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Preface

The term “vasculitis” describes an inflammatory process that involves the blood vessels and
contributes to vascular damage. Autoimmunity, infections, drugs, and malignancies have
been considered among potential etio-pathogenic factors. In vasculitis, the inflammation
might develop in either a systemic or organ-specific form and might exist as an independent
pathology usually defined as “primary vasculitis” or as a presentation of an existing pri‐
mary pathology, that is, “secondary vasculitis”.

Owing to the heterogeneous patterns of vascular involvement, most importantly the vessel
size, the organ/organs affected, and the nature of the inflammatory process, the clinical clas‐
sification of vasculitis is a major challenge. In 1994, the Chapel Hill Consensus Conference
designed a classification based on the vessel size; however, the proposed classification
wasn’t enough to provide sufficient differential diagnostic outlines in real-life practice.

In 2012, the Chapel Hill Consensus Conference revised the 1994 classification towards a
more precise sorting of vasculitis that is relevant to clinical practice. In their classification,
the panel provided a more practical approach considering different aetiologies that might
contribute to the pathology, the nature of the pathology, and the vessel size. Interestingly,
the classification introduced new terms based on clinical evidence and these terms included
variable vessel vasculitis, single organ vasculitis, and vasculitis due to possible aetiologies.

The identification, classification, and management of vasculitis in specific clinical situations
are the focus of this book, including an update on proposed therapeutic strategies in an evi‐
dence-based approach.
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Kareem—thank you for everything you have done to make this possible. I wish to make you
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1. Introduction

The nomenclature “Vasculitis” is a pathologic term that refers to an inflammatory process 
affecting a vessel wall, the inflammation leads to fibrinoid necrosis and vessel wall damage. 
The inflammatory process takes place in either isolate or mixed forms synchronously or 
sequentially with interruption of the blood flow to vital tissues giving protean presentations. 
It is the territorial and developmental characteristics of the vessels that determine the patterns 
and the after comings of the pathology. The etiology of the disease remains largely unex-
plored. On the one hand, when vessel inflammation exists as an independent pathology, it is 
usually classified as primary vasculitis; on the other hand, if vessel inflammation develops as 
a part of an existing primary pathology, it is classified as secondary vasculitis. An evidence-
based approach to the classification of vasculitis has been challenged by the uniquely hetero-
geneous pattern of the inflammatory process, the confusing serology, non-uniform response 
to therapy, and poorly identified prognostic markers [1].

In 1994, the Chapel Hill Consensus Conference designed a nomenclature classification of 
vasculitis based on the size of the affected vessel [2, 3]. Clinical and research evidences 
have proven that considering vessel caliber as the sole determining factor for a multiplic-
ity of heterogeneous consequences seems a rather simple hypothesis for a more complex 
pathology. The disappearance of specific clinic-pathologic variants of vasculitis that are 
commonly encountered in practice was one important shortcoming of the 1994 classifica-
tion. With advancing research and disclosure of a number of potential developmental 
and pathogenic interplayers provided an in-depth understanding of the disease. Scientific 
research illustrated that the vascular developmental patterns and the territorial distribu-
tion are major determinants of vessel wall reactivity to inflammation, endothelial antigenic 
cross talks, and response to inflammatory mediators. Vascular beds in different organs vary 

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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with respect to organ function in multiple aspects including morphology and function of 
the endothelial cells, intercellular junctions, the subendothelial matrix, the types of matrix 
components (including collagens, laminins, nidogens, fibronectin, vitronectin, and fibrillins), 
membrane proteins (adhesion molecules and Toll-like receptors—TLRs), and the pericytes 
that surround the endothelial cells. Such variations influence cell proliferation, migration, 
differentiation, transvascular passage of solutes and cellular diapedesis, chemotaxis, and tis-
sue injury-response patterns. Microvascular diversities have been even seen within the same 
organ with the kidney featuring one good model [1–4].

In 2012, the Chapel Hill Consensus Conference went for revision of the 1994 classification 
to provide more precise classification of vasculitis with illustration of the different forms of 
vasculitis encountered in practice considering the nature of the pathology, the vessel size, and 
the etiology [5] Figure 1.

Definitions for vasculitides adopted by the 2012 International Chapel Hill Consensus 
Conference on the Nomenclature of Vasculitides (CHCC2012) [5, 6]:

I. Large-vessel vasculitis (LVV): vasculitis predominantly affecting large arteries (the aorta 
and its major branches); however, any size may be affected. It includes two main subtypes:

a. Takayasu arteritis (TAK): granulomatous arteritis affecting the aorta and/or its major 
branches in patients younger than 50 years. The consensus retained the eponym 
“Takayasu” against the proposed non-eponymous term “early onset granulomatous 
aortitis/arteritis” being more effective than any alternative.

b. Giant cell arteritis (GCA): granulomatous arteritis, usually affecting the aorta and/or 
its major branches, with a higher predilection for the branches of the carotid and 
vertebral arteries usually in patients older than 50 years and commonly associated 
with polymyalgia rheumatic. The disease often involves the temporal artery with the 
term “temporal arteritis” being commonly in use; however, not all patients with GCA 
have temporal artery involvement.

II. Medium-vessel vasculitis (MVV): vasculitis predominantly affecting medium-sized arter-
ies defined as the main visceral arteries and their branches, and any size artery may be 
affected by the pathology. Inflammatory aneurysmal dilatations and arterial narrowing 
are common.

a. Polyarteritis nodosa (PAN): necrotizing arteritis of the medium or small arteries or 
vasculitis in arterioles, capillaries, or venules, not associated with antineutrophil cyto-
plasmic antibodies (ANCAs).

b. Kawasaki disease (KD): arteritis involving the medium- and small-sized arteries. The 
disease occurs in infants and young children presenting with mucocutaneous lymph 
node syndrome. Coronary arteritis remains a hallmark being frequently involved, 
while the aorta and large arteries may get involved.

III. Small-vessel vasculitis (SVV): vasculitis predominantly affecting small vessels defined as 
small intraparenchymal arteries, arterioles, capillaries, and venules. Similarly, medium 
arteries and veins may be affected.

Vasculitis In Practice-An Update on Special Situations-Clinical and Therapeutic Considerations4

a. ANCA-associated vasculitis (AAV): necrotizing vasculitis, with few or no immune 
deposit, that is, pauci-immune necrotizing vasculitis, predominantly affecting the 
small vessels (i.e., capillaries, venules, arterioles, and small arteries), usually associ-
ated with antibodies to myeloperoxidase (MPO) or proteinase 3 (PR3) classified as 
either MPO-ANCA or PR3-ANCA, although not all the patients with this form of 
necrotizing vasculitis are ANCA positive.

Figure 1. The 2012 Update of the Chapel Hill Consensus Conference on the Nomenclature and Classification of 
Vasculitides.

Introductory Chapter: Vasculitis
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1. Microscopic polyangiitis (MPA): necrotizing vasculitis, with few or no immune 
deposits, predominantly affecting small vessels (i.e., capillaries, venules, or arte-
rioles). Necrotizing pauci-immune arteritis involving small- and medium-sized 
arteries and necrotizing glomerulonephritis and pulmonary capillaritis are fre-
quent presentations, while granulomatous inflammation is absent.

2. Granulomatosis with polyangiitis (Wegener’s) (GPA): necrotizing granulomatous 
vasculitis affecting predominantly from small to medium vessels (e.g., capillar-
ies, venules, arterioles, arteries, and veins) usually involving the upper and lower 
respiratory tract. Necrotizing glomerulonephritis is common.

3. Eosinophilic granulomatosis with polyangiitis (Churg-Strauss) (EGPA): EGPA is an 
eosinophil-rich necrotizing granulomatous inflammation predominantly affecting 
from small to medium vessels often involving the respiratory tract and associated 
with asthma and eosinophilia. Nasal polyps are common. ANCA is more frequent 
when glomerulonephritis is present. The eponym “Churg-Strauss syndrome” was 
replaced by “EGPA” in part to achieve nomenclature symmetry with MPA and GPA.

b. Immune complex vasculitis: vasculitis predominantly affecting small vessels (i.e., capil-
laries, venules, arterioles, and small arteries) with moderate to marked immune com-
plex deposits within vessel wall. Glomerulonephritis is frequent.

c. Anti-glomerular basement membrane (anti-GBM) disease: vasculitis affecting glomerular 
capillaries, pulmonary capillaries, or both, with GBM deposition of anti-GBM autoanti-
bodies. Lung involvement causes pulmonary hemorrhage, and renal involvement causes 
glomerulonephritis with necrosis and crescents.

d. Cryoglobulinemic vasculitis (CV): vasculitis with immune deposits affecting small ves-
sels (predominantly capillaries, venules, or arterioles) and associated with circulating 
cryoglobulins. Skin, glomeruli, and peripheral nerves are often involved.

e. IgA vasculitis (Henoch-Schönlein) (IgAV): vasculitis, with IgA1-dominant immune 
deposits, affecting small vessels (predominantly capillaries, venules, or arterioles). 
Skin, gastrointestinal tract, and joints are frequently involved. Glomerulonephritis 
indistinguishable from IgA nephropathy may occur.

f. Hypocomplementemic urticarial vasculitis (HUV) (anti-C1q vasculitis): vasculitis affecting 
small vessels (i.e., capillaries, venules, or arterioles) manifesting by urticaria and associ-
ated with hypocomplementemia and anti-C1q antibodies. Glomerulonephritis, arthri-
tis, obstructive pulmonary disease, and ocular inflammation are common presentations.

IV. Variable vessel vasculitis (VVV): a form of vasculitis that can affect vessels of any size (small, 
medium, and large) and type (arteries, veins, and capillaries).

a. Behcet’s disease (BD): vasculitis that can affect arteries or veins of variable calibers, 
characterized by recurrent oral and/or genital aphthous ulcers and accompanied by 
cutaneous, ocular, articular, gastrointestinal, and/or central nervous system inflamma-
tory lesions. Small vessel vasculitis, thromboangiitis, thrombosis, arteritis, and arterial 
aneurysms may occur.

Vasculitis In Practice-An Update on Special Situations-Clinical and Therapeutic Considerations6

b. Cogan’s syndrome (CS): Cogan’s syndrome is a form of vasculitis that can affect vessels 
of variable sizes. The disease leads to arteritis (affecting small, medium, or large arter-
ies), aortitis, aortic aneurysms, and aortic and mitral valvulitis. Clinically presents by 
ocular inflammatory lesions, including interstitial keratitis, uveitis, and episcleritis, 
and inner ear disease, including sensorineural hearing loss and vestibular dysfunction.

V. Single-organ vasculitis (SOV): vasculitis in arteries or veins of any size in a single organ 
that has no features that indicate that it is a limited expression of a systemic vasculitis. 
Vasculitis may be unifocal or multifocal/diffuse within the same organ. Usually defined 
in terms of the involved organ and vessel type, for example, cutaneous small vessel vas-
culitis, testicular arteritis, and central nervous system vasculitis. Some patients originally 
diagnosed as SOV may develop additional disease manifestations that warrant redefin-
ing the case as one of the systemic vasculitides, for example, cutaneous arteritis later 
becoming systemic polyarteritis nodosa, and so on.

VI. Vasculitis associated with systemic disease: vasculitis that is associated with and/or may be 
secondary to a systemic disease. The diagnosis should specify the systemic disease, for 
example, rheumatoid vasculitis, lupus vasculitis, and so on.

VII. Vasculitis associated with probable etiology: vasculitis that is associated with a probable specific 
etiology, for example, hydralazine-associated microscopic polyangiitis, hepatitis B virus-
associated vasculitis, hepatitis C virus-associated cryoglobulinemic vasculitis, and so on.

In this book, the authors will provide and discuss an update on specific clinic-pathologic 
(Figure 2) subtypes of vasculitis including the pauci-immune vasculitis and immune 

Figure 2. Algorithm for approaching diagnosis in vasculitis.
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cryoglobulins. Skin, glomeruli, and peripheral nerves are often involved.

e. IgA vasculitis (Henoch-Schönlein) (IgAV): vasculitis, with IgA1-dominant immune 
deposits, affecting small vessels (predominantly capillaries, venules, or arterioles). 
Skin, gastrointestinal tract, and joints are frequently involved. Glomerulonephritis 
indistinguishable from IgA nephropathy may occur.

f. Hypocomplementemic urticarial vasculitis (HUV) (anti-C1q vasculitis): vasculitis affecting 
small vessels (i.e., capillaries, venules, or arterioles) manifesting by urticaria and associ-
ated with hypocomplementemia and anti-C1q antibodies. Glomerulonephritis, arthri-
tis, obstructive pulmonary disease, and ocular inflammation are common presentations.

IV. Variable vessel vasculitis (VVV): a form of vasculitis that can affect vessels of any size (small, 
medium, and large) and type (arteries, veins, and capillaries).

a. Behcet’s disease (BD): vasculitis that can affect arteries or veins of variable calibers, 
characterized by recurrent oral and/or genital aphthous ulcers and accompanied by 
cutaneous, ocular, articular, gastrointestinal, and/or central nervous system inflamma-
tory lesions. Small vessel vasculitis, thromboangiitis, thrombosis, arteritis, and arterial 
aneurysms may occur.
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b. Cogan’s syndrome (CS): Cogan’s syndrome is a form of vasculitis that can affect vessels 
of variable sizes. The disease leads to arteritis (affecting small, medium, or large arter-
ies), aortitis, aortic aneurysms, and aortic and mitral valvulitis. Clinically presents by 
ocular inflammatory lesions, including interstitial keratitis, uveitis, and episcleritis, 
and inner ear disease, including sensorineural hearing loss and vestibular dysfunction.

V. Single-organ vasculitis (SOV): vasculitis in arteries or veins of any size in a single organ 
that has no features that indicate that it is a limited expression of a systemic vasculitis. 
Vasculitis may be unifocal or multifocal/diffuse within the same organ. Usually defined 
in terms of the involved organ and vessel type, for example, cutaneous small vessel vas-
culitis, testicular arteritis, and central nervous system vasculitis. Some patients originally 
diagnosed as SOV may develop additional disease manifestations that warrant redefin-
ing the case as one of the systemic vasculitides, for example, cutaneous arteritis later 
becoming systemic polyarteritis nodosa, and so on.

VI. Vasculitis associated with systemic disease: vasculitis that is associated with and/or may be 
secondary to a systemic disease. The diagnosis should specify the systemic disease, for 
example, rheumatoid vasculitis, lupus vasculitis, and so on.

VII. Vasculitis associated with probable etiology: vasculitis that is associated with a probable specific 
etiology, for example, hydralazine-associated microscopic polyangiitis, hepatitis B virus-
associated vasculitis, hepatitis C virus-associated cryoglobulinemic vasculitis, and so on.

In this book, the authors will provide and discuss an update on specific clinic-pathologic 
(Figure 2) subtypes of vasculitis including the pauci-immune vasculitis and immune 

Figure 2. Algorithm for approaching diagnosis in vasculitis.
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Abstract

The clinical entity of pauci-immune vasculitis encompasses a group of diseases that may 
involve any organ system of the body and may be fatal if left untreated. This chapter 
will review these diseases, with a special interest in the clinical setting of kidney involve-
ment. Small vessel vasculitides associated with the presence of antineutrophil cytoplas-
mic autoantibodies in the circulation will be the main part, since the vast majority of 
patients with histopathological proof of pauci-immune vasculitis are positive for these 
antibodies. Pauci-immune glomerulonephritis often manifests with rapidly deteriorating 
kidney function, while it may be accompanied by systemic necrotizing small vessel vas-
culitis such as microscopic polyangiitis, granulomatosis with polyangiitis, or eosinophilic 
granulomatosis with polyangiitis. Importantly, antineutrophil cytoplasmic autoantibody 
specificity has been shown to be associated with distinct clinical syndromes and different 
prognostic profiles among patients with pauci-immune vasculitis allowing easier rec-
ognition of the disease and long-term prognosis. Each of the clinical phenotypes will be 
described thoroughly with respect to the criteria required for establishment of diagnosis, 
the specific characteristics of renal and extrarenal histopathology, the clinical picture, the 
therapeutic management, and prognosis in short and long terms.

Keywords: pauci-immune, vasculitis, kidney involvement, rapidly progressive 
glomerulonephritis

1. Introduction

The principal characteristic of pauci-immune vasculitides is the paucity of staining for immu-
noglobulins in immunofluorescence, while they may occur as a renal-limited disease or as 
a component of systemic disease, i.e., necrotizing small vessel vasculitis [1, 2]. They affect 
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small- and medium-sized vessels, and they represent the most common cause of crescentic 
glomerulonephritis, i.e., glomerulonephritis with 50% or more glomeruli being involved with 
crescents. The systemic vasculitides that may be accompanied by pauci-immune crescentic 
glomerulonephritis include three major clinical phenotypes: microscopic polyangiitis (MPA), 
granulomatosis with polyangiitis (GPA), and eosinophilic granulomatosis with polyangiitis 
(EGPA) [2]. An extremely big proportion (85–90%) of the patients with active untreated pauci-
immune crescentic glomerulonephritis and vasculitis are positive for antineutrophil cyto-
plasmic antibodies (ANCA) [1], and therefore, the clinical entity is called ANCA-associated 
vasculitis. Distinct clinical syndromes and disease profiles have been associated with the type 
of ANCA. The classification of these diseases has been standardized by the Chapel Hill vascu-
litis nomenclature consensus conference in 1994 and revised in 2012. According to the current 
classification [3, 4] system for small vessel vasculitides, diagnostic definitions of ANCA-
associated vasculitides include EGPA, which is characterized by the presence of asthma and 
eosinophilia, and necrotizing granulomatous inflammation is present [5], MPA is charac-
terized by systemic necrotizing small vessel vasculitis with no evidence of granulomatous 
inflammation or asthma [5] and finally GPA if there is histopathological proof of necrotizing 
granulomatous inflammation or a clinical equivalent of it in any tissue. Moreover, patients 
with GPA are usually positive for C-ANCA (PR3-ANCA), patients with MPA are slightly 
more often positive for P-ANCA (MPO-ANCA), and patients with EGPA and renal-limited 
ANCA small vessel vasculitis have predominantly P-ANCA (MPO-ANCA) [1]. In some 
patients with pauci-immune vasculitis, conventional serologic assays fail to detect ANCA, 
although they present with the classic clinical and pathological characteristics of the disease. 
In this regard, recent advances in the field have shown that MPO-ANCA may react against a 
sole linear sequence in this group of patients [6].

This chapter will focus in pauci-immune vasculitides with kidney involvement, including 
the description of histopathological characteristics of renal and extrarenal lesions, epidemi-
ology, pathogenesis, spectrum of clinical manifestations, definitions and diagnostic criteria 
of treatment response, and long-term outcomes. In addition, the current therapeutic options 
and prognostic factors resulting from recent advances in the understanding of correlations 
between laboratory and serological and clinical parameters will be reviewed.

2. Epidemiology

The incidence of pauci-immune glomerulonephritis has been shown to be higher in older 
patients, while distribution between genders appears equal [7–9]. In the United States specifi-
cally, it has been estimated in 3.1 cases/million/year, with the disease being significantly more 
frequent in Caucasians, males, and individuals older than 65 years, while 95% of cases were 
found ANCA positive at diagnosis [7, 10]. In Europe, the incidence has been reported is 1–2 
cases in 100,000 [9, 11], with an increasing trend in recent years up to 2000 [12]. A potential 
explanation may be the increased awareness of these diseases among physicians and also 
the easier recognition of them after the introduction of ANCA testing. However, since the 
incidence has been shown relatively unchanged since the early 2000s, it is most probable that 
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the increased physician awareness, following the introduction of ANCA testing in routine 
clinical practice, is the most possible reason [13]. Additionally, the incidence of GPA is higher 
than that of MPA in northern Europe, while MPA is predominant among cases of ANCA-
associated vasculitis in southern Europe [13–15].

Likewise, the prevalence of ANCA-associated small vessel vasculitis has been estimated in 
46–184 cases/million [13], with the rate increasing during the last two decades. Patient sur-
vival has been improved significantly during this period, as the treatment options are more 
effective and physicians are aware of the disease.

3. Genetic background

Genetic predisposition appears to play a critical role in ANCA vasculitis, as shown from sev-
eral reports. A study in a multiethnic cohort of patients from the University of North Carolina 
at Chapel Hill (USA) showed that GPA is quite infrequent among African Americans [16] with 
the HLA-DRB1*15 allele being a risk factor for PR3-ANCA disease in this population [16]. It is 
probable that there is a variation of the HLA-DRB1*15 allele worldwide, which is also recog-
nized in the variation of clinical phenotypes of the disease across different geographical areas. 
Furthermore, the overall incidence rate of ANCA disease was similar between Japan and 
Europe; GPA and PR3-ANCA vasculitis were shown to be much less common in Japan [13].

4. ANCA role in pathogenesis

ANCA are antibodies which are directed against proteins in the cytoplasmic granules of 
neutrophils and the lysosomes of monocytes. They were first reported by Dr. D. Davies in 
1982 [17] and were subsequently correlated with Wegener’s granulomatosis and microscopic 
polyangiitis [18, 19]. However, in 1988, it was shown that most of the patients with pauci-
immune crescentic glomerulonephritis have ANCA in their circulation, irrespective of the 
coexistence or not of systemic vasculitis [8]. ANCA have been distinguished on the basis of 
indirect immunofluorescence microscopy; cytoplasmic, C-ANCA, or perinuclear, P-ANCA, 
depending on the given pattern, and by enzyme immunoassay; and anti-myeloperoxidase 
(MPO-ANCA) and anti-proteinase 3 (PR3-ANCA) depending on the antigen protein. More 
than 95% of cytoplasmic ANCA are PR3-ANCA, and more than 95% of perinuclear ANCA are 
MPO-ANCA. ANCA glomerulonephritis occurs as a renal-limited disease or as a component 
of systemic necrotizing small vessel vasculitis [8, 19, 20].

After the discovery of ANCA, great effort has been made in understanding the etiology and 
pathogenesis of these diseases in order to discover new therapies. A pathogenic role of ANCA 
has been demonstrated by clinical observations and experimental studies, i.e., in vitro stud-
ies, which reveal that both PR3 and MPO-ANCA IgG activate neutrophils that then release 
mediators of acute inflammation [21–24]. Accordingly, it has been found that neutrophils acti-
vated by ANCA IgG can kill cultured endothelial cells in some occasions while activation of  
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neutrophils by ANCA causes integrin and cytokine receptor-mediated adherence to cultured 
endothelial cells and transmigration across the endothelial layer [1, 25] and conformational 
changes in β integrins, enhancing ligand binding. Furthermore, unregulated adhesion mol-
ecules in glomerular lesions, coming from kidney biopsy specimens of patients with ANCA-
associated vasculitis, support the interaction of ANCA-activated neutrophils with vessels [26].

However, the most significant evidence that ANCA are involved in the pathogenesis of these 
diseases are provided by in vivo studies and specifically by a mouse model in which passive 
transfer of anti-MPO IgG (MPO-ANCA) or anti-MPO lymphocytes resulted in induction of glo-
merulonephritis. Xiao et al. developed a model in which intravenous administration of anti-MPO 
IgG into either immunocompetent mice, or Rag2−/− mice that have no functioning T or B cells, 
causes pauci-immune crescentic glomerulonephritis and small vessel vasculitis, remarkably 
similar to human disease. Within a period of 6 days after the injection, all mice developed glo-
merulonephritis identical with the human one, while some of them developed manifestations of 
systemic vasculitis, with leukocytoclastic angiitis, necrotizing arteritis, lung capillaritis, and nec-
rotizing granulomatosis inflammation [1, 27–30]. Likewise, severe crescentic glomerulonephritis 
with systemic vasculitis can be caused by passive transfer of splenocytes from MPO−/− mice 
that have been immunized with murine MPO. The renal injury in this model is exacerbated by 
stimulation with LPS [29] and appears dependent on an intact alternative complement pathway 
and the presence of neutrophils [31]. Another model produced focal segmental pauci-immune 
glomerulonephritis and focal pulmonary capillaritis in rats by immunization with human MPO, 
which induced anti-MPO antibodies that cross react with human and rat MPO [32].

Importantly, there are patients who carry a clear clinical and histopathological diagnosis of 
pauci-immune necrotizing and crescentic glomerulonephritis and vasculitis, in whom negative 
tests for ANCA are coming out repetitively. This might lead to significant delays in establish-
ing the correct diagnosis and initiating appropriate immunosuppressive treatment. Exploring 
this issue, a multicenter study recently reported the development of a novel assay to identify 
specific target epitopes for ANCA [6], a methodology, which led to the detection of MPO-
ANCA in patients with ANCA-negative disease that reacted against a sole linear sequence. 
Autoantibodies against this specific epitope had certain pathogenic properties, as demonstrated 
by their capacity to activate neutrophils in vitro and to induce nephritis in mice. Interestingly, 
the researchers detected a fragment of ceruloplasmin in serum, which was eliminated in puri-
fied IgG, allowing detection of ANCA subsequently. Besides, patients with ANCA-negative 
small vessel vasculitis were found to have a restricted autoantibody response against the linear 
epitope on MPO (aa 447–459), which is the same one that was found to be associated with 
active disease in the MPO-ANCA-positive patients group and declined upon clinical remission 
[6]. The authors concluded that that epitope specificity defines pathogenicity [6].

5. Vasculitic manifestations and ANCA specificity

The antigen against which ANCA is directed, i.e., ANCA specificity, has been shown to be 
strongly associated with the clinical manifestations of the disease, including the affected organ 
systems and the histopathological findings, in patients with pauci-immune vasculitis. In this 
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regard, patients with renal-limited disease, or any form of vasculitis without any radiological 
or histological proof of granulomas, have been shown more likely to have MPO-ANCA, while 
those with necrotizing granulomatous inflammation were shown to have a higher probability 
to have PR3-ANCA. This was captured in a study of 523 patients with biopsy-proven ANCA 
small vessel vasculitis, where the vast majority of patients with renal-limited disease had 
MPO-ANCA (81%), while almost all patients with bone destruction or saddle nose deformity 
had PR3-ANCA (94%) [33]. The relationship between PR3- or MPO-ANCA and the anatomic 
site of the vasculitic manifestation and/or the presence of granulomatous inflammation has 
been shown remarkable. When vasculitis is expanding from the renal parenchyma to the 
gastrointestinal or respiratory tract, MPO-ANCA is found less frequent, while PR3-ANCA 
constantly increases. In patients with histological proof of granuloma at any site, 79% were 
shown to have PR3-ANCA, and 21% were shown to have MPO-ANCA. Therefore, MPO- or 
PR3-ANCA are associated with clinically distinct vasculitic syndromes, a principle which is 
proven critical for the classification of ANCA small vessel vasculitis and in clinical practice. 
Importantly, this relationship has been confirmed by a genome-wide association study, which 
showed that the pathogenesis of ANCA small vessel vasculitis has a substantial genetic com-
ponent, with clear genetic distinctions greatly associated with ANCA specificity [34].

