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Preface

“But there were also other fevers, as will be described. Many had their mouths affected with
aphthous ulcerations. There were also many defluxions about the genital parts, and ulcerations,
boils (phymata), externally and internally, about the groins. Watery ophthalmies of a chronic
character, with pains; fungous excrescences of the eyelids, externally and internally, called fig,
which destroyed the sight of many persons. There were fungous growths, in many other
instances, on ulcers, especially on those seated on the genital organs”.

This archetypal description of the Adamantiades-Behget’s disease remains as valid
today as when it was detailed by Hippokrates of Kos (460-377 BC) in his Epidemion,
book III, part 7 (Hipp. Epid. 3.3.7).

Nevertheless, in these last 2500 years we have advanced a lot in the knowledge of
vasculitis, a fascinating array of life-threatening and minor diseases caused by
inflammatory conditions that affect the blood vessels. Indeed, research in immunology
has invigorated the entire field of vasculitis, shaping a rational approach to its
etiology, pathogenesis, diagnosis and treatment, which is the matter of the present
book.

This is not a textbook on vasculitis, since it was never intended as a compilation of
comprehensive reviews. Rather, it represents the view of each author on selected
topics related to vasculitis, verifying the scientific evidence with their own expertise.
In other words, this book represents the amalgam between an evidence-based
medicine to one based on eminence. Only outstanding experts within defined scientific
fields of research in vasculitis from all over the world were invited to participate in
this publication. This resulted in an exciting combination of original contributions,
structured reviews, overviews, state-of the-art articles, and even the proposal of novel
etiopathogenetic models of disease.

Organizing this diversity of manuscripts has not been easy, and I am not certain how
long will take readers to cover this Vasculitis book from beginning to end, but all the
authors have endeavored to draw them into this volume by keeping both the text and
the accompanying figures and tables lucid and memorable. This book has been
intended to provide a broad base upon which one can build additional knowledge
acquired from other sources.



Preface

I invite you to read both consecutive but separable books on Vasculitis to better
understand these fascinating but complex diseases.

“Advances in the Diagnosis and Treatment of Vasculitis” contains a section that provides
practical information about the screening approach to vasculitis by laboratory
analysis, histopathology and advanced image techniques. The part “Advances in the
treatment of vasculitis” provides the current standard treatment as well as new and
more specific interventions including biologic agents, reparative surgery, and
experimental therapies. Finally, miscellaneous issues such as the extra temporal
manifestations of “temporal arteritis” or the diffuse alveolar hemorrhage syndrome
are covered.

I am thankful to all the contributing authors. Their expert knowledge and experience
has guaranteed a thoughtful and innovative approach for rheumatologists,
nephrologists and other specialists interested in the fascinating field of vasculitis. Each
author must be certain that their efforts will benefit to all patients suffering from these
serious diseases.

I am also grateful to Aleksandar Lazinica for this kind invitation to edit the present
book; thank you for your confidence. Off note, this book could not have been edited
without the dedicated technical assistance of the publishing process managers, Petra
Zobic and Dragana Manestar; thank you for your patience and willingness.

What began for Celsus as Rubor et tumor cum calore et dolore and led to Virchow’s
Functio laesa has grown beyond the therapeutic targeting of cytokines. As editor, I
hope that some of the enthusiasm and excitement of the contributing authors may be
shared by each reader of this book.

Dr. Luis M. Amezcua-Guerra, MD

Department of Immunology

The National Institute of Cardiology "Ignacio Chavez"
Mexico City

Mexico
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Diagnostic Approaches in Vasculitis






ANCA Diagnostics in Clinical Practice:
New Developments

Jan Damoiseaux, Jos Austen and Jan Willem Cohen Tervaert
Maastricht University Medical Center
The Netherlands

1. Introduction

Anti-neutrophil cytoplasmic antibodies (ANCA) are the hallmark of the so-called ANCA-
associated vasculitides (AAV) (Jennette & Falk, 1997). These primary small-vessel
vasculitides comprise granulomatosis with polyangiitis (GPA, previously referred to as
Wegener’s granulomatosis) (Falk et al, 2011), the Churg-Straus syndrome (CSS), microscopic
polyangiitis (MPA), and renal-limited necrotizing crescentic glomerulonephritis (NCGN).
These disease entities can be discriminated based on systemic symptoms of disease (GPA,
CSS, and MPA) versus clinical manifestations that are restricted to the kidneys (NCGN). The
systemic diseases can further be subdivided by the presence (GPA and CSS) or absence
(MPA) of granulomatous lesions in the airways, while GPA and CSS can be distinguished
based on the presence of asthmatic manifestations and/or eosinophilia in CSS, but not in
GPA. Classification criteria for these diseases have been defined by the American college of
rheumatology (ACR; Fries et al, 1990) and the Chapel Hill consensus conference (Jennette,
1994). The presence of ANCA, however, is not part of these criteria which are primarily
based on clinical manifestations and histopathology as observed in biopsies obtained from
the affected tissues. More recently a novel consensus methodology for the classification of
AAV was developed and validated for epidemiological studies (Watts et al, 2007).
Importantly, the latter classification criteria incorporated the ANCA status of the patient.

By definition ANCA are directed to the cytoplasmic components of neutrophilic
granulocytes. In particular the constituents of the granules appear to be the antigenic
targets. With respect to AAV the serine protease (PR)3 and myeloperoxidase (MPO) are the
most important autoantigens. ANCA were originally detected by indirect
immunofluorescence (IIF) on ethanol-fixed neutrophils. According to the international
consensus on ANCA detection four patterns have to be distinguished (Savige et al, 1999).
First, the classical (C-)ANCA is characterized by a granular, cytoplasmic fluorescence with
central or interlobular accentuation; second, a diffuse flat cytoplasmic fluorescence without
interlobular accentuation may be referred to as atypical C-ANCA. In clinical practice,
however, this pattern is not distinguished by many clinical laboratories. Third, the
perinuclear (P-)ANCA is characterized by perinuclear staining, with or without nuclear
extension. Reading of the P-ANCA pattern may be hampered by the presence of interfering
antinuclear antibodies (ANA). Finally, if a combination of cytoplasmic and perinuclear
staining occurs, this is called atypical ANCA. The perinuclear staining pattern actually is an
artefact, since formalin-fixation produces a cytoplasmic staining pattern, indistinguishable
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from C-ANCA on ethanol-fixed neutrophils. Recently, we reviewed the history of ANCA
detection (Cohen Tervaert & Damoiseaux, 2009). It is more than 50 years ago that ANCA
were first described in relation with chronic, inflammatory diseases, like rheumatoid
arthritis, ulcerative colitis and chronic autoimmune hepatitis. Only in 1985 the association
with vasculitis, in particular GPA, was noticed. In these patients IIF revealed a C-ANCA and
the antigen recognized proved to be PR3. In a number of GPA cases, however, the sera
revealed a P-ANCA and this staining pattern appeared to be more prevalent in MPA and
CSS. The antigen recognized in the AAV patients with P~ ANCA proved to be MPO. The
autoantibodies reactive to these two catalytic enzymes are referred to as PR3-ANCA and
MPO-ANCA, respectively. The relation between C-ANCA and PR3-ANCA, and especially
between P-ANCA and MPO-ANCA is far from perfect. In particular in chronic,
inflammatory diseases other than AAV, the ANCA are directed to multiple other
constituents of the neutrophilic granules (like cathepsin G, catalase, a-enolase, elastase,
lysozyme, lactoferrin, azurocidin, and bactericidal permeability-increasing protein) and in
these cases the P-ANCA is not the result of reactivity with MPO. Hence, the consensus on
ANCA detection is to screen sera with IIF and to identify the antigen-specificity with assays
specific for PR3 and MPO (Savige et al, 1999). Preferentially, all sera should even be
analysed by both IIF and antigen-specific assays.

In this chapter we will first discuss the technologies used for detection of ANCA, including
IIF and antigen-specific assays. Next, the international consensus on ANCA testing will be
discussed in light of the new technical developments. Finally, we will discuss novel ways of
reporting results to the clinic to facilitate the interpretation. These issues will all be dealt
with only in terms of the diagnostic phase of AAV; ANCA detection in relation to follow-up
of AAV or in light of other disease entities, will not be discussed.

2. Methods for ANCA detection

As mentioned above, ANCA are traditionally detected by IIF. For detection of
autoantibodies by IIF serum samples are diluted and incubated with antigen substrate to
allow specific binding of autoantibodies (Fig. 1) (Damoiseaux & Cohen Tervaert, 2005). The
antigen substrate consists of neutrophilic granulocytes on glass slides that are prepared with
a fixative to enable autoantibody binding. In stead of neutrophils it is advocated to be better
to use total white blood cells in order to identify true neutrophil specific autoantibodies
(Wiik, 1980). In most assays the serum is diluted ~20 times, but one should be aware that the
test result of an IIF assay is not only dependent on the serum dilution, but also on the
quality of the substrate, the conjugate, and the fluorescence microscope. The latter, however,
is more standardized since the introduction of LED-technology as light source. After
washing to remove non-specific antibodies, the substrate is incubated with an anti-human
IgG antibody reagent conjugated to fluorescein isothiocyanate (FITC). The final three-part
complex, consisting of fluorescent secondary antibody, human autoantibody, and antigen
can be visualized with the aid of fluorescent microscopy enabling the distinction of different
patterns, for instance C-ANCA or P-ANCA. Typical for ANCA detection by IIF is that the
substrate, i.e. neutrophilic granulocytes, is fixed with ethanol. This results in (partial)
destruction of the lipid bilayer of the cytoplasmic granules enabling the constituents to
freely diffuse in the cytoplasm. The strongly cationic enzymes, including MPO, then bind to
the negatively charged nuclear membrane, while less cationic enzymes, like PR3 (pI 9.1)
remain within the cytoplasm. The artifactual P~-ANCA pattern is best illustrated upon
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fixation of the neutrophils with formalin. In that case the different constituents of the
neutrophils are cross-linked and therefore remain within the cytoplasmic granules revealing
a C-ANCA pattern. This holds at least for MPO, but other constituents in the granules may
be sensitive to formalin-fixation and therefore loose reactivity. Reading of ANCA slides is
subjective, labour intensive, and requires expertise of the technicians involved. Thus far,
automation of reading ANCA slides is limited. We applied a method of image analyses as a
novel approach for the quantification of ANCA levels during follow-up of AAV patients
(Boomsma et al, 2003). This technique enabled ANCA quantification by IIF in a single serum
dilution. No major differences were observed between image analysis and other techniques
in their capacity to predict relapses of disease activity. Therefore, automated ANCA
quantification by IIF should also be possible in the diagnostic stage. One step beyond
quantification, however, is appropriate recognition of ANCA patterns. Several diagnostic
companies have developed software for automated pattern recognition (Hiemann et al,
2009). The software may be fixed, or ready to include pattern information acquired during
application of the device in clinical practice. The latter, self-learning device is, however, at
risk of a gradual shift in the pattern recognition. Thus far, no studies have been published
on automated ANCA pattern recognition.

neutrophil test serum
(ethanol fixed)

MHL+ E’;—L—L—————L—‘

cel-bound anti-human
antibodies IgG

Antineutrophil cytoplasmic antibodies (ANCA) are detected by indirect immunofluorescence (IIF). Slides of
ethanol-fixed neutrophils are incubated with patient serum and visualized by FITC-labelled anti-human
immunoglobulin G. Fluorescent microscopy may reveal distinct staining patterns.

Fig. 1. ANCA detection by IIF.

Antigen-specificity of ANCA is generally determined by enzyme-linked immunosorbent
assays (ELISA). In most cases a direct, non-competitive ELISA is the method of choice for
detection of antigen-specific antibodies (Fig. 2a) (Damoiseaux & Cohen Tervaert, 2005). In
this assay the antigen is solid-phase bound to the microtiter plates and unoccupied protein-
binding sites on the carrier are blocked to prevent non-specific binding of antibodies. Since
the antigen is directly coated to the solid-phase, this type of ELISA is referred to as direct
ELISA. After coating of the antigen, patient serum is diluted and incubated to enable
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antigen-specific binding of autoantibodies as present in the serum sample. After washing to
remove non-specific antibodies, the anti-human IgG reagent, conjugated with an enzyme
like horseradish peroxidase or alkaline phosphatase, is added. Binding of the anti-human
IgG conjugate with the antigen-antibody complex, leads to the formation of an enzyme-
labelled three-part complex that converts the finally added substrate to form a coloured
solution. The rate of colour formation is a function of the amount of autoantibody present in
the serum sample. Therefore, the ELISA is considered a true quantitative assay when a
reference standard is available, which happens to be the case for both PR3-ANCA as well as
MPO-ANCA (IUIS-CDC reference preparations). These standards enable to report the
results in international units, an important step forward in standardisation of ANCA
diagnostics. During the last decade, multiple variants of the direct ELISA have become
available. These assays may differ in terms of the carrier, for instance a membrane in dot-
blot assays (Rutgers et al, 2004) and line-immuno-assays (LIA) or beads in multiplex flow
cytometry (Nifli et al, 2006; Damoiseaux et al, 2007; Kaul et al, 2009), or by replacement of
the enzyme by a fluorochrome, like in fluorescent-enzyme immuno-assays (FEIA)
(Damoiseaux et al, 2005) as well as the Luminex-based technology (Nifli et al, 2006;
Damoiseaux et al, 2007, Kaul et al, 2009). More recently, also assays based on
chemiluminesence technology have become available. Some of the novel assays have the
advantage that they simultaneously measure PR3- and MPO-ANCA, and often include anti-
GBM antibodies as well. On the other hand, the dot-blot assays and LIA only reveal
qualitative results and may be subjective in their read-out. Optimally, the dot-blot assays
and LIA are scanned and analysed by appropriate software that takes into account the
signal of a cut-off control integrated in the system.

The second generation antigen-specific assays for ANCA detection is based on the so-
called capture technology (Fig. 2b). In these ELISA-based tests a monoclonal antibody,
specific for either PR3 or MPO, is coated to the carrier and, next, the antigen preparation,
either as a crude neutrophil extract (Cohen Tervaert et al, 1990) or as purified antigens
(Westman et al, 1998; Boomsma et al, 2001) is added. The antigen is now captured by the
monoclonal antibody, hence the name, and the assay is continued with subsequent
incubations with patient serum, anti-human IgG conjugate, and, finally, the substrate,
similar as in the direct ELISA described above. Theoretically, the advantage of the capture
technology is twofold: 1. because of the better consolidation of the three dimensional
structure of the antigen the sensitivity will be increased, and 2. because of the additional
purification of the antigen by the use of the capturing monoclonal antibody the specificity
will be increased. For detection of PR3-ANCA, indeed, both the sensitivity and the
specificity are increased in the capture ELISA as compared to the direct ELISA (Csernok et
al, 2004). However, capture ELISA’s for MPO-ANCA only have increased specificity, but
not sensitivity (Boomsma et al, 2001).

Quite recently, third generation ANCA assays were introduced which are referred to as
anchor ELISA (Fig. 2¢). In these assays the antigen is conjugated to a peptide linker which is
used for coating to the carrier. Like in the capture ELISA the three dimensional
configuration of the antigen is better maintained and this may result in improved
sensitivity. Indeed, an increase in sensitivity for PR3-ANCA was observed in particular in
patients with limited disease manifestations (Hellmich et al, 2007; Roggenbuck et al, 2009).
These assays were first developed for PR3-ANCA only, but are now also available for MPO-
ANCA, although for the latter assay no data are available yet.
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2a Direct ELISA

Ld > W - |4

antigen-coated test anti-human
carrier serum IgG

2b Capture ELISA

L J>kd~Ed>

anti-ANCA ANCA test anti-human
carrier antigen serum IgG

2¢c Anchor ELISA

EA ~ B9 > B

antigen linked test anti-human
to carrier serum IgG

The antigen is either coated directly to the carrier (2a), or via a capturing monoclonal antibody (2b), or via a
peptide linker (2c). Incubation with the patient serum and the final detection reagent is similar in these assays.

Fig. 2. PR3- and MPO-ANCA detection by antigen-specific assays.

Interestingly, in almost all antigen-specific assays native antigen, purified from human
neutrophils, is used. Assays based on recombinant antigen have appeared difficult to
develop (Jenne & Kuhl, 2006). There is, however, one direct ELISA based on a mixture of
native and recombinant PR3 on the market. The performance of this assay is very similar to
the anchor ELISA’s (Damoiseaux et al, 2009a). It is speculated that the HIS-tag, which is
normally genetically attached to a recombinant protein for purification purposes, functions
as a linker peptide for anchoring the antigen to the carrier.

Finally, there is a novel technology that combines IIF and antigen specificity within a single
assay. This biochip technology is a composite substrate of ethanol- and formalin-fixed
granulocytes, Hep-2 cells and monkey liver (both for detecting potential interference of
ANA), and microdots consisting of the PR3 and MPO antigens. This method has a very high
concordance with a multi-test reference method based on IIF, direct ELISA, and capture
ELISA (Damoiseaux et al, 2009b). More recently the biochip has even been extended by the
inclusion of microdots consisting of the Goodpasture antigen, i.e. the non-collagenous part
of the alpha 3 chain of type IV collagen. Although the biochip technology is qualitative in



8 Advances in the Diagnosis and Treatment of Vasculitis

nature, it is very useful in screening new patients suspected of AAV and, in the extended
version, of the Goodpasture’s syndrome.

3. Guidelines for ANCA detection

In 1999 an international consensus statement on testing and reporting of ANCA has been
published (Savige et al, 1999). This is a consensus based on expert opinion. Importantly, this
consensus has defined clinical indications for ANCA testing (Table 1). These indications are
relevant as far as there is no other obvious cause for the clinical manifestations and they are
restricted to the diseases that are associated with small vessel vasculitis. Other diseases that
may be associated with ANCA (not MPO- or PR3-ANCA) are included in an addendum
(Savige et al, 2003). The clinical indications as defined in table 1 are validated in a
retrospective study (Mandl et al, 2002). When the guidelines for requesting ANCA would
have been followed, there would have been a decrease of 23% in ANCA requests, while
none of the vasculitis patients would have been missed. Due to the retrospective approach,
there might have been a bias in potential misclassification. However, none of the ANCA-
negative patients developed AAV within 8 to 12 months follow-up. This is somewhat
surprising since AAV patients may also present with (epi)scleritis and/or other symptoms
that are not included in table 1 (Cohen Tervaert et al, 1987). More recently, an extended
gating policy for requesting ANCA has been evaluated (Arnold et al, 2010). Besides clinical
manifestations that have a significant pre-test probability of small vessel vasculitis (grossly
similar as indicated in table 1), ANCA testing was also granted for the following specialties:
rheumatology, nephrology,

- Glomerulonephritis, especially rapidly progressive glomerulonephritis
- Pulmonary hemorrhage, especially pulmonary renal syndrome

- Cutaneous vasculitis with systemic features

- Multiple lung nodules

- Chronic destructive disease of the upper airways

- Long-standing sinusitis or otitis

- Subglottic tracheal stenosis

- Mononeuritis multiplex or other peripheral neuropathy

- Retro-orbital mass

Table 1. Clinical indications for antineutrophil cytoplasmic antibody testing (Savige et al,
1999).

chest medicine, medical ophthalmology and ENT surgery. Additionally, a close liaison was
ensured between the laboratory and referring clinician in order to offer requesters the
option of further discussion. This approach resulted in a 50% decrease in ANCA requests
and obviously in a concomitant reduction in false-positive results. Importantly, the gating
policy did not result in either a missed or delayed diagnosis of small vessel vasculitis
belonging to the spectrum of AAV.

According to the international consensus statement ANCA testing should start with screening
the samples by IIF on ethanol-fixed neutrophils; titration may be useful but is optional. At least
the IIF positive samples, irrespective of the pattern, should be tested in a quantitative way by
ELISA for both PR3- and MPO-ANCA. Although the consensus states that antigen specificity
should be determined by ELISA, it is obvious that other novel assays, nowadays available,
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may also be applied for detection of PR3- and MPO-ANCA. The consensus is somewhat
diffuse with respect to the interpretation of the results. Basically, one expects that only the
combination C-ANCA/PR3-ANCA or P-ANCA/MPO-ANCA is relevant for the diagnosis of
AAV (atypical ANCA or interfering ANA may replace the respective fluorescence patterns).
However, the consensus allows the interpretation of results that reveal positivity only by IIF as
being relevant for the diagnosis of AAV. This was merely based on the finding that ~10% of
ANCA positive serum samples in patients with GPA or MPA were positive by IIF but negative
by direct ELISA. As mentioned, by using capture and/or anchor ELISA’s only few samples of
AAV patients that are positive by IIF are negative by antigen specific assays. Furthermore, it is
obvious that the specificity of this approach (IIF positive only) is strongly reduced. If it
concerns a C-ANCA, the IIF result may only be relevant when there is a strong clinical
suspicion of AAYV, ie., a high pre-test probability. However, the gap between P-ANCA
reactivity and MPO-ANCA will not be closed, because autoantibodies to many other antigens,
that are probably irrelevant for AAV give rise to this pattern.

As mentioned above, the international consensus is based on expert opinion. A systematic

review of the literature on the role of ANCA testing for AAV is hampered by several issues:

e Standardization of assays is poor: only recently an international standard preparation
(IUIS-CDC reference preparations) has become available for PR3- and MPO-ANCA,
and the cut-off value in different assays is often not optimal (Holle et al, 2006),

e  Serum dilutions for IIF are variable: the consensus does not decide for a 1:20 or a 1:40
dilution and correctly states that the cut-off for IIF not only depends on the serum
dilution, but also on the substrate, the conjugate and the microscope,

e Many studies do not use diagnostic samples for testing the utility of novel assays. This
is mandatory because, due to epitope spreading and affinity maturation, the
autoantibody composite may change during ongoing disease,

e  Characteristics of ANCA tests are often expressed in the context of the total AAV
population. However, when including the total AAV population, test characteristics
will depend on the mixture of the distinct diseases since they differ in the prevalence of
PR3- and MPO-ANCA (Wiik, 2002). Also the geographical area may influence test
characteristics because the prevalence of MPO-ANCA decreases, while the prevalence
of PR3-ANCA increases, when more remote from the equator (Watts et al, 2005).

Altogether, there is one meta-analysis available that evaluates the value of ANCA testing,

ie., the combination C-ANCA/PR3-ANCA or P-ANCA/MPO-ANCA, in the whole

spectrum of AAV (Choi et al, 2001). This meta-analysis is based on only 5 studies that
fulfilled the stringent inclusion criteria. The study showed that the consensus approach for

testing in combination with the strict interpretation revealed a sensitivity of 84.7% and a

specificity of 98,6%. Although the specificity is high, one should be aware that the

prevalence of AAV is only 15/100.000 (Mohammad et al, 2007 and references herein). The
positive predictive value, therefore, will be very low if the selection of patients to be tested

for ANCA is not based on appropriate clinical manifestations (Table 1).

Although the current consensus states that screening should be performed with IIF because

10% of the AAV patients may be only positive by IIF, they also advise to assess all samples

for both PR3- and MPO-ANCA because 5% of the AAV patients may be positive by ELISA

but negative by IIF. When strict criteria are used for interpretation of ANCA results, i.e., the
combination C-ANCA /PR3-ANCA or P-ANCA/MPO-ANCA, it does not matter which test
is being used as screening assay. There are, however, several arguments that plead for IIF as
the best choice. First, depending on the amount of ANCA requests in a laboratory and the
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degree of automation, it may be more cost effective to screen with a single assay (IIF) versus
two assays (PR3- and MPO-ANCA). The advent of multiplex testing, and in particular the
biochip method, neutralizes this argument. Second, ANCA IIF results, but not antigen
specific assays, may also be important for other chronic inflammatory diseases like
inflammatory bowel disease, primary biliary sclerosis, primary sclerosing cholangitis, and
chronic, active autoimmune hepatitis (Kallenberg et al, 1992). The way of testing and
reporting ANCA in these chronic inflammatory diseases is described in the addendum to the
international consensus (Savige et al, 2003). Third, it is often argued that the utility of the IIF
technology is hampered by the requirement of expertise of reading the results. This is a
relevant point, but if only PR3- and MPO-ANCA positive samples are tested by IIF, the
expertise will be more difficult to maintain because the number of samples tested by IIF will be
strongly reduced. On the other hand, the continuous improvement of the antigen specific
assays, in particular the capture- and anchor-assays, may have resulted in the IIF being
redundant. Indeed, decision tree analysis of different testing strategies revealed that a strategy
based on screening for ANCA with ELISA or FEIA and confirmation by IIF is a valuable
alternative to screening with IIF and confirming with ELISA or FEIA (Vermeersch et al, 2008).
Finally, the current international consensus does not discuss the need for rapid ANCA
testing being available. Especially renal and pulmonary manifestations may have a rapidly
progressive onset which requires early diagnosis and treatment in order to prevent organ
failure or even death of the patient. In these patients it is important to have results available
within 24 hours. Because rapidly progressive glomerulonephritis and alveolar haemorrhage
have a high pre-test probability for the diagnosis AAYV, it may be sufficient to test only with
antigen specific assays, i.e., PR3- and MPO-ANCA, and not IIF. Since the Goodpasture
syndrome is also within the differential diagnoses of the renal-pulmonary syndrome, it is
advised to include additional testing for anti-GBM antibodies. Although nowadays most
automates for autoantibody testing have random access and thereby enable rapid testing in
the routine setting, there are also several rapid test assays available for laboratories that
have not yet automated their ANCA diagnostics (Westman et al, 1997; Rutgers et al, 2004).
Interestingly, capture technology has recently been introduced in these rapid tests. Results
obtained in the rapid tests are often qualitative only and should eventually be confirmed
and quantified by the assays being in use for routine testing.

4. Interpretation of ANCA results

According to the international consensus positive ANCA IIF results should be reported by the
pattern (C-ANCA, atypical C-ANCA, P-ANCA, atypical ANCA, or not to be determined
because of interfering ANA). Results of the antigen specific assays should be reported in
arbitrary units in combination with the cut-off value. Assays that are calibrated on the new
international standard can be expressed in international units. Preferentially, results of IIF and
antigen specific assays should be released simultaneously. It is also advised that results are
reported together with information regarding the interpretation. This information may include
sensitivity and specificity values. It should be realized, however, that such information is of
limited value for a clinician who has to decide on the diagnosis of a single patient.

An alternative way of presenting data, which is more valuable for an individual patient, is
by likelihood ratios (Bossuyt, 2009). The likelihood ratio provides an estimation of whether
there will be significant change in pre-test to post-test probability of a disease given the test
result (American college of rheumatology, 2002). A likelihood ratio of 1 implies that the test,
either positive or negative, will add nothing to the diagnosis. The higher the likelihood ratio
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(>1) for a positive test result, the higher the probability that the patient will have the
respective disease, while the lower the likelihood ratio (<1) for a negative test result, the
lower the probability that the patient will have the respective disease. Importantly,
likelihood ratios can also be determined for combinations of assays, like IIF and antigen-
specific assays (Choi et al, 2001). The likelihood ratios depend on multiple independent
parameters. First, the positive likelihood ratio corresponds to sensitivity / (1 - specificity)
and the negative likelihood ratio to specificity / (1 - sensitivity). In clinical practice
specificity is defined by the clinicians that request for ANCA: when the clinicians do not
adhere strictly to the clinical manifestations defined in table 1, this may result in an increase
in the number of false positive results and thus a reduced specificity. Similarly, if the final
diagnosis of AAV is incorrect, this will affect the sensitivity. Altogether, this implies that the
likelihood ratios of a certain test depend on the local settings, i.e., the clinicians involved.
Second, the test system used for ANCA detection will influence the likelihood ratios. It is
obvious that, as compared to antigen-specific assays, the likelihood ratio’s for ANCA
detection by IIF are less useful for the diagnosis of AAV, but also between distinct antigen-
specific assays there may exist huge differences, especially when the cut-offs are not
optimal. Finally, the level of the positive test result is associated with distinct likelihood
ratios. The likelihood ratios have been defined as a function of ANCA concentration for
different assays and from this study it is concluded that likelihood ratios can be best
presented for different test-result intervals (Vermeersch et al, 2009). Since the patient
population that requires ANCA testing and test system used for ANCA testing will be
different between hospitals, this might imply that the likelihood ratios have to be
determined locally based on consecutive, diagnostic samples that are sent to the laboratory
for ANCA testing. Obviously, standardization of the clinical manifestations that warrant
ANCA testing, together with standardization of the assays, for instance by the introduction
of the international standards, will add to the generic use of likelihood ratios.

1.0

0.8 1

0.6 -

0.4 1

Post-test probability

0.2 =

0 L] L] L] L]
0 0.2 0.4 0.6 0.8 1.0
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The red curve represents a negative test-result, the light-blue curve a low-positive test result, the medium-blue curve

an intermediate-positive test result, and the dark-blue curve a high-positive test result. This is an imaginary example;
the curves depend on multiple parameters, like the assay of choice and the patient population that is tested.

Fig. 3. The function between pre-test probability and post-test probability representing test-
result intervals.
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Although in the diagnostic process of AAV likelihood ratios are of increased value, as
compared to sensitivity and specificity, they still require transformation of pre-test
probability to post-test probability. Likelihood ratios can be used to calculate post-test
probabilities by application of Bayes’ rule (Bossuyt, 2009). As depicted in figure 3, this
will reveal the function between pre-test probability and post-test probability for both a
positive, as well as a negative test result. Most optimal would be the report of results in
relation to such pre-test versus post-test diagrams, ideally representing test-result
intervals.

5. Discussion

ANCA are associated with distinct forms of primary small vessel vasculitides, collectively
referred to as ANCA-associated vasculitis (AAV) (Jennette & Falk, 1997). ANCA were
originally identified by IIF. Importantly, however, only ANCA directed to PR3 (PR3-
ANCA) or MPO (MPO-ANCA) are relevant for the diagnosis AAV. Therefore there is
international consensus that ANCA should be detected by a combination of IIF and
antigen-specific assays, i.e. detection of PR3- and MPO-ANCA (Savige et al, 1999). In
recent years multiple new developments have influenced detection and interpretation of
ANCA. Several novel technologies have become available for antigen-specific ANCA
detection. Most of these technologies apply direct binding of the antigen to a carrier and
these developments have enabled automation as well as multiplex testing of antigen-
specificities. New generations of ANCA tests are based on indirect binding of the antigen
to the carrier, either via a monoclonal antibody (second generation capture technology) or
via a peptide linker (third generation anchor technology). Although data on the third
generation ANCA tests is still scarce, second generation tests have proven to be superior
to traditional ELISA(-like) technologies. These second and, possibly, third generation
technologies even challenge the dogma of the need for performing IIF as screening assay.
The wish to abandon IIF is primarily instigated by the fact that this technology has several
disadvantages. Especially the subjective reading of the slides is a serious drawback of this
technique. The advent of microscope devices that have integrated software for pattern
recognition might overcome this problem (Hiemann et al, 2009). Also for this
development there is insufficient data if this approach is going to work in the near future
for ANCA IIF. In the end, decision tree analyses have to give the ultimate answer on the
role of IIF in ANCA diagnostics (Vermeersch et al, 2008). Finally, with respect to
interpretation of ANCA results it is suggested that the data should be interpreted in the
light of likelihood ratios for test result intervals (Bossuyt, 2009). This implies that the
likelihood ratio increases with increasing ANCA levels. It is evident that these likelihood
ratios are different for distinct assays, but it remains to be determined whether such
likelihood ratios can be generalized and are applicable in different centres. Ideally, results
are reported together with graphics for pre- versus post-test probabilities because this
greatly facilitates interpretation by the clinicians. However, this requires adaptation of
most hospital information systems to enable a link to the relevant graphics instead of
providing only reference values.

