy. One possible exception is a patient with an established diagnosis of 
systemic vasculitis who develops a multifocal neuropathy. Given the 20% preva-
lence of distal symmetric polyneuropathy in reported patients with VN, nerve biopsy 
should be considered in all patients with progressive axonal neuropathies, irrespec-
tive of symmetry, with the caveat that nerve biopsy in patients with an idiopathic, 
chronic, symmetric polyneuropathy yields definite vasculitis in only ~3% [13, 183, 
184]. This low yield must be weighed against the risks of nerve biopsy, such as 
permanent sensory loss, chronic pain, delayed wound healing, and wound infection.

When performed, an accessible, clinically affected sensory nerve should be 
selected for biopsy. The most commonly biopsied nerves are the sural and superfi-
cial peroneal nerves, but other sensory nerves can be biopsied if clinically indicated, 
e.g., saphenous, intermediate femoral cutaneous, lateral antebrachial cutaneous, 
dorsal ulnar, and superficial radial nerves. Although nerve biopsy is more often 
diagnostic than muscle biopsy, especially in NSVN, one meta-analysis showed that 
muscle biopsy increased the yield for definite vasculitis by 15% in patients with a 
final diagnosis of VN [185]. However, in the only study in which a proximal muscle 
was biopsied (quadriceps), yield was not increased, suggesting that this conclusion 
pertains only to distal muscles [30]. Superficial peroneal nerve biopsy is always 
combined with peroneus brevis muscle biopsy through the same incision. Sural 
nerve biopsies can be combined with anterior tibialis, gastrocnemius, or soleus 
muscle biopsies. Others advocate fascicular biopsies of mixed proximal nerves in 
patients with abnormal MRIs of a proximal nerve or plexus [186].

In the absence of an independent gold standard, the true sensitivity of nerve or 
nerve/muscle biopsy for SVN or NSVN cannot be determined, but in patients for 
whom nerve biopsy does not provide proof of VN, clinically probable VN can still 
be diagnosed by recourse to the Peripheral Nerve Society or Brighton Collaboration 
case definitions. Assuming these clinically probable cases truly have VN, estimated 
sensitivities can be derived. On the basis of data from multiple studies, the estimated 
sensitivity of a finding of definite vasculitis in sural nerve biopsy alone is 50–55%, 
while that for combined SPN/PBM or sural nerve/distal leg muscle biopsy is about 
60% [2].

12.8.6  Radiographic Evaluation

There is no established radiographic technique for diagnosing or monitoring 
VN.  MRI guidance prior to targeted fascicular biopsies of proximal nerves and 
plexuses is routinely performed at the Mayo Clinic, but a comparison of its diag-
nostic accuracy in VN to that of distal lower limb cutaneous nerve biopsies has 
not been reported [186]. No series dedicated to peripheral nerve MRI findings in 
patients with pathologically proven VN has been published. There is a similar pau-
city of evidence on the use of PET scans to evaluate PNS disease activity in patients 
with SVN or NSVN, but a single case report suggested that it might have a role in 
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identifying foci of extra-neurological involvement in patients presenting with clini-
cally isolated VN [187].

Peripheral nerve ultrasonography has been investigated in VN. One study used 
ultrasonography to evaluate clinically involved tibial nerves in the ankles of eight 
patients with SVN. Compared to those in healthy controls, tibial nerves in patients 
with SVN had significantly larger mean cross-sectional areas [188]. In another study 
of 14 patients with SVN, ultrasound of 31 clinically involved nerves revealed focal 
enlargements in 22 [189]. Mean cross-sectional areas of the tibial, peroneal and—to 
a lesser extent—median and ulnar nerves were larger than those in healthy controls. 
In a third study, the sural, superficial peroneal, tibial, and peroneal nerves were 
assessed ultrasonically in six patients with biopsy-proven VN (four with NSVN), 
six with CIDP, five with non-immune neuropathies, and 26 healthy controls [190]. 
In patients with VN, the cross-sectional area of the sural nerve was significantly 
greater than that in healthy and disease controls, and the longitudinal diameter of 
the superficial peroneal nerve was greater than that in healthy controls. A fourth 
study, which compared ultrasonography of bilateral brachial plexus, median, ulnar, 
tibial, peroneal, and sural nerves in 16 patients with VN (11 SVN, 5 NSVN) to 16 
controls with non-inflammatory axonal neuropathies, showed that multifocal nerve 
enlargements in proximal arm nerves were 94% sensitive and 88% specific for VN 
(Fig. 12.8) [191]. Hence, focal nerve enlargements might have a role in directing 
nerve biopsies and monitoring disease activity in VN, but further study is necessary.

12.9  Treatment

As previously noted, VN produces axon loss. Clinical recovery is thus dependent on 
the slow process of axonal regeneration. By inference, even if immunomodulatory 
therapy is successful in controlling the vasculitis, recovery of sensory and motor 
function will occur gradually over many months and may be incomplete in severely 
affected nerves. Hence, the short-term goal of therapy is to stabilize (not reverse) 
pre-existing neurologic deficits and prevent the development of new PNS lesions. 
During the initial weeks of therapy, caution must be exercised to avoid overtreat-
ment if the patient is stable but unimproved. The long-term goal of therapy is, of 
course, to improve neurologic deficits, understanding that complete recovery from 
a severe axonal neuropathy is uncommon.

VN that develops in the setting of a systemic AAV is generally treated accord-
ing to evidence-based guidelines for those diseases [192, 193]. However, in almost 
all treatment trials of systemic vasculitis, neuropathy outcome measures were non-
existent or unreliable, and to assume that the best treatment for life-threatening 
forms of systemic vasculitis, such as those affecting the kidneys or heart, are neces-
sarily optimal for SVN would be incorrect. Nonetheless, data revealed or implied 
in these studies suggest that VNs do typically improve in concert with the non-
neurologic manifestations [44, 127].

12 Peripheral Nervous System Involvement



222

Extensive evidence on treatment of the primary small-to-medium-vessel sys-
temic vasculitides was reviewed in the Peripheral Nerve Society guideline pub-
lished in 2010 [44]. The introduction of corticosteroids (CS) and cyclophosphamide 
(CYC) in the 1950s transformed the survival rate of patients with PAN and GPA 
from only 10–15% at 1 year to 85–90% at 5 years. The serious adverse effects of 
long-term exposure to oral CYC have, since the 1990s, been reduced by lowering 
the cumulative dose of CYC via a pulse induction regime or by substituting poten-
tially less toxic immunosuppressive agents for induction (e.g., methotrexate (MTX) 
or mycophenolate mofetil (MMF)) and/or maintenance (e.g., MTX or azathioprine 
(AZA)) of remission, albeit at the expense of higher relapse rates [194–198].

The current approach to the AAVs is to initiate induction therapy for 3–6 months 
to arrest the inflammatory process, followed by long-term immunosuppression with 
a maintenance drug [192, 193]. Maintenance therapy is generally continued for 
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Fig. 12.8 Nerve sonography findings in patient with vasculitic neuropathy and non-inflammatory 
axonal disease control showing median and ulnar nerve enlargement (cross-sectional area >9 mm2) 
at multiple sites outside common sites of nerve compression in patient with vasculitic neuropathy 
(left panels) but only in median nerve at carpal tunnel in non-inflammatory axonal disease control 
(right panels). Reproduced with permission from [191]
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18–24 months, but one large retrospective cohort survey and one randomized con-
trolled trial (RCT) showed that longer duration maintenance therapy with AZA or 
MTX for >36 months or 48 months significantly reduced relapses [199, 200]. Since 
publication of the Peripheral Nerve Society guideline, evidence from three RCTs 
has shown that rituximab is at least as effective as CYC for induction of remission 
and more effective than AZA for maintenance of remission in the AAVs [201–203]. 
Hence, rituximab is now an option for both induction and maintenance therapy of 
AAV and may be preferred to CYC in PR3-associated AAV, relapsing patients, and 
those with fertility, compliance, and malignancy issues [192]. None of the RCTs 
of rituximab in AAV analyzed neuropathic endpoints, but eight retrospective series 
detailing the use of rituximab in treatment-refractory AAV provided data on neu-
ropathies [61]. Almost 90% of neuropathies improved in these studies.

Relevant to patients with SVN are trials conducted by the French Vasculitis 
Study Group (FVSG) in patients with skin/nerve-predominant vasculitides. One 
prospective study of 124 patients with PAN or MPA and no poor-prognostic factors 
(renal, GI, cardiac, or CNS involvement) was conducted between 1993 and 2005 
[204]. Vasculitis affected skin in 79% of patients and nerve in 66% of patients. 
Additional manifestations were uncommon (5–30% of patients). All patients ini-
tially received prednisone 1.0 mg/kg/day. Prednisone induced remission in 79% of 
patients, but the disease could not be controlled with CS alone in 45%, and 40% 
received second-line agents. Five-year survival was 92%. Long-term follow-up of 
this cohort was reported in 2014: CS monotherapy induced remission in 82% of 
patients, but 53% relapsed [205]. Throughout follow-up, 47% of patients required 
treatment with a second agent. Five-year survival was still 93%, but 78% of patients 
had chronic sequelae, including 49% with neuropathy. The investigators concluded 
that CS monotherapy commonly resulted in relapses and long-term sequelae.

In a subsequent study, the FVSG analyzed 118 patients from the same cohort in 
combination with 75 patients with EGPA who had no poor-prognostic factors and 
received similar treatment in order to identify patient characteristics associated with 
the need for immunosuppressive agents [206]. CS induced remission in 87% of 
patients, but add-on therapy was required in 45%, of which 60% developed chronic 
neuropathy. The only factor associated with the need for add-on therapy was mul-
tifocal neuropathy, suggesting that patients with multifocal neuropathy were more 
likely to fail CS monotherapy.

These observations prompted performance of a randomized, double-blind, 
placebo-controlled trial of AZA for 12  months added to CS for induction and 
maintenance of remission in patients with PAN, MPA, and EGPA lacking in poor 
prognostic factors [207]. In the 95 randomized patients, vasculitis predominated in 
the PNS (65%), skin (53%), and ENT domain (42%). Unfortunately, there were no 
significant differences favoring AZA in remission rate, relapse risk, or CS exposure.

This evidence suggests that patients with neuropathy-predominant SVN treated 
with CS monotherapy frequently relapse and develop chronic neuropathic sequelae, 
with the implication that combination therapy (CS and a second immunosuppres-
sive agent) at baseline might improve long-term outcomes, but an alternative to 
AZA should be evaluated.
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Treatment-resistant or refractory disease is defined as unchanged or increased 
disease activity after 4–6 weeks of CYC/CS therapy or improved but persistent 
disease activity after 8  weeks of therapy [208]. The Peripheral Nerve Society 
guideline group on NSVN reviewed 16 studies addressing treatment of refrac-
tory disease in patients with small-to-medium-vessel primary systemic vasculitis 
[44]. One study was class I and the rest were uncontrolled studies of 10 or more 
patients. The class I study was a double-blind RCT of IVIg in refractory GPA or 
MPA. Patients were randomized to IVIg 0.4 g/kg/day for 5 days versus placebo 
added to unchanged doses of immunosuppressive drugs [209]. Significantly more 
patients responded to IVIg (82%) than placebo (35%). Five of seven patients with 
neuropathy remitted. Hence, add-on therapy with IVIg is effective in improving 
disease activity in patients with refractory AAV. The agents investigated in the 
uncontrolled studies were IVIg, MMF, rituximab, anti-human thymocyte globu-
lin, 15-deoxyspergualin, infliximab, and alemtuzumab. The group concluded that 
rituximab and IVIg were the most promising agents for refractory patients with 
SVN.

Three controlled studies of IVIg in newly diagnosed patients with small-to-
medium-vessel SVN have been reported. Two prospective cohort surveys enrolled 
patients with EGPA [127, 210]. Neuropathy-related disability was measured with 
the modified Rankin scale. One study analyzed the addition of repeated cycles of 
IVIg and plasma exchange (PE) every 1–2 months for 1 year to CS in all patients 
and CYC in those with severe disease [127]. There were no significant differences 
in mortality or relapse rate, but IVIg/PE significantly improved the modified Rankin 
scale and Vasculitis Damage Index. In the second study, IVIg every 1–2 months 
for 1 year was added to CS or CYC/CS, yielding similar results plus significantly 
reduced relapses [210]. A blinded, placebo- controlled trial of IVIg 2  g/kg over 
5 days in 23 patients with EGPA who were in remission by laboratory indices but 
had “residual” neuropathy-related weakness and numbness showed significantly 
improved strengths at 2 weeks as assessed by a manual muscle testing sum score, 
with the caveat that strengths in patients with chronic axon-loss neuropathies do 
not usually improve over 2-week intervals [211]. These studies suggest but do not 
prove that IVIg may be effective in patients with newly diagnosed and refractory 
EGPA-related SVN.

12.9.1  Evaluation of Outcome

A major difficulty in treating patients with VN is the absence of a simple way 
to monitor disease activity and remission, e.g., by recourse to a laboratory study 
or radiographic procedure. Subjective responses are important to consider, but 
improvements in pain, fatigue, and malaise more often reflect improvements 
in mood and sense of well-being than PNS function. Objective monitoring is 
crucial and depends on assessment of such measures as manual muscle testing-
quantified weakness, sensory loss, maximized compound muscle and sensory 
nerve action potential amplitudes, needle EMG findings (fibrillation potentials), 
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ESR/CRP if elevated, ANCA titers (in AAV-related SVN), neuropathy impair-
ment scores, and disability scales (e.g., Overall Neuropathy Limitations Scale) 
[212, 213].

While there is still no validated biomarker of SVN or NSVN, two candidates 
have emerged. One small study showed that plasma VEGF levels were signifi-
cantly higher in five patients with VN (4 SVN and 1 NSVN) than in 18 control 
patients with Guillain–Barré syndrome, CIDP, or ALS [214]. In three patients with 
SVN, VEGF levels improved following successful therapy. Hence, plasma VEGF 
may be a reliable marker for the diagnosis and monitoring of SVN and NSVN, 
but larger trials are required. More recently, Bischof and colleagues showed that 
serum neurofilament light chain levels were significantly elevated in 10 patients 
with VN (8 SVN, 2 NSVN) compared to 10 patients with systemic vasculitis but 
no neuropathy, 30 healthy individuals, and three patients with non-vasculitic neu-
ropathy (sensitivity 82% and specificity 100%) [176]. Levels were not increased in 
the two patients with NSVN. In SVN patients, the levels normalized in remission. 
This evidence suggests that serum neurofilament light chain level may be a useful 
biomarker in the diagnosis and management of SVN, but the finding should be 
confirmed.

Treatment of VN usually continues for more than 1 year. During this time, the 
clinician needs to frequently re-assess motor, sensory, and functional findings to 
ensure that the patient is not developing new deficits. Surveillance electrodiagnostic 
studies are usually unnecessary but can be helpful in equivocal situations. In patients 
with no other evidence of active vasculitis, worsening pain is not an indication to 
intensify immunosuppression unless concomitant neurologic deficits emerge. New 
motor or sensory deficits that arise during treatment are an indication to escalate 
therapy or change to a new agent. Stable deficits do not necessarily signify treat-
ment failure, as recovery is a slow process.

12.9.2  Symptom Management

Supportive care of the patient with VN includes pain management, rehabili-
tation, counseling, and education. Immunosuppressive therapy is often effec-
tive in reducing neuropathic pain, but for many patients, pain control is still 
a high-priority issue, mandating the use of tricyclic antidepressants, gabapen-
tin, pregabalin, serotonin-norepinephrine reuptake inhibitors, tramadol, topical 
lidocaine, topical capsaicin, and—in carefully selected patients—scheduled 
narcotics [215]. Second-line agents with unproven efficacy that can be tried in 
patients refractory to the first-line drugs include carbamazepine, oxcarbazepine, 
divalproex sodium, lamotrigine, topiramate, and mexilitine. In general, contin-
ued pain in the absence of progressive neurologic deficits is not an indication to 
continue high-dose CS.

Clinical research on rehabilitation interventions in VN is lacking. Rehabilitation 
issues can usually be addressed only after the patient’s pain is reduced, neurologic 
status stabilized, and non- neurologic complications controlled. Physical therapy 
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is designed to improve strength, maintain range of motion, prevent contractures, 
limit osteoporosis, and minimize or prevent CS-induced myopathy. Occupational 
therapy is tailored to maximize function, especially for activities of daily liv-
ing, sometimes facilitated by bracing of joints. Walking aids or even a manual 
or power wheelchair may be required to maintain mobility. Speech therapy is of 
lesser importance in VN.

The value of counseling and psychological support for patients with VN can-
not be overemphasized. Because of chronic pain, physical limitations, exposure to 
CS, prolonged recovery, other disease-related morbidity, loss of gainful employ-
ment, and uncertain prognosis, patients with SVN are at high risk for developing 
depression and anxiety. Physicians need to educate patients about the chronic nature 
of their disease, including the fact that improvement may not occur for weeks to 
months after therapy has begun. Patients should be closely monitored for the emer-
gence of depression, which if identified, should trigger pharmacologic support and 
psychiatric referral.

12.10  Outcome

For treated VN, the final outcome in long-term survivors is fairly good, but 
up to 60% report chronic pain [15]. No study has compared final disability in 
patients with NSVN and SVN, but data compiled from several series reveal 
similar outcomes (Table 12.2) [14–16, 18, 20, 21, 34, 41, 42, 127]. The favor-
able recovery seen in most patients with VN suggests that neurologic deficits 
do not exclusively result from ischemia-induced axon loss. True demyelinat-
ing or functional conduction blocks likely also contribute, supported by the 
observation that many patients show improved motor function (especially in 
proximal muscles) during the first 1–2 months of therapy, prior to the expected 
effects of axonal regeneration.

Table 12.2 Neurologic 
outcomes in survivors of 
nonsystemic and systemic 
vasculitic neuropathies

Final disability [14–16, 18, 20, 
21, 34, 41, 42, 127] NSVN SVN
No or essentially no symptoms 16/119 

(13%)
16/102 (16%)

Mild symptoms, no 
restrictions

49/119 
(41%)

36/102 (35%)

Mildly to moderately 
impaired, ambulatory without 
assistance

33/119 
(28%)

32/102 (31%)

Ambulatory with assistance, 
dependent in some ADLs

17/119 
(14%)

15/102 (15%)

Non-ambulatory 4/119 (3%) 3/102 (3%)

ADLs activities of daily living, NSVN nonsystemic vasculitic neu-
ropathy, SVN systemic vasculitic neuropathies
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13Central Nervous System Involvement 
in ANCA-Associated Vasculitis

Hubert de Boysson

13.1  Introduction

Antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitides (AAV) 
involve small- and medium-sized vessels and can affect the central nervous system 
(CNS). In opposition to primary CNS vasculitis, extraneurological involvement is 
common and is helpful in the diagnosis approach. AAV-related CNS involvement 
is rare, but serious, and is associated with a poor prognosis. The final diagnosis 
is often clinically based and relies on recognition of extraneurological symptoms 
and serologies consistent with a diagnosis of AAV [1]. However, CNS involvement 
can be a diagnosis challenge when neurological manifestations are inaugural or 
isolated. A large workup is thus required. Occurrence of CNS manifestations in 
a patient followed for a AAV questions whether the process is linked to a specific 
vasculitis-related involvement or to another process, such as infection, drug toxicity, 
or malignancy. Many features are common to the three AAV-related CNS involve-
ment, but some specific characteristics have to be highlighted.

13.2  General Characteristics of AAV Affecting the Central 
Nervous System

In granulomatosis with polyangiitis (GPA), CNS is involved in 7–11% of patients 
and probably less frequently in other AAV [2, 3]. In the study from Pinching et al., a 
rate of 44% was observed but peripheral nervous system was included in neurologi-
cal involvement [4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02239-6_13&domain=pdf
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Different mechanisms have been described to explain GPA-related CNS involve-
ment. Local extension from ophthalmological or sinus granulomatous lesions to the 
meninges, pituitary gland, or brain parenchyma is frequently reported. Otherwise, 
CNS vessels can be independently affected and/or isolated granulomatous lesions 
can develop within the brain or the spinal cord [1]. Isolated medullar involvement 
is exceptional [5]. Diagnosis of GPA-related CNS involvement is made in half of 
the patients at GPA onset and after diagnosis in other patients. In the study by de 
Luna et al., the median age at GPA diagnosis and onset of CNS involvement was 
48 (range 2 78) and 51 (range 2 79) years, respectively, and 26 (74%) patients were 
male [6].

CNS involvement in eosinophilic granulomatosis with polyangiitis (EGPA) is 
rarer than in GPA, and may affect 4.6% of patients [7]. More than 85% of patients 
with EGPA-related CNS involvement showed neurological symptoms at diagnosis. 
Most cases regard patients in the fourth and fifth decade, and the sex ratio is 1 [7]. 
CNS involvement in EGPA is particularly associated with an increased mortality [7, 
8]. In most patients, a vasculitic process affecting CNS vessels is responsible for neu-
rological symptoms. CNS involvement could also be the consequence of eosinophil- 
mediated injury [7]. More rarely, myocardial fibrosis can lead to brain embolism, 
explaining the involvement of small perforant and subcortical arteries [9].