6. Diagnosis of pauci-immune glomerulonephritis

Clinical or pathologic evidence of renal disease is seen in approximately 90% of patients with 
MPA, 80% of patients with GPA and 45% of patients with EGPA. Pauci-immune crescentic 
glomerulonephritis is typically associated with ANCA, since 80–90% of pauci-immune cres-
centic glomerulonephritis occurs in ANCA-positive patients [1, 2, 20, 35]. The clinical presen-
tation of patients with pauci-immune glomerulonephritis includes a range of disease activity 
starting from asymptomatic hematuria to rapidly progressive glomerulonephritis. In most 
cases however, clinical presentation is characterized by an elevated serum creatinine in com-
bination with active urine sediment, i.e., demonstrating dysmorphic erythrocyturia with or 
without red blood cell casts and various degrees of proteinuria [36]. Rapidly progressing glo-
merulonephritis is characterized by reduced glomerular filtration rate occurring in a few days 
or weeks which cannot be attributed to other causes of acute kidney injury. A kidney biopsy 
in such occasion reveals, as said earlier, fibrinoid necrosis along with crescent formation in 
more than 50% of the glomeruli [1]. Yet, a significant proportion of patients present with acute 
renal failure requiring dialysis at the time of disease diagnosis.

7. Extrarenal manifestations

Constitutional symptoms often precede or come with the actual onset of the disease and 
include low-grade fever, fatigue, weight loss, myalgias, and arthralgias [5, 37]. The vast 
majority of patients (94%) when asked reported a prodromal “flu-like syndrome” before the 
overt vasculitic syndrome [40]. Beyond this there is a wide range of extrarenal manifestations 
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regard, patients with renal-limited disease, or any form of vasculitis without any radiological 
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of vasculitis including involvement of any site of the body, such as the upper airways, the 
lungs, the gastrointestinal tract, the nerves, and the skin.

Disease of the ear, nose, and throat system, in different forms and degrees of severity, is 
present in 90% of patients with GPA [1, 38, 39]. Typical symptoms are nasal crusting and 
obstruction, bloody nasal discharge or epistaxis-related nasal mucosa ulceration, sinus pain 
with associated drainage, otitis media, and hearing loss. In patients with GPA, the vessels 
supplying the cartilage may be affected, and septal perforation may occur, while invading 
granulomas may cause destructive bone disease disrupting the anatomy of such patients. 
Saddle nose deformation due to collapse of the nasal structure and facial paralysis due to 
facial nerve entrapment may be seen, but the most dangerous complication of upper respi-
ratory involvement is the inflammation of the trachea, especially in the subglottic region, 
because it may result in airway stenosis. Subglottic stenosis and destruction in the sinonasal 
anatomy represent characteristic manifestations of GPA. Lung involvement may manifest 
as necrotizing granulomatous inflammation or alveolar capillaritis and is typically demon-
strated on radiographic studies as nodular opacities or alveolar infiltrates. Pulmonary nod-
ules may cavitate, thus making disease management difficult; infections are superimposed. 
Capillaritis, arteritis, and granulomatous inflammation may cause hemoptysis or massive 
pulmonary hemorrhage, life-threatening conditions, which require immediate induction 
therapy. Among patients with biopsy-proven pauci-immune glomerulonephritis, 53% were 
found to have pulmonary involvement manifested as hemoptysis or massive hemorrhage 
which quickly became fatal in 50% of them [1, 37]. Involvement of the skin with palpable 
purpura and nodules occurs in as many as 25% of patients. Other skin lesions include ery-
thematous macular lesions, papules, infarcts, and necrotic ulcers. Vasculitic lesions in the 
mucous membranes manifest as aphthous stomatitis or oral ulceration. Eye involvement 
includes conjunctivitis, episcleritis, blepharitis, keratitis, or acute visual loss or orbital mass. 
Approximately 30% of patients report symptoms of abdominal pain, gastritis, ischemic 
colitis, or pancreatitis due to involvement of the vessels in abdominal organs. Occasional 
infarction of the bowel with viscus perforation and polymicrobial sepsis may result in life-
threatening phenomena. Cranial nerve palsy, sensory peripheral neuropathy, or mononeuri-
tis multiplex may be seen. Peripheral neuropathy caused by vasculitis in epineurial arterioles 
and arteries occurs in approximately 30% of patients. Vessels in the central nervous system 
can also be affected leading to sudden onset of seizures, cerebrovascular events, and cogni-
tive disorders. Besides, deep vein thrombosis may occur, more frequently among patients 
with ANCA-associated vasculitis than the general population or other autoimmune disor-
ders [39–41]. Anti-plasminogen autoantibodies have been identified in patients with PR-3 
ANCA glomerulonephritis, as a result of utilization of a peptide coded by the antisense RNA 
of the PRTN3 gene [41], and have been associated with such thrombotic phenomena.

The clinical phenotype of EGPA probably denotes a somewhat different disease, manifested 
by asthma, eosinophilia, and granulomatous inflammation in the lung. ANCA are positive in 
70% of the patients, most commonly MPO-ANCA [36], and eosinophilia greater than 10% in 
the peripheral blood is found. Coronary arteritis and myocarditis are the main causes of mor-
bidity and mortality, accounting for 50% of deaths. Renal disease is much less frequent and 
less severe in this disease category, while neuropathy and cardiac disease are more common. 
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However, recent advances in EGPA suggest that the majority of patients, who are ANCA 
positive, also have glomerulonephritis, while those lacking ANCA are more likely to have 
cardiac disease [42].

8. Histopathology

8.1. Renal histopathology

The hallmark histopathologic lesions of acute pauci-immune glomerulonephritis are cres-
cents and fibrinoid necrosis (Figure 1), which are found at the same frequency, irrespective of 
the presence or absence of systemic vasculitis [2, 43]. A wide range of lesions in terms of activ-
ity and severity may be found, ranging from focal segmental fibrinoid necrosis affecting less 
than 10% of glomeruli to severe diffuse necrotizing and crescentic glomerulonephritis that 
may injure all glomeruli (Figure 2). Breaks in Bowman’s capsule are frequent [44]. Another 
element, which may be found, although not disease specific, is periglomerular granuloma-
tous inflammation [1]. ANCA-associated glomerulonephritis is by definition pauci-immune, 
which means that immunofluorescence microscopy reveals no staining or a low level of stain-
ing (less than +2, in the 0–4 scale) (Figure 3) [45]. In a significant number of patients, there 
is evidence for antecedent glomerular or tubulointerstitial injury, manifested by glomerular 
sclerosis, fibrocellular crescents, and interstitial fibrosis. These lesions may be found in dif-
ferent stages of activity or resolution depending on the status of the disease. Nearly 10% of 
biopsy specimens have necrotizing inflammation in small cortical arteries or vascular inflam-
mation of the medullary vasa rectae (Figure 4), causing papillary necrosis if it is severe.

8.2. Extrarenal histopathology

The pathologic features of pauci-immune vasculitic lesions are identical in other organs as 
they are in the kidney. Consequently, leukocytoclastic angiitis affecting vasa recta is very 

Figure 1. Segmental glomerular fibrinoid necrosis with early small cellular crescent formation (H&E 400×).
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similar to that in dermal venules, necrotizing capillaritis in glomeruli is identical to that in 
pulmonary capillaries, and necrotizing arteriolitis and arteritis in renal arteries are histologi-
cally indistinguishable from the necrotizing arteriolitis and arteritis in any site of the body, 
such as perineural arteritis causing peripheral neuropathy, gastrointestinal arteritis leading 
to focal ulceration and hemorrhage, and skeletal muscle arteritis leading to myalgias [1]. The 
histopathological proof of pauci-immune vasculitis prerequisites a paucity of staining for 
immunoglobulins [1] in order to confirm the diagnosis, and thus if glomerulonephritis is not 
present, a tissue biopsy at any site of active disease in any organ should be obtained.

The characteristic histological lesion in the pulmonary system in patients with MPA is 
capillaritis, while among patients with GPA, granulomatous inflammation may be seen as 
well. The necrotizing granulomatous inflammation may involve the upper and/or lower  

Figure 2. Segmental fibrinoid necrosis (red color) in the wall of an artery, associated with inflammation (Masson 200×).

Figure 3. Medullary angiitis in a renal biopsy specimen from a patient with ANCA small vessel vasculitis. Leukocytoclasia 
reminiscent of dermal leukocytoclastic angiitis (H&E 400×).
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respiratory system but may be found in any site, such as in the dermis and subcutaneous tis-
sue. Granulomas are characterized histologically by an irregular central zone of necrosis that 
may have an amphophilic or bluish hue because of finely dispersed nuclear debris [1]. One 
major element of this lesion is epithelioid macrophages which may be numerous, but they do 
not have the compact arrangement seen in other occasions such as sarcoidosis [1]. Over time, 
extensive fibroblastic proliferation is usually seen, which ultimately may evolve into dense 
fibrotic scars. Nevertheless, for any specimen with necrotizing granulomatous inflammation, 
major non-vasculitic differential diagnostic considerations should be made, including myo-
bacterial and fungal infections which need to be ruled out [1]. Conclusively, several sites of 
extrarenal involvement may be used to obtain a tissue biopsy, in order to have histopathologi-
cal proof of the disease. A lung biopsy often requires an open or thoracoscopic lung proce-
dure, while in a small proportion of patients, sufficient tissue for diagnosis can be obtained by 
transbronchial biopsy. Yet, the absence of granulomatous vasculitis on transbronchial speci-
mens should not be considered adequate evidence to exclude the diagnosis of GPA [46]. A 
nasal biopsy is relatively easy and noninvasive, but its diagnostic power is limited by the high 
rate of false-negative results, probably related to the fact that the amount of tissue that can be 
removed is small. A positive lung biopsy is establishing the diagnosis in such cases and from 
one view precludes the need for a kidney biopsy in many cases; however, a renal biopsy is 
still indicated in patients who are diagnosed by lung biopsy, especially if they have severe 
or rapidly progressive renal involvement, in order to assess prognosis and plan immunosup-
pressive therapy in short and long term.

9. Definitions in relation to response to therapy

Diagnosis of active ANCA disease is followed by initiation of immunosuppressive therapy 
with the main goal being induction of remission, defined as stabilization or improvement 
of kidney function, measured by serum creatinine levels, resolution of hematuria, and all 
other organ-specific vasculitic symptoms [36]. However, some patients may not respond 

Figure 4. Negative immunofluorescence in a case of ANCA small vessel vasculitis.
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 sufficiently, a phenomenon which is called “treatment resistance” and characterized by pro-
gressive decline in kidney function with persistent active urine sediment, or persistence or 
new appearance of any extrarenal vasculitic manifestations despite appropriate treatment. 
In addition, there are patients who initially responded to therapy in a manner that let them 
escape life-threatening or advanced organ damage, but it was not feasible for them to achieve 
complete obliteration of the pathogenic process and thus maintained a low grade of persistent 
activity known as “grumbling disease.” Yet, patients achieving remission either complete or 
on therapy may or may not experience one or more disease relapses afterward. These are usu-
ally manifested as vasculitic signs or symptoms in any organ system, although relapses tend 
to affect the same organ systems as on initial presentation, with a new organ involvement 
reported only in 23% of patients [36].

10. Initial treatment

The gold standard of treatment in ANCA-associated vasculitis is the combination of cortico-
steroids with the cytotoxic agent cyclophosphamide [37, 47–50]. Glucocorticoids are given as 
intravenous pulses of methyl-prednisolone (7 mg/kg for 3 consecutive days) followed by oral 
prednisone (1 mg/kg for the first 4 weeks), reduced in a gradual and personalized manner over the 
next 3–5 months [2]. The protocol of treatment with cyclophosphamide in ANCA disease includes 
monthly pulses, given intravenously, starting at a dose of 0.5 g/m2, subsequently increased up 
to 1 g/m2, or orally at an initial dose of 2 mg/kg/day, always adjusted on the patient’s leukocyte 
count. The duration of therapy with cyclophosphamide is usually 6–12 months, depending on 
patient’s initial response [38, 47–51]. Both oral and intravenous schemes of cyclophosphamide 
have been proven equally effective in induction of remission [49], with the cumulative dose 
being significantly lower in the parenteral administration. In terms of achieved remission rates, a 
multivariate analysis showed superior results with the intravenous regimen without significant 
higher relapse rates [49]. Yet, a retrospective study showed [50] that the intravenous scheme of 
cyclophosphamide is associated with a higher risk of relapse, but this was not associated with 
increased rates of end-stage renal disease (ESRD), mortality, or long-term morbidity [50].

More recently, rituximab, a chimeric monoclonal antibody which is directed against the CD20 
antigen of B lymphocytes, has also been used to induce remission in patients with ANCA-
associated vasculitis, either in combination with steroids or cyclophosphamide and steroids 
[52]. A study authored by Jones et al. [52] compared rituximab with cyclophosphamide, as 
inductive therapy in patients with newly diagnosed ANCA-associated vasculitis with renal 
involvement, to a glucocorticoid regimen plus either rituximab with two intravenous cyclo-
phosphamide pulses, or intravenous cyclophosphamide for 3–6 months followed by azathio-
prine. The scheme which contained rituximab, as part of therapy, was not superior to the 
standard one with intravenous cyclophosphamide (76 vs. 82%), with remission rates being 
high in both groups, while the rituximab regimen was not associated with fewer severe 
adverse events in the early phase [52]. Another study, which enrolled 197 ANCA-positive 
patients with either GPA or MPA, compared treatment with rituximab to treatment with 
oral cyclophosphamide for induction of remission. The rituximab-based regimen was shown 
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more efficacious than the cyclophosphamide-based regimen for inducing remission of relaps-
ing disease (67 vs. 42%, p = 0.01). Rituximab was also as effective as cyclophosphamide in the 
treatment of patients with renal or pulmonary involvement [52].

There are two clear indications which justify addition of plasma exchange in the inductive 
phase of treatment in ANCA-associated vasculitis: pulmonary hemorrhage and severe renal 
dysfunction at clinical presentation (serum creatinine is greater than 500 μmol/L). Pulmonary 
hemorrhage, either as isolated capillaritis, or as part of the pulmonary renal syndrome, may 
be a life-threatening condition leading to high mortality rates [1, 53, 54]. A retrospective study 
showed that the prompt institution of plasma exchange in addition to immunosuppressive 
therapy is 100% lifesaving [55] for these patients with diffuse pulmonary hemorrhage due 
to ANCA vasculitis, when compared to 50% historical controls. Furthermore, a randomized 
controlled study of 137 patients within the European Vasculitis Society (EUVAS) group with 
ANCA glomerulonephritis showed a clear benefit with the addition plasmapheresis to stan-
dard treatment in patients with severe renal impairments (serum creatinine >500 μmol/L). 
Specifically, addition of plasmapheresis was associated with a reduction in risk for progres-
sion to ESRD of 24% at 12 months and was also shown to be a positive predictor of dialysis 
independence at 1 year in patients with renal failure [54] (Figure 5).

Aggressive immunosuppressive therapy is warranted in patients with ANCA-associated 
small vessel vasculitis, since patient and renal survival have been shown very poor in 
untreated patients [38]. However, toxicity related to therapy is also problematic. For instance, 

Figure 5. Algorithm to guide initial therapy for patients with newly diagnosed ANCA-associated vasculitis.
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more efficacious than the cyclophosphamide-based regimen for inducing remission of relaps-
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Aggressive immunosuppressive therapy is warranted in patients with ANCA-associated 
small vessel vasculitis, since patient and renal survival have been shown very poor in 
untreated patients [38]. However, toxicity related to therapy is also problematic. For instance, 
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glucocorticoid therapy is associated with osteoporosis, glucose intolerance, and changes in 
body habitus in the long term, while life-threatening infections may occur during the acute 
phase. The frequency of severe infections is higher with the addition of cyclophosphamide. 
Moreover, therapy with cyclophosphamide has been associated with myelosuppression and 
hemorrhagic cystitis which occurs in 10% of patients. Bladder cancer has been estimated in 
5% in 10 years and 16% in 15 years in patients treated with long-term oral cyclophosphamide. 
Myelodysplasia, lymphoma, skin cancer, and gonadal dysfunction are also associated with 
cyclophosphamide therapy [56]. Sufficient hydration and administration of 2-mercaptoeth-
anesulfonate have been used in order to minimize urotoxicity.

Of note, although histopathological diagnosis is always desirable for patients with ANCA dis-
ease, we should underline that immunosuppressive treatment should be started empirically if 
the clinical suspicion for ANCA small vessel vasculitis is high and a tissue diagnosis cannot be 
obtained in a timely manner [18]. This is very important in order to avoid irreversible damage 
since these diseases often follow a rapidly progressive course with devastating consequences 
of the involved tissue.

11. Maintenance of remission

After achievement of remission, the disease course varies substantially among patients with 
ANCA small vessel vasculitis [10, 18]. Occurrence of relapse ranges from 30 to 50%. The major-
ity of patients experience, either sustained long-term remission, or with one or more relapses 
occurring over time. Some patients continue having persistent, low-grade activity [10, 38]. 
Yet, evaluation of outcomes in patients in whom immunosuppressive therapy was discontin-
ued after they attained remission showed similar rates of relapse compared to patients who 
remained on treatment for longer periods [10]. In the light of irreversible side effects related 
to therapy and relapse rates being comparable between long-term treated and not treated 
responders [10], optimal duration of immunosuppressive therapy should be decided on an 
individualized manner. In this regard, maintenance treatment is legitimate for patients who 
have a high rate of relapse, who have had a relapse already, or who maintain some disease 
activity despite full treatment. Undoubtedly, it is a challenge to select those patients in whom 
it is safe to discontinue therapy versus those who require remission maintenance therapy 
[10]. Recently, a prospective randomized trial, which compared two different durations of 
maintenance immunosuppressive therapy for the prevention of relapse in ANCA-associated 
vasculitis [55] showed that prolonged remission maintenance therapy with azathioprine/
prednisolone, beyond 24 months after diagnosis, reduces relapse risk out to 48 months 
and improves renal survival. Nonetheless, the optimum duration of maintenance therapy 
depends on multiple factors. Another randomized controlled trial of patients with PR3-
ANCA disease who remained ANCA positive at the time of stable remission, extending the 
duration of maintenance therapy with azathioprine from 1 year to 4 years (followed by taper), 
was not associated with a significant difference in relapse-free survival at 4 years [35, 57].  
Finally, these results should not be extrapolated to other agents, especially since the optimal 
duration of maintenance therapy with rituximab has not been formally evaluated. A practi-
cal approach for clinicians is to use predictors of relapse, in order to be able to distinguish 
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those patients who are at increased risk to relapse. Predictors of relapse among responders in 
ANCA-associated vasculitis have been shown to be PR3-ANCA seropositivity [33] and pul-
monary and ear, nose, and throat involvement, each associated with an approximately two-
fold increase in risk for relapse.

In terms of the agents which may be used, for maintenance of remission, conversion from 
cyclophosphamide to azathioprine at a dose of 2 mg/kg/day has been shown to be a safe 
choice with less toxicity [1, 56]. Furthermore, an open-label randomized controlled trial 
which was conducted in 156 patients from 42 European centers found that mycophenolate 
mofetil was less effective than azathioprine for maintaining remission, while adverse event 
rates were not different [56]. Employment of rituximab for the maintenance of remission 
in patients with ANCA vasculitis was tested in a study of 115 patients with GPA, MPA, or 
renal-limited disease after achievement of complete remission with cyclophosphamide and 
glucocorticoid [57]. Patients received 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. In the rituximab 
group, more patients had sustained remission at month 28 than the azathioprine group, 
while the frequency of severe adverse events was similar between groups [58]. The anti-
microbial agent trimethoprim-sulfamethoxazole has also been proven to prevent relapse 
in patients with GPA, by reducing the episodes of infections, probably by eliminating 
Staphylococcus aureus in the upper airways [59].

12. Management of persistent, refractory, or relapsing disease

Despite available options of treatment, some patients experience persistent symptoms or epi-
sodes of active inflammation that come up repentantly. In this regard, there are some choices 
which have been explored as potential alternatives [60–64] in order to treat the disease and 
minimize toxicity related to cytotoxic therapy in patients with ANCA-associated vasculitis. 
Among them, methotrexate combined with corticosteroids has been shown to lead to remis-
sion in 60–90% [60–62], but it was associated with an elevated rate of relapse [60–62]. Besides, 
yet, the use of methotrexate has been limited to patients with predominantly extrarenal 
manifestations of vasculitis and preserved renal function (serum creatinine <2.5 mg/dl). As 
a result, patients with signs of kidney involvement should not be treated with methotrexate. 
Mycophenolate mofetil is a safe and therapeutically beneficial alternative for patients with 
non-life-threatening, recurrent, or resistant ANCA vasculitis according to the results of a pilot 
study [64]. More recently, there are several reports of refractory disease which has been man-
aged with rituximab, combined with steroids or cyclophosphamide or both, and ended up in 
remarkable improvement [65–67] or even complete remission.

13. Prognosis of patient and renal survival

The most important question of both patients and physicians in the case of ANCA-associated 
vasculitis is the issue of long-term prognosis, especially considering the relapsing and remit-
ting course of this disease in association with the cumulative toxicity of therapy. The relative  
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of the involved tissue.

11. Maintenance of remission

After achievement of remission, the disease course varies substantially among patients with 
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ity of patients experience, either sustained long-term remission, or with one or more relapses 
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Yet, evaluation of outcomes in patients in whom immunosuppressive therapy was discontin-
ued after they attained remission showed similar rates of relapse compared to patients who 
remained on treatment for longer periods [10]. In the light of irreversible side effects related 
to therapy and relapse rates being comparable between long-term treated and not treated 
responders [10], optimal duration of immunosuppressive therapy should be decided on an 
individualized manner. In this regard, maintenance treatment is legitimate for patients who 
have a high rate of relapse, who have had a relapse already, or who maintain some disease 
activity despite full treatment. Undoubtedly, it is a challenge to select those patients in whom 
it is safe to discontinue therapy versus those who require remission maintenance therapy 
[10]. Recently, a prospective randomized trial, which compared two different durations of 
maintenance immunosuppressive therapy for the prevention of relapse in ANCA-associated 
vasculitis [55] showed that prolonged remission maintenance therapy with azathioprine/
prednisolone, beyond 24 months after diagnosis, reduces relapse risk out to 48 months 
and improves renal survival. Nonetheless, the optimum duration of maintenance therapy 
depends on multiple factors. Another randomized controlled trial of patients with PR3-
ANCA disease who remained ANCA positive at the time of stable remission, extending the 
duration of maintenance therapy with azathioprine from 1 year to 4 years (followed by taper), 
was not associated with a significant difference in relapse-free survival at 4 years [35, 57].  
Finally, these results should not be extrapolated to other agents, especially since the optimal 
duration of maintenance therapy with rituximab has not been formally evaluated. A practi-
cal approach for clinicians is to use predictors of relapse, in order to be able to distinguish 
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those patients who are at increased risk to relapse. Predictors of relapse among responders in 
ANCA-associated vasculitis have been shown to be PR3-ANCA seropositivity [33] and pul-
monary and ear, nose, and throat involvement, each associated with an approximately two-
fold increase in risk for relapse.

In terms of the agents which may be used, for maintenance of remission, conversion from 
cyclophosphamide to azathioprine at a dose of 2 mg/kg/day has been shown to be a safe 
choice with less toxicity [1, 56]. Furthermore, an open-label randomized controlled trial 
which was conducted in 156 patients from 42 European centers found that mycophenolate 
mofetil was less effective than azathioprine for maintaining remission, while adverse event 
rates were not different [56]. Employment of rituximab for the maintenance of remission 
in patients with ANCA vasculitis was tested in a study of 115 patients with GPA, MPA, or 
renal-limited disease after achievement of complete remission with cyclophosphamide and 
glucocorticoid [57]. Patients received 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. In the rituximab 
group, more patients had sustained remission at month 28 than the azathioprine group, 
while the frequency of severe adverse events was similar between groups [58]. The anti-
microbial agent trimethoprim-sulfamethoxazole has also been proven to prevent relapse 
in patients with GPA, by reducing the episodes of infections, probably by eliminating 
Staphylococcus aureus in the upper airways [59].

12. Management of persistent, refractory, or relapsing disease

Despite available options of treatment, some patients experience persistent symptoms or epi-
sodes of active inflammation that come up repentantly. In this regard, there are some choices 
which have been explored as potential alternatives [60–64] in order to treat the disease and 
minimize toxicity related to cytotoxic therapy in patients with ANCA-associated vasculitis. 
Among them, methotrexate combined with corticosteroids has been shown to lead to remis-
sion in 60–90% [60–62], but it was associated with an elevated rate of relapse [60–62]. Besides, 
yet, the use of methotrexate has been limited to patients with predominantly extrarenal 
manifestations of vasculitis and preserved renal function (serum creatinine <2.5 mg/dl). As 
a result, patients with signs of kidney involvement should not be treated with methotrexate. 
Mycophenolate mofetil is a safe and therapeutically beneficial alternative for patients with 
non-life-threatening, recurrent, or resistant ANCA vasculitis according to the results of a pilot 
study [64]. More recently, there are several reports of refractory disease which has been man-
aged with rituximab, combined with steroids or cyclophosphamide or both, and ended up in 
remarkable improvement [65–67] or even complete remission.

13. Prognosis of patient and renal survival

The most important question of both patients and physicians in the case of ANCA-associated 
vasculitis is the issue of long-term prognosis, especially considering the relapsing and remit-
ting course of this disease in association with the cumulative toxicity of therapy. The relative  
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risk of death has been shown to be almost nine times greater in patients with MPA, who 
presented with lung hemorrhage, and four times greater in patients with cytoplasmic versus 
perinuclear ANCA [67] although the risk of lung hemorrhage was not different from ANCA 
pattern. The use of cyclophosphamide lowered the risk of death nearly six times, compared 
to steroid therapy alone [67]. Accordingly, long-term analysis of patients with GPA, who had 
received treatment with prednisone and cyclophosphamide, revealed that age over 50 years at 
diagnosis and lung or kidney involvement were associated with an almost fourfold increased 
risk for death [67]. The strongest predictors of long-term renal survival were found to be 
entry serum creatinine value, black race, and arterial sclerosis on renal biopsy [67]. Despite 
the certain finding that the higher the entry serum creatinine, the worse the long-term renal 
prognosis, no level of serum creatinine value could be determined beyond which treatment 
was futile, since 50% of the dialysis-dependent patients at onset recovered renal function per-
mitting cessation of dialysis [67]. Taken all together, prompt institution of therapy remains 
the gold standard in these diseases. The risk for progression to ESRD after initial response to 
treatment in patients with ANCA glomerulonephritis was the change in GFR within 4 months 
of treatment. In this regard, after controlling for baseline creatinine level, type of treatment, 
and ANCA specificity, patients with a GFR decrease of 8 ml/min or greater were 5.6 times 
more likely to progress to ESRD than patients with stable GFR [10]. Relapse itself has also 
been shown to increase the probability of progression to ESRD by 4.7 times, with the related 
risk totally attributable to the recurrence of nephritis [10]. In patients with severe renal dys-
function due to ANCA glomerulonephritis, prognostic indicators of GFR after 12 months 
were shown to be age, the percentage of normal glomeruli, tubular atrophy, and intraepi-
thelial infiltrates in the renal biopsy [51], while for those who were dialysis dependent at 
diagnosis, the probability for renal recovery was significantly increased with the addition of 
plasmapheresis [54].