Altogether, the new developments in ANCA diagnostics of the last decade are such that
revision of the current international consensus on ANCA is required. Importantly, the
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most recent developments, like third generation assays and automated pattern
recognition software, need further evaluation to obtain objective data to be included. This
might enable the development of evidence based guidelines instead of a consensus based
on expert opinion. Issues that should be considered to be included in a novel consensus
are summarized in Table 2. Besides the issues dealt with in this chapter, it is also relevant
to define other issues, like the role of formalin-fixed neutrophils as a substrate in IIF and
the usefulness of testing for other ANCA specificities. Formalin fixation of neutrophils
destroys the antigenicity of multiple (irrelevant) antigens, including interfering ANA as
well as multiple antigens other than PR3 or MPO, and reveals the shift in staining pattern
from P-ANCA on ethanol-fixed neutrophils to C-ANCA on formalin-fixed neutrophils. As
mentioned, the biochip technology enables to combine both substrates in a single
incubation (Damoiseaux et al, 2009b). The usefulness of formalin-fixation is already a
longstanding discussion (Bird, 1999). If eventually the role of IIF is considered to be
redundant, the role of formalin-fixed neutrophils will be finished as well. With respect to
other antigen-specificities of ANCA, there are at least three interesting candidates. First,
anti-human elastase (HLE)-ANCA seems to be specific for midline destructive disease
and/or vasculitis (Cohen Tervaert et al, 1993). Importantly, HLE-ANCA is relevant to
identify drug-induced vasculitis (Merkel, 2001). In case of necrotizing lesions of the
midline, i.e., nasal septum or palatum, detection of HLE-ANCA may discriminate
between GPA and cocaine abuse (Trimarchi et al, 2001). However, thus far the assay is not
standardized and data are limited. A second antigen of use might be the bactericidal-
permeability increasing protein (BPI). BPI-ANCA have been associated with cystic
fibrosis, but may also occur in other chronic inflammatory diseases. In terms of AAV
detection, BPI-ANCA may be relevant to explain a C-ANCA result by IIF that can not be
confirmed by specific assays for PR3-ANCA. In such a situation the likelihood for AAV is
strongly decreased. Finally, human LAMP-2 has been described as a valuable ANCA
subtype (Kain et al, 2008). In neutrophils, LAMP-2 is integrated into the membranes of
MPO- and PR3-containing vesicles, and thus autoantibodies to LAMP-2 give positive
results in ANCA IIF. These antibodies are typically associated with pauci-immune focal
necrotizing glomerulonephritis and often co-occur with MPO- or PR3-ANCA. Altogether,
more data is required before these different ANCA specificities can be included in routine
ANCA diagnostics.

1. Is it possible to screen by antigen-specific assays instead of ITF?

2. Are second (and perhaps third) generation antigen-specific assays
mandatory for the diagnosis of ANCA-associated vasculitis?

3. Are antigen-specific assays to be calibrated on the international standard
preparations for MPO- and PR3-ANCA?

4. Is there a place for antigen-specific assays other than MPO and PR3?

5. Is there still a role for indirect immunofluorescence (IIF)?

6. Are formalin-fixed (next to ethanol-fixed) neutrophils to be used in IIF?

7. Should rapid-testing be available in every routine laboratory that offers
ANCA tests?

8. Is it manageable to present results as likelihood ratios for test result
intervals?

Table 2. Issues to be incorporated in a novel international consensus on ANCA diagnostics.
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6. Conclusion

Laboratory diagnostics of ANCA has evolved in fifty years with respect to assay technology
and automation. The number of ANCA requests has increased simultaneously and this
inevitably results in an increase in false-positive results. Altogether, these changes ask for a
novel international consensus statement as well as a change in the way of reporting results.
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1. Introduction

Vasculitis is an inflammatory process occurring primarily on the vessel wall. It results in
vessel wall destruction and subsequent hemorrhagic and ischemic events. Skin is the most
common target organ for vasculitis.1234
Cutaneous vasculitis includes vasculitis of the dermal small vessels® and subcutaneous
small muscular vessels.6 It can be a self-limited benign disease restricted to the skin or be a
significant component of many systemic vasculitic syndromes such as collagen disease-
associated vasculitis or anti-neutrophil cytoplasmic antibody (ANCA)-associated primary
vasculitic syndromes.
Cutaneous vasculitis most frequently manifests as palpable purpura or infiltrated erythema
(indicating dermal small vessel vasculitis), and less frequently as nodular erythema, livedo
racemosa, deep ulcers, or digital gangrene (indicating deep dermal vasculitis or
subcutaneous muscular-vessel vasculitis). Cutaneous vasculitis presents as a constellation of
clinical and histopathologic findings since the size of vessel involved correlates with the
clinical findings.1234
A diagnosis of cutaneous vasculitis is best determined by the histopathologic findings of the
vessel size involved and the principal inflammatory response. Histopathologic findings are
also crucial for distinguishing authentic cutaneous vasculitis from cutaneous
pseudovasculitis” (a heterogeneous collection of disorders that clinically produce
hemorrhages [i.e., petechiae, purpura, and ecchymoses] or vessel occlusion [which results in
livedo, cyanosis, ulcers, digital necrosis, and/or gangrene] and simulate cutaneous
vasculitis but without the histopathologic evidence of vasculitis).”

This chapter will describe the morphological approach to cutaneous vasculitis, including:

1. The diagnostic criteria for small vessel vasculitis and for subcutaneous muscular vessel
vasculitis (e.g., arteritis and phlebitis);

2. The details of the inflammatory stages of muscular vessel vasculitis (based on
morphological changes during the inflammatory process, which strongly affect the
treatment for vasculitis);

3. The histopathologic classification of cutaneous vasculitis (based on the size of the
affected vessel [e.g., small vessels or muscular vessels] and the predominant
inflammatory cell types [e.g., neutrophils, eosinophils, lymphocytes, histiocytes]) and
their related disorders.

Distinguishing between subcutaneous muscular arteritis and phlebitis will be also discussed

since the morphological features of the subcutaneous veins in the lower legs, such as a
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compact concentric smooth muscle pattern with a round lumen and no obvious bundled
formation, mimic features that are characteristic of arteries. This may lead to phlebitis or
thrombophlebitis being misdiagnosed as arteritis and result in unnecessary overtreatment.

2. Morphology and distribution of cutaneous vessels

Types of vessels

Small artery

Small vein

Arteriole

Venule and capillary

Small arteries are defined as arteries having a caliber of 100 pm to 1000 pm

Where a skin biopsy reaches into the subcutis, the arterial caliber level is less than 1000um.
Therefore, histopathologically proven arteritis identified from skin lesions should involve
small-sized arteries, rather than medium-sized arteries (which have calibers larger than 1000
um). The distribution of small arteries is from the lower dermis (where the arterial size
ranges from 100 pm to 200 um) to the subcutis (where the arterial size ranges from 100 pm to
1000 pm). Small arteries usually have a tunica intima (containing an endothelial cell layer
with an underlying layer of a sharp internal elastic lamina) and a tunica media (containing
two to 10 concentric compact continuous smooth muscular layers with very few elastic
fibers in the muscular layer). These are characteristic of small arteries. The tunica adventitia
- the outer layer of small arteries - is generally unidentifiable, having few perivascular
collagen fibers and identifiable elastic fibers (Figures 1 and 2).

Small veins are defined as veins having a caliber between 100 pm and 1000 pm.

Small veins are distributed from the lower dermis to the subcutis. The lack of an internal
elastic lamina and discontinuous bundles of muscle in the elastic fiber-rich muscular medial
layer are characteristic of small veins (Figures1 and 2).

Arterioles are defined as arteries having a caliber of less than 100 pm.

The tunica intima in arterioles is characterized by a layer consisting only of endothelial cells
with an underlying internal elastic lamina, as seen in small arteries. The tunica media in
arterioles is characterized by approximately one to two concentric smooth muscular layers.
The tunica adventitia in arterioles is usually unidentifiable (Figure 3).

Venules are defined as veins having a caliber of less than 100 pm.

Venules contain one to two muscular layers in the tunica media and may have a
perivascular fibrotic layer in the tunica adventitia. The lack of the internal elastic lamina is a
feature that distinguishes venules from arterioles (Figures 3 and 4).

All small vessels in the superficial to mid-dermis are arterioles, venules, and capillaries
since the vessels are smaller than 100 pm (Figure 3). All of the small vessels in the dermis
are less than 200 pum, including capillaries, venules, arterioles, small veins and small
arteries. (The small arteries and veins in the dermis range from 100 pm to 200 pm.). The
size of the small arteries at the dermo-subcutaneous junction ranges from 200 pm to 400
pm (Figures 2, 22D, and 22F). These arteries are commonly involved in cutaneous
polyarteritis nodosa.
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Fig. 1. (elastic tissue stain) The distinction between a deep dermal small artery and vein.

Note the characteristic sharp internal elastic fiber encircling the lumen but the absence of
elastic fiber in the muscular medial layer of the artery. By contrast, there is an absence of an
internal elastic lamina and there are multiple layers of elastic fibers in the medial muscular
layer of the vein.

3. Points and pitfalls of distinguishing between arterial and venous vessels
1) Dermal arterioles vs. dermal venules
Points:

e  Arterioles have an internal elastic lamina adhering to the outside of the endothelial cell

layer (Figure 3).
e  Venules lack an internal elastic lamina (Figure 3).
Pitfalls:

o  The presence of a perivascular layer of elastic fiber in venules may mimic the internal
elastic lamina in arterioles (Figure 3), especially if the outline of the vessel wall in
venules has become unclear because of inflammation (Figure 4).

2) Subcutaneous arteries vs. subcutaneous veins$

Points:
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Fig. 2. The distinction between a small muscular artery and vein at the dermo-subcutaneous
junction.

These vessels are from an infiltrated erythematous lesion on the inner sole. The compact
concentric muscular layers and the internal elastic lamina-like elastic fiber in the intima
(arrow at bottom right: [elastic tissue stain]) in the vein resemble the features of an artery.
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However, the concentric continuous wreath-like smooth muscular pattern with the lack of
elastic fibers in the medial muscular layer in an artery (bottom left: [elastic tissue stain]) is
distinguishable from the discontinuous bundled smooth muscular layers separated by
abundant elastic fibers in the medial muscular layer in the vein (bottom right). Moreover,
the sharp even thickness of the internal elastic lamina (arrow heads) in the artery is
dissimilar to the uneven feature of the internal elastic lamina-like elastic fiber (arrow) in the
vein.

arterioles venules

Fig. 3. Dermal arterioles and venules. (elastic tissue stain)

Arterioles contain one to two medial muscular layers with a sharp layer of internal elastic
lamina (green arrows) adhering to the outside of the endothelial cell layer (which faces the
lumen). By contrast, the venules lack an internal elastic lamina but have a layer of
perivascular elastic fiber that may be mistaken for the authentic internal elastic lamina of
arterioles.

Arterial wall (Figures 1 and 2)

e The smooth muscle layers in the media have a compact concentric and continuous
distribution.

e Alack of elastic fibers in the medial layer.

e A sharp, evenly thick internal elastic lamina is present.

Venous wall (Figures 1 and 2)
Smooth muscle layers in the media have a discontinuous bundled distribution.
Prominent elastic fibers in the medial layer are present.

Absence of an authentic internal elastic lamina.
e Venous valves may be present.

Pitfalls: (Figure 2)
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e The presence of the intimal elastic fibers in veins (arrow at the bottom right of Figure
2) may mimic the internal elastic lamina in arteries (arrow heads at bottom left of
Figure 2), while the uneven thickness and partial multilayer of the intimal elastic fibers
in veins are distinguishable.

e  Morphological features of the veins obtained from skin lesions of the dorsal or plantar
feet may show a thick compact and continuous smooth muscle layer distribution
similar to arteries.8 The bundled smooth muscular layers, separated by abundant elastic
fibers in the media of veins (bottom right of Figure 2), is distinguishable from the
concentric and continuous smooth muscular layers with a lack of elastic fibers in the
arterial media (bottom left of Figure 2).

4. Concept of cutaneous vasculitis

Vasculitis is an inflammatory process occurring primarily on the vessel wall, leading to

vessel wall destruction and subsequent hemorrhagic and ischemic events. Cutaneous

vasculitis comprises vasculitis of the dermal small vessels and the subcutaneous small
muscular vessels. Basic principle of histopathologic diagnosis for cutaneous vasculitis is the

morphological evidence of both (1) angiocentric infiltration of inflammatory cells and (2)

damage of vessel wall. Therefore the following vasculitis-like conditions, which are different

from the process of vessel damage in vasculitis, should not be interpreted as cutaneous
vasculitis:

1. Vessel damage that is not caused by inflammatory cells, but is caused by a direct
invasion of tumor cells or organisms, including fungi, bacteria, and viruses.

2. Vessel damage as a secondary event (i.e., innocent bystanders) caused by primary
necrosis or by destruction of the connective tissue. The adjacent innocent vessels are
secondarily involved in the resultant vessel destruction. This phenomenon of innocent
bystanders-like secondary vessel damage is most often found in lesions of pyoderma
gangrenosum, overlying ulcerative lesions, dermal/subcutaneous abscesses, and
dermal/subcutaneous caseous necrosis.

5. Histopathologic diagnosis of cutaneous vasculitis
1) Biopsy: Timing, technique, and choice of lesions

An appropriate skin biopsy is the key to obtaining a significant result for cutaneous

vasculitis.

Timing of biopsy:

¢ The pathologic features of vasculitis may be absent if the biopsy is poorly timed. A skin
biopsy should not be performed for purpuric or infiltrated lesions after 48 hours, and a
skin biopsy should not be performed for deep nodular erythematous lesions after 72
hours.

Choice of lesions and biopsy technique:

e A biopsy extending to the subcutis should be taken from the most palpable purpuric
lesions or the most tender, reddish nodular or infiltrated lesions.

e  For purpuric lesions or infiltrated erythematous lesions smaller than 5 mm, a 3 to 4
mm large punch biopsy extending to the subcutis will enable histopathologic
confirmation..
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e For nodular erythema lesions or infiltrated erythema larger than 5 mm, a spindle-
shaped incisional biopsy extending to the subcutis with a 5 to 6 mm large tissue sample
should be performed on the central lesions.

e [t is better to perform two biopsies. The first, a biopsy of the most palpable and tender
lesions for light microscopy examination; the second, a punch biopsy of an early
erythematous or purpuric lesion for a direct immunofluorescence (DIF) examination.
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Fig. 4. Diagnostic pitfall of the internal elastic lamina-like perivascular elastic fiber (arrows)
in a venule with necrotizing vasculitis. (Right): elastic tissue stain

2) Significance of direct immunofluorescence examination

A DIF examination is a crucial component of diagnosis.! Palpable purpura on the lower legs
with a histopathologic feature of leukocytoclastic vasculitis is the most common finding in
vasculitis disorders with dermal small vessel involved, which can be found in ANCA-
related vasculitis (e.g., Churg-Strauss syndrome, Wegener's granulomatosis and
microscopic polyangiitis); cryoglobulinemic purpura; collagen disease-associated vasculitis
(e.g., theumatoid arthritis, systemic lupus erythematosus, Sjogren disease); and Henoch-
Schonlein purpura. It is therefore difficult to make a distinction just based on the cutaneous
manifestations and histopathologic findings. However, the absence of immune complexes,
the so-called pauci-immune vasculitis, is an expected finding in Churg-Strauss syndrome,
Wegener’s granulomatosis, and microscopic polyangiitis. By contrast, deposition of IgM,
and/or C3 in or around the vessels characterizes immune complex-mediated vasculitis, as
found in cryoglobulinemic vasculitis, rheumatoid vasculitis,” and systemic lupus
erythematosus. Vascular deposition of IgA, rather than IgG or IgM, is required for the
diagnosis of Henoch-Schonlein purpura (Figure 5). Similar to hematoxylin and eosin
evaluation, the presence of diagnostic immunofluorescence patterns is inversely related to
the age of the lesion biopsied. Nearly 100% of biopsies will identify immunoglobulins
within the first 48 hours, followed by 70% positive results at 48-72 hours; immunoglobulins
will not be detected in the lesions after 72 hours.!

3) Diagnostic criteria for small vessel vasculitis and muscular vessel vasculitis
1. Diagnostic criteria for small vessel vasculitis®

Essential findings:
i.  Perivascular infiltration of inflammatory cells
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ii. Fibrinoid necrosis of the small vessel wall

Fig. 5. The presence of an IgA vascular deposit in the papillary dermis is required for a
diagnosis of Henoch-Schénlein purpura.

A histopathologic diagnosis for small vessel vasculitis should fulfill both criteria I and II
above.

Other minor features, including erythrocyte extravasation and nuclear dust, are not the

crucial findings for a diagnosis of small vessel vasculitis.

Q: Why is a perivascular infiltration of inflammatory cells indispensible for a diagnosis?

A: Vasculitis is an inflammatory process occurring primarily at the vessel walls. A

perivascular infiltration of inflammatory cells is indispensible for a diagnosis and to avoid

the diagnostic pitfalls of:

1. Vessel damage caused by direct vessel invasion by bacteria, fungi (Figure 16), or tumor
cells (Figure 20), rather than by inflammatory cells; and

2. Secondary vessel wall damage (i.e., innocent bystander damage) caused by adjacent
primary necrotic connective tissue, as found in lesions of dermal or subcutaneous
abscess (Figures 17 and 18).

Q: Why is fibrinoid necrosis of the vessel wall indispensible for a diagnosis of small vessel

vasculitis?

A: On light microscopy examination, the morphology of vessel wall fibrinoid necrosis is the

sole finding of small vessel damage and is accepted as crucial in distinguishing small vessel

vasculitis from vasculitis-like disorders with a perivascular infiltration of inflammatory cells

(which would occur without evidence of fibrinoid necrosis of the vessel wall).

Components of small vessels in the dermis mainly comprise one to two muscular layers

with an inner endothelial cell layer facing the lumen (Figure 3). The inflammatory cells can

pass from the lumen through the small vessel wall without damaging the vessel wall
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Therefore, the finding of perivascular inflammatory cells infiltrating into the vessel wall is
not convincing evidence of vessel wall damage. Endothelial cells, the main component of the
small vessel wall, play a key role in preventing blood from coagulation. Once inflammatory
cells such as neutrophils damage the endothelial cells, the endothelial cells lose their anti-
coagulation function (Figure 6), resulting in the formation of fibrin thrombi at the luminal
side of the damaged endothelial cell (Figures 6 and 7). A zone of a homogeneous
eosinophilic deposit, (i.e., fibrinoid necrosis) - mainly containing fibrin mixed with cellular
debris, including necrotic or apoptotic endothelial cells and, most often, degenerated
neutrophils, and serologic proteins such as immunoglobulins and complements - eventually
forms at the affected vessel wall and discharges outward to the perivascular area310 (Figures
6 and 8).

Pathogenesis of ANCA —associated small vessel vasculitis
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Fig. 6. Pathogenesis of ANCA -associated small vessel vasculitis

Endothelial cells damaged by inflammatory cells (e.g., neutrophils) in vasculitis will
lose their anti-coagulation function, including fibrinolysis and the reduction of
platelet activation, resulting in the formation of fibrin thrombi at the luminal side of the
damaged endothelial cell and eventually formation of fibrinoid necrosis at the damaged
vessel wall.
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Fig. 7. Formation of fibrin thrombi at the very early stage of vasculitis.

Fibrin thrombi (thick arrows) mixed with a few inflammatory cells are adhered to the
affected intima, where loss of endothelial cells can be appreciated (long arrow). By contrast,
no evidence of fibrin thrombi formation can be identified at the adjacent intima where
endothelial cells remain intact.
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Fig. 8. Fully developed vasculitis with features of marked vessel wall fibrinoid necrosis.

The affected vessel wall (arrows) of fully developed vasculitis is characterized by a zone of a
homogeneous eosinophilic deposit (i.e., fibrinoid necrosis) which mainly contains fibrin
mixed with cellular debris (including degenerated neutrophils and necrotic or apoptotic
endothelial cells) and serologic proteins such as immunoreactants. This subsequently
discharges outwardly into the perivascular area.
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2. Diagnostic criteria for muscular vessel vasculitis®
Essential findings:
I) Perivascular and intravascular wall infiltration of inflammatory cells

In the normal condition, the muscular vessels do not allow inflammatory cells to infiltrate
into the compact muscular vessel wall. When there are inflammatory cells in the muscular
vessel wall, there will always be destruction of the vessel wall, which manifests as edema of
the medial layer and disruption of the muscular layers (Figures.9, 10, 11, Figurel3B,
Figures31B and 32C). The crucial feature of vessel wall fibrinoid necrosis, which is used for
the diagnosis of small vessel vasculitis, is not essential for the diagnosis of muscular vessel
vasculitis. Muscular vessel vasculitis with vessel wall fibrinoid necrosis will certainly be
diagnosed as necrotizing arteritis or necrotizing phlebitis.

II) Morphological evidence of internal elastic lamina destruction, confirmed by elastic
fiber staining, is needed to diagnose arteritis at the healed stage.

A feature of arteritis at the end stage (i.e., healed stage) is minimal inflammation in and
around the affected artery. At this stage, it is impossible to determine, just based on
hematoxylin eosin stain, if there had ever been vasculitic inflammation of the suspected
artery. Disruption of the internal elastic lamina is evidence of arteritis at the healed stage
(Figure 14A).

A histopathologic diagnosis for muscular vessel vasculitis should fulfill either criteria I
or criteria II above.

Fig. 9. Subcutaneous phlebitis with inflammatory cells in and around the muscular vessel
wall is characterized by edema of the medial layers and disruption of the muscular layers
with erythroctye extravasation in and around the muscular vessel wall. Note no vessel wall
fibrinoid necrosis can be identified.
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Fig. 10. Arteritis at the acute stage.

(A) A predominate infiltrate of neutrophils, with marked nuclear dust in and around the
affected artery with fibrin thrombi, results in luminal occlusion. No fibrous or vascular
proliferation can be found in and around the affected artery.

(B) Note that the internal elastic lamina remains intact and no fibrinoid necrosis can be
identified in the vessel wall.
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Fig. 11. Phlebitis at the acute stage.

A predominate infiltrate of neutrophils with nuclear dust in and around the affected
muscular vein but without fibrous proliferation or neovascularization.



32 Advances in the Diagnosis and Treatment of Vasculitis

Fig. 12. A. Arteritis at the subacute stage.

(Left) The inflammatory cells comprise a mixed infiltrate of neutrophils, lymphocytes, and
histiocytes; however, there is no formation of fibrous proliferation and no
neovascularization in and around the vessel wall.

(Right) [elastic tissue stain] The fibrinous exudates can be seen discharging into the medial
muscular layers throughout the disrupted internal elastic lamina (arrows).
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Fig. 12. B. Another arteritis at the subacute stage

(A) Arteritis at the subacute stage showing intimal concentric fibrinoid necrosis. At gross
appearance, the internal elastic lamina (arrows in B: [elastic tissue stain]) remains intact, but
the discharge of the fibrinoid deposit from the disrupted sites in the internal elastic lamina
(spreading outward to the medial layer and perivascular area) can be appreciated at higher
magnification (circle in C, arrows in D: [elastic tissue stain]).
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Fig. 13. (A) Arteritis at the reparative stage.(B) Phlebitis at the reparative stage.

Note the predominate infiltrate of lymphocytes and histiocytes; the neovascularization in
and around the vessels; and luminal fibrous occlusion.
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Fig. 14. (A) Arteritis at the healed stage. (B) phlebitis at the healed stage.

There is scant inflammation with marked fibrous proliferation and neovascularization in
and around the affected artery and vein, with the resultant luminal occlusion.

(A) Note the marked disruption of the internal elastic lamina (arrows) at the healed stage of
arteritis (elastic hematoxylin and eosin stain).

(B) The discontinuous bundled muscular layers of the vessel wall indicates that the affected
vessel is a vein.
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Definition of necrotizing vasculitis and its relation to small vessel vasculitis and

muscular vessel vasculitis

¢  Necrotizing vasculitis is defined as vasculitis with vessel wall fibrinoid necrosis.

e Since vessel wall fibrinoid necrosis is the crucial finding for the diagnosis of small
vessel vasculitis, all small vessel vasculitis is necrotizing vasculitis.

e  Muscular vessel vasculitis is not necessarily identical to necrotizing vasculitis since
vessel wall fibrinoid necrosis is not the crucial finding for muscular vessel vasculitis
(Figures 9, 10, and 14).

4) Inflammatory stages of vasculitis (morphological evolution of vasculitis)

For muscular vessel vasculitis, morphological changes in the vessel wall and in the
luminal and perivascular areas during the dynamic inflammatory process are
diagnostically important and influence the mode of treatment. For example, patients with
ulcerative lesions (caused by arteritis at the healed stage with intimal fibrous thickening
resulting from luminal occlusion) should be administered anticoagulation agents and
vessel dilating medications, rather than systemic steroid treatment. By contrast, for
patients with lesions at either the acute or subacute stage of arteritis, initiating of systemic
steroid treatment should be considered as early as possible to suppress and cease the
ongoing inflammation occurring on the vessel wall; this prevents further destruction of
the affected vessels .

Vasculitis of the dermal small vessels (e.g., arterioles and venules) does not have these
proliferative changes as characterized by either fibrous proliferation or neovascularization
of the lumen and vessel wall. However, the formation of perivascular fibrosis may be found
in old lesions of certain small vessel vasculitis disorders such as erythema elevatum
diutinum.

Inflammatory stages of muscular vessel vasculitis start as an acute stage, followed by a
subacute stage, a reparative stage, and a healed stage.!1.12

Acute stage: Characterized by a predominate infiltrate of neutrophils (or eosinophils in
cases of Churg-Strauss syndrome??) in and around the vessel wall and the lumen, but
without evidence of new capillary formation (i.e., neovascularization) and fibrous
proliferation in and around the vessel (Figures 10 and 11). Another feature is that the
internal elastic lamina remains intact (Figure 10).

Subacute stage: Characterized by a mixed infiltrate of neutrophils, lymphocytes and
histiocytes with the formation of a fibrinoid deposit (i.e., fibrinoid necrosis) in the intima of
the affected arteries. This is subsequently accompanied by its discharge into the muscular
medial layer and outward spread to the perivascular area throughout the sites of disrupted
internal elastic lamina (Figures 12A and 12B).

Reparative stage (i.e., granulation tissue stage): Characterized by a predominate infiltrate
of lymphocytes and histiocytes and fibrous and vascular proliferation in and around the
affected muscular vessels. Intimal and luminal fibrous thickening results in luminal
occlusion. (Figures 13 and 15b).

Healed stage (i.e., scar stage): Characterized by scant inflammation with marked fibrous
proliferation and neovascularization in and around the affected muscular vessels (Figures
14A and 14B) and marked disruption of internal elastic lamina in the affected arteries
(Figure 14A).
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The coexistence of different stages of arteritis or phlebitis can occasionally be identified at
the same skin lesion or from different biopsied lesions (Figure 15a).

35 Z &7

Fig. 15. b. (higher magnification of Figure 15a) (Left) The reparative stage of arteritis is
characterized by a predominate infiltrate of lymphocytes and histiocytes and by intimal
cellular and fibrous proliferation, resulting in luminal occlusion. (Right) The subacute stage
of arteritis is characterized by a mixed infiltrate of neutrophils, lymphocytes and histiocytes
with a marked intimal fibrinoid deposit. However, there is no luminal fibrous proliferation,
as seen at left in Fig 15b.
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Fig. 15. c. Immunostaining of the biopsied sample of arteritis at the subacute stage in Figure
15a shows a mixed infiltrate of neutrophils (i.e., neutrophil elastase), lymphocytes (i.e.,
CD45R0), and histiocytes (i.e., CD68) in and around the vessel wall.
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Fig. 15. d. Immunostaining of the biopsied sample of arteritis at the reparative stage in
Figure 15a shows a predominate infiltrate of lymphocytes (CD45RO) and histiocytes (CD68)
with virtual absence of neutrophils (i.e., neutrophil elastase) in and around the vessel wall.
5) Diagnostic pitfalls

1. Vessel wall destruction

Vessel destruction can be found in vasculitis-like disorders (i.e., pseudovasculitis)” due to
direct vessel wall invasion from organisms (e.g., bacteria, fungi) (Figure 16) or tumors cells
(Figure 20), rather than inflammatory cells.

2. Fibrinoid necrosis of the vessel wall

This crucial pathological feature of vasculitis can also be found in pseudovasculitis as a
result of secondary vessel wall destruction due to lesions of a dermal/subcutaneous abscess
or necrosis (Figures 17 and 18); or due to overlying ulcerative lesions (Figure 19); or due to a
direct vessel wall invasion by tumor cells (Figure 20 ).

3. Overlooking the main vasculitis lesion

A vasculitic lesion presents as a segmental lesion. Therefore, features of vasculitis may be
missed on the initial hematoxylin-eosin-stained section for patients with clinically suspected
vasculitis. Serial sections are often required to identify the main vasculitis lesion (Figure 21).
4. Misdiagnosis of thrombophlebitis as cutaneous polyarteritis nodosa

Concentric compact muscular layers and internal elastic lamina are diagnostic pitfalls.
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Fig. 16. Destruction of the small artery, caused by a direct vessel wall invasion from embolic
Aspergillus.

Fig. 17. Fibrinoid necrosis of the arterial vessel wall (arrows in A), resembling arteritis, is
caused by secondary involvement (i.e., innocent bystanders) from an adjacent subcutaneous
abscess (arrows in B).

The persistent hydrostatic pressure occurring in the lower legs usually results in
hypertrophy of the medial muscular layer of the superficial subcutaneous veins, especially
those located in the dorsal or plantar parts of the feet. (Figure 2) The medial muscular layer
in the vein is often thicker than its muscular layer counterpart in the artery and may show a
compact smooth muscular pattern with an intimal internal elastic lamina-like feature
resembling the charaterisrtic features of artery. Moreover, the clinical similarities features
between superficial thrombophlebitis and cutaneous polyarteritis nodosa account for the
difficulty in the differential diagnosis between these two disorders. (Figures 22A-E)

An understanding of the morphologic characteristics of the veins of the lower legs (Figures
1, 2) is indispensible for a correct histopathologic diagnosis and is indispensible in avoiding
the misdiagnosis of cutaneous polyarteritis nodosa and overtreatment for superficial
thrombophlebitis. (Figures 22A-E).
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Fig. 18. (A) Vessel wall fibrinoid necrosis with infiltration of inflammatory cells is apt to be
misinterpreted as necrotizing vasculitis on high magnification. However, the vessel wall
destruction is caused by secondary destruction where the innocent vessel is involved in a
dermal abscess (circle, in B) from a lesion of pyoderma gangrenosum.