While peripheral neuropathy is common in microscopic polyangiitis (MPA), 
CNS involvement is rarely reported and no specific case series has been published. 
Affection of perforant arteries or intracranial hemorrhage has been described sepa-
rately. Only few observations reported a biopsy-proven diagnosis, often in the set-
ting of an important intracranial hemorrhage requiring a surgical treatment [10, 11].

13.3  Neurological Manifestations

Neurological symptoms in patients with AAV-related CNS involvement are widely 
polymorph and depend on the affected territory. Neurological onset can be acute in 
case of stroke or seizures. It can also be more chronic and insidious in patients with 
headaches, cognitive or vigilance disorders, or psychiatric manifestations.

Headaches are common and may affect 20–60% of the patients [6, 7]. Motor 
deficits are common (30–45% of patients) and are often explained by small to large 
brain infarction(s). Other neurological deficits can be observed, such as speech dis-
orders (9% of patients), sensory deficits (16–43% of patients), or cerebellar ataxia 
(6% of patients) [6, 7]. Cranial nerve involvement may affect 20% of patients [7]. 
Encephalopathic presentations include confusion (11% of patients), psychiatric 
manifestations (mainly depression in 9–27% of patients), and vigilance troubles 
(rising from psychomotor slowdown to coma) [6, 7]. Seizures occur in 2% of 
patients with EGPA [7]. In the study by de Luna et  al., two subgroups of GPA 
patients have been distinguished with different clinical presentations. Patients with 
granulomatous disease more likely suffered from headaches linked to pachymenin-
gitis. Conversely, patients with predominant vascular pattern more likely developed 
neurovascular events with focal deficits linked to stroke on imaging [6]. Medullar 
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involvement has been rarely described and affect less than 10% of patients with 
CNS involvement [12]. In patients with GPA, involvement of the pituitary gland can 
compress the optic chiasm, resulting in partial visual loss. In GPA and EGPA, visual 
loss can also be the consequence of an optic neuritis [6, 7].

Besides neurological examination, other extraneurological involvements fre-
quently associated with neurological symptoms should be searched. In GPA, ENT 
involvement was present in 80% of patients, pulmonary disease in 57%, and periph-
eral nervous system involvement in 49% [6]. At the time of EGPA-related CNS 
involvement, asthma, peripheral neuropathy, and cardiac involvement were also 
observed in 98%, 55%, and 41% of patients, respectively [7].

13.4  Imaging

CT scan is often the first imaging performed, but has a poor sensitivity and speci-
ficity. Magnetic resonance imaging (MRI) is required in all patients, even in 
patients with abnormal CT scan. When available, vascular sequences should also 
be performed.

MRI analysis should include the following sequences: T1, T2, T2∗, fluid- 
attenuated inversion recovery (FLAIR), diffusion-weighted imaging (DWI)/appar-
ent diffusion coefficient mapping, and gadolinium-enhanced T1. Acute and subacute 
ischemic lesions appeared as hyperintense signal on DWI-weighted sequences, with 
corresponding restricted diffusion on apparent diffusion coefficient maps [13].

Different patterns of lesions can be observed. Ischemic lesions are common and 
observed in the three AAV. A vasculitic process should be searched in this setting. 
Leptomeningeal involvement is also described in the three AAV, but pachymenin-
gitis is more likely secondary to GPA. In GPA, besides ischemic lesions and pachy-
meningitis, granulomatous or tumor-like lesions can be observed within brain or 
medullar parenchyma or in the pituitary gland. MRI sequences can also demonstrate 
orbital or sinus involvement, frequent in GPA.

13.4.1  MRI Findings Suggestive of CNS Vasculitis

Ischemic lesions can be isolated or disseminated. Subacute and chronic ischemic 
lesions are also observed, often associated with acute lesions. The presence of mul-
tiple ischemic lesions of different ages is suggestive of a vasculitic process but can 
be seen in atherosclerosis, infections, or other vasculopathies. Multiple patterns of 
acute ischemic lesions are observed, affecting grey and white matter (subcortical, 
peripheral, superficial, or deep lesions). In GPA and EGPA, unilateral or bilateral 
cerebral infarcts were observed in 60% and 52% of patients, respectively [6, 7].

Subcortical and white matter FLAIR hyperintense lesions are frequent and affect 
>90% of patients, but are nonspecific and are seen in other inflammatory and nonin-
flammatory conditions. FLAIR lesions on the cortex or posterior areas are rare and 
more suspect. Gadolinium injection is required in the diagnosis workup of a CNS 
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vasculitis and can demonstrate gadolinium-enhanced lesions, suggestive of inflam-
matory process. However, small infarctions can also be enhanced due to the rupture 
of the hematoencephalic barrier. Besides parenchyma, meningeal tissues can also 
be gadoliniium-enhanced [13].

Gradient echo sequences give information of hemosiderin deposits that can be 
linked to the rupture of small vessels (i.e., microbleeds). Microbleeds are small, 
round foci of hypointense signals in T2∗ gradient-recalled echo-weighted images, 
≤10  mm in brain parenchyma, and allocated to either deep or lobar locations. 
Hemorrhagic lesions can be within acute ischemic lesions indicating hemorrhagic 
transformation. However, spontaneous parenchymal or subarachnoid hemorrhages 
can be observed [13]. In GPA and EGPA, cerebral hemorrhagic lesions were 
observed in 6% and 24% of patients, respectively [6, 7].

The combination of different abnormalities on MRI is frequent and suggestive of 
vasculitis when showing multiple ischemic lesions along with small hemorrhages, 
FLAIR lesions, and gadolinium enhancements. Conversely, CNS vasculitis is not 
probable in a patient with normal MRI.

13.4.2  Other MRI Findings

Especially in GPA, MRI can demonstrate granulomatous lesions within the CNS, 
whose aspect can be tumor like. A gadolinium-enhanced ring around the lesions is 
often observed on T1 sequences with contrast [14]. Tumor-like lesions are more 
frequently described within the pituitary gland [15]. Spinal cord pachymeningitis is 
observed in 11% of GPA patients with CNS involvement [6].

13.4.3  Cerebral Angiography

In patients with demonstration of ischemic lesions on CNS imaging or with sus-
pected AAV-related CNS vasculitis, angiography is required. Magnetic resonance 
angiography (MRA), brain CT angiography (CTA), and digital subtraction angi-
ography (DSA) are the three main procedures used. DSA is the technique with the 
best spatial resolution, allowing to analyze vessels ≥500 μm. However, it remains 
an invasive procedure. MRA is limited to explore vessels <700 μm, but the develop-
ment of 3Tesla units has increased the spatial resolution of the procedure.

Intracranial vessels can be classified into large-, medium-, and small-sized ves-
sels [16]. Intracranial internal carotid artery and proximal anterior, middle, and pos-
terior cerebral arteries are considered as large-sized vessels; second divisions and 
downstream vessels are considered as medium- and small-sized vessels, respec-
tively. Small-sized vessels are beyond the detection capacity of DSA but can be 
demonstrated on biopsy. Large- and medium-sized vessels are seen on angiograms. 
In AAV-related CNS involvement, small-sized vessels are more likely affected 
resulting in frequent normal angiography (involvement of branches after A2, M2, 
and P2 divisions) in half of the patients [1]. However, in some patients, angiography 
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can be pathologic and suggestive of CNS vasculitis. In GPA patients, more than 
half of the patients who underwent an angiography had negative results [6]. Typical 
vasculitis findings include multiple arterial segmental and focal stenoses (>80% of 
lumen narrowing), occlusions, or fusiform dilations [17, 18].

It is important to note that multiple arterial segmental and focal stenoses can be 
observed in other conditions such as atherosclerosis or reversible cerebral vasocon-
striction syndrome. However, in the two latter conditions, lesions often diffuse and 
affect more vessels than vasculitis.

13.5  Distinctive Presentations of AAV-Related CNS 
Involvement

13.5.1  Meningeal Involvement

Among the three AAV, GPA is mainly associated with meningeal involvement. 
Pachymeningeal involvement is more frequent than the leptominingeal involve-
ment. In GPA and EGPA, pachymeningitis was observed in 46% and 2% of patients, 
respectively [6, 7]. Pachymeningitis has been associated with the granulomatous 
form of GPA, but rarely observed in the vasculitic form [6], and more frequently 
occurs at the onset than during follow-up [19]. Thickening of the dura is linked to 
the granulomatous inflammation and can cause headaches, seizures, cranial neu-
ropathies, myelopathy, or neuro-ophthalmologic complications [1, 19].

No difference regarding clinical and radiological presentations was observed 
according to the ANCA anti-MPO or anti-PR3 specificity. Although treatments 
reported in anti-MPO or anti-PR3 pachymeningitis did not differ, patients with anti-
 PR3 disease relapsed more frequently [1, 19].

13.5.2  Pituitary Involvement

Pituitary involvement is rare and observed only in GPA. According to different 
series, it affects 1.1–1.3% of all GPA patients [20, 21]. Three mechanisms are 
described to explain pituitary involvement, similar to what is observed in other 
GPA-related CNS involvement. Development of a granulomatous inflammation 
within the gland and vasculitis of the gland’s vessels are two rare mechanisms, 
whereas the invasion of granulomatous inflammation from neighboring sinus 
cavities remains the most frequent mechanism. Pituitary involvement can lead to 
partial or global pituitary dysfunction. Posterior involvement is responsible for 
diabetes insipidus, whereas anterior involvement leads more likely to secondary 
hypogonadism. Other hormonal dysfunctions have also been reported [1]. Visual 
loss can be observed in cases where pituitary enlargement compresses the optic 
chiasm [22].

MRI is mandated and abnormal in more than 90% of patients, showing an 
enlargement of the pituitary gland or a stellar mass with peripheral enhancement.
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Other differential diagnoses should be evoked, especially when pituitary involve-
ment is inaugural, such as tuberculosis, sarcoidosis, or histiocytosis [23–25].

Biopsy is rarely required in patients with other clinical manifestations of 
GPA. However, when isolated, biopsy should be discussed.

Treatment is common and relies on classical induction regimen for systemic vas-
culitis. Cyclophosphamide is probably preferred to rituximab [20]. Pituitary dys-
function often persists after treatment.

13.6  Cerebrospinal Fluid Analysis

Cerebrospinal fluid (CSF) analysis is rarely described in case reports or case series 
on AAV-related CNS involvement. In primary CNS vasculitis, more than half of the 
patients show abnormal CSF analysis [26]. In a cohort of GPA patients with CNS 
involvement, CSF analysis showed a protein level >0.40 g/l in 9/19 (47%) patients 
and a white blood cells count >10/mm3 in 7/19 (37%) [6]. In a cohort of EGPA 
patients with CNS involvement, CSF analysis was abnormal in 44% of patients [7].

Normal CSF analysis does not exclude diagnosis. Pleocytosis is the most com-
mon finding, mainly lymphocytic. Increased protein level can be observed and can 
be >1 g/l. CSF analysis allows ruling out differential diagnoses such as infections 
(HSV, VZV, tuberculosis), malignancies (histological analysis, research of onco-
neuronal antibodies), or other inflammatory conditions (angiotensin-converting 
enzyme).

In the absence of signs of intracranial hypertension, CSF analysis should be 
performed.

13.7  Biopsy

The biopsy of meningeal and parenchymal tissue remains the gold standard to dem-
onstrate vasculitis. However, given the invasive nature of this procedure, biopsy is 
rarely performed. Moreover, CNS involvement of AAV is mostly suspected when 
other extraneurologic symptoms specific of AAV exist. Biopsy is more frequently 
discussed in patients with isolated or inaugural involvement of CNS and when other 
diagnosis should be evoked besides AAV (e.g., tumor-like lesions). Image-guided 
biopsy increases the yield of the procedure. However, biopsy of the frontal lobe 
of the minor hemisphere can be done in the absence of easily accessible lesions. 
Biopsy can be stereotactic or open wedged [27].

Three different histological patterns are described [28] and can overlap: granulo-
matous lesions are more likely observed in GPA [3, 29]; otherwise lymphocytic or 
necrotizing lesions can be observed.

Histological samples allow ruling out other differential diagnoses such as infec-
tions or malignancies, especially lymphoma. Complementary analyses can be car-
ried out such as culture or clonality testing.
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13.8  Biological Analyses

In opposition to the systemic manifestations of AAV, inflammatory parameters 
(C-reactive protein level) are moderately increased in isolated CNS vasculitis.

Some studies suggested that CNS involvement more frequently occurred in 
patients with negative or atypical ANCA [30]. However, in a large cohort of GPA 
patients with CNS involvement, ANCA were positive in 90% of patients [6]. In 
EGPA patients, ANCA are positive in half of the patients [7].

Dosage of ANCA in CSF has been reported in a patient with pachymeningitis, 
but is still not validated in clinical practice [31].

Laboratory tests are also required to search other conditions that can affect 
CNS vessels, especially in patients with isolated or inaugural CNS involvement. 
A complete immunological screening is required (ANCA, antinuclear antibodies, 
complement dosage, research of cryoglobulin, antiphospholipid antibodies, angio-
tensin-converting enzyme). Exhaustive infective serologies have to be searched for 
HCV, HBV, HIV, CMV, EBV, syphilis, borrelia, tuberculosis (interferon-gamma 
release assays). Other laboratory tests can be carried out according to the context, 
such as toxicological screening.

13.9  Diagnosis Approach

In a patient with uncontrolled AAV, occurrence of a neurological event can indicate 
a specific CNS involvement. However, other frequent neurovascular diseases (ath-
erosclerosis, infection, malignancy) should be eliminated before retaining the AAV 
as responsible.

In a patient with controlled disease, occurrence of CNS involvement may indi-
cate a treatment-related complication or a relapse of the disease.

Isolated or inaugural CNS involvement in the absence of systemic AAV remains 
the most challenging presentation and many conditions have to be researched.

Whatever the situation, a complete workup is required, including a dosage of 
ANCA. MRI is helpful and should be completed by angiography.

Although required, angiography is often negative and biopsy is in practice rarely 
performed [32]. AAV-related specific CNS involvement is thus often retained on 
the systemic context, the ANCA positivity, and the exclusion of other differential 
diagnosis [1].

13.10  Differential Diagnosis

Many conditions, some of them more frequent than AAV, should be searched in the 
setting of a CNS involvement.

We described in Table 13.1, not exhaustively, some conditions mimicking CNS 
vasculitis, pachymeningitis, and CNS granulomatous lesions.
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13.11  Therapeutic Strategy (See Specific Chapter in This 
Book)

According to the new five-factor score, CNS involvement is no longer included in 
the five items given the rarity of this involvement [8]. However, CNS involvement is 
serious and is considered as an affection requiring an aggressive treatment.

Once the other differential diagnoses affecting CNS have been ruled out, treat-
ment does not differ from an AAV with a FFS ≥1. Treatment relies on the combina-
tion of glucocorticoids (GC) and an immunosuppressant.

GC is the first step of the treatment and can rapidly improve clinical condition. In 
patients with severe neurological deterioration, intravenous pulses of methylpred-
nisolone can be used (15 mg/kg for 1–5 days). Oral prednisone should be started at 
1 mg/kg for at least 2–4 weeks and then progressively tapered.

Table 13.1 Differential Diagnoses of AAV-Related CNS Involvement (Not Exhaustive)

Differential diagnoses of CNS vasculitis
Vasculopathies Thrombotic conditions Embolic conditions

Reversible vasoconstriction 
syndrome

Antiphospholipid syndrome Aortic arch 
atherosclerosis

Intracranial atherosclerosis Disseminated intravascular 
coagulation

Intracardiac shunt

Intracranial arterial dissection Thrombotic microangiopathy Intracardiac myxoma
Fibromuscular dysplasia Sneddon syndrome Endocarditis
Moyamoya
Other conditions
Endovascular lymphoma Fabry disease Homocystinuria
CADASIL (cerebral autosomal 
dominant arteriopathy with 
subcortical infarcts and 
leukoencephalopathy)

MELAS (mitochondrial 
encephalomyopathy, lactic 
acidosis, and stroke-like 
episodes)

ADEM (acute 
disseminated 
encephalomyelitis)

Paraneoplastic syndrome
Differential diagnoses of pachymeningitis
Idiopathic pachymeningitis Acute infective meningitis Tuberculosis
Syphilis Sarcoidosis Intracranial 

hypotension
Primary diffuse leptomeningeal 
gliomatosis

Meningeal amylosis Thrombophlebitis

Post neurosurgery Other systemic vasculitis Sjogren syndrome
Differential diagnoses of CNS granulomatous-like lesions
Infections Tumoral lesions Other
Tuberculosis Primitive tumor Sarcoidosis
Intracranial abscesses Secondary tumor Behcet disease
Endocarditis Lymphoma Crohn disease
Mycosis (aspergillosis) Lymphomatoid granulomatosis
Parasites (toxoplasmosis)

CNS central nervous system
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Cyclophosphamide (CYC) remains the most used agent allowing to achieve 
remission in 80% of cases [33]. It can be administered by intravenous pulses or 
orally. In France and in most European countries, intravenous pulses are preferred. 
Both administration ways showed comparable remission rates, but higher cumula-
tive doses were reached in patients with oral administration, increasing then the risk 
of toxicity.

Rituximab (RTX) is another option to achieve remission in combination with 
GC. RTX is approved in severe GPA. In AAV patients with CNS involvement, little 
information exists on the efficiency of RTX in this setting. In primary CNS vascu-
litis, RTX showed to be effective only in few case reports [34, 35]. Consequently, 
in CNS involvement of AAV, RTX should probably be used in patients with a 
contraindication for CYC or in relapsing patients who already received important 
cumulative doses of CYC (>20 g). Except CYC and RTX, other immunosuppres-
sive agents, such as TNFα blockers, anti-IL1, or anti-IL6 biotherapy, should prob-
ably not be used as first intention for induction or should be discussed individually 
according to the situation.

Once remission has been achieved, a maintenance treatment is required, as in 
other form of AAV with a FFS ≥1. Experiences in primary CNS vasculitis showed 
better outcomes (better relapse-free survival with low damages) in patients who 
received maintenance therapy [26]. Azathioprine (AZA, 2–3 mg/kg/day) was the 
most used agent in the French PCNSV cohort, but other publications indicated good 
outcomes with mycophenolate mofetil (MMF, 2 g/day), especially in children [26]. 
In AAV, MMF showed poorer outcomes when compared to AZA [36]. Methotrexate 
is another option and can be used at 0.3 mg/kg/week [26, 37]. Few information 
exists on maintenance therapy with RTX in CNS involvement. The best duration of 
maintenance is not known, but probably should reach at least 2 years.

Finally, treatment relies in most patients with CNS involvement on a combina-
tion of GC and an immunosuppressant (mainly CYC) followed by a maintenance 
therapy.

13.12  Outcomes

In the study by de Luna et al., 30/35 patients with GPA-related CNS involvement 
achieved a response to treatment combining GC and immunosuppressant, mainly 
CYC in 34 patients. Among responders, 8/30 (27%) patients relapsed after a median 
time of 14  months (range 9–96). Thirteen relapsing patients required another 
induction regimen, RTX in 8 and CYC in 5 others. CYC showed improvement of 
neurological symptoms in 80% and stabilization in 20%, whereas RTX showed 
improvement in 50% and stabilization in 50%. Neurological sequelae assessed with 
the modified Rankin Scale indicated a score ≥2, in 18/35 (51%) patients. In this 
study, only one patient died from another cause than AAV [6].

In the study by André et al., all patients (n = 84) received GC combined with 
CYC in 63% of them. Follow-up information was available in 81 patients, and a 
complete response was observed in 43%, partial response in 43%, and no response 
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in 14%. Relapse occurred in 14% (11/81) of patients, including CNS relapse in six 
cases. In this study, 11 (13%) patients died, mainly from cerebral hemorrhage. Of 
patients, 57% had persistence of neurological sequelae, including persistent visual 
impairment in 18/27 (67%) patients, motor and/or sensory deficiency in 21/45 
(47%) patients with ischemic lesions and 8/16 (50%) patients with intracerebral 
hemorrhages, and persistent cranial nerve palsy in 4/16 (25%) patients [7].
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14.1  Introduction

Antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitis (AAVs) 
encompass a spectrum of clinically distinct forms of vasculitis that share the pre-
dominant involvement of small-sized vessels and the serological profile consisting 
of ANCA positivity [1]. From a clinicopathological point of view, AAVs are clas-
sified in microscopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA), 
and eosinophilic granulomatosis with polyangiitis (EGPA) on the basis of the dis-
tribution of vascular inflammation and the presence or absence of granulomatosis 
and asthma [2]. Concerning the serological profile, three main patterns of ANCAs 
are recognized by using indirect immunofluorescence [3]: the first, cytoplasmic 
(c)-ANCAs, are characterized by a diffuse cytoplasmic granular fluorescence most 
prominent centrally between the nuclear lobes; the antigen of this pattern is usually 
the leukocyte proteinase 3 (PR3) and this type of ANCAs is present in the majority 
of patients with GPA during the active phases of the disease [4]. The second type 
of ANCAs, perinuclear (p)-ANCAs, shows a perinuclear neutrophil staining pattern 
often with nuclear extension and its major target antigen is myeloperoxidase (MPO): 
p-ANCAs are typically detected in patients with MPA and EGPA [4]. The third type 
of ANCAs, atypical (a)-ANCAs, is rare and combines both cytoplasmic and peri-
nuclear/nuclear staining, targeting different autoantigens [4]. Patients with c-ANCA 
and p-ANCA have different organ involvement, different response to treatment, and 
different risk of relapse [5]. The AAVs are rare diseases, with worldwide incidence 
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ranging from 13 to 20 cases per million individuals per year and a prevalence of 
46–184 cases per million individuals [6]. The incidence and prevalence of AAVs 
is increased over time probably due to the improvement in disease diagnosis. At 
disease onset, AAV can be limited to a single organ or involve multiple organs. Skin 
manifestations can occur frequently due to the vasculitic involvement of skin ves-
sels. In a recently published multicenter, restrospective study on 1553 AAV patients, 
cutaneous manifestations were present in 45% of cases [7]. This prevalence is con-
sistence with previous reports from Carlson et al. [8] and Guillevin et al. [9], which 
found skin manifestations in 50% and 44% of AAV patients, respectively. In the 
study of Frumholtz et al. [7], the prevalence of cutaneous involvement was higher 
in EGPA and MPA than in GPA, with different pattern of lesions among the three 
AAV entities, as discussed in more detail later in this chapter. Among the cutane-
ous manifestations, palpable purpura represents the most common vasculitis-related 
lesion, but the cutaneous picture of AAVs is typically polymorphic including also 
papules, nodules, urticarial lesions, livedo, pustules, blisters, and necrotic ulcers. 
Histologically, postcapillary venules are more often involved than arteries and cap-
illaries in the skin lesions of the whole AAV group. This chapter is focused on the 
cutaneous manifestations of AAVs and their histopathological/immunofluorescence 
features. The differential diagnosis of these entities is discussed with an emphasis 
on the skin aspects and the main therapeutic approaches are briefly addressed.