Prediction of treatment resistance has been studied in a large cohort of patients with ANCA-
associated vasculitis [67], recruited by kidney disease, which showed that 23% of the 334 
treated patients became refractory to standard therapy. Most of them ended up to ESRD in 
median of 2 months after initiation of therapy. Female sex, black ethnicity, and severity of 
renal involvement were identified as predictors of treatment resistance. The risk of treatment 
resistance increased 1.28 times for each serum creatinine elevation of 100 μmol/L (1.13 mg/dl). 
Nonetheless, these rates have not been estimated with the newer agents and especially after 
the introduction of rituximab in the treatment of these diseases. Typically, these patients had 
a relapsing and remitting course not recognized by their primary care provider, leading to 
advanced glomerular and interstitial scarring at the time of diagnosis [67].

In conclusion, pauci-immune vasculitides, despite the substantial progress which has been 
achieved in the field of pathogenesis and treatment, remain a group of diseases with sig-
nificant morbidity and mortality, related to the disease itself and the toxicity coming from 
therapy. Renal involvement is one of the most threatening aspects of this disease, espe-
cially considering the side effects related to renal insufficiency and chronic dialysis, in the 
case of extended irreversible damage of the renal tissue. Speed in diagnosis and prompt 
institution of appropriate immunosuppressive treatment endure the key of avoiding such 
outcome.
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Abstract

The term immune complex small-vessel vasculitis encompasses anti-glomerular base-
ment membrane disease, cryoglobulinemic vasculitis, IgA vasculitis and hypocomple-
mentemic urticarial vasculitis. These disorders affect predominantly small vessels, and 
renal involvement is frequent. In this chapter, we shall discuss thoroughly anti-GBM 
disease, cryoglobulinemic and IgA vasculitis with respect to the criteria required for the 
establishment of diagnosis, the specific characteristics of renal histopathology, the clini-
cal picture, prognosis, and therapeutic management.

Keywords: vasculitides, immune complex, immunoglobulin A (IgA) vasculitis, 
cryoglobulinemia, anti-glomerular basement membrane disease

1. Introduction

Immune complex small-vessel vasculitis (SVV) refers to vasculitis, which is characterized by 
the deposition of immunoglobulin and/or complement on the vessel wall. It affects predomi-
nantly small vessels, and renal involvement is common. According to the Chapel Hill consen-
sus conference nomenclature of vasculitides [1], disorders included in the group of immune 
complex SVV are anti-glomerular basement membrane (anti-GBM) disease, cryoglobulinemic 
vasculitis (CV), IgA vasculitis (IgAV), and hypocomplementemic urticarial vasculitis.

Anti-GBM disease is a vasculitis, which affects glomerular and/or pulmonary capillaries. It 
is caused by autoantibodies against the basement membrane. Renal involvement typically 
causes acute or rapidly progressive glomerulonephritis.
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Abstract

The term immune complex small-vessel vasculitis encompasses anti-glomerular base-
ment membrane disease, cryoglobulinemic vasculitis, IgA vasculitis and hypocomple-
mentemic urticarial vasculitis. These disorders affect predominantly small vessels, and 
renal involvement is frequent. In this chapter, we shall discuss thoroughly anti-GBM 
disease, cryoglobulinemic and IgA vasculitis with respect to the criteria required for the 
establishment of diagnosis, the specific characteristics of renal histopathology, the clini-
cal picture, prognosis, and therapeutic management.

Keywords: vasculitides, immune complex, immunoglobulin A (IgA) vasculitis, 
cryoglobulinemia, anti-glomerular basement membrane disease

1. Introduction

Immune complex small-vessel vasculitis (SVV) refers to vasculitis, which is characterized by 
the deposition of immunoglobulin and/or complement on the vessel wall. It affects predomi-
nantly small vessels, and renal involvement is common. According to the Chapel Hill consen-
sus conference nomenclature of vasculitides [1], disorders included in the group of immune 
complex SVV are anti-glomerular basement membrane (anti-GBM) disease, cryoglobulinemic 
vasculitis (CV), IgA vasculitis (IgAV), and hypocomplementemic urticarial vasculitis.

Anti-GBM disease is a vasculitis, which affects glomerular and/or pulmonary capillaries. It 
is caused by autoantibodies against the basement membrane. Renal involvement typically 
causes acute or rapidly progressive glomerulonephritis.
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distribution, and reproduction in any medium, provided the original work is properly cited.



Cryoglobulinemic vasculitis is characterized by the presence of cryoglobulins, which are 
immunoglobulins or immune complexes that precipitate in the cold and dissolve upon 
rewarming. Common sites of deposition are the skin, the joints, the peripheral nerves, and the 
kidneys. The main etiological factors are chronic viral infections, particularly autoimmune 
disorders and B-cell lymphoproliferative disorders. 

IgA vasculitis is a systemic vasculitis characterized by the deposition of IgA1-dominant 
immune complexes. It affects predominantly the skin, the joints, and the gastrointestinal tract. 
Renal involvement with glomerular hematuria and mild proteinuria may be observed.

2. Anti-glomerular basement membrane disease

2.1. Introduction

Anti-glomerular basement membrane (anti-GBM) disease, also known as Goodpasture’s syn-
drome, is an immune complex small-vessel vasculitis first identified by Dr. Ernest Goodpasture 
in 1919 [1, 2]. It is characterized by autoantibodies directed against the alpha-3 chain of type IV 
collagen of the glomerular and alveolar basement membrane. In 1951, Krakower and Greenspon 
discovered the antigenic properties of the glomerular basement membrane (GBM) [3], whereas, 
in 1967 Lerner, Glassock and Dixon found that autoantibodies eluted from  kidneys with acute 
glomerulonephritis produce the disease in animal models [4]. Patients typically present with 
glomerulonephritis alone or in association with alveolar hemorrhage that can be life threatening.

2.2. Epidemiology

Anti-GBM disease is rare. The annual incidence is estimated to be about 0.5–1 cases per million 
inhabitants in Europe [5, 6]. The White race is affected more commonly than the Black race. Age 
distribution is bimodal, with a peak incidence in the third and seventh decades. A slight male 
predominance is recorded in the younger age group and a female predominance in the older [7].

2.3. Pathogenesis

Exposure to an exogenous stimulus leads to autoantibody production and circulation of anti-
bodies, which are directed against an antigen of the glomerular basement membrane (GBM). 
This antigen has been identified as a particular region of the NC1 domain of the α3 chain of 
type IV collagen.

Type IV Collagen is the main constituent of most basement membranes and is encoded by 
six genes (COL4A1-A6) each for six distinct α chains (α1(IV) to α6(IV)), which are selectively 
expressed in membranes of different organs through embryonic development. This selectiv-
ity explains the specific lung and renal involvement in Goodpasture’s disease, since α3IV 
collagen is expressed primarily in the GBM of the glomeruli and the pulmonary alveoli [8].

Each α chain consists of three domains: a short 7C domain at the N-terminal, a long collag-
enous domain in the middle, and a noncollagenous domain (NC1) at the C-terminal. During 
development, the six α chains form three sets of triple helical molecules called promoters: 
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α1α1α2(ΙV), α3α4α5(IV) and α5α5α6(IV). These promoters subsequently form three-dimen-
sional organized networks consisting of only three sets of hexamers: α1α1α2 (ΙV)-α1α1α2(IV), 
α3α4α5(IV)-α3α4α5(IV) and α1α1α2(IV)-α5α5α6(IV).

The autoantigen in anti-GBM is the α3NC1 domain which is located in the network of 
α3α4α5(IV)-α3α4α5(IV) hexamers. Two major antigenic epitopes EA and EΒ in the α3NC1 
domain of the hexamer have been identified as targets for the autoantibodies [9, 10].

These epitopes are hidden and are only accessible to the autoantibodies after dissociation of 
the hexamer as a result of oxidative stress. This could explain the initiation of anti-GBM after 
an extrinsic insulting event as, for example, after a respiratory tract infection or after urinary 
tract obstruction or lithotripsy [11].

Anti-GBM autoantibodies are most often of the IgG class (usually IgG1 or 2 subclass) and 
rarely IgA. The pathogenicity of the autoantibodies has been demonstrated by induction of 
the disease after passive transfer of circulating or tissue autoantibodies in animal models. The 
high and rapid binding affinity to alveolar and glomerular capillary basement membranes is 
consistent with the fulminant disease course though variable pathogenicity according to auto-
antibody titers, different IgG subclass and epitope specificity has also been reported [12, 13].

Besides autoantibody production, there is growing evidence for the contribution of autoreactive 
T cells to the pathogenesis of anti-GBM. In some instances, autoantibodies alone are not suf-
ficient to induce disease. Furthermore, T cells with reactivity against the α3NC1 antigen have 
been isolated from patients with the disease. In animal models, it has been demonstrated that 
CD4+ T cells specific for the Col4α3NC1 epitope can target the autoantigen and induce glomeru-
lar injury in the absence of autoantibodies, suggesting a direct causative role of T cells [9, 14].

2.3.1. Genetic susceptibility

The susceptibility to the development of the disease is genetically determined and restricted 
by the major histocompatibility complex (MHC): HLA-DR15 and HLA-DR4 haplotypes 
increase susceptibility while HLA-DR1 and HLA-DR7 seem to be protective [8, 15].

Moreover, anti-GBM autoantibodies occur after kidney transplantation in patients with hered-
itary nephritis (X-linked Alport’s syndrome). This can be explained by the genetically defec-
tive organization of the α chains of type IV collagen. The genetic defect in hereditary nephritis 
results in the absence of α3α4α5 (IV)-α3α4α5(IV) hexamers and the presence of networks 
comprising only of α1α1α2(IV)-α1α1α2(ΙV) hexamers. After transplantation, the normal col-
lagen IV, which consists of all the three sets of hexamers, may be recognized as a previously 
“unseen” antigen with subsequent autoantibody production. However, this autoantibody 
recognizes a different antigenic epitope and rarely leads to the initiation of overt nephritis [3].

2.4. Clinical presentation

2.4.1. Glomerulonephritis

The commonest disorder is that of the rapidly progressive glomerulonephritis (RPGN). Acute 
renal injury and oliguria-anuria may evolve within days, whereas slower progression of 
the renal impairment occurs in a minority of patients. Features of RPGN occur in 80–90% of 
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This antigen has been identified as a particular region of the NC1 domain of the α3 chain of 
type IV collagen.

Type IV Collagen is the main constituent of most basement membranes and is encoded by 
six genes (COL4A1-A6) each for six distinct α chains (α1(IV) to α6(IV)), which are selectively 
expressed in membranes of different organs through embryonic development. This selectiv-
ity explains the specific lung and renal involvement in Goodpasture’s disease, since α3IV 
collagen is expressed primarily in the GBM of the glomeruli and the pulmonary alveoli [8].

Each α chain consists of three domains: a short 7C domain at the N-terminal, a long collag-
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sional organized networks consisting of only three sets of hexamers: α1α1α2 (ΙV)-α1α1α2(IV), 
α3α4α5(IV)-α3α4α5(IV) and α1α1α2(IV)-α5α5α6(IV).

The autoantigen in anti-GBM is the α3NC1 domain which is located in the network of 
α3α4α5(IV)-α3α4α5(IV) hexamers. Two major antigenic epitopes EA and EΒ in the α3NC1 
domain of the hexamer have been identified as targets for the autoantibodies [9, 10].

These epitopes are hidden and are only accessible to the autoantibodies after dissociation of 
the hexamer as a result of oxidative stress. This could explain the initiation of anti-GBM after 
an extrinsic insulting event as, for example, after a respiratory tract infection or after urinary 
tract obstruction or lithotripsy [11].

Anti-GBM autoantibodies are most often of the IgG class (usually IgG1 or 2 subclass) and 
rarely IgA. The pathogenicity of the autoantibodies has been demonstrated by induction of 
the disease after passive transfer of circulating or tissue autoantibodies in animal models. The 
high and rapid binding affinity to alveolar and glomerular capillary basement membranes is 
consistent with the fulminant disease course though variable pathogenicity according to auto-
antibody titers, different IgG subclass and epitope specificity has also been reported [12, 13].

Besides autoantibody production, there is growing evidence for the contribution of autoreactive 
T cells to the pathogenesis of anti-GBM. In some instances, autoantibodies alone are not suf-
ficient to induce disease. Furthermore, T cells with reactivity against the α3NC1 antigen have 
been isolated from patients with the disease. In animal models, it has been demonstrated that 
CD4+ T cells specific for the Col4α3NC1 epitope can target the autoantigen and induce glomeru-
lar injury in the absence of autoantibodies, suggesting a direct causative role of T cells [9, 14].

2.3.1. Genetic susceptibility

The susceptibility to the development of the disease is genetically determined and restricted 
by the major histocompatibility complex (MHC): HLA-DR15 and HLA-DR4 haplotypes 
increase susceptibility while HLA-DR1 and HLA-DR7 seem to be protective [8, 15].

Moreover, anti-GBM autoantibodies occur after kidney transplantation in patients with hered-
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tive organization of the α chains of type IV collagen. The genetic defect in hereditary nephritis 
results in the absence of α3α4α5 (IV)-α3α4α5(IV) hexamers and the presence of networks 
comprising only of α1α1α2(IV)-α1α1α2(ΙV) hexamers. After transplantation, the normal col-
lagen IV, which consists of all the three sets of hexamers, may be recognized as a previously 
“unseen” antigen with subsequent autoantibody production. However, this autoantibody 
recognizes a different antigenic epitope and rarely leads to the initiation of overt nephritis [3].

2.4. Clinical presentation

2.4.1. Glomerulonephritis

The commonest disorder is that of the rapidly progressive glomerulonephritis (RPGN). Acute 
renal injury and oliguria-anuria may evolve within days, whereas slower progression of 
the renal impairment occurs in a minority of patients. Features of RPGN occur in 80–90% of 
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patients. Macroscopic hematuria may present; however, microscopic hematuria of glomeru-
lar origin and red cell casts are the most prominent features. Proteinuria is usually modest. 
Kidney disease is the only manifestation in 20–40% of patients [16, 17].

2.4.2. Lung hemorrhage

Pulmonary and renal involvement occurs in 60–80% of the patients [16]. Cough, dyspnea, 
hemoptysis, chest pain, hypoxia, iron deficiency and anemia are the presenting manifesta-
tions. Pulmonary involvement may precede renal disease by weeks to months [18].

2.4.3. Systemic manifestations

Systemic symptoms such as fatigue, arthralgias and fever are infrequent and suggest the coex-
istence of antineutrophil cytoplasm antibodies (ANCA) vasculitis. Sufficient data regarding 
the incidence of these symptoms do not exist.

2.5. Renal pathology

Light microscopy reveals diffuse proliferative glomerulonephritis with rupture of the GBM, 
areas of fibrinoid necrosis and crescent formation in severe disease. Crescents involve approx-
imately 75% of the glomeruli and typically show the same features of activity and chronicity 
in contrast to other causes of crescentic glomerulonephritis. Tubular injury is proportionate 
to the degree of crescents. In mild disease, segmental proliferative injury with infiltrating 
neutrophils and monocytes is observed.

Immunofluorescence demonstrates linear deposition of immunoglobulin G along the GBM.  
IgA or IgM deposition is rare. Deposition of C3 in a granular pattern is found in approxi-
mately 75% of the biopsies. Electron microscopy examination reveals GBM fractures, necrosis 
and crescents [19].

2.6. Diagnosis

Diagnosis is based on the detection of circulating anti-GBM antibodies in conjunction with the 
identification of anti-GBM nephritis by kidney biopsy. Anti-GBM antibodies can be detected 
by indirect immunofluorescence or by direct enzyme-linked immunosorbent assay (ELISA), 
which has a high sensitivity (95%) and specificity (97%). Positive results are confirmed by 
Western blot. Indirect immunofluorescence is rarely performed; it has a false-negative rate of 
40% and requires an experienced pathologist [20]. ANCA antibodies, mainly with specificity 
for myeloperoxidase, are found in 10–38% of patients with anti-GBM disease. These patients 
are characterized as “double positive” [21].

Pulmonary involvement is investigated by chest radiograph and CT scan, broncho-alveolar 
lavage and pulmonary function testing. Bilateral, patchy consolidations that spare the apices 
are found on the chest film. A computed tomography (CT) scan reveals widespread areas 
of ground glass morphology which are not pathognomonic of the disease. Broncho-alveolar 
lavage shows the characteristic hemosiderin-laden macrophages.
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2.7. Therapeutic management

Given the rarity of the disease, the therapeutic management is based on a small number of 
studies, mainly retrospective ones. The treatment of choice in anti-GBM disease is immuno-
suppression consisting of corticosteroids and cyclophosphamide in combination with plasma 
exchange [22].

2.7.1. Immunosuppressive therapy

When the diagnosis is highly suspected, immediate administration of high dose pulse cor-
ticosteroids is recommended [22]. Methylprednisolone 500–1000 mg/day for 3 consecutive 
days, followed by prednisone 1 mg/kg/day orally is the regimen most commonly used. Once 
the diagnosis is established, oral cyclophosphamide (CYC) at a dose of 2 mg/kg/day must 
be instituted. Although oral and intravenous CYC have not been compared in this patient 
population, the latter is used only in unreliable patients or those with severe renal injury to 
reduce bladder toxicity. Timing of immunosuppression withdrawal is not well established, 
although maintenance treatment is not recommended [22]. Cyclophosphamide is continued 
for approximately 3 months and steroids for 6 months. Some experts suggest a shorter dura-
tion of therapy (2–3 months) in the case of disease remission and negative antibody titers 
that persist. In patients with active disease at 3–4 months, immunosuppression comprising 
steroids and azathioprine may be prolonged up to 6–9 months.

Plasma exchange is generally performed after the diagnosis is confirmed. However, in 
patients with severe pulmonary hemorrhage, plasmapheresis may begin immediately. 
Among 17 patients with anti-GBM-induced renal disease, 9 were randomized to prednisone 
and CYC, whereas 8 also received plasmapheresis. At the end of the therapy, two patients 
in the plasmapheresis group became dialysis dependent compared to the six patients in the 
control group [23]. These results were confirmed by a large retrospective study of 221 patients 
from China [24]. Patient and renal survival rates were better among those who were treated 
with plasmapheresis in addition to standard immunosuppression. The usual prescription is 
daily or alternate-day exchanges for 2–3 weeks.

According to the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines, this intense 
therapeutic regimen applies to all patients with anti-GBM disease. However, dialysis-dependent 
patients at presentation with approximately 100% crescents on kidney biopsy seem to have a 
low probability of renal recovery [22, 24]. Therefore, plasma exchange is not advised unless 
concurrent lung hemorrhage occurs, since the potential complications may exceed the benefits 
of therapy. Our approach is to perform plasmapheresis regardless of the crescent ratio in:

• Young patients with less comorbidities

• Patients with recent onset of the disease

• Patients with concurrent clinical and laboratory manifestations of ANCA vasculitis

Rituximab has been used as first- or second-line therapy in a limited number of patients with 
anti-GBM disease, with variable effect on renal function [25, 26].
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2.8. Prognosis

In the past, mortality rates of patients with anti-GBM disease due to pulmonary hemorrhage 
or renal failure were approximately 100%. The combination of aggressive immunosuppression 
with plasmapheresis has dramatically changed patient survival. Levy et al. have conducted a 
retrospective study of 71 patients with anti-GBM disease followed for up to 25 years [27]. The 
therapy consisted of plasmapheresis, high dose oral prednisone and CYC. Serum creatinine 
(sCr) at presentation seemed to be associated with patient and renal outcome. If the initial sCr 
was <5.7 mg/dl, the 1-year patient and renal survival rates were 100 and 95%, respectively. At 
5 years, the patient and renal survival approached 94%. In the case of severe renal impairment 
not requiring dialysis at presentation with sCr >5.7 mg/dl, the patient and renal survival rates 
were 83 and 82%, respectively, at 1 year, and 80 and 50% at 5 years, respectively. Dialysis 
dependence at presentation correlated to reduced patient survival, 65 and 44% at 1 and 5 years, 
respectively. Renal recovery was rare in this group and occurred in 8% of the patients at the first 
year and in 13% of them at 5 years. The proportion of glomerular crescents strongly correlated 
to the degree of renal impairment. The need for immediate dialysis initiation and 100% cres-
cents on kidney biopsy resulted in irreversible kidney damage despite aggressive treatment.

An interesting study by Yang et al. showed that high levels of anti-GBM antibodies against epit-
opes EA and EB occur in patients with severe renal damage and correlate to poor prognosis [28].

Patients with positive anti-GBM and ANCA antibodies have a poor renal outcome despite 
adequate treatment [17]. Relapses are more common in this population, in whom the vascu-
litis is incriminated [29].

2.9. Renal transplantation

Renal transplantation in patients with anti-GBM disease is delayed until clinical and labora-
tory quiescence. It is our practice to delay kidney transplantation for at least 6 months after 
immunosuppression discontinuation. Biopsies of renal allografts show linear deposition of 
IgG, without symptomatic disease in many patients. Disease recurrence posttransplantation 
is reported to be 2.7% [30].

De novo anti-GBM disease may develop in 3% of patients with Alport syndrome after renal 
transplantation [30].

Mutations in the COL4A5 gene located on the X chromosome are the most frequent as it 
has already been mentioned, although autosomal recessive and dominant disease have been 
found. An alloimmune response against the antigens of the kidney allograft leads to the devel-
opment of anti-GBM antibodies. In this patient group, a second kidney transplantation is 
associated with a more aggressive disease [31]. Recent guidelines advise the implementation 
of genetic testing for the evaluation of the risk of de novo disease posttransplantation [32].

2.10. Summary

Anti-GBM disease is an organ-specific autoimmune disorder characterized by the produc-
tion of autoantibodies against the basement membrane of glomeruli and alveoli. Dominant 
manifestations are crescentic glomerulonephritis and pulmonary hemorrhage that may be life-
threatening. The severity of renal impairment at presentation as well as the need for dialysis 
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and the percent of glomerular crescents are factors prognostic of renal and patient survival. 
Therefore, early and timely diagnosis is of major importance. Treatment is based on the 
removal of pathogenetic antibodies by plasma exchange and the prevention of antibody pro-
duction by a short course of immunosuppressants, namely cyclophosphamide and steroids.

3. Cryoglobulinemic vasculitis

3.1. Introduction

Cryoglobulinemic vasculitis (CV) is a small-vessel vasculitis that affects mainly the skin, the 
joints, the peripheral nerves and the kidneys. Medium-sized vessels may also be involved. 
Cryoglobulins are immunoglobulin or immune complexes that precipitate in vitro at tem-
peratures below 37°Cand dissolve upon rewarming [33].

Brouet et al. in 1974 [33] developed a classification system based on the immunoglobulin 
composition of cryoglobulins:

Type I cryoglobulins are single monoclonal immunoglobulins most often of the IgG or IgM 
isotype, found in lymphoproliferative disorders, usually Waldenstrom’s macroglobulinemia, 
multiple myeloma and monoclonal gammopathy of unknown significance (MGUS). Type II 
cryoglobulins are composed of monoclonal IgM with rheumatoid factor (RF) activity in asso-
ciation with polyclonal immunoglobulins (usually IgG). The commonest cause is hepatitis C 
virus (HCV) infection. Other causes include infection from hepatitis B virus (HBV) or human 
immunodeficiency virus (HIV), autoimmune diseases and lymphoproliferative disorders. 
Type III cryoglobulins consist of polyclonal IgM with RF activity and polyclonal IgG. They 
are linked to autoimmune disorders and infections, mainly due to HCV. Types II and III are 
associated with mixed cryoglobulinemia (MC) syndrome. In the case of no identifiable cause, 
type II or III cryoglobulinemia is characterized as essential.

3.2. Epidemiology

The prevalence of CV has been reported to be 1:100,000 individuals [34]. The disease usually 
occurs between the ages of 45 and 65, with a female predominance (2–3/1). Racial preference has 
not been recorded. Type I cryoglobulinemia accounts for 10–15% of cryoglobulinemia cases [35]. 
This type of cryoglobulinemia is most frequently attributed to malignancies of the hematopoietic 
cells. According to the French nationwide CryoVas survey, among 64 patients with type I CV, 
56% suffered from a hematologic malignancy, while MGUS was present in 44% of them [36].

Mixed cryoglobulinemia is reported to be present in approximately 75% of cryoglobuline-
mias. HCV is the main underlying disorder in 80–90% of individuals with MC [37].

3.3. Pathogenesis of kidney injury in cryoglobulinemic vasculitis

In chronic viral or bacterial infections (hepatitis C, hepatitis B, endocarditis), defective handling 
of antigenic peptides whether due to high antigenic load or abnormally functioning immune 
regulatory mechanisms might contribute to a state of persistent antigenemia. The result is the 
stimulation of an immune response with subsequent release of antigen-directed antibodies and 
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2.8. Prognosis

In the past, mortality rates of patients with anti-GBM disease due to pulmonary hemorrhage 
or renal failure were approximately 100%. The combination of aggressive immunosuppression 
with plasmapheresis has dramatically changed patient survival. Levy et al. have conducted a 
retrospective study of 71 patients with anti-GBM disease followed for up to 25 years [27]. The 
therapy consisted of plasmapheresis, high dose oral prednisone and CYC. Serum creatinine 
(sCr) at presentation seemed to be associated with patient and renal outcome. If the initial sCr 
was <5.7 mg/dl, the 1-year patient and renal survival rates were 100 and 95%, respectively. At 
5 years, the patient and renal survival approached 94%. In the case of severe renal impairment 
not requiring dialysis at presentation with sCr >5.7 mg/dl, the patient and renal survival rates 
were 83 and 82%, respectively, at 1 year, and 80 and 50% at 5 years, respectively. Dialysis 
dependence at presentation correlated to reduced patient survival, 65 and 44% at 1 and 5 years, 
respectively. Renal recovery was rare in this group and occurred in 8% of the patients at the first 
year and in 13% of them at 5 years. The proportion of glomerular crescents strongly correlated 
to the degree of renal impairment. The need for immediate dialysis initiation and 100% cres-
cents on kidney biopsy resulted in irreversible kidney damage despite aggressive treatment.

An interesting study by Yang et al. showed that high levels of anti-GBM antibodies against epit-
opes EA and EB occur in patients with severe renal damage and correlate to poor prognosis [28].

Patients with positive anti-GBM and ANCA antibodies have a poor renal outcome despite 
adequate treatment [17]. Relapses are more common in this population, in whom the vascu-
litis is incriminated [29].

2.9. Renal transplantation

Renal transplantation in patients with anti-GBM disease is delayed until clinical and labora-
tory quiescence. It is our practice to delay kidney transplantation for at least 6 months after 
immunosuppression discontinuation. Biopsies of renal allografts show linear deposition of 
IgG, without symptomatic disease in many patients. Disease recurrence posttransplantation 
is reported to be 2.7% [30].