Fig. 19. Marked fibrinoid necrosis of vessel walls may be identified at sites with an overlying
ulcerative lesion.
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Small vessel vasculitis
Neutrophilic
Immune-complex mediated (DIF +)
Cutaneous (idiopathic) leukocytoclastic angiitis (CLA) (IgM/IgG)
(also known as: hypersensitivity vasculitis, cutaneous allergic vasculitis)
Henoch-Schonlein purpura (IgA)
Acute infantile hemorrhagic edema (IgA)
Urticarial vasculitis (IgM/IgG)
Infective endocarditis (IgM/IgG/IgA)
Chronic localized fibrosing vasculitis: Erythema elevatum diutinum (IgA)
Eosinophilic
Idiopathic cutaneous eosinophilic vasculitis
Connective tissue disease (e.g. lupus, rheumatoid arthritis, Sjogren’s syndrome)
Some cases of Churg Strauss Syndrome

Granulomatous Sarcoidosis

Lymphocytic

Rickettsial & viral infections

Lichenoid dermatitides, some cases, e.g. pityriasis lichenoides, graft vs. host disease,
perniosis

Rare drug reactions and arthropod assaults

Mixed, predominately small and medium vessel vasculitis
Neutrophilic

Immune-complex mediated (DIF+)

Cryoglobulinemic vasculitis (IgM/IgG)

Hepatisis B and C related vasculitis (IgM/IgG)

Connective tissue disease vasculitis (e.g. lupus, rheumatoid arthritis, Sjogren’s syndrome)
(IgM/1gG)

ANCA associated/ pauci-immune (DIF-)

Wegener's granulomatosis

Microscopic polyangiitis

Churg-Strauss syndrome

Drug-induced ANCA vasculitis

Miscellaneous/ other

Behget's disease

Inflammatory bowel disease( Crohn’s disease, ulcerative colitis)
Malignancy associated vasculitis

Eosinophilic Churg-Strauss syndrome

Lymphocytic

Degos’ disease

Rickettsial & viral infections

Collagen tissue disease vasculitis (e.g. Sjogren's syndrome, lupus vasculitis)
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Behget's disease

Granulomatous

Churg-Strauss syndrome

Connective tissue disease vasculitis (e.g. lupus, rheumatoid arthritis, Sjogren’s syndrome)
Inflammatory bowel disease ( Crohn’s disease, ulcerative colitis)
Post-herpetic eruptions

Muscular (Medium) vessel vasculitis

Neutrophilic

Polyarteritis nodosa (classic and cutaneous )

Idiopathic superficial thrombophlebitis

Eosinophilic  Juvenile temporal arteritis

Granulomatous

Giant cell (temporal) arteritis

Nodular vasculitis (erythema induratum)

Lymphocytic

Sneddon's syndrome

Beurger’s disease (thromboangiitis obliterans)

ANCA: antineutrophil cytoplasmic antibody. DIF +: direct immunfluorescence examination of skin
lesions shows vessel wall immune-complexes and/or complement deposition. Modified from 1) Chen
and Carlson. Am ] Clin Dermatol 9:71-92.2008.

Table 1. Classification of cutaneous vasculitis, based on the size of the affected vessels, the
predominate inflammatory cells, and the DIF studies

Fig. 20. Fibrinoid necrosis of the vessel wall due to a direct vessel wall invasion by tumor
cells can be identified in neoplastic lesions, as seen here in a case of NK/T cell lymphoma.
(Right: elastic tissue stain)
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Fig. 21. (A) A pitfall in overlooking vasculitis because of an inappropriate section cut in the
wrong direction. Vasculitis occurs as a segmental lesion along the affected vessels. (B) If the
lesion is cut in the wrong direction, the initial section may show no evidence of vasculitis.
(C) Serial sections are often required to identify the main vasculitis lesion.
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Fig. 22. (A) Superficial thrombophlebitis and (B) cutaneous polyarteritis nodosa are
clinically similar.

Both show widespread nodular erythema with livedo racemosa.
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Fig. 22. (C) Superficial thrombophlebitis in figure 22A and (D) Cutaneous polyarteritis

nodosa in figure 22B
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They are also histopathologically similar. Both show a subcutaneous muscular vessel lesion
with a compact concentric vessel wall and perivascular panniculitis.

Fig. 22. (E) Thrombophlebitis ( F) Cutaneous polyarteritis nodosa (elastic tissue stain)

Discontinuous bundled muscular layers separated by the rich elastic fibers in (E)
thrombophlebitis is very distinguishable from the scant elastic fibers in muscular vessel wall
in (F) cutaneous polyarteritis nodosa. The intimal elastic fiber in thrombophlebitis (arrow, in
E) may be misinterpreted as the authentic internal elastic lamina of an artery. However, the
uneven thickness and partial multilayer figures are distinguishable from the even thickness
of the authentic internal elastic lamina (arrow, in F).

Fig. 23. The predominant vessels affected in dermal small vessel vasculitis are the venules,
while their counterpart, the arterioles, are not involved. (Right: elastic tissue stain)

6. Histopathologic classifications of cutaneous vasculitis and their related
disorders (Table 1)

1) Classification based on the size of the affected vessel (i.e., dermal small vessels or
muscular vessels)

Dermal small vessel vasculitis and their related disorders
Dermal small vessel vasculitis predominately affecting venules (i.e., venulitis) (Figure 23) is
the most common histopathologic feature of cutaneous vasculitis. However, in systemic
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vasculitis (such as ANCA-related vasculitis), venules and arterioles may both be affected
(Figure 24). Palpable purpura on the lower legs is the most common clinical feature; other
manifestations, such as infiltrated or elevated erythema, occur less often. Because many
vasculitic disorders (including primary and secondary vasculitic disorders such as drug-
induced vasculitis) share the histopathologic feature of dermal small vessel vasculitis and
have similar cutaneous manifestations, the combination of clinical and laboratory evaluation
is often needed to make the final diagnosis.

Muscular vessel vasculitis and their related disorders

Muscular vessels of the lower dermis to the subcutis are small or medium-sized arteries and
veins having a caliber larger than 100 um. Small arteries or veins ranging from 200 um to
400 um at the dermo-subcutaneous junction are the vessels commonly affected in either
cutaneous polyarteritis nodosal68 (Figures 22D and 22F), in idiopathic superficial
thrombophlebitis (Figures 22C and 22E), or in Behget's disease!? (Figure 26).

Disorders with coexistent small vessel vasculitis and muscular vessel vasculitis

Coexistent small vessel vasculitis and muscular vessel vasculitis is a feature of systemic
vasculitis such as
ANCA-related vasculitis,’”18 collagen disease,® and Behget’s disease,’®* or infection,

inflammatory bowel disease, drug and neoplasm- related vasculitis (Figures. 25, 26,
and 27).

Fig. 24. Necrotizing dermal arteriolitis with a mixed infiltrate of neutrophils and eosinophils
from a lesion of palpable purpura in Churg-Strauss syndrome. Note the remaining
disrupted internal elastic lamina of the affected arteriole (arrow at right figure: elastic tissue
stain).

2) Classification based on the predominate inflammatory cell12356

e Neutrophilic (i.e., leukocytoclastic) vasculitis (Figures. 8, 9, 10, 11, and 26C).

e  Eosinophilic vasculitis (Figure 27C). 1516171819

e  Lymphocytic vasculitis (Figure 28) .1314

e Histiocytic (i.e., granulomatous vasculitis) (Figures 29 and 30). 12182021

Nuclear dust found in and around the affected vessels is a feature of neutrophilic vasculitis
(also known as leukocytoclastic vasculitis). Eosinophilic and lymphocytic vascuiltis are both

characterized by a predominate eosinophilic or lymphocytic infiltrate without nuclear dust
(Figures. 27C and 28).
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RA, SLE, SjS, RP

CSS, WG, MPA Subcutaneous arteritis,

Dermal small vessel vasculitis Drug-induced
B,C hepatitis, HIV Subcutaneous phlebitis

UC, Crohn’s disease

Fig. 25. Disorders with coexistent dermal small vessel vasculitis and subcutaneous arteritis
or phlebitis. RP: relapsing polychondritis, CSS: Churg-Strauss syndrome, WG: Wegener’s
granulomatosis, MPA: microscopic polyangiitis, UC:ulcerative colitis, BD: Behget's disease
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Fig. 26. (A) A unique histopathologic feature of erythema-nodosum-like lesions in Behget’s
disease is the coexistence of dermo-subcutaneous phlebitis (high magnification shown in
(B)) and overlying dermal small vessel vasculitis (high magnification shown in (C)) coupled
with the lobular neutrophilic panniculitis.
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Fig. 27. (A) A unique feature of Churg-Strauss syndrome is the coexistence of dermal small
vessel vasculitis (i.e., eosinophilic venulitis; (high magnification shown in (C)) and
underlying granulomatous phlebitis (high magnification shown in (B)), surrounded by a
marked infiltrate of eosinophils. In contrast to neutrophilic vasculitis in Figure 26C, in which
nuclear dust is markedly present, eosinophilic vasculitis virtually lacks nuclear dust, as seen
in (C).

3) Diagnostic clues to the correspondent vasculitis disorders

A diagnosis of vasculitis, based on the infiltrate of the predominate inflammatory cells, is a
histopathologic diagnosis and generally is not the final diagnosis since most vasculitis
disorders such as ANCA-related and collagen disease-related vasculitis share
histopathologic features. The histopathologic features of most small vessel vasculitis are also
shared by neutrophilic vasculitis. The clinical and laboratory information are generally both
needed to make the final diagnosis. However, the following unique histopathologic features
are the diagnostic clues to the correspondent vasculitis disorders (Table 1):

1. A mixed infiltrate rich in neutrophils and eosinophils suggests Churg-Strauss

syndrome (Figure 24) or drug-induced vasculitis.
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2. Subcutaneous granulomatous arteritis or phlebitis surrounded by a marked infiltrate of
eosinophils is diagnostic of Churg-Strauss syndrome (Figures 27B and 29). 1218

3. Subcutaneous eosinophilic arteritis is diagnostic of juvenile temporal arteritis!® and
Churg-Strauss syndrome.1?

4. Phlebitis and/or neutrophilic panniculitis with overlying dermal venulitis is a unique
feature of Behget's disease (Figure 26).13

5. Dermal eosinophilic vasculitis is a very rare finding. It is usually found in idiopathic
cutaneous eosinophilic vasculitis,!> collagen disease,® and Churg-Strauss syndrome
(Figure27C).18

6. Dermal granulomatous vasculitis is a unique finding. It is usually found in sarcoidosis
(Figure 30), postherpetic eruption, and collagen disease.

7. Subcutaneous granulomatous muscular vessel vasculitis is a unique finding. It is
usually found in classic temporal arteritis (Figure 31) and nodular vasculitis also known
as erythema induratum characterized by indurated erythematous lesions in the lower
legs with a subcutaneous vein predominately affected (i.e., granulomatous phlebitis) in
conjunction with lobular granulomatous panniculitis. It may be occasionally be found
in Churg-Strauss syndrome,’>18 collagen disease (e.g., rheumatoid arthritis);
inflammatory bowel disease (e.g., ulcerative colitis, Crohn’s disease); and
postherpetic eruption with nodular lesions.

8.  The coexistence of dermal neutrophilic vasculitis and palisaded granuloma with central
basophilic degenerated collagen fibers suggests Churg-Strauss syndrome (Figure 32),
Wegener’s granulomatosis, and collagen disease (e.g., theumatoid arthritis or systemic
lupus erythematosus [SLE]).

9. The coexistence of dermal small vasculitis and subcutaneous arteritis should suggest a
systemic vasculitis disorder such as ANCA-related vasculitis (Figure 33), collagen
disease,® or infection-related vasculitis (e.g., hepatitis C virus-induced cryoglobulinemic
purpura, inflammatory bowel disease).

Fig. 28. Lymphocytic vasculitis. Characteristics of lymphocytic vasculitis are a predominate
infiltrate of lymphocytes in (A) characterized by CD8 positive T lymphocytes in (B) with
virtual absence of nuclear dust.
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Fig. 29. (A) Subcutaneous granulomatous arteritis in Churg-Strauss syndrome. A marked
angiocentric infiltrate of CD68 positive histiocytes mixed with multi-nucleated giant cells
and an eosinophilic infiltrate at the periphery are diagnostic of Churg-Strauss syndrome. (B)
CD68 immunostaining of the specimen.

Fig. 30. (A) Dermal granulomatous vasculitis with a predominate perivascular infiltrate of
histiocytes in sarcoidosis. (B) The spccimen at high magnification.
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Fig. 31. (A) Subcutaneous granulomatous arteritis in temporal arteritis shows luminal
occlusion by fibrous proliferation and neovascularization. (B) Note the multi-nucleated
giant cells (arrows) and histiocytes in the medial layer have a palisaded arrangement along
the inner disrupted internal elastic lamina (arrow heads).
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Fig. 32. (A) The coexistence of deep dermal neutrophilic arteritis (thick arrow) and foci of
basophilic palisaded granulomas in a nodular lesion of Churg-Strauss syndrome.(B) A
higher magnification of the palisaded granuloma. Note the central basophilic degenerated
collagen fibers mixed with neutrophils and nuclear dust, and the underlying palisaded
arrangement of histiocytes. (C) Arteritis at high magnification. Note the affected artery is
infiltrated by neutrophils with nuclear dust in and around the disrupted muscular vessel
wall (circle), and note the infiltrate of histiocytes at the periphery.
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Fig. 33. (A) The coexistence of dermal small vasculitis (short arrow) and underlying arteritis
(long arrow) in microscopic polyangiitis. (B) The specimen at high magnification.

Skin
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Infection polyarteritis
syndrome SjS, RP
Neoplastic nodosa
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Fig. 34. The distribution of affected vessels in selected primary and secondary vasculitis
syndromes.
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7. Summary

Skin is the most common target organ for vasculitis (Figure 34). A diagnosis of cutaneous
vasculitis is best determined by the histopathologic findings. However, the diagnosis may
be difficult because of the constellation of clinical and histopathologic findings. The above
described contents are the best approach to the complicated histopathology of cutaneous
vasculitis, including the morphology of cutaneous vessels; the diagnostic criteria; the
diagnostic pitfalls; and the classification, based on the size of the involved vessels and the
principal inflammatory response.
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1. Introduction

[8F]FDG-PET, a non-invasive metabolic imaging technique, is based on the regional
distribution of fluorine-18-fluorodeoxyglucose (['8F]FDG) reflecting increased glucose
consumption of tissues. This technique has become increasingly important over the years in
the management of patients with malignancies, as many malignant tumors show an
enhanced glucose metabolism!. [B8F]JFDG uptake in infections and other inflammatory
changes seen during oncologic imaging showed indications for the versatility of [18F][FDG-
PET. Activated leukocytes also overexpress glucose transporters and avidly accumulate
glucose and [BF]JFDG 23, providing an important rationale for its use in vasculitis.
Remarkable images of patients with active vasculitis have been generated through [18F]FDG-
PET scans*12. Such images demonstrate the potential of [8F]FDG-PET for a variety of
applications which implies that it may also be useful in the future for the routine evaluation
of patients with several forms of vasculitis, particularly for large vessel vasculitis.

The family of vasculitides is categorized with reference to the size of vessels involved into
large, medium, and small vessel vasculitis (Table 1). Of interest with respect to [8F]FDG-
PET imaging is the group of large vessel vasculitides (giant cell arteritis and Takayasu’s
arteritis), other causes of aortitis and potentially also chronic periaortitis. Patients of both of
these diseases regularly present a set of non-specific symptoms and laboratory tests which
make their diagnosis and follow-up quite challenging. Consequently, patients may receive
delays or even unsuccessful diagnostic work-up regarding their condition. The use of
whole-body scanning via [8F]JFDG-PET may provide a sensitive metabolic imaging
modality that could lead to a more successful and shorter diagnostic workup.

The total amount of available data on [¥8F]JFDG-PET in large vessel vasculitis is however still
limited (Table 2). In addition, no standardized guidelines are in place for the placement of
[8F]FDG-PET imaging in the sequence of the diagnostic workup, its performance,
interpretation and description. This chapter summarizes current clinical data in order to
assist nuclear medicine and rheumatology practitioners in recommending, performing and
interpreting the results of ['8SF]FDG-PET in patients with suspected large vessel vasculitis.

2. Giant cell arteritis

Giant cell arteritis was first described by Hutchinson in 1890 as a granulomatous vasculitis
of large and medium sized arteries 13. Giant cell arteritis usually affects the cranial branches
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of the arteries originating from the aortic arch, particularly the superficial temporal artery;
however, involvement of the entire aorta and of its main branches also occurs in about 15%
14, Giant cell arteritis is common in the Caucasian population, with an incidence of about 18
per 100,000 over 50 years of age 1>17and affects women twice as often as men 1517, Autopsy
studies however suggest that it may be much more common than is clinically apparent 18.

Size of Type of vasculitis Classification Criteria*
vessels
Giant cell arteritis Age at onset of disease 250 yr
New headache
Temporal artery abnormality
Elevated erythrocyte sedimentation rate
Abnormal findings on biopsy of temporal artery
&
5  Takayasu’s arteritis Age at onset of disease <40 yr
— Claudication of an extremity
Decreased brachial artery pulse
Difference in systolic blood pressure between arms
A bruit over the subclavian arteries or the aorta
Narrowing or occlusion of the entire aorta at
angiography
g Peri-arteritis nodosa
2 Kawasaki’s arteritis
k5 Primary CNS vasculitis
= Buerger’s disease
Wegener's disease
Churg-Strauss syndrome
Microscopic polyangiitis
= Henoch-Schonlein purpura
UE) Essential cryoglobulinaemic
vasculitis
Cutaneous leukocytoclastic
angiitis

*Diagnosis of giant cell arteritis: at least 3/5 criteria; Sensitivity =93.5%, Specificity =90.5%
*Diagnosis of Takayasu’s arteritis: at least 3/6 criteria; Sensitivity =91.2%, Specificity =97.8%

Table 1. Classification of vasculitis

Currently, the etiology of giant cell arteritis still remains unknown. Classic histological
pictures of giant cell arteritis show granulomatous inflammation wherein giant cells are
usually located at the connection between the intima and media. However, panarteritides
with mixed-cell inflammatory infiltrates of lymphomononuclear cells, occasional
neutrophils and eosinophils, but without giant cells are also found 9. The focal arteritic
lesions cause ischemia which subsequently leads to the sudden or gradual onset of
symptoms and a variety of systemic manifestations. A variety of systemic symptoms may be
present 2021, and include myalgia, neck pain, scalp tenderness, jaw claudication, fever,
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tenderness of the temporal arteries, transient ischemic attacks, general malaise, fatigue,
anorexia, weight loss, depression, and night sweats 202223, Headache is probably the most
frequent symptom which occurs in two thirds of patients 21.

Takayasu
arteritis Giant cell arteritis Follow-u
Authors Year (number of (number of patients) PETs P Reference
patients)
Blockmans et al. 1999 - 11* - 63
Blockmans et al. 2000 - 25* - 64
Belhocine et al. 2002 - 3 3 65
Meller et al. 2003 5 - - 52
Meller et al. 2003 1 14 7 48
Bleeker-Rovers etal. 2003 1 7* 1 45
Webb et al. 2004 18 - 8 44
Brodman et al. 2004 - 22 - 46
Moosig et al. 2004 - 12* 8 47
Andrews et al. 2004 6 - 6 43
Scheel et al. 2004 - 8 8 53
Kobayashi et al. 2005 14 - 7 50
Walter et al. 2005 6 20 4 49
Blockmans et al. 2006 - 35* 22 66
Blockmans et al. 2008 - 46 25 67
Both et al. 2008 - 25 9 68
Hautzel et al. 2008 - 18 - 69
Henes et al. 2008 3 10 - 70
Janssen et al. 2008 - 11 - 71
Arnaud et al. 2009 28 - 8 72
Lee et al. 2009 32 - - 73
Vista et al. 2010 4 - - 74
Lehmann et al. 2011 3 17 - 75

*Giant cell arteritis and polymyalgia rheumatica patients

Table 2. Clinical studies on PET in the detection of large vessel inflammation: the present
literature

3. Takayasu's arteritis

Takayasu's arteritis is named after Mikito Takayasu, who in 1908 had reported the
peculiar wreath-like arteriovenous anastomoses around the papillae in a young woman
with pulseless disease 24. This large vessel vasculitis primarily affects the aorta, its main
branches, and the coronary and pulmonary arteries. The incidence rate of the disease is
about 2 per 1,000,000 with its onset at a mean of 35 years of age 2527. Takayasu's arteritis
occurs worldwide, although it is considered to be more common in the Orient 28 and is 10
times more prevalent in females than in males. The etiology of Takayasu's arteritis also
remains unresolved, while the clinical course includes both an early and a late phase.
Pathology studies in the early phase reveal granulomatous or diffuse productive
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inflammation in the media and adventitia, with secondary thickening of the intima and
occasional perivascular inflammation 2. In the clinic, it is commonly the setting of fever of
unknown origin with non-specific systemic symptoms. Contrary to the early phase,
pathology studies in the late phase show marked thinning of the media, with disruption
of elastic fibers, fibrotic thickening of the adventitia, and marked intimal proliferation?.
The resulting variable ischemic symptoms secondary to arterial stenosis, occlusion, or
arterial dilatation and aneurysmal formation cause various clinical conditions, such as
arm claudication, decreased arterial pulses, carotodynia, visual loss, stroke, aortic
regurgitation and arterial hypertension®. Topological classification of Takayasu's arteritis
is based on the vascular provinces that are affected 3!, with either affection of the branches
of the aortic arch (Type I), the ascending aorta, aortic arch and its branches (Type Ila), the
ascending aorta, aortic arch and its branches and the thoracic descending aorta (Type IIb),
the thoracic descending aorta, abdominal aorta, and/or renal arteries (Type III),
the abdominal aorta and/or renal arteries (Type IV) or combined features of types IIb
and IV.

4. Diagnostic work-up in large vessel vasculitis

Giant cell arteritis and Takayasu’s arteritis are both usually present with a wide clinical
spectrum with no specific laboratory finding. The American College of Rheumatology has
established a set of clinical, radiological and histological criteria to classify cases of biopsy-
proven arteritis (Table 1) 3233. The presence of at least three of the described criteria is
required for classifying a patient as having either Takayasu’s arteritis or giant cell arteritis.
These criteria provide a sensitivity of 93.5% with a specificity of 90.5% for diagnosing giant
cell arteritis and a sensitivity of 91.2% with a specificity of 97.8% for diagnosing Takayasu’s
arteritis in biopsy-positive patients.

Although these criteria were originally designed for research purposes to help distinguish
between different types of vasculitis; they are in clinical practice also frequently used for
diagnosing an individual patient 34 Nevertheless, the fact that frequent symptoms of giant
cell arteritis such as jaw claudication, diplopia, neck pain, and elevated C-reactive protein
are not included in the criteria, limits their widespread clinical application. Criteria that are
included, such as headache and scalp tenderness can also be due to various other diseases.
A normal erythrocyte sedimentation rate does not rule out giant cell arteritis, as it has been
found in up to 30% of patients with biopsy-proven giant cell arteritis 3>3¢. Furthermore,
several patients with giant cell arteritis do only display nonspecific symptoms that does not
apply to any set of criteria. Systemic giant cell arteritis symptoms such as fever, anorexia,
weight loss and malaise may focus the diagnostic work-up towards a suspected malignancy,
especially in older patients 37.

Frequent clinical features of Takayasu’'s arteritis such as fever, postural dizziness,
arthralgias, weight loss, headache, hypertension, elevated erythrocytes sedimentation rate
and anemia were also not included in the classification criteria of the American College of
Rheumatology. In contrast, angiographic findings and non-congruent blood pressure
measurements between both arms are included as part of the diagnostic criteria although
they may be false negative in early vasculitis 339 , or when the arteritis is restricted to the
abdominal aorta, its branches, or to the pulmonary artery.

The wide clinical spectrum and the diagnostic limitations of giant cell arteritis and
Takayasu’s arteritis frequently cause delay in their diagnosis and subsequent treatment.
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5. ["*F]FDG-PET and ["®FIFDG-PET/CT

[*8F]FDG-PET is an operator-independent, non-invasive imaging modality which examines
the regional distribution of fluorine-18-fluorodeoxyglucose. Deoxyglucose is labeled with
the positron emitting radionuclide, 8Fluorine, and is intravenously administered to
patients. [18F]FDG initially distributes in proportion to the perfusion of the organs, where it
follows the same route of uptake as glucose. After entering cells through specific carriers,
[*8F]FDG is phosphorylated to [8F]JFDG-6-phosphate, trapped intracellularly, but not
metabolized further. The emitted positrons can be detected by a scanner and are displayed
as a bright signal in the [*8F]JFDG-PET scan, reflecting an increased glucose requirement.
Heightened glucose metabolism is a property of many malignancies, a fact which has
fostered the use of [8F]FDG-PET studies in the staging and follow-up in various types of
cancers 1.

Modern PET-CT scanners combine PET scanners with a computed tomography scanner in a
single gantry system. With these scanners, images are taken sequentially with both devices
in the same session and the reading can be done with the single co-registered image. As a
consequence, the functional image obtained by PET, can be correlated more precisely with
the anatomic structures. PET/CT has shown an incremental diagnostic value over CT and
PET alone and there is emerging evidence of a substantial impact of PET/CT imaging on
patient management 40.

6. [18F]FDG-PET scanning protocols for large vessel vasculitis

The American and the European Association of Nuclear Medicine have both established
procedure guidelines for tumor imaging with [8F]FDG-PET 4142, The guidelines of the
American Association of Nuclear Medicine from 1998 recommend fasting at least 4 hours
prior to the scan. Low blood glucose levels are recommended, the injected activity should
total 350 to 750 MBq [!8F]FDG, and image acquisition should start 30 to 40 minutes after
injection. In contrast, the guidelines of the European Association of Nuclear Medicine from
the year 2003 advocate fasting at least 6 hours prior to the scan. Blood glucose level should
not exceed 130mg/ dl, the injected [8F]FDG activity should be 6 MBq/kg body weight, and
acquisition should be started 60 minutes after injection.

Both professional associations however, have not established guidelines for the PET imaging
of inflammation and consequently, the present studies (Table 2) have used several different
protocols. Pre-scan fasting intervals of 4 hours 4344, 6 hours 4547, and overnight fasts 4850
were applied. Body-weight adapted protocols for the applied ['8F]FDG dose with 5 49, 6 50 or
6.5 MBq 4651 [I8F]FDG per kilogram bodyweight were used. However, fixed doses of 296
MBq 52, 370 MBq 4, and 450 MBq 4 were also employed. To accelerate renal [8F]FDG
elimination, one group also routinely administered additional furosemide 45. Most studies
on [BF]FDG-PET in large vessel vasculitis did not restrict scanning by maximal glucose
levels and only three studies tolerated maximum serum glucose levels of 100mg/dl 4852 and
180mg/dl 4. Large differences in the time interval between [I8F]FDG application and image
acquisition were also shown as [I8F]FDG-uptake periods of 45 minutes 4950, 60 minutes
4546485152, or 90 minutes 434447 were reported. Dedicated PET scanners with full-ring
detectors were generally used; nevertheless, hybrid cameras have also been successfully
employed 485253, Reports on the use of combined [18F]FDG-PET-CT scanners in large vessel
vasculitis are available 505455,
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The average radiation dose from the ['8F]JFDG-PET scan is 7mSv, the average dose from the
CT scan is 18mSv. The CT dose, however, can be lowered by the use of low-dose acquisition
protocols.

This summary indicates that despite a lack of standardization, [8F]JFDG-PET is a reliable
imaging modality of large vessel vasculitis.

7. ['®*FIFDG-PET and atherosclerosis

The accumulation of glucose analogues has not only been demonstrated in vasculitic
vessels, but also in atherosclerotic plaques (Figure 1) 5¢. Consequently, a modest large vessel
[*8F]FDG accumulation at the level of the major vessels occurs in about 50% of all PET-scans,
with increased prevalence in older people 7. This vascular uptake might be explained by
smooth muscle metabolism in the media, subendothelial smooth muscle proliferation from
senescence, and the presence of macrophages within the atherosclerotic plaque. Therefore,
vascular uptake found in the [18F]JFDG-PET scan is not specific for vasculitis.

Coronal View Transaxial View
e X2 ™

Fig. 1. 71-year-old female patient that underwent FDG-PET/CT to evaluate a suspicious
lung nodule. Focal FDG uptake was found in the thoracic and abdominal aorta
corresponding to circumscribed artherosclerotic and aneurysmatic wall changes (arrow;
from the Institute of Nuclear Medicine, University Hosptial, Bern, CH)
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Nevertheless, atherosclerotic lesions can be differentiated from vasculitic lesions by
taking into account the vascular distribution, [8F]FDG uptake pattern, and the intensity of
the [8F]FDG accumulation. For example, the internal carotid artery demonstrates
atherosclerotic changes more frequently, while the external carotid artery more often reveals
inflammatory changes. The uptake pattern of atherosclerotic mediastinal great vessels
sometimes can be identified as ring-shaped structures, while contrary to this, the uptake
pattern in the arteries of the abdomen and lower extremities are often linear and continuous
%, Most discriminatingly, atherosclerotic lesions rarely demonstrate intense uptake of
FDG 4849,

To distinguish vasculitis from atherosclerosis, a visual scoring of vascular ['8F][FDG-uptake
compared to the liver [18F][FDG-accumulation has been established. Three grades of large
vessel [18F]FDG-uptake are differentiated (Figure 2): a) Grade I: uptake present but lower
than liver uptake, b) Grade II: similar to liver uptake, and c) Grade III: uptake higher than
liver uptake. Proposed by Meller et al. 4, this scale was subsequently validated to represent
the severity of inflammation 4.

A B

Fig. 2. The visual arteritis score as proposed by Meller et al. 48. The severity of large vessel
[18F]FDG-uptake is visually graded: A) Grade 1: uptake present but lower than liver uptake;
B) Grade 2: similar to liver uptake; C) Grade 3: uptake higher than liver uptake (images
derived from reference 49).

So far, this score has been employed in two reference collectives without clinical symptoms
or laboratory signs of large vessel inflammation in order to determine the uptake in non-
vasculitic vessels 4849. Grade I vessel uptake was frequently found in the thoracic part of the
aorta which was most likely due to atherosclerosis. Accordingly, only Grade II or III
[*8F]FDG-uptake in the thoracic aorta and any visible uptake in other segments should
routinely be judged as active large vessel inflammation. In this manner, the majority of
lesions can be ruled out as due to atherosclerosis. On the other hand, computed
quantification of [18F][FDG-uptake using the [18F]FDG standardized uptake value (SUV) has not
shown to be useful in discriminating atherosclerosis from vasculitis yet.

8. ['®FIFDG-PET for diagnosing giant cell arteritis

The diagnosis of giant cell arteritis is currently based mainly on clinical evaluation,
laboratory results, and temporal biopsy, but a gold standard is lacking. Despite recent
advances, no imaging modality has been included in the American College of
Rheumatology diagnostic criteria for giant cell arteritis (Table 1). Nevertheless, ['8F][FDG-
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PET has indicated its usefulness clinically for a number of studies through better evidence,
as compared to Takayasu's arteritis, due to the higher frequency of the disease (Table 2).
The uptake pattern in large vessels affected by giant cell arteritis was linear, continuous, and
was predominantly of Grade II. The thoracic vessels were most frequently affected, followed
by the abdominal vessels 4849. In the published studies, the ability of ['8F]FDG-PET to detect
large vessel inflammation differed considerably. In studies employing patients with
polymyalgia rheumatica and giant cell arteritis, sensitivities between 56% and 100% were
reported 45465153, with a specificity between 77% and 98% 5.. The large differences seen
between the studies can partially be explained by dissimilar disease activity; as suggested by
one study demonstrating that the sensitivity depends on the degree of inflammation (Figure
4). C-reactive protein has shown to be a better predictor for the sensitivity of [\8F]JFDG-PET
in giant cell arteritis than the erythrocyte sedimentation rate 4°.