14.2  Granulomatosis with Polyangiitis (Wegener’s 
Granulomatosis)

According to the 2012 revised Chapel Hill criteria, GPA, previously known as 
Wegener’s granulomatosis, is defined as a necrotizing granulomatous inflammation 
of the upper and lower respiratory tracts with necrotizing vasculitis of small and 
medium-sized vessels [2]. GPA has been associated with the presence of ANCA, 
which mainly have a cytoplasmic staining pattern in immunofluorescence, and with 
antibodies directed against PR3 in ELISA test [2]. GPA is a rare disease with an 
incidence evaluated between 7 and 12 new cases per million inhabitants per year 
[10]. The age at diagnosis is between 45 and 60 years, although pediatric cases have 
been described as well [11, 12]; in fact, GPA is the most frequent AAV form in the 
pediatric population, with incidence rates ranging from 0.03 and 3.2 per 100,000 
children per year [13]. There are no differences in frequency between male and 
female and two different phenotypes of the disease have been described: localized 
and systemic GPA [14]. However, no general consensus was reached on this matter. 
GPA is a disease with specific multi-organ involvement and nonspecific constitu-
tional symptoms that are present in around half of the cases. Ear, nose, and throat 
(ENT) manifestations are common and reported in about 70–100% of cases at the 
time of diagnosis [15]. Nasal-sinus involvement is the most common manifestation 
of GPA and may be the only sign observed in the localized form of the disease [15]. 
GPA can affect the lungs in about 50–90% of patients, causing alveolar hemorrhage 
and/or parenchymatous nodules [11, 14]. The kidney is often involved (40–100% of 
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cases) generally with a segmental necrotizing glomerulonephritis, which may cause 
a wide range of clinical features, from isolated urinary abnormalities to rapidly 
progressive, potentially life-threatening kidney failure [16]. GPA may also affect 
the gastrointestinal system leading to ulcerative lesions with possible intestinal per-
foration, the urogenital tract with prostatitis, orchitis, epididymitis with possible 
ureteral stenosis, and the peripheral nervous system manifesting as mononeuritis 
multiplex or sensorimotor neuropathy. The eye involvement is rare but extremely 
characteristic of the disease presenting with the so-called eye socket (episcleritis, 
scleritis, corneal ulcerates, retinal vasculitis, granulomatous retro-orbital pseudotu-
mor or dacryoadenitis) [11]. Skin involvement can be very frequent and various, as 
described in detail in this chapter. Data on disease course suggest that patients with 
GPA frequently experience relapse during treatment maintenance: one-quarter of 
patients within 2 years and about half of patients within 5 years from the diagnosis 
[17]. Some evidence reported that patients with ENT presentation and granuloma-
tous manifestations, such as orbital pseudotumor or pulmonary nodules, go through 
relapse more frequently than patients with systemic form and kidney involvement 
[18]. Conversely, severity of renal involvement remains the major prognostic factor 
for both renal function and life-threatening potential of the disease [17]. Persistent 
ANCA positivity seems to be predictive of relapse, whereas variations in ANCA 
titres do not appear to be associated with new flares [11]. The main causes of mor-
tality in patients with GPA are infections and kidney failure, especially in the first 
year following diagnosis. However, prognosis of untreated patients with AAV is 
poor with a mortality rate of about 90% after 1 year [19].

14.2.1  Cutaneous Features

Skin involvement is seen in around 50% of the patients with GPA (Table 14.1) [20, 
21]. However, in a recent multicenter retrospective study of the French Vasculitis 
Group [7] on a large AAV cohort, the cutaneous manifestations were present only in 
36.7% of patients with GPA. Interestingly, in GPA cutaneous involvement was asso-
ciated with poorer prognosis, with poorer overall survival and relapse-free survival 
[7]. As confirmed by the aforementioned study, the most common lesion in GPA as 
well as in the whole group of AAVs is palpable purpura, but the cutaneous picture 
may be polymorphic, consisting of papules, nodules, vesicles, and blisters as well as 
necrotic-ulcerative lesions on a background of livedo reticularis. Livedo reticularis 
is an ischemic dermopathy characterized by a symmetric, violaceous reticular, or 
net-like mottling of the skin surrounding a pallorous conical core. All these cutane-
ous manifestations are similar to that of the cutaneous small vessel vasculitis, also 
known with the histological term of leukocytoclastic vasculitis, which is the most 
frequent form of vasculitis with predominant skin involvement. The skin lesions of 
GPA most commonly occur on the lower extremities, but may also appear on the 
face and scalp [20, 21]. The cutaneous features of GPA typically present with crops 
of lesions following a chronic-relapsing course; they manifest as recurrent episodes 
generally lasting from weeks to months and usually resolve with the treatment for 
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the internal organ involvement. Ulceration and gangrene of the digits (Fig. 14.1a) 
or penis can rarely develop [11, 20]. Few cases of GPA manifesting as ulcerative 
lesions recalling pyoderma gangrenosum have also been reported (Fig. 14.1b) [11, 
20, 22, 23]. In the study of the French Vasculitis group, pyoderma gangrenosum-
like lesions, albeit rare, were specific of GPA since they were not found in the other 
AAVs [7]. A rare distinctive subset of GPA limited to the face and upper airway 
mucosa that shows a locally aggressive behavior with cartilage and bony disruption 
has recently been described [24, 25]; these cases represent a setting of localized 
GPA without systemic involvement after a prolonged follow-up. Oral lesions have 
been reported in 10–60% of patients and may be the presenting sign of GPA in 
around 5% of cases [26, 27]. Oral involvement usually presents with nonspecific 

a b

c d

Fig. 14.1 Granulomatosis with polyangiitis. Gangrene of the digits (panel a); in (panel b), large 
pyoderma gangrenosum-like skin ulcer on the trunk. Oral ulcers on the tongue (panel c) and gingi-
val hyperplasia (panel d)
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erosive/ulcerative lesions (Fig. 14.1c), but can also manifest as strawberry gingivi-
tis, which is a rare form of hyperplastic gingivitis nearly pathognomonic for GPA 
(Fig. 14.1d) [26, 27]. Indeed, in the recent multicenter study mentioned above oral 
ulcers were significantly more frequent in GPA than in the other AAVs and gingival 
hyperplasia proved to be specific for GPA, the latter being lacking in the other AAVs 
[7]. Nasal deformity with saddle nose features may rarely be seen in GPA, while 
frank perforation of the septum is less common [28]. No differences between adults 
and children have been reported concerning the morphology of skin lesions as well 
as their distribution [29, 30].

14.2.2  Histopathological Aspects

The histopathological pattern of GPA in skin lesions is represented by leukocy-
toclastic vasculitis in up to 50% of biopsies (Fig. 14.2a, b) [20]. The hallmark of 
leukocytoclastic vasculitis is the fibrinoid necrosis of the dermal small vessel wall; 
granulomatous features may be associated in a lesser percentage of GPA patients. 
Perivascular inflammatory infiltrates mainly consisting of neutrophils with lympho-
cytes and eosinophils as well as endothelial cell swelling, neutrophil fragmentation, 
nuclear dust, and red blood cell extravasation are also seen. Granulomatous inflam-
mation surrounding vessels or palisading necrotizing granulomas, as observed in 
biopsy specimens taken from the internal organ infiltrates, are uncommonly demon-
strated in skin lesions of GPA. Histology may also show only nonspecific perivascu-
lar lymphocytic infiltrates [20, 25].

14.2.3  Direct Immunofluorescence Studies

Direct immunofluorescence on GPA skin lesions of recent appearance (within few 
hours) usually demonstrates immunoglobulin (Ig), particularly IgM, and comple-
ment (C) three deposits around the wall of small vessels in the dermis in nearly 
70% of cases [20, 31]. Thus, direct immunofluorescence represents an important 
adjuvant tool in diagnosis and differential diagnosis.

14.3  Eosinophilic Granulomatosis with Polyangiitis  
(Churg–Strauss Syndrome)

EGPA, previously called with the eponym Churg–Strauss syndrome, is a systemic 
disorder belonging to the AAV. According to the 2012 revised classification criteria, 
EGPA is defined as an eosinophil-rich and granulomatous inflammation involving 
the respiratory tract and necrotizing vasculitis predominantly affecting small- and 
medium-sized vessels, associated with asthma and eosinophilia [2]. The incidence 
of the disease is about 0.5–6.8 new cases per million inhabitants per year, with 
a presenting age between 40 and 60  years. ANCA positivity is present in about 
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40–60% of patients, showing a perinuclear staining at the immunofluorescence 
analysis and a specificity for anti-MPO antibodies in solid phase immunoassays 
[32]. The clinical manifestations of EGPA may develop following three sequen-
tial phases. The prodromic or allergic phase is characterized by the occurrence of 
asthma (in about 95% of cases), allergic rhinitis, sinusitis, and nasal polyposis. The 
eosinophilic phase is characterized by a raise in the peripheral eosinophilic count 
(at least >1500 eosinophils/μL or >10% of the total white blood cells) and by pos-
sible eosinophilic multi-organ infiltrations. The third phase is characterized by a 
necrotizing vasculitis, usually associated with vascular or extravascular granuloma-
tosis and constitutional symptoms [33]. Lung is the most frequently involved organ 
(more than 90% of patients with EGPA) followed by nervous system (about 70% of 
EGPA patients), principally manifesting as peripheral neuropathy [7]. Eosinophilic 

a b

c d

Fig. 14.2 (Panel a) Typical histological features of leukocytoclastic vasculitis with a sparse infil-
trate of neutrophils and nuclear debris localized around dermal venules in skin specimens taken 
from palpable purpura in granulomatosis with polyangiitis (GPA). (Panel b) Histology of a pyo-
derma gangrenosum-like skin lesion of GPA showing necrotizing vasculitis with partial thrombo-
sis, fibrinoid degeneration and infiltration of neutrophils with leukocytoclasia of a medium-sized 
vessel at the dermal-hypodermal junction (Courtesy of Prof. F.  Rongioletti). (Panel c) 
Leukocytoclastic vasculitis with a sparse infiltrate of neutrophils and eosinophils in the dermis and 
around the venules associated with upper dermal edema in an urticarial lesion of a patient with 
eosinophilic granulomatosis with polyangiitis (EGPA). (Panel d) Direct immunofluorescence in 
EGPA revealing immunoglobulin M deposits around dermal small vessels
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gastroenteritis as well as cardiac and renal involvement can also be present [33, 34]. 
A broad variety of skin lesions have been described, as reported below in this chap-
ter. As for the other AAVs, patients with EGPA have an improved outcome when 
adequately treated. Indeed, a retrospective study of 383 EGPA patients enrolled in 
the French Vasculitis Study Group cohort showed 5- and 10-year survival rates of 
88.9% and 78.6%, respectively, whereas vasculitis relapse-free survival rates were 
64.8% and 54.4%, respectively [35].

14.3.1  Cutaneous Features

Skin involvement occurs in approximately 40–50% of patients with EGPA [7, 
35, 36]. Palpable purpuric lesions (Fig. 14.3a) and nodules (Fig. 14.3b) arising 
on a background of purpura are the most common skin manifestations and are 
typically located on the limbs and scalp. Urticarial lesions are also frequent in 
EGPA (Fig. 14.3c). The French Vasculitis Group identified a peculiar pattern of 

a b

c d

Fig. 14.3 Eosinophilic granulomatosis with polyangiitis. Palpable purpura (panel a) and ery-
thematous nodules associated with necrotic-ulcerative lesions (panel b) on the lower extremities; 
urticarial lesions on the trunk (panel c); erythema multiforme-like lesions on the back (panel d)
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EGPA cutaneous manifestations consisting of palpable purpura, nodules, and urti-
carial lesions, which were the most frequent skin features in the EGPA population 
of their AAV cohort [7]. Livedo reticularis, vesiculobullous lesions, and aseptic 
pustules can also develop at the same time or in different phases of the disease; 
papules and nodules may undergo a necrotic-ulcerative evolution [31]. A maculo-
papular erythematous eruption mimicking erythema multiforme (Fig. 14.3d) has 
also been described [20, 37]. Erythema multiforme is an immune-mediated skin 
disease presenting with targetoid lesions, symmetrically involving the extremi-
ties, particularly the palmar regions, and usually triggered by viral infections or, 
rarely, by drugs. Erosive/ulcerative oral lesions are present in 2.5% of patients 
with EGPA [7].

14.3.2  Histopathological Aspects

The skin biopsy shows a leukocytoclastic vasculitis mostly involving venules; in 
some cases, the fibrinoid necrosis of the vessel wall is associated with granulo-
matous changes. The diagnostic clue is the finding of numerous eosinophils in the 
inflammatory infiltrate, which consists also of neutrophils, lymphocytes and mac-
rophages (Fig. 14.2c). A relevant number of eosinophils may also be present in the 
context of EGPA granulomas, where they are mixed with macrophages and multi-
nucleated giant cells [20, 31].

14.3.3  Direct Immunofluorescence Studies

Direct immunofluorescence on recent onset skin lesions shows the presence of IgM 
and C3 deposits surrounding the wall of dermal small blood vessels in more than 
50% of cases (Fig. 14.2d) [20, 31].

14.4  Microscopic Polyangiitis

MPA is a systemic vasculitis predominantly affecting small-sized blood vessels 
with absence of granuloma formation or hypereosinophilia [2]. In about 50–75% 
of cases, MPA is associated with ANCA positivity and generally with perinuclear 
staining at immunofluorescence evaluation due to antibodies directed against MPO 
[38]. MPA incidence is 2.7 to 94 new cases per million inhabitants per year [39]. 
The major organs involved in MPA are the lungs and the kidneys, although skin 
manifestations are also frequent, as reported below in this chapter. Renal involve-
ment is present in almost 100% of patients and it is characterized by rapidly pro-
gressive glomerulonephritis [40]. Lung involvement can be seen in up to 90% of 
patients manifesting as a diffuse alveolar hemorrhage due to pulmonary capillaritis 
[38]. Neurological and gastrointestinal manifestations have also been reported with 
different frequency. The prognosis of MPA is poor if not promptly diagnosed and 
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treated, especially due to alveolar hemorrhage and progressive glomerulonephritis 
that are life-threatening conditions [41].

14.4.1  Cutaneous Features

Skin lesions are found in 30–60% of patients [7, 8, 40, 42, 43] and are the ini-
tial presenting sign in 15–30% of patients [8]. Palpable purpura (Fig.  14.4a) is 
the most common manifestation and occurs in 30–40% of patients [8, 44]. Other 
manifestations include livedo reticularis (Fig. 14.4b), nodules, urticarial lesions, 
skin ulcers with necrosis, and segmentary edema [7, 8]. In the aforementioned 
multicenter study [7], livedo and segmentary edema were the most frequent cuta-
neous manifestations of MPA. Some patients present also bullae (Fig. 14.4c) or 
nodules and plaques recalling erythema elevatum diutinum (Fig.  14.4d) [45], 
a neutrophil- mediated skin disease presenting with erythematous-violaceous 

a b

c d

Fig. 14.4 Microscopic polyangiitis. Palpable purpura (panel a) and livedo reticularis (panel b) on 
the lower extremities. Bullous lesions on the legs (panel c); erythematous nodules and plaques 
resembling erythema elevatum diutinum on an elbow (panel d)
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papules and nodules mainly located on the extensor aspects of the extremities, with 
a symmetrical distribution [46, 47]. The extremities are most commonly affected 
and the lesions usually appear at an early stage of microscopic polyangiitis [44]. 
Dermatologic manifestations are often associated with arthralgias [8]. No specific 
relationship between any skin eruption type and incidence of renal and/or pulmo-
nary involvement has been shown [45]. Erosive/ulcerative oral lesions are rare, 
being present in only 0.3% of patients with MPA [7].

14.4.2  Histopathological Aspects

Biopsies of palpable purpura often show leukocytoclastic vasculitis, with fibrinoid 
necrosis, neutrophilic infiltration of the small vessels in the dermis and nuclear dust 
[44]. However, a nonspecific perivascular lymphocytic infiltration can also be seen 
[8, 48]. Biopsies of cutaneous nodules generally show vasculitis involving vessels 
of the deep dermis or subcutis [8].

14.4.3  Direct Immunofluorescence Studies

Immunofluorescence studies are generally negative or show few deposits of IgM 
and C3 [8, 48].

14.5  Diagnosis and Differential Diagnosis

Cutaneous manifestations commonly develop in patients with AAV with different 
frequency between EGPA, GPA, and MPA, as described in detail before [7, 28, 
49, 50]. Different skin lesions may coexist in the same patient and occur in dif-
ferent occasions during the course of the vasculitis. Thus, the diagnosis of AAV 
is challenging and requires detailed medical history as well as accurate physical 
examination. This approach generally ends with the indication of a skin biopsy, 
whose histopathological analysis is essential for the diagnostic process. The ANCA 
serology does eventually support the diagnosis. As a first step for a correct dif-
ferential diagnosis, drugs, infections, and other underlying systemic inflammatory 
diseases, such as systemic lupus erythematosus, must be excluded. This holds par-
ticularly true, if the first clinical presentation includes palpable purpura of the lower 
limbs, papules, nodules or plaques, ulcers and urticarial lesions, which together 
resemble the cutaneous small vessel vasculitis (CSVV) [51, 52]. In about 50% of 
CSVV cases, a triggering factor is recognized, being drugs or infections the main 
causes, whereas in the other half of patients, it is not possible to identify a spe-
cific etiology [20]. In AAV, CSVV can occur as component of the disease, thereby 
confusing the line between the two conditions. However, the characteristic internal 
organ involvement in AAV and the ANCA serology are crucial diagnostic clues to 
distinguish the two conditions. History of drug intake needs to be addressed, with 
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specific attention to cocaine use. Indeed, midline destructive lesions induced by 
cocaine can mimic cases of limited GPA affecting ear, nose, and throat, potentially 
making the correct diagnosis difficult. However, inconsistent ANCA pattern and 
histological findings not suggestive for GPA can help in the diagnosis [53]. Indeed, 
the histology in cocaine-induced ulcerative lesions is characterized by a diffuse der-
mal infiltrate consisting mostly of neutrophils, without granulomas. Blastomycosis 
can cause skin lesions similar to those observed in AAV, and specifically in GPA 
[25]. Thus, microbiological analysis must be performed whenever an infection is 
suspected. Blastomycosis is a severe deep mycosis caused by Blastomyces derma-
titidis, a dimorphic fungus endemic to the shore of lakes and rivers in Central and 
Southern North America. Infection usually occurs through inhalation and involves 
individuals coming from these areas with a history of recreational or occupational 
exposure to wooded areas or bodies of water. Another differential diagnosis for 
GPA is pyoderma gangrenosum (PG) involving the face, neck, and upper truncal 
region; these sites are atypical since this disease usually involves the lower extremi-
ties. PG is a neutrophil-mediated autoinflammatory disease presenting with single 
or multiple skin ulcers with undermined raised erythematous-violaceous borders 
often associated with pustules and possibly, albeit rarely, displaying internal organ 
involvement [54–56]. However, the typical histology of PG is characterized mainly 
by neutrophilic infiltrates, in the absence of frank vasculitis. On the other hand, it 
is important to highlight that some patients initially diagnosed as having PG were 
later reclassified as GPA, since they subsequently developed visceral involvement 
characteristic of GPA [22, 57]. Drug-induced PG, notably when it is triggered by 
propylthiouracil or by levamisole-adulterated cocaine [58, 59], should also be dif-
ferentiated. However, clinical and histopathological findings recalling those of con-
ventional PG, in combination with both disease resolution after trigger avoidance 
and the presence of atypical p-ANCA, help in differential diagnosis [43]. Extranodal 
natural killer/T-cell lymphoma should also be considered as a possible diagnosis 
alternative to GPA. However, the histopathological findings and the absence of 
clonality on molecular biology guaranty the exclusion of a neoplastic condition 
[28]. Livedo reticularis is a frequent expression of an underlying hypercoagulable 
or autoimmune disorder, including polyarteritis nodosa (PAN) and antiphospholipid 
syndrome. In analogy, urticarial lesions and targetoid lesions might lead to mis-
diagnosis of urticarial vasculitis and erythema multiforme, respectively. However, 
the presence of clinical manifestations suggesting a specific AAV, such as asthma, 
rhinitis, and sinusitis, as well as typical granuloma in different organs in associa-
tion with the ANCA serology weigh the balance toward the diagnosis of a distinct 
form of AAV. Skin vasculitic lesions as well as kidney involvement are also typi-
cal manifestations of Henoch-Schönlein purpura, but a young presentation age and 
IgA deposition detectable by immunofluorescence help in the differential diagnosis 
[60]. Serology for hepatitis B and C should also be tested when cryoglobulinemia 
and PAN are suspected, especially if ulcerations or gangrene of digits or penis are 
present [31]. In conclusion, skin lesions might be observed in the course of several 
and different clinical conditions, not only including AAV. A global evaluation of the 
patient is mandatory for guiding the clinical judgment toward the correct diagnostic 
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process. Medical and drug history and physical examination should be completed 
with blood tests and skin biopsy. Indeed, laboratory findings, including ANCA 
serology and peripheral blood eosinophilia, as well as histopathological aspects and 
direct immunofluorescence studies are pivotal for a correct diagnosis of AAV.