De novo anti-GBM disease may develop in 3% of patients with Alport syndrome after renal 
transplantation [30].

Mutations in the COL4A5 gene located on the X chromosome are the most frequent as it 
has already been mentioned, although autosomal recessive and dominant disease have been 
found. An alloimmune response against the antigens of the kidney allograft leads to the devel-
opment of anti-GBM antibodies. In this patient group, a second kidney transplantation is 
associated with a more aggressive disease [31]. Recent guidelines advise the implementation 
of genetic testing for the evaluation of the risk of de novo disease posttransplantation [32].

2.10. Summary

Anti-GBM disease is an organ-specific autoimmune disorder characterized by the produc-
tion of autoantibodies against the basement membrane of glomeruli and alveoli. Dominant 
manifestations are crescentic glomerulonephritis and pulmonary hemorrhage that may be life-
threatening. The severity of renal impairment at presentation as well as the need for dialysis 
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and the percent of glomerular crescents are factors prognostic of renal and patient survival. 
Therefore, early and timely diagnosis is of major importance. Treatment is based on the 
removal of pathogenetic antibodies by plasma exchange and the prevention of antibody pro-
duction by a short course of immunosuppressants, namely cyclophosphamide and steroids.

3. Cryoglobulinemic vasculitis

3.1. Introduction

Cryoglobulinemic vasculitis (CV) is a small-vessel vasculitis that affects mainly the skin, the 
joints, the peripheral nerves and the kidneys. Medium-sized vessels may also be involved. 
Cryoglobulins are immunoglobulin or immune complexes that precipitate in vitro at tem-
peratures below 37°Cand dissolve upon rewarming [33].

Brouet et al. in 1974 [33] developed a classification system based on the immunoglobulin 
composition of cryoglobulins:

Type I cryoglobulins are single monoclonal immunoglobulins most often of the IgG or IgM 
isotype, found in lymphoproliferative disorders, usually Waldenstrom’s macroglobulinemia, 
multiple myeloma and monoclonal gammopathy of unknown significance (MGUS). Type II 
cryoglobulins are composed of monoclonal IgM with rheumatoid factor (RF) activity in asso-
ciation with polyclonal immunoglobulins (usually IgG). The commonest cause is hepatitis C 
virus (HCV) infection. Other causes include infection from hepatitis B virus (HBV) or human 
immunodeficiency virus (HIV), autoimmune diseases and lymphoproliferative disorders. 
Type III cryoglobulins consist of polyclonal IgM with RF activity and polyclonal IgG. They 
are linked to autoimmune disorders and infections, mainly due to HCV. Types II and III are 
associated with mixed cryoglobulinemia (MC) syndrome. In the case of no identifiable cause, 
type II or III cryoglobulinemia is characterized as essential.

3.2. Epidemiology

The prevalence of CV has been reported to be 1:100,000 individuals [34]. The disease usually 
occurs between the ages of 45 and 65, with a female predominance (2–3/1). Racial preference has 
not been recorded. Type I cryoglobulinemia accounts for 10–15% of cryoglobulinemia cases [35]. 
This type of cryoglobulinemia is most frequently attributed to malignancies of the hematopoietic 
cells. According to the French nationwide CryoVas survey, among 64 patients with type I CV, 
56% suffered from a hematologic malignancy, while MGUS was present in 44% of them [36].

Mixed cryoglobulinemia is reported to be present in approximately 75% of cryoglobuline-
mias. HCV is the main underlying disorder in 80–90% of individuals with MC [37].

3.3. Pathogenesis of kidney injury in cryoglobulinemic vasculitis

In chronic viral or bacterial infections (hepatitis C, hepatitis B, endocarditis), defective handling 
of antigenic peptides whether due to high antigenic load or abnormally functioning immune 
regulatory mechanisms might contribute to a state of persistent antigenemia. The result is the 
stimulation of an immune response with subsequent release of antigen-directed antibodies and 
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the formation of immune complexes. Impaired antigen clearance due to complement deficiency or 
to a defect in the reticuloendothelial system may result in the deposition of immune complexes in 
the glomeruli either by passive trapping of circulating immune complexes or by in situ formation 
[38]. Monocytes isolated from patients with active cryoglobulinemic glomerulonephritis display 
delayed processing of cryoglobulins and reduced ability of catabolism, thus favoring tissue depo-
sition [39]. The mesangium and subendothelial space are the sites of immune complex localization.

Subsequent complement activation generates the chemotactic factor C5α which promotes 
the accumulation of circulating neutrophil and monocytes-macrophages [38]. The associa-
tion between C5 activation and neutrophil accumulation has been shown in a murine model 
of cryoglobulin-induced immune complex glomerulonephritis [40]. Moreover, the formation 
of the terminal membrane attack complex (C5b-9) activates inflammatory cells of the glom-
erulus to act similarly [40–42]. Leucocytes release acute inflammatory mediators (oxidants, 
proteases) that damage the capillary wall leading to proteinuria and the decrease of the glo-
merular filtration rate (GFR). On the other hand, glomerular cells release chemokines and 
growth factors that mediate direct damage of the glomerulus through matrix accumulation 
and mesangial cell proliferation [6]. The magnitude and severity of glomerular injury seem to 
be associated to monocyte chemotactic protein-1 (MCP-1) expression [43].

Healthy mice that have been injected with a monoclonal antibody exhibiting both cryoglobulin 
and rheumatoid factor properties develop cutaneous and glomerular lesions. Moreover, the loss 
of the rheumatoid factor activity may protect from the development of skin but not glomerular 
vasculitis, indicating that cryoglobulins alone are sufficient to induce nephritic damage [44].

Pathogenetic mechanisms involved in HCV-associated cryoglobulinemic glomerulonephritis 
have been more extensively studied. It seems that a nonenveloped core protein, HCV E2, 
exhibits nephritogenic properties and binds to the complement-fixing antibody IgG3 [45–47]. 
The complex that is formatted activates the classic complement pathway through C1q and 
stimulates the production of B-cell clones through binding to B-cell receptors (i.e., CD81 mol-
ecule) [47–49]. Monoclonal B lymphocyte expansion seems to be associated to the develop-
ment of nephritis [50]. Subsequently, monoclonal IgMκ and polyclonal IgG antibodies with 
rheumatoid factor activity are elicited. Immune complexes consisting of IgG, IgM (identical 
to those of the cryoprecipitates), viral proteins and complement deposit in the mesangium 
and subendothelial space causing inflammation and mesangial expansion [46, 49, 51]. It is 
noteworthy that the autoimmune response may persist even after complete suppression of 
viremia [52]. Finally, the increased expression of vascular cell adhesion molecule 1 (VCAM-
1) has been associated to severe vasculitic lesions in patients with HCV and mixed cryo-
globulinemia, a finding that has not been confirmed in patients with kidney involvement. 
Cryoglobulins act as anti-endothelial antibodies and induce platelet aggregation [45, 53].

3.4. Clinical presentation

3.4.1. Extra-renal manifestations

The “Meltzer’s triad” consisting of weakness, purpura and arthralgia is reported in 80% of 
the patients early in the course of the disease [54]. Palpable purpura of the lower extremi-
ties occurs in 70–90% of patients, but Raynaud’s phenomenon, acrocyanosis and necrotic 
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ulcers have been described. Arthralgias usually symmetric, involving mainly the large joints, 
develop in 40–72% of the cases. Sensory or sensory motor polyneuropathy presents with pain-
ful paresthesias and motor deficit of the lower limbs in 58–70% of the affected individuals. 
A minority of the patients may present with mononeuritis multiplex [36, 54–56]. However, 
hepatic, gastrointestinal, pulmonary, cardiovascular and central nervous system involve-
ment, as well as sicca symptoms, have also been reported [57]. The CryoVas study showed 
that type I CV seems to be characterized by a higher incidence of severe cutaneous lesions 
compared to mixed cryoglobulinemia syndrome (50 vs. 30%), whereas severe skin involve-
ment is even more infrequent in HCV-related mixed cryoglobulinemia (5%) [36, 54, 55, 58].

3.4.2. Renal manifestations

Renal damage is present at the time of diagnosis in approximately 20–35% of the patients, 
whereas 10–35% of them will eventually develop renal disease at some point during the 
course of the disease [36, 53–55, 59]. Renal manifestations vary. Microscopic hematuria and 
mild proteinuria occur in nearly 41% of the patients. Nephrotic or nephritic syndrome is less 
frequent accounting for 22 and 14% of the cases, respectively. The incidence of hypertension 
is approximately 65%. Other clinical features include acute renal injury or chronic kidney 
disease [36, 54, 59]. The main pathological pattern, in over 80% of affected individuals, is that 
of type-I membranoproliferative glomerulonephritis (MPGN) with subendothelial deposits. 
It seems to be strongly related to type II IgMκ mixed cryoglobulinemia [60].

3.5. Renal pathology

Membranoproliferative glomerulonephritis (MPGN) is the characteristic histopathological 
pattern observed in mixed cryoglobulinemia. The lesions may be histologically identical to 
MPGN type I.

Light microscopy reveals varying degrees of glomerular hypercellularity because of the influx 
of leucocytes. It is often global and diffuse with a predominance of monocytes/macrophages, 
whereas neutrophils are observed during the acute phase. Monocyte infiltration of the inter-
stitium may also be seen. Mesangial and endocapillary cell proliferation leads to enlargement 
and lobular accentuation of the glomerular tuft which is typical of the disease. Subendothelial, 
Periodic acid–Schiff (PAS)-positive eosinophilic deposits are present. Intraluminal thrombi 
consisting of precipitated cryoglobulins are not a rare finding. However, complete lumen 
obstruction is uncommon. The severity of clinical manifestations seems to be related to the 
extent of endocapillary proliferation and the abundance of glomerular deposits. Mesangial 
matrix expansion and accumulation and the interposition of mesangial cells, monocytes and 
endothelial cells lead to the appearance of double-contoured glomerular basement membrane 
(GBM) which is recognized by PAS and silver staining. Extracapillary proliferation is a rare 
finding. Vasculitic lesions of small- and middle-sized renal arteries are described in approxi-
mately 30% of the cases. They comprise vascular PAS-positive deposits, endoluminal accumu-
lation of leucocytes and fibrinoid necrotizing vasculitis in more advanced stages of the disease.

Direct immunofluorescence examination shows granular glomerular and luminal deposits 
that stain positive for both IgM and IgG in type II, III cryoglobulinemia. Subendothelial and 
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the formation of immune complexes. Impaired antigen clearance due to complement deficiency or 
to a defect in the reticuloendothelial system may result in the deposition of immune complexes in 
the glomeruli either by passive trapping of circulating immune complexes or by in situ formation 
[38]. Monocytes isolated from patients with active cryoglobulinemic glomerulonephritis display 
delayed processing of cryoglobulins and reduced ability of catabolism, thus favoring tissue depo-
sition [39]. The mesangium and subendothelial space are the sites of immune complex localization.

Subsequent complement activation generates the chemotactic factor C5α which promotes 
the accumulation of circulating neutrophil and monocytes-macrophages [38]. The associa-
tion between C5 activation and neutrophil accumulation has been shown in a murine model 
of cryoglobulin-induced immune complex glomerulonephritis [40]. Moreover, the formation 
of the terminal membrane attack complex (C5b-9) activates inflammatory cells of the glom-
erulus to act similarly [40–42]. Leucocytes release acute inflammatory mediators (oxidants, 
proteases) that damage the capillary wall leading to proteinuria and the decrease of the glo-
merular filtration rate (GFR). On the other hand, glomerular cells release chemokines and 
growth factors that mediate direct damage of the glomerulus through matrix accumulation 
and mesangial cell proliferation [6]. The magnitude and severity of glomerular injury seem to 
be associated to monocyte chemotactic protein-1 (MCP-1) expression [43].

Healthy mice that have been injected with a monoclonal antibody exhibiting both cryoglobulin 
and rheumatoid factor properties develop cutaneous and glomerular lesions. Moreover, the loss 
of the rheumatoid factor activity may protect from the development of skin but not glomerular 
vasculitis, indicating that cryoglobulins alone are sufficient to induce nephritic damage [44].

Pathogenetic mechanisms involved in HCV-associated cryoglobulinemic glomerulonephritis 
have been more extensively studied. It seems that a nonenveloped core protein, HCV E2, 
exhibits nephritogenic properties and binds to the complement-fixing antibody IgG3 [45–47]. 
The complex that is formatted activates the classic complement pathway through C1q and 
stimulates the production of B-cell clones through binding to B-cell receptors (i.e., CD81 mol-
ecule) [47–49]. Monoclonal B lymphocyte expansion seems to be associated to the develop-
ment of nephritis [50]. Subsequently, monoclonal IgMκ and polyclonal IgG antibodies with 
rheumatoid factor activity are elicited. Immune complexes consisting of IgG, IgM (identical 
to those of the cryoprecipitates), viral proteins and complement deposit in the mesangium 
and subendothelial space causing inflammation and mesangial expansion [46, 49, 51]. It is 
noteworthy that the autoimmune response may persist even after complete suppression of 
viremia [52]. Finally, the increased expression of vascular cell adhesion molecule 1 (VCAM-
1) has been associated to severe vasculitic lesions in patients with HCV and mixed cryo-
globulinemia, a finding that has not been confirmed in patients with kidney involvement. 
Cryoglobulins act as anti-endothelial antibodies and induce platelet aggregation [45, 53].

3.4. Clinical presentation

3.4.1. Extra-renal manifestations

The “Meltzer’s triad” consisting of weakness, purpura and arthralgia is reported in 80% of 
the patients early in the course of the disease [54]. Palpable purpura of the lower extremi-
ties occurs in 70–90% of patients, but Raynaud’s phenomenon, acrocyanosis and necrotic 
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develop in 40–72% of the cases. Sensory or sensory motor polyneuropathy presents with pain-
ful paresthesias and motor deficit of the lower limbs in 58–70% of the affected individuals. 
A minority of the patients may present with mononeuritis multiplex [36, 54–56]. However, 
hepatic, gastrointestinal, pulmonary, cardiovascular and central nervous system involve-
ment, as well as sicca symptoms, have also been reported [57]. The CryoVas study showed 
that type I CV seems to be characterized by a higher incidence of severe cutaneous lesions 
compared to mixed cryoglobulinemia syndrome (50 vs. 30%), whereas severe skin involve-
ment is even more infrequent in HCV-related mixed cryoglobulinemia (5%) [36, 54, 55, 58].

3.4.2. Renal manifestations

Renal damage is present at the time of diagnosis in approximately 20–35% of the patients, 
whereas 10–35% of them will eventually develop renal disease at some point during the 
course of the disease [36, 53–55, 59]. Renal manifestations vary. Microscopic hematuria and 
mild proteinuria occur in nearly 41% of the patients. Nephrotic or nephritic syndrome is less 
frequent accounting for 22 and 14% of the cases, respectively. The incidence of hypertension 
is approximately 65%. Other clinical features include acute renal injury or chronic kidney 
disease [36, 54, 59]. The main pathological pattern, in over 80% of affected individuals, is that 
of type-I membranoproliferative glomerulonephritis (MPGN) with subendothelial deposits. 
It seems to be strongly related to type II IgMκ mixed cryoglobulinemia [60].

3.5. Renal pathology

Membranoproliferative glomerulonephritis (MPGN) is the characteristic histopathological 
pattern observed in mixed cryoglobulinemia. The lesions may be histologically identical to 
MPGN type I.

Light microscopy reveals varying degrees of glomerular hypercellularity because of the influx 
of leucocytes. It is often global and diffuse with a predominance of monocytes/macrophages, 
whereas neutrophils are observed during the acute phase. Monocyte infiltration of the inter-
stitium may also be seen. Mesangial and endocapillary cell proliferation leads to enlargement 
and lobular accentuation of the glomerular tuft which is typical of the disease. Subendothelial, 
Periodic acid–Schiff (PAS)-positive eosinophilic deposits are present. Intraluminal thrombi 
consisting of precipitated cryoglobulins are not a rare finding. However, complete lumen 
obstruction is uncommon. The severity of clinical manifestations seems to be related to the 
extent of endocapillary proliferation and the abundance of glomerular deposits. Mesangial 
matrix expansion and accumulation and the interposition of mesangial cells, monocytes and 
endothelial cells lead to the appearance of double-contoured glomerular basement membrane 
(GBM) which is recognized by PAS and silver staining. Extracapillary proliferation is a rare 
finding. Vasculitic lesions of small- and middle-sized renal arteries are described in approxi-
mately 30% of the cases. They comprise vascular PAS-positive deposits, endoluminal accumu-
lation of leucocytes and fibrinoid necrotizing vasculitis in more advanced stages of the disease.

Direct immunofluorescence examination shows granular glomerular and luminal deposits 
that stain positive for both IgM and IgG in type II, III cryoglobulinemia. Subendothelial and 
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mesangial deposits may also contain C3 and less frequently components of the classical 
complement pathway (C1q, C4).

Electron microscopy reveals the deposits that can be either amorphous or organized into 
curved and annular fibrils with a tubular appearance in cross-section and a diameter of 
20–35 nm [60, 61].

3.6. Diagnosis and laboratory findings

Criteria for the classification of CV have been proposed [62]. Three parameters (questionnaire, 
clinical, laboratory findings) have been taken into account.

1. Patients are classified as having CV, if at least two of the three items are positive.

2. The patient must be positive for serum cryoglobulins in at least two determinations at 
12 weeks’ interval or less.

3. Questionnaire item: at least two out of the following: (1) Do you remember one or more 
episodes of small red spots on your skin, particularly involving the lower limbs? (2) Have 
you ever had red spots on your lower extremities, which leave a brownish color after their 
disappearance? (3) Has a doctor ever told you that you have viral hepatitis?

4. Clinical item: at least three out of the following four (present or past) (1) Constitutional 
symptoms: fatigue, low-grade fever, or fever >388C of no other cause, fibromyalgia. (2) 
Articular involvement, namely arthralgias, arthritis. (3) Vascular involvement: purpura, 
skin ulcers, necrotizing vasculitis, hyperviscosity syndrome, Raynaud’s phenomenon. (4) 
Neurologic involvement of the peripheral or central nervous system.

5. Laboratory item: at least two out of the following three (present) (1) Low serum C4. (2) 
Positive serum rheumatoid factor. (3) Serum M component present.

The diagnosis of CV with kidney involvement is based on clinical manifestations in the pres-
ence of cryoglobulinemia and biopsy-proven MPGN type I.

In type I cryoglobulinemia, precipitation at 1–4°C occurs within hours, whereas in the mixed 
types precipitation may be delayed. Therefore, samples should be stored for 7 days. When 
the test is negative in the context of high suspicion, it should be repeated after assuring the 
correct technique for sampling and handling of the blood. In the case of cryoglobulinemia, 
the cryocrit, which is the centrifuged volume of the precipitate as a percentage of the original 
serum volume should be measured if possible. Cryoglobulin concentration > 20–50 mcg/ml 
or a cryocrit >0.5–1% is considered positive. Cryocrit levels do not correlate with response to 
the treatment. Furthermore, electrophoresis and immunofixation are performed to determine 
the exact type of cryoglobulins.

Other surrogate markers indicative of this disorder are RF, acute phase reactants (erythrocyte 
sedimentation rate and C-reactive protein) and complement components (C1q, C4, CH50). 
Serological studies for viral infections, urinalysis with examination of the sediment, assess-
ment of renal function and proteinuria should always be included in the evaluation of patients 
with mixed cryoglobulinemia.
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3.7. Prognosis

Cryoglobulinemic vasculitis is associated with significant morbidity and mortality. In HCV-
related mixed CV, 1-year and 10-year survival rate is estimated to be 96 and 63%, respectively. 
Factors prognostic of a poor outcome are severe liver fibrosis, central nervous system and 
kidney and/or cardiac involvement [58]. In noninfectious mixed CV, age > 65 years, pulmonary 
and gastrointestinal involvement and renal impairment with GFR < 60 ml/min seem to be inde-
pendently linked to death [56]. Main causes of death are infections and cardiovascular disease 
[56, 58]. In type I CV, 1- and 10-year survival rate is higher, 97 and 87%, respectively [36].

3.8. Therapeutic management

The therapeutic management of glomerulonephritis in CV depends on the underlying etio-
logical disorder and the severity of the disease.

3.8.1. Therapeutic management of mixed cryoglobulinemic vasculitis

The therapeutic regimen comprises immunosuppression in selected cases as well as treatment 
of the underlying disorder.

3.8.1.1. Immunosuppressive therapy

The main indication for immunosuppressive therapy in patients with renal involvement is 
glomerulonephritis associated with a rapidly progressive pattern and/or nephrotic syndrome. 
In the case of severe, organ-threatening disease, immunosuppression is instituted immedi-
ately, even prior to disease-specific therapy. This does not apply to patients with HIV or HBV 
infection who should always receive effective antiviral treatment in order to eradicate viremia 
before immunosuppression use.

Immunosuppression consists of Rituximab and/or corticosteroids. Data supporting the use of 
cyclophosphamide are limited, whereas plasmapheresis should also be considered in severe 
disease [63].

3.8.1.2. Rituximab

Cryoglobulinemic vasculitis, especially in the case of HCV infection, is characterized by 
clonal B-cell expansion, production of IgM and IgG antibodies and immune complex deposi-
tion. Rituximab is a chimeric IgG1κ monoclonal antibody targeted against CD20, which is an 
antigen expressed on the B-cell surface from the early pre-B-cell stage to the activated mature 
cell stage. The rationale behind the use of rituximab in this patient population is that B-cell 
depletion may decrease the production of pathogenic cryoglobulins. Moreover, there is evi-
dence that rituximab therapy is not associated with HCV replication, although there are data 
of HCV viremia without clinical manifestations after Rituximab infusion [64, 65].

In a single-center randomized controlled trial (RCT) [64], 24 patients with HCV-associated 
mixed cryoglobulinemia were randomized either to receive rituximab (375 mg/m2/week 
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mesangial deposits may also contain C3 and less frequently components of the classical 
complement pathway (C1q, C4).

Electron microscopy reveals the deposits that can be either amorphous or organized into 
curved and annular fibrils with a tubular appearance in cross-section and a diameter of 
20–35 nm [60, 61].

3.6. Diagnosis and laboratory findings

Criteria for the classification of CV have been proposed [62]. Three parameters (questionnaire, 
clinical, laboratory findings) have been taken into account.

1. Patients are classified as having CV, if at least two of the three items are positive.

2. The patient must be positive for serum cryoglobulins in at least two determinations at 
12 weeks’ interval or less.

3. Questionnaire item: at least two out of the following: (1) Do you remember one or more 
episodes of small red spots on your skin, particularly involving the lower limbs? (2) Have 
you ever had red spots on your lower extremities, which leave a brownish color after their 
disappearance? (3) Has a doctor ever told you that you have viral hepatitis?

4. Clinical item: at least three out of the following four (present or past) (1) Constitutional 
symptoms: fatigue, low-grade fever, or fever >388C of no other cause, fibromyalgia. (2) 
Articular involvement, namely arthralgias, arthritis. (3) Vascular involvement: purpura, 
skin ulcers, necrotizing vasculitis, hyperviscosity syndrome, Raynaud’s phenomenon. (4) 
Neurologic involvement of the peripheral or central nervous system.

5. Laboratory item: at least two out of the following three (present) (1) Low serum C4. (2) 
Positive serum rheumatoid factor. (3) Serum M component present.

The diagnosis of CV with kidney involvement is based on clinical manifestations in the pres-
ence of cryoglobulinemia and biopsy-proven MPGN type I.

In type I cryoglobulinemia, precipitation at 1–4°C occurs within hours, whereas in the mixed 
types precipitation may be delayed. Therefore, samples should be stored for 7 days. When 
the test is negative in the context of high suspicion, it should be repeated after assuring the 
correct technique for sampling and handling of the blood. In the case of cryoglobulinemia, 
the cryocrit, which is the centrifuged volume of the precipitate as a percentage of the original 
serum volume should be measured if possible. Cryoglobulin concentration > 20–50 mcg/ml 
or a cryocrit >0.5–1% is considered positive. Cryocrit levels do not correlate with response to 
the treatment. Furthermore, electrophoresis and immunofixation are performed to determine 
the exact type of cryoglobulins.

Other surrogate markers indicative of this disorder are RF, acute phase reactants (erythrocyte 
sedimentation rate and C-reactive protein) and complement components (C1q, C4, CH50). 
Serological studies for viral infections, urinalysis with examination of the sediment, assess-
ment of renal function and proteinuria should always be included in the evaluation of patients 
with mixed cryoglobulinemia.
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3.7. Prognosis

Cryoglobulinemic vasculitis is associated with significant morbidity and mortality. In HCV-
related mixed CV, 1-year and 10-year survival rate is estimated to be 96 and 63%, respectively. 
Factors prognostic of a poor outcome are severe liver fibrosis, central nervous system and 
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glomerulonephritis associated with a rapidly progressive pattern and/or nephrotic syndrome. 
In the case of severe, organ-threatening disease, immunosuppression is instituted immedi-
ately, even prior to disease-specific therapy. This does not apply to patients with HIV or HBV 
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Immunosuppression consists of Rituximab and/or corticosteroids. Data supporting the use of 
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disease [63].

3.8.1.2. Rituximab

Cryoglobulinemic vasculitis, especially in the case of HCV infection, is characterized by 
clonal B-cell expansion, production of IgM and IgG antibodies and immune complex deposi-
tion. Rituximab is a chimeric IgG1κ monoclonal antibody targeted against CD20, which is an 
antigen expressed on the B-cell surface from the early pre-B-cell stage to the activated mature 
cell stage. The rationale behind the use of rituximab in this patient population is that B-cell 
depletion may decrease the production of pathogenic cryoglobulins. Moreover, there is evi-
dence that rituximab therapy is not associated with HCV replication, although there are data 
of HCV viremia without clinical manifestations after Rituximab infusion [64, 65].

In a single-center randomized controlled trial (RCT) [64], 24 patients with HCV-associated 
mixed cryoglobulinemia were randomized either to receive rituximab (375 mg/m2/week 
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for 4 weeks) or to continue their current immunosuppressive medications (control group). 
Antivirals had failed to induce clinical remission in all the patients. At the study entry, 33% 
of the patients had active glomerulonephritis (four patients in each group). After 6 months, 
remission defined by a Birmingham Vasculitis Activity Score of zero, was achieved in signifi-
cantly more patients in the rituximab group (83 vs. 8.3%, p < 0.001). Remission sustained for 
a median of 7 months. In addition, during the 6-month period, patients with nephritis in the 
control group experienced a decline in renal function whereas rituximab-treated patients had 
a stable or improved estimated glomerular filtration rate (GFR). However, only three patients 
in the control group received immunosuppressants, namely low dose corticosteroids (mean 
dose of 10 mg prednisone daily). On the other hand, of the 12 patients in the intervention 
group, 6 also received glucocorticoids (mean dose of 26 mg prednisone daily), 1 received 
cyclophosphamide and 2 were also treated with plasmapheresis. Clinical or laboratory find-
ings indicative of hepatitis were not recorded in either group.