Studies employing [8F]FDG-PET and Magnetic Resonance Imaging (MRI) revealed
comparable sensitivities for both methods. [8F][FDG-PET may have the advantage that it
simultaneously identifies more affected vessels 485, possibly reflecting the fact that
metabolic changes normally precede morphologic changes in giant cell arteritis.
Additionally, ['8F]JFDG-PET might also allow new insights into the pathology of giant cell
arteritis and polymyalgia rheumatica. A study demonstrated inflammation of the aorta or its
major branches in 92% of patients with polymyalgia rheumatica. Tracer uptake was strongly
correlated with the erythrocyte sedimentation rate and the C-reactive protein. These data
underline that polymyalgia rheumatica frequently may be accompanied by subclinical
vasculitis 47.

['8F]FDG-PET also offers the possibility of whole-body screening in one procedure which
may become helpful in the follow-up of patients with giant cell arteritis. The results of
computed quantification of vascular [8F]JFDG accumulation correlate well and better than
Magnetic Resonance Imaging with the clinical course also at longitudinal follow up 47,48,

The value of [I8F]JFDG-PET for diagnosing temporal arteritis has however been questioned
in a study of 22 patients, 17 of which had involvement of the temporal arteries which was
not detected by [8F]JFDG-PET 4. The high [*F]JFDG uptake of the brain and the small
diameter of the temporal arteries limited its sensitivity in the detection of cranial vessel
involvement with the whole-body PET technique used. Newer generation PET/CT scanners
offer an image resolution corresponding to a three-fold improvement compared to the
technology used in the aforementioned study (2mm vs. 7mm), potentially allowing to image
even smaller arteries as the temporal arteries. Further clinical studies must are warranted to
clarify the potential role of PET in the non-invasive work-up of temporal vasculitis.

9. ['®*F]FDG-PET for diagnosing Takayasu’s arteritis

The diagnosis of Takayasu's arteritis frequently integrates imaging and angiographic
(Table 1). However, angiographic alterations usually occur in the late phase of Takayasu’s
arteritis while metabolic changes are already present in the early phases. The data on the use
of [8F]FDG-PET in Takayasu’s arteritis are less robust compared to those in giant cell
arteritis (Table 2), accounting for the different prevalences of both vasculitides.

During the early phase of Takayasu’s arteritis, the [I8F][FDG uptake pattern is linear and
continuous (Figure 3A), while in the late phase the pattern can become patchier rather than
continuous but still remains in a linear distribution 4. Three studies reported sensitivities of
[*8F]FDG-PET between 83% and 100% 434452, which is comparable to Magnetic Resonance
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Imaging. Additionally, metabolic imaging using [8F]FDG-PET for Takayasu’s arteritis has
identified more affected vascular regions than morphologic imaging using Magnetic
Resonance Imaging 52. However, unlike Magnetic Resonance Imaging, ['SF]FDG-PET does
not give any information about the wall structure or the lumen of affected vessels.

Similarly to giant cell arteritis, there is a clear correlation between the activity of vessel
inflammation and the sensitivity of [8F]JFDG-PET. ['8F][FDG-PET positive patients have
shown significantly higher erythrocyte sedimentation rates and C-reactive protein levels as
compared to [B8F]FDG-PET negative patients, with the C-reactive protein being the superior
marker 44,

Follow-ups in Takayasu'’s arteritis only based on clinical symptoms alone have shown to be
of limited accuracy. In a previous report, biopsies showed active inflammation in 44% of
patients thought to be in clinical remission 3. However, [18F]JFDG-PET is able to detect more
sites than just those that were clinically active #4. This makes [*8F]JFDG-PET a promising
candidate to be regularly employed in the follow-up of Takayasu’s arteritis (Figure 3) due
its high sensitivity and the good correlation with the outcome 434449,
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Fig. 3. A) [8F]FDG-PET of a patient with Takayasu’s arteritis with markedly abnormal
uptake of [I8F]FDG in the aortic arch and carotide arteries (arrows). B) [18F]JFDG-PET scan of
the same patient in clinical remission after treatment with prednisone and intravenous
cyclophosphamide (from reference 43)

10. ['®F]FDG-PET-CT in large vessel vasculitis

The combination of [18F]JFDG-PET scanners with Computed Tomography (CT) has gained
importance in the management of patients with malignancies ¢-62 by allowing the
integration of morphologic and metabolic information for detection, staging, and therapy
control. Rapidly increasing availability of [!8F][FDG-PET-CT scanners are also opening new
opportunities for its application in rheumatology by allowing the investigation of both
morphologic and metabolic activity while significantly improving the localization of
affected vessels. Two case reports have already indicated the value of [*8F]FDG-PET-CT
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Fig. 4. Sensitivity of Large Vessel Vasculitis ['8F][FDG-PET as a function of C-reactive protein
(CRP)levels and erythrocyte sedimentation rate (ES§) , respectively. High sensitivity for
detection of large vessel vasculitis is reached at high CRP and ESR levels (from reference 49).

Fig. 5. 52 year-old female patient with clinical suspision of a large vessel vasculitis. The
FDG-PET/CT shows intense tracer uptake along the aortic arch, the supraaortic branches

and the supraclavicular arteries. There is also uptake along the abdominal aorta and femoral
arteries and branches.
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Fig. 6. FDG-PET/CT of a 67-year-old male patient with recent loss of weight and continious
deterioration of his general condition. The PET/CT performed did not support the clinical
suspicion of a malignant tumor but showed intense vessel uptake (A). Additional high-
resolution PET images of the chest and neck illustrate the ability of state-of-the-art PET
machines to visualize circumscribed wall inflammation even in medium sized arteries as the
carotic sinus and the vessel wall of the aortic arch (B)

scanners in large vessel vasculitis 5354 and one clinical trial has investigated its value in 14
patients 0. The co-registered CT scan was most useful for the anatomic identification of
vascular [I8F][FDG-uptake, especially in case of rather moderate [8F]JFDG-accumulation.
Furthermore, the anatomic identification of mediastinal [*8F]JFDG uptake, particularly in the
pulmonary arteries was significantly improved (Figure 5). The coregistered CT scan allows
for a sensitive detection of calcified plaques to discriminate vasculitis from inflammatory
arteriosclerotic changes.

11. Conclusions

In conclusion, whole-body imaging with [8F][FDG-PET is highly effective in assessing the
extent of giant cell arteritis and Takayasu’s arteritis, respectively.

[*8F]JFDG-PET has shown to have identified more affected vascular regions than
morphologic imaging with Magnetic Resonance Imaging in both diseases.

A unique feature and strength of FDG-PET is the opportunity to monitor disease activity
non-invasively. In contrast to other imaging modalities PET allows for an immediate
assessment of response to anti-inflammatory treatment and is suitable to guide therapy.
Recent developments in PET technology such as integrated PET/CT machines and
increased image resolution of the PET submodality imply significant improvements for
vaculitis imaging with FDG.

Further studies are warranted to evaluate the diagnostic benefit of these newer technical
developments.
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[*8F]FDG-PET has the clear potential to develop into a valuable tool in the diagnostic work-
up of both giant cell arteritis and Takayasu's arteritis, and may become a first-line
investigation technique for non-invasive therapy monitoring. However, consensus
regarding the imaging procedures as well as further clinical evidence is urgently needed.
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1. Introduction

Vasculitis is classified by the size of the blood vessels affected by inflammatory reactions. In
vasculitis of skin, many patients show obvious purpura and ulceration. Because many
vasculitides can be noticed by these skin manifestations, dermatologists should be well
informed about vasculitis. It is difficult to manage vasculitis after the diagnosis has been
performed, and it is particularly difficult to treat systemic vasculitides, because they are
potentially life threatening. The purpose of this chapter is to provide treatment guidelines
for the primary vasculitic diseases.

2. Giant cell arteritis

Giant cell arteritis is an inflammation of medium- and large-sized arteries that
characteristically affects one or more branches of the carotid artery, particularly the
temporal artery (Salvarani C et al., 2002), but it is a systemic disease that can affect arteries
in multiple locations, particularly the aorta and its main branches. Polymyalgia rheumatica,
which is characterized by stiffness, aching, and pain in the muscles of the neck, shoulders,
lower back, hips, and thighs, can occur with giant cell arteritis (Langford CA, 2010).

It is very important for patients who are strongly suspected of having giant cell arteritis to
be treated immediately in order to protect their vision. When patients show ischemic
symptoms, treatment should be started before checking the results of a temporal artery
biopsy. A temporal artery biopsy after treatment has begun is exceedingly useful for making
a diagnosis (Langford CA, 2010).

The aim of treatment is to improve the symptoms such as headache, jaw claudication,
tenderness of scalp, and polymyalgia rheumatica and to prevent complications occurring as
a result of vascular occlusion causing tissue infarction.

Glucocorticoids rapidly improve cranial and systemic symptoms and prevent visual
complications in patients with giant cell arteritis rapidly. Aiello et al. reported that the
probability of loss of vision developing after initiating oral glucocorticoid treatment was
determined to be 1% (Aiello PD et al., 1993). The initial dose of prednisone is usually 40 to
60 mg/day (Langford CA, 2010), but the other report has stated that a dose under
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40 mg/day is effective in more than 90% of patients (Hashimoto et al., 1999). After an initial
dose of 60 mg/day, the dose can usually be decreased to 50 mg/day after 2 weeks and to 40
mg/day after 4 weeks (Langford CA, 2010). After clinical symptoms and laboratory data
improve, the dose of prednisone was decreased by approximately 10% of the total daily
dose every 1 to 2 weeks (Salvarani C et al., 2002).

Patients with recent or impending visual loss may be treated with initial pulsed intravenous
doses of methylprednisolone (1,000 mg every day for three days) (Salvarani C et al., 2002).
Corticosteroids may prevent but usually do not reverse visual loss.

Polymyalgia rheumatica can occur in 40% to 60% of patients with giant cell arteritis as a
complication. Treatment with 10 to 20 mg/day prednisone can be effective in isolated
polymyalgia rheumatica.

If the treatment does not result in improvement of symptoms, giant cell arteritis is suggested
as an underlying disease (Langford CA, 2010).

To reduce significant steroid side effects or relapse on tapering the steroid dose,
methotrexate is often added to the steroid (Hoffman GS et al., 2002; Jover JA et al., 2001;
Mahr AD et al., 2007). A dose of 81 mg/day of aspirin has been reported to decrease the risk
of cranial ischemic complications and all patients without a contraindication should be
treated by aspirin together with prednisone (Lee MS et al., 2006; Nesher G et al., 2004).
Other drugs, such as cyclophosphamide, azathioprine, and etanercept, have been applied
with variable success, although the success rates were generally less than hoped for
success.

3. Takayasu arteritis

Takayasu arteritis, which has also been known as the aortic arch syndrome, is an
inflammatory and stenotic disease of medium- and large-sized arteries characterized by a
strong predilection for the aortic arch and its branches (Langford CA & Fauci AS, 2008).

For the first 1 to 3 months, patients are treated with 1 mg/kg/day prednisone as an initial
dose. After that, the dose is tapered to withdrawal over a 6- to 12-month period (Langford
CA, 2010).

If the disease activity persists in spite of treatment with glucocorticoids or the dose of
glucocorticoids cannot be tapered, cytotoxic therapy is primarily administrated (Langford
CA, 2010). Doses of 15 to 25 mg/week methotrexate in combination with glucocorticoids
may induce remission and minimize glucocorticoid therapy and toxicity in most of these
patients (Hoffman GS et al., 1994). Azathioprine is used for the patients who are steroid-
resistant or have severe side effects by glucocorticoids. Cyclophosphamide has been used in
patients with Takayasu arteritis refractory to glucocorticoids (Shelhamer JH et al., 1985). In
the patients with intractable Takayasu arteritis, anti-TNF therapy may lead to durable
remission in a majority of patients and facilitate dose reduction or discontinuation of
prednisone and other immunosuppressive therapy (Molloy ES et al., 2008).

Vascular reconstructive surgery or angioplasty are adjunctive therapeautic options in some
patients (Gota CE & Mandell BF, 2008).

4. Polyarteritis nodosa

Polyarteritis nodosa constitutes a necrotizing inflammation of medium-sized or small
arteries (Cox NH et al., 2010; Jennette JC et al., 1994). Polyarteritis nodosa does not show
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glomerulonephritis or vasculitis in arterioles, capillaries or venules (Cox NH et al., 2010).
Affected patients may have several signs and symptons involving multiple organ systems
(Cox NH et al., 2010). Ischaemia, infarcts and haemorrhage result from the vasculitis and
lead to end-organ damage in patient with polyarteritis nodosa (Cox NH et al., 2010).
Therapy for polyarteritis nodosa is still somewhat empiric. If patients have critical organ
involvement, such as renal insufficiency, gastrointestinal ischemia, cardiomyopathy,
dense peripheral neuropathy, or central nervous system involvement, they should be
treated with 2 mg/kg/day cyclophosphamide and glucocorticoids (Gayraud M et al.,
2001). In patients who do not have immediate critical organ involvement, glucocorticoids
alone may be sufficient therapy. Patients who cannot taper glucocorticoids and are
unresponsive to other therapy may be treated by cyclophosphamide with glucocorticoids
(Langford CA, 2010).

In patients whose disease is strongly suspected to be caused by streptococcal infection and
repeat recurrence, penicillin antibiotics may be given as preventive treatment. But it has not
been reported that penicillin antibiotics alone are effective and the efficacy of this therapy
has not been proved in randomized trials (Katsuoka K et al., 2008).

Nonsteroidal anti-inflammatory drugs may be administratered to polyarteritis nodosa
patients with little or no evidence of systemic disease (Katsuoka K et al., 2008).

Vasodilator and antithrombotic agents may be used together with other drugs and have
been especially promoted to be used in patients with skin ulcers and necrosis (Choi SW et
al.,, 2006, Gonzalez-Fernandez MA & Garcia-Consuegra ], 2007; Lim MJ et al., 2006; Zulian F
et al., 2004; Zulian F et al., 1998).

Dapsone and colchicines may be given to patients who are refractory to other therapy
(Guillevin L, 1986; Thompson DM et al., 1976; Vignes S et al., 2005).

When active hepatitis B or C infection is present, an antiviral agent should be part of the
treatment regimen, with the goal of containing viral replication and cause seroconversion
(Langford CA, 2010).

Glucocorticoids, alone or combined with cyclophosphamide, might be given to patients in
combination with apheresis (Guillevin L et al., 2005).

The possibility of drug-induced polyarteritis nodosa syndromes should always be
considered. Propylthiouracil, hydralazine, leukotriene inhibitors, sulfasalazine, minocycline,
D-penicillamine, ciprofloxacin, phenytoin, and allopurinol are included among the drugs
that may cause these symptoms (Gota CE & Mandell BF, 2008).

5. Wegener granulomatosis

Wegener granulomatosis is a relatively uncommon, potentially lethal, and multisystem
disease characterized by clinical disease involving the upper and lower respiratory tracts
and kidneys with histological evidence of granulomatous inflammation, vasculitis of the
small- to medium-sized vessels, and a pauci-immune glomerulonephritis (Hoffman GS et
al., 1992).

Active Wegener granulomatosis is potentially life-threatening, therefore glucocorticoids
combined with a cytotoxic agent are required as initial treatment. Patients with active severe
Wegener granulomatosis should initially be treated with 2 mg/kg/day cyclophosphamide
and simultaneously with prednisone at 1 mg/kg/day (Langford CA, 2010). After 4 weeks of
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treatment, the prednisone is tapered and withdrawn by 6 to 12 months, if the treatment
improves the patient’s condition. Cyclophosphamide treatment for 3 to 6 months is
performed, and then, cyclophosphamide is discontinued and the treatment is switched to a
less toxic medication for remission maintenance (Langford CA, 2010). If patients have active
but non-severe disease, the treatment by prednisone together with 20 to 25 mg/week
methotrexate is effective at inducing and then maintaining remission (De Groot K et al.,
2005).

It has been reported that the withdrawal of cyclophosphamide and the substitution of
azathioprine after remission did not increase the rate of relapse (Jayne D et al., 2003).
Treatment with trimethoprim-sulfamethoxazole (co-trimoxazole) reduces the incidence of
relapse in patients with Wegener’s granulomatosis in remission (Stegeman CA et al., 1996).
Plasma exchange increased the rate of renal recovery in patients that presented with renal
failure (Jayne DR et al., 2007).

6. Microscopic polyangiitis

Microscopic polyangiitis was originally considered to be a branch of polyarteritis nodosa; it
includes glomerulonephritis and occasionally pulmonary hemorrhage. According to the
Chapel Hill Consensus Conference in 1994, the definition of primary systemic vasculitis
(PSV) has become clear, and the disease group included microscopic polyangiitis.
Microscopic polyangiitis is a systemic necrotizing vasculitis affecting the small blood vessels
or small- to medium-sized arteries.

2 mg/kg/day cyclophosphamide and 1 mg/kg/day prednisone should be given as initial
therapy to patients who have life-threatening disease including lung, kidney, and nerve
involvement (Langford CA, 2010). The therapy follows the schedule outlined for Wegener
granulomatosis. It was reported that the combination therapy with cyclophosphamide
and prednisone decreased the frequency of renal failure and recurrence (Hogan SL et al.,
1996), and improved survival rates (Gayraud M et al., 2001). However, infectious events
were strongly associated with the combination of corticosteroid and cyclophosphamide,
and were more frequent in patients older than 65 years (Gayraud M et al., 2001).
Moreover, cyclophosphamide increases the incidence rate of bladder cancer and induces
gonadal failure dose-dependently. Therefore the remission induction should be followed
by azathioprine or methotrexate administration for remission maintenance. Patients with
active non-severe disease may be treated with methotrexate for remission and
maintenance.

Mychophenolate mofetil (Villiger PM & Guillevin L, 2010), rituximab (Villiger PM &
Guillevin L, 2010), trimethoprim-sulfamethoxazole (Jennette JC et al, 2001), plasma
exchanges (Villiger PM & Guillevin L, 2010), intravenous immunoglobulins (Villiger PM &
Guillevin L, 2010) can also be effective in microscopic polyangiitis, and etanercept has been
recommended as well (Keogh KA et al., 2005).

7. Churg-strauss syndrome

Churg-Strauss syndrome is a rare systemic necrotizing vasculitis of small- to medium-sized
vessels that was first described in the early 1950s. In patients with late-onset asthma it is
characterized by vasculitic manifestations, such as fever, cutaneous purpura and
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mononeuritis multiplex (Pagnoux C, 2010). In ANCA-associated vasculitides, the prognosis
of Churg-Strauss syndrome is better than those of Wegener granulomatosis and microscopic
polyangiitis (Guillevin L et al., 1999; Keogh KA & Specks U, 2006).

Systemic administration of steroids is effective in Churg-Strauss syndrome, and many
cases show remission by this therapy. Patients are treated by administration of 1
intravenous pulse of methylprednisolone (15 mg/kg) at the start of treatment (Ribi C et
al., 2008). Oral prednisone (1 mg/kg/day) is given to patients for 3 weeks. After that, the
dose is tapered slowly as the symptoms and laboratory data, especially the eosinophil
count, are improving.

Cases that are steroid-resistant or relapse repeatedly by steroid treatment alone are
additionally given 2 mg/kg/day cyclophosphamide or 50 to 100 mg/day azathioprine
(Gayraud M et al., 2001). However, cyclophosphamide with glucocorticoids should be
given early to patients with life-threatening disease (Gayraud M et al., 1997; Guillevin L et
al., 1999; Guillevin L & Pagnoux C, 2003; Keogh KA & Specks U, 2006; Noth I et al., 2003;
Solans R et al., 2001). To decrease the side effect of cyclophosphamide, cyclophosphamide
pulse therapy is recommended (Cohen P et al., 2007; Gayraud M et al., 1997; Guillevin L &
Pagnoux C, 2003).

8. Cutaneous vasculitis

Cutaneous vasculitis is a frequent and often significant component of many systemic
vasculitic syndromes such as lupus or rheumatoid vasculitis and ANCA-associated primary
vasculitic syndromes (Carlson JA et al, 2006). It is manifested as urticaria, purpura,
hemorrhagic vesicles, ulcers, nodules, livedo, infarcts, or digital gangrene. In most instances,
cutaneous vasculitis shows the features of a self-limiting, single-episode phenomenon.

If the primary diseases or exposures are clarified, those are treated first.

If the patients have idiopathic cutaneous vasculitis, glucocorticoids are frequently used.
Other drugs, such a nonsteroidal anti-inflammatory agents, antihistamines, dapsone,
hydroxychloroquine, colchicines, and cyclophosphamide, may also be given to the patients.
But there is no optimal dosage schedule.

9. Cryoglobulinemic vasculitis

Cryoglobulins are cold-precipitable monoclonal or polyclonal immunoglobulins in serum.
In the majority of cases of cryoglobulinaemia, the disease remains asymptomatic but
immune complexes can form and be deposited in tissues, causing cryoglobulinemic
vasculitis (Braun GS et al., 2007; Lamprecht P et al., 1999).

Asymptomatic cryoglobulinemia does not need to be treated. In symptomatic
cryoglobulinemia, the treatment of the underlying disease can then proceed. If the
underlying disease cannot be determined, it is idiopathic and symptomatic treatment is
performed. It is important to determine the particular type of cryoglobulinemia, because the
underlying disease may be associated with a particular type.

Because type I cryoglobulins usually are associated with haematological disorders, these
disorders are treated preferentially.

Types II and III (mixed) cryoglobulinemias have strong connection with HCV infection
(Braun GS et al., 2007). Aggressive antiviral therapy with Peg-IFNa and ribavirin provide
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the best opportunity for improvement of HCV-associated cryoglobulinemic vasculitis
(Langford CA, 2010; Saadoun D et al., 2008).

Plasmapheresis is performed together with administration of corticosteroids and
immunosuppressive drugs in order to prevent production of abnormal protein or to treat
primary disease. But it is impractical for long-term treatment (Langford CA, 2010; Siami GA
& Siami FS, 1999).

Rituximab, a chimeric monoclonal anti-CD20 antibody, is suitable as a rescue therapy in
resistant cryoglobulinemia associated with HCV (Ahmed MS & Wong CF, 2007).
Immunosuppressive agents are typically applied in patients with severe disease symptoms
such as membranoproliferative glomerulonephritis, severe peripheral or central nervous
system neuropathy, severe cutaneous disease, and vasculitis involving vital organs such as
the heart or gastrointestinal tract (Vassilopoulos D & Calabrese LH, 2002).
Immunosuppressive agents such as cyclophosphamide, azathioprine, cyclosporine,
melphalan, chlorambucil, and fludarabine are usually used together with corticosteroids
(Vassilopoulos D & Calabrese LH, 2002).

10. Henoch-schonlein purpura

Henoch-Schénlein purpura is an acute, self-limited, systemic, small-vessel vasculitis. It
predominantly affects children. Clinical presentation of Henoch-Schonlein purpura
nephritis in adults is severe and the prognosis is relatively poor, worse than in children
(Blanco R et al.,, 1997; Narchi H, 2005; Pillebout E et al., 2002). Therefore, more active
treatment and careful follow up are needed in adults.

The treatment is not required in many cases of Henoch-Schonlein purpura because Henoch-
Schonlein purpura is typically characterized by its self-limiting condition (Langford CA,
2010). Treatment with systemic application of glucocorticoids to patients with severe
gastrointestinal symptoms is strongly recommended (Gunasekaran TS et al., 2000; Leung SP,
2001; Reinehr T et al., 2000; Ronkainen ] et al., 2006). Prednisone does not prevent the
development of renal symptoms but treats them effectively (Ronkainen J et al. reported that
renal symptoms resolved in 61% of the prednisone-treated patients 80-100 mg/kg/day,
compared with 34% of the placebo-receiving patients) (Ronkainen J et al., 2006). Moreover,
methylprednisolone pulse therapy is effective in patients at risk of progression of
nephropathy, particularly in the cases that started therapy early during the course of the
disease before the crescents became fibrous (Niaudet P & Habib R, 1998).

The efficacy of immunosuppressive agents (e.g. cyclophosphamide, cyclosporin A),
plasmapheresis, anticoagulant agents and antiplatelet agents is controversial.
Glucocorticoids in combination with each of these treatments can be effective in patients
with severe nephritis (Flynn JT et al., 2001; Hattori M et al., 1999; Kawasaki Y et al., 2004;
Ronkainen J et al., 2003; Scharer K et al., 1999; Someya T et al., 2004; Tanaka H et al., 2003;
Tarshish P et al., 2004; Wyatt R] & Hogg R], 2001; Zaffanello M et al., 2007).

Administration of Factor XIII, tonsillectomy, and dapsone may be useful for the patients
with Henoch-Schénlein purpura, but the evidence concerning efficacy is insufficient. Factor
XIII concentrate may contribute to abdominal pain relief in Henoch-Schénlein purpura
patients (Shimomura N et al., 2005; Utani A et al., 1991).

Tonsillectomy may be useful for alleviating Henoch-Schoénlein purpura nephropathy(Hotta
O etal.,, 1996; Inoue CN et al., 2007; Sugiyama H et al., 2005; Tomioka S et al., 1996).
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Dapsone therapy may be useful for improving purpura and arthritis (Hoffbrand BI, 1991;
Igbal H & Evans A, 2005; Ramelli GP & Bianchetti MG, 1997; Sarma PS, 1994; Shimomura N
et al., 2005).

11. Kawasaki disease

Kawasaki disease is an acute multisystem vasculitis of infants and young children. This
disease represents the primary cause of acquired heart disease(Barron KS et al., 1999).

For patients in the acute stage of the disease, a single high-dose intravenous
immunoglobulin (2 g/kg) in combination with high-dose aspirin (80-100 mg/kg/day) is
given (Muta H et al., 2004; Rowley AH & Shulman ST, 2010; Terai M & Shulman ST, 1997).
However, patients in Asia are often treated with 80-100 mg/kg/day, because it is believed
that 80-100 mg/kg/day of aspirin is excessively toxic in Asian children (Rowley AH &
Shulman ST, 2010). Whether it is an advantage to add corticosteroid to this combination
therapy is controversial (Inoue Y et al., 2006; Jibiki T et al., 2004; Newburger JW et al., 2007).
About 5-15% of Kawasaki disease patients do not respond to this therapy. A second 2 g/kg
dose of intravenous immunoglobulin and a 3-day course of intravenous pulsed
methylprednisolone (30 mg/kg/day) can be effective in nonresponders (Freeman AF &
Shulman ST, 2004; Rowley AH & Shulman ST, 2010; Sundel RP et al., 1993).

Administration of infliximab to these patients has been reported, but the efficacy is unclear
(Burns JC et al., 2008; Burns JC et al., 2005).

Low-dose aspirin (3-5 mg/kg/day) is given to the patients after the acute stage (Rowley AH
& Shulman ST, 2010). In order to check the development of coronary aneurysms, an
echocardiogram should be performed at 2, 6, and 8 weeks after illness onset (Langford CA,
2010). Close follow-up using ultrasonographic monitoring is needed for the patients with
multiple aneurysms, giant aneurysms, or coronary artery obstruction.

12. Behget disease

Behget disease is a multisystem inflammatory disease with an unknown etiology that affects
all types and sizes of blood vessels (Calamia KT & Kaklamanis PG, 2008; Langford CA, 2010;
Yazici Y et al,, 2010). Treatment of Behget disease is adjusted depending on the type and
severity of symptoms, sex, and age (Yazici Y et al., 2010).

Colchicine, 1.0-2.0 mg/day, can be effective for genital ulcers, erythema nodosum, and
arthritis among women, although merely for arthritis in men (Yurdakul S et al., 2001).
Azathioprine, 2.5 mg/kg/day, is able to prevent the progression of Behget disease,
particularly the eye disease (Yazici H et al., 1990).

Cyclosporine is useful in treating ocular manifestations, oral aphthous ulcer, dermal lesions,
and genital ulceration (Masuda K et al., 1989). Thalidomide, 100 mg/day, is effective for the
oral and genital ulcers and papulopustular lesions (Hamuryudan V et al., 1998).

Interferon alpha-2a improves the duration and pain of oral ulcers and the frequency of
genital ulcers and papulopustular lesions (Alpsoy E et al., 2002).

It was reported that tumor necrosis factor oo (TNF a) antagonists, which are infliximab,
etanercept, and adalimumab, improve symptoms in patients with eye, mucocutaneous, and
gastrointestinal involvement, as well as neurological disease, and even pulmonary artery
aneurysms (Sfikakis PP et al., 2007).

Corticosteroids are widely used in the treatment of Behget disease (Yazici Y et al., 2010).
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Topical therapy, including glucocorticoids and sucralfate suspension, can be effective for
aphthous lesions and mucocutaneous disease (Alpsoy E et al., 1999; Hatemi G et al., 2009).
For patients in the early disease stages of pulmonary and peripheral arterial aneurysms,
cyclophosphamide pulse therapy and corticosteroids are especially effective (Yazici Y et al.,
2010).
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1. Introduction

ANCA - associated vasculitis (AAV) encompass Wegener granulomatosus (WG), Churg
Strauss syndrome (CSS) and Microscopic Polyangiitis (MPA). Granuloma formation
characterizes both WG and CSS, while necrotising inflammation of middle to small arteries,
pauci-immune glomerulonephritis and production of ANCA typify all three of them.
Common clinical and laboratory features point towards common pathogenetic mechanisms
and thus therapeutic approach have evolved over the years from treatment of individual
members of the group to unified treatment strategies. It is the presentation of the disease
rather than a particular AAV that guides treatment decisions. Clinical subtypes of AAV
according to the extend and the severity of the disease, have been proposed by the European
Vasculitis Study (EUVAS) Group (Jayne & Rasmussen 1997) (Table 1): AAV can be
presented as localized, early systemic, generalized, severe or refractory disease. This
classification currently serves as the basis for the assignment of different treatment
regimens.

Forty years ago AAV was a rapidly fatal disease. One-year survival was estimated to be less
than 20%, mainly due to pulmonary and/or renal failure and steroids-related infection
(Hoffman et al. 1992). The introduction of oral cyclophosphamide (CyP) during the ‘70s
radically changed the prognosis of AAV. Recent data from the EUVAS Group trials show
that survival at 1-year is currently almost 90%. CyP in combination with prednisone remain
today the cornerstone of treatment of AAV. However, several issues have emerged: a) there
are still patients that either die early in the course of the disease or display progressive
disease refractory to conventional treatment, b) relapses are frequent, affecting
approximately 50% of patients with AAV during extended follow-up, c) the burden of drug-
related toxicity is high, as serious adverse events affect approximately 40% of the patients.
In addition to glucocorticoids toxicity, CyP can acutely lead to cytopenias, hemorrhagic
cystitis and infections along with late complications including gonadal insufficiency and
infertility, myelodysplasias and bladder cancer.