14.6  Treatment

The most recent published recommendations are multidisciplinary and based on 
an extensive literature search [61]. There is no specific therapeutic approach for 
cutaneous involvement, but the same patient-tailored algorithm used for systemic 
complications is suggested also for skin lesions. The updated recommendations 
provide a practical framework that may be applied to the majority of patients with 
AAV [61]. The first aim is the induction of remission of new-onset organ-threat-
ening or life- threatening AAV. To this purpose, a combination of glucocorticoids 
(1 mg/kg/day with a maximum dose 80 mg daily with a target of 7.5–10 mg after 
3–5 months of treatment) and either cyclophosphamide (2 mg/kg/day with a maxi-
mum 200 mg daily) or rituximab (375 mg/m2 of body surface area, once a week for 
four infusions) is recommended. This approach is also suggested for major relapse 
of organ- threatening or life-threatening disease [61]. By contrast, for the induc-
tion of remission of non-organ-threatening disease, treatment with a combination 
of glucocorticoids and either methotrexate (20–25 mg/week, oral or parenteral) or 
mycophenolate mofetil is suggested [61]. It is known that complete remission may 
be achieved in nearly 70–90% of patients with AAV after induction therapy consist-
ing of high-dose glucocorticoids combined with other immunosuppressive drugs 
[62–68]. Finally, for remission maintenance of AAV, a combination treatment of 
low- dose glucocorticoids and either azathioprine (starting at 2 mg/kg/day), ritux-
imab, methotrexate, or mycophenolate mofetil (starting at 2000 mg/day) is possible 
[60]. In 2011, rituximab has been formally approved for the treatment of AAV [69]. 
The first randomized double-blind controlled trial (RAVE) showed that rituximab 
was not inferior to daily cyclophosphamide for induction of remission in severe 
AAV and it appeared to be superior in relapsing disease [70] and in maintenance of 
remissions in AAV [71].

14.7  Conclusions

In conclusion, AAVs are rare diseases but a high level of suspicion is necessary. 
Notably for skin manifestations, AAVs display many mimics that need to be 
excluded. Clinical features are frequently nonspecific thus requiring further labora-
tory tests such as the detection of ANCAs, as well as their antigen specificity. The 
categorization of patients by ANCA specificity seems to be an informative biomarker 
that is usually available at the time of AAV onset. Skin biopsy is always necessary to 
confirm the clinical diagnosis, particularly in the presence of skin manifestations that 
mimic other conditions such as pyoderma gangrenosum, erythema multiforme and 
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erythema elevatum diutinum. Moreover, extravascular histopathological findings, 
such as an eosinophil-rich inflammatory infiltrate and/or granulomatous aspects, in 
addition to the presence of systemic symptoms and signs, may be important diagnos-
tic clues to rule out a single-organ cutaneous vasculitis. Other important factors are 
the availability of recent data on safety profile, route of administration and cost of the 
new biologic treatments to be included in the physician’s armamentarium.
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AKI Acute kidney injury
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ANCA Antineutrophil cytoplasmic antibody
Anti-GBM Anti-glomerular basal membrane
BD Behcet’s disease
CD Crohn’s disease
CK Creatin kinase
CKD Chronic kidney disease
CMR Cardiac magnetic resonance
CT Computed tomography
DVT Deep venous thrombosis
ECG Electrocardiography
EGPA Eosinophilic granulomatosis with polyangiitis
EMB Endomyocardial biopsy
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ENT Ear-nose-throat
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EUVAS European Vasculitis Study Group
FFS Five-factor score
GI Gastrointestinal
GPA Granulomatosis with polyangiitis
HES Hypereosinophilic syndrome
HLA Human leukocyte antigen
IBD Inflammatory bowel disease
IgAV IgA vasculitis
IgG4-RD IgG4-related disease
IHD Ischemic heart disease
IMT Intima-media thickening
LDH Lactate dehydrogenase
LGE Late gadolinium enhancement
MPA Microscopic polyangiitis
MPO Myeloperoxidase
MRI Magnetic resonance imaging
NET Neutrophil extracellular trap
PAN Polyarteritis nodosa
PE Pulmonary embolism
PET Positron emission tomography
PNS Peripheral nervous system
PR3 Proteinase 3
RA Rheumatoid arthritis
RPF Retroperitoneal fibrosis
RTX Rituximab
SLE Systemic lupus erythematosus
SOV Single-organ vasculitis
SSc Systemic sclerosis
STIR Short-T1 inversion recovery
SVV Small-vessel vasculitis
TF Tissue factor
TNF Tumor necrosis factor
UC Ulcerative colitis
VTE Venous thromboembolism

15.1  Introduction

ANCA-associated vasculitides (AAVs) are small-vessel vasculitides (SVV) that 
commonly affect the kidney, the lung, the ear-nose-throat (ENT) system, the skin, 
and peripheral nervous system (PNS) [1]. However, the spectrum of AAV manifes-
tations is broader, since almost all organs and systems may be involved. The involve-
ment of other organs, particularly gastrointestinal (GI), cardiovascular and urogenital 
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systems, occurs only in a small proportion of patients, but its impact on morbidity 
and mortality may be profound. Moreover, the manifestations secondary to the 
involvement of such organ systems are often nonspecific, and may be attributed to 
more common diseases, with a significant delay in diagnosis and treatment. In 
exceptional cases, patients may even present with atypical single-organ involve-
ment rather than with multisystemic disease, such as vasculitis limited to GI or 
urogenital tract. A deep knowledge of the possible manifestations is then of great 
value for proper recognition and management of patients with AAV.

In this chapter, we will present some of the various clinical manifestations that 
occur in patients with AAV, focusing on cardiac involvement and thrombotic events, 
GI involvement, musculoskeletal and urogenital disease. Finally, we will discuss 
unusual modalities of presentation of AAV, indeed, the possibility of overlap with 
other autoimmune or fibro-inflammatory diseases.

15.2  Cardiac Involvement

Cardiac abnormalities are common findings among AAV patients and may result 
from different mechanisms, mainly direct involvement of the heart by vasculitis 
and increased susceptibility to ischemic heart disease (IHD) [2]. Cardiac involve-
ment may be a severe complication that usually occurs in a considerable propor-
tion of patients with eosinophilic granulomatosis with polyangiitis (EGPA) 
whereas only in a small number of patients with granulomatosis with polyangi-
itis (GPA) and microscopic polyangiitis (MPA) [3–5]. The real prevalence has 
not yet been established, since results of clinical studies are highly varied, 
depending on diagnostic techniques and applied criteria [6–9]. In the last decades, 
cardiac magnetic resonance (CMR) has emerged as a gold-standard technique to 
evaluate heart anatomy and function and to characterize myocardial lesions [10]. 
The late gadolinium enhancement (LGE) technique allows the detection of 
fibrotic lesions or of active myocarditis, while STIR T2-weighted images and 
T1-mapping show respectively focal edema and diffuse fibrosis (Fig.  15.1). 
Recent studies have found that a considerable proportion of patients with normal 
clinical evaluation and absence of ECG and transthoracic echocardiographic 
abnormalities have subclinical lesions detected by CMR [11–13]. These observa-
tions have contributed to widen the concept of AAV-related cardiac involvement, 
from that of a serious but uncommon complication to that of a diffuse and insidi-
ous disease component.

Heart involvement has been identified as an independent predictor of overall and 
cardiovascular mortality in EGPA and GPA patients [3, 14, 15]. Moreover, the pres-
ence of cardiac symptoms at initial assessment further increases the risk of death. 
The pathologic process may affect all heart structures but the main form is endo-
myocarditis, resulting from white cell infiltration and possibly granulomatous 
inflammation. However, the clinical phenotype is highly variable, ranging from sub-
clinical to life-threatening complications.
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Fig. 15.1 Cardiac magnetic resonance (CMR) images of EGPA patients with cardiac involvement 
(courtesy of Dr. A. Palumbo). Images (a–d) refer to a 18-year-old female patient, with myo-peri-
carditis secondary to newly diagnosed EGPA.  Laboratory tests showed hypereosinophilia, 
p-ANCA positivity, and elevated Troponin I, whereas echocardiography detected a minimal peri-
cardial effusion and absence of wall motion abnormality. Four-chamber late gadolinium enhanced 
image (a) showing thickening of pericardium (arrowheads). Three-chamber contrast-based cine 
image (b) with focal enhancement in the basal wall of left ventricle (arrow), compatible with 
recent myocarditis. Short axis view (c) demonstrating late gadolinium enhancement in the postero-
lateral wall of the left ventricle (arrow), corresponding to that seen in (c). Short axis T2-STIR-
weighted image (d) showing epi-myocardial edema in the same area (arrow). Images (e) and (f) 
refer to a 41-year-old male patient admitted to hospital with acute pericarditis. Diagnosis of EGPA 
was made during hospitalization. CMR was performed because of elevation of cardiac markers 
(Troponin I and CK-MB) and ECG alterations (left bundle branch block). Four-chamber 
T2-weighted view (e) showing hypertrophy of the left ventricular wall and mild pericardial effu-
sion (arrows). Short axis late gadolinium image (f) with mild enhancement of pericardium and 
epicardium (arrows)
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15.2.1  Cardiac Involvement in GPA and MPA

In GPA, clinically overt cardiac involvement has been reported to be rare. The fre-
quency of cardiac symptoms was 3.3% in a cohort of 517 North American GPA 
patients followed up for more than 8 years [16]. The manifestations described were 
pericardial effusion, heart failure, conduction defects, and valvular involvement, 
with absence of a clearly dominant pattern. While symptomatic forms are less com-
mon, recent observations have suggested that subclinical forms could be more fre-
quent and often overlooked. Hazebroek et al. have conducted a case–control study 
on a large cohort of GPA and EGPA patients in stable remission, carefully matched 
with the general population. ECG, transthoracic echocardiography, and CMR were 
performed in all patients, also in those without cardiac symptoms. Abnormalities, 
such as regional or global systolic dysfunction, valvular defects, pulmonary hyper-
tension, pericardial effusion, or major rhythm alterations, were found in 64% of 
GPA patients and 71% of EGPA patients, but only in 20% of control subjects [14]. 
According to these results, cardiac involvement—mainly subclinical—may be quite 
frequent. To identify these forms, a multimodality screening should be encouraged, 
independently of the presence of related symptoms.

MPA-related cardiac involvement has been scarcely explored. However, large 
studies on Chinese and French cohorts reported high frequency of cardiac manifes-
tations [4, 17]. The most common manifestations were pericardial effusion, chronic 
heart failure, and isolated cases of aortic incompetence and new-onset arrhythmia. 
Interestingly, a CMR study on a Dutch population detected a high prevalence of 
coronary ectasia and aneurysms among MPA but not among EGPA patients and 
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Fig. 15.1 (continued)
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rheumatois arthritis (RA) and systemic lupus erythematosus (SLE) controls [18]. 
These findings suggest that coronaritis with necrotizing changes and wall weaken-
ing may be an intrinsic component of MPA that contributes to increase the cardio-
vascular risk in these patients.

15.2.2  Cardiac Involvement in EGPA

Cardiac involvement in EGPA is by far more frequent than in other AAVs [3]. Since 
the original disease description in 1951 by Churg and Strauss, cardiac disease has 
been considered as a prominent disease manifestation, with a deep impact on mor-
bidity and mortality [19]. The pathological process may affect all heart structures, 
resulting in a variable clinical phenotype. However, cardiomyopathy and pericardial 
effusion represent the main clinical patterns (Fig. 15.1), while valvular defects, con-
duction disturbances, and coronaritis occur less commonly.

In a study on 49 EGPA patients, 22 (45%) experienced acute or chronic heart 
failure and had clinical evidences of cardiac involvements, including conduction 
disturbances, elevated Troponin I, pericardial effusion, pulmonary hypertension and 
diastolic dysfunction, regional or global systolic dysfunction, and intraventricular 
thrombi [20]. Moreover, the majority of patients with available CMR had LGE in 
apical and mid-cavity left ventricular segments, particularly, in the subendocardial 
layer. This finding is suggestive of Loeffler endocarditis, a peculiar form of cardio-
myopathy occurring in hypereosinophilic syndromes (HES), with a triphasic course 
[21]. The acute phase is the inflammatory stage, characterized by eosinophil infiltra-
tion of the myocardium and cellular necrosis due to eosinophil degranulation. 
Patients may often be clinically silent, although CMR and endomyocardial biopsy 
(EMB) can reveal corresponding abnormalities. The second phase is the so-called 
thrombotic stage, with the formation of intraventricular thrombi as consequence of 
endothelial disruption and hypercoagulability, which is a feature of EGPA [22]. The 
end-stage is the fibrotic phase, in which thrombus and necrosis are replaced by 
fibrosis. Subendocardial scarring leads to restrictive or dilated cardiomyopathy but 
also to progressive valvular incompetence. Neumann et al. found that most patients 
with subendocardial LGE had EMB findings compatible with Loeffler endocarditis. 
The majority of them had endomyocardial fibrosis, while only few patients had 
signs of acute eosinophilic myocarditis. These latter probably underwent early 
biopsy during the inflammatory stage, while most patients were diagnosed during 
the fibrotic stage. Moreover, patients with Loeffler endocarditis showed more severe 
heart failure, higher levels of Troponin I and a greater number of mural thrombi 
while little or no pericardial effusion.

The clinical phenotype of EGPA is highly variable, but can be broadly distin-
guished into two main disease subsets, differentiated on the basis of ANCA-
positivity. ANCA-negative patients have predominance of eosinophilic 
manifestations, such as cardiac involvement, lung infiltrates, and GI disease, while 
ANCA-positive patients more commonly have vasculitic manifestations such as 
glomerulonephritis, peripheral neuropathy, and purpura [8, 23]. Thus, ANCA status 
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can be regarded as a prognostic factor for the development of cardiac involvement 
and reduced survival [24]. The prognosis of EGPA has significantly improved over 
past decades, with 10-year survival rates of 81–92% [25, 26], but up to 50% of 
disease-specific mortality is related to cardiac involvement [3, 27]. Consistently, the 
Five-Factor Score (FFS), a tool designed to predict survival at diagnosis in patients 
with SVV, considers cardiac disease among the clinical parameters associated with 
negative outcome, such as age >65 years, renal insufficiency, and severe GI mani-
festations [28]. If one of them is present, the patient is generally treated with a 
combination of glucocorticoids and immunosuppressants. Immunosuppression can 
effectively prevent cardiac death and improve myocardial dysfunction in patients 
with cardiac involvement, as demonstrated by studies with CMR follow-up [29]. 
However, disease relapses at this level occur with high frequency.

Numerous studies have highlighted that clinical evaluation not including CMR 
may overlook subclinical abnormalities in a considerable proportion of EGPA but 
also MPA and GPA patients [12–14, 29, 30]. Since myocardial disease in Loeffler 
endocarditis progresses through clinically silent stages, early recognition and treat-
ment initiation are central to improve prognosis. Hence, CMR evaluation of EGPA 
patients at initial assessment is strongly recommended and has become a standard 
examination in experienced centers. To date, most cases with cardiac involvement 
are recognized at a subclinical stage. On the contrary, routine assessment in GPA 
and MPA patients comprises only ECG and transthoracic echocardiography, 
whereas CMR is reserved to cases with suspected involvement. Further studies are 
warranted to determine whether subclinical forms may progress to clinically overt 
forms in these syndromes similarly to EGPA and require for this reason an early 
treatment.

15.2.3  Vascular Involvement

The immune and coagulation systems are closely related and a number of possible 
interactions may be implicated in the pathogenesis of thrombosis and hypercoagu-
lability in AAV. Neutrophil activation triggered by ANCA is known to cause oxida-
tive stress resulting in endothelial damage, that promotes platelet activation [31]. In 
addition, neutrophils may release prothrombotic factors such as tissue factor (TF) 
and platelet recruiting factors, facilitating thrombus formation. Neutrophil 
Extracellular Trap (NET) formation (NETosis) is a recently described further poten-
tial bridge between inflammatory response and coagulation, that has been impli-
cated in thrombus formation [32, 33]. NETs are structures containing chromatin, 
TF, granule proteins, but also ANCA targets, such as MPO and PR3, in which 
microbes are trapped and killed. ANCA can induce NETosis, possibly creating a 
self-amplifying process, with increased ANCA production, more neutrophil activa-
tion and subsequent NET release that contribute to hypercoagulability. Moreover, 
antibodies directed against complementary PR3 (cPR3) can bind to plasminogen 
and delay the conversion from plasminogen to plasmin, impairing fibrinolysis and 
prolonging the dissolution time of fibrin clots [34]. In EGPA, an adjunctive 
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thrombogenic effect may be related to eosinophil degranulation, with release of TF 
and other cationic proteins that initiate coagulation [35, 36]. These mechanisms 
could be responsible for the high rate of thrombotic events in AAV but their role as 
biomarker or therapeutic target is still unclear.

15.2.4  Arterial Involvement

With improvement of prognosis and prolongation of patient survival, several studies 
have investigated the burden of cardiovascular disease in AAV patients. Observations 
had shown an increased frequency of surrogate markers of atherosclerotic disease, 
such as impaired endothelium-dependent arterial vasodilatation [37], enhanced 
arterial stiffness [38], increased carotid artery intima-media thickening (IMT) [39, 
40], high frequency of plaques [41] and altered ankle–brachial pressure indices 
[42]. Moreover, cardiovascular diseases account for the main cause of death in the 
period following the first year of AAV diagnosis [43]. AAV confers an increased 
risk of atherothrombotic events that is probably related to specific disease factors 
and not only due to impaired renal function. Morgan et al. showed that AAV patients 
have a twofold increase in the rate of cardiovascular events, as compared with a 
matched population of noninflammatory chronic kidney disease (CKD) patients 
[44]. Moreover, Faurschou et al. found that GPA patients are at higher risk of hos-
pitalization for manifestations of IHD in the early period (5 years within diagnosis) 
but also in the late period since diagnosis (>10 years), as compared with a sex- and 
age-matched population [45]. Such bimodal pattern suggests that acute but also 
chronic inflammation contribute to increase cardiovascular risk. In addition, a sub-
sequent study found that the cardiovascular manifestations are restricted to IHD 
events, since stroke frequency is not increased as compared to the general popula-
tion [46].

Chronic inflammatory diseases such as RA and SLE are associated with high 
rates of atherosclerotic events. Increased cardiovascular risk seems to result from 
“accelerated atherosclerosis,” a condition of enhanced plaque formation promoted 
by chronic inflammation [47, 48]. Systemic inflammation may play a central role 
also in AAV, along with endothelial damage caused by ANCA- mediated neutrophil 
activation. Consistently, immunosuppression may reverse endothelial dysfunction 
[49]. However, the role of treatment, particularly of glucocorticoids, remains con-
troversial. Although steroid therapy can effectively dampen systemic inflammation, 
it also increases the risk of arterial hypertension, atherogenic dyslipidemia, and dia-
betes mellitus, that are well-known cardiovascular risk factors [50, 51]. While in the 
short term the benefits resulting from anti-inflammatory effects prevail, glucocorti-
coid-related cardiovascular toxicity may emerge years after diagnosis. Accordingly, 
the atherothrombotic event excess reported in the first 5  years of diagnosis by 
Faurschou et al. may be caused by a sub-optimal suppression of systemic inflamma-
tion, whereas the high rates in the period following 10  years of disease may be 
related to high cumulative doses of glucocorticoids [45].
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With improvement of patient prognosis, prevention of cardiovascular complica-
tions in AAV has become a major therapeutic challenge. The European Vasculitis 
Study Group (EUVAS) has recently performed a long-term follow-up study on 535 
GPA and MPA patients with the aim of developing a statistical model to predict 
5-year cardiovascular risk at first assessment. Diastolic dysfunction and advanced 
age were identified as adverse factors, while PR3-positive status has been consid-
ered a protective factor [52]. Strongly recommended is the careful assessment at 
presentation and during the whole follow-up, as well as the identification of poten-
tially modifiable risk factors. Patients currently treated with glucocorticoids who 
have received a high cumulative dose represent the subset at highest risk and should 
be actively monitored [53]. They could also benefit of a treatment with simvastatin, 
since it has been observed to inhibit in vitro neutrophil degranulation induced by 
ANCA [54]. However, further studies are required to elucidate the optimal thera-
peutic strategy in AAV patients at high risk.