De Vita et al. [66] evaluated the use of Rituximab in 59 patients with CV and severe manifestations 
(skin ulcers, active glomerulonephritis or peripheral neuropathy). The majority of the patients 
(93%) had HCV-associated disease, but antiviral therapy failed to achieve remission or was con-
traindicated. Enrolled patients were randomized either to rituximab therapy (1000 mg at baseline 
and at day 14) or to conventional treatments (either glucocorticoids, azathioprine or cyclophos-
phamide, or plasmapheresis). At 12 months, success of the initial treatment was achieved in sig-
nificantly more patients in the rituximab arm (64.3 vs. 3.5%, p < 0.0001). Among seven patients 
with glomerulonephritis treated with rituximab, complete or partial response was recorded in 
four of them after 6 months of therapy. Of eight patients with renal involvement under conven-
tional therapy who had a treatment failure, six had a favorable response to rituximab.

The abovementioned studies indicate that rituximab may be a safe and effective treatment 
in patients with mixed cryoglobulinemia and severe manifestations, especially when HCV 
antiviral therapy fails to induce remission.

Data regarding the use of rituximab in non-HCV infectious cryoglobulinemia syndrome are 
scarce. Prompt initiation of antiviral therapy is mandatory in the case of HBV- or HIV-infected 
patients, since rituximab has been associated with virus reactivation in untreated patient 
populations [67, 68]. In our opinion, this monoclonal antibody should not be used in patients 
with HIV infection who are not receiving antiretroic agents and/or have not achieved a viro-
logical response. In the case of HBV infection, rituximab should be administered in patients 
with suppressed viremia under appropriate antiviral therapy. In these patients, the use of 
immunosuppression alone is associated with a poor response to therapy, whereas remission 
was reached with antiviral medications. Especially in refractory disease, the combination of 
antiinfectious agents with immunosuppressants leads to a favorable response [69].

Finally, limited data exist regarding the use of Rituximab in noninfectious CV. The CryoVas 
survey analyzed data of 242 patients with mixed CV [55]. Causative disorders were con-
nective tissue diseases, essential disease and hematologic malignancies. The therapeutic 
management was evaluated in 209 patients. Corticosteroid monotherapy or steroids in con-
junction with an alkylating agent resulted in lower response rates compared to rituximab 
with corticosteroids. First-line treatment with rituximab and glucocorticoids allowed for 
reductions in steroid dosing and was more efficacious in achieving complete renal and clini-
cal response. However, this combination was related to a ninefold higher rate of infections 
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compared to the other regimens. Therefore, although rituximab seems to be a valuable and 
effective treatment for noninfectious CV, cautiousness regarding the incidence of infections 
is warranted.

3.8.1.3. Corticosteroids

The use of corticosteroids for the treatment of HCV-associated CV is controversial as there are 
no randomized controlled trials evaluating their safety and efficacy in this disease. In patients 
with severe renal involvement, we and other centers administer a short course of high-dose 
pulse corticosteroids (500–750 mg for 3 consecutive days) followed by oral prednisone 1 mg/kg/
day for 2–4 weeks and a rapid tapering to a maintenance dose of 5–10 mg/day, depending on 
the clinical response. The abovementioned randomized controlled studies [64, 67] included dif-
ferent steroid regimens applied by different investigators in all patients with severe disease and 
renal injury. Therefore, we cannot conclude regarding potential benefits and the safety profile.

In a small cohort study, five patients with HCV-related cryoglobulinemic glomerulonephritis 
received rituximab without steroids. Although they all experienced remission of the disease, 
relapse occurred in four of them from month 5 to month 12 of follow-up [70].

Given the lack of convincing evidence regarding the use of steroids in mixed CV, we believe 
that high-dose corticosteroids should be used in the management of renal disease. Rapid 
tapering and concomitant administration of antiinfectious agents are of major importance, 
since steroid use carries the risk of enhancing viral reactivation.

3.8.1.4. Cyclophosphamide

The benefits and risks of cyclophosphamide (CYC) use in patients with mixed CV cannot be 
evaluated from the current literature. Cyclophosphamide is not routinely used in patients 
with HCV cryoglobulinemic vasculitis, since it may increase viral replication or aggravate 
liver injury. In clinical practice, it may be considered when rituximab therapy fails or when 
it is unavailable or poorly tolerated. According to the European League Against Rheumatism 
(EULAR), noninfectious CV can be treated with immunosuppressants including cyclophos-
phamide [71]. When used, CYC is combined with plasma exchange and it is administered 
orally at a dose of 2 mg/kg/day for 3 months [67].

3.8.1.5. Plasma exchange

Case reports or small case series have shown that after plasma exchange response occurs in 
70–80% of patients with mixed CV. It is performed in cases of organ and/or life-threatening 
diseases [72], such as:

• Symptomatic hyperviscosity syndrome

• Rapidly progressive glomerulonephritis, MPGN with renal impairment

• Alveolar hemorrhage or acute gastrointestinal vasculitis

It is advised to warm the albumin solution, since acute kidney injury due to cryoglobulin 
precipitation has been reported [72].
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with severe renal involvement, we and other centers administer a short course of high-dose 
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day for 2–4 weeks and a rapid tapering to a maintenance dose of 5–10 mg/day, depending on 
the clinical response. The abovementioned randomized controlled studies [64, 67] included dif-
ferent steroid regimens applied by different investigators in all patients with severe disease and 
renal injury. Therefore, we cannot conclude regarding potential benefits and the safety profile.
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received rituximab without steroids. Although they all experienced remission of the disease, 
relapse occurred in four of them from month 5 to month 12 of follow-up [70].

Given the lack of convincing evidence regarding the use of steroids in mixed CV, we believe 
that high-dose corticosteroids should be used in the management of renal disease. Rapid 
tapering and concomitant administration of antiinfectious agents are of major importance, 
since steroid use carries the risk of enhancing viral reactivation.

3.8.1.4. Cyclophosphamide

The benefits and risks of cyclophosphamide (CYC) use in patients with mixed CV cannot be 
evaluated from the current literature. Cyclophosphamide is not routinely used in patients 
with HCV cryoglobulinemic vasculitis, since it may increase viral replication or aggravate 
liver injury. In clinical practice, it may be considered when rituximab therapy fails or when 
it is unavailable or poorly tolerated. According to the European League Against Rheumatism 
(EULAR), noninfectious CV can be treated with immunosuppressants including cyclophos-
phamide [71]. When used, CYC is combined with plasma exchange and it is administered 
orally at a dose of 2 mg/kg/day for 3 months [67].

3.8.1.5. Plasma exchange

Case reports or small case series have shown that after plasma exchange response occurs in 
70–80% of patients with mixed CV. It is performed in cases of organ and/or life-threatening 
diseases [72], such as:

• Symptomatic hyperviscosity syndrome

• Rapidly progressive glomerulonephritis, MPGN with renal impairment

• Alveolar hemorrhage or acute gastrointestinal vasculitis

It is advised to warm the albumin solution, since acute kidney injury due to cryoglobulin 
precipitation has been reported [72].
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Plasma exchange is always used in combination with immunosuppressive therapy in order to 
remove circulating cryoglobulins but also to prevent further formation.

3.8.1.6. Treatment of the underlying disorder

3.8.1.6.1. Treatment of hepatitis C or hepatitis B infection

During the past decades, patients with HCV-related cryoglobulinemic vasculitis have been 
treated with interferon-containing regimens. The introduction of direct acting antiviral agents 
(DAAs) has radically changed the treatment of patients with HCV infection. These drugs tar-
get nonstructural (NS) viral proteins and inhibit HCV replication [73]. Although the efficacy 
of DAAs in HCV-associated cryoglobulinemic vasculitis has not been confirmed, they are 
more potent regimens with a better safety profile and a shorter duration of therapy. Taking 
into account that DAAs are first-line agents in HCV treatment according to current guidelines 
[74], we believe that they should be offered to patients with CV and hepatitis C. In a pro-
spective study, Gragnani et al. [75] evaluated the efficacy, safety and virological response of 
different combinations of DAAs in 44 patients with HCV-related cryoglobulinemic vasculitis. 
Concurrent immunosuppression was given to two patients. Kidney involvement was recorded 
in four cases. Sustained virologic response and complete clinical remission was achieved in all 
patients at week 24. Renal function as well as proteinuria ameliorated substantially in patients 
with renal disease. Adverse events were mild and did not lead to drug discontinuation.

The optimal timing for initiation of antivirals is not clear. It has been recommended to delay 
antiviral therapy for 1–4 months [63, 71]. The purpose of this approach is to avoid immune-
mediated events attributed to interferon regimens. On the other hand, immunosuppression 
may improve renal function, enhancing the use of DAAs. The proper timing of DAAs’ intro-
duction needs to be determined.

Patients with hepatitis B-associated CV and nephritis are treated with entecavir which is 
associated with less nephrotoxicity and lower rates of resistance. Antiviral therapy not only 
prevents from HBV replication but it may also induce disease remission [76]. Ideally, it 
should precede immunosuppressive therapy, which is not recommended in active hepatitis.

3.8.2. Therapeutic management of type I cryoglobulinemic vasculitis

The treatment of type I CV is that of the causative hematological disorder. Rituximab, bort-
ezomib, CYC, lenalidomide and thalidomide have been used with satisfactory results.

More specifically, a bortezomib-based regimen is used in patients with deteriorated renal 
function, whereas lenalidomide is preferred in cases of neurologic involvement [77]. 
Rituximab infusion, which has been hypothesized to induce B-cell apoptosis and cryo-
globulin release in these patients, seems to be associated with a rapid disease flare [34]. 
Therefore, rituximab is suggested for use after inducing an initial remission with other 
treatment regimens [78].
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3.9. Summary

• Cryoglobulinemic vasculitis is a small-vessel vasculitis which mainly affects the skin, the 
joints, the peripheral nerves and the kidneys.

• Etiological factors include chronic viral infections particularly HCV, autoimmune disor-
ders and B-cell lymphoproliferative disorders.

• Renal involvement may be manifested as mild proteinuria with microscopic hematuria, 
nephrotic or nephritic syndrome and varying degrees of renal impairment. Hypertension 
is common.

• The predominant histological pattern is MPGN type I. Recent studies have identified prog-
nostic factors that need to be evaluated in clinical trials.

• Treatment strategy is individualized according to the underlying disorder and the severity 
of the disease. The therapeutic regimen comprises immunosuppression mainly Rituximab 
in selected cases as well as the treatment of the underlying disorder.

4. IgA vasculitis (Henoch-Schonlein purpura)

4.1. Historical background

IgA vasculitis (IgAV), until recently known as “Henoch-Schonlein purpura,” has actually first 
been described by Heberden in 1806. Later on, in 1837, Schoenlein first described the associa-
tion of purpuric rash with arthritis, and his student, Henoch, in 1874, added the renal and 
gastrointestinal involvement to the entity [79–81].

4.2. Nomenclature/organ involvement

According to the 2012 Revised International Chapel Hill Consensus Conference Nomenclature 
of Vasculitides, the term “Henoch-Schoenlein Purpura” was replaced by “IgA vasculitis” on 
the basis of the pathophysiological mechanism which is characterized by circulation and tis-
sue deposition of abnormal IgA [1].

According to the new classification, IgAV is an immune complex small-vessel vasculitis (SVV). 
IgAV may present as a single-organ disease, for example, as isolated cutaneous vasculitis or as 
renal-limited IgAV which is indistinguishable from IgA nephropathy (IgAN), or as a systemic 
disease with multiorgan involvement. Patients with initial single-organ involvement may 
subsequently develop systemic manifestations.

The “classic triad” of organ involvement in IgAV comprises skin involvement manifested 
as palpable purpura mostly of the lower extremities, arthralgia or arthritis and gastroin-
testinal manifestations including abdominal pain and occult or overt GI bleeding. Though 
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Patients with hepatitis B-associated CV and nephritis are treated with entecavir which is 
associated with less nephrotoxicity and lower rates of resistance. Antiviral therapy not only 
prevents from HBV replication but it may also induce disease remission [76]. Ideally, it 
should precede immunosuppressive therapy, which is not recommended in active hepatitis.

3.8.2. Therapeutic management of type I cryoglobulinemic vasculitis
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ezomib, CYC, lenalidomide and thalidomide have been used with satisfactory results.

More specifically, a bortezomib-based regimen is used in patients with deteriorated renal 
function, whereas lenalidomide is preferred in cases of neurologic involvement [77]. 
Rituximab infusion, which has been hypothesized to induce B-cell apoptosis and cryo-
globulin release in these patients, seems to be associated with a rapid disease flare [34]. 
Therefore, rituximab is suggested for use after inducing an initial remission with other 
treatment regimens [78].
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not included in the classic triad, renal involvement is frequent, occurring in 45–50% of adult 
patients with IgAV, and is the most important determinant of outcome [82].

4.3. Epidemiology

IgAV is the most common vasculitis in childhood with an annual incidence of 13–20 cases 
per 100,000 children, affecting most commonly children in the age group of 4–7 years, with 
a predominance in boys. In children, there is a peak incidence in autumn and winter and 
the clinical presentation is often preceded by a respiratory infection, suggesting a possible 
implication of viruses and bacteria as a trigger for the disease [83].

Of these pathogens, the most studied is group-A β hemolytic streptococcus, found in 20–50% 
of children with IgAV, either as positive throat cultures or by serology as elevated antistrep-
tolysin titers [84].

In adults, IgAV occurs far less frequently and has an annual incidence of 0.8–1.8 per 10,000. 
There is no seasonal variation in incidence. There is a male predominance with a male to 
female ratio of 5:1 [82].

IgAV is described worldwide and in all ethnic groups, but its annual incidence, as exam-
ined in a worldwide study by Garner-Medwin et al. including children of all origins, 
has been reported to be lower in the Black race. The ethnic variation of its renal limited 
counterpart, IgAN, with increased frequency in Japan and East-Asia, less prevalence in 
Europe and Australia and the lowest prevalence in Africa, has not been detected in IgAV 
[83, 85, 86].

4.4. Pathophysiology

In recent years, an association between adulthood IgAV and malignancy, as with other auto-
immune diseases, has been reported. In a retrospective study including 200 patients with 
ANCA-associated vasculitis (AASV) and 129 patients with IgAV, the relative risk of malig-
nancy was increased at 6.02 in AASV and 5.25 in IgAV patients, respectively, compared to an 
age-matched control group of the general population [87].

In the largest cohort of adult patients with IgAV with long-term follow-up, Pillebout et al. report 
a mortality rate of 26% at 15 years. Malignancy was the leading cause of death in 30% of patients. 
Almost all of them were solid tumors, most of them being lung and GI carcinomas [88].

Besides solid tumors, IgAV has also been described in the setting of hematologic malignancies 
as lymphoma and IgA myeloma but also as secondary to infections, vaccines and medications 
[89–92].

Though there is no proven causal relationship, it seems that, irrespective of the trigger, extrin-
sic factors, in the presence of a specific genetic background, lead to initiation of the pathoge-
netic mechanism in IgAV [93].

As for IgAN, the key pathogenetic mechanism includes aberrant glycosylation of the 
IgA1 isotype of IgA. According to the “multihit hypothesis,” this galactose-deficient IgA1 
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induces autoantibody production toward the neoantigen. These antiglycan antibodies bind 
to the abnormal IgA1 leading to complement activation via the alternate or the lectin path-
way and to the subsequent formation of immune complexes, which deposit in the affected 
organs [94].

4.5. Differential diagnosis and diagnostic criteria

The typical presentation of IgAV includes palpable purpuric rash of the lower extremities, 
gastro-intestinal bleeding and/or abdominal pain, arthralgia or arthritis and in case of renal 
involvement, microscopic hematuria and subnephrotic proteinuria with or without renal 
function impairment.

In cases of more atypical presentation, especially in adulthood, other diseases with similar 
clinical features must be excluded. Immune thrombocytopenic purpura (ITP) and thrombotic 
microangiopathies may present with a hemorrhagic rash but can easily be excluded by the 
absence of thrombocytopenia or hemolysis [95].

Cryoglobulinemic, urticarial and hypersensitivity vasculitides may also present with skin 
lesions, arthritis and renal involvement. In this setting, a skin biopsy, when performed ade-
quately involving active lesions, may confirm the diagnosis of IgAV. The typical histologic 
features are those of leukocytoclastic vasculitis with fibrinoid necrosis and perivascular infil-
tration of leukocytes and monocytes. On immunofluorescence, there is IgA deposition along 
with C3 and fibrin [96].

In the minority of cases with predominance of GI symptoms that may precede the other mani-
festations, causes of surgical abdomen must be ruled out.

There are no distinctive laboratory parameters for the diagnosis of IgAV. Serum levels of IgA 
may be increased in about 50% of patients and rarely complement components C3, and C4 
might be decreased [97].

A series of diagnostic criteria including clinical and laboratory parameters and histologic fea-
tures of skin biopsy for the diagnosis of IgAV have been proposed. The first attempt was in 
1990 by the American College of Rheumatology (ACR) which were revised and extended first 
by Michel in 1992, later on by Helander, de Castro and Gibson in 1995, coming to the more 
recent EULAR/PRINTO/PRESS Criteria in 2010. The extended description and comparison of 
the sensitivity and specificity of these criteria have been published by Yang et al. in 2014. Most 
data for the diagnostic criteria have been derived from studies in pediatric populations [98].

4.6. Clinical manifestations

4.6.1. Purpura

The typical presentation is palpable purpura, often symmetric, predominantly affecting the 
lower extremities, at pressure sites, but it can extend to the whole body. In children, rash most 
often resolves spontaneously after 2–3 weeks and may relapse in about one-third of patients. 
In adults, in about 30% of patients, it may present with more severe forms including blisters, 
hemorrhagic and necrotic lesions [99].
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per 100,000 children, affecting most commonly children in the age group of 4–7 years, with 
a predominance in boys. In children, there is a peak incidence in autumn and winter and 
the clinical presentation is often preceded by a respiratory infection, suggesting a possible 
implication of viruses and bacteria as a trigger for the disease [83].

Of these pathogens, the most studied is group-A β hemolytic streptococcus, found in 20–50% 
of children with IgAV, either as positive throat cultures or by serology as elevated antistrep-
tolysin titers [84].

In adults, IgAV occurs far less frequently and has an annual incidence of 0.8–1.8 per 10,000. 
There is no seasonal variation in incidence. There is a male predominance with a male to 
female ratio of 5:1 [82].

IgAV is described worldwide and in all ethnic groups, but its annual incidence, as exam-
ined in a worldwide study by Garner-Medwin et al. including children of all origins, 
has been reported to be lower in the Black race. The ethnic variation of its renal limited 
counterpart, IgAN, with increased frequency in Japan and East-Asia, less prevalence in 
Europe and Australia and the lowest prevalence in Africa, has not been detected in IgAV 
[83, 85, 86].

4.4. Pathophysiology

In recent years, an association between adulthood IgAV and malignancy, as with other auto-
immune diseases, has been reported. In a retrospective study including 200 patients with 
ANCA-associated vasculitis (AASV) and 129 patients with IgAV, the relative risk of malig-
nancy was increased at 6.02 in AASV and 5.25 in IgAV patients, respectively, compared to an 
age-matched control group of the general population [87].

In the largest cohort of adult patients with IgAV with long-term follow-up, Pillebout et al. report 
a mortality rate of 26% at 15 years. Malignancy was the leading cause of death in 30% of patients. 
Almost all of them were solid tumors, most of them being lung and GI carcinomas [88].

Besides solid tumors, IgAV has also been described in the setting of hematologic malignancies 
as lymphoma and IgA myeloma but also as secondary to infections, vaccines and medications 
[89–92].

Though there is no proven causal relationship, it seems that, irrespective of the trigger, extrin-
sic factors, in the presence of a specific genetic background, lead to initiation of the pathoge-
netic mechanism in IgAV [93].

As for IgAN, the key pathogenetic mechanism includes aberrant glycosylation of the 
IgA1 isotype of IgA. According to the “multihit hypothesis,” this galactose-deficient IgA1 
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induces autoantibody production toward the neoantigen. These antiglycan antibodies bind 
to the abnormal IgA1 leading to complement activation via the alternate or the lectin path-
way and to the subsequent formation of immune complexes, which deposit in the affected 
organs [94].

4.5. Differential diagnosis and diagnostic criteria

The typical presentation of IgAV includes palpable purpuric rash of the lower extremities, 
gastro-intestinal bleeding and/or abdominal pain, arthralgia or arthritis and in case of renal 
involvement, microscopic hematuria and subnephrotic proteinuria with or without renal 
function impairment.

In cases of more atypical presentation, especially in adulthood, other diseases with similar 
clinical features must be excluded. Immune thrombocytopenic purpura (ITP) and thrombotic 
microangiopathies may present with a hemorrhagic rash but can easily be excluded by the 
absence of thrombocytopenia or hemolysis [95].

Cryoglobulinemic, urticarial and hypersensitivity vasculitides may also present with skin 
lesions, arthritis and renal involvement. In this setting, a skin biopsy, when performed ade-
quately involving active lesions, may confirm the diagnosis of IgAV. The typical histologic 
features are those of leukocytoclastic vasculitis with fibrinoid necrosis and perivascular infil-
tration of leukocytes and monocytes. On immunofluorescence, there is IgA deposition along 
with C3 and fibrin [96].

In the minority of cases with predominance of GI symptoms that may precede the other mani-
festations, causes of surgical abdomen must be ruled out.

There are no distinctive laboratory parameters for the diagnosis of IgAV. Serum levels of IgA 
may be increased in about 50% of patients and rarely complement components C3, and C4 
might be decreased [97].

A series of diagnostic criteria including clinical and laboratory parameters and histologic fea-
tures of skin biopsy for the diagnosis of IgAV have been proposed. The first attempt was in 
1990 by the American College of Rheumatology (ACR) which were revised and extended first 
by Michel in 1992, later on by Helander, de Castro and Gibson in 1995, coming to the more 
recent EULAR/PRINTO/PRESS Criteria in 2010. The extended description and comparison of 
the sensitivity and specificity of these criteria have been published by Yang et al. in 2014. Most 
data for the diagnostic criteria have been derived from studies in pediatric populations [98].

4.6. Clinical manifestations

4.6.1. Purpura

The typical presentation is palpable purpura, often symmetric, predominantly affecting the 
lower extremities, at pressure sites, but it can extend to the whole body. In children, rash most 
often resolves spontaneously after 2–3 weeks and may relapse in about one-third of patients. 
In adults, in about 30% of patients, it may present with more severe forms including blisters, 
hemorrhagic and necrotic lesions [99].
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4.6.2. Joint involvement

The second most common manifestation affecting about 75% of patients is joint pain, most 
often of the knees and ankles, impairing walking. Overt arthritis is less common [97].

4.6.3. Gastrointestinal involvement

GI involvement occurs in about 50–75% of patients with IgAV. The presenting symptom is 
most often colicky abdominal pain which occurs typically soon, in about 2–10 days after the 
onset of rash. In a minority of patients (10–20%), abdominal symptoms may precede the onset 
of purpura; in this setting diagnosis may be difficult. Occult GI bleeding is common in IgAV, 
while gross bleeding with melanotic or hemorrhagic stools occurs in less than 10% of patients. 
The most frequently involved sites of the GI tract are the duodenum and the small intestine. 
Esophagogastroduodenoscopy (EGD) is the preferred diagnostic procedure in patients with 
suspected IgAV. The typical findings are irregular ulcers and petechiae in the duodenum. 
Small intestine radiography and colonoscopy may also be necessary. Severe GI complications 
as intussusception and perforation occur in 1–5% of patients [100].

4.6.4. Renal involvement

Renal involvement occurs in about 25–54% of children and in 45–85% of adults with IgAV. In 
adults, it is a rare entity, which accounts for 0.6–2% of all biopsy-proven glomerulonephriti-
des. In adults, there is not only increased frequency of renal involvement but also a worse 
outcome compared to children. Reported progression rates to ESRD in children range from 5 
to 10%, while in adults they reach 30% and more [101].

4.6.5. Clinical presentation

The most common clinical manifestation is microscopic hematuria with subnephrotic proteinuria 
in 80% of patients. In contrast to IgAN, macroscopic hematuria is less common in IgAV. Arterial 
hypertension and impaired renal function are present in about 30% of adults at disease onset. 
About 10–20% of adult patients present with nephritic or nephrotic syndrome [82].

Renal biopsy is performed more often in adults than in children, in whom the disease is 
generally mild and resolves spontaneously. In adulthood, the necessity of a renal biopsy is 
implicated by the rarity of the disease, the differential diagnosis between other small-vessel 
vasculitides as AASV or cryoglobulinemic vasculitis or in the setting of rapid deterioration of 
renal function or severe renal impairment at presentation.

4.7. Histology

Histological lesions of IgAV are indistinguishable from IgAN with the diagnostic hall-
mark being prominent IgA deposition in the mesangium by immunofluorescence staining. 
Concurrent deposition of C3 and less commonly IgG and IgM may also be present. On light 
microscopy, the most common finding is mesangial hypercellularity and mesangial matrix 
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expansion. Electron microscopy examination reveals electron-dense material corresponding 
to the immune-complex deposition, predominantly in the mesangium. Histologic features in 
patients with IgAV as with IgAN have enormous variations in terms of activity and chronic-
ity, the former including endocapillary proliferation, fibrinoid necrosis and cellular crescents 
and the latter comprising focal and/or segmental glomerulosclerosis, adhesions to Bowman’s 
capsule, interstitial fibrosis and tubular atrophy, respectively [102].

In IgAN, according to the Oxford Classification, the histologic features were found to be 
prognostic indicators of renal outcome long term: mesangial hypercellularity, endocapillary 
proliferation, segmental glomerulosclerosis or adhesion and tubular atrophy and interstitial 
fibrosis (MEST score) [103].

In a retrospective cohort of 250 adult patients with IgAV, Pillebout et al. analyzed renal 
involvement and renal outcome parameters. In this study, a different classification scheme in 
order to determine histologic features as prognostic indicators was introduced for IgAV. This 
classification divides IgAV into five classes based on the severity of active as endo- and extra-
capillary proliferation (classes 3a and 3b) and chronic lesions as fibrotic kidney with global 
sclerosis in more than 50% of glomeruli (class V), respectively [88].

This histological approach is preferable compared to the Oxford Classification adopted 
from IgAN, since patients with IgAV have worse initial presentation and possibly outcome 
compared to IgAN, while in the Oxford study, patients with severe renal impairment (eGFR 
<30 ml/min) and rapidly progressive glomerulonephritis (RPGN) were excluded [103].

4.8. Outcome

The most relevant studies are summarized in Table 1. Almost all studies are retrospective and 
include children and adults.

A multicenter observational study from Italy included 95 adults and 57 children with a mean 
follow-up of 5 years. The authors report similar outcomes in terms of remission rates (32.5% 
in adults vs. 31.5% in children) and survival rates at 5 years (85 and 95%, respectively) [104]. 
On the other hand, a retrospective study from Spain including 116 children and 46 adults with 
IgAV nephritis, with a relatively short-term follow-up of 15 months, reported more frequent 
and severe renal involvement in adults, with high complete recovery rates at 89% in the adult 
and 94% in the children group, respectively [105].