In an effort to minimize CyP toxicity as well as to find regimens that could replace CyP in
cases of non-responding, refractory, or relapsing disease, several treatment options have
been considered. During the last 20 years and despite the rarity of AAV, several multi-
center, multi-national randomized control trials (RCTs) were conducted largely due to the
combined efforts of EUVAS Group and the VCRC (Vasculitis Clinical Research
Consortium), which have altered our treatment practice as it will be discussed below.
Treatment of AAV consists of an initial phase aiming at rapid induction of remission and a
second phase where maintenance of remission is sought.



92 Advances in the Diagnosis and Treatment of Vasculitis

AAYV Subtype Description
one system,
typically the upper respiratory track in WG
involvement of multiple sites but without

Localized

Early Systemic impending renal or other vital organ failure
Generalized impending vital organ failure or renal involvement
with creatinine level below 5.6 mg/dL (500pmol/L)
Severe vital organ failure, typically renal involvement with
serum creatinine over 5.6 mg/dL (500pmol/L)
Refractory progressive disease despite conventional treatment

Table 1. Clinical Subtypes of AAV according to the extend and the severity of the disease

2. Induction of remission

The gold standard for induction of remission in most cases of AAV has been the
combination of high dose prednisolone (Img/kg/day with or without previous pulses 1g/d
x 3d) with CyP either orally (2mg/kg/day) or intravenously (0.75 g/m? every month for 6
months) (Adu et al. 1997; Guillevin et al. 1997). In order to reduce the cumulative dose of
drugs and thus adverse effects, current treatment strategies are differentiated according to
the presentation of the disease (Table 1) and along with different schemes of CyP
administration include several other medications such as rituximab, mycophenolate mofetil
(MMF) and methotrexate (MTX).

2.1 Generalized AAV

Generalized AAV refers to patients who display imminent vital organ failure or renal
involvement with creatinine level below 5.6 mg/dL (500pmol/L).

In an earlier study including 47 patients with generalized AAV and renal involvement
intravenous pulses of CyP (0.75 g/m?2, monthly for 6 months) were equally effective in
achieving remission as oral CyP. Moreover, fewer incidents of cytopenia and infections had
been recorded in the pulse group (Haubitz & Schellong 1998).

A randomized controlled trial by EUVAS, termed CYCLOPS, compared another scheme of
pulse cyclophosphamide with daily oral cyclophosphamide for the induction of remission of
AAV (De Groot et al. 2009). Patients with generalized AAV (n=149) and renal involvement
received prednisolone plus either pulse cyclophosphamide (15 mg/kg every 2-3 weeks;
n = 76) or daily oral cyclophosphamide (2 mg/kg per day; n=73). The efficacy of both
regimens was similar in inducing remission. Lower cumulative dose of CyP was achieved in
the pulse group, which displayed fewer episodes of leukopenia. It should be noted though
that following pulse treatment there was a tendency towards a higher rate of relapse
compared to oral treatment during the 9-month follow-up of the study.

Although it is not clear whether there are significant differences regarding efficacy and
safety between the 2 schemes of CyP pulses, EULAR recommendations endorse the
following strategy (Mukhtyar et al. 2009): administration of 15mg/kg of CyP every 2 weeks
for 3 pulses and then every 3 weeks for additional 3-6 pulses. According to the same set of
recommendations prednisolone intake should start at 1mg/kg/day (or 60mg/day) for 1
month, tapered to 15mg/day at 3 months and 7.5mg/day at 12 months.
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Following the paradigm of lupus nephritis, MMF has been examined whether it can replace
CyP for the induction of remission in AAV. In a study including 35 patients with AAV renal
vasculitis with serum creatinine <5.6 mg/dL, 18 received MMF (2g/day) and 17 monthly
pulses of CyP (0.75-1.0 g/m?) for 6 months (Hu et al. 2008). According to the study,
complete remission was achieved in 78% in the MMF group compared to 47% in the CyP
group. Whether MMF truly bears superiority towards CyP remains to be verified in large
controlled trilas. MYCYC (http://clinicaltrials.gov/ct2/show/ NCT00414128 (2010)), a
multi-center controlled trial by EUVAS comparing the efficacy of MMF and CyP has been
initiated. Notably, MMF will be used at the increased dose of 3g/day.

Rituximab, an anti-CD20 chimeric monoclonal antibody that effectively depletes B cells, has
recently received much attention regarding its treatment potential in AAV. The number of
activated B cells in AAV is associated with disease activity and the extend of organ
involvement. Moreover, B cells generate ANCA-producing plasma cells. Studies in humans
and animal models support the concept that ANCA have a central role in the pathogenesis
and maintenance of AAV (Xiao et al. 2002)

The efficacy of rituximab to induce remission in generalized AAV was examined in two
RCTs. In RITUXVAS trial (Jones et al. 2010), 11 patients received pulses CyP plus
glucocorticoids and 33 patients additionally received rituximab. The rituximab group
received four infusions of rituximab 375 mg/m?2 per week plus two infusions of intravenous
cyclophosphamide 15 mg/kg. The cyclophosphamide group received between six and ten
infusions of cyclophosphamide 15 mg/kg. Azathioprine was used as maintenance therapy
in all patients. At 12 months, remission rates were comparable between the two groups (76%
for rituximab and 82% for CyP group). Rituximab (375 mg/m?2 per week for four weeks) was
also compared with oral CyP (2 mg/ kg per day) in addition to glucocorticoids in the RAVE
trial (Stone et al. 2010). At 6 months remission rates were 64% for the rituximab and 53% for
the CyP group. These lower rates of remission compared to other studies were probably due
to the aggressive tapering of corticosteroids employed.

Overall, both studies show that rituximab therapy is not inferior to CyP (oral or pulses)
treatment for the induction of remission in patients with generilized AAV. It should be noted,
however, that adverse effects were also comparable between rituximab and CyP receivers an
issue that has to be further addressed in studies with extended follow-up. Rituximab can thus
replace CyP treatment especially in patients where CyP is contraindicated and could be the
drug of choice in patients with childbearing potential. In spring of 2011, rituximab became the
first drug to get an FDA approval for the treatment of AAV.

2.2 Early systemic AAV

Early systemic AAV refers to patients with involvement of multiple sites but without
imminent renal or other vital organ failure.

Following initial open label studies with promising results, the NORAM study (De Groot et
al. 2005), a RCT initiated by EUVAS, evaluated the efficacy of MTX as a potentially less toxic
than CyP alternative to induce remission in patients with early systemic AAV. In addition to
corticosteroids, patients received either oral CyP (2 mg/Kg per day) or oral MTX (initial
dose 15mg/week that was increased to 20-25mg/week) for 12 months. Patients’ follow-up
lasted 18 months, and during the last 6 months all medications were stopped. At 12 months
remission rates between the two groups were comparable (89.8% for MTX and 93.5% for
oral CyP). Time to remission in overall was also comparable. However, some patients with



94 Advances in the Diagnosis and Treatment of Vasculitis

pulmonary involvement or relatively extensive disease in the MTX group had delayed onset
of remission. In addition, at 18 months the relapse rate in the MTX group was 69.5%, which
was significantly higher compared to that observed in the CyP group (46.5%). These high
relapse rates in both treatment arms suggest that treatment of early systemic AAV should
last beyond 1 year. The overall frequency of adverse events did not differ between the two
groups. Leukopenia was prevalent with the use of CyP as was liver dysfunction with the
use of MTX. In view of the results of the NORAM study, EULAR recommend MTX as an
alternative to CyP for remission induction in non-organ-threatening or non-life threatening
AAV.

2.3 Severe AAV

Severe AAV refers to patients with vital organ failure, typically renal involvement with
serum creatinine over 5.6 mg/dL (500pmol/L).

Patients with life- and/or vital organ threatening manifestations, such as diffuse alveolar
hemorrhage (DAH), severe rapidly progressive glomerulonephritis (serum creatinine >5.6
mg/dL), glomerulonephritis with double serum positivity for MPO-ANCA and anti-
glomerular basement membrane antibodies (Rutgers et al. 2005), require urgent, aggressive
treatment. Supportive measures such as blood transfusion and mechanical ventilation or
hemodialysis are frequently required.

In a EUVAS trial called MEPEX (Jayne et al. 2007) the effectiveness of plasma exchange was
evaluated in patients with severe AAV involving acute renal failure. All 137 patients
received oral CyP and prednisolone. One group was assigned to additionally receive three
infusions of 1g methylprednisolone pulse therapy (n=67) and a second to receive seven
courses of plasma exchanges (n=70). At 3 months, 69% of patients who received plasma
exchanges were alive and dialysis independent compared to the significantly lower 49% of
patients treated with methylprednisolone pulses.

The usefulness of plasma exchange in patients already on dialysis at the time of diagnosis
has also been suggested (de Lind et al. 2007). Intravenous pulses methylprednisolone as
adjunctive therapy in patients with severe tubular atrophy and <18% normal glomeruli
increased the chance of therapy-related death over the chance of dialysis independence. The
same was true for the group receiving plasma exchange only when the proportion of normal
glomeruli reached a value of <2%.

Although there are no RCT available, plasma exchanges appear to be warranted in patients
with DAH. In a retrospective review of 20 patients with DAH that were presented at a
single institute and were treated with plasma exchanges in addition to intravenous
methylprednisolone with or without CyP, resolution of lung hemorrhage was achieved in
all 20 patients after an average number of 6.4 treatments. Historical review of 11 patients
hospitalized at the same centre and did not receive plasma exchanges revealed 3 deaths.
(Klemmer Am J Kid Dis 2003).

2.4 Other treatments

Anti-Tumor Necrosis Factor (anti-TNF) regimens have been considered as an alternative to
current treatment for over a decade. Based on the beneficial effects of TNF blockade in other
chronic inflammatory disorders and the fact that several lines of evidence implicate TNF in
the pathogenesis of AAV in humans and animal models of the disease, several small pilot
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studies evaluated the therapeutic potential of infliximab revealing promising results.
However, data derived from subsequent studies were conflicting and could not corroborate
any additional benefit from the use of infliximab in patients with AAV (Booth et al. 2004;
Josselin et al. 2008; Morgan et al. 2010). It should be noted that there is no RCT for infliximab
in AAV. On the contrary, the effect of entanercept, another anti-TNF agent, was examined in
a large RCT (WGET) with patients suffering from WG (Wegener's G.E.T.W. 2005). In WGET,
etanercept was used as an additional therapy to standard treatment for the induction and
maintenance of remission in 180 patients with WG. At 27 months, remission rates and time-
to-remission, were not significantly different between the two groups. It should be
emphasized that six patients in the etanercept group developed solid cancers compared to
no such malignancies in the control group (Stone et al. 2006). Hence, etanercept is
considered ineffective and potentially hazardous when added to standard therapy for
induction and maintenance of remission in WG. The overall experience with anti-TNF drugs
in AAV is either negative or inconclusive. Skepticism has replaced initial enthusiasm and
currently the use of TNF blockade in patients with AAV appears remote.

Drug Dosage Comments
Prednisolone 60 mg/day for 1 month Use IV methylprednisolone 500-1,000
tapered to 15 mg/day at3 mg/day for 3 days in critical organ

months manifestations

Cyclophosphamide 15 mg/Kg 2-weekly for 3  Oral cyclophosphamide (2

IV pulse pulses, then 3-weekly for 3-6 mg/Kg/day) might be used adjusted
pulses to keep WBC >3,000/ pL
Methotrexate Starting dose 15 mg/week, Use in non critical organ manifestations

increased to 20-25 mg/week (normal serum creatinine)
at 2 months

Rituximab IV 375 mg/m2/week for 4 Use in intolerance to CyP and in young
pulses patients with non-severe critical organ
manifestations
Mycophenolate 2 g/day In patients with moderate renal
Mofetil involvement who cannot take
cyclophosphamide
Plasmapheresis Use in critical organ manifestations

(serum creatinine >5.6 mg/dL, lung
hemorrhage)

Table 2. Induction of remission in ANCA-associated vasculitis
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Since ANCA may have a central role in the pathogenesis of AAV, the idea to target
autoreactive T cells that drive the production of ANCA excreeting-plasma cells appears to
be a logical treatment approach. Abatacept, a CTLA4—Ig molecule, blocks the co-
stimulatory talk between T and B cells and has been proven efficacious in the treatment of
rheumatoid arthritis. A RCT to evaluate relapse rate over a 24 month period in patients
treated for 12 months with abatacept in addition to standard treatment (MTX plus
prednisone) had been initiated but unfortunately was recently terminated due to slow
recruitment (ABAVAS Study NCT00482066).

Recent data generated increased interest towards the role of the complement pathway in the
pathogenesis of AAV, which appears to have an essential role on how ANCA can damage
the vascular wall. Eculizumab is a monoclonal antibody that blocks the activation of C5, a
central component of the complement cascade. Blockade of C5 activation was shown to have
substantial therapeutic effect in animal models of AAV. A similar approach to treat patients
with AAV will be evaluated in a pilot study with 10 patients receiving eculizumab in
addition to standard treatment (study NCT01275287).

In anticipation of novel treatments, drugs currently used to induce remission in AAV are
summarized in Table 2 and include corticosteroids, CyP, MTX, MMF, Rituximab and
plasmapheresis.

3. Maintenance of remission

The majority of patients with AAV can achieve remission within the first 6 months of
treatment. However, if no other care is undertaken over half of the patients may have a
relapse within the first 2 years following remission (De Groot et al. 2005). Relapses in AAV
were associated with subsequent progression to end-stage renal disease (Hogan et al. 2005).
Moreover, the number of relapses for an individual patient was a strong predictor of
damage during follow-up, as measured by the Vasculitis Damage Index (Koldingsnes &
Nossent 2002). Therefore maintenance, once remission is achieved, is essential for the long
term outcome of patients with AAV.

CyP as oral (1.5mg/kg per day) or infusion regimen (0.75/m?, effusion every 3 months) was
initially the standard regimen to maintain remission (Hoffman et al. 1992). Because of the
serious adverse events related to long term exposure to CyP less toxic drugs have been
proposed such as azathioprine, methotrexate, leflunomide or MMF

The CYCAZAREM study by EUVAS randomly assigned 144 patients with AAV (who
achieved remission with oral CyP and prednisolone) to receive either azathioprine (2 mg/kg
per day; n = 71) or CyP (1.5 mg/kg per day; n = 73) (Jayne et al. 2003). Both treatment
groups continued to receive prednisolone (7.5 mg per day). At 18 months of follow-up,
relapses had occurred in 15.5% and 13.7% of patients in the azathioprine and CyP group,
respectively, suggesting that azathioprine is as effective as CyP for maintaining remission in
AAV. Adverse events were comparable between the two treatment groups.

In a RCT by the French Vasculitis Study Group, 126 patients with WG or MPA following
induction therapy, were randomly assigned to receive either oral azathioprine (2 mg/kg per
day; n = 63) or methotrexate (0.3 mg/kg per week, progressively increased to 25 mg per
week; n = 63) for 12 months. No significant difference was found between the two groups in
terms of relapse-free survival and toxicity at a follow-up period of 29 + 13 months (Pagnoux
et al. 2008).

In another RCT, 54 patients with WG (who achieved remission after treatment with
cyclophosphamide and prednisolone) were randomly assigned oral leflunomide (30 mg per
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day) or oral methotrexate (starting with 7.5 mg per week and reaching 20 mg per week after
8 weeks) for 2 years (Metzler et al. 2007). Leflunomide was more effective in preventing
relapses than oral methotrexate (6 versus 13 relapses, respectively), but was associated with
a higher rate of adverse events. However, this study was underpowered; it was initially
designed for 154 patients but only 54 were enrolled.

The potential benefit of MMF treatment for maintenance of remission in AAV has been
demonstrated in preliminary uncontrolled studies (Silva et al. 2010). On the basis of these
studies, an RCT by EUVAS, termed IMPROVE, comparing MMF with azathioprine for
maintenance of remission in renal vasculitis, has been carried out (Hiemstra et al. 2010).
Among 156 patients treated either with AZA (starting at 2 mg/kg/d) or MMF (starting at
2000 mg/d) following induction of remission with CyP and prednisolone, patients on MMF
experienced more relapses compared to AZA group.

Some observational studies provide preliminary data regarding the efficacy of other
regimens to maintain remission in patients with AAV. Rituximab appears to be beneficial
(Stasi et al. 2006; Rhee et al. 2010). A large RCT currently evaluates the efficacy of rituximab
in comparison to AZA (MAINRITSAN , Study NCT00748644). On the contrary, addition of
intravenous immunoglobulin (IVIg) to standard maintenance treatment (AZA plus
prednisone) does not prevent relapses (Fortin et al. 2009).

In overall, treatment with low-dose prednisolone plus AZA (2 mg/Kg/day until 12 months
then 1.5 mg/Kg/day) (Jayne et al. 2003; Pagnoux et al. 2008), or MTX (20-25 mg/week)
(Pagnoux et al. 2008) is currently the preferred approach for maintenance of remission in
AAV. The duration of maintenance is not known but should be >24 months (Lapraik et al.
2007) (Table 3).

Drug Dosage Comments
Prednisolone Starting from 15 Alternate-day schemes have also been
mg/day at 3 months applied to minimize side effects. Should
tapered to 7.5 mg/day  probably be avoided in generalized or
at 12 months severe forms of the disease
Cyclophosphamide  0.75 mg/m? every 3 Oral cyclophosphamide (1.5
IV pulse months mg/Kg/day) might be used adjusted to
keep WBC >3,000/ pL in patients who
experience frequent relapses

Azathioprine 2 mg/kg/day for 12 Currently the gold standard for
months then 1.5 maintenance of remission
mg/kg/day

Methotrexate Starting dose 0.3/ kg At high doses is a good alternative to
per week, increased to  Azathioprine
25 mg per week

Rituximab IV 375 mg/m2every 6 Waits to be compared with
months Azathiprione. Should be considered in

patients where AZA or MTX is either
contraindicated or ineffective.

Maintenance treatment should last > 24 months

Table 3. Maintenance of remission in ANCA-associated vasculitis
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4. Relapse

Symptoms and signs of apparent AAV relapse, especially in patients on
immunosuppression, should be differentiated from infections and malignancies. Relapse
can be treated with oral or IV pulses of CyP plus prednisolone (60 mg/day) (Wegener's
G.ET.W. 2005). Patients intolerant to CyP can receive MMF (Stassen et al. 2007) or
rituximab. IVIg (added to maintenance treatment) can achieve remission (Martinez et al.
2008) and it is particularly useful until infection is ruled out.

5. Refractory disease

Refractory disease refers to patients who experience progressive disease despite
conventional treatment.

Patients with refractory disease should be treated in specialized centers. Rituximab has been
successful in CyP-refractory disease in observational studies (Smith et al. 2006; Keogh et al.
2006; Jones et al. 2009; Keogh et al. 2005). Deoxyspergualin (0.5 mg/Kg/day subcutaneously
in 6 cycles of 21 days with 7-day intervals), an antiproliferative agent licensed in Japan for
acute renal transplant rejection, showed promise in phase II study (Flossmann et al. 2009).
Infliximab was beneficial in refractory disease in observational studies (Josselin et al. 2008)
but when added to standard induction treatment did not make any difference (Morgan et al.
2010).

6. Special issues

6.1 End stage renal disease (ESRD) and renal transplantation

Relapse of ANCA-associated vasculitis is significantly less frequent (0.08 episodes/person-
year) in ESRD patients compared with patients with preserved renal function (0.16-0.20
episodes/person-year), but infection, an important cause of death is almost double in
frequency in ESRD (Lionaki et al. 2009). Therefore, immunosuppression in patients with
ESRD may be limited to patients with active vasculitis.

Patients with ESRD can receive renal transplants. The overall survival of renal transplants is
90% at 5 years (Gera et al. 2007), and 70% at 10 years (Little et al. 2009). In one study, risk
factors for renal transplant rejection was transplantation <12 months postvasculitis
remission (Little et al. 2009). Therefore, renal transplantation should be considered in
patients with ESRD with sustained remission of vasculitis.

6.2 Subglottic stenosis

Patients with active disease receive aggressive treatment with prednisolone and CyP, and
tracheostomy, if needed. Rituximab may also be used in case of CyP inadequate response. In
inactive disease, intralesional costicosteroid with dilatation is generally effective
(Hernandez-Rodriguez et al. 2010).

6.3 Orbital mass
Aggressive treatment with steroids and CyP is the standard of care. Rituximab is effective in
refractory cases
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6.4 Precautions

CyP dose should be adjusted for renal function and age.

There should be vigilance for side effects of drugs used (CyP, rituximab, MTX, IVIg,
plasmapheresis). Patients should be checked for tuberculosis with chest x-rays and PPD skin
test, and patients with latent tuberculosis should receive prophylaxis with isoniazid plus
vitamin B6. Patients on IV pulse CyP, receive antiemetic drug (ondesarton) immediately
prior to and 8 hours after the CyP pulse. On the day of IV CyP pulse, patients receive oral or
IV hydration with 2-3 liters of fluid. They also receive IV 2-mercaptoethanesulfonate
(mesna) (20% of CyP dose) immediately before and at 2, 4 and 8 hours after the CyP pulse to
reduce irritation of urinary bladder. The dose of next IV CyP pulse is adjusted to keep nadir
WBC (12-14 days after the IV pulse) >3,000/pL. The rate of leucopenia, infections, and
gonadal toxicity is reduced in the IV pulse CyP compared to oral CyP regimen (De Groot et
al. 2009; Haubitz & Schellong 1998). Oral mesna is also beneficial for patients on oral CyP.
According to a recent study ever-tobacco smoking and previous episode of hemorrhagic
cystitis were strong predictors for the development of cancer in the urinary tract. Thus
patients with these characteristics need close surveillance.

All patients receiving CyP are advised to take prophylaxis against Pneumocystis jiroveci
with trimethoprime/sulphamethoxazole (800/160 mg thrice weekly). This may also prevent
relapses in patients with respiratory involvement (Zycinska et al. 2009).

Gonadal failure is a common side effect in patients treated with CyP, where the risk
increases in parallel with the increase of the cumulative dose received. No standard care
to preserve gonadal function has been proposed for patients with AAV under CyP.
Similar issues encountered in patients with systemic lupus erythematosus (SLE) have
been addressed. For women with SLE two protocols exist: administration of leuprolide
acetate with or without transdermal estrogen and depo-progesterone for contraception.
Leuprolide should be administered 10-14 days prior to each CyP infusion. In men with
SLE, administration of intramuscular monthly injections of testosterone has been
proposed. Analogous approaches should probably be established for young patients with
AAV at risk.

Patients on immunosuppression should not be vaccinated with live attenuated vaccines.
They can and should be vaccinated with dead pathogens. Patients with WG exhibit
adequate antibody (Holvast et al. 2009) and cell-mediated (Holvast ARD2010) immune
response to influenza vaccines (Holvast et al. 2010).

7. Conclusion

The treatment of ANCA-associated vasculitis (AAV) has evolved over the years from
treatment of individual members of the group i.e Wegener granulomatosis(WG), Churg-
Strauss syndrome (CSS), microscopic polyangiitis (MPA), to unified treatment. For years,
treatment of WG was corticosteroids plus oral cyclophosphamide (CyP), which was
effective but had a high frequency of severe adverse effects (Hoffman AIM1992). To reduce
the adverse effects of CyP, notably, bone marrow suppression and infections, hemorrhagic
cystitis, gonadal toxicity, and tumors, other regimens were sought. So, intense
immunosuppression with CyP is used only for induction of remission, and then remission is
maintained with drugs with fewer side effects, such as azathioprine (AZA) and
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methotrexate (MTX). In addition, the regimen for the induction of remission is
individualized according to disease severity.
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1. Introduction

Vasculitis is a disorders characterized by the presence of blood vessel inflammation. It can
appear in a wide range of forms: the inflammation can occur in association with an
underlying disease or exposure, called secondary vasculitis, or in primary vasculitis blood
inflammation occurs for unknown reasons. When this disorder strikes it can lead to blood
vessels stenosis/occlusion, causing organ ischemia, or thinning of the blood vessels that
results in the formation of aneurysm or hemorrhages. Every size of blood vessels can be
affected by the inflammatory process and the size of the vessels involved influences the
clinical manifestations. Several classification systems have been proposed but the
classification that has been unanimously adopted by the scientific community is the Chapel
Hill Nomenclature that classifies vasculitis into small, medium or large vessels vasculitis
depending on the calibre of the vessels involved. (Jennette et al, 1994) These three types of
vasculitis differ in severity, ranging from a self-limited illness to conditions that can be life-
threatening in the absence of prompt treatment. Therapy originally involved treating the
patients with glucocorticoids but subsequently, with the improvement of our knowledge
about vasculitis pathogenesis, immunosuppressive agents such as methotrexate,
azathioprine and cyclophosphamide have been introduced. These drugs have vastly
improved the previously dismal prognosis associated with many of these diseases, they are
widely used and represent the standard against which newer therapies should be compared.
Nevertheless despite this optimal standard therapy, the diseases does not got into full
remission for 20 to 30% of patients and in addition, a smaller proportion of patients develop
a more severe disease (Hiemstra & Jayne, 2009) Five years post diagnosis, 50% of patients
will relapse in spite of having undergone at least 2 years of therapy (Booth el al, 2003) and
approximately 25% will experience a refractary course manifested by incomplete disease
control or frequent relapses despite remission-manteining therapy. Moreover the toxicity
that is caused by the drugs causes severe side effects. For exaples, it has reported that during
prolonged treatment with cyclophosphamide, infection and malignancy are the most cause
of death in the first year (Bougarit el al, 2005).The toxicity of cyclophosphamide, particularly
that associated with long term and repeat use of the agent, has emerged as the principle
challenge in managing patients. To minimize the side effects, current approaches include
initial use of cyclophosphamide to induce remission followed by use of less toxic
immunosuppressive agents for mainteinance. Although this strategy has reduced the
malignancy and infection risk, they remain present. High doses of glucocorticoids can also
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contribute to severe infection. In the last 10 years important progress has been made on the
pathogenesis of vasculitis and several factors have been identified as potential therapeutic
targets. These include ANCA antibodies, whose pathogenic role in small vessel vasculitis
has been demonstrated by evidence in vivo (Halbwachs-Mecarelli, 1995; Huugen, 2007;
Kain, 2008; Little, 2005; Pfister, 2004; Xiao, 2002, 2005, 2007; Ruth, 2006) and in vitro tests
(Kallemberg, 2008; Schreiber 2003; Van Rossum. 2004; Witko-Sarsat, 1999), tumor necrosis
factor alpha (TNFa) (Huugen et al, 2005) interleukin 6 (IL-6) (Noris et al, 1999) and T and B
lymphocytes (Walsh & Jayne 2007) . Therefore, targeted therapies have been introduced in
the treatment of vasculitis, in order to decrease treatment toxicity as well the propensity to
relapse.

1.1 Role of TNF-a in the pathogenesis of vasculitis

TNF is the prototype of a gene superfamily that is important in regulating many biologic
function. Science has identified approximately 40 members of the TNF superfamily and
knowledges about their function is rapidly emerging. The identification of a TNF-a
dependent cytokine cascade in the cultures of synovium present in the joint of patients with
rheumatoid arthritis led to the discovery of the role of this cytokine in RA. The development
of anti TNF-a therapies constitute still today a major advance in the treatment of RA. There
is also evidence that TNF-a plays a role in glomerular inflammation, produced not only by
infiltrating macrophages but also by several intrinsic renal cell types. The production of TNF
has been demostrated within glomeruli in both experimental and human
glomerulonephritis including that associated with ANCA antibody (Noronha et al, 1993)
and its role in the recruitment of leukocytes to inflammatory sites in rodent model of ANCA
associated vasculitis (Feldmann & Pusey, 2006). In vitro studies suggest that the interaction
of ANCA and TNF-a primed neutrophils results in the activation of neutrophils as well as
degranulation, causing subsequent endothelial cell damage and amplification of the
inflammatory process by means of further leukocytes recruitment (Gross, 2004). Moreover,
animal models suggest that TNF-a plays a key role in granuloma formation (Noronha, 1993)
and that anti TNF-a treatment attenuates manifestations in animal MPO-ANCA- induced
glomerulonephritis (Huugen et al, 2005). TNF represented therefore a good therapeutic
target and due to the success of blocking TNF in RA, this approach was also tested on
vasculitis diseases.

Three agents directed against TNF are currently approvated for the use: Infliximab,
Etanercept and Adalimimab. Infliximab is a chimeric monoclonal antibody comprised of the
human IgGl constant region fused with the murine variable region recognized TNF.
Adalimumab has a similar structure but is fully humanized. Infliximab and Adalimumab
can bind to circulating and membrane bound TNF. Etanercept is a fusion protein composed
of 2 extracellular p75 receptors domains linked by the Fc portion of human IgG1. Infliximab
and Adalimumab can induce apoptosis in cell expressing TNF, while Etanercept does not
induced apoptosis in TNF-expressing cells.

1.2 B limphocytes in the pathogenesis of vasculitis

The primary role of B cells in the pathogenesis of several autoimmune diseases has been
demonstrated by the presence of autoantibodies in the patient’s serum. B cells are the
precursor of antibody-producing cells (plasma cells). In addition to producing ANCA these
cells can contribute to the pathogenesis of Wegener’s granulomatosis by instigating
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costimulation and antigen presentation within granulomata (Voswinkel et al, 2008). B cells
can interact on an antigen presentig cell (APC) to the T cells, secrete a variety of cytokines (
e.g. IL-6, IL-10. TNF a), function as an (auto-) antigen-presenting cell themselves and curry
out a role of regulatory cells (Pistoia, 1997; Harris, 2000; Serra, 2006). In Wegener’s
granulomatosis granulomas of the upper respiratory tract display features of lymphoid-like
tissue neoformation and are infiltrated by cluster of B lymphocytes in vicinicity to PR3 cells,
dendritic cells and plasma cells. Moreover, antigen (PR3)-driven selection within the
immunoglobulin’s heavy chain gene repertoire in different granuloma tissues are found
(Youinou, 2007) suggesting an initial selection and affinity maturation of B cells within
granuloma. B cell activating factor (BAFF) is a central cytokine in B cell development and
survival (Mackay et al, 2003) and is elevated in the serum of patients with Wegener’s
Granulamatosis (Bader, 201; Krumboltz, 2005). BAFF is secreted by activated neutrophils,
which play a central role in the pathogenesis of Wegener’s granulomatosis, (Scapini et al
2005) and in turn could drive B cell expansion and subsequent ANCA production. Therefore
B cells represent an optimal target for biological drugs. Rituximab is a chimeric monoclonal
antibody directed against the cell surface protein CD20. This antibody is comprised of the
variable regions derived from a murine anti CD-20 antibody fused to human IgG constant
regions (Grillo-Lopez et al, 2000). CD 20 is a highly specific surface antigen that is expressed
on pre-B and mature B cells but is not found on precursors or plasma cells. The Fab region
of Rituximab recognizes the four amino acid sequence on a large extra-cellular loop of the
CD 20 molecules (Gurcan et al, 2009). The binding of Rituximab to CD 20 leads to significant
depletion of peripheral B cells, inducing cell death. Although the mechanisms involved are
not fully understood.(Reff et al, 1994) the experimental evidences demonstrated al least 3
different mechanisms:

Complement-dependent cytotoxicity (CDC), involving the complement protein Clg, with
formation of pores in the cell membrane and cell lysis

Antibody dependent cellular cytotoxicity (ADCC) which leads to membrane damage and
cell lysis via the recruitment of macrophages, natural killer and cytotoxic cells

Apoptosis by the direct cross linking of CD 20 on B cell (Mease, 2008) .