15.2.5  Venous Thromboembolism

Recent observations have shown that patients with AAV carry a high risk of 
venous thromboembolism (VTE). The WeCLOT study has reported an incidence 
rate of deep venous thrombosis (DVT) and/or pulmonary embolism (PE) of 7.0 
per 100 person-years among GPA patients [55]. The frequency is significantly 
increased in comparison to the general population rate (0.31 per 100 person- 
years), SLE and RA patients (respectively 0.31 and 1 per 100 person-years), 
amounting to that of recurrent thrombosis among patients with recent VTE (7.20 
per 100 person-years). Furthermore, most episodes occurred during periods of 
active disease or within few months of a documented disease flare, suggesting that 
VTE is due to disease-related factors. Subsequent studies have also found that 
MPA and EGPA share a similarly increased risk, while polyarteritis nodosa (PAN) 
has a lower VTE frequency [22, 35, 56]. These results suggest that VTE is a spe-
cific complication of AAV.

The high risk of VTE in AAV underscores the importance of a prolonged follow-
up, with careful evaluation for thrombotic complications at occurrence of related 
symptoms. Moreover, some authors suggest a wide screening with ultrasound, since 
the rate of asymptomatic deep venous thrombosis (DVT) may be higher than the 
expected [57]. A further central question pertains to prophylaxis strategy. Results of 
the WeCLOT study may suggest preventive anticoagulation, similarly to patients 
with previous VTE, at least for subjects at high risk. Although criteria to define a 
patient at high risk are not fully understood, the analysis of a large dataset of GPA 
and MPA patients enrolled in EUVAS trials have found associations between VTE 
and high disease activity scores, cutaneous and GI involvement, impaired renal 
function and malignancy [58]. Thus, AAV patients with these features may repre-
sent a subset of patients at higher risk of VTE who need a more accurate follow-up 
and even prophylactic anticoagulation.
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15.3  Gastrointestinal Involvement

As compared with other systemic vasculitides such as PAN, Behcet’s Disease (BD) 
and IgA Vasculitis (IgAV), AAV have a lower rate of GI tract involvement [59]. 
However, the range of manifestations is extremely wide, since all organs can be 
affected, with mild to life-threatening complications. Severe GI manifestations, 
such as organ perforation, bleeding and pancreatitis, have been identified on the 
FFS as parameters suggestive of negative prognosis [15, 28]. Overall, GI involve-
ment seems to be more frequent among EGPA patients, with reported rates of 
20–50% versus 5–11% among GPA and MPA patients [60–62]. In EGPA, GI mani-
festations account for the fourth disease-related cause of death and usually predomi-
nate among ANCA-negative patients, as examples of eosinophilic manifestations.

Unlike cardiac involvement, research on GI disease in AAV has mainly focused 
on symptomatic forms and little is known about the prevalence of subclinical abnor-
malities [63]. In most reported cases, GI manifestations are already present at dis-
ease onset, rather than occurring subsequently as disease relapse. Moreover, a small 
proportion of AAV patients may have a single-organ vasculitis (SOV) limited to the 
GI tract [64, 65]. The diagnosis of GI-limited AAV is exceptional and must follow 
a careful differential diagnosis with other more common GI diseases, such as 
inflammatory bowel disease (IBD).

15.3.1  Clinical Manifestations and Treatment

GI manifestations are relatively nonspecific and highly variable. In a study on 62 
patients affected by necrotizing vasculitis with GI involvement, almost all patients 
reported abdominal pain variably associated with nausea and vomiting, diarrhea and 
lower GI bleeding [63]. Endoscopic examination revealed gastroduodenal and 
colonic ulcers in most patients, while esophageal ulcers were detected only in GPA 
patients. Of note, although endoscopic appearance was suggestive, signs of vasculi-
tis were found only in a minority of cases, perhaps, because of the superficial muco-
sal sampling. Symptomatic conditions not elucidated by endoscopy may be further 
investigated with capsule endoscopy or CT. This is often the case of EGPA with 
small bowel involvement. Possible capsule endoscopy findings are submucosal 
oedema with numerous lymphangiectasis, erythematous sites as well as large ulcers, 
whereas computed tomography (CT) can detect diffuse or multifocal bowel wall 
thickening, abnormal enhancement patterns of the bowel wall, dilatation of bowel 
segments and mesenteric vessel engorgement [63, 66] (Fig. 15.2).

A considerable proportion of patients (22–54%) may have severe manifestations 
potentially requiring surgery, such as bowel perforation or infarction, appendicitis, 
cholecystitis and acute pancreatitis [15, 67, 68]. The organ damage is probably due 
to ischemia caused by vasculitis. Patients with severe manifestations have a higher 
5-year mortality rate in comparison to other patients with less severe GI lesions (44% 
vs. 18%), confirming that severe GI involvement is an adverse prognostic factor [63]. 
On the contrary, no significant difference in outcome has been observed between 
patients with less severe GI manifestations and those without GI involvement.
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Fig. 15.2 Computed tomography (CT) findings of gastrointestinal involvement and fibro-inflam-
matory diseases in patients with AAV (courtesy of Dr. A. Palumbo). Contrast-enhanced abdominal 
CT (a and b) of a 43-year-old female patient with GPA, who experienced relevant weight loss and 
diarrhea. The scans show an ileal loop of augmented caliber (arrows), with thickened and enhanced 
bowel walls and stagnation of enteric material. The surrounding mesenteric tract is characterized 
by diffuse venous ectasia, inflammation of fat tissue, and enlarged lymph nodes, compatible with 
chronic mesenteritis. Images (c and d) refer to a 57-year-old male patient, who was admitted to a 
nephrology unit because of fever and marked worsening of renal function. Clinical and laboratory 
findings were suggestive of MPA. A contrast-enhanced abdominal CT (c) revealed a soft, homoge-
neous retroperitoneal tissue around the aorta (arrow) and left-sided hydronephrosis of moderate 
degree (arrow). The mass develops mainly around the anterior and lateral sides of the aorta and 
encircles also the iliac vessels (d). The findings were considered compatible with retroperitoneal 
fibrosis associated with AAV. Thoracic CT of a 51-year-old male patient with MPO-positive vas-
culitis involving the ENT tract. The images show the presence of hypodense tissue (arrows) sur-
rounding the aortic arch (e) and the right-anterior side of the vertebral bodies (f). Histology 
examination of the prevertebral tissue revealed fibrosis with rare lymphocytes and IgG4-negative 
plasma cells. The lesions were considered manifestations of thoracic periaortitis (e) and fibrosing 
mediastinitis (f), respectively, in a patient with AAV
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Similarly to other AAV manifestations, treatment of GI involvement is based on 
different combinations of glucocorticoids and immunosuppressants. Moreover, 
mild cases may benefit from mesalazine therapy. An effort should be made to limit 
glucocorticoid dose, since glucocorticoids could increase the risk of GI ulcers. 
Indeed, some authors have suggested that prolonged glucocorticoid treatment is a 
risk factor for the development of GI manifestations [69]. Severe AAV-related mani-
festations require a prompt initiation of potent immunosuppressant, mainly cyclo-
phosphamide, and a careful investigation for surgical complications that should be 
immediately treated. In a previously mentioned study, four patients died before sur-
gery could be performed, despite immunosuppressive treatment [63].

15.3.2  AAV and Associated Inflammatory Bowel Disease

A peculiar form of GI disease in course of AAV is related to the association 
between AAV and IBD, such as Crohn’s Disease (CD) and Ulcerative Colitis 
(UC). This overlap is rare and few cases have been reported in the literature [70, 
71]. In a retrospective study of the French Vasculitis Study Group, the association 
of IBD and AAV occurred in <1% of AAV patients [72]. The types of association 
seem to be limited to only two patterns: GPA with coexistent CD and EGPA with 
coexistent UC. No case of MPA with coexistent IBD was reported. According to 
these results, common pathogenic mechanisms may be shared by GPA and CD 
and by EGPA and UC. Cytokine patterns play a key role in the development of 
inflammatory diseases. Indeed, EGPA and UC are considered Th2-mediated dis-
eases, with an increased production of IL-4, IL-5, and IL-10 that allows eosino-
phil recruitment [73–75]. Tissue eosinophilia is a key feature in EGPA, but 
increased levels of eosinophil in bowel mucosa have been also found in active 
UC75. On the contrary, GPA and CD have been described as Th1-mediated dis-
eases, with increased amount of INFg- and of Th17-producing IL-17 that induce 
granulomas formation [76–78]. However, some studies have found forms of GPA 
with mixed polarization toward Th1/Th2 patterns, as well as patients with asso-
ciation between GPA and UC [79, 80]. In addition, 60–90% of the UC patients 
and 15–20% of CD patients have positive ANCA, mainly p-ANCA, with no speci-
ficity to common antigens such as MPO or PR3, but rather targeting other intra-
cellular neutrophil enzymes [81].

Diagnosis of IBD preceded the onset of AAV in most reported cases, suggesting 
that IBD predisposes to AAV development. However, it seems likely that numerous 
cases with overlap are missed, since AAV-related GI manifestations often resemble 
those of IBD, for example, granulomatous colitis and ulcers. Moreover, one-third of 
IBD patients experience extra-intestinal manifestations that can mimic AAV mani-
festations, such as ocular complications, skin lesions, arthropathy, and nephrocalci-
nosis [82]. Hence, despite its rareness, the association between AAV and IBD 
should always be considered in AAV patients with GI symptoms and in IBD patients 
developing extra-intestinal manifestations.
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15.4  Urogenital and Musculoskeletal Involvement

15.4.1  Urogenital Involvement

AAV may also be responsible for urogenital manifestations in a small proportion of 
patients (<1%) [7, 83–85]. In most cases, urogenital symptoms occur in GPA male 
patients at disease onset, as part of generalized systemic disease [86]. However, 
12–18% in case series experienced isolated urogenital alterations preceding AAV 
diagnosis, when no other vasculitis manifestations were present [87]. These patients 
underwent biopsy of the lesions in the suspect of malignancy that revealed vasculitis 
or granulomatous inflammation and subsequently developed other vasculitic 
features.

GPA may affect all organs of the urogenital tract and prostatitis is the most 
common manifestation [86–88]. Related symptoms are nonspecific and com-
prise dysuria, urgency, purulent discharge, and acute urinary retention [89–91]. 
Physical examination may show a normal or enlarged gland, while imaging 
studies often reveal calcifications or abscess-like formations [92, 93]. Total 
prostate antigen may be slightly elevated, but the free fraction is usually within 
normal ranges [89, 94]. Histological findings are compatible with granuloma-
tous prostatitis [86]. Thus, GPA-related involvement has to be distinguished 
from other granulomatous forms, such as sarcoidosis or infection caused by 
Mycobacterium tuberculosis. Immunosuppressive treatment is effective to con-
trol symptoms, but recurrences are frequent and intriguingly half of these epi-
sodes manifest as isolated prostate disease [87, 89]. Although it is the most 
common type of urogenital involvement, GPA-related prostatitis is rare among 
AAV patients and in general prostatitis series. However, postmortem studies on 
patients with severe GPA have revealed that 7% patients have findings of granu-
lomatous prostatitis, indicating that the real prevalence of subclinical involve-
ment may be considerable [95].

The ureters are most often involved in the distal tract, with the development 
of segmental thickening and subsequent obstruction and hydronephrosis [96–
98]. Testicles and epididymis can be affected with a range of manifestations 
that comprise asymptomatic masses, pain, and infarction [99–101]. In addition, 
cases of destructive urethritis presenting with dysuria, urinary urgency, and 
other urinary symptoms have been reported [88, 102]. Some patients also have 
painless penis ulceration, possibly accompanied by regional lymphoadenopa-
thy [103, 104]. A common urogenital finding during the course of AAV is 
micro-or macroscopic hematuria. Hematuria may be related to renal or bladder 
involvement by AAV, more rarely to ureter or prostate disease. Moreover, it is 
frequently consequence of cyclophosphamide toxicity, mediated by a metabo-
lite called acrolein [105]. High cumulative dose and prolonged exposure to 
cyclophosphamide are associated with development of hemorrhagic cystitis 
and bladder carcinoma, whose modality of presentation is often asymptomatic 
hematuria [106–108]. Acrolein toxicity can be reduced by abundant fluid 
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intake, in order to force diuresis, and concurrent administration of mesna 
(sodium 2-mercaptoethane sulfate) that inactivates acrolein in urine [109, 110]. 
Of note, these complications may also occur after cyclophosphamide discon-
tinuation, requiring a prolonged follow-up, with urinalysis and urine cytology 
every 3–6 months.

15.4.2  Musculoskeletal Disease

Myalgia and joint pain or swelling are common symptoms in patients with 
AAV. More often, they occur at disease onset as prodromal manifestations, associ-
ated with fever, anorexia, and weight loss [1]. This group of symptoms is related to 
systemic inflammation and usually shows prompt regression after steroid therapy 
initiation. On the contrary, muscle weakness and atrophy, mostly regarding lower 
limbs, are much rarer and can be due to severe peripheral neuropathy, with axon 
damage caused by arteritis of vasa nervorum and subsequent muscle impairment 
[111, 112]. However, a small proportion of patients have myalgia and weakness as 
consequence of muscle ischemia and fiber degeneration caused by muscle vessel 
vasculitis. Some reports have described cases of EGPA presenting with myalgia, 
mild leg weakness, and CK elevation [113, 114]. Magnetic resonance imaging 
(MRI) showed mild muscle atrophy with diffuse hyperintense signal in STIR 
sequence, revealing the presence of muscle inflammation, while electromyography 
demonstrated myopathic recruitment pattern and fibrillations, with possible reduced 
nerve conduction amplitude. Muscle biopsy findings were perimyseal artery vascu-
litis with eosinophil infiltration and angulated atrophic fibers as a sign of denerva-
tion in cases with concomitant PNS involvement. Of note, this pattern differed from 
that of myositis for the absence of typical features, such as phagocytosis of non-
necrotic fibers, dense endomysial infiltrates, and sarcolemmal overexpression of 
MHC-1. However, a first case of EGPA with typical myositic findings has been 
recently reported, indicating that AAV may associate with idiopathic inflammatory 
myopathies [115]. Precise medical history and neurological examination are neces-
sary to distinguish AAV-related muscle involvement or idiopathic inflammatory 
myopathies from other more common causes, such as glucocorticoid- or statin-
related myopathy. Laboratory findings usually reveal elevated levels of CK, LDH, 
and inflammatory markers; CK or LDH increase is usually absent in glucocorticoid-
related myopathy. Moreover, myositis-related autoantibodies can be tested to accu-
rately investigate the nature of muscle involvement. Electromyography (EMG) can 
differ between neuropathic or myopathic involvement and MRI can detect with high 
sensitivity muscle edema and atrophy, as consequence of muscle inflammation. 
However, definitive diagnosis is only achieved by muscle biopsy, which may distin-
guish between vasculitic and myositic patterns. Interestingly, all cases with muscle 
manifestations showed a prompt response to immunosuppressive therapy 
[113–115].

Other possible musculoskeletal manifestations during the course of AAV are 
paravertebral masses, detectable in a small number of GPA patients [116, 117]. 
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Such lesions are often occasional findings on chest CT evaluation, although some 
patients may report back pain as a possible consequence. In one case, painful 
paravertebral mass was the initial presentation of GPA, subsequently followed by 
other manifestations [118]. The lesions are found on the right-anterior side of 
thoracic vertebrae and do not infiltrate surrounding tissues (Fig. 15.2). In addi-
tion, the [18]FDG uptake at PET is increased, indicating an active metabolism. 
For their rareness and unclear significance, paravertebral masses may be attrib-
uted to malignant or infectious conditions, especially tuberculosis, or to other 
inflammatory diseases, such as sarcoidosis, rather than to AAV. However, absence 
of invasiveness at radiological examination and stability or regression after immu-
nosuppressive treatment are suggestive of a benign nature. The definitive diagno-
sis requires histologic examination of surgical or CT-guided biopsy, but the 
procedure should be carefully weighted for risk of complications and should be 
reserved for the most challenging cases. Where available, biopsy revealed fibrotic 
scars, calcification, and previously active inflammatory sites, with granuloma for-
mation [117]. Paravertebral lesions in patients with back pain showed a prompt 
regression to immunosuppressive treatment initiation, while most asymptomatic 
lesions remained stable over whole follow-up. Consistently, histology of these 
latter was more characterized by fibrotic scars [117]. Some of these paravertebral 
lesions may also be part of fibro-inflammatory disorders such as IgG4- related 
disease (see paragraph below).

15.5  AAV in Overlap Syndromes

15.5.1  Association with Autoimmune Disorders

AAV are multisystemic diseases that may virtually cause all types of organ involve-
ment. However, it must be kept in mind that some manifestations, particularly if less 
typical, may be due to coexistent diseases. Although co-occurrence is uncommon, 
AAV can be associated with a relevant number of immune-mediated diseases. In 
previous paragraphs, we mentioned the possibility of overlap with IBD and idio-
pathic inflammatory myopathies [72, 119]. Moreover, it has been reported that some 
female patients have a mixed pattern fulfilling both AAV (mainly MPA) and SLE 
classification criteria [120, 121], while a small number of RA patients may develop 
AAV features years after diagnosis [122, 123]. In addition, cases of association 
between AAV and systemic sclerosis (SSc) have been described and their genetic 
variants analyzed in details, revealing shared HLA haplotypes [124]. Finally, a sub-
set of patients presenting with rapidly progressive renal failure and pulmonary hem-
orrhage have findings suggestive of overlap between AAV and Goodpasture 
syndrome (or anti-GBM disease) [125]. Reasons for co-occurrence of AAV with 
autoimmune syndromes are not fully understood, but probably pertain genetic pre-
disposition to poly-autoimmunity involving HLA region. Studies on SLE have 
shown a shift and diversification of autoantibody targets occurring during disease 
course, a phenomenon defined as epitope spreading [126]. In such patients, a 
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pathogenic ANCA response could emerge in the context of a progressive autoim-
mune dysfunction [120]. A further hypothesis is drug exposure inducing secondary 
vasculitis. An increasing number of patients developed MPA after TNF-targeted 
therapy for RA or CD [127]. To facilitate a quicker recognition of coexistent dis-
eases and a prompt treatment initiation, AAV patients should receive an autoanti-
body screening at diagnosis and at occurrence of new manifestations, including 
Rheumatoid Factor, ANA, SSc-specific antibodies, and anti-GBM autoantibodies.

15.5.2  Association with Fibro-Inflammatory Disorders

In recent years, some authors have described cases of AAV with manifestations of asso-
ciated fibro-inflammatory diseases, the most common being retroperitoneal fibrosis 
(RPF) [128–130]. RPF is a rare condition characterized by fibrosis and chronic inflam-
mation in the retroperitoneum, spreading from the adventitia of aorta and iliac arteries, 
often encasing the ureters [131] (Fig. 15.2). Patients usually present with constitutional 
symptoms, abdominal or low back pain, and obstructive uropathy due to encased ureters 
that may progress to acute kidney injury (AKI). RPF is idiopathic in most cases (>75%), 
but some forms are secondary to infections, malignancy or drugs [132]. The differential 
diagnosis is usually made based on clinical data and radiologic aspects of the lesions, 
whereas unclear cases can be elucidated by tissue biopsy. The pathogenesis of idiopathic 
RPF is probably multifactorial, but immune-mediated mechanisms are likely to play a 
role [133, 134]. Treatment is immunosuppressive, with glucocorticoids as first-line 
agents, and has the primary goal of urinary obstruction and symptom relief. In a consid-
erable proportion of patients, conservative urological procedures, such as ureteral stent-
ing or nephrostomy, are often necessary, at least in the initial phase [135]. RPF mortality 
is low, but the disease is chronic-relapsing, with relapses occurring in up to 72% patients 
[136]. For refractory and relapsing forms, a number of conventional or biological immu-
nosuppressant have been successfully used [137, 138]. Some forms of idiopathic RPF 
have been recently included in the spectrum of IgG4-related disease (IgG4-RD) [139]. 
IgG4-RD is a newly recognized fibro-inflammatory disease that encompasses a number 
of fibrosing manifestations, previously considered as separate entities, such as salivary 
gland enlargement (Mikulicz’s disease), tubulointerstitial nephritis, chronic sclerosing 
pancreatitis, Riedel’s thyroiditis, orbital mass, pachymeningitis and RPF [140]. These 
conditions can occur isolated or in association and are characterized by distinctive his-
tological features, namely dense lymphoplasmocytic infiltrates rich in IgG4-positive 
plasma cells, storiform fibrosis, and obliterative phlebitis. Serum IgG4 levels can also be 
high. Treatment is based on glucocorticoids too, usually with good response.