Among adults, the reported rates of ESRD range from 8–16% at 5–15 years [88, 104, 106]. 
Proteinuria >1 g/day [88, 104, 106], impaired renal function at presentation [88, 104] and arte-
rial hypertension [104] have been identified as negative prognostic indicators.

4.9. Therapy of renal manifestations

Currently, most of the evidence for the therapy of IgAV nephritis comes from retrospective 
cohorts including children and adults. According to the KDIGO Guidelines of 2012, “IgAV 
nephritis in adults should be treated the same as in children” (weak evidence, level of recom-
mendation 2D) [22].
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most often colicky abdominal pain which occurs typically soon, in about 2–10 days after the 
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of purpura; in this setting diagnosis may be difficult. Occult GI bleeding is common in IgAV, 
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Esophagogastroduodenoscopy (EGD) is the preferred diagnostic procedure in patients with 
suspected IgAV. The typical findings are irregular ulcers and petechiae in the duodenum. 
Small intestine radiography and colonoscopy may also be necessary. Severe GI complications 
as intussusception and perforation occur in 1–5% of patients [100].
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des. In adults, there is not only increased frequency of renal involvement but also a worse 
outcome compared to children. Reported progression rates to ESRD in children range from 5 
to 10%, while in adults they reach 30% and more [101].

4.6.5. Clinical presentation

The most common clinical manifestation is microscopic hematuria with subnephrotic proteinuria 
in 80% of patients. In contrast to IgAN, macroscopic hematuria is less common in IgAV. Arterial 
hypertension and impaired renal function are present in about 30% of adults at disease onset. 
About 10–20% of adult patients present with nephritic or nephrotic syndrome [82].

Renal biopsy is performed more often in adults than in children, in whom the disease is 
generally mild and resolves spontaneously. In adulthood, the necessity of a renal biopsy is 
implicated by the rarity of the disease, the differential diagnosis between other small-vessel 
vasculitides as AASV or cryoglobulinemic vasculitis or in the setting of rapid deterioration of 
renal function or severe renal impairment at presentation.

4.7. Histology

Histological lesions of IgAV are indistinguishable from IgAN with the diagnostic hall-
mark being prominent IgA deposition in the mesangium by immunofluorescence staining. 
Concurrent deposition of C3 and less commonly IgG and IgM may also be present. On light 
microscopy, the most common finding is mesangial hypercellularity and mesangial matrix 
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expansion. Electron microscopy examination reveals electron-dense material corresponding 
to the immune-complex deposition, predominantly in the mesangium. Histologic features in 
patients with IgAV as with IgAN have enormous variations in terms of activity and chronic-
ity, the former including endocapillary proliferation, fibrinoid necrosis and cellular crescents 
and the latter comprising focal and/or segmental glomerulosclerosis, adhesions to Bowman’s 
capsule, interstitial fibrosis and tubular atrophy, respectively [102].

In IgAN, according to the Oxford Classification, the histologic features were found to be 
prognostic indicators of renal outcome long term: mesangial hypercellularity, endocapillary 
proliferation, segmental glomerulosclerosis or adhesion and tubular atrophy and interstitial 
fibrosis (MEST score) [103].

In a retrospective cohort of 250 adult patients with IgAV, Pillebout et al. analyzed renal 
involvement and renal outcome parameters. In this study, a different classification scheme in 
order to determine histologic features as prognostic indicators was introduced for IgAV. This 
classification divides IgAV into five classes based on the severity of active as endo- and extra-
capillary proliferation (classes 3a and 3b) and chronic lesions as fibrotic kidney with global 
sclerosis in more than 50% of glomeruli (class V), respectively [88].

This histological approach is preferable compared to the Oxford Classification adopted 
from IgAN, since patients with IgAV have worse initial presentation and possibly outcome 
compared to IgAN, while in the Oxford study, patients with severe renal impairment (eGFR 
<30 ml/min) and rapidly progressive glomerulonephritis (RPGN) were excluded [103].

4.8. Outcome

The most relevant studies are summarized in Table 1. Almost all studies are retrospective and 
include children and adults.

A multicenter observational study from Italy included 95 adults and 57 children with a mean 
follow-up of 5 years. The authors report similar outcomes in terms of remission rates (32.5% 
in adults vs. 31.5% in children) and survival rates at 5 years (85 and 95%, respectively) [104]. 
On the other hand, a retrospective study from Spain including 116 children and 46 adults with 
IgAV nephritis, with a relatively short-term follow-up of 15 months, reported more frequent 
and severe renal involvement in adults, with high complete recovery rates at 89% in the adult 
and 94% in the children group, respectively [105].

Among adults, the reported rates of ESRD range from 8–16% at 5–15 years [88, 104, 106]. 
Proteinuria >1 g/day [88, 104, 106], impaired renal function at presentation [88, 104] and arte-
rial hypertension [104] have been identified as negative prognostic indicators.

4.9. Therapy of renal manifestations

Currently, most of the evidence for the therapy of IgAV nephritis comes from retrospective 
cohorts including children and adults. According to the KDIGO Guidelines of 2012, “IgAV 
nephritis in adults should be treated the same as in children” (weak evidence, level of recom-
mendation 2D) [22].
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On the other hand, almost all studies have shown more frequent and more severe renal 
involvement in adult IgAV nephritis with worse prognosis and outcome; therefore, it is 
indeed a weak suggestion to treat a disease with a different clinical picture and outcome 
the same as in a dissimilar patient population as children, who often have an indolent self-
limiting nephritis course [88, 104–106].

The only RCT investigating treatment of IgAV nephritis in adults was a 12-month, prospec-
tive, open-label trial, the CESAR study. This study included 54 adult patients with severe, 
proliferative IgAV nephritis excluding those with RPGN. Patients were randomized to receive 
either steroid monotherapy or steroids with cyclophosphamide. The study showed that there 
was no additional benefit in renal outcome in the steroid and cyclophosphamide group. 
However, one must consider that the study was underpowered, since the number of patients 
was relatively low and follow-up time short [107].

With regard to the KDIGO Guidelines for the therapy of IgAV nephritis [22], as mentioned 
earlier, the suggestion is to treat the disease the same as in children while recommendations 
in children refer to the recommendations for IgAN. Taking into consideration that it is dif-
ficult to perform RCTs in adults in a rare entity as IgAV and that it is even more difficult to 

Study Number 
of 
patients

Follow-up 
(years)

CKD ESRD Death Recovery Prognostic  
indicators

Retrospective 
Multicenter 
Italy; Coppo 
et al. [104]

95 adults 5 This 
endpoint 
was not 
included 
in the study

16% This 
endpoint 
was not 
included 
in the study

32% ↓GFR; 
Proteinuria >1 g/
day; Arterial 
hypertension57 

children
7% 31%

Retrospective 
Spain; Blanco 
et al. [105]

116 
children

1.8 This 
endpoint 
was not 
included 
in the  
study

This 
endpoint 
was not 
included 
in the 
study

This 
endpoint 
was not 
included 
in the  
study

94% This endpoint 
was not 
included in the 
study46 adults 89%

Retrospective 
Finland; Rauta 
et al. [106]

38 adults 6 19% 8% This 
endpoint 
was not 
included 
in the  
study

This endpoint 
was not 
included in the 
study

Proteinuria >1 g/
day

Retrospective 
Multicenter 
France; 
Pillebout 
et al. [88]

250 
adults

15 38% 11% 26% This endpoint 
was not 
included in the 
study

Proteinuria 
>1 g/day; Initial 
GFR < 50 ml/
min

Table 1. Outcome of patients with IgA vasculitis.
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extrapolate data from children into adults, the most reasonable approach is to treat renal 
involvement in adult IgAV based on the recommendations for adult IgAN.

Since IgAN is probably the glomerulonephritis with the broader spectrum of clinical presenta-
tions and histologic features of active and chronic lesions, therapeutic benefit must outweigh 
long-term toxicity, especially in a disease with chronic course and often irreversible damage 
at presentation.

A very pragmatic approach for the treatment of IgAN, that can be applied to IgAV nephritis, 
since histological features and central pathogenetic mechanisms are identical, has been pub-
lished by Floege and Eitner in 2011 [108].

IgAN patients can be divided into four clinical categories and therapeutic interventions must 
be tailored based on these entities. Mild renal involvement.

The first patient group the so-called “silent majority” involves all patients in whom the dis-
ease is diagnosed incidentally, who present with isolated microscopic hematuria and who 
in fact even do not fulfill strict criteria for performing a renal biopsy. Those patients only 
need long-term follow-up for up to 10 years, which is indeed difficult to achieve in otherwise 
healthy individuals.

Moderate renal involvement.

The second category comprises the “typical IgAN patient” with micro- and macroscopic hema-
turia, subnephrotic proteinuria, presence or absence of arterial hypertension and preserved 
renal function at diagnosis. These patients should be treated with general supportive measures 
and if proteinuria persists above 1 g/day, they should receive a 6-month course of high-dose 
steroid monotherapy. This approach has shown benefit in terms of preserving renal function 
while mycophenolate acid has not proven efficacy, at least in Caucasian populations, and com-
bination of steroids with other immunosuppressive agents has not shown additional benefits. 
In the stop-IgAN trial, addition of immunosuppression to optimized supportive treatment in 
patients of this category did not show a beneficial effect after a follow-up of 3 years [109].

4.9.1. Severe renal involvement

4.9.1.1. Severely impaired renal function

The third category is those patients with severely impaired renal function. The “point of no 
return” is defined as a creatinine level above 2.5–3.0 mg/dl or an eGFR <30 ml/min. In this 
patient group, optimizing supportive treatment is mandatory while immunosuppression has 
no indication and may be even harmful.

4.9.1.2. Rapid deterioration of renal function or nephrotic syndrome

The fourth group includes rare manifestations as rapid deterioration of renal function or 
nephrotic syndrome. In the case of rapidly increased creatinine, a repeat biopsy should be per-
formed within 5–10 days in order to differentiate between RPGN and acute tubular injury 
(ATI) due to tubular obliteration by red cell casts [110].
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On the other hand, almost all studies have shown more frequent and more severe renal 
involvement in adult IgAV nephritis with worse prognosis and outcome; therefore, it is 
indeed a weak suggestion to treat a disease with a different clinical picture and outcome 
the same as in a dissimilar patient population as children, who often have an indolent self-
limiting nephritis course [88, 104–106].

The only RCT investigating treatment of IgAV nephritis in adults was a 12-month, prospec-
tive, open-label trial, the CESAR study. This study included 54 adult patients with severe, 
proliferative IgAV nephritis excluding those with RPGN. Patients were randomized to receive 
either steroid monotherapy or steroids with cyclophosphamide. The study showed that there 
was no additional benefit in renal outcome in the steroid and cyclophosphamide group. 
However, one must consider that the study was underpowered, since the number of patients 
was relatively low and follow-up time short [107].

With regard to the KDIGO Guidelines for the therapy of IgAV nephritis [22], as mentioned 
earlier, the suggestion is to treat the disease the same as in children while recommendations 
in children refer to the recommendations for IgAN. Taking into consideration that it is dif-
ficult to perform RCTs in adults in a rare entity as IgAV and that it is even more difficult to 
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extrapolate data from children into adults, the most reasonable approach is to treat renal 
involvement in adult IgAV based on the recommendations for adult IgAN.

Since IgAN is probably the glomerulonephritis with the broader spectrum of clinical presenta-
tions and histologic features of active and chronic lesions, therapeutic benefit must outweigh 
long-term toxicity, especially in a disease with chronic course and often irreversible damage 
at presentation.

A very pragmatic approach for the treatment of IgAN, that can be applied to IgAV nephritis, 
since histological features and central pathogenetic mechanisms are identical, has been pub-
lished by Floege and Eitner in 2011 [108].

IgAN patients can be divided into four clinical categories and therapeutic interventions must 
be tailored based on these entities. Mild renal involvement.

The first patient group the so-called “silent majority” involves all patients in whom the dis-
ease is diagnosed incidentally, who present with isolated microscopic hematuria and who 
in fact even do not fulfill strict criteria for performing a renal biopsy. Those patients only 
need long-term follow-up for up to 10 years, which is indeed difficult to achieve in otherwise 
healthy individuals.

Moderate renal involvement.

The second category comprises the “typical IgAN patient” with micro- and macroscopic hema-
turia, subnephrotic proteinuria, presence or absence of arterial hypertension and preserved 
renal function at diagnosis. These patients should be treated with general supportive measures 
and if proteinuria persists above 1 g/day, they should receive a 6-month course of high-dose 
steroid monotherapy. This approach has shown benefit in terms of preserving renal function 
while mycophenolate acid has not proven efficacy, at least in Caucasian populations, and com-
bination of steroids with other immunosuppressive agents has not shown additional benefits. 
In the stop-IgAN trial, addition of immunosuppression to optimized supportive treatment in 
patients of this category did not show a beneficial effect after a follow-up of 3 years [109].

4.9.1. Severe renal involvement

4.9.1.1. Severely impaired renal function

The third category is those patients with severely impaired renal function. The “point of no 
return” is defined as a creatinine level above 2.5–3.0 mg/dl or an eGFR <30 ml/min. In this 
patient group, optimizing supportive treatment is mandatory while immunosuppression has 
no indication and may be even harmful.

4.9.1.2. Rapid deterioration of renal function or nephrotic syndrome

The fourth group includes rare manifestations as rapid deterioration of renal function or 
nephrotic syndrome. In the case of rapidly increased creatinine, a repeat biopsy should be per-
formed within 5–10 days in order to differentiate between RPGN and acute tubular injury 
(ATI) due to tubular obliteration by red cell casts [110].
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In the case of RPGN, according to KDIGO Guidelines, treatment with steroids and cyclo-
phosphamide as for ANCA-associated vasculitis is suggested (level 2D of recommendation) 
[111, 112].

In the rare cases of overt nephrotic syndrome, therapy as for minimal change disease (MCD) 
is indicated [113].

4.10. Therapy of systemic manifestations

Corticosteroids are ineffective in shortening the course or the severity of skin lesions as well as 
in preventing relapses of purpura. The alkaloid drug colchicine at low doses of 1 mg/day, the 
antibacterial drug Dapsone and the leukotriene receptor antagonist Montelukast have been 
used in a small series of patients including predominantly children, with satisfactory results 
but with limited efficacy in terms of preventing relapses [114–116].

For gastrointestinal and joint involvement, steroids are effective and are considered first-line 
treatment as monotherapy [117].

4.11. Summary

• IgAV in adults represents a rare entity which should always be included in the differential 
diagnosis of a patient presenting with nephritic features and skin rash.

• The disease differs from that in children; in adults, it has been associated with solid tumors 
whereas in children it is often triggered by viral or bacterial infections. In adults there is no 
seasonal clustering and the male predominance exists, but to a lesser degree. Most impor-
tantly, children have a more indolent, self-limiting disease course, while in adults, clinical 
presentation and outcomes are worse.

• Renal involvement is more frequent in adults with more severe manifestations and worse 
disease course which progresses to CKD/ESRD in about 30% of patients. Similarly, to IgAN 
and other glomerulonephritides, indicators of poor prognosis include persistent protein-
uria, impaired renal function and hypertension at diagnosis. The central pathogenetic 
mechanism and the renal histologic features are identical to IgAN, strongly suggesting that 
IgAN may represent a single-organ variant of systemic IgAV. Therapeutic recommenda-
tions for IgAV are extrapolated from studies in children and, more correctly, from IgAN.

• Though our understanding of IgAV has improved over the last few years, several ques-
tions about the pathogenetic mechanisms, the genetic predisposition, the determinants of 
outcome and the optimal therapeutic approach still remain unanswered.
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In the case of RPGN, according to KDIGO Guidelines, treatment with steroids and cyclo-
phosphamide as for ANCA-associated vasculitis is suggested (level 2D of recommendation) 
[111, 112].

In the rare cases of overt nephrotic syndrome, therapy as for minimal change disease (MCD) 
is indicated [113].

4.10. Therapy of systemic manifestations

Corticosteroids are ineffective in shortening the course or the severity of skin lesions as well as 
in preventing relapses of purpura. The alkaloid drug colchicine at low doses of 1 mg/day, the 
antibacterial drug Dapsone and the leukotriene receptor antagonist Montelukast have been 
used in a small series of patients including predominantly children, with satisfactory results 
but with limited efficacy in terms of preventing relapses [114–116].

For gastrointestinal and joint involvement, steroids are effective and are considered first-line 
treatment as monotherapy [117].

4.11. Summary

• IgAV in adults represents a rare entity which should always be included in the differential 
diagnosis of a patient presenting with nephritic features and skin rash.

• The disease differs from that in children; in adults, it has been associated with solid tumors 
whereas in children it is often triggered by viral or bacterial infections. In adults there is no 
seasonal clustering and the male predominance exists, but to a lesser degree. Most impor-
tantly, children have a more indolent, self-limiting disease course, while in adults, clinical 
presentation and outcomes are worse.

• Renal involvement is more frequent in adults with more severe manifestations and worse 
disease course which progresses to CKD/ESRD in about 30% of patients. Similarly, to IgAN 
and other glomerulonephritides, indicators of poor prognosis include persistent protein-
uria, impaired renal function and hypertension at diagnosis. The central pathogenetic 
mechanism and the renal histologic features are identical to IgAN, strongly suggesting that 
IgAN may represent a single-organ variant of systemic IgAV. Therapeutic recommenda-
tions for IgAV are extrapolated from studies in children and, more correctly, from IgAN.

• Though our understanding of IgAV has improved over the last few years, several ques-
tions about the pathogenetic mechanisms, the genetic predisposition, the determinants of 
outcome and the optimal therapeutic approach still remain unanswered.
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Abstract

In many cancer cells, p53 gene is mutated and accumulated, which is considered as a 
mechanistical target of tumorigenesis. The role of p53 in non-cancerous cells has been 
focused on, since p53 activation diversely affects as human diseases, including vascular 
dysfunctions. p53 regulates vascular events, including vascular inflammation and senes-
cence as well as cardiac dysfunction. Many researchers also have paid attention to the 
role of noncoding RNAs (ncRNAs), especially small-sized microRNAs (miRNAs) for the 
last decade and their noble biological cellular functions have been discovered. miRNAs 
expressed in endothelial cells (endothelial miRNAs) have been shown to control vascular 
events. Firstly, the importance of p53 in a variety of vascular events, such as vascular 
inflammation and senescence, are summarized. Secondly, the way to regulate miRNAs 
by p53 and the involvement of miRNAs on p53 function are demonstrated. Finally, sev-
eral endothelial miRNAs that have important roles are focused on. The aim of this chap-
ter is to understand the role of p53 in vascular diseases in the view of endothelial cell 
biology and the contribution of miRNAs related to p53.

Keywords: endothelial cells, miRNAs, p53, Dicer, Drosha

1. Introduction

1.1. p53 overview

p53 is one of well-known tumor suppressor protein and plays crucial roles in inhibiting tumor 
progression [1]. Tumor suppression by p53 might be carried out mostly through genotoxic 
stress, however, recent studies revealed that p53 is activated by oncogene activation, oxidized 
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lipoproteins, and hypoxic condition [2]. In general, p53 is rapidly degraded by the interaction 
with MDM2 and these stimuli increase p53 levels and activate antiproliferative or proapop-
totic responses via downstream signaling molecules [3]. The structure of p53 consists of amino 
terminal transactivation domain linked to the DNA-binding domain by proline-rich region 
(Figure 1) [4]. The DNA-binding domain on the other end is bound to the tetramerization 
domain by another proline-rich residue and this tetramerization domain is linked to carboxyl 
terminus [5]. The core domain (residue 94–312) is naturally unstable and is prone to have 
mutation [6, 7]. Once bound to the DNA, the whole structure closes around the DNA double 
helix. The whole process is facilitated by flexible proline-rich region between the core and the 
tetramerization domain [5]. Although the expression of p53 is in lower level during normal 
condition, upon activation, p53 increases its level along with the increase of its half-life [8] and 
gets translocated to the nucleus [9]. p53 is activated mainly by any signals that could damage 
the DNA [10]. Further p53 undergoes phosphorylation, acetylation, methylation, ubiquitina-
tion or SUMOylation to exert its respective activity [11]. p53 interacts with p300/CBP to get 
acetylated which stimulates the binding of p53 to the DNA, however, p53 requires only p300 
but not CBP for the well-known G1 arrest [12]. Two members of p53 family, p73 and p63, are 
also involved in this p53 world [13], which are not mentioned in this chapter. Regulation and 
function of p53 in cancer really become complex.

1.2. p53 and endothelial cells

In the complex network of cellular signaling, p53 is a transcription factor that plays an 
important role in controlling angiogenesis and it is a hub for cellular signaling [14]. p53 itself 
controls angiogenesis by taking cells under apoptosis or by downregulating mediators of 
angiogenesis [15]. The role of p53 in vasculature is the same as the other tissues, including cell 
cycle, apoptosis, senescence, and angiogenesis.

Mice genetically deleted p53 can develop normally, however, these p53 knockout mice had 
spontaneous tumors [16]. Conditional knockout of p53 in endothelial cells improves angio-
genesis of hindlimb ischemia mice model [17]. When mice were fed diet with high calorie, 
p53 expression increased in endothelial cells [18]. High calorie diet impaired the activation of 
endothelial nitric oxide synthase (eNOS), which was restored in endothelial p53 disruption. 
Knockdown of p53 in endothelial cells increased the expression of eNOS and thrombomodu-
lin in vitro [19]. Therefore, accumulating evidence suggested that p53 is one of the key tran-
scriptional factors to regulate endothelial cell function.

Figure 1. Linear structure of p53. p53 consists of 393 amino acid sequence. The protein is divided into the following 
domains. The transcriptional activation domain 1/2 (TAD1/2), DNA-binding domain, and the tetramerization domains 
(Tet) are lysine-rich basic C-terminal domain (CTD). PRR, proline-rich region; L, the linker region; Tet, tetramerization 
domains.
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2. p53 and vascular function

Normal cells including endothelial cells keep p53 levels quite low. Low grade upregulation 
of p53 is not apoptotic but it is engaged in other functions like inhibition of endothelial cell 
migration through downregulation of beta-3 integrin [20] and inhibition of cell survival by 
causing reversible cell cycle arrest [21]. The modulation of p53 varies vascular function, such 
as vascular inflammation, senescence, and remodeling.

2.1. Vascular inflammation

Vascular inflammation leads to form atherosclerotic lesions, in which many cells are orchestrat-
ing [22]. Role of p53 in atherosclerosis has been investigated by many researchers. Guevara et al. 
performed the experiments using double knockout mice with apolipoprotein E (apoE) and p53. 
This apoE−/−, p53−/− double knockout mice fed with high fat diet showed significant increase of 
bulky, hypercellular lesion in aorta, suggesting that p53 is involved in atherosclerotic change 
[23]. van Vlijmen et al. demonstrated that the role of p53 in subendothelial macrophages is one of 
the major components of atherosclerosis [24]. This study indicated that deficiency of p53 in mac-
rophage increased atherosclerotic lesions. Oxidative stress induces p53 accumulation in human 
macrophage, which is prevented by nitric oxide (NO) [25]. NO blocked the secretion of von 
Willebrand factor in endothelial cells and inhibited vascular inflammation [26]. The molecular 
mechanism by which p53 regulates atherosclerosis has been aggressively investigated.

2.2. Senescence

Aging is an independent risk factor for atherosclerosis-related diseases and impairment of 
vascular function is involved in systematic senescence. The molecular difference between 
senescence and cell death is not an easy question. Disturbed blood flow (d-flow) causes ath-
erosclerosis. Heo KS et al. identified protein kinase zeta (PKC zeta) as a d-flow-activated 
protein in endothelial cells [27]. d-Flow promotes endothelial cells apoptosis through p53 
SUMOylation. Apoptosis in aortic endothelial cells by d-flow decreased in p53−/− mice com-
pared to wild type mice. Endothelial cells constitutively express Nox2 and Nox4, two impor-
tant isoforms of catalytic subunit of NADPH, which are a major source of reactive oxygen 
species. Nox2 especially affects endothelial cell cycle arrest and cell death by modulating 
p53 and p21cip1 [28]. In turn, cellular senescence is a stress-induced phenomenon as well. 
Senescent cells delay or lose the ability to proliferate. In endothelial cells, hydrogen perox-
ide or frequent passage induces cellular senescence via p53 and NAD-dependent deacetylase 
sirtuin-1 (SIRT1) [29]. The expression of endothelial SIRT-1 is reduced during aging process 
[30, 31]. Reduced SIRT-1 in endothelial cells accumulates genomic instability, resulting in p53 
activation and promoting more senescence [32, 33]. AMPK and mTOR signaling is thought to 
be important for endothelial aging [34, 35]. These molecules are also connected to p53 signals, 
suggesting p53 as a key regulator of senescence of endothelial cells.

2.3. Vascular and heart remodeling

Vascular remodeling is a process of structural change of vascular walls, involving changes 
of cellular function, including growth and death. In this process, p53 is an important player. 
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Chronic hypoxia promotes pulmonary vascular remodeling, causing pulmonary hyperten-
sion. Mizuno S et al. demonstrated that p53 suppress hypoxia-induced pulmonary arterial 
remodeling and pulmonary arterial smooth muscle cell proliferation [36]. Kruppel-like factor 4 
(KLF4) controls vascular smooth muscle cell proliferation through p53 induction [37]. Cardiac 
remodeling and development occur during embryogenesis but stop in postnatal life due to the 
reduction of the genes responsible for cell cycle progression and growth factors [38, 39]. For 
remodeling, new cardiomyocytes are derived for pre-existing cardiomyocytes. The rate of the 
pre-existing cells differentiation is very low (less than 1% per year) and it decreases with age 
[40] and lesser then 50% of the cells are replaced during a lifespan [41]. One important molecule 
for cardiomyocyte division is survivin [42]. Downregulation of survivin contributes to cardiac 
development in spinal muscular atrophy mice model [43]. Survivin is negatively regulated 
by p53. Survivin expression was downregulated at mRNA and protein level by p53 through 
histone acetylation. While overexpression of survivin inhibited p53-induced apoptosis [44]. 
One of MAPK, p38, has been shown to be an important molecule that negatively regulates cell 
cycle in cardiomyocyte cell [45]. Treatment with FGF1 and p38 inhibitor enhanced heart regen-
eration by increasing cardiomyocyte proliferation and angiogenesis [46]. Repression of cyclin 
D1 result into downregulation of cardiac cell proliferation [47] and C reactive protein, besides 
downregulating cyclin D1 has been shown to accumulate and phosphorylate p53 which leads 
to cell cycle arrest [48]. Since p53 controls actin cytoskeleton through mechanoresponsive mol-
ecules, remodeling may be processing via p53 in mechanical environment-dependent manner.