Rituximab was approved by FDA to use in the treatment of low grade Not Hodgking
Lymphoma in 1997 and in 2006 for the treatment of RA. Besides RA, growing experience
with Rituximab therapy indicates that it may be effective in the treatment of other
rheumatic diseases such as Sjogren syndrome, dermatomyositis-polymiositis, systemic
lupus erythematosus and systemic vasculitis.

2. Large vessels vasculitis

2.1 Giant cells arteritis

Giant cell arteritis is a vasculitis of the large-vessel that occours excusively in patients over
50 years of age. Giant cell arteritis involves the aorta and external carotid arteries and their
branches and produces intimal hyperplasia and luminal obstruction leading to ischemic
manifestations. Visual loss can occour as a consequence of acute anterior ischemic optic
neuritis. This represent the most severe complication. The pathophysiology of giant cell
arteritis is still poorly understood but T-cells and dendritic cells play a pivotal role.
Dendritic cells activate T-cells that produce TNF-a and other proinflammatory citokines
contributing to the activation of macrophages and further recruitment of T cells and
macrophages in the inflammatory lesion (Ly et al , 2010). Moreover TNF-a is present in high
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levels inside temporal artery lesions in patients with giant cell arteritis, particularly in
corrispondences to the granulomatous areas (Hernandez-Rodriguez et al, 2004). Small case
series and case reports present evidence that infliximab could be used as a steroid sparing
agent for giant cell arteritis (Airo 2002; Andronopoulos, 2003; Cantini, 2001). A randomized,
placebo controlled, double-blind multicenter trial was conducted in 2007 to determine the
efficacy of infliximab in treating giant cell arteritis. Fourty-four patients with newly
diagnosed of giant cell arteritis were randomly assigned to receive infliximab (5 mg/kg of
body weight) or placebo in a 2:1 ratio, in addition to prednisone. Primary end points were
the number of patients who did not relapse during a 22 week period nor suffered side
effects. Secondary end points included time to first relapse, cumulative glucocorticoid dose
and the number of patients who remained relapse-free even when the steroid dosage was
tapered to 10 mg/day. Infliximab therapy did not increase the proportion of patients
without relapse (43% vs 50% respectively P = 0.65), nor did it increase the proportion of
patients whose glucocorticoid dosages were tapered to 10 mg/day without suffering a
relapse (61% vs 75% respectively P = 0.31). The incidence of infection was 71% with
infliximab and 56% with placebo (difference of 15%, 95% confidence interval (CI) 14-45%
(Hoffman et al, 2007). The authors concluded that infliximab was unlikely to be effective in
the treatment of giant cell arteritis. The data about the role that Etanercept and Adalimumab
play in treating giant cell arteritis are inconclusive: A double blind placebo controlled trial
was conducted in 2008 with Etanercept .Seventeen patients partecipated in the study. The
primary outcome was that the patients were able to stop the corticosteroid therapy and still
keep the disease under control for over one year. After 12 months 50% of the patients in the
Etanercept group and 22,2% in the placebo group were able to keep the disease under
control without corticosteroid therapy (p value not significant) (Martinez-Toboada et al,
2008). Adalimumab, a fully humanized monoclonal antibody directed against TNF, was
successfully used only in one case of giant cell arteritis refractory to steroid therapy (Ahmed
et al, 2007) . There are also two isolated reports of new-onset giant cell arteritis in patients
receiving etanercept and adalimumab associated with methotrexate for rheumatoid arthritis
(Leydet-Quilici 2007; Seton, 2004). Finally a single report has described successful in treating
giant cell arteritis with Rituximab combined with cyclophosphamide (Bhatia et al, 2005).

2.2 Takayasu'’s arteritis

Takayasu’s arteritis is an idiopathic systemic granulomatosis disease of the large and
medium-sized vessels that may lead to segmental stenosis, occlusion, dilatation and/or
aneurysm formation in the aorta and/or its main branches. Coronary and polmonary
arteries may also be affected. Takayasu’s arteritis is characterized by the formation of
granuloma on vessel walls and several proinflammatory cytokines, including TNF are
associated with the development of granuloma (Park et al, 20). It is therefore reasonable to
consider that TNF inhibition might be useful in the therapy of Takayasu’s arteritis. The first
case series were conducted by Hoffman in 2004. Fifteen patients with active relapsing
Takayasu’s arteritis were selected. Seven received etanercept, (later the medication was
changed to infliximab for 3 patients) and eight received infliximab. Ten of the 15 patients
went into complete remission that was sustained for 1 to 3.3 years without steroid therapy.
Four patients achieved partial remission with a reduction in the glucocorticoid therapy >
50%, whereas therapy failed for only 1 patient. For 9 of the 14 respondents,an increase in the
anti TNF dosage (up to 10 mg/Kg for infliximab and 50 mg 2/weekly for etanercept) was
required to sustain remission. Two relapse occurred during periods when the therapy was
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interrupted (both with etanercept) but the patients re established full remission upon re
introduction of the therapy. (Hoffman et al 2004). Since the first initial studies of the use of
antiTNF therapy in the treatment of Takayasu’s arteritis, the successful use of this therapy
has been reported by multiple investigators (Calderon, 2010; Della Rossa, 2005; Jolly, 2005;
Karageorgaki, 2007; Maffei, 2009; Tanaka, 2006; Tato, 2005) . The largest sample of studies
examined 25 patients with active relapsing Takayasu’ s arteritis treated with infliximab (21
pts) or etanercept (9 pts, later therapy was changed to infliximab for 5 pts) and followed
them for a median of 28 months. Four of the 9 patients initially treated with etanercept
enjoyed a complete remission and 2 experienced partial remission. Of the 6 patients who
achieved remission 3 relapsed. Of the 21 patients treated with infliximab (including the 5
previously treated with etanercept) 12 achieved complete remission and 6 patients went into
partial remission. Three patient discontinued infliximab; 12 of the remaining 18 patients
relapsed and required treatment with a higher dose of infliximab administered at shorter
intervals (Molloy et al, 2008). These studies suggest that anti TNF therapy may provide long
term remission for patients with refractory Takayasu’s arteritis and thus justify a
randomized controlled clinical trial. Lastly it was also reported that treatment using
Tocilizumab, a humanized anti interleukin-6-receptor antibody in a patient with refractory
Takayasu’s arteritis was successful (Nishimoto et al, 2008)

3. Medium vessel arteritis

3.1 Polyarteritis nodosa

Polyarteritis nodosa is a necrotizing vasculitis that affects small and medium-size arteries
and affects patients of all ages. Standard treatment with corticosteroids and
cyclophosphamide has drammatically improved the prognosis but medication induced
morbidity is frequent. The successful use of anti TNF therapy in treating adult and chilhood
systemic or cutaneous PAN has been reported in several papers (Al-Bishri | et al, 2005; Brik
R et al, 2007; de Kort AWK et al, 2006; Feinstein ] et al,2005; Garcia-Porrua et al, 2003; Vega
Gutierrez | et al, 2007; Wahezi DM et al, 2010; Wu K et al, 2006) The largest study sample
was conducted over three years and examined 11 young patients treated with TNF a
inhibitors, 8 with Infliximab, (2 later changed the therapy to Adalimumab and Rituximab)
and 3 patients were treated with Etanercept The dosage of Infliximab given to patients
varied from 3 to 6 mg/Kg and a dose of 0.8 mg/Kg for Etanercept. Side effects appeared in
three patients: a staphylococcus epidermidis sepsis and cerebral abscesses following Infliximab
therapy and a bowel perforation a month after starting Etanercept. There was a significant
reduction in the median daily prednisolone requirement and a reduction of ESR and PCR
(Eleftheriou D et al, 2009). Therefore, biologic therapy represents an effective treatment
option for patients with Polyarteritis nodosa-resistant vasculitis. Lastly, in 2008 a case of
cutaneous corticosteroid and immunosuppressive-resistant Polyarteritis nodosa in a 47 year
old man was successfully treated by Rituximab (Sonomoto K et al, 2008).

4. Small vessels arteritis

4.1 ANCA-associated vasculitis

The antineutrophil cytoplasmic antibody (ANCA) associated systemic vasculitis is a group
of multisystemic diseases predominantly characterized by small vessel vasculitis and the
occurrence of ANCA in most but not all cases. These diseases include Wegener’s
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granulomatosis, microscopic polyangiitis, renal-limited vasculitis and Churg-Strauss
angiitis. Despite significant progress in managing these diseases there are no satisfactory
treatment options for patients suffering either refractory or frequently relapsing disease.
These patients moreover are a high risk of cumulative toxicity from the medications. Recent
advances in biological therapy has helped to establish new options for patients that are
resistant to conventional treatment

4.1.1 Anti TNFa inhibitors

Little is know regarding the efficacy of anti TNF therapy in treating microscopic polyangiitis
and Churg-Strauss Syndrome (Arbach et al 2002, Josselin L et al 2008) A TNF blocker was
tested specifically on patients with Wegener's granulomatosis. In the Wegener’s
granulomatosis etanercept trial (WGET), a multi-center, placebo controlled trial, 180 patients
were randomized to receive adjunctive therapy with etanercept versus placebo, in addition
to standard care immunosuppression (with cyclophosphamide or methotrexate). There were
no differences in remission rates and time to remission at the end of follow-up (after 27
months) between the two groups (69.7 vs 75.3% p=0.39). In addition,there were no observed
differences in the relative risk of disease flares up between the two groups (p= 0.54). Six
solid tumors developed in patients in the etanercept group, whereas none were observed in
the placebo group (p=0.01) with a standardized incidence ratio (SIR) of 3.12 (95% CI 1.15-
6.80) (Wegener’s granulomatosis etanercept trial, 2005) Additional follow-up of 140
partecipants in the WGET showed that this increased risk of developing solid tumor
malignancies in the etanercept group persisted 3.5 years following the conclusion of the
study (SIR 4.4 p= 0.01) (Chung S & Seo, 2009). A potential explanation of these surprising
negative results might be that Etanercept is not effective in inflammatory granulomatosis
diseases. In fact, Etanercept is not effective in treating Crohn disease and sarcoidosis which
are both characterized by granulomatous inflammation (Sandborn et al, 2001). Four case
series and a prospective open-label trial have been published describing the use of
Infliximab in Wegener’s granulomatosis (Table I). Infliximab use has been reported in 51
patients with Wegener’s granulomatosis. All patients were treated with doses between 3
mg/Kg and 5 mg/Kg at a frequency of one to two monthly i.v injections. Except for 1 trial,
all the patients continued standard therapy for systemic vasculitis. The Bartolucci group
stopped all immunosuppressants (apart from steroids) when they commenced infliximab
and the drugs were reintroduced on day 42. The cohort of patient partecipating in the study
was mixed and included new cases, relapse and persistent disease cases. In the Booth's
group, patients were divided into two groups, new patients and persistent disease patients.
The patients with persistent disease who benefited from infliximab continued on the
medication for a total of one year. All others, including all patients in the new arm received
infliximab for only 10 weeks. In the other trials Infliximab was administered for three to six
month Fourty-five out of 51 patients (88.23%) experienced remission, partial or complete.
Relapse occurred in 7 patients (13.72%), 4 out of these 7 patients were still receiving anti
TNFa blocker drugs. Side effects were reported in 9 patients (17,64%): 2 patients died one
for diffuse pulmonary hemorrhage attribuited to pulmonary vasculitis and the other from
bronchopneumonia However, these two patients had MPO-ANCA related renal vasculitis
rather than Wegener’s granulomatosis. Seven patients had severe infections, 1 suffering
from Haemophilis influenzae pneumonia, 1 with recurrent Klebsiella urinary tract infections, 2
patients with recurrent St. aureus skin abscesses, 1 has an uncharacterized diarrheal illness
and 1 had Nocardia endophtalmitis requiring evisceration of the eye. All the patients also
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received prednisolone and immunosuppressive therapy (Bartolucci 2002; Booth 2002, 2004;
Josselin, 2008; Lamprecht P 2002). These studies suggest that Infliximab, in conjunction with
steroid and immunosuppressive agents, appears to be effective for inducing remission in
ANCA associated vasculitis or in the treatment of refractory forms. Careful attention must
be given concerning the increased risk of serious infection. Nevertheless the use of
Infliximab in treating vasculitis must await until corroboration from larger controlled
studies and should not be used as first line therapy, but after a review of the risk and
benefits of the therapy, considered in the treatment of refractory disease.

4.1.2 Rituximab

Use of Rituximab in treating refractory or relapsing ANCA-associated vasculitis has been
tested via case reports, case series and also prospective open-label trials, retrospective study
and open label randomized trial. In case series study of refractory/relapsing Wegener’s
granulomatosis patients, Rituximab therapy was introduced adjunct to ongoing therapy and
within a 7 to 36 month follow-up, there a complete remission. Eight case series with 110
patients were reported (87 affected by WG, 14 affected by MPA, 5 by CSS and 4 by
unclassified vasculitis). Ninety-five patients were ANCA PR3 or MPO positive (86,36%). The
Rituximab regimen varied from 375 mg/m?2 i.v weekly x 4 weeks to 500 mg i.v weekly x 4
weeks to 1000 mg i.v given each 2 or 3 weeks or 2 infusions of 750 mg/m?2 given 2 weeks or
1 infusion of 3.2 gm). Tab 1

Study type Study authors N° Rituximab regimen | Patients
patients outcomes
8 case series Omdal, 45 Mainly 375 mg/m? CR=30-100%
Gottemborg, Weekly x 4 weeks PR=10-30%
Keogh R=10-60%
Eriksson, Tamura, (6-18 months)
Brihave,
Jones
4 prospective Keogh, Aries, 38 Mainly 375 mg/m?2 CR=25-100%
open Stasi, Smith Weekly x 4 weeks PR=9-25%
label trials With or without R=10-50%
Immunosuppression | (9-24 months)
2 open label Jones, Stone 142 375 mg/m?2 weekly | CR=63-91%
randomized X 4 weeks R=3-6%
trial (median 12
months)

CR= complete remission; PR= partial remission; R= relapse
Table 1. Rituximab use in ANCA associated vasculitis

Seventy-six out 110 patients went into full remission (69.09%), 18 patients went into partial
remission (16,36%), and no response occurred for 4 patients (3,63%). Of the 76 patients who
went into full remission, 38 of these (50%) experienced relapse, not always associated with
ANCA positivity or a rise in ANCA levels. Fifty-seven serious side effects were observed
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and 1 patient died for adenoviral pneumonitis; the lung infection developed after several
immunosuppressive therapy were administered before Rituximab treatment and after the
addition of anti TNF-a drug (Adalimumab). (Brihaye, 2007; Eriksson, 2005; Gottemberg,
2005, Keogh, 2005; Jones, 2009; Omdal; 2005 Seo, 2008; Tamura, 2006). In 2006, four
prospective open-label trial were published. The treatment protocol included administering
Rituximab in doses of 375 mg/m?2 i.v. every 4 weeks x 4 doses. In two of four trials,
Rituximab was used alone without the introduction of other immunosuppressive drugs
(Keogh et al, 2006, Stasi et al, 2006). Thirty out of 39 patients went into complete remission
(76.92% of total patients), partial remission were observed in 3 of the 39 patients (7.69%) and
complete failure of treatment was measured in 6 out of 31 (15.38%). Ten patients relapsed
between 9 to 24 months and all of these were re-treated with rituximab risulting in a new
sustained response in all the patients. (Aries, 2006; Keogh, 2006; Smith, 2006; Stasi, 2006).
Circulating B-cells were monitored and it was noted that they rapidly became undetectable
after the treatment. However, in the majority of patients, B-cells gradually returned after 6 to
9 months, although some patients maintained very low levels of the cells for a long time. A
relationship between relapse and re-appearance of the B cell population has been put forth,
but clinical data shows that relapses are not always associated with the return of circulating
B cells and in turn, B-cell re-appearance is not always followed by a relapse. Finally, two
pivotal studies, whose results have been recently published in NEJM, were carried out in
order to determine the real efficacy of anti B-lymphocyte therapy compared with
cyclophosphamide in the induction phase of treatment of ANCA-associated vasculitis. Jones
et al reported on the results of a open-label, two group, parallel design, multi-center
randomized trial of Rituximab versus Cyclophosphamide treatment involving 44 patients
affected by ANCA-associated renal vasculitis. (RITUXIVAS). Patients who were randomly
assigned to the Rituximab group also received at least two doses of intravenous
cyclophosphamide at a dose of 15 mg per kilogram along with the first and the third
Rituximab infusion and not receive azathioprine to maintain remission. Patients in the
control group received a validated regimen of intravenous cyclophosphamide for 3 to 6
months followed by azathioprine. Sustained remission was achieved in 25 of 33 patients in
the Rituximab group (76%) and 9 of 11 patients in the control group (82%). Six patients in
the rituximab group and 1 patient in the control group died within the first 12 months.
Three patients did not achieve a sustained remission. The median time it took for remission
of symtoms was 90 days in the rituximab group and 94 days in the control group (P= 0.87).
A total of 31 severe side effects occurred in 14 of the 33 patients in the Rituximab group
(42%) and 12 severe side effects occurred in 4 of the 11 patients in the control group (36%).
Incidence rates for severe side effects were 1.00 per patient-year in the Rituximab group
(95% CI. 069 to 1.44) and 1.10 per patient-year in the control group (95% CI, 0.61 to 1.99
P=0.77). The frequency of infections was 36% in the Rituximab group and 27% in the control
group (Jones et al, 2010). A second multi-center randomized, duoble blind trial of Rituximab
treatment compared with cyclophosphamide was reported by Stone (RAVE). One hundred
and ninety-seven ANCA-positive patients with Wegener's granulomatosis or
micropolyangiitis were enrolled in the study. Patients assigned to the Rituximab group did
not receive any cyclophosphamide treatment while patients in the control group received
oral cyclophosphamide (2 mg per Kilogram of body weight adjusted for renal insufficiency).
When they went into remission, usually between 3 to 6 months later, they were eligible to
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switch from cyclophosphamide to azathioprine (2 mg per Kilogram per day). Sixty-three of
the 99 patients in the Rituximab group (64%) and 52 the 98 patients in the control group
(53%) achieved remission and stopped steroid therapy (P=0.09). Among patients with
relapsing disease at baseline Rituximab was more efficacious than cyclophosphamide
(respectively 67% and 42% achieved remission). Fourteen patients in the Rituximab group
(14%) and 17 in the control group (17%) had side effects that lead to a discontinuation of the
treatment. Two patients in the control group and 1 patient in the Rituximab group died.
During the first 6 months of the trial, a malignant tumor was diagnosed in one patient in
each group; but after 6 months 5 malignant tumour developed in the patients, four in the
Rituximab group and one receiving cyclophosphamide treatment (Stone et al, 2010).
Therefore similar conclusion are reached in the two studies. Both trial showed that
rituximab was effective in inducing remission but unfortunately the rate of side effects was
the same for the Rituximab and cyclophosphamide groups (RAVE trial). Similarly in the
RITUXIVAS study, 6 of the 33 patients in the Rituximab group died as well as 2 of 11
patients in the control group. Moreover the RAVE trial also demonstrated an un-expected
elevated number of malignant tumour appearing over a relatively short treatment period.
Therefore Rituximab might be considered as an option for first-line therapy and the
induction of remission of ANCA-associated vasculitis. It is still unclear if anti-B-cell therapy
might alter the immunopathogenetic process, permitting the discontinuation or reduction of
therapy (steroids and immunosuppressants) to maintain remission

5. Cryoglobulinemic vasculitis

Cryoglobulins are cold-precipitable monoclonal or polyclonal immunoglobulins that can
occur in conjunction with a variety of other diseases, including plasmacell or lymphoid
neoplasms, chronic infection and inflammatory disease. Three subtypes of crioglobulins can
be identified using immunochemical analysi. Type I crioglobulins are single monoclonal
immunoglobulins (most commonly monoclonal IgM) ad are almost exclusively associated
with malignant hematologic disorder. Type 2 cryoglobulins consist of polyclonal IgG with
monoclonal IgM with rheumatoid factor activity.Type 3 are polyclonal IgG and polyclonal
IgM with rheumatoid factor activity. Since the discovery of the hepatitis C virus (HCV) it
has been demonstrated that the majority of cases of cryoglobulinemia are related to HCV
infection (Cacoub & Saadoun, 2008). In mixed cryoglobulin HCV- related vasculitis, a
combined therapy of interferon-alpha (IFN-a) and ribavirin provide the best opportunity for
improvement but long term resolution of symptoms is limited to patients who have a
sustained virologic response (Saadoun et al, 2008). In addition, the therapy is often not
tolerated or controindicated. Plasmapheresis is not applicable for long term management
and immunosuppressant agents (Cyclophosphamide, Azathioprine, Methotrexate) have
been used but, mostly type 2 cryoglobulinemia vasculitis treated with Rituximab. No
randomized controlled trials have been carried out. Nine uncontrolled studies with patients
samples ranging from 5 to 23 patients have been reported while the other patients came
from case reports (Bryce,2006; Cavallo, 2009; Quartuccio, 2006; Roccatello, 2008; Saadoum,
2008; Sansonno, 2003; Sene, 2009; Terrier, 2010; Visenti, 2007; Zaja, 2003). In most of the
studies, Rituximab was administered at the dose of 375 mg/m?2 weekly for 4 weeks,
sometimes followed by two extra infusion at 1 and 2 months, but also in higher amounts
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(two 1,000 mg-Rituximab infusion at days 1 and 15) and a lower dose (250 mg/m?2at days 1
and 8). As reported by Sen, the higher dose seems to be correlated with a higher risk of side
effects. Three patients developed severe systemic reactions after the first infusion of 1,000
mg. Two patients developed a typical serum sickness syndrome with accompanying fever,
arthralgia, purpura and increased of serum parameters of inflammation 7 and 9 days after
the infusion. The final outcome was a spontaneous resolution in one patient and the other
developed cardiac and kidney problems that required steroid treatment. In vitro
immunochemical assays showed that Rituximab formed a complex with the
cryoprecipitating IgMx that had rheumatoid factor activity and the in vitro addition of
Rituximab to serum containig rheumatoid factor-positive IgMx tipe II mixed cryoglobulin
was associated with visibly accelerated cryoprecipitation. The author suggested that
Rituximab should be administrated with caution in patients with cryoglobulinemic type II
vasculitis with high levels of cryoglobulins and low C4 levels and that the 375 mg protocol
is preferred (Sene, 2009). The most reported clinical manifestation of vasculitis is neuropathy
and skin involvement. A complete remission from symtoms was seen in 87 patients (53%); a
total of 31 (18.90%) had partially responded to treatment and 20 (12.19%) did not respond to
treatment at all. A significant reduction in levels of rheumatoid factor, cryoglobulins and
IgM was reported after Rituximab therapy. Overall, 38 (23.17%) out of 164 patients treated
with Rituximab reported side effects. In addition to serum sickness and severe flares of
vasculitis, the other side effects reported included a thrombosis of the retinal artery, the
development of cold agglutinin disease and serious infectious complications. After the
treatment with Rituximab, death was reported in 9 cases, 3 from liver carcinoma, one patient
died of cirrhosis, one had a vasculitis relapse, one died of multiple organ failure due to cold
agglutinin disease, another patient died from Cryptococcus neoformans menigoencephalitis,
one patient died of septic shock after an intestinal perforation and the last died of an
unknown cause. Skin manifestations and arthralgias frequently responded well to treatment
with Rituximab, whereas symptoms of neuropathy and renal involvement were more
resistant to treatment. Clinical relapse occurred in 20% to 50% of the patients, 12 to 14
months following the Rituximab administration. Most of the patients responded well to a
2nd course of the drug therapy (Terrier et al, 2010). As demonstrated by Saadoun in a
prospective cohort study of 38 patients who received a combination of Rituximab (375
mg/m?2) once a week for 1 month, followed by Peg-IFN-a (180 ng/week or 1.5
pg/Kg/week) plus ribavirin (600-1200 mg) daily, as compared with 55 patients treated by
Peg-IFN-a/ribavirin with the same modalities the combination of Rituximab plus Peg-
interferon-a/ribavirin seems to be more effective than Peg-IFN/ribavirin in treating HCV-
associated cryoglobulinemic vasculitis. Out of the entire patients population, a complete
clinical response was achieved in 73.1% of patients, cryoglobulin clearance in 52.7% of
patients and a sustained virologic response in 59.1% of patients. Compared with Peg-IFN-
a/ribavirin Rituximab plus Peg-IFN-a/ribavirin-treated patients had a shorter clinical
response time, better renal response rates and a higher rates of cryoglobulin clearance.
Seventeen patients (18.3%) experienced relapse, including 10 patients treated with Peg-IFN-
a/ribavirin and 7 with Rituximab with Peg-IFN-a/ribavirin. Treatment was well tolerated
with 11% of patients (distribuited equally bertween the two group) discontinuing therapy
and no worsenig of HCV RNA under Rituximab was observed (Saadoun, et al, 2010) Finally
the efficacy of Rituximab therapy in treating 19 patients with HCV-associated mixed
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cryoglobulinemi and severe liver disease was reported. Fifteen of 19 patients had liver
cirrhosis with ascitic decompensation in 6 cases. Rituximab was administered at a dose of
375 mg/m2 body surface area once a week over a 1 month period. A complete relief from
the symptoms of mixed cryoglobulinemia (purpura, arthralgia, leg ulcers, paresthesias) was
observed in 12 patients and partial relief in 7 patients. Complete cryocrit negativization was
observed in 9 patients, a cryocrit decrease greater than 50% was evaluated in 2 patients, and
in 3 patients there was a decrease of cryocrit between 25% and 50%, whereas in 5 patients no
consistent cryocrit reduction was shown. An improvement of hepatic function and an
impressive reduction in the degree of ascites in patients with liver cirrhosis was observed in
most patients with advances disease. A transient increase of viremia was also observed
(Petrarca et al, 2010) As a single agent, Rituximab seems to be a safe and effective therapy
for treating patients with cryoglobulinemic vasculitis. However it is not a curative
treatment. The combination therapy with Peg-IFN-a/ribavirin seems to be more effective
than Peg-IFN-a/ribavirin since this combination synergizes the immunologic effect of
antiviral therapy.

6. Behget disease

Behget disease is a multisystemic chronic-relapsing inflammatory disorders classified
among the vasculitis that presents clinical features of mucocutaneous lesions and ocular,
vascular, articular, gastrointestinal, urogenital, pulmonary and neurologic involvement.
Some evidences suggests that TNF-a plays a critical role in the pathogenesis of the disease.
In seven open label, prospective self controlled studies patients with ocular manifestations
that were unresponsive to standard immunosuppressive treatment were given infliximab
i.v. infusion. Infliximab was given alone or in addition to the previous treatment (mostly
prednisone, azathioprine and cyclosporin) at a dose of 5 mg/Kg. Time of treatment varied: a
single infusion (Skikakis et al, 2004) , 2 infusions (Al- Rayes et al, 2008), at time 0, 2 and 4
and then every 6-8 weeks (Tognon, et al, 2007) at time 0, 2, 6, 10 weeks (Ohno et al, 2004), 0,
2, 6, 14 weeks (Tugal-Tutkun et al 2005) , 0, 2, and 6 weeks and monthly for ad additional 4-6
months and every 8 weeks thereafter (El-Asrar 2005; Accorinti, 2007) The follow-up period
was from 1 month to 36 months. Complete remission of uveitis was achieved in 59 out of 78
patients (75.64%). Adalimumab it also reported to be an effective drug alternative that
improved visual acuity in a case series of 11 male patients (Bawazeer & Raffa, 2010).In
addition to the aforementioned studies, many small case series and case reports suggest that
patients with mucocutaneous lesions, gastrointestinal symptoms and arthritis exhibit a
rapid and sustained responses to infliximab therapy (Sfikakis et al, 2007). Recently a case
series of 6 patients with intestinal involvement was reported by Naganuma. All patient were
steroid-dependent and refractory to immunosuppressants. The drug infusion schedule was
5 mg/kg body weight at 0,2 and 6 weeks and every 8 weeks thereafter. Four patients went
into remission and all of the aforementioned mantained this state for up to 3 years. Two
patients with ileal ulceration required surgery. Infliximab has also been utilized to treat
parenchymal central nervous system involvement.with a favorably outcome (Pipitone et al,
2008). The first controlled study of anti TNF-a treatment was conducted with etanercept. In
a double-blind, placebo-controlled study of 40 male patients, the authors reported that
etanercept, administered at a dose of 25 mg twice a week for 4 week is effective in
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suppressing oral ulcers and nodular and papulopustular lesions. No differences was
observed in regards to pathergy test, genital ulcers and arthritis (Melikoglu et al, 2005). A
recent position paper concluded that infliximab is recommended as first line treatment
option for patients with bilateral posterior uveitis or with unilateral involvement with visual
acuity < 0.2 because the fast onset of response is critical in preventing fixed retinal lesions
and permanent visual loss. In patients with SNC, intestinal, mucocutaneous manifestations
or arthritis infliximab can be used as an add-on therapy for severe manifestations or
refractory illness or used in treating patients that are intolerant to traditional
immunosuppressive regimens (Sfikakis et al, 2007) Tab 2

Subset TNF inhibitors type Efficacy

Posterior segment Infliximab 5 mg/Kg +

Intraocular inflammation Etanercept 25 mg x 2 weekly +
Adalimumab 40 mg every 2 weeks +

Mucocutaneous

manifestations Infliximab 3 or 5 mg/Kg +

- Oral ulcers Etanercept 25 mg x 2 weeky +
Infliximab 3 or 5 mg/Kg +

- Genital ulcers Etanercept 25 mg x 2 weekly -

-Nodular lesions or Infliximab 3 or 5 mg/Kg +

psudofollicolitis Etanercept 25 mg x 2 weekly +

- Skin pathergy Etanercept 25 mg x 2 weekly -

Arthritis Infliximab 3 or 5 mg/Kg +
Etanercept 25 mg x 2 weekly +/-

Intestinal inflammation Infliximab 5 mg/Kg

Parenchimal CNS Infliximab 5 mg/Kg

involvement

Major vessel involvement Not enough data

Table 2. Anti TNF agents in Behget disease

7. Conclusion

The advent of biologic drug therapy to treat systemic vasculitis is the beginning of a new era
in which highly toxic immunosuppressive therapy may be replaced by a more sophisticated
and targeted approach. However, data from the national arthritis registries demonstrate a
higher risk of opportunistic infections in patients treated with these biologic drugs.
Moreover, we don’t have experiences with the long term consequences of these agents,
particularly about the increased risk of malignancy in patients affected by vasculitis. Given
the rarity of these diseases, international collaboration will be crucial in defining the future
role of these agents in the treatment of vasculitis..
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1. Introduction

Systemic vasculitides are multisystem disorders with an autoimmune basis leading to blood
vessel inflammation. Vasculitis present a wide spectrum, being classified regarding different
aspects on pathogenesis, histopathology or laboratory findings. The most common used
classification considers size of the vessel predominantly affected, established at Chapel Hill
Consensus Conference (Jennete et al, 1994): large-sized vessels (giant-cell arteritis,
Takayasu’s arteritis), medium-sized vessels (polyarteritis nodosa, Kawasaki’s disease) and
small-sized vessels (Wegener granulomatosis, microscopic polyangiitis, Churg-Strauss
syndrome, cryoglobulinemia, Henoch-Schonlein purpura, and cutaneous leukocytoclastic
angiitis). Behget's disease affects small and large vessels of the arterial and venous systems.
Systemic vasculitis predominantly associated with the presence of serum anti-neutrophil
cytoplasmic antibodies (ANCA) are known as ANCA-associated vasculitis, in spite of about
10-20% of this vasculitis present with classical clinical picture but ANCA negative.