A recent European observational study has described 18 patients with evidence 
of both AAV and IgG4-RD [141]. In the majority of patients (72%), AAV and 
IgG4-RD were diagnosed simultaneously, but cases of metachronous development 
were also reported. Most patients (78%) were classified as GPA with severe sys-
temic disease. Main IgG4-RD manifestations were chronic periaortitis (50%), com-
prising RPF, inflammatory aorta aneurysm and perianeurysmal fibrosis, 
tubulointerstitial nephritis (22%), and orbital masses (22%), although all types of 
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organ involvement were observed. Most patients of the study were treated with a 
combination of glucocorticoids and rituximab (RTX) that proved effective for both 
vasculitic and IgG4-RD manifestations and may represent a preferential therapeutic 
option in cases of overlap syndrome.

Association between AAV and IgG4-RD is rare and difficult to diagnose, since 
both conditions have a variable spectrum of manifestations. However, overlap syn-
drome should be considered especially in GPA patients with RPF, orbital and sino-
nasal masses or pachymeningitis, although such manifestations could also be 
refractory granulomatous lesions related to GPA itself. Measuring serum IgG4 and 
IgG4/IgG ratio can be a useful test for screening, but sensitivity and specificity are 
insufficient. A subset of patients with biopsy-proven IgG4-RD have normal serum 
IgG4 titres, whereas elevated levels occur also in a number of malignant, infectious, 
and inflammatory diseases, among which are even vasculitides [142, 143]. Of note, 
high IgG4 are found in some GPA patients and to a greater extent in EGPA patients 
with active disease, but usually do not denote the coexistence of IgG4-related 
lesions [144]. Definitive diagnosis of pseudotumors requires histologic examination 
for recognition of distinctive microscopic features.

15.6  Conclusions

The clinical phenotype of patients with AAV is highly variable and relies on the 
combination of many possible manifestations. Miscellaneous organ involvement 
may represent a clinical dilemma, since manifestations are often nonspecific, and 
definitive diagnosis is not always available. On one side, AAV may be responsible 
of all kinds of organ involvement and manifestations. On the other side, concomi-
tant diseases may be present, as indicated by cases of overlap with immune-medi-
ated and fibro-inflammatory diseases. AAV patients should be carefully evaluated 
for all possible manifestations and should receive a serological screening to search 
for possible coexistent diseases. Furthermore, it should be kept in mind that uncom-
mon manifestations may deeply affect morbidity and mortality. Overt cardiac and 
GI involvement are associated with poor prognosis, while urogenital and musculo-
skeletal disease may significantly decrease the quality of life. Recently, subclinical 
forms have raised much interest, since they may be diffuse in a considerable propor-
tion of patients and possibly progress to overt forms. Thus, clinically silent lesions 
should be recognized and periodically evaluated to prevent severe organ damage.
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16.1  Introduction

In the modern therapeutic era the outcome of systemic vasculitis has changed from 
a usually fatal course to a chronic relapsing disorder [1]. During this period, the 
ANCA vasculitides have been defined and have received the most research atten-
tion, especially concerning treatment regimens and the longer term consequences 
of disease. Achievement of initial disease control, and removal of a direct threat 
to life or further organ damage, is now considered routine and physicians are con-
cerned with their patients’ longer term health, prevention of further disease flares 
and comorbidities, minimizing the toxic consequences of treatment, and improv-
ing quality of life. From a research perspective, this has meant development of 
disease state definitions and objective quantification of disease activity and long-
term outcome parameters, such as damage and glucocorticoid toxicity [2, 3]. The 
Birmingham Vasculitis Activity Score (BVAS) and its subsequent modifications are 
routinely used for activity assessment, while the vasculitis damage index (VDI) has 
been developed to assess all-cause damage after the vasculitis diagnosis. Disease-
specific quality-of-life tools are in development and approaches to economic evalu-
ation are at an early stage [4, 5].

Identification of comorbidity risks, including thromboembolic disease and 
cardiovascular risk, has posed new research questions of relevance to the patho-
genicity of vasculitis itself that largely remain unanswered [6, 7]. Concern over 
cyclophosphamide- induced malignancy has dominated discussion over optimal 
treatments but is now a fading issue with lower dose regimens and the availability 
of rituximab as an alternative [8]. Similarly, newer therapeutic targets, such as the 
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alternative complement pathway, are providing opportunities for anti-inflammatory 
strategies that permit glucocorticoid sparing [9].

Data concerning prognosis and outcomes are derived from inclusive single- 
center and multicenter registries and from clinical trials. Prospective studies provide 
higher quality data but are often of limited duration and subject to bias inherent on 
the eligibility of patients for the studies [10]. Since the 1980s, collaborative research 
networks have supported the data acquisition, initially single country then interna-
tional. However, these have focused on Western Europe, North America, and Japan, 
and with the exception of Japan, have necessarily focused on Caucasian patients 
[11]. They have also included patients cared for in expert centers rather than being 
population based, although this is changing as the networks enlarge [12]. This has 
the implication that the literature may reflect better practice, and better outcomes, 
than the routine patient might experience.

ANCA vasculitis is characterized by heterogeneity, age at presentation, organ 
distribution and severity, response to treatment, and susceptibility to morbidities. 
Certain subgroups, such as eosinophilic granulomatosis with polyangiitis (EGPA), 
have received less research effort, while others—for example, nephritis—are much 
better studied. This chapter will review the dimensions of prognosis and outcomes 
as the literature permits, will identify changes where these are occurring, and the 
gaps in our understanding (Fig. 16.1).

16.2  Disease Activity

Control of the presenting episode of ANCA vasculitis is achieved in 80–90% with 
current therapies, and those with refractory disease have poor long-term outcomes. 
A recent analysis of European Vasculitis Society (EUVAS) data has demonstrated 
that achieving a BVAS of zero in 3 months is associated with better survival, lower 
risk of end-stage renal disease, and less damage as assessed by VDI. Those achiev-
ing remission in 3 months and maintaining this to at least 6 months have the best 
outcome suggesting the use of this parameter as an end point for interventional stud-
ies. PR3-ANCA and higher baseline disease activity are associated with a failure to 
achieve remission [13]. Refractory disease confers a high mortality risk with 11/32 
patients in one report dying within 3 months, alveolar hemorrhage and renal failure 
being key predictors [14]. Patients with severe disease requiring intensive care unit 
(ITU) admission due to alveolar hemorrhage or other severe organ failure have car-
ried a mortality of 50%, but survival rates have been improving with contributions 
from advanced intensive therapy unit (ITU) care and ventilator support, extracor-
poreal membrane oxygenation (ECMO), and newer treatment regimens [15, 16].

While it has been assumed that return of disease activity, relapse, would be asso-
ciated with mortality, this has not proved the case overall as the majority of relapses 
occur in GPA and involve the upper respiratory tract [17]. Although this drives 
increased local damage, reduced quality of life, and cumulative drug exposure, it 
does not increase mortality risk. In contrast, the less frequent renal relapses are 
more important with respect to survival and end-stage renal failure risk, especially 
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as they are likely to occur in patients with previous episodes of nephritis and chronic 
kidney disease [18].

ANCA vasculitis is a relapsing disorder with around 50% relapsing by 5 years 
after diagnosis. Many factors have been associated with relapse (summarized in 
Table  16.1). The duration of immunosuppressive therapy and use of ANCA in 
relapse prediction have been the more controversial areas. Longer treatment with 
azathioprine and glucocorticoids, for 4 years from diagnosis, was associated with 
fewer relapses and a reduced rate of progression to end-stage renal disease than 
stopping maintenance therapy at 2 years [19]. However, opinion on when to with-
draw glucocorticoids has been particularly variable, a systematic review of clinical 
trials where data on glucocorticoid dosing were available has demonstrated that 
glucocorticoid withdrawal is a strong predictor of relapse [20]. Comparative studies 
have found no difference in efficacy or safety between azathioprine and methotrex-
ate when used to prevent relapse, and mycophenolate mofetil was not found to be 

Outcomes

Survival

Damage
• Disease
• Treatment
• Chronic kidney
    disease 
• Respiratory
     failure 

Disease activity
(relapse)

Malignancy

Cardiovascular and
thromboembolic

disease

Quality of life

Fertility and
pregnancy

Psychologic illness

Fig. 16.1 The dimensions of outcome in AAV
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more effective than azathioprine [21, 22]. Repeat-dose rituximab was more effec-
tive than azathioprine in the one completed maintenance trial [23].

The availability of rituximab is changing the approach to relapse management. 
Given as an induction therapy, relapse is at least as frequent as with conventional 
cyclophosphamide/azathioprine therapy, and the risk of relapse following rituximab 
was specifically highlighted in the license for AAV [24]. Approaches to managing 
this relapse risk have varied from watchful waiting to use of an oral immunosup-
pressive, or repeat-dose rituximab either following a fixed interval or guided by 
ANCA and B-cell counts [25]. Even after a 2-year course of repeat-dose rituximab, 
a relapse risk persists, although it may be lower than after a single course [26].

Multiple studies have provided evidence for and against a role of ANCA in pre-
dicting relapse [27, 28]. Many are confounded by concurrent therapy, but the per-
sistence of ANCA after induction therapy appears to predict a higher relapse risk 
and the return of ANCA after treatment withdrawal, especially after rituximab, also 
predicts relapse [29]. However, ANCA itself is not sufficiently sensitive to be a 
reliable biomarker in this setting with many relapses occurring without change in 
ANCA [26].

16.3  Survival

In a study from the 1950s, 80% of GPA patients had died without therapy, with renal 
failure being the main cause of death [1]. The introduction of cyclophosphamide 
and glucocorticoids has dramatically changed the high mortality [30]. In a survey 
of clinical trials recruited between 1995 and 2003, there was a threefold excess 
mortality, compared to a matched control population [31]. Older age, renal impair-
ment, and MPO-ANCA positivity were negative predictors for survival. Although 
not observed in this study, others have reported a higher BVAS at diagnosis as being 
associated with worse survival probably related to cardiovascular comorbidity [32, 
33]. Selection of higher risk patients in the original trials may have influenced these 
results and prevalent AAV cohorts have much better survival risk [10]. A recent 
population-based study from Southern Sweden has confirmed the high overall 

Table 16.1 Factors associated with relapse in ANCA-associated vasculitis

Factors increasing relapse risk
Clinical presentation Serology Treatment related
Diagnosis of GPA PR3-ANCA > MPO- 

ANCA
Glucocorticoid withdrawal

Ear, nose, and throat 
involvement

ANCA positive after 
induction

Immunosuppressive or rituximab 
withdrawal

Better renal function 
(creatinine < 200 μmol/l)

Rise in ANCA, in 
particular after treatment 
reduction

Lower cyclophosphamide 
exposure and 
noncyclophosphamide induction

Higher BVAS and failure to 
achieve BVAS zero

Rituximab induction
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mortality risk for AAV, but this was driven by the presence of renal, cardiovascular, 
or gastrointestinal involvement, and those without these complications had similar 
survival to the background population [12, 34, 35] (Table 16.2). These results reflect 
previous work by the French Vasculitis Study Group and their development of a 
five-factor score for survival prediction in AAV. They and others have shown that 
the presence of ear, nose, and throat involvement in GPA is associated with a lower 
risk of renal involvement; renal disease follows a milder course if it occurs and 
survival is better [36]. The Swedish study also confirmed a worse outcome with the 
MPO-ANCA subgroup. The elderly have a different pattern of organ involvement 
that confers a worse prognosis over and above their age, with more severe renal 
disease and less frequent ear, nose, and throat disease [37].

Early mortality is strongly influenced by the adverse effects of therapy. A “ther-
apy burden” tool has been developed to quantify these effects and a high score 
strongly predicts early mortality risk [38]. Other factors early in the course of dis-
ease that predict death are low GFR, cumulative cyclophosphamide exposure, and 
infection.

16.4  Renal Outcomes

About 70% of AAV patients have renal involvement and the renal outcome is depen-
dent largely on the speed with which the diagnosis is made and the serum creatinine 
at diagnosis. Those with GPA present earlier due to extrarenal disease, while those 
with renal-limited vasculitis present late, often with symptoms of renal failure. 
Furthermore, ear, nose, and throat involvement is associated with milder nephri-
tis [36]. Reductions in diagnostic delay, facilitated by ANCA testing and greater 
awareness of vasculitis, are the most important factors in the improved renal out-
comes that have been observed over the last 20 years [39]. EUVAS data from the 
1990s suggested that 20% of survivors developed end-stage renal failure, but this 
figure may have been inflated by selection criteria for the EUVAS trials [31]. A glo-
merular filtration rate of 50 ml/min split the prognosis for patient and renal survival, 
being very good for those with a higher GFR, while 50% of those below 50 ml/min 
had either died or were on dialysis for 5 years [40].

The PR3-ANCA subgroup have a better prognosis, serum creatinine is lower 
at diagnosis, the renal histology contains more acute and reversible glomeru-
lar and tubular lesions, and less fibrosis [41]. In contrast, the MPO-ANCA and 

Table 16.2 Predictive factors for end - stage renal disease

Baseline After induction therapy
Low GFR Low GFR
MPO-ANCA or ANCA negative Persisting proteinuria
“Mixed” or “sclerotic” histological 
classification

Persisting or return of hematuria

Tubulointerstitial inflammation and fibrosis Nephritis relapse
Extraglomerular arteritis Failure to achieve BVAS zero after induction
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ANCA-negative subgroups have a worse renal prognosis, the renal scarring sug-
gesting chronicity to the disease prior to diagnosis. Using inception renal biopsies 
from the EUVAS trials, a histologic score, the “Berden” score, had categorized glo-
merular involvement into four groups that correlate with the risk of renal failure 
[42]. Multiple confirmatory studies have been performed and the predictive value 
of the Berden system enhanced by inclusion of tubulointerstitial fibrosis and ANCA 
subtype [43]. Most structures within the kidney can be affected in ANCA vasculi-
tis and tubulointerstitial inflammation, T-cell tubulitis and extraglomerular vasculi-
tis have all been associated with worse renal outcomes [44]. A predictive formula 
for GFR 12 months after diagnosis has been developed based on renal histology 
and baseline GFR [45]. About 5% of AAV patients with renal involvement have 
antiglomerular basement membrane (GBM) antibodies and histologic features of 
anti- GBM disease [46]. Their renal prognosis is worse than for patients without 
anti-GBM antibodies, and many progress to end-stage renal disease [47].

Hematuria with proteinuria is almost universal at diagnosis and persists in up to 
50% after apparent disease control has been established. The level of proteinuria 
rises during the recovery phase in severe renal vasculitis and persistent proteinuria, 
especially as assessed by IgM excretion, associates with a lower long-term GFR, 
reflecting renal damage [48]. The significance of persistent hematuria is more con-
troversial with an observational study pointing to an increased risk of renal relapse, 
while a EUVAS study found no predictive value of hematuria [49]. However, the 
return of or increase in hematuria may indicate renal relapse. Patients presenting 
with impaired renal function are at lower risk of relapse, but the consequences of 
renal relapses when they occur are severe, with many progressing to end-stage renal 
failure (Table 16.3). Other factors that have been associated with worse renal out-
come include lower complement C3 levels at diagnosis and the presence of antiplas-
minogen antibodies [50, 51].

AAV patients on dialysis may continue to suffer relapses and are less tolerant to 
conventional therapies. Once transplanted, the relapse risk drops, vasculitis recur-
rence can occur in the renal allograft but is rare, less than 2% although usually 

Table 16.3 Survival predictors in ANCA-associated vasculitis

Negative survival predictors Positive survival predictors
Older age Ear, nose, and throat involvement
Low GFR < 15 ml/min Remission of disease activity, BVAS zero by 

3 months
MPO-ANCA or ANCA negative
Higher cyclophosphamide exposure
Severe infection
Higher BVAS at diagnosis
Cardiovascular or gastrointestinal 
involvement
Intensive care unit admission
Lower hemoglobin and higher white blood 
cell count
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results in loss of the graft when it occurs. Transplant patients with a history of vas-
culitis carry a higher risk of opportunistic infection, but otherwise their transplant 
outcomes are similar to those of other nondiabetic causes of renal disease [52, 53]. 
ANCA positivity at the time of transplant does not appear to influence outcome but 
has been associated with vasculopathy in the graft of uncertain significance [54].

16.5  Damage

Vasculitic inflammation can result in irreversible tissue damage and this is more 
likely to occur with relapsing disease [55]. Damage is also caused by adverse effects 
of therapy and by the development of comorbidities. The accrual of damage not 
only is a stronger mortality predictor than disease activity but also directly impacts 
on a patient’s function and quality of life. Most damage is acquired early, in the first 
6 to 12 months, but there is then a continued slower addition of damage driven by 
relapsing disease and therapy. Long-term damage in the AAVs may be associated 
with the severity of initial disease, age, number of relapses, and duration of gluco-
corticoid use [55, 56]. Children tend to have more severe disease activity, a higher 
relapse rate, and acquire more damage than adults with AAV [57].

Respiratory insufficiency can result from differing pulmonary manifestations of 
vasculitis including pulmonary fibrosis, bronchial stenosis, and chronic infection 
[58, 59]. However, lung cavities, seen in GPA, resolve with treatment and do not 
influence pulmonary outcome or survival [60]. Rarely, they can be complicated by 
aspergilloma with serious consequences [61]. Alveolar hemorrhage is potentially 
life threatening when it occurs but does not cause long-term respiratory disease 
unless it occurs on a background of preexisting fibrotic lung disease [62]. Vasculitic 
neuropathy, occurring in 20%, causes chronic morbidity due to impaired function 
and neuropathic pain, but is not associated with an increased frequency of vital 
organ damage or reduced survival [63].

The overlap between interstitial lung disease (ILD) and ANCA-associated vas-
culitis is an active topic of investigation. At least 20% of AAV patients have ILD 
at diagnosis and many ILD patients have MPO-ANCA without vasculitis [64]. 
ILD can progress regardless of therapy in AAV patients and dominates prognosis. 
Whether its course is modified by vasculitis therapy is unclear. Silicosis is asso-
ciated with MPO-ANCA vasculitis but is not the explanation for the majority of 
patients with ILD [65].

16.5.1  Treatment-Related Toxicity

In long-term follow-up, the frequency of damage items caused by treatment rivals 
that caused by the disease, with glucocorticoid-related toxicity predominating [56]. 
A glucocorticoid toxicity index has recently been developed to more accurately 
quantify these effects [3]. The impact of immunosuppression on malignancy risk 
is discussed below, but other chronic toxic effects which are uncommon include 
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cyclophosphamide-induced cardiomyopathy, azathioprine-associated hepatic cir-
rhosis, and myelodysplasia. Oral cyclophosphamide delivers a higher cyclophos-
phamide exposure and has consistently been shown to be more toxic, with more 
frequent cytopenias and infection and higher mortality risk [66].

16.6  Comorbidities

Preexisting disease may predispose to ANCA vasculitis, and overlaps occur between 
ANCA vasculitis and other autoimmune diseases (Table  16.4); in these settings, 
prognosis and outcomes will be influenced by the prior or concomitant disease.

16.6.1  Malignancy

An increase in malignancy has been consistently reported with cyclophosphamide- 
based regimens. Urothelial malignancy is dose dependent with markedly increased 
frequency after a cumulative exposure of 25  g of cyclophosphamide and over 
60-fold frequency with exposures over 100 g [67]. There are likely to be increased 
risks with lower doses, but the sample size of published studies have been too small 

Table 16.4 Comorbidities associated with the diagnosis of ANCA vasculitis or developing dur-
ing the course of ANCA vasculitis

Prior to, or at the time of, AAV onset During AAV course
Malignancy Malignancy

•  Urothelial carcinoma related to 
cyclophosphamide

• Lymphoproliferative malignancy
• Nonmelanoma skin cancer

Infection
 • Endocarditis
 • Tuberculosis
 • Chronic viral infection

Chronic or recurrent infection

Drugs
 • Penicillamine
 • Hydralazine

Immunodeficiency

Chronic lung disease (associated with 
MPO-ANCA)
 • Interstitial lung disease
 • Bronchiectasis
 • Silicosis

Cardiovascular disease
• Thromboembolic disease
• Myocardial infarction
• Stroke

Other autoimmune disease
 • Rheumatoid arthritis
 • Anti-GBM disease
 • SLE

Psychological morbidity

Other drug toxicities
• Glucocorticoid damage
• Cytopenias
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to detect an increase at cyclophosphamide doses below 15 g [68]. The increased risk 
of these malignancies increases with the length of observation highlighting the need 
to minimize cyclophosphamide exposure in the young. Bladder malignancy is much 
more common in those who have had hemorrhagic cystitis, an adverse event almost 
never seen with current intravenous dosing and hydration. Whether or not bladder 
protection exerts a useful role with current regimens is unclear. Lymphoproliferative 
malignancy is also cyclophosphamide dose dependent but may also be influenced 
by other immunosuppressives and chronic inflammation. Nonmelanoma skin cancer 
rates are elevated, both caused by nonspecific immunosuppression and azathioprine. 
An increase in other solid organ cancers has been linked to cyclophosphamide, but 
is less notable than the other malignancies [68].