3. p53 and miRNA in endothelial cells

3.1. miRNA overview: general information

MicroRNAs (miRNAs) are small noncoding RNAs (about 20–24 nucleotides in length) that 
controls gene expressions mainly by binding to 3′ untranslated region (3′ UTR) of their mes-
senger RNAs (mRNAs). The biogenesis of miRNAs in animals is very unique (Figure 2). 
Primary miRNAs (pri-miRNAs) are transcribed from miRNA-encoding genes. miRNAs are 
encoded in any place; some are located on protein-coding region, and some are in noncoding 
region or intron [49]. The pri-miRNAs are cleaved into hairpin-structured small size RNAs 
(precursor miRNAs; pre-miRNAs) by microprocessor complex containing RNase III, Drosha 
and DiGeorge critical region 8 (DGCR8) [50]. Exportin 5 (XPO5) and Ran-GTP transported 
pre-miRNAs into the cytoplasm from the nucleus, then pre-miRNAs are cleaved in double-
stranded smaller RNAs (miRNA duplexes) by another RNase III, Dicer [51]. One of the strand 
(mature miRNAs) are incorporated into miRNA-induced silencing complex containing 
Argonaute 2 (Ago2) and transactivation response RNA-binding protein (TRBP) in human 
and these miRNAs are ready to bind to target mRNAs [52] (Figure 2).

How do miRNAs inhibit the expression of target protein? In general, miRNAs use two ways 
of silencing: repression of translation and mRNA decay [53]. The seed sequence of miRNA 
(2–7 position from 5′ end) can bind to 3′UTR of target mRNA with incomplete match in ani-
mals. This miRNA-mRNA binding leads to repress the translation or destroy miRNA [54]. 
More than 60% of protein is regulated by miRNAs in human [55, 56]. Therefore, miRNAs are 
involved in modifying ubiquitous cellular functions.
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3.2. miRNAs and p53

The relationship between miRNA and cancer was first described by Calin GA et al. in 2002. 
They described downregulation of miR-15a and miR-16-1 in B cell chronic lymphocytic leu-
kemia patients [57]. miRNAs associated with cancer are called ‘oncomiR’, which have been 
identified in many types of cancer [58]. Some oncomiRs decrease in cancerous tissue. In con-
trast, increased oncomiRs are also found in cancer, which in case inhibit tumor suppressor 
genes, following the proliferation of cancer cells. The proto-oncogene c-Myc is a transcrip-
tional factor and dysregulation of c-Myc was found in many cancers. The studies for regula-
tion of transcriptional factors by miRNAs have been started since O’Donnell et al. identified 
mir-17-92, a polycistronic miRNA transcript that yields six individual miRNA components, 
as c-Myc-regulated miRNAs in human B cell line [59]. It was not hard to assume that the next 
target of ‘transcription factors’ regulating miRNAs in cancer was p53.

3.3. Direct regulation of miRNAs by p53

In 2007, several articles about p53 regulation of miRNAs have been published independently 
from different research groups. All these studies revealed that p53 upregulated the expres-
sion of miR-34 family in different cells [60–64]. The miR-34 family comprises three members 
(Figure 4C). miR-34a is generated from the large transcript on chromosome 1p36 and miR-34b 
and miR-34c are generated from bicistronic transcript on chromosome 11q23 [65]. Though the 
expression levels of miR-34a, -34b, and -34c were not consistent in non-small cell lung cancers 
(NSCLCs) compared to the adjacent normal tissue, lower expressions of three miR-34 family 
members are lower in many cancer cell lines; H1299 (lung cancer), MCF-7 (breast cancer), 
U-2OS (osteosarcoma), HCT116 (colon cancer), and many pancreatic cancer cell lines such as 
PANC1 [60, 64]. In addition to cancer, p53 regulates miR-34 family in non-cancerous cells, such 
as mouse embryonic fibroblasts (MEFs) and human fetal lung fibroblasts (IMR-90 cells) [63].  

Figure 2. p53 regulation of miRNA biogenesis.
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expression levels of miR-34a, -34b, and -34c were not consistent in non-small cell lung cancers 
(NSCLCs) compared to the adjacent normal tissue, lower expressions of three miR-34 family 
members are lower in many cancer cell lines; H1299 (lung cancer), MCF-7 (breast cancer), 
U-2OS (osteosarcoma), HCT116 (colon cancer), and many pancreatic cancer cell lines such as 
PANC1 [60, 64]. In addition to cancer, p53 regulates miR-34 family in non-cancerous cells, such 
as mouse embryonic fibroblasts (MEFs) and human fetal lung fibroblasts (IMR-90 cells) [63].  

Figure 2. p53 regulation of miRNA biogenesis.
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Forced expression of miR-34 family induce growth arrest and apoptosis in a variety of cell 
lines, whatever cancers or non-cancerous cells [62]. A lot of target genes of miR-34 family 
have been identified, including cyclin E2 (CCNE2), cyclin-dependent kinase 4 (CDK4) and 
the hepatocyte growth factor receptor (MET), B cell CLL/lymphoma 2 (BCL2), baculoviral IAP 
repeat-containing 3 (BIRC3), and decoy receptor 3 (DcR3 also known as TNFRSF6B). Many 
miRNAs directly induced by p53 have been identified in cancer cell lines. As described above, 
miR-34a might be the most fascinating one. Among these p53-induced miRNAs, several miR-
NAs that affect endothelial function are demonstrated in Figure 5A.

3.3.1. miR-34 family

The expression of miR-34 family, which consists of miR-34a, -34b, and -34c are induced by p53 
activation [60, 64]. In many cancers, miR-34a-promoted apoptosis as described in the previ-
ous section. In primary normal human cells, miR-34 family can change cellular senescence. 
A series of miRNAs, including miR-34a, were upregulated in hydrogen peroxide-induced 
premature senescence in human fibroblasts [66]. There are two human p53 isoforms, p53 beta 
which lacks C-terminal oligomerization domain and delta133 p53 which lacks N-terminal 
transactivation and proline-rich domains. Human fibroblasts (MBC-5 and WI-38) at early 
passage had many delta133 p53 but not p53 beta. In contrast, p53 beta expressed well in 
fibroblasts at late passage. In fibroblasts, miR-34a control replicative cellular senescence and 
delta133 p53 repressed miR-34a expression, extending cellular replicative lifespan [67].

Aging of endothelial cells is one of the factors for cardiovascular diseases. miR-34a, expressed 
relatively higher in late-passage endothelial cells, modulated endothelial cell survival and 
senescence [30]. Overexpression of miR-34a triggers endothelial senescence mainly by block-
ing SIRT1. In mice, miR-34a expression also increases in heart and spleen from older ones. 
Endothelial progenitor cells (EPCs) are essential for many physiological processes such as 
wound healing. miR-34a impairs EPC-mediated angiogenesis by increasing the number of 
senescent EPC probably through SIRT1 inhibition [68]. SIRT1, the major target of miR-34a, 
was known to deacetylate p53. Activation of p53 increased miR-34a expression, which inhibit 
SIRT1 expression, causing accumulation of acetylated p53. Acetylated p53 induces cell cycle 
arrest and apoptosis, and this increase of p53 activity induced more miR-34a expression. This 
suggests that p53 – miR-34a – SIRT1 works as a positive feedback loop (Figure 3B) [69].

Notch signaling has crucial role in artery-vein differentiation, blood vessel sprouting, and 
branching. Dysregulation of Notch signaling causes cardiovascular diseases [70]. miR-34a 
could regulate Notch signaling pathway in vascular inflammation. In the case of placental dys-
function, miR-34a exacerbated vascular endothelial inflammation via suppression of regulator 
of calcineurin 1 (RCAN1) [71]. Shear stress is one of the central regulators of endothelial inflam-
matory responses. The expression of miR-34a decreased by anti-inflammatory physiological 
high shear stress, in turn, inflammatory oscillatory shear stress-induced miR-34a expression in 
endothelial cells [72]. Increased miR-34a promoted acetylation of NF-kB p65 subunit (Lys310) 
by downregulating SIRT1, which lead to upregulate vascular cell adhesion molecule-1 (VCAM-
1) and intercellular adhesion molecule-1 (ICAM-1) protein expression. miR-34a also contrib-
uted to shear stress-induced EPC differentiation through a novel target Forkhead box j2 (Foxj2) 
[73]. The important molecules targeting by endothelial miR-34a are listed in Figure 3A.
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3.3.2. miR-103 and miR-107

P53 positively regulates expressions of miR-103 and miR-107 in colorectal cancer cell lines [74]. 
miR-107 is encoded within an intron of the gene for pantothenate kinase enzyme 1, PANK1, 
while miR-103 is produced from primary miRNAs which are on miR-103-1 and miR-103-2 
locus (within introns of PANK2 and PANK3, respectively) (Figure 4A). The seed sequences 
of miR-103 and miR-107 are the same, therefore, these miRNAs should have similar func-
tion [75]. miR-103 and miR-107 (miR-103/107) were originally recognized as a key regulator 
of metabolism and a hypoxia responsible miRNA [76]. The levels of miR-103/107 increased 
in liver of obese mice, ob/ob mice and diet-induced obese (DIO) mice, and knockdown of 
miR-103/107 improved insulin sensitivity [77]. Caveolin-1 was one of miR-103/107 targets that 
altered the level of insulin receptor on lipid rafts.

miR-103/107 also affected angiogenesis as members of hypoxia-responsive microRNAs (HRMs) 
induced by HIF1α under hypoxia in endothelial cells [78, 79]. The crucial proteins for miRNA 
biogenesis, Dicer-1 and Ago-1, were identified as miR-107 and miR-103/107 targets, respectively. 
In both cases, miR-107 provided translational de-suppression of vascular endothelial growth fac-
tor (VEGF) mRNA and increased VEGF expression. AGO1 levels regulated by miR-103/107 were 
associated with higher survival rate in human hepatocellular carcinoma [78]. Antagomir-107 
decreased the number of capillaries in ischemic boundary zone after permanent middle cerebral 
artery occlusion (pMCAO) in rats, which was caused by miR-107 – Dicer-1 – VEGF axis [79].

In sepsis, miR-107 plays an important role in endothelial cells. One of the major complica-
tions of sepsis is the development of acute kidney injury (AKI) [80]. Septic AKI activates renal 
endothelial cells and leads to inflammation and breakdown of endothelial barrier in kidney 
[81]. Wang et al. isolated circulating endothelial cells (CECs) from septic AKI patients and 
prepared CEC-conditioned media. Human tubule epithelial cells (HK2 cells) treated with this 
CEC-conditioned media became more apoptotic, which was regulated by miR-107 [82].

Figure 3. The role of miR-34a in regulating endothelial functions. (A) miR-34a target in endothelial cells. (B) miR-34a – 
p53 feedback loop.
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In brain, miR-107 is enriched in neuron and the expression of miR-107 decreased in cerebral 
cortical gray matter of patients with Alzheimer’s disease (AD) [83]. The authors demonstrated 
that beta-site amyloid precursor protein-cleaving enzyme 1 (BACE1) was identified as a miR-
107 target. The cerebrovascular deposition of the amyloid beta protein, the key molecule in 
Alzheimer’s disease, causes the disruption of blood-brain barrier (BBB) and brain microvas-
cular endothelial cell dysfunction [84]. Another studies showed that miR-107 prevented amy-
loid beta-induced endothelial cells dysfunction by targeting endophilin-1 [85]. In a transgenic 
mouse model of AD, miR-107 expression in brain was lower compared to that in wild type 
mice [86]. Cofilin, which maintains the structure and function of cytoskeleton, was proved to 
be regulated by miR-107 in this mouse model. These data from AD patients and mice model 
suggest that relative high level of miR-107 in neurons and endothelial cells might negatively 
control the onset and progression of AD.

3.3.3. miR-143/145

miR-143 and miR-145 forms a bicistronic cluster (miR-143/145 cluster) in 5q33.1. The miR-
143/145 cluster has been recognized as a tumor suppressor [87]. In cervical cancer, overex-
pression of Musashi RNA-binding protein 2 (MSI-2) correlated with poor survival. MSI-2 
was repressed by p53 regulated miRNAs, miR-143 and miR-107, resulting in the prevention 
from proliferation and invasion of cervical cancer cells [88]. miR-143 and miR-145 have also 
potential roles in differentiation of vascular smooth muscle cells [89, 90]. The expression of 
miR-143/145 cluster decreased in aortic aneurysms and coronary artery diseases [91, 92]. miR-
145-5p controls vascular neointimal lesion formation in balloon-injured rat carotid arteries 
[93]. The expression of miR-145 was upregulated in the lung of bone morphogenetic pro-
tein receptor type 2 (BMPR2)-deficient mice and puomonary arterial hypertension (PAH) 
patients [94]. Deng L. et al. identified transcriptional factors that regulate miR-143 and miR-
145 expression in the promoter of miR-143/145 cluster [95]. Each miRNA in this cluster has 

Figure 4. Scheme of miRNA cluster (miR-103/107, miR-200/141, miR-34, and miR-17-92). (A) miR-103/107 cluster. (B) 
miR-200/141 cluster. (C) miR-34 cluster. (D) miR-17-92 cluster.
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each function; however, how this cluster or miR-143 and miR145 independently regulated has 
not been fully understood yet.

Shear stress suppressed angiotensin-converting enzyme (ACE) expression and increased 
miR-143/145 levels in HUVEC [96]. The authors have shown that shear stress elicited the 
AMP-activated protein kinase alpha2 (AMPKα2)-dependent phosphorylation of p53 (Serine 
15), and that p53 downregulation prevented the shear stress induced decrease in ACE expres-
sion. Since overexpression of miR-143/145 decreased ACE expression, AMPKα2 suppresses 
ACE expression through p53 activation and upregulation of miR-143/145 in EC. AMPKα2 
knockout mice showed higher ACE levels and impaired bradykinin-induced vasodilation 
compared to wild type mice. In streptozotocin-induced diabetes mellitus (DM) mice model, 
phosphorylation of p53 and miR-143/145 expression increased, leading to the decrease of ACE 
expression. Therefore, miR-143 and miR-145 may contribute to the vascular events in athero-
sclerosis and DM.

miR-143 itself has been studied for the role of VSMCs as well as miR-145. The expression of 
miR-143 decreased in proliferating hemangiomas and miR-143 overexpression suppressed 
cell viability and proliferation of hemangioma-derived endothelial cells [97]. Bai Y et al. 
showed that miR-143 is upregulated in the brain microvessels of methamphetamine-treated 
mice [98]. Knockdown of miR-143 protected brain-blood barrier (BBB) damage-related vas-
cular dysfunction by methamphetamine exposure. They identified an apoptosis inducing 
molecule, p53 upregulated modulator of apoptosis (PUMA), as a target of miR-143. Since the 
expression of miR-143 was regulated by p53 and miR-143 decreased PUMA, miR-143 might 
act for negative feedback of p53 signaling.

3.3.4. Others: miR-192, miR-200 family, and miR-194

Dysregulation of redox balance affects vascular homeostasis. Hydrogen peroxide treat-
ment significantly increased miR-192 levels, which were prevented by p53 knockdown in 
endothelial cells [99]. Overexpression of miR-192 inhibited endothelial cell growth. Another 
study has shown that miR-200 family and miR-141 were upregulated in HUVEC exposed 
to hydrogen peroxide and in skeletal muscle in acute hindlimb ischemia mice model [100]. 
miRNA-200 family consists of two clusters, one encodes miR-200b, miR-200a, and miR-429 
from chromosome 1 (1p33.36) and the other has miR-200c and miR-141 from chromosome 2 
(12p13.31) (Figure 4B). These miRNAs share the similar seed sequence and mostly target the 
same genes. miR-200 family targets ZEB1 and ZEB2, affecting endothelial cell proliferation 
and senescence as well as epithelial-mesenchymal transition (EMT). Astrocytes are involved 
in controlling central nerve system (CNS) damage. During repair process of CNS, astrocytes 
undergo phenotypic changes into endothelial cells. This astrocyte-endothelial cell transition 
was modulated by a p53 inducible miRNA, miR-194. Therefore, miR-194 could promote 
angiogenesis in CNS.

3.4. Regulation of miRNA biogenesis by p53

There are two mechanisms by which p53 regulates miRNA production - control of miRNA 
transcription and modulation of miRNA maturation. These representative miRNAs regu-
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each function; however, how this cluster or miR-143 and miR145 independently regulated has 
not been fully understood yet.

Shear stress suppressed angiotensin-converting enzyme (ACE) expression and increased 
miR-143/145 levels in HUVEC [96]. The authors have shown that shear stress elicited the 
AMP-activated protein kinase alpha2 (AMPKα2)-dependent phosphorylation of p53 (Serine 
15), and that p53 downregulation prevented the shear stress induced decrease in ACE expres-
sion. Since overexpression of miR-143/145 decreased ACE expression, AMPKα2 suppresses 
ACE expression through p53 activation and upregulation of miR-143/145 in EC. AMPKα2 
knockout mice showed higher ACE levels and impaired bradykinin-induced vasodilation 
compared to wild type mice. In streptozotocin-induced diabetes mellitus (DM) mice model, 
phosphorylation of p53 and miR-143/145 expression increased, leading to the decrease of ACE 
expression. Therefore, miR-143 and miR-145 may contribute to the vascular events in athero-
sclerosis and DM.

miR-143 itself has been studied for the role of VSMCs as well as miR-145. The expression of 
miR-143 decreased in proliferating hemangiomas and miR-143 overexpression suppressed 
cell viability and proliferation of hemangioma-derived endothelial cells [97]. Bai Y et al. 
showed that miR-143 is upregulated in the brain microvessels of methamphetamine-treated 
mice [98]. Knockdown of miR-143 protected brain-blood barrier (BBB) damage-related vas-
cular dysfunction by methamphetamine exposure. They identified an apoptosis inducing 
molecule, p53 upregulated modulator of apoptosis (PUMA), as a target of miR-143. Since the 
expression of miR-143 was regulated by p53 and miR-143 decreased PUMA, miR-143 might 
act for negative feedback of p53 signaling.
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miRNA-200 family consists of two clusters, one encodes miR-200b, miR-200a, and miR-429 
from chromosome 1 (1p33.36) and the other has miR-200c and miR-141 from chromosome 2 
(12p13.31) (Figure 4B). These miRNAs share the similar seed sequence and mostly target the 
same genes. miR-200 family targets ZEB1 and ZEB2, affecting endothelial cell proliferation 
and senescence as well as epithelial-mesenchymal transition (EMT). Astrocytes are involved 
in controlling central nerve system (CNS) damage. During repair process of CNS, astrocytes 
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lated by p53 are summarized in Section 4.3. Several miRNAs can modulate the process of 
miRNA biogenesis. The impact of miRNA biogenesis by transcriptional factors has first 
reported about transforming growth factor beta (TGF-beta) signaling in 2008 [101]. TGF-
beta family orchestrates biological processes in vascular development [102]. Davis et al. 
demonstrated that smads, downstream transcriptional factors of TGF-beta signaling, play 
a critical role in processing miRNAs by the RNase III-type protein Drosha in nucleus [101]. 
Similarly, p53 affects the maturation process of miRNAs. The nuclear RNase III Drosha 
complex contains Drosha, DiGeorge syndrome critical region gene 8 (DGCR8), and the 
DEAD box RNA helicases, such as p68 and p72 (DDX5 and DDX17, respectively) [103]. 
P53 interacts with Drosha through p68, facilitating the process of primary miRNAs into 
precursor miRNAs [104]. Maturation of some precursor miRNAs from primary miRNAs, 
such as miR-16-1, miR-143, miR-145, and miR-206, is promoted by Doxorubicin stimulated 
wild type p53 in colon cancer cell lines, HCT-116. Association between a set of miRNAs 
and Ago2 protein was controlled by p53 [105]. Activated p53 interacts with AGO2 to affect 
incorporation of let-7 family members. Moreover, p53 induced RNA-binding-motif pro-
tein 38 (RBM38) that determined target mRNA selection with miRNAs [106]. Interestingly, 
Rbm38 deficient mice were likely to accelerate senescence and prone to spontaneous 
tumors [107]. All these studies had no data using endothelial cells; however, basic insights 
would be connected to the future study about p53 and miRNAs in the cardiovascular 
research.

3.5. Regulation of p53 by miRNAs

Many miRNAs regulate p53 directly and indirectly. Endothelial miRNAs can target p53. 
More than 20 miRNAs that modulated p53 are reported. Among them, miR-92, miR-25, miR-
214, and miR-638 play important roles in endothelial cell (Figure 5B).

Figure 5. Endothelial miRNA and p53. (A) Endothelial miRNAs regulated by p53. (B) Endothelial miRNAs directly 
target p53.
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3.5.1. miR-125b

TGF-beta2 induces endothelial-to-mesenchymal transition (EndMT) [108]. The expression of 
miR-125b in EndMT-derived fibroblast-like cells is significantly higher compared to that in the 
original mice endothelial cells [109]. In this experiment, miR-125b elevation was negatively 
associated with p53 expression after EndMT change. Since p53 is a direct target of miR-125b in 
several human cells, such as neuroblastoma cells and lung fibroblast cells, downregulated p53 
by miR-125b possibly modulate TGF-beta-induced profibrotic signaling in endothelial cells 
[110]. The expression of miR-125b was altered by cell-matrix adhesion in human mesenchy-
mal stem cells (hMSCs) [111]. miR-125b targeted p53, which regulate survival of hMSCs and 
endogenous miR-125b increased during reprogramming of mouse embryo fibroblasts (MEFs) 
to induced pluripotent cells. Indeed, miR-125b was not increased by loss of cell adhesion in 
HUVEC. Sepsis damages endothelial cells, causing multiple organ failure [81]. Transfection of 
endothelial cells with miR-125b mimics attenuate LPS-induced ICAM-1 and VCAM-1 expres-
sion by inhibiting TRAF6 and NF-κB activation [112]. Induction of miR-125 in mice heart 
attenuated cecal ligation (CLP)-induced sepsis as well and improved survival. These studies 
suggest that miR-125b regulates angiogenesis and vascular inflammation.

3.5.2. miR-17-92 cluster

Seven individual mature miRNAs (miR-17-5p, miR-17-3p, miR-18a, miR-19a, miR-19b, miR-
20a, and miR-92a) are produced from primary miR-17-92, located in the open reading frame 
25 (C13orf25) on chromosome 13 in human (Figure 4D). Mice knockout or overexpressing of 
miR-17-92 cluster died shortly after birth, suggested that the balance of miR-17-92 expression 
are involved in normal development [113, 114]. Originally, miR-17-92 has shown to be a highly 
conserved cluster, called oncomir-1, and extensively studied the molecular mechanism of 
tumorgenesis [115]. The roles of miR-17-92 for cardiovascular diseases have been investigated.

One miRNA of this cluster, miR-92a, blocked angiogenetic function in endothelial cells and 
inhibition of miR-92a by systemic administration of an antagomir-enhanced neovasculariza-
tion and functional recovery from damaged tissue in hindlimb ischemic mice model [116]. 
Inhibition of miR-92a-enhanced endothelial cell proliferation and migration, probably through 
an increased phosphorylation of ERK1/2, JNK, and eNOS. miR-92a promotes pro-atherogenic 
changes in endothelial cells [117]. Disturbed flow increased miR-92a level in endothelial cells 
and miR-92a suppressed KLF2 and phosphatidic acid phosphatase type 2B (PPAP2B) that 
is involved in coronary artery disease (CAD) by genome-wide association studies (GWAS), 
driving inflammatory and adhesive endothelial phenotype [117]. Although no reports about 
miR-17-92 regulation of endothelial p53, according to accumulating data above, miR-17-92 
may be involved in vascular events and p53 took some parts in them.

3.5.3. Others: miR-98, miR-150, and miR-214 and beyond

There are many miRNAs that directly regulate p53 in cancer; however, a few in endothe-
lial cells. A variety of miRNAs, including miR-98, miR-150, and miR-214 has been shown to 
decrease p53 expression in cancer [118]. Hypoxia and reoxygenation conditions promote apop-
tosis and oxidized low-density lipoprotein (ox-LDL)-induced dysfunction of endothelial cells. 
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lated by p53 are summarized in Section 4.3. Several miRNAs can modulate the process of 
miRNA biogenesis. The impact of miRNA biogenesis by transcriptional factors has first 
reported about transforming growth factor beta (TGF-beta) signaling in 2008 [101]. TGF-
beta family orchestrates biological processes in vascular development [102]. Davis et al. 
demonstrated that smads, downstream transcriptional factors of TGF-beta signaling, play 
a critical role in processing miRNAs by the RNase III-type protein Drosha in nucleus [101]. 
Similarly, p53 affects the maturation process of miRNAs. The nuclear RNase III Drosha 
complex contains Drosha, DiGeorge syndrome critical region gene 8 (DGCR8), and the 
DEAD box RNA helicases, such as p68 and p72 (DDX5 and DDX17, respectively) [103]. 
P53 interacts with Drosha through p68, facilitating the process of primary miRNAs into 
precursor miRNAs [104]. Maturation of some precursor miRNAs from primary miRNAs, 
such as miR-16-1, miR-143, miR-145, and miR-206, is promoted by Doxorubicin stimulated 
wild type p53 in colon cancer cell lines, HCT-116. Association between a set of miRNAs 
and Ago2 protein was controlled by p53 [105]. Activated p53 interacts with AGO2 to affect 
incorporation of let-7 family members. Moreover, p53 induced RNA-binding-motif pro-
tein 38 (RBM38) that determined target mRNA selection with miRNAs [106]. Interestingly, 
Rbm38 deficient mice were likely to accelerate senescence and prone to spontaneous 
tumors [107]. All these studies had no data using endothelial cells; however, basic insights 
would be connected to the future study about p53 and miRNAs in the cardiovascular 
research.

3.5. Regulation of p53 by miRNAs

Many miRNAs regulate p53 directly and indirectly. Endothelial miRNAs can target p53. 
More than 20 miRNAs that modulated p53 are reported. Among them, miR-92, miR-25, miR-
214, and miR-638 play important roles in endothelial cell (Figure 5B).

Figure 5. Endothelial miRNA and p53. (A) Endothelial miRNAs regulated by p53. (B) Endothelial miRNAs directly 
target p53.
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3.5.1. miR-125b

TGF-beta2 induces endothelial-to-mesenchymal transition (EndMT) [108]. The expression of 
miR-125b in EndMT-derived fibroblast-like cells is significantly higher compared to that in the 
original mice endothelial cells [109]. In this experiment, miR-125b elevation was negatively 
associated with p53 expression after EndMT change. Since p53 is a direct target of miR-125b in 
several human cells, such as neuroblastoma cells and lung fibroblast cells, downregulated p53 
by miR-125b possibly modulate TGF-beta-induced profibrotic signaling in endothelial cells 
[110]. The expression of miR-125b was altered by cell-matrix adhesion in human mesenchy-
mal stem cells (hMSCs) [111]. miR-125b targeted p53, which regulate survival of hMSCs and 
endogenous miR-125b increased during reprogramming of mouse embryo fibroblasts (MEFs) 
to induced pluripotent cells. Indeed, miR-125b was not increased by loss of cell adhesion in 
HUVEC. Sepsis damages endothelial cells, causing multiple organ failure [81]. Transfection of 
endothelial cells with miR-125b mimics attenuate LPS-induced ICAM-1 and VCAM-1 expres-
sion by inhibiting TRAF6 and NF-κB activation [112]. Induction of miR-125 in mice heart 
attenuated cecal ligation (CLP)-induced sepsis as well and improved survival. These studies 
suggest that miR-125b regulates angiogenesis and vascular inflammation.