Systemic vasculitis are rare diseases with wide and heterogenic range of manifestations, so
leading prospective controlled clinical trials in pathogenesis and management of these
diseases is difficult. Despite these limitations, first descriptions about vasculitis in mid-20th
century ascertained that some forms of vasculitis are severe and potentially fatal in a short-
term period (weeks-months) with no treatment. These are mainly Wegener disease and
microscopic polyangiits with critical organ involvement (kidney, lung, gastrointestinal
system or central nervous system), but they are not the only ones. Introduction of
glucocorticoids and, later, immunosuppressive agents (cyclophosphamide, methotrexate,
azathioprine, etc.) contributed to achieve remission of these diseases and prevent further
organ damage, former potentially fatal.

But nowadays many questions are still unsolved. In ANCA-associated vasculitis, high rate
of remission (about 80-90% patients) is followed by an unacceptable rate of relapses, which
is especially important in Wegener granulomatosis, reaching up to 50% of patients within 2
years after the diagnosis (Hoffman et al, 1992), with further morbidity and mortality.
Another concern is about cytotoxic regimens for induction of remission on these diseases:
although current schemes are less toxic, severe infections and bone marrow toxicity still are
major problems, so serious adverse events and mortality in early stages are not related to
disease activity, but to therapy in a significant proportion of cases (Little MA et al, 2010).

In last decade, the advent of target-defined drugs, known as biological agents, became a
substantial advance for the management of several diseases in different medical areas, as
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Fig. 1. Common biological agents and their targets on immune system cells and molecules.
APC: antigen-presenting cell; GM-CSF: granulocyte-monocyte colonial stimulating factor;
TNF: tumour necrosis factor; IL: interleukin. [Figure by Enrique Sillero MD].
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rheumatology, nephrology, haematology, oncology, dermatology or digestive medicine.
They are immunological agents, monoclonal antibodies or recombinant soluble receptors,
designed against simple targets on serum (for example, tumor necrosis factor-o, interleukin-
1 or interleukin-6) or cell surface (for example, CD20, CD3 or epidermical growing factor
receptor) (Figure 1). In autoimmune disorders, biological agents proved to be highly
effective in rheumatoid arthritis, inflammatory bowel disease, psoriasis or autoimmune
haemolytic anaemia, also in refractory forms. As any other agents, biological therapies carry
some adverse events, as increased risk of infections, hypersensitivity or infusion-related
reactions and skin disorders. An increased risk of further malignancies is not clear. But
overall benefit-risk ratio is very high.

In systemic vasculitis, the introduction of biological therapy in last decade has provided the
hope of a more targeted treatment with greater efficacy, fewer side effects and longer-lasting
remissions. They may also be a promising solution for refractory cases. In this chapter, the
current evidence about the use of biological agents in systemic vasculitis will be reviewed.

2. ANCA-associated vasculitis

2.1 Introduction

Wegener’s granulomatosis, Churg-Strauss syndrome and microscopic polyangiitis are types
of systemic vasculitis associated to the presence of detectable serum anti-neutrophil
cytoplasmic antibodies (ANCA). Less than 10% of cases of polyarteritis nodosa show
positive ANCA. As previously described, ANCA vasculitis are severe conditions with a fatal
outcome with no treatment. Former high mortality rates became lower after the introduction
of an intensive management with immunosuppressive agents as cyclophosphamide. Despite
this improvement, unacceptable rates of relapses and drug-related adverse events made the
search of more effective and more safety agents highly desirable, and biological agents have
been used and tested with this purpose. Their results will be discussed in this section.

2.2 TNF blockade

Anti-tumour necrosis factor (TNF) agents have been widely used in ANCA-associated
vasculitis. TNFa is a prominent cytokine involved in the formation of granuloma in
infectious and inflammatory diseases, and many other evidence support TNF blockade in
ANCA-associated vasculitis: TNF gene expression and cytokine production by lymphocytes
is increased in patients with Wegener (Deguchi et al, 1990; Ludviksson et al, 1998); TNF
soluble receptor levels seemed to correlate with disease activity (Nassonov at al, 1997) and
TNF-positive cells predominate in inflammatory infiltrates found in renal biopsies from
patients with ANCA vasculitis (Noronha I et al, 1993).

Uncontrolled studies where anti-TNF drugs were used in patients with refractory ANCA
vasculitis showed promising results in efficacy and safety. Chimeric monoclonal antibody
infliximab was tried in six patients with refractory Wegener granulomatosis - one persistent
and five relapsing diseases - in a preliminary study (Lamprecht et al, 2002). In different
dosage (3mg/kg in 2 patients and 5 mg/kg in 4 patients), the addition of infliximab to
standard therapy achieved remission in five out six patients, being discontinued in the
remaining one due to a non-confirmed infection. In another study (Booth et al, 2004), an
open-labelled multicenter non-controlled trial, infliximab was associated with a high rate of
remission (88% patients in about 6 weeks) in 28 patients with Wegener granulomatosis and
microscopic polyangiitis. Disease activity scores, inflammatory markers and prednisolone
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doses were significantly reduced all throughout the study. These promising data with
infliximab carried on some queries: discontinuation of the drug followed by high rate of
relapses in a short period - about 20%patients in 16 months of follow-up; there were no
control group; patients presented a significant rate of severe adverse events, with 2 deaths, 6
severe infections and one malignancy. The pattern of organ involvement and detected
microorganism were consistent with recognized events in other infliximab-treated
disorders.

In an exploratory study (Stone et al, 2001), fusion protein etanercept - a combination of p75
soluble TNFa receptor and Fc portion of human IgG1 - were added to standard therapy for
patients with refractory Wegener granulomatosis, persistently active or relapsing forms.
Twenty patients received etanercept 25mg subcutaneous twice a week for 6 months. The
study endpoint was safety and there was no control group. After 6 months of follow up, the
most common adverse event was related to injection site reactions, and no serious adverse
events were detected. Though no study endpoint, good results were noted in efficacy; the
authors found a reduction in disease activity, even remissions in 80% of patients, with
reductions in prednisolone doses.

These promising results in safety and efficacy led to further randomized controlled trial
(WGET Research Group, 2005). In this multicenter, randomized, double-blind, placebo-
controlled trial, 181 patients with active Wegener disease - not other forms of ANCA
vasculitis were included - were randomized to receive etanercept 25mg subcutaneously
twice a week or placebo, along with standard therapy, in order to evaluate the maintenance
of remission. Surprisingly, no significant differences were found in the rate of sustained
remission - 69% patients in etanercept group versus 75% patients in control group - and
results did not depend on severity or duration of the disease. But the most astonishing
finding was related to safety: both groups presented a similar rate of severe adverse events;
in etanercept group, however, 6 malignancies were detected, with none in placebo group. It
is a standardised incidence rate over 300% compared to expected rate in this group
matching per age and sex. It is noteworthy that relapsing disease, what means more
previous exposure to immunosuppressive agents, was higher in etanercept group.

Recently, fully humanised TNFo monoclonal antibody adalimumab has been tested in
ANCA-associated vasculitis (Laurino et al, 2010). An open-label, prospective uncontrolled
trial was underwent to study adalimumab (40mg subcutaneously every 2 weeks) as an
adjuvant to standard therapy in flares of Wegener granulomatosis and microscopic
polyangiits. Results were comparable to infliximab: a high rate of remission followed by
frequent relapses (6 out 14 patients in less than 2 years after remission) and 2 cases of severe
infections, one fatal.

Data about TNFa. blockade in other forms of necrotising systemic vasculitis are scarce.
Churg-Strauss syndrome is often mild and controlled with glucocorticoids. But data suggest
that small portion of patients will present a severe disease requiring intensive treatment.
Anti-TNF agents might be an effective option for these patients (Arbach et al, 2002).
Currently very rare after widespread hepatitis B vaccination, polyarteritis nodosa is a
systemic necrotising vasculitis affecting medium-sized vessels and seldom associated to
ANCA (less than 10% of cases). A case of refractory and severe polyarteritis nodosa
successfully treated with infliximab has been reported (Al-Bishri et al, 2005).

In summary, huge evidence about TNFa blockade in ANCA-associated vasculitis is lacking.
High rates of remission in refractory cases were found, especially in uncontrolled studies;
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but high rate of relapses after discontinuation and intolerable severe adverse events
(especially infections and increased risk of malignancies - found with etanercept) make anti-
TNF agents not formally recommended for the management of ANCA-associated vasculitis.

2.3 B-cell targeted therapies

B-lymphocytes are one of the cornerstone cells in immune system, with pleiotropic effects:
antibody production, antigen presentation, cytokine secretion or T-lymphocytes regulation.
As previously mentioned, systemic necrotising vasculitis are largely related to ANCA
autoantibodies against neutrophil proteins, mainly proteinase-3 and myeloperoxidase. B-
lymphocytes are responsible of ANCA production, and plasma activated B-cell titre is
related to disease activity (Popa et al, 1999). So B-cells are a logical target for the
management of ANCA-associated vasculitis.

Rituximab is a chimeric monoclonal antibody against CD20; CD20 is a surface marker found
almost exclusively in B-lymphocytes (immature and mature cells), except of plasma cells.
Rituximab is an effective agent for B-cell non-Hodgkin lymphoma and several autoimmune
disorders, as rheumatoid arthritis. Several case reports and small series found rituximab as a
potential agent for patients with refractory ANCA vasculitis (Specs et al, 2001; Omdal et al,
2005; Stasi et al, 2006; Tektonidou & Skopouli, 2006; Tamura et al, 2007; Ferraro et al, 2008;
Sanchez-Cano et al, 2008; Seo et al, 2008). Encouraged by previous reports, a prospective
open-label pilot trial with rituximab in refractory Wegener granulomatosis was underwent
(Keogh et al, 2006). In this trial, ten patients with refractory disease - three with persistent
and seven with relapsing disease - were treated with rituximab 4 weekly infusions of
375mg/m?, along with glucocorticoids. All of these patients achieved complete remission in
less than 5 months after last infusion, and 9 out ten continued with remission at the end of
the study (12months); only one patient relapsed, at 9 months. In this trial, clinical response
appeared to be related to successful B-cell depletion. Another trial (Jones et al, 2009), larger
(65 patient) but retrospective, supported this results: rituximab induced remission in 75% of
patients with relapsing or persistent ANCA-associated vasculitis, in this case also including
microscopic polyangiitis and Churg-Strauss syndrome. Relapse occurred in 57% of patients,
but subsequent courses also achieved remission.

These very promising data from uncontrolled studies warranted confirmation in
randomised controlled trials. Two were recently published. RITUXVAS trial (Jones et al,
2010) was a non-inferiority open-label trial about rituximab as an induction of remission
agent in ANCA-associated vasculitis with renal involvement, compared to standard regime
(cyclophosphamide and steroids). Patients in treatment group received rituximab using
lymphoma scheme (375mg/m2 weekly 4 weeks) along with cyclophosphamide (15mg/kg 2
i.v. pulses with the first and third rituximab infusions) and glucocorticoids. Patients with
new Wegener disease, microscopic polyangiitis and renal-limited vasculitis were enrolled
and randomised to each group in a 3:1 ratio. No differences in sustained remission were
found between both groups (76% in rituximab group versus 82% in control group, p=0.68),
time to remission was similar (about 90 days) and safety data was comparable. Fifteen
percent of patients in rituximab group and 10% patients in control group relapsed after 12
months of follow-up. Stone et al (2010) conducted the RAVE trial, a double-blind,
randomised control trial where rituximab was tested as non-inferior to cyclophosphamide
for induction of remission in ANCA-associated vasculitis. Investigators recruited patients
with active disease, newly diagnosed or relapsed. In this trial, rituximab (lymphoma
scheme) plus placebo was compared to daily oral cyclophosphamide plus placebo.
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Remission rate was similar in both groups - 64% rituximab versus 53% control - being
noteworthy that was lower than usual remission rates, about 80-90% (Hoffman et al, 1992).
In relapsing subgroup rituximab was superior to cyclophosphamide; a possible explanation
might be that patients with relapsing disease were initially treated with cyclophosphamide
and are less likely to respond to new cyclophosphamide rather than those with new-onset
disease. Relapses were low and did not differ between groups. Safety data was again
comparable, with more leukopenia in cyclophosphamide group.

If B-cell repopulation or ANCA levels should guide further courses of rituximab in order to
prevent relapse is still to be determined. In trial by Keogh et al (2006), B-cells depleted in all
patients after rituximab, and further ANCA levels augments (previously decreased in all
patients) coincided or followed B-cell reconstitution; in this trial only one patient relapsed,
preceded by B-cell repopulation and ANCA increase. But this association was not found in
other studies (Jones et al, 2009).

Churg-Strauss syndrome was seldom included in above studies, but successful outcome in
refractory cases using rituximab has been reported as well (Kaushik et al, 2006; Koukoulaki
et al, 2006; Pepper et al, 2008]. We found no data about rituximab in polyangiitis nodosa.

In summary, B-cells are a very promising target as a part of the management of ANCA-
associated vasculitis. Presented data support the use of rituximab as an induction of
remission agent, especially in persistent or relapsing disease. Due to randomised controlled
trial results, rituximab should be even consider as a first-line agent, though is not licensed
for this employ. One grey area of ANCA-associated vasculitis remains unanswered with
rituximab: while successful results in remission have been reported, patients still present an
unacceptable rate of relapses. RITUXVAS and RAVE trials did not explore rituximab as a
maintenance agent, and follow-up was too short (12 and 6 months respectively) to assess it.
Further studies are warranted and desirable.

2.4 T-cell targeted therapies

Along with B cells, autoreactive T lymphocytes have a major role in pathogenesis of ANCA-
associated vasculitis (Popa et al, 2002). So T-cell depletion might have a role in the
management of these conditions. Alemtuzumab (CAMPATH-1H) is a humanised
monoclonal antibody against CD52, present in T lymphocytes and macrophages, leading to
T cell depletion. Tested in other immune disorders - like rheumatoid arthritis, multiple
sclerosis or renal transplantation - alemtuzumab was used in refractory cases of ANCA-
associated vasculitis, especially Wegener disease. Walsh et al (2008) reported long-term
results of 71 patients with refractory or relapsing disease treated with alemtuzumab. Use of
alemtuzumab achieved high remission rates (85% of patients) but high relapsing rate as well
(60%), and patients developed an unacceptable rate of severe adverse events, in particular
infections. Infections are probably due to deep immune suppression by alemtuzumab, but it
is noteworthy that several patients had other risk factors for severe infections: 23% showed
undetectable CD4+ cells before alemtuzumab probably related to prior intensive
immunosuppressive agents, 8% were hemodyalisis-dependent and 18% presented a life-
threatening disease requiring intensive unit care. Data with anti-thymocyte globulin, which
also leads to lymphocyte depletion, is quite similar (Lukas & Keller, 1998; Hagen et al, 1995].
No further controlled trials have been undertaken.

CTLA-4 (CD152) is a surface molecule on activated T-cell membrane. CTLA-4 binds B7.1
(CD80) and B7.2 (CD86) from antigen-presenting cells, leading to T-cell co-stimulation.
CTLA-4 has a role on immune regulation, mainly switching from Th2 to Thl-response
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pattern. This effect is antagonist to CD28. Predominantly Thl response was found in
granulomatous inflammation (Csernok et al, 1999), CTLA-4 expression is increased in
patients with active disease (Steiner et al, 2001) and associations with some CTLA-4
polymorphysms were found (Huang et al, 2000; Giscombe et al, 2002; Zhou et al, 2004], all in
Wegener granulomatosis. In this context, CTLA-4-Ig abatacept might be a potential agent in
the management of ANCA-associated vasculitis. No case reports or series have been
published, but results from an ongoing trial, ABAVAS (www.clinicaltrials.gov), are awaited.

2.5 Other biological agents

We found no other reports about other biologics in ANCA-associated vasculitis.
Recombinant interleukin-6 receptor tocilizumab might have a role, so as interleukin-6 levels
are increased in these disorders and correlated to disease activity (Nakahama et al, 1993).
Conversely, no differences in interleukin-1 levels were found between patients with active
ANCA vasculitis, convalescent vasculitis and healthy controls [Nogueira E et al, 2010],
making anakinra and other IL-1 antagonists unlikely to be effective.

3. Large vessel vasculitides

The primary large vessel vasculitides, Takayasu’s arteritis (TA) and giant cell arteritis
(GCA), are chronic inflammatory diseases of the large elastic arteries characterised by
systemic inflammation and critical ischemia. GCA primarily affects temporal arteries and
other extracranial branches, while in TA the aorta and its proximal branches are usually
involved. TA predominates in young adults, but patients with GCA are usually older.
Though these differences, some authors suggested that both entities might be two poles of
the spectrum within the same disease (Maksimowicz-McKinnon et al, 2009). Glucocorticoids
continue being the mainstay of initial therapy, but long-term use is associated with a great
amount of adverse side effects. Both conditions can follow a chronic relapsing course,
requiring long-term therapy. In addition, most patients that initially respond to
glucocorticoids flare on dose reduction or discontinuation. In the Cleveland cohort
(Maksimowicz-McKinnon et al., 2007), only 20% of patients persisted on remission with <10
mg prednisolone for 6 months. It is therefore common the need of an additional
immunosuppressive agent to induce or maintain remission in large cohorts (Kerr et al., 1994;
Vanoli et al., 2005; Park et al., 2005).

Granulomatous inflammation is one of the key histopathological features of large vessel
vasculitides. Taking into account the role of tumour necrosis factor-alpha (TNFa) in the
formation and maintenance of the granuloma, it could be expected that anti-TNF therapies
may be beneficial in refractory forms of large vessel vasculitides. TNFa is a pro-
inflammatory cytokine produced primarily by cells from monocyte-macrophage lineage. Its
biologic effects include adhesion molecule expression, synthesis of chemokines and other
pro-inflammatory cytokines, activation of immune system cells (T-cells, B-cells and
macrophages), and inhibition of regulatory T-cells (Chung & Seo, 2009). TNFa can be found
in both cell membrane-bound and soluble forms. At this time, five agents directed against
TNFa are approved for use in rheumatoid arthritis and other inflammatory arthropathies:
infliximab, etanercept, adalimumab, certolizumab and golimumab.

3.1 Takayasu's arteritis
TA primarily involves the aorta and its primary branches. The inflammatory process cause
wall thickening on the affected arteries. Although experience with anti-TNF agents in
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difficult-to-treat cases of TA is limited, multiple investigators have reported successful
results.

Hoffman and associates published the first long-term study of anti-TNF therapy in TA in
2004 (Hoffmann et al., 2004). In this open-label trial, 15 patients with refractory forms of TA
were enrolled. Thirteen of them had high doses requirements of glucocorticoids to maintain
remission and relapsed while treated with conventional and experimental therapy; and 2 of
them refused re-treatment with glucocorticoids following relapses (2 of the 15 patients).
Anti-TNF agents were used, seven patients received etanercept (ETN) (25 mg twice weekly)
and eight received infliximab (IFX) (from 3 to 5 mg/kg initially, and at two weeks, six
weeks, and every four to eight weeks thereafter). Previous treatments included
methotrexate, cyclophosphamide, mycophenolate, cyclosporin and tacrolimus. Rapid
improvement was noted in 14 out 15 patients, within 2-8 weeks. Sustained remission,
lasting 1 - 3.3 years, was achieved in 10 patients (75%) who were able to discontinue
glucocorticoids. Four patients (27%) partially responded and were able to reduce the steroid
dose by at least 50%. At 12 months, most patients required no steroids. One patient did not
respond to IFX. Nine of the 14 patients with an initial response to 3 mg/kg of IFX required
dose escalation to maintain disease control. Two relapses occurred with interruption of
therapy, but disease control was regained when treatment was restarted.

Molloy et al (2008) reported the largest case series to date in the literature, a retrospective
study examining 25 patients with active, relapsing TA. Patients were treated with IFX (n=21)
or ETN (n=9) and followed for a median of 28 months. Of the nine patients initially treated
with ETN, four underwent complete remission and two experienced partial remission. Two
of the four patients in complete remission switched to IFX, one due to unavailability of ETN
(and subsequently had a sustained remission) and the other due to a major disease flare at
67 months, but relapsed after two IFX infusions and treatment was subsequently stopped.
Of the six patients in remission, three had disease relapses: two of them regained disease
control with an increase in dose of ETN to 50 mg twice weekly, and the other one also
required addition of prednisolone. Three patients who did not respond to ETN were
switched to IFX and achieved complete remission. Of the 21 patients treated with IFX
(including the five previously treated with ETN), 12 achieved complete remission and six
achieved partial remission. Three patients discontinued IFX; 12 of the remaining 18 patients
relapsed and required treatment with higher doses of IFX administered at shorter intervals.
Median stable IFX dose was 5 mg/kg (range 4-10 mg/kg), administered at a median
interval of 6 weekly (range 4-8 weekly). Of the nine patients that either permanently or
temporarily discontinued IFX, eight had a disease flare at a median interval of 5 months
(range 2-12); two of these patients restarted IFX treatment and again achieved remission.
Other small series have reported a similar rapid response to IFX, with dose escalation
frequently needed to maintain remission (Karageorgaki et al., 2007; Tanaka et al., 2006; Jolly
& Curran, 2005; Della Rossa et al., 2005). Also, a further case of refractory TA entered
remission with adalimumab when infliximab was discontinued after a lupus-like reaction
(Tato et al., 2005). Current data may suggest that the use of IFX compared with etanercept or
adalimumab is recommendable, but one should note that doses frequently had to be
escalated above the baseline 3 mg/kg dose to achieve remission.

In summary, the positive results from these case series and case reports of the use of anti-
TNF agents for refractory TA are encouraging, but an adequately powered, randomized
controlled trial is needed to ascertain their role.
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3.2 Giant-cell arteritis

Giant-cell arteritis (GCA), also known as temporal arteritis, is an immune-mediated chronic
disease characterized by granulomatous infiltrates in the wall of medium and large-sized
arteries. Vessel wall inflammation leads to luminal occlusion and tissue ischemia. Patients
with GCA complain of persistent unilateral headache, jaw claudication, visual disturbances,
malaise and weight loss (Seo & Stone, 2004). As well as TA, GCA is characterized by
granulomatous inflammation, so TNFa inhibition would appear to be an appropriate
treatment approach.

Some small case series pointed that IFX might be useful as a steroid-sparing agent for GCA
(Cantini et al, 2001; Andonopoulos et al, 2003; Airo et al, 2002). Based on these results, a
randomized, multicenter trial of IFX versus placebo was conducted, but surprisingly failed
to show efficacy (Hoffman et al, 2007). Forty-four patients newly diagnosed with GCA were
randomly assigned in a 2:1 (IFX 5 mg/kg: placebo) ratio to receive infusions at weeks 0, 2,
and 6, and every 8 weeks thereafter, after prednisone-induced remission. Primary outcomes
were the number of relapse/recurrence free patients through week 22 and adverse events,
while secondary outcomes included time to first relapse, number of relapse-free patients
when prednisone was tapered to 10 mg day, and cumulative prednisone dose. Sixteen
patients were assigned to prednisone plus placebo, and 28 to prednisone plus IFX. At 22
weeks, the proportion of patients without relapse was similar between the IFX and placebo
groups (43 versus 50% respectively, P=0.65). In addition, IFX did not increase the proportion
of patients whose prednisone dose could be tapered to 10 mg/d without relapse (61% for
IFX versus 75% for placebo, P=0.31). There was a trend for more infections in the IFX (71%)
than in the placebo (56%) group. Consequently, the trial was stopped early. The
investigators concluded that the addition of IFX to glucocorticoids neither improve the
durability of remissions nor reduce cumulative glucocorticoids requirements in GCA. This
data suggests that, similarly to what has been reported in PMR (Salvarani et al., 2007), TNFa
inhibition is effective to some extent in long-standing, refractory GCA, but not (or only
marginally) effective in new-onset GCA. The results of these studies led the European
Vasculitis Study (EUVAS) group to not recommend the use of infliximab in GCA as an
adjuvant therapy to glucocorticoids (Mukhtyar et al, 2009).

The first randomized trial showed etanercept as a useful steroid-sparing agent in refractory
GCA (Martinez-Taboada et al, 2008). Fifteen patients with biopsy-proven GCA, in remission
with a stable dose of prednisone (median 15 mg daily) were included. Prednisone was
tapered according to a predefined schedule allowing for dose adjustments in case of flares.
Placebo or etanercept 25 mg were given subcutaneously twice weekly for 12 months
followed by a 3-month observation period. Patients in the etanercept group discontinued
more easily prednisone (although the difference did not reach significance) and the
cumulative dose after 12 months of treatment was significantly lower. The number and
severity of adverse events was similar in both groups. The results of this study thus appear
to support the concept that TNF blockade with etanercept has a clinically relevant effect in
suppressing disease activity in refractory GCA (Salvarani et al, 2008). It should be
mentioned however that treatment arm only contained eight patients.

Interleukin-6 blockade with tocilizumab (a humanized anti-interleukin-6 receptor
monoclonal antibody) seems to be a promising target for future randomized controlled
trials; current reported uses are limited (Seitz et al, 2011). Other possible therapeutic agents
include abatacept, a recombinant fusion protein that modulates CD28-mediated T-cell co-
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stimulation, and rituximab, a B-cell depleting antibody. The last has been used in one
patient with GCA, with resolution of arteritis at 4.5 months (Bhatia et al, 2005). However,
this patient subsequently developed pneumonia that required mechanical ventilation.

4. Behget’s disease

4.1 Introduction

Behget’s disease is a chronic multisystemic vasculitis affecting small and large arterial and
venous branches (Yazici et al, 2010). The condition presents a distinctive geographical
pattern, with higher incidence rates in Turkey, other Mediterranean countries and Middle
and Far East countries, following the ancient “silk route” until Japan. On the other hand, it is
rare in Northern Europe and United States. Genetic and environmental factors have been
proposed as responsible for this unique distribution, but not fully explaining those
differences (Verity et al, 1999). HLA-B51 is the strongest genetic association, but only
explains 20% of disease heritability and Japanese patients with Behget’s disease do not share
this association. An environmental trigger might play a role on the onset of the disease; this
is suggested by the fact that the incidence rate of Behget’s disease in Turkish people living in
Germany is considerably lower compared to those living in Turkey (Zouboulis et al, 1997).
Though mucocutaneous features are the most frequent clinical involvement in Behget's
disease, some patients suffers from severe eye involvement (chronic posterior uveitis),
arterial aneurisms and central nervous system disease, leading to significant morbidity and
mortality. Male and young patients often have a more severe disease. Management is
mainly symptomatic and empiric. Drugs commonly used are topical and systemic
glucocorticoids, colchicine, azathioprine or thalidomide. Severe cases may require
cyclosporin, cyclophosphamide and high doses of glucocorticoids. Functional visual loss
due to Behget’s disease uveitis is seen in 10-15% of patients. Mortality of pulmonary artery
aneurisms is about 50%. Central nervous system is associated to 30% rate of mortality
(Saadoun et al, 2010). So despite the usual schemes of management, there is ongoing
morbidity and mortality in patients with Behcet’s disease. Further more effective and less
harmful agents are awaited, and biological agents might be this desired option; efficacy and
safety data will be reviewed in this section.

4.2 TNF blockade

Tumour necrosis factor (TNF) inhibitors are the most widely used biological agents in
Behget’s disease. Beside clinical, there are experimental data supporting this use: First,
Behget’s disease was found to be mediated by cytokines derived from Th1 lymphocytes,
including TNF (Gul, 2001). Second, patients with active disease showed an increased TNF
expression (Yamashita et al, 1997; Mege et al, 1993). And third, TNF levels, both in sera and
in aqueous humour, are increased in Behget's disease (Evereklioglu et al, 2002;
Chronopoulou et al, 2001).

Anti-TNF agents have been essentially tried in patients with refractory features of the
disease. Case reports and retrospective case series were the initial data, but later prospective
controlled studies have been reported. Generally, anti-TNF agents are recommended for
patients with active disease which is refractory to conventional treatments (Sfikakis et al,
2007). But evidence level is not equal for each Behget’s feature, so we will separately review
the most common or troublesome manifestations of the disease, regarding data about
efficacy and safety of the anti-TNF agents.
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4.2.1 Mucocutaneous and joint disease

The mainstay manifestation of Behget’s disease is the recurrent oral ulceration. It is the usual
onset feature, is present in virtually all patients and is the required criteria for the diagnosis
of the disease (International Study Group for Behget's Disease, 1990). Other skin
manifestations are genital ulcers (scrotum, major and minor labia), papulo-pustular acne-
like lesions, subcutaneous nodules in lower limbs (remedying those of erythema nodosum),
skin ulcers, pyoderma gangrenosum or palpable purpura. Oral and genital ulcers are
typically mildly painful and completely heal after 1-3 weeks, but larger ones can leave a
scar. The management usually includes topical glucorticoids, colchicine or thalidomide.
Patients with Behget’s disease often present with arthritis, typically simetrical or asimetrical
non-erosive oligoarthitis. Commonly affects to knees, wrists, ankles or elbows. Sometimes
arthritis develops in a monoarticular or polyarticular pattern. Erosive arthritis is rare and
later studies have found no association with axial involvement.

Skin and joint involvement is often mild and easily controlled. But these features might be
very distressing with a significant physical and psychological burden. Occasionally some
patients present with a persistent and severe condition, refractory to conventional
treatments. There are some reports about using anti-TNF drugs in this small group of
patients. In 2001, first case reports were published. Goossens et al reported a patient with
mouth, anous, praeputium and left foot ulcers, refractory to conventional treatment, who
achieved a sustained remission after two infusions of infliximab 10mg/kg. A 65 year-old
woman, with history of 10 years of persistent orogenital ulcers despite several treatments
(glucocorticoids, colchicine, thalidomide, azathioprine, cyclosporin and dapsone),
successfully responded to infliximab (5mg/kg) three infusions (0, 2 and 6 weeks) (Robertson
& Hickling, 2001). Others cases of refractory Behget’s skin involvement controlled with anti-
TNF have been reported (Haugeberg et al, 2004; Almoznino & Ben-Chetrit, 2007).

In 2005, a double-blind, placebo-controlled trial evaluating etanercept in Behget’s disease
was published (Melikoglu et al, 2005). The aim of the authors was to evaluate the effect of
etanercept in pathergy and monosodium urate (MSU) reactions, and in minor Behget’s
features (patients with severe manifestations were excluded). Pathergy reaction consists in
the development of a papule or pustule 48 hours after an intradermal needle prick. MSU
reaction is the persistence of erythema 48 hours after an intradermal inoculation of MSU
crystals. Both reactions demonstrate skin hypersensitivity and are high specific for Behget’s
disease (Gilhar et al, 1989). Enrolled patients randomised to receive etanercept (25mg twice
a week) or placebo. After 4 weeks of treatment and 3 months of follow-up, patients in
etanercept showed lower rates of oral ulcers, subcutaneous nodules and papulo-pustular
lesions, but differences disappeared after discontinuation of the drug. Inflammatory
markers also decreased. Genital ulcers and arthritis showed no benefits with etanercept.
Interestingly, no effect on pathergy and MSU reaction was found. Treatment was safe and
well-tolerated, with no significant adverse events. Despite some bias (small size, short-term
follow-up, etc.), this was the first and successful controlled study with anti-TNF drugs in
Behget's disease, focused on its skin and joint manifestations.