Rituximab was introduced as a treatment for B-cell lymphoma and has been 
predicted to reduce malignancy rates in AAV by minimizing cyclophosphamide 
and immunosuppressive exposure and improving control of disease activity. One, 
single- center study found no increased malignancy risk in a rituximab-exposed 
AAV population whether or not they had received cyclophosphamide, but found 
a standardized incidence ratio over 3 in the group that had not received rituximab 
consistent with previous literature [69].

16.6.2  Infection

An increased susceptibility to infection results from immunosuppression and glu-
cocorticoid use, chronic damage, and microbial colonization of the respiratory tract 
[58, 70]. There is no specific pattern to the infections, with bacterial respiratory 
infections and herpes zoster being most frequent, but opportunistic infection includ-
ing Cytomegalovirus and Pneumocystis jirovecci (PJP) seen [71]. A population- 
based study examining hospitalization reports found an increased rate of fourfold 
in admissions in the AAV group compared to the background population [59]. 
Sulfamethoxazole–trimethoprim used in a PJP prophylactic dose has reduced over-
all infection rates and is advised after either cyclophosphamide or rituximab, but the 
optimal duration is uncertain [72]. A randomized trial of high-dose sulfamthoxa-
zole–trimethoprim in GPA reported lower respiratory tract relapse rates associated 
with better infection control [73].

Glucocorticoids may be the major contributor to early infective risk, there was 
no difference in infection rates between cyclophosphamide and rituximab treat-
ment groups in the RAVE trial, all patients receiving glucocorticoids, and data from 
lupus nephritis demonstrate a dose-dependent severe infection risk with glucocor-
ticoids [74, 75]. Age-adjusted dose reductions of cyclophosphamide and glucocor-
ticoids have reduced serious infection rates without compromising efficacy [76, 
77]. Cyclophosphamide-induced neutropenia confers a high risk of infection and 
infection- related death, but has become an uncommon occurrence with modern dos-
ing regimens [78]. A rare complication of rituximab is progressive multifocal leu-
koencephalopathy caused by JC virus reactivation. It can be fatal or causes chronic 
disability in survivors [79].
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Respiratory tract damage in GPA affects epithelial barrier function and normal 
host defense. Chronic infection of damaged upper respiratory tract tissues with 
Staphylococcus aureus progressively rises with disease duration and is hard to 
eradicate [80]. The normally sterile lower respiratory tract becomes colonized with 
bacteria, fungi, and viruses, with infection being more common when there is struc-
tural damage such as bronchiectasis or bronchial stenosis [81]. There is a complex 
interplay between infection, disease activity, and vasculitis therapy that can domi-
nate the management of GPA patients late in their disease course and may require 
long-term antibiotics to control.

16.6.3  Immunodeficiency

Prior to rituximab, hypogammaglobulinemia and lymphopenia were occasionally 
noted with immunosuppressive drugs, but were not perceived as a major problem 
and were potentially reversible. For unknown reasons, AAV patients are susceptible 
to sustained hypogammaglobulinemia after rituximab with 5% requiring immuno-
globulin replacement [82–85]. This does not appear to be a dose-dependent phe-
nomenon or to be dependent on prior cyclophosphamide exposure. A low IgG level 
at the time of first rituximab has been identified as a predictor for the develop-
ment of hypogammaglobulinemia [83]. Immunoglobulin replacement is effective at 
reducing infection rates in these patients and has been well tolerated. Although there 
can be considerable variability in IgG levels in a particular patient, it is unclear to 
what extent they can recover immunoglobulin production. Babies born to mothers 
who have received rituximab during pregnancy have low or no detectable B cells or 
IgM, but appear to recover by 6 months of age.

16.6.4  Cardiovascular Disease

A high rate of deep venous thrombosis and pulmonary embolism was noted in 
the WEGET study of etanercept in GPA and has been subsequently confirmed in 
the EUVAS and other datasets [6, 86]. Long-term EUVAS data reported an inci-
dence of 10%, and although more common at times of disease activity, the risk 
of these events continued during the remission period. Thrombosis at a microvas-
cular level is a component of vasculitis pathogenesis, but classical prothrombotic 
factors are normal apart from platelet counts, which can be elevated especially 
in GPA. Antiplasminogen antibodies have been associated with thrombosis in 
AAV, but this remains to be confirmed [51, 87]. The interplay between alternative 
complement pathway activation and platelet aggregation and thrombosis is an 
emerging field [88].

Myocardial infarction and stroke are also more common in AAV patients than 
the background population with an increase of 65% similar to that seen in other 
chronic inflammatory diseases [89]. Higher disease activity and not being PR3- 
ANCA positive confers an increased risk [7]. Again, the mechanism for this risk is 
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not clear and is probably not explained by transient changes in classical risk factors, 
such as hypertension, hyperlipidemia, and hyperglycemia, that occur early in the 
course of the disease. Carotid intima-media thickness is increased in AAV patients 
compared to matched controls reflecting an acceleration of atheromatous disease [7, 
90]. No interventional studies have yet reported for cardiovascular complications of 
vasculitis, but there is preliminary evidence that rituximab may be beneficial [91]. 
Both thromboprophylaxis and statin use have scientific rationale that await further 
investigation.

16.7  Quality of Life

Sequential studies of quality of life using the short form 36 (SF-36) have been 
performed in parallel with interventional drug trials [92]. They have consistently 
demonstrated depressed mental and physical functioning when the disease is active 
with recovery of mental domains to control population levels, indicating a low level 
of long-term psychological morbidity in ANCA-associated vasculitis. In contrast, 
physical domains, especially pain and vitality, remain depressed during the remis-
sion phase and are reflected by reduced physical activity. The level of depressed 
physical function is equivalent to that seen in rheumatoid arthritis and chronic kid-
ney disease and is not associated with baseline disease or demographic factors [93]. 
Depressed physical SF-36 domains at diagnosis were associated with older age and 
neurologic involvement with vasculitis, while mental domains were particularly 
influenced by pulmonary disease [94, 95].

Elevated frequency of depression and anxiety was demonstrated using the 
Hospital Anxiety and Depression Scale (HADS) in a single-center study, affect-
ing 43% and 25%, respectively [96]. Chronic pain, fatigue, neuropathy, and high 
glucocorticoid dosing were associated with these psychological symptoms [96]. 
Furthermore, depression was associated with an increase in physical symptoms and 
was more common in those with ear, nose, and throat disease [97]. Cross-sectional 
studies of prevalent AAV clinic patient populations have replicated these findings 
and have associated low physical dimension scores with C-reactive protein and 
serum albumin levels [94]. Both are nonspecific inflammatory markers, but whether 
the inflammation reflects underlying vasculitis activity, infection, or another cause is 
unclear. Fatigue is a frequently reported symptom that has been associated with inter-
rupted sleep patterns, but has otherwise not been systematically investigated [98]. A 
magnetic resonance imaging study using blood-oxygen-level- dependent (BOLD) 
signals revealed greater activation in the right thalamus, left paracentral lobule, left 
medial frontal gyrus, and right medial globus pallidus in GPA patients with fatigue 
compared to those without, suggesting a neurophysiologic basis to fatigue [99]. 
Potential contributions to fatigue include disease activity, irreversible tissue damage, 
fibromyalgia, vitamin deficiency, drug toxicity, and anemia. As some of these factors 
are modifiable, there is a direction for future research to address fatigue.

Over 25% of those employed prior to their diagnosis become long-term 
unemployed, with higher associated depression levels, fatigue, unexplained 
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symptomatology, weight gain, and demand on healthcare services [100, 101]. The 
interaction between physical and mental symptoms, employment, and healthcare 
demand requires further investigation and the involvement of specialists beyond 
internal medicine. Physical rehabilitation programs copied from other rheumatic 
diseases are currently being explored.

Generic quality-of-life tools, such as SF-36, have been of little value in dis-
criminating between treatment groups in randomized controlled trials, though have 
broadly correlated with measures of vasculitic disease activity and damage. There 
have been two exceptions: with rituximab proving superior to azathioprine in the 
MAINRITSAN trial and improvements in vitality and physical domains with ava-
copan when compared to glucocorticoids in a Phase II trial [9, 102]. A disease- 
specific patient-reported outcome, AAV-PRO, has been developed which may offer 
greater sensitivity [5]. The Health Assessment Questionnaire (HAQ) demonstrated 
greater improvement in the rituximab as compared to the azathioprine group in the 
MAINRITSAN trial of remission maintenance therapy, but this result conflicted 
with the SF-36 data, where greater improvement in the mental domains were seen 
in the azathioprine group [102].

16.8  Fertility and Pregnancy

Vasculitis activity and its therapy are potential threats to the fertility of patients with 
vasculitis. Loss of fertility is an important consequence of the disease, but the risks 
of this occurring can be considerably reduced with newer forms of treatment. As a 
chronic disease, vasculitis also causes psychosexual and relationship problems due to 
effects on self-esteem and mental well-being. Chronic kidney disease is a common 
consequence of renal vasculitis and the depressed kidney function itself affects fertil-
ity in both women and men. Primary ovarian failure is related to the total amount of 
cyclophosphamide administered and to the age of the patient. Data from lupus nephri-
tis suggest that a total cyclophosphamide exposure of 14–20 g results in infertility in 
over 50% of women aged over 32 years [103]. These risks can also be reduced by using 
short-term regimens or by intravenous pulse as opposed to daily oral administration. 
Three months of oral cyclophosphamide leads to an exposure of 9–14 g, and an equiva-
lent six-dose course of intravenous pulse cyclophosphamide, 5–7 g. Even if infertility 
is not induced, less severe ovarian damage leads to earlier menopause. Direct damage 
to the ovaries or female reproductive tract by vasculitis is rare but has occurred.

Cyclophosphamide directly affects sperm production in men, but there is more 
potential for recovery by the generation of new sperm forming cells when cyclo-
phosphamide is withdrawn. An alternative immunosuppressive used in vasculitis, 
methotrexate, also reduces sperm formation, but has a lower risk of sustained effects 
after drug withdrawal [103]. Testosterone therapy has also been used to protect the 
testes from cyclophosphamide toxicity. The testicles can be directly attacked by 
vasculitis in polyarteritis nodosa causing pain and swelling and subsequent loss of 
function, and rarely in GPA, which can also affect the prostate gland, but the effects 
on fertility are not well understood.
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Pregnancy success in AAV is influenced by the presence of organ damage, in 
particular, chronic kidney disease. Immunosuppressive drugs, including cyclophos-
phamide, mycophenolate mofetil, and methotrexate are teratogenic, especially in 
the first trimester, while rituximab in the second or third trimester depress B-cell 
and IgM levels in the newborn baby [104–106].

16.9  Health Economics

The introduction of higher cost drugs has inspired research into the health economic 
impact of AAV. A US study has revealed first year all-cause health costs in GPA 
(2013 costs) of $30,682 in those without relapse and $88,065 in those with relapse, 
which rose to $136,007 and $89,721 for the two subgroups in 24 months. Costs 
were higher for MPA patients at $56,642, reflecting worse renal disease. It was 
noted that a second hospitalization after diagnosis was a major driver of heath costs 
and occurred in 42% of patients in their first year after diagnosis and 22% of preva-
lent patients in a 12-month period. Serious adverse events were a more frequent 
cause of hospitalization than disease relapse. These data highlight the high cost of 
ANCA vasculitis and the need for safer, more effective treatments. No reliable stud-
ies have been performed of indirect health costs to the individual patient and society 
associated with their disease and employment.

16.10  Conclusions

The various aspects of outcome of vasculitis have been reviewed together with 
factors predictive of these outcomes. Knowledge of drug toxicities, such as 
cyclophosphamide- induced malignancy, has been a major incentive in the devel-
opment of newer therapies and will become a minor issue with increasing use 
of rituximab. The frequency of adverse outcomes, including death and end-stage 
renal disease, is declining due to earlier diagnosis and advances in therapy [107]. 
Unfortunately, rituximab has introduced its own long-term problem of immuno-
deficiency. Glucocorticoids are now the major modifiable cause of drug-induced 
damage, and newer targeted therapeutics, such as complement factor 5 receptor 
blockade, are being evaluated as an alternative to glucocorticoids. Rituximab 
has also been shown to be steroid sparing and the combination of rituximab with 
cyclophosphamide may permit lower glucocorticoid dosing in severe disease 
[108, 109].

Demographic variables such as age and sex have been studied, but there are little 
data on different ethnicities or geographic regions. Chinese and Japanese patients 
are more likely to be MPO-ANCA positive and have interstitial lung disease, both 
adverse predictors of survival, and one study from North Carolina found worse out-
comes in Black patients [110–112]. Genomic studies have identified associations 
with ANCA subtype, but have not otherwise explored prognosis [113]. A transcrip-
tomic study has identified an expression signature indicative of T-cell senescence 
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that associates with a reduced relapse risk. This requires confirmation and develop-
ment as a clinical tool [114].

Delayed diagnosis and disease relapse are potentially avoidable contributors to 
vasculitis-associated damage and better strategies are needed for both components. 
The multiple dimensions of ANCA vasculitis demand an expert approach to man-
agement and access to a range of specialty advice to manage organ-specific mani-
festations. The development of longer term clinical trials and registries is providing 
better data on the long-term outcomes of vasculitis.
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17.1  Introduction

A subgroup of systemic necrotizing vasculitides, antineutrophil cytoplasm antibody 
(ANCA)-associated vasculitides (AAVs), are known to have circulating ANCA in 
>30–90% of the affected patients. Granulomatosis with polyangiitis (GPA, formerly 
Wegener’s granulomatosis), eosinophilic granulomatosis with polyangiitis (EGPA, 
formerly Churg–Strauss syndrome), and microscopic polyangiitis (MPA) are AAVs 
[1]. Renal-limited vasculitis, another AAV, is a bit of a question mark, as it is a 
disease that initially affects the kidney but could then evolve to become MPA or 
GPA. All AAVs affect small-sized vessels, and ANCA are thought to play a role in 
their pathogeneses. Due to our improved understanding of AAV pathophysiological 
mechanisms and identification of their cellular and molecular targets, AAV treat-
ments are now more specific than they had been in the past.

AAV treatments, too, are now changing, with the long-standing conventional 
treatments, based on the combination of corticosteroids (CS) and immunosuppres-
sants, being challenged by biotherapies targeting cytokines or lymphocytes that are 
thought to be involved in the pathogeneses of these entities.
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17.2  General Principles

Although ANCA can be detected in GPA, EGPA, and MPA, these three AAVs are 
heterogeneous, and those differences and their specificities influence/modulate 
therapeutic options and choices. Disease severity is also a factor that should be con-
sidered in choosing the best treatment strategy. A given patient’s age and comorbidi-
ties must also be taken into account to adapt the regimen of choice. The five-factor 
score (FFS) was devised to evaluate disease prognosis and to adapt the therapeutic 
strategy accordingly, depending on the entity [2]. However, GPA treatment should 
not be modified according to the FFS: CS and an immunosuppressant or rituximab 
should systematically be prescribed for these patients. Adapting MPA and EGPA 
treatment to the FFS remains debated. Nephrologists published most MPA-patient 
series and, unsurprisingly, they had renal manifestations that should be treated with 
CS and an immunosuppressant or rituximab [3–7].

Since the discovery of ANCA, more benign MPA forms, associating, for 
instance, skin manifestations and arthralgias but no visceral manifestations, have 
been described. ANCA positivity and informative skin biopsy findings can lead to 
the diagnosis. For such cases, we were able to demonstrate that CS alone are effec-
tive and that cyclophosphamide has no added value [8]. In addition, the results of a 
recent randomized controlled trial (RCT) showed that azathioprine, combined with 
CS, could neither lower the AAV remission rate nor prevent relapses [9]. Our group 
published the only study showing that long-term relapses were more frequent in 
patients initially treated with CS alone, compared to combination therapy with an 
immunosuppressant [10].

EGPA treatment is complex. Because of its asthma and/or ear, nose, and throat 
(ENT) manifestations, which usually precede the vasculitic disease phase and reoccur 
often over the long term, even when vasculitis remission is obtained, prolonged CS 
intake is necessary. Consequently, EGPA should be treated according to the patient’s 
FFS. When FFS = 0, we recommend treating EGPA with CS alone; however, when 
FFS ≥ 1, a combined regimen with CS with immunosuppressants is required. That 
distinction remains a sticking point in international guidelines, further confounded 
by the fact that some authors cosigned recommendations for and against it [11, 12].

Vasculitis therapy also has to be adapted to the patient’s age, renal function, 
nutritional status, and comorbidities. Notably, lower CS and immunosuppressant 
doses for systemic necrotizing vasculitis patients ≥65 year old improved outcomes 
because of fewer treatment-associated adverse events (AEs) [9].

Prescribing prophylaxis against infectious complications is another important 
aspect of AAV therapy, with co-trimoxazole (or pentamidine aerosols in the case 
of sulfa drug allergies) to avoid Pneumocystis jirovecii pneumonia. Immunizations 
against seasonal flu and invasive pneumococcal infection are strongly recommended 
[11]. Although some patients suffered EGPA flares after vaccination, the benefit/
risk ratio largely favors immunization of vasculitis patients [13]. However, we are 
now wondering about vaccine efficacy in rituximab-treated patients, whose immune 
responses produce only low-titer protective antibodies, as previously shown for 
patients with rheumatoid arthritis or primary immune thrombocytopenia [14–17].
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17.3  Remission Induction Therapy

17.3.1  Corticosteroids

Prednisone or prednisolone (1  mg/kg/day) is initially prescribed to obtain AAV 
remission. When AAV is severe, intravenous (IV) pulses of methylprednisolone 
(7.5–15 mg/kg/day) can be given for 1–3 days. While expert consensus has been 
reached for the initial CS dose, experts remain divided on how long CS should be 
given or their tapering schedules. The European Vasculitis (EUVAS) group and the 
Vasculitis Clinical Research Consortium (VCRC) recommended rapid CS tapering, 
with a 25% decrement every week until week 7, at which time a CS dose ~30% of 
the initial one could be reached [12].

We demonstrated that, during induction therapy for elderly patients, prednisone 
and cyclophosphamide doses could be at least one-third lower and still achieve 
remission while limiting AEs [18]. Because CS act rapidly to control vasculitis and 
asthma flares, inducing clinical remission and eosinophilia normalization, they rep-
resent the cornerstone of EGPA treatment. However, long-term CS use is not ano-
dyne and can be responsible for many AEs, especially when dose diminution is not 
possible because of persistently uncontrolled asthma and/or ENT manifestations. 
Thus, how long treatment should last becomes more complex; it is addressed below 
in the section on maintenance therapy.

17.3.2  Immunosuppressants

17.3.2.1  Cyclophosphamide
Cyclophosphamide, either oral or IV, is the most frequently prescribed immuno-
suppressant to control severe vasculitis [19–21]. The results of different trials that 
prescribed oral or IV cyclophosphamide to obtain AAV remission were analyzed 
retrospectively and showed a trend toward more relapses in patients receiving it IV 
[22]. However, to date, no other drug has yet surpassed cyclophosphamide efficacy 
against severe vasculitides.

Authors of prospective RCTs designed to compare rituximab to cyclophospha-
mide, combined with CS to induce AAV remission, concluded that rituximab is 
not inferior but also not superior to cyclophosphamide [23, 24]. At present, physi-
cians tend to prescribe rituximab more often than cyclophosphamide to treat AAVs 
because of safety concerns associated with the latter: high doses or prolonged intake 
leading to sterility and heightened long-term cancer risk [25, 26].

The recommended cyclophosphamide dose of 0.5–0.7  g/m2 or 15  mg/kg for 
each infusion should be administered on days 0, 14, and 28, then every 3 weeks 
until remission is obtained, usually after six such doses. Oral cyclophosphamide 
(2–3   mg/kg) should be taken for 3–6 months, but it delivers a higher cumulative 
dose than IV administration. However, it is important to underscore that shortening 
the treatment duration has limited AEs, thereby making cyclophosphamide a more 
“acceptable” drug than in the past.
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17.3.2.2  Azathioprine and Methotrexate
Azathioprine is not a usual first-line therapeutic choice for AAVs, but it is indicated 
for maintenance therapy. Methotrexate’s indication is the same as that of azathio-
prine, but it has been used to induce remission of nonsevere GPA without renal 
involvement [27]. In a prospective 12-month RCT, methotrexate efficacy was com-
parable to that of oral cyclophosphamide, but its associated relapse rate was higher 
[27].

17.3.2.3  Mycophenolate Mofetil
A prospective, RCT compared mycophenolate mofetil to cyclophosphamide to 
induce AAV remission [28]. Although remission rates at 6 months were similar, 
relapses rate after azathioprine switch as remission regimen were higher within the 
group of patients who initially received mycophenolate, especially for PR3-ANCA 
AAV.