3.5.2. miR-17-92 cluster

Seven individual mature miRNAs (miR-17-5p, miR-17-3p, miR-18a, miR-19a, miR-19b, miR-
20a, and miR-92a) are produced from primary miR-17-92, located in the open reading frame 
25 (C13orf25) on chromosome 13 in human (Figure 4D). Mice knockout or overexpressing of 
miR-17-92 cluster died shortly after birth, suggested that the balance of miR-17-92 expression 
are involved in normal development [113, 114]. Originally, miR-17-92 has shown to be a highly 
conserved cluster, called oncomir-1, and extensively studied the molecular mechanism of 
tumorgenesis [115]. The roles of miR-17-92 for cardiovascular diseases have been investigated.

One miRNA of this cluster, miR-92a, blocked angiogenetic function in endothelial cells and 
inhibition of miR-92a by systemic administration of an antagomir-enhanced neovasculariza-
tion and functional recovery from damaged tissue in hindlimb ischemic mice model [116]. 
Inhibition of miR-92a-enhanced endothelial cell proliferation and migration, probably through 
an increased phosphorylation of ERK1/2, JNK, and eNOS. miR-92a promotes pro-atherogenic 
changes in endothelial cells [117]. Disturbed flow increased miR-92a level in endothelial cells 
and miR-92a suppressed KLF2 and phosphatidic acid phosphatase type 2B (PPAP2B) that 
is involved in coronary artery disease (CAD) by genome-wide association studies (GWAS), 
driving inflammatory and adhesive endothelial phenotype [117]. Although no reports about 
miR-17-92 regulation of endothelial p53, according to accumulating data above, miR-17-92 
may be involved in vascular events and p53 took some parts in them.

3.5.3. Others: miR-98, miR-150, and miR-214 and beyond

There are many miRNAs that directly regulate p53 in cancer; however, a few in endothe-
lial cells. A variety of miRNAs, including miR-98, miR-150, and miR-214 has been shown to 
decrease p53 expression in cancer [118]. Hypoxia and reoxygenation conditions promote apop-
tosis and oxidized low-density lipoprotein (ox-LDL)-induced dysfunction of endothelial cells. 

p53 and Vascular Dysfunction: MicroRNA in Endothelial Cells
http://dx.doi.org/10.5772/intechopen.75461

75



miR-98 rescues these phenomenon by targeting caspase-3 and lectin-like oxidized low-density 
lipoprotein receptor 1 (LOX-1), respectively [119, 120]. Stromal cell-derived factor 1α (SDF-1α) 
and its receptor CXCR4 control mobilization and migration of EPC. miR-150 decreased CXCR4 
expression, leading to impaired EPC migration [121]. In mice studies, decreased miR-150 in 
EPC helped to revascularize the ischemic heart. miR-150 affected blood-brain barrier (BBB) 
permeability. Antagomir-150 treatment protected BBB, reduced infarct volume in post-stroke 
rat via angiopoietin receptor Tie-2 [122].

Targets of miRNAs are recognized by pairing between the seed sequence of miRNA and comple-
mentary sites in target mRNAs. There are many useful tools to search for miRNA target genes. 
Among them, Targetscan is one of the reliable resources many researchers are widely taking. 
Targetscan predicts four miRNAs, let-7, miR-22, miR122, and miR-150, which are broadly con-
served among vertebrates to bind onto 3′UTR of human p53 mRNA (http://www.targetscan.org/
vert_71/). Future studies could reveal the function of these miRNAs and their relationship to p53.

4. Conclusion

miRNAs are crucial regulators of gene expression for diverse physiological and pathologi-
cal processes. Endothelial miRNAs have been intensively studied since Kuehbacher A et al. 
released that genetic knockout of Dicer and Drosha, miRNA-processing enzymes, inhibited cap-
illary sprouting of endothelial cells and tube formation [123]. Recently Hratmann P et al. dem-
onstrated that Dicer in endothelial cells promoted atherosclerosis and endothelial inflammation 
[124]. In contrast, p53 is involved in a variety of diseases, such as vascular remodeling, athero-
sclerosis, hypertension, and hypoxic pulmonary artery remodeling as well as cancer biology.

The importance of p53 and miRNAs in endothelial cells has been shown here. We demonstrated 
the regulation of endothelial miRNAs by p53 and the modulation of p53 by miRNAs in endo-
thelial cells. These miRNAs play pivotal roles in vascular development and the onset of car-
diovascular diseases. The ubiquitin E3 ligase Mdm2 stimulates p53 degradation, in turn, p53 
promotes Mdm2 gene expression. Therefore, there is a negative feedback loop between p53 and 
Mdm2. miR-192, miR-194, and miR-215 targeted Mdm2 protein, which could disrupt this p53-
Mdm2 feedback loop [125]. Future studies will unveil the complex and fascinating pathway and 
loop composed by p53 and miRNAs and develop therapeutic machinery of vascular diseases.
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The importance of p53 and miRNAs in endothelial cells has been shown here. We demonstrated 
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thelial cells. These miRNAs play pivotal roles in vascular development and the onset of car-
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Abstract

Buerger’s disease (thromboangiitis obliterans) is a nonatherosclerotic, segmental, occlu-
sive, and recurring progressive inflammatory form of vasculitis that most commonly 
affects the small- and medium-sized arteries, veins, and nerves in the upper and lower 
extremities. The cause is unknown, but it is most common in young men with a history of 
tobacco abuse. It is responsible for ischemic ulcers and extreme pain in the hands and feet. 
In many cases, notably in patients with the most severe presentations, there is no pos-
sibility of improving the condition with surgery (limb revascularization), and therefore, 
alternative therapies (e.g., sympathectomy, pharmacological agents, and many others) 
are used. This chapter discusses clinical aspects of Buerger’s disease and evidence-based 
treatment available currently.

Keywords: thromboangiitis obliterans, vasculitis, limb ischemia, evidence-based 
treatments

1. Introduction

Thromboangiitis obliterans [Buerger’s disease (BD), von Winiwarter disease, thromboangiitis 
obliterans, presenile gangrene] is a nonatherosclerotic, segmental, occlusive, and inflamma-
tory form of vasculitis that affects arteries with small and medium calibers, veins, and nerves 
in the upper and lower extremities [1]. Alexander von Winiwarter (Austrian-Belgian surgeon) 
described one patient with the disease in 1879 [2], but it was Leo Buerger (Austrian-American 
surgeon), in 1908, who published a complete description of the changes in arteries (intimal 
thickening, occlusive thrombus, and preservation of arterial architecture) on 11 amputated 
limbs in young smoker males and named the disease [3].
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Buerger’s disease (BD) has a global distribution, with a prevalence in patients with peripheral 
arterial disease (PAD) that ranges from 0.5 (in western Europe) to 66% (Asian countries, such 
as Japan and Korea) [1, 4, 5].

The etiology remains unknown but involves tobacco exposure (sine qua non), hereditary sus-
ceptibility, immune response, and coagulation changes [5]. Currently, a possible infectious 
role is gaining interest, especially after the findings of bacteria of the oral flora in occlusive 
thrombi in patients with Buerger’s disease and moderate to severe periodontitis [6, 7]. Another 
hypothesis is the possibility of rickettsial infection (associated with environment conditions 
and genetic susceptibility) in Buerger’s disease pathogenesis [8, 9]. Features distinguishing 
Buerger’s disease from atherosclerosis (the main differential diagnosis) include the anatomi-
cal distribution of the occlusions (with involvement of both the upper and lower extremities 
in many cases), associated superficial venous thrombosis, a paucity of atherosclerotic risk 
factors, and normal proximal large arteries [10].

2. Clinical aspects

The “standard” or the classical profile of Buerger’s disease (BD) patient is a young man, aged 
less than 45–50 years, and a history of previous or current smoking (in about 93% of the 
patients), presenting symptoms suggestive of ischemia in the distal region of limbs. Usually, 
ischemia restricted to the lower limb occurs in 74.7% cases, and only in the upper limbs in 
20.2% cases, and in both limbs, 5.1% cases [11].

Regarding the degree of ischemia in patients with BD at admission, there is a prevalence of 
the most advanced degrees, and pain at rest may appear in 23.9% of cases, and ischemic ulcers 
and gangrene in 38% cases [11]. Intermittent claudication occurs in about 30% of cases, typi-
cally as “foot claudication,” because of the more distal distribution of the disease.

Other signs and symptoms may occur, such as purpura or flushing of the extremities, cold-
ness, migratory thrombophlebitis (16–38%) [1, 11], Raynaud’s phenomenon (44%) [1], and 
rheumatic manifestations in joints in 12.5% usually preceding the ischemic condition. The 
Allen test is abnormal in 63% of the cases [1].

The frequency of arterial involvement has been demonstrated in the study by Sasaki et al. [12], 
including 825 patients from a national survey of intractable vasculitis in Japan. The distribu-
tion of arterial disease in this national survey presented a higher prevalence of the disease in 
the lower extremities presenting in the order of frequency as the anterior tibial (41.4%) and 
posterior tibial arteries (40.4%), followed by the dorsalis pedis artery (21.2%), fibular (18.4%), 
and popliteal (18.2%) in the lower extremities. In the upper extremities, there exists predomi-
nance of ulnar arteries (11.5%), digital arteries (8.1%), and radial arteries (7.0%). Left or right 
limb preference was not observed. The involvement of visceral, cerebral, coronary, and inter-
nal thoracic arteries is uncommon.

Because of the lack of clinical or laboratory indicators of Buerger’s disease and the frequent 
difficulty in differentiating thromboangiitis obliterans from other vascular pathologies that 
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might affect the extremities, a number of criteria have been published. The simplest criterion is 
Shionoya [13], which consists of the presence of five mandatory items: (1) history of smoking, 
(2) beginning before the age of 50, (3) infrapopliteal occlusive lesions, (4) involvement of upper 
limbs or migratory phlebitis, and (5) absence of atherosclerotic risk factors, with the exception 

Figure 1. Fluxogram for the diagnosis of Buerger’s disease.
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of smoking. Subsequently, other criteria were elaborated, such as those of Papa and Adar [14], 
Mills and Porter [15], Olin [1], and the Ministry of Health of Japan [12]. Basically, in addition to 
the clinical criteria for inclusion by Shionoya, exclusion criteria were added to the findings by 
noninvasive, angiographic, and histopathological methods (biopsy) to establish the diagnosis.

The use of ultrasound (echocardiogram, arterial, and venous Doppler) is a useful diagnos-
tic tool for the radiographic exclusion of a possible embolic etiology (valvular heart disease, 
aortic aneurysm, or atherosclerotic) that can mimic the distal ischemia of BD and promote a 
topography of occlusion and other findings, such as arterial collateralization and phlebitis [1].

Arteriography is an important image examination for confirming the diagnosis of Buerger’s 
disease [16]. Examination findings, which suggest thromboangiitis, include multiple segmen-
tal occlusions of the medium- and small-size arteries, mainly below the knee line and elbows, 
and the presence of collateral arteries adjacent to the areas of occlusion, classically described 
as a “corkscrew” shape (Martorell’s sign) [5, 16].

Biopsy is not routine in the diagnosis of thromboangiitis obliterans, reserved for cases of 
diagnostic doubt [1]. The histological findings depend on the stage of the disease: in the acute 
phase, it includes occlusive thrombus with inflammatory characteristics and high cellularity, 
but with less inflammation in the walls of the blood vessels. Polymorphonuclear leukocytes, 
micro-abscesses, and multinucleated giant cells may exist in the intermediate phase, in which 
there is a progressive organization of the thrombus in the arteries and veins. Finally, in estab-
lished disease, there is a well-organized thrombus with fibrosis [17].

Figure 1 illustrates a suggested fluxogram for the diagnosis of Buerger’s disease.

3. Evidence-based treatments

Before studying the types of treatment for Buerger’s disease, it is important to present the evi-
dence-based method of evaluation based on the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) adopted in this chapter. The GRADE (Grading of 
Recommendations Assessment, Development and Evaluation) Working Group, formed since 
the year 2000 by health professionals around the world who research on health evidences, has 
developed a quality-of-evidence classification system [18]. The quality of a body of evidence 
defined by GRADE involves consideration of the risk of bias, the objectivity of the results 
obtained, the heterogeneity of the studies, the precision of the effect estimates, and the risk 
of publication bias. The GRADE system implies an evaluation of the quality of a body of 
evidence for each individual outcome and, consequently, how sure the authors are about the 
efficacy (direction and magnitude) of some intervention [19].

Evidence quality grades are classified as high, moderate, low, and very low. For research 
on drug efficacy, for example, the highest level of evidence is obtained through random-
ized controlled clinical trials [19]. From the findings of these trials for a given outcome (e.g., 
pain at rest), the degree of evidence may vary. Some factors may decrease the strength of 
evidence, such as studies with a high risk of bias, results obtained through indirect findings 

Vasculitis In Practice-An Update on Special Situations-Clinical and Therapeutic Considerations92

(e.g., through comparisons between two interventions that were not confronted in the same 
study, but in different studies of meta-analysis), presence of heterogeneity in meta-analysis 
of studies or inconsistencies in the data collected, inaccuracy of results obtained (e.g., a very 
wide confidence interval), and a high probability of publication bias [19]. Other factors, how-
ever, may increase the strength of evidence such as a large magnitude of effect (very high or 
very low relative risk, well away from the null hypothesis) and gradient-dose response [19]. 
Thus, after analysis of the potential factors that might strengthen or weaken a given evidence 
for a specific outcome, the level of evidence available up to that moment is determined [19]. 
The GRADE Working Group definitions for grading the quality of evidence are among the 
commonly used definitions illustrating a high, moderate, low, and very low-quality defini-
tions as follows [19]:

“High = Further research is very unlikely to change our confidence in the estimate of effect.

Moderate = Further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate.

Low = Further research is very likely to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate.

Very low = Any estimate of effect is very uncertain.”

3.1. Overview of the treatments

The treatment of patients with Buerger’s disease is based primarily on the complete aboli-
tion of smoking. Concomitantly, depending on the degree of ischemia, the measurements 
are similar to those adopted in patients with peripheral occlusive arterial disease of athero-
sclerotic etiology: in patients with intermittent claudication, the performance of scheduled 
exercises, for patients with critical ischemia (rest pain or trophic lesions), provides conditions 
that increase limb perfusion (revascularization, sympathectomies, pharmacological agents, 
etc.), as well as analgesia and wound and extremity care.

3.2. Arterial revascularization

The surgical revascularization of limbs in patients with BD is controversial due to the high 
index of graft occlusion. The important distal involvement of Buerger’s disease greatly 
impairs surgery and long-term patency [5]. Sasajima et al. [20], who present the Japanese 
experience of 18 years in revascularization in the infra-inguinal territory in patients with 
thromboangiitis, report the performance of 71 autologous vein grafts in 61 patients with BD 
and the occurrence of 38 (53%) graft occlusions. Among the possible causes for the high rate of 
graft failure is the fact that the distal anastomosis is usually performed in diseased artery and 
subject to frequent vasospasm, the progression of the inflammatory disease itself, the use of 
veins with “low quality” (because they are also affected by inflammation), and vein stenosis 
due to myointimal hyperplasia. Among studies about arterial revascularization, figures about 
a 1-year patency are around 60%. However, because of the design of the studies (prospective 
and retrospective case series), the evidence is very low.
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The surgical revascularization of limbs in patients with BD is controversial due to the high 
index of graft occlusion. The important distal involvement of Buerger’s disease greatly 
impairs surgery and long-term patency [5]. Sasajima et al. [20], who present the Japanese 
experience of 18 years in revascularization in the infra-inguinal territory in patients with 
thromboangiitis, report the performance of 71 autologous vein grafts in 61 patients with BD 
and the occurrence of 38 (53%) graft occlusions. Among the possible causes for the high rate of 
graft failure is the fact that the distal anastomosis is usually performed in diseased artery and 
subject to frequent vasospasm, the progression of the inflammatory disease itself, the use of 
veins with “low quality” (because they are also affected by inflammation), and vein stenosis 
due to myointimal hyperplasia. Among studies about arterial revascularization, figures about 
a 1-year patency are around 60%. However, because of the design of the studies (prospective 
and retrospective case series), the evidence is very low.
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Microsurgical delivery is performed in cases after successful revascularization, in order 
to reduce the recovery time of patients with superficial gangrene or ischemic ulcers [21]. 
However, as observed in arterial revascularization, because of the design of the studies (case 
series), the evidence is very low.

3.3. Lumbar sympathectomy

Surgical treatment through lumbar sympathectomy is a surgical modality used to prevent 
amputations and for alleviation of pain at rest through the vasodilatory effects, resulting from 
a decreased sympathetic response in the affected limb. Nakajima [22] reports improvement 
of up to 60% in symptoms in TAO patients according to personal experience. However, the 
current importance is diminished, due to the unproven effects of amputation prevention and 
effectiveness in the treatment of pain [22–24].

3.4. Pharmacological treatment

Pharmacological treatment in patients with Buerger’s disease is an alternative for selected 
cases when the disease presents as diffuse and severe limb ischemia. Such critical presenta-
tion possibilities for revascularization are markedly diminished; therefore, pharmacological 
agents are used to improve perfusion.

Selected agents often prescribed for patients such as aspirin, cilostazol, prostanoids, and 
bosentan are discussed in the subsequent text.

Aspirin [25] is a drug with antiplatelet and anti-inflammatory properties often used to pre-
vent further arterial occlusion. Pharmacologically, aspirin inhibits cyclooxygenase, the 
enzyme responsible for the synthesis of thromboxane and prostaglandins. Contraindications 
are hypersensitivity to salicylates, active gastrointestinal ulcers, use in children, patients with 
active hemorrhage, renal and hepatic failure, and pregnancy. Aspirin is given orally (after 
meals) at a recommended dosage of 75–325 mg (often 100 mg).

Cilostazol [26, 27] is a pharmacological agent frequently prescribed to patients with peripheral 
arterial occlusive disease of atherosclerotic etiology [Food and Drug Administration (FDA) 
approved in 1999). Pharmacologically, cilostazol is the derivative of quinolinone, a drug that 
inhibits specifically the type III cellular phosphodiesterase, which affects reversible inhibition 
of platelet aggregation and unequally vasodilatation of the vascular beds (femoral arterial bed 
is more dilatated than vertebral, carotid, or splanchnic). In other words, cilostazol “steals” a 
small part of the blood from other territories (gastrointestinal and cerebral) to improve perfu-
sion in ischemic limbs. Cilostazol is contraindicated in patients with congestive heart failure, 
hemorrheologic disturbances or current bleeding, such as by gastrointestinal or intracranial 
bleeding, and in individuals with known or suspected hypersensitivity to cilostazol. Side 
effects of cilostazol include headache, diarrhea, abnormal stools, and tachycardia. Cilostazol 
is given orally and fasting, at a dose ranging from 50 to 200 mg per day [28, 29].

Prostanoids [30, 31] (prostaglandin analogs and prostacyclin) are derivatives of eicosanoids and 
are commonly used in the treatment of numerous diseases, including pulmonary hypertension, 
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sexual impotence and glaucoma, and so on. Prostanoids act by binding to specific receptors 
in the endothelium (causing vasodilation) and platelets inhibiting platelet aggregation, which 
causes a transient increase in peripheral perfusion. Arterial vasodilation in ischemic areas 
increases blood perfusion and, consequently, increases the chances of healing of the ulcer and 
improves pain at rest. By inhibiting platelet aggregation, the occlusion of small- and medium-
sized arteries is prevented and, in theory, also stabilizes the disease. Due to their short half-life, 
about 2–3 min, these synthetic drugs should be administered by continuous intravenous infu-
sion. The newer stable prostacyclin analogs (e.g., iloprost) with a longer half-life have allowed 
the oral use of these drugs. The most important contraindications are heart failure (any etiology), 
intracranial hemorrhage, gastrointestinal disorders, and trauma. Side effects include headache, 
flushing, malaise, gastrointestinal disorders, and hypotension. The maximum dose of iloprost 
administered is about 2 ng/kg/min of continuous infusion [31].

Bosentan is a powerful double antagonist of endothelin receptors (types A and B), causing 
selective vasodilator effects [32]. Bosentan has been used successfully in patients with digital 
ulcers and systemic sclerosis [33–35]. Some important reported side effects are hepatotoxicity 
and fluid retention. Bosentan is given orally, primarily in patients with pulmonary arterial 
hypertension, with a recommended dose of 62.5 (twice daily) or 125 mg (twice daily) [32].

It is important to cite the degree of evidence of these treatments. In a recent Cochrane sys-
tematic review on the pharmacological treatment of thromboangiitis [36], prostacyclin ana-
log versus placebo, aspirin, and a prostaglandin analog, and folic acid versus placebo were 
included. Studies that evaluated pharmacological agents such as cilostazol, clopidogrel, and 
pentoxifylline, or studies that compared oral prostanoid versus intravenous prostanoid were 
not incorporated because they were not randomized controlled trials. Moderate evidence (one 
study) suggested that intravenous iloprost was effective in participants with critical limb isch-
emia (ulcers and rest pain) after 4 weeks of treatment when compared with aspirin, without 
differences in amputation rates [36]. Two trials indicate that prostacyclin was very effective as 
prostaglandin analogs in healing ulcers (very low-quality evidence) and extinguishing pain 
at rest (low-quality evidence), but rates of amputation were not reported by the authors [36]. 
Moderate evidence (one study) suggested that there was no difference between placebo and 
the oral prostacyclin analog iloprost (200 and 400 μg) in healing ischemic ulcers or eradicating 
pain at rest after 8 weeks and 6 months, and rates of amputation after 6 months [36]. Very-
low-quality evidence from one study showed no difference between placebo and folic acid, in 
patients with thromboangiitis obliterans and hyperhomocysteinemia (abnormally high level 
of homocysteine in the blood), and in rates of amputation and pain scores [36]. Treatment side 
effects, such as headaches or nausea, were not considered serious [36].

Other pharmacological agents used are those that act on hemorrhagic properties in order to 
decrease the likelihood of thrombosis, such as dextran and pentoxifylline, arterial vasodilators 
such as calcium channel blockers and those with anti-inflammatory action in general, such as 
nonsteroidal anti-inflammatory drugs, phenylbutazone, cyclophosphamide, and corticoste-
roids. Still other drugs, used in patients with occlusive arterial disease of atherosclerotic etiology, 
such as carbamate pyridinol and inositol niacinate, have already been used [1]. All these agents 
have a low efficacy reported in a series of cases and, therefore, with a very low level of evidence.
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3.5. Pharmacological treatment versus lumbar sympathectomy

The comparison of lumbar sympathectomy, one of the most used treatments in patients with 
thromboangiitis obliterans with ischemic ulcers and pain at rest with other therapies, was car-
ried out by a recently published systematic review [37] with a finding of “Very low evidence 
suggests that intravenous iloprost (prostacyclin analogue) is more effective than the lumbar 
sympathectomy in the healing of ischemic ulcers and pain at rest in patients with Buerger's 
disease. Therefore, until now, the preference of the use of iloprost over the lumbar sympa-
thectomy (and vice versa) is not supported by strong evidence for its routine use. In other 
words, disponibility and cost may interfere in clinical decision, without evidence supporting 
both therapies.”

3.6. Other treatments

Omental transference, also known as omental transplantation and omentopexy, is a modality 
of revascularization whose greater omentum is elongated, preserving the native vasculariza-
tion and then located distally to the ischemic member through a subcutaneous tunnel con-
necting the abdomen and the foot. The mechanism whose omentum promotes angiogenesis 
is unknown. Indian and Russian groups of researchers published good results with the tech-
nique, with highlights to the works of Singh [38] (reaching 88% of ulcer healing) and Talwar 
[39] (100% of limb salvage in 62 patients). However, because of the design of the studies (pro-
spective case series), the evidence is very low.

Venous arterialization may be defined as the use of the disease-free venous bed as an alter-
native conduit for perfusion of the peripheral tissues with arterial blood. Meta-analysis of 
56 studies (228 patients) published in 2006 [40] about venous arterialization demonstrated 
that the overall 1-year foot preservation was 71% and the secondary patency of 46% with 
the use of the technique. However, problems with studies (only six studies were observa-
tional and only one was controlled), mixed etiologies of limb ischemia (thromboangiitis 
and atherosclerosis were evaluated together) and the low number of patients, classified the 
evidence as very low.

The use of stem cells, especially bone marrow derivatives [41], umbilical cord [42], or even 
adipose tissue, has been the subject of many studies lately. Basically, the progenitor cells are 
collected, separated, and purified to be injected into the ischemic limb. This has been reported 
to improve pain at rest, increased healing of ulcers (about 83%) in the study by Durdu et al. 
[43] and the quality of life of patients undergoing this therapy.

The mobilization and in situ implantation of bone marrow cells, without the need for their 
processing, can also be performed through bone fenestration (tibia bone), a procedure first 
described as “revascularization by osteotrepanation” and that stimulates the formation of col-
lateral circulation in the ischemic limb [44]. Allied to this technique, it can stimulate the pro-
duction of endothelial progenitors through the subcutaneous injection of colony-stimulating 
factors [45]. Regarding the evidence of this therapy, there is a systematic review protocol [46] 
about the subject that was recently published, and soon we will study about the efficacy and 
degree of evidence of this type of treatment in patients with thromboangiitis obliterans.
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Stimulation of the spinal cord for the purpose of improving limb pain and perfusion has been 
related to the study, without severe complications of the method [47]. However, because of 
the design of the studies (only case series), the evidence is very low.

3.7. Amputation

The final stage for the severely affected limb with Buerger’s disease is amputation. A study by 
Cooper et al. [48] retrospectively assessed the amputation rate in 50 patients with BD listed 
in the Mayo Clinic patient database from January 1976 to December 1999. The authors con-
cluded that the risk of amputation increases progressively in patients who continue to smoke, 
with the first amputation occurring on average 15.6 years after diagnosis. The estimated risk is 
25% at 5 years, 38% at 10 years, and 46% at 20 years, and the risk of amputation higher is 11% 
at 5 years, 21% at 10 years, and 23% at 20 years. This study also suggests that the risk of ampu-
tation is eliminated after 8 years of cessation of smoking. In a study by Sasaki et al. [11] in a 
retrospective population study of 850 patients in 1993, they reported that about 25.2% of BD 
patients had some degree of amputation (greater or less). It also reports a 2.73-fold increase in 
the risk of amputation among patients who remained smokers.

4. Summary (conclusion)

Buerger’s disease (thromboangiitis obliterans) is a debilitating vasculitis to the patient and 
challenging to the physician, as much to the diagnosis as to the treatment. Evidence for the 
efficacy of numerous therapeutic modalities until now is scarce, with a trend toward greater 
efficacy of prostacyclin analogs in the treatment of more advanced levels of ischemia (ulcer 
and pain at rest). Unanimity, however, refers only to the role of smoking in this vasculitis, 
both at the beginning of the disease and its perpetuation, making it essential to stimulate 
smoking cessation to minimize the damage of the disease.
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