17.3.3  Intravenous Immunoglobulins and Therapeutic Plasma 
Exchanges (TPEs)

17.3.3.1  Intravenous Immunoglobulins (IVIg)
IVIg (2 g/kg/cycle) were given as remission induction therapy, alone or combined 
with other agents [29–32]. They are thought to be immunomodulating agents that 
can interact with ANCA. They are contraindicated when severe chronic kidney dis-
ease is present. Evaluated prospectively in a RCT, IVIg were shown to have only a 
transient effect and that relapses could occur. Nowadays, IVIg are mostly used dur-
ing disease flares, when the effects of other drugs are insufficient. IVIg (0.4–0.5 g/
kg/cycle) are also indicated as replacement therapy for hypogammaglobulinemic 
patients or those with severe infections. In that context, immunoglobulins can alter-
natively be injected subcutaneously.

17.3.3.2  Therapeutic Plasma Exchanges (TPEs)
TPEs were first used to treat vasculitides in the 1970s. A benefit was shown for two 
small series of patients with rapidly progressive crescentic glomerulonephritis [33, 
34]. The first RCTs, designed to treat all vasculitis forms, failed to demonstrate any 
improved survival advantage [35]. TPE adjunction to CS and cyclophosphamide 
for severe vasculitides yielded similar results [31]. However, more recently, TPE 
efficacy was demonstrated in patients with severe renal insufficiency (creatinin-
emia >500 μmol/L) among a homogeneous subgroup of an AAV population. The 
results showed that when TPEs were added to oral cyclophosphamide and CS in a 
prospective RCT, that combination was superior to the arm with pulse methylpred-
nisolone given to counter the severity of renal impairment [36]. However, again, 
no survival benefit was obtained. The new ongoing PEXIVAS trial was designed to 
evaluate TPEs, first as a CS-sparing agent, and second, for less severely ill patients, 
that is, AAV patients with creatininemia clearance <50 mL/min and intraalveolar 
hemorrhage.
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17.4  Targeted Drugs (Biotherapies)

17.4.1  Antitumor Necrosis Factor-Alpha (Anti-TNFα)

The anti-TNFα molecules, infliximab, a chimeric anti-TNFα monoclonal anti-
body, and etanercept, which blocks the TNF receptor, have been used to treat AAV 
patients. Infliximab combined with conventional therapy was shown to be effec-
tive in an open study: 88% of the patients with acute or persistently active AAVs 
entered clinical remission [37]. Our group’s retrospective evaluation of infliximab 
in 15 patients with refractory/relapsing systemic necrotizing vasculitides [38] con-
firmed its only short-term efficacy, with most patients relapsing. The efficacy of 
etanercept, also combined with conventional cyclophosphamide or methotrexate 
induction for limited disease, was tested to treat AAVs in the WGET trial: it failed 
to prevent relapses compared to placebo [39]. More importantly, some severe AEs 
occurred. Pertinently, etanercept’s lack of activity against granulomatous diseases 
could explain, at least partially, its poor efficacy against AAVs. In our opinion, 
although infliximab or etanercept might have some indication for potential use, 
neither should be considered first-line induction or maintenance choices for AAV 
patients.

17.4.2  Rituximab

This chimeric anti-CD20 IgG1 mouse–human monoclonal antibody, which 
selectively depletes mature and memory B cells, is now considered one of 
the best first- line remission induction agents for AAVs, vying for the place 
long held by cyclophosphamide. Rituximab (MabThera® or Rituxan®) induces 
B-cell apoptosis, and hence, theoretically abrogates autoreactive antibody pro-
duction, thereby explaining its reported activity against various autoimmune 
disorders. However, the specific mechanisms underlying rituximab efficacy in 
autoimmune disorders remains poorly elucidated. In light of the pleiotropic 
functions of B cells, therapies targeting them might also exert their efficacy 
by preventing antigen presentation, T-cell activation, or cytokine production 
[40].

Rituximab noninferiority to cyclophosphamide as an AAV remission induction 
agent is clearly established. According to the results of the RAVE trial, which com-
pared oral cyclophosphamide to rituximab for induction, respective remission rates 
at 6 months were 64% and 53% (statistically not significant) [23]. Consequently, 
rituximab has revolutionized the standard of care for AAVs and is now recom-
mended as first-line therapy for many GPA and MPA patients [12]. The European 
Medicines Agency (EMA) and the American Food and Drug Administration (FDA) 
licenses recommend infusing 375 mg/m2 body surface area once a week for 4 weeks 
to induce remission. Empirically, doubling the dose every fortnight (i.e., 1000 mg 
on days 1 and 15) was advanced; despite having apparently been as effective in a 
retrospective study, it remains to be fully evaluated [41]. Rituximab’s most frequent 
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AEs are allergic reactions during infusion, infections, and a trend toward lower IgG 
levels, mainly IgM. Although low immunoglobulin levels can persist for several 
months or even years, for most patients, such eventualities are not associated with 
more infections, but some opportunistic infections were reported, including pro-
gressive multifocal leukoencephalopathy.

17.4.3  Abatacept

Abatacept limits T-cell activation by blocking the binding of the costimulatory CD28 
receptor to its ligand. Therefore, it might have some activity on the pathophysiologi-
cal mechanisms attributed to AAV onset. So far, only small series of patients with 
nonsevere relapsing AAVs have been treated with abatacept [42]. To the best of our 
knowledge, it has not been used to treat severe or refractory AAVs and its long-term 
impact obviously remains unknown.

17.4.4  EGPA-Specific Agents

Because of EGPA specificities and rarity, most patients with that vasculitis were not 
enrolled in trials testing remission induction regimens with new targeted biothera-
pies. However, some experience has been obtained with drugs devoted exclusively 
to treating EGPA, for example, interferon-alpha, omalizumab, and mepolizumab.

17.4.4.1  Interferon-Alpha (IFNα)
In vitro, IFNα blocks interleukin (IL)-5 secretion and tempers the skewed Th2 
profile, characteristic of EGPA pathophysiology, and therefore, might be able to 
downgrade eosinophilia in blood and tissues. IFNα was used to treat a series of 
four patients and in prospective open-label studies [43, 44], and an uncontrolled 
retrospective analysis of 30 patients followed for at least 2 years [45]. Despite some 
reported remission induction success, high relapse rates and numerous AEs (e.g., 
depression and neuropathy) were observed during long-term follow-up. The EGPA 
Consensus Task Force recommended using IFNα only as second- or third-line ther-
apy to treat relapsing/resistant EGPA [11].

17.4.4.2  Omalizumab (Anti-IgE)
Omalizumab (Xolair®), an IgG monoclonal antibody that targets free IgE in blood, 
blocks the allergic cascade [46]. It is injected subcutaneously every 2 or 4 weeks, 
with its dose calculated based on the patient’s weight and total plasma IgE levels.

Omalizumab has documented efficacy against allergic asthma. That activity led 
to the hypothesis that it might be beneficial for EGPA patients, especially those 
whose asthma is severe. However, omalizumab was initiated to treat EGPA with 
CS-dependent asthma and hypereosinophilia, rarely for ENT or nonsevere vasculi-
tis manifestations, so experience with this agent is essentially based on case reports 
[47–54]. Although omalizumab indeed controlled most patients’ asthma symptoms, 
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some of them suffered severe asthma exacerbations while taking it [47]. Overall, 
omalizumab was well tolerated, but EGPA flares were observed in three patients 
[47, 51]. Although omalizumab was prescribed to treat isolated asthma in at least 
10 patients who later developed EGPA [55–58], it remains unclear whether the lat-
ter is directly attributable to omalizumab or an indirect unmasking of previously 
unknown EGPA as a consequence of CS weaning. At present, omalizumab’s place 
in the treatment of EGPA is not known but seems likely to be limited to controlling 
severe CS-dependent asthma.

17.4.4.3  Mepolizumab (Anti-IL-5)
Mepolizumab (Nucala®) is an IgG1 monoclonal antibody that binds free IL-5, 
which is a major cytokine regulating eosinophil homeostasis [59]. By inhibiting 
IL-5 functions, it was able to prevent activation, recruitment, and tissue accumula-
tion of eosinophils in asthma patients, and diminish blood and sputum eosinophilia 
[60]. Approval has been accorded to use mepolizumab as an add-on therapy for the 
management of severe eosinophilic asthma [61].

Mepolizumab was first tested to induce EGPA remission in small patient 
series [62–65]. Promising results were obtained, with mepolizumab making 
it possible to quickly taper CS and control systemic EGPA manifestations. 
Moreover, the results of a large RCT validated mepolizumab’s indication to 
control EGPA, primarily its asthma manifestations [66]. In that trial, uncon-
trolled EGPA patients who had received conventional therapy for a median of 
5 years were then randomized to receive mepolizumab (300 mg injected subcu-
taneously once a month) or placebo. One year later, significantly more mepoli-
zumab-treated patients were in remission and relapse free, when asthma/ENT 
and vasculitis features were considered together, and without active vasculitis 
for the overwhelming majority of patients. Overall, mepolizumab was able to 
lower relapse rates by 50% without severe AEs. As a consequence, patients in the 
mepolizumab arm could have their CS doses tapered. Even though the results of 
that study suggested that anti-IL-5 was potentially beneficial for EGPA patients, 
mepolizumab’s place remains to be determined, notably in terms of vasculitis 
manifestations and the most severe forms of the disease which were not clearly 
assessed by that study’s design. Our group will conduct a prospective RCT, test-
ing CS and anti-IL-5 therapy or cyclophosphamide to induce EGPA remission 
(French protocol PHRCN-17-0415).

17.4.4.4  Rituximab
Information on rituximab’s clinical impact on EGPA is only available from low- 
evidence- based, open-label studies and case reports [67–71]. The main findings of 
those studies indicated potential advantages, especially for ANCA-positive patients 
with severe refractory/relapsing EGPA.  An ongoing French prospective study is 
comparing rituximab to immunosuppressants, both combined with CS. Hopefully, 
its results will contribute to more clearly discerning rituximab’s indications in treat-
ment of EGPA and possibly help identify patient characteristics suggesting who 
would benefit the most from its use.
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17.5  Maintenance Therapies

We have known for a long time, at least several decades, that prolongation of AAV 
remission induction therapy is essential to sustain remissions and prevent relapses. 
However, the real need for maintenance therapy was challenged by the RAVE trial 
strategy of withholding treatment until relapse after rituximab-induced remission 
[23, 72]. Below, we detail different therapeutic options for maintenance, which are 
mainly dependent on the induction regimen used.

17.5.1  The Conventional Approach

Knowing that 4–5  years postremission onset 40–50% of AAVs relapse, several 
preventive therapeutic options can be prescribed. Historically, a successful oral 
cyclophosphamide and CS induction regimen led to gradual CS tapering and total 
withdrawal, achieved after approximately 2 years. However, that strategy is now 
considered unacceptable because of its short-term (infections) and long-term (steril-
ity and malignancies) severe AEs.

The CYCAZAREM trial [73] compared oral cyclophosphamide maintenance 
regimens for 3 or 12 months, then relayed by azathioprine: the two arms had compa-
rable survival and relapse rates. Based on those findings, it is clear that the “lighter” 
regimen to sustain remission was as effective as the “heavier” one.

Various molecules, for example, azathioprine, methotrexate, or mycophenolate 
mofetil, have been used to maintain AAV remissions. Azathioprine was compared to 
methotrexate to maintain remissions induced with conventional CS and pulse cyclo-
phosphamide in an RCT; after a mean follow-up of 29 months, respective relapse 
rates were 36% versus 33% [74]. It should be noted that almost three quarters of 
those relapses were observed after azathioprine and methotrexate had been stopped, 
with 15.1 versus 13.6 relapses/100 patient-years, respectively.

The abilities of azathioprine and mycophenolate mofetil to prevent relapses were 
also compared. Based on the results of a prospective RCT [75] demonstrating azathio-
prine superiority to mycophenolate mofetil, the authors concluded that mycophenolate 
mofetil should not be considered a first-choice therapeutic to sustain AAV remission.

AAV remission maintenance has unquestionably been revolutionized by the 
advent of rituximab. With 5% versus 28% relapse rates at the month 28 endpoint, 
MAINRITSAN trial results demonstrated rituximab superiority over azathioprine 
[76], respectively. Although those rates were further confirmed by the difference 
between arms after 60  months follow-up [77], relapses still occurred, usually 
18–24 months after the last rituximab infusion.

17.5.2  Sustaining Rituximab-Induced Remission

The RAVE trial [23] prospectively compared two arms: CS and oral cyclophos-
phamide remission induction regimen for 3–6  months, then azathioprine, or CS 
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and rituximab (375  mg/m2/week for 4 consecutive weeks) for an additional 
12–15 months, then placebo. Month 18 relapse rates were comparable for the two 
arms. Sustained complete remissions at 12 and 18 months, respectively, had been 
obtained by 39% and 33% of the patients receiving cyclophosphamide–azathio-
prine versus 48% and 39% of those given rituximab–placebo. Based on those obser-
vations, after rituximab induction, azathioprine does not contribute to sustaining 
remission. But, because very high relapse rates were still seen in both arms, the 
search for an effective remission maintenance regimen is not yet over.

The MAINRITSAN trial results support the notion of using low-dose rituximab 
infusions every 6 months for 18 months to sustain remission as more reasonable 
than no treatment [76]. In that prospective RCT, 500 mg of rituximab were infused 
every 6 months for 18 months. The first infusion was given 3–4 weeks after ter-
minating the cyclophosphamide and CS induction therapy regimen, the second 
was given 2 weeks later, then every 6 months. When follow-up ended 28 months 
postrandomization and 10 months after the final rituximab infusion, relapses had 
been noted in 5% of rituximab recipients versus 28% of azathioprine arm patients. 
Those patients were then monitored for an additional 60 months: despite relapses 
in both arms, rituximab remained superior to azathioprine to sustain remissions. At 
the end of the trial, the protocol stipulated that no further treatment would be given. 
Although rituximab superiority at sustaining remission was demonstrated, ritux-
imab did not cure AAVs because relapses could occur during the months or years 
after its final scheduled infusion.

Those findings lead us to pose two questions now: (1) Should patients be given 
additional rituximab infusions, perhaps at an even lower dose, after 18 months? (2) 
Could azathioprine help maintain remission?

We are hopeful that our ongoing MAINRITSAN-3 trial will provide at least a 
partial response to the first question, as it compares, postrandomization, four addi-
tional 500 mg rituximab infusions at 6-month intervals to placebo, for patients who 
had received rituximab infusion(s) (every 6 months or as needed based on trimes-
trial laboratory results: ANCA titer or reappearance and/or plasma CD19+ B-cell 
reconstitution) during 18 months. It can readily be envisaged that prognostic factors 
and predictors of relapses will be used to determine how long treatment(s) should 
be administered in the not too distant future.

Concerning the second question of using azathioprine to maintain remission, 
RAVE trial results demonstrated that azathioprine was not better than placebo, and 
those of the MAINRITSAN trial demonstrated rituximab superiority over azathio-
prine. Combining those outcomes, we would like to advance that, despite prospec-
tive trial observations indicating that 48 months of azathioprine led to fewer relapses, 
its impact on relapse occurrence is limited [78]. However, because azathioprine’s 
ability to maintain remission is poorer than that of rituximab, azathioprine seems to 
afford little benefit as a maintenance therapy. Moreover, that conclusion can prob-
ably be extended to methotrexate and mycophenolate mofetil, despite the absence 
of prospective trials testing them. Some vasculitis specialists prefer, once rituximab 
has induced remission, waiting for relapse to occur before represcribing drugs. In 
light of the potential severity of new manifestation(s) and possible sequelae (renal 
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function, for example) that cannot be predicted, we feel uncomfortable applying 
that approach. In our opinion, relapse prevention with sequential rituximab infu-
sions is preferential.

17.5.3  Predicting Relapses

The results of different prospective studies indicated that it is more or less pos-
sible to predict relapses and, consequently, to modulate maintenance treatment 
accordingly. ANCA are predictors of relapses [23, 77]. Patients with antimyeloper-
oxidase (MPO)-ANCA relapse less frequently than those antiproteinase-3 (PR3)-
ANCA positive, who are at high risk of relapse. Based on our long-term analysis of 
MAINRITSAN trial data showing that, in addition to PR3-ANCA positivity or neg-
ativity at diagnosis, patients who were still PR3-ANCA positive 1 year after starting 
maintenance therapy relapsed more frequently than those who became ANCA nega-
tive by that time [77]. ANCA reappearance is also predictive of relapses or AAV 
flares. The results of one of our prospective trials, designed to evaluate the ability of 
ANCA titer/reappearance and/or CD19+ B-cell detection or not to predict relapses, 
indicated those parameters made it possible to adapt when to reinfuse rituximab 
and meant that AAV patients in remission received fewer rituximab doses (3 infu-
sions [i.e., 1500 mg] vs. 5 [i.e., 2500 mg]) [79]. Moreover, those findings, unlike 
previously reported observations, indicated that ANCA parameters alone could not 
reliably predict relapses.

17.5.4  Adapting the Therapeutic Regimen to Disease Severity

In the 1970s, vasculitis outcomes were quite dismal, with only about 10% sur-
vival without treatment, but that rate rose to 50% for patients given CS alone [80]. 
Survival further improved significantly with the adjunction of cyclophosphamide to 
CS [19]. Although the new biotherapies have dramatically improved treatment effi-
cacy, it cannot be forgotten that conventional regimens markedly improved survival. 
And with experience and the results of prospective therapeutic trials, we are now 
able to use those drugs more safely and prudently, sometimes in combination and 
even devise individually tailored regimen strategies. However, treatment guidelines 
for severe vasculitides are still lacking because most prospective trials excluded 
patients with the most severe manifestations.

17.5.4.1  Definitions of Severe and/or Refractory Vasculitis
Life-threatening symptoms or visceral involvement that affect organ function are 
the hallmarks of severe vasculitis, as previously reported and confirmed by disease 
severity scores [2, 81, 82]. Although persistent repercussions of those manifesta-
tions are not always foreseeable and sometimes cannot be prevented, organ involve-
ment at disease onset must be treated rapidly.
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Vasculitis unresponsive to therapy is an evolving concept. When, in 1979, Fauci 
et al. [19] demonstrated that cyclophosphamide could control vasculitides, the dis-
eases had been considered unresponsive to that era’s “gold standard” treatment. 
Even though progressive improvement of therapeutic strategies over time effec-
tively lowered the number of vasculitides unresponsive to treatments, refractory 
forms did not completely disappear. For those hard-to-treat cases, new treatment 
approaches, like newly available therapeutic agents or drug combinations, should 
be assessed. Refractory AAV is not necessarily the same thing as severe vasculitis. 
The chronicity of GPA patients’ symptoms is well-known, especially those affect-
ing ENT organs and/or the upper respiratory tract. Although not always severe, 
those clinical manifestations, for example, facial tissue necrosis, should be viewed 
as progressively destructive, chronic, and unfortunately unresponsive to conven-
tional regimens.

17.5.4.2  What Treatment Options?
For severe AAVs or those failing to respond to conventional drugs, we usu-
ally increase the CS dose until control is obtained and that dose is continued for 
2–3 weeks, before attempting to taper it again. However, when AAV is severe, more 
than CS alone are required, and we prescribe at least a combination of CS and one 
of several available cytotoxic agents. Cyclophosphamide is the standard cytotoxic 
agent, par excellence. Historically, we administered IV cyclophosphamide (0.5–
0.7  g/m2, every 2–3  weeks) and recommended treating nonresponders with oral 
cyclophosphamide (2 mg/kg/day). However, since the advent of rituximab, recourse 
to oral cyclophosphamide is usually reserved only to treat disease unresponsive to 
IV cyclophosphamide and rituximab [23].

To control AAV unresponsive to combined CS and cyclophosphamide, other 
drugs can be prescribed.

Because mycophenolate mofetil was found to be noninferior to cyclophospha-
mide at 6 months for newly diagnosed AAV [28], it is highly unlikely that mycophe-
nolate mofetil could be potent enough to induce remission of severe or refractory 
AAV. Methotrexate might be a possible treatment option for some predominantly 
granulomatous nonrenal forms of GPA [27].

In fact, most AAVs unresponsive to conventional regimens do indeed respond 
to rituximab and that biotherapeutic product can again be active against relapses. 
But how should we treat the most severe AAV forms that have not yet been rec-
ognized as rituximab targets by prospective trials? Based on our clinical experi-
ence, those severely ill patients can also be given rituximab but it may take longer 
to obtain a clinical response. When kidney failure and/or alveolar hemorrhage are 
signs of severe AAV, adding high CS doses and TPEs might tide things over until 
the response to rituximab kicks in. But that therapeutic strategy remains theoretical 
and unconfirmed by prospective trials or large case studies.

For localized and more granulomatous manifestations (e.g., orbital mass, sub-
glottic or tracheal stenoses) of unresponsive AAVs, no therapeutic regimen has yet 
been codified. For AAVs not responding to immunosuppressants and rituximab 
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(independent of the order of administration), other therapeutic approaches, drugs, 
and/or local interventions for tracheal manifestations (e.g., dilatation, stents, local 
injections of CS, or immunosuppressants) should be considered. Experimental 
approaches could include drug combinations. Radiotherapy for orbital mass is not 
effective and enucleation was sometimes considered for refractory disease.

Patients with refractory EGPA, despite ongoing immunosuppressant use, pre-
dominantly have refractory asthma that requires high-dose CS. Nowadays, a new 
strategy could be the adjunction of IL-5-targeting therapies, shown in a prospective 
trial to effectively obtain CS dose reduction and prevent relapses [66].
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