4.2.2 Eye disease

More than 50% of patients with Behget’s disease will present with eye involvement (Yacici et
al, 2010). This may occur at every point on the course of the disease, but in male and
younger patients tends to develop in first 3 years after diagnosis, leading to a worse
prognosis. Behcet’s eye disease is a chronic, relapsing bilateral non-granulomatous
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panuveitis, affecting both anterior and posterior poles of the ocular globe. Retinal occlusive
vasculitis is often seen; conjunctivitis is rare. The disease runs with recurrent severe attacks,
followed by spontaneous remissions. Though not associated to mortality, uveitis is one of
the leading causes of morbidity in Behcet's disease. About 20-30 years ago the rate of
blindness due to uveitis was higher than 75% of patients. Fortunately, better schemes of
management and higher level of awareness made this outcome decrease, but still 10-15% of
patients will develop functional visual loss (Kural-Seyahi et al, 2003). Loss of sight is due to
permanent damage of intraocular structures by recurrent inflammatory attacks, atrophy of
the optic nerve, secondary glaucoma or cataracts.

The management of patients with Behget's eye disease should achieve rapid resolution of
intraocular inflammation, prevent further attacks and preserve vision. Rapid control of
inflammation is highly imperative in acute posterior uveitis (anterior pole inflammation
usually is not severe and is well controlled with topical treatment). Glucocorticoids,
azathioprine and cyclosporin are generally used, even in combination for refractory cases.
However, despite these drugs, some patients will persist with recurrent flares leading to
visual loss. In this subgroup of patients, monoclonal anti-TNF agent infliximab showed
promising results in single reports and case series. In five patients with recurrent panuveitis,
a single infusion of infliximab achieved a rapid remission in 24 hours and complete
resolution in following 7 days (Sfikakis et al, 2001). Mufioz-Fernandez et al (2001) reported a
successful outcome with infliximab 5mg/kg on a patient with sight-threatening panuveitis:
inflammatory signs resolved and visual acuity significantly improved after three infusions.
Another patient with severe neuroretinitis, oral and genital ulcers, arthritis, erythema
nodosum and superficial thrombophlebitis, was treated with infliximab 5mg/kg at 0, 2, 4
and 8 weeks scheme. All symptoms significantly improved after first infusion, achieving
remission with the second one (Triolo et al, 2002).

In 2005, a prospective evaluation of infliximab in Behget’s uveitis was published (Tugal-
Tutkun et al, 2005). Thirteen male patients with recurrent posterior uveitis refractory to
combination of cyclosporin, azathioprine and prednisolone were enrolled. Cyclosporin was
discontinued. The authors used infliximab at 5mg/kg dose, administered at weeks 0, 2, 6
and 14 weeks. During the infusion period, lower incidence of eye flares were noted
compared to pre-enrolment period, achieving 4 of them (30.8%) remission. No extraocular
features of the disease occurred during this period and prednisolone dose reduced.
Interestingly, the effect of infliximab got lost in the observation period (between weeks 23
and 54): there was no significant difference with the previous-treatment, and only 1 patient
remained attack-free. Safety profile was acceptable, with no severe events. Since then, other
prospective uncontrolled trials have been reported. Tognon et al (2007) tried infliximab in 7
patients with sight-threating uveitis refractory to several immunosuppressive agents, with
excellent results: intensity and number of relapses decreased, and visual acuity improved in
30% of eyes while in the rest remained stable. Extraocular manifestation controlled as well.
No safety problems were noted. Niccoli et al (2007) assessed the efficacy of infliximab
5mg/kg (9 infusions) plus prednisolone 1mg/kg over a long-term follow-up (24 months) in
12 consecutive patients with refractory posterior uveitis. A rapid response was noted after
first infusion. At 12 months, 75% of the patients achieved a complete remission with no
relapses detected, and at 24 months 78% of them still remained in remission. Treatment was
well tolerated with no significant adverse events.

There are no prospective controlled trials evaluating infliximab in Behget’s uveitis. But two
reports retrospectively evaluated infliximab against conventional immunosuppressive
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therapy (Tabbara & Al-Hemidan, 2008; Yamada et al, 2010). Both studies showed excellent
results in the group of patients treated with infliximab, with significantly lower number of
acute flares. Visual acuity improved in both groups, but only in the study by Tabbara
median values were significantly higher with infliximab. It is noteworthy that more severe
adverse events were noted in patients treated with conventional agents. An arguable bias
for these studies is that treatment groups are not comparable - patients treated with
infliximab present a more aggressive uveitis, refractory to high immunosuppression; but the
fact that infliximab succeed, even better than previous agents, is an encouraging data.
Infliximab is nowadays recommended for acute flares of posterior uveitis with significant
reduction of visual acuity; when remission is achieved, infliximab may be switched to
immunosuppressive drugs, as cyclosporin or azathioprine, with low-dose oral
glucocorticoids (Sfikakis et al, 2007). As known from rheumatoid arthritis, long-term use of
infliximab may lead to the development of resistances (Ito el al, 2010), as it is a chimeric, not
fully humanised monoclonal antibody.

Evidence of efficacy with etanercept in Behget's eye disease is lacking - there are scant
reports and, as previously commented, in controlled trial by Melikoglu (2005) patients with
active eye disease were not enrolled - so this drug cannot be recommended. Adalimumab
seems to be effective in refractory Behget’s uveitis, but data only come from case reports and
retrospective series (Mushtaq et al, 2007; Bawazeer & Raffa, 2010; Takase K et al, 2011), so
further research is needed.

4.2.3 Gastrointestinal disease

Gastrointestinal involvement is one of the most frequent features in patients with Behget’s
disease from Japan, Taiwan and Northern Europe - ranges from 30% to 50% - while the
frequency in Turkey and Western Asia is low - about 5% (Ebert, 2009; Yacizi et al, 2010).
Beside mouth ulcers, Behget's disease predominantly affects small and large bowel,
especially around ileocecal region. Esophageal, gastric or rectal involvement is rare. Type of
intestinal involvement depends on subjacent vasculitis: small vessel vasculitis leads to
mucosal inflammation and aphthous ulcers, meanwhile large vessel vasculitis associates
with ischemia and infarction. Abdominal pain is the most common complaint; others are
bloody stools, persistent diarrhoea or unexplained weight loss. The disease is often mild, but
some patients complicates with perforation, mesenteric ischemia or major gastrointestinal
bleeding. Gastrointestinal involvement typically associates with cutaneous papulo-pustular
lesions and pyoderma gangrenosum.

As well as other Behget's features, intestinal disease runs in an unpredictable course with
flares and remissions. Recurrences after treatment are frequent, even after surgery,
especially on the anastomotic site (Ha HK et al, 1998). In two case series from France
(Saadoun et al, 2010) and Turkey (Kural-Seyahi et al, 2003) no patients died due to intestinal
involvement, but in French series pancreatitis was the cause of death in one patient. Behget’s
bowel disease management is similar to other features of the condition, where
glucocorticoids and colchicine for mild disease and azathioprine or cyclosporin for severe
disease are commonly used. Thalidomide and mesalazine could act as glucocorticoids-dose
sparing agents. Anti-TNF agents have been used, but data mainly come from case reports
(Hassard et al, 2001). Iwata et al (2009) tried infliximab in 10 patients with active entero-
Behget's disease refractory to conventional immunosuppressive agents or with
contraindications against its use. All patients showed a rapid improvement in the intestinal
manifestations, achieving remission 5 out 10 patients at 6 months, and 9 out 10 at 12 months.
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Extraintestinal features of the disease improved as well and no severe adverse events were
detected. Infliximab was used at dosage of 3mg/kg, but one patient required an increase to
5mg/kg due to a suspected recurrence. In another case series (Naganuma et al, 2008) 6
patients with fulminant intestinal disease were treated with infliximab with successful
outcome, getting 5 of the six patients on remission. Despite limitation by lacking of
controlled trials, current evidence supports the use of infliximab in refractory, severe cases
of Behget's intestinal disease. There is no data about etanercept or adalimumab, so formal
recommendations cannot be done.

4.2.4 Central nervous system disease

Neurological involvement in Behget's disease widely ranges between series, from 1.3% to
59%, with an average of about 10% of patients (Al-Araji & Kidd, 2009), usually developing a
few years after the diagnosis of the disease. Men have two-three times higher risk of
development compared to women. The condition specifically affects to central nervous
system (CNS); peripheral involvement is uncertain. Though infrequent, it is often included
in differential diagnosis in demyelinating and inflammatory CNS disorders. CNS-Behget’s
disease presents with two different forms, rarely both in a same patient. First, parenchymal
CNS disease is a subacute meningoencephalitis mainly located to brainstem, basal ganglia,
thalamus and white matter. Hemispheres, spinal cord and other parts of CNS might be
affected as well, but more common as a diffuse rather than focal involvement. And second,
vessels, especially veins, are affected in non-parenchymal CNS-Behget's disease, leading to
cranial venous thrombosis and intracranial hypertension. Strokes due to arterial
involvement are seldom seen. Patients complain of nonspecific symptoms (headache,
malaise, fatigue, fever, etc.) and signs and symptoms derived from the area of CNS affected.
A silent form has been described in asymptomatic patients but with detectable signs on the
neurological examination.

Neuro-Behget’s disease is one of the most serious causes of morbidity and mortality in
Behget’s. In spite of around a third of patients will present single episodes, another third will
suffer further relapses and the other third a persistent, progressive involvement with
aggravating neurological function (Akman-Demir et al, 1999). And how rapid the treatment
is initiated probably will influence in further prognosis. Prospective controlled trials in
Neuro-Behget’s disease are lacking, so treatment schemes are largely empirical. Intravenous
methylprednisolone, followed by tapering prednisolone, is the first line agent after
diagnosis. Initiation of an immunosuppressive agent (i.e. azathioprine, methotrexate or
mycophenolate mofetil) depends on severity, previous episodes and response to
glucocorticoids.

As well as in other less common Behget’s features, no adequate controlled studies have
evaluated the role of anti-TNF agents in neuro-Behget’s. But results from case series are very
promising. Pipitone et al (2008) retrospectively reviewed 8 patients with parenchymal
neuro-Behget’s disease treated with infliximab. Dosage of 5 mg/kg was used in all patients,
and adjunct drugs varied. Neurological involvement was refractory to immunosuppressive
agents or developed while this treatment was being used due to other features of the
disease. All 8 patients successfully responded to treatment, with rapid and marked
improvement of symptoms. In one patient infliximab lost his efficacy after 5 years, with
recurrence of symptoms, but improved again after initiating etanercept. No safety problems
were reported. Other series (Kikuchi et al, 2008) also showed good results with infliximab
5mg/kg in 5 patients with progressive neuro-Behget’s disease refractory to glucocorticoids
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and methotrexate. Infliximab was added to former treatment scheme. Interestingly, the
authors found marked reduction of interleukin-6 levels on cerebrospinal fluid after initiating
the drug, meanwhile TNFa levels remained unchanged. One patient developed a suspected
Pneumocystis jiroveci pneumonia during the treatment, responding to cotrimoxazole. In
summary, further controlled trials are highly desirable, but we consider that anti-TNF
agents should be tried in cases with refractory neurological Behget’s disease.

4.2.5 Vascular disease

Vascular involvement in Behget’s disease affects venous and arterial systems, both with an
inflammatory basis (Yacizi et al, 2010). Approximately, one third of patients will present
venous thrombosis on deep or superficial systems, typically on their lower limbs.
Interestingly, pulmonary embolisms are very rare. Venous thrombosis can develop in other
body locations, as suprahepatic veins - leading to Budd-Chiari syndrome (Seyahi et al, 2007)
- or intracranial venous sinuses, as previously commented. Arterial involvement is lees
frequent (<5%), but associated with poorer outcomes. Inflammatory pseudoaneurisms form
in abdominal aorta, carotid, femoral or pulmonary arteries. If left untreated, mortality of
pulmonary artery aneurisms is about 50% (Hamuryudan et al, 1994). Due to the
inflammatory basis and the very low rate of embolism, not anticoagulation but
immunosuppression is the mainstay of the management of Behget's vascular disease,
though controlled studies are lacking. Glucocorticoids and azathioprine or methotrexate
may be used for venous thrombosis, but arterial involvement requires high-dose
endovenous methylprednisolone and cyclophosphamide. The experience with anti-TNF
agents lies on reported cases of refractory, life-threatening vascular involvement (Lee et al,
2010; Baki et al, 2006), with successful outcomes. No increased risk of atherosclerosis has
been found in Behget's disease.

4.3 Other biological agents

Rituximab, a chimeric monoclonal antibody against CD20 surface marker of B-cells, is
widely used in other systemic autoimmune disorders, as rheumatoid arthritis, systemic
lupus erythematosus or ANCA-associated vasculitis. Rituximab has been used in Behget’s
disease as well. In 2008, Sadreddini et al communicated a patient with a severe retinal
vasculitis refractory to azathioprine who developed hypersensitivity to etanercept. In this
patient, rituximab (1gr, 2 infusions 2 weeks apart) improved the inflammatory signs and
visual acuity in 6 weeks after the infusion. Recently, a pilot study evaluating rituximab in
Behget's eye disease has been published (Davatchi et al, 2010). Twenty patients with Behget’s
uveitis and partial or absent response to cytotoxic agents were enrolled and randomised to
receive rituximab (1gr, 2 infusions 2 weeks apart, plus weekly methotrexate and oral
prednisolone) or an aggressive cytotoxic regime with cyclophosphamide, azathioprine and
oral prednisolone. The author used the change in Total Adjusted Disease Activity Index
(TADALI), a combination of different parameters of eye examination, as an outcome measure.
TADAI and every single measure improved in both groups, but the difference between
groups was no significant. Serious adverse events were detected in rituximab group -
pneumonia in one patient and a severe infusion reaction in another. Though rituximab was
as effective as cytotoxic schemes in Behget’s uveitis, further studies are needed.

As well as TNFa, interleukin—-1p and other pro-inflammatory cytokines levels are elevated
in sera of patients with active Behget's disease (Duzgun et al, 2005). Furthermore, an increase
in interleukin-1 receptor antagonist, one of the natural immunomodulating molecules of this
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cytokine, has been reported after controlling the disease (Benezra et al, 1997). In our search,
we found an only report about using interleukin-1B antagonist anakinra in patients with
Behget's disease: Botsios et al [2008] communicated an excellent response to anakinra in a 75
year-old woman whose disease was previously refractory to several immunosuppressive
agents and partially responded to infliximab. Further studies are clearly needed to establish
formal recommendations.

The anti-interleukin 2 receptor CD25 monoclonal antibody daclizumab was tested in a
prospective placebo-controlled trial in Behget’s uveitis (Buggage et al, 2007). Patients in both
groups continued to receive their previous immunosuppressive agents, and endovenous
infusions of daclizumab 1mg/kg or placebo was added every two weeks for six weeks (4-
dose induction), then once every four weeks for a minimum of 24 months following
randomization. Ocular attacks continued to happen in both groups, but rate was even
higher in patients on daclizumab arm. No safety problems were reported. Daclizumab is not
recommended for the management of Behget's disease.

Auto-reactive T lymphocytes may have a role in pathogenesis of Behcet's disease, explaining
the successful response to calcineurin inhibitors (as cyclosporin) seen in this disease. In 2003,
a series with patients with Behget's disease treated with the anti-CD52 humanised
monoclonal antibody alemtuzumab (CAMPATH-1H) was published (Lockwood et al, 2003).
Patients with different active disease features were enrolled, being thirteen of them
refractory to immunosuppressive agents. After a course of 5 daily infusions of alemtuzumab
(total 134mg), eight patients achieved complete remission and seven patients showed a
partial remission after 3 months of follow-up. Seven patients required further
immunosuppressive agents to control the disease. No serious adverse events were detected.
No controlled group was used in this study, but T-cells might be a new promising target for
the management of Behget's disease.

5. Mixed cryoglobulinemic vasculitis

Mixed cryoglobulinemic vasculitis (MC) is a small-vessel vasculitis characterised by the
proliferation of B-cell clones producing pathogenic IgM with rheumatoid factor activity.
More than 80% of MC vasculitis cases are attributable to hepatitis C viral (HCV) infection.
Patients whose manifestations are not controlled by standard therapy, could be candidates
for new biological therapy.

Rituximab is a chimeric murine/human anti-CD20 monoclonal antibody that binds to the B
cell surface antigen CD20, resulting in selective depletion of peripheral B cells which can last
for 6 months or longer. In order to analyse the efficacy and tolerance of rituximab treatment
in patients with MC vasculitis, Cacoub et al performed a systematic review (Cacoub et al.,
2008), which founded 13 manuscripts that reported on a total number of 57 cases of MC
secondary to hepatitis C virus (HCV) infection (43 patients, 75.4%) or essential mixed
cryoglobulinemia (14 patients, 24.6%). There were two large uncontrolled series of 20
(Sansonno et al, 2003) and 15 (Zaja et al, 2003) patients, and two smaller series of 6
(Roccatello et al, 2004) and 5 (Quartuccio et al, 2006) patients. All other publications reported
either single or two case reports. Most patients (48 out of 57) received four weekly
consecutive intravenous infusions of 375 mg/m?2 of rituximab for either unresponsiveness
or intolerance to previous treatments (n=52). The duration of follow-up after rituximab
therapy was 9.7 months. Partial or complete remissions were observed in 80% of patients
with skin involvement, 79% of patients with arthralgias, 93% of patients with neuropathy,
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and 83%of patients with glomerulonephritis. A relapse of MC was noted in 14 out of 36
(39%) patients after a mean of 6.7 months; eight of these patients went into complete
remission after a second course of rituximab. A relatively small number of side effects were
reported. The authors concluded that rituximab therapy for patients with MC vasculitis,
either HCV induced or essential, shows a great efficacy on the main vasculitis signs in the
majority of reported patients. A relapse of cryoglobulinemia vasculitis was frequently noted.
About 30% of MC patients undergo active disease despite treatment with rituximab or
antiviral therapy alone. So the combination of rituximab with Peg-IFNa-ribavirin appears
logical. The long-term follow-up of a cohort of patients with HCV-related vasculitis treated
with rituximab with or without PEGylated interferon alfa-2b (PEG-IFN alfa-2b) plus
ribavirin has been reported (Terrier et al., 2009). Patients received rituximab 375 mg/m?2 and
40mg of intravenous methylprednisolone weekly for 4 weeks, followed by 1 year of therapy
with PEG-IEN alfa-2b and ribavirin. The study group comprised 32 HCV RNA-positive
patients with HCV-related vasculitis: 20 patients were treated with rituximab plus PEG-IFN
alfa-2b and 12 antiviral-intolerant patients were treated with rituximab alone. Of the 20
patients with combined-treatment, 9 had not previously received antiviral treatment, while
11 were resistant to or had relapsed after combination antiviral therapy: all of them were
previously enrolled in a 16-patient study (Saadoun et al, 2008), the 5 remaining patients in
that study died - 1 patient - or were lost to follow-up - four patients. Complete remission
was achieved in 80% of patients with combined-treatment, and partial remission in 15% of
cases. A complete or partial immunologic response was observed in 67 and 33% of patients,
respectively. The 12 patients who received rituximab alone because of intolerance of
antiviral treatments experience complete or partial clinical response in 58 and 9% of patients
respectively. Relapses were recorded in 22% of patients after a mean follow-up period of
23412 months and these relapses were associated with loss of virologic control in all patients
and with B cell recovery in 78% of cases.
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1. Introduction

Vasculitis is defined as chronic blood vessel inflammation confirmed by histologic evidence.
The typical course of the disease may lead to blood vessel stenosis/occlusion causing organ
ischemia, or to thinning of the blood vessel which results in aneurysm formation or
hemorrhage. Although in 1994 the American College of Rheumatology introduced
morphological and histopathological classification criteria for the most common forms of
vasculitides at the Chapel Hill Consensus Conference (CHCC) (Jennette et al., 1994),
vasculitides are generally divided into two main categories. Primary vasculitides represent
the first group, are the entities of unknown cause in which blood vessel inflammation is the
pathologic basis of tissue injury. Secondary vasculitides constitute the second,
heterogeneous and much bigger group, in which inflammatory process occurs in association
with an underlying disease or exposure.

The pathophysiology of the vasculitides is based on immunologic mechanisms. These
mechanisms appear to play an active role in mediating the inflammatory response, but
precise mechanisms still remain poorly understood. Although the primary events that
initiate this process remain largely unknown, recent investigations have brought us closer to
understanding some of the critical pathways involved in disease and provided a rationale
for the study of novel therapeutic agents (Langford, 2010).

Intravenous immunoglobulin (IVIG) represents one of the novel alternative choices for the
treatment as the standard regimen and IVIG has now become an important option in a
number of clinical indications beyond primary immunodeficiency, including vasculitides.

2. Mechanisms of action

When Burton in 1951 for the first time published experience with the use of
immunoglobulins in the replacement therapy for patients with primary immunodeficiencies
and later other authors for secondary immunodeficiencies, no one would have expected that
it could lead to the contemporary wide use of IVIG. Immunoglobulins can be applied in
several immunomodulatory and anti-inflammatory indications as well. However, the exact
mechanisms of action are only tentative. Some pathogenetic aspects have been already
described, but during last fifteen years of intensive research new perspectives in
understanding immunologic mechanisms of IVIG effects were introduced.

Basic immunomodulatory mechanisms of IVIG in autoimmune and inflammatory diseases
could be devided into two groups. The first group involves mechanisms of humoral
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immunity and the second one involves mechanisms of cell-mediated immunity. Both groups
interdependently involve modulation of expression and function of Fc receptors,
interference with complement activation and the cytokine network, provision of
antiidiotypic antibodies, modulation of dendritic cells, T and B-cell activation and
differentiation and their effector functions (Negi et al., 2007).

Intravenous immunoglobulins are prepared from pooled normal polyspecific human IgG
obtained from large numbers of healthy donors. IVIG thus contains the wide spectrum of
natural antibodies that far exceeds spectrum present in individual subjects. Essential roles of
natural antibodies in healthy subject are: first line defense against infection, clearance of
aging cells, antigen presentation to T-cells, anti-tumoral surveillance, anti-inflammatory
activity and selection of immune repertoires and homeostasis of autoreactivity (Lacroix-
Desmazes et al., 1998).

2.1 Natural antibodies in IVIG

Immunomodulatory effect of IVIG is probably dependent on the content of natural
antibodies in treatment preparations because it is hypothesized that the presence of natural
antibodies in healthy subjects control autoreactivity and maintain immune homeostasis.
IVIG preparations contain sampling from the entire array of variable regions of antibodies,
so they play an important role in selection of autoreactive B-cells and prevent uncontrolled
expansion of specific autoreactive clones in disease. In addition, natural antibodies may play
a role in prevention of the occurrence of pathological autoimmune reactions by binding to
microbial epitopes that are similar or identical to self antigens (Cohen & Cooke, 1986).
Superantigens trigger the activation of autoreactive cells. IVIG contain anti-antibodies which
could eliminate superantigens such as toxic shock syndrome toxin 1 and Staphylococcal
enterotoxins. These superantigens are generally considered to be the triggers of exacerbation
in Wegener’s granulomatosis (WG) (Stegeman et al., 1994, Boros et al., 2005).

2.2 Effect on Fc receptor modulation and anti-inflammatory activity

In order to prevent intracellular degradation of immunoglobulins in normal conditions Fc-
receptor (FcRn) binds the molecule IgG inside the lysosome. During IVIG treatment
oversaturation of normal molecules result in the accelerated catabolism of IgG and therefore
reduce the level of pathogenic autoantibodies. In addition such IgG saturation leads to
downregulation of FcRn in lysosomes and amplifies the effect of such treatment (Yu &
Lennon, 1999). This hypothesis was supported in an experimental model, where in FcRn
knockout mice, IVIG did not increase the clearance of antibodies, while in the wild type
animals it did (Hansen & Balthasar, 2002). Analogous to normal circulating
immunoglobulins intravenous immunoglobulins have also anti-inflammatory properties
which modulate systemic inflammation during various inflammatory pathologies. Kaneko
et al., (2006) showed that distinct properties of the Fc segment of IgG result from differential
sialylation of the Fc core polysaccharide. IgG acquires anti-inflammatory properties upon Fc
sialylation, which is reduced upon the induction of an antigen-specific immune response.

2.3 Immunomodulatory role of antiidiotypic antibodies

IVIG contains anti-idiotypes which are capable to neutralize pathogenic autoantibodies as
described in antiphospholipid syndrome (Sherer et al, 2000) and idiopathic
trombocytopenic purpura (Hoffmann et al., 2000). Interaction between antiidiotypes (Fab



Intravenous Immunoglobulin Therapy in Primary Vasculitides 151

binding site) from IVIG and idiotype receptors on B-cells is probably responsible for the
regulatory effect on autoreactive B-cell clones in patients with autoimmune and
inflammatory disorders. Leucht et al., (2001) showed selective (VH gene origin) B-cell
activation after IVIG treatment on patient with Kawasaki disease (KD). Sequence analysis
has revealed that the most frequently used germ-line gene segments of all IVIG-bound Fabs
were identical to those observed for many other autoantibodies and also represent the most
frequently rearranged VH genes among human B-cells. It suggests that anti-idiotypic
interactions may have an important role for the development and the control of the B-cell
repertoire (Sibéril et al., 2007).

2.4 Dendritic cells as a target of immunomodulatory effect

Defective functions of dendritic cells have also been attributed for predisposition in
vasculitis pathology. Bayary et al. (2006) have shown that dendritic cells are influenced by
IVIG at therapeutic concentrations (25 - 35 mg/ml) in terms of modulation of
differentiation, maturation and function of dendritic cells. They observed that IVIG
abrogates secretion of IL-12, downregulates the capacity of mature and immature dendritic
cells to express costimulatory molecules (CD80, CD86, CD40) which results in inhibition of
auto- and alloreactive T-cell activation and proliferation. Providing that the suppression of
these signals is necessary for optimal antigen presentation and T-cell activation, it could be
plausible explanation of the efficacy of IVIG in many immuno-inflammatory diseases
including vasculitides.

2.5 Regulation of cytokine production

IVIG shows anti-inflammatory effect in vasculitis by modulation of cytokine antagonists
and Th1 and Th2 cytokine production. Andersson et al. (1996) published that the addition of
IVIG (6 mg/ml) to stimulated cell cultures of peripheral blood mononuclear cells caused a
marked inhibition of proliferation and blast transformation despite unaffected cell survival.
These cells exhibited a significant inhibition of production of T-cell derived cytokines IL-2,
IL-10, TNF-beta, IFN-gamma. Gupta et al. (2001) found reduction of proinflammatory
cytokines I1-6, 11-8 and TNEF-alfa in patients with KD. Lau et al. (2009) confirmed in murine
model of KD that IVIG in therapeutic concentrations, but not salicylate, effectively reduced
the immune response leading to TNF-alpha expression. Possible mechanism published
Siedlar et al. (2011) when in vitro exposure of the healthy individuals' monocytes to the IVIG
preparation resulted in reduced TNF production, which was overcome by blockade of the
FcyRIIB in the CD14(+) CD16(++) CD32B(high) monocytes. Reduction in the number of
CD14(+) CD16(++) monocytes and the blockade of their cytokine production via triggering
CD32B can contribute to the anti-inflammatory action of IVIG. Regulation of cytokine and
cytokine antagonists production is supposed to be one of the major anti-inflammatory
mechanisms of intravenous immunoglobulins.

2.6 Attenuation of complement activation

Pathomechanisms of some vasculitides are closely associated with complement activation.
Cryoglobulinemic vasculitis (glomerulonephritis) in patients with hepatitis C is associated
with hypocomplementemia caused by its consumption (D"Amico & Fornasieri, 1995). In
these patients various complement components such C3 and Clq has been detected in the
different tissues (Haydey et al., 1980). IgA deposition, as well as complement factors (C3,
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properdin, and complement membrane attack), were detected in mesangion in patients with
Henoch-Schonlein purpura (HSP) complicated by nephritis (Bene & Faure, 1987). Deposition
of C3, C4, MBL but no Clq were detected in an other study (Hisano et al., 2005). Association
of complement activation in vasculitides is not clearly understood. The mentioned studies
showed that the complement system could be activated both through the alternative and
classical/lectin pathway in patients with HSP. In ANCA-associated vasculitides interaction
among ANCA, neutrophils and complement suggests a role of these components in the
development of the disease. The ANCA-activated neutrophils release factors that can
directly damage the endothelium but also activate the alternative complement pathway
with the generation of the powerful neutrophil chemoattractant C5a. C5a and neutrophil
ChaR may thus compose an amplification loop for ANCA-mediated neutrophil activation.
Complement activation amplifies neutrophil influx and activation eventually culminates in
severe necrotizing inflammation of the vessel wall in ANCA-associated vasculitides (Chen
etal., 2010).

2.7 Regulation of T and B-cells

In normal condition T-cells and B-cells are important for the control of autoreactivity and
induction of tolerance. In vasculitides, as well as in other autoimmune diseases, T-cells most
likely play a role in delivering proper signals to autoreactive B-cells for the production of
autoantibodies (Negi et al., 2007). T-cells probably also participate in granuloma formation
in Wegener’s granulomatosis (Heeringa et al., 2005). In granulomatous lesions of WG T-cells
with fenotype CD4+, CD28- represents a major source of proinflammatory cytokines (TNF-
alfa, IFN-gamma) and may function as an essential driving force for perpetuating
inflammation (Holle & Gross, 2009). These interactions indicate that an aberrant signaling
cascade could be activated. Membrane molecules of T and B-cells could react with IVIG. In
the last two decades many authors described that IVIG contain antibodies against variable
membrane molecules variable such as CD4, CD5, CD40, CD95 and cytokine receptors and a
variable amount of solubilised CD4, CD8, HLA-I and HLA-II molecules (Ephrem et al.,
2005). Pool of antibodies stored in intravenous immunoglobulins directed to such functional
molecules of lymphocytes is important for the immunomodulatory effects of IVIG and may
interfere with antigen recognition by the T-cells (Blasczyk et al., 1993).

2.8 Modulation of Th17 cell function

Recently discovered regulatory Th17-cells and cell-derived cytokines play an important role
in the pathogenesis of several autoimmune/inflammatory diseases including vasculitides.
In Wegener’s granulomatosis, regulatory T-cells display impaired suppressor activity
potentially favouring inflammation and break of tolerance (Abdulahad et al., 2007). Th17 -
cells produce several cytokines such as I1-17, 11-21, IL-22, CCL-20 which induce massive
inflammatory tissue reactions and these cytokines also stimulate nonimmune cells
(fibroblasts, endothelial and epithelial cells) to the production of other proinflammatory
mediators (II-6, TNF-alfa, prostaglandins, NO, MMP and chemokines (Miossec et al., 2009).
Maddur et al. (2011) published their results concerning the inhibition of differentiation,
amplification and function of Th17-cells by IVIG treatment. The inhibitory effect depends on
Fab2 receptor on Th17-cells. Maddur concluded that inhibition of effector cytokine release
(II-17A, IL-17F, IL-21) by these cells could demonstrate efficacy of IVIG in patient with
autoimmune diseases by newly discovered mechanism.
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3. Clinical indications

Intravenous immunoglobulins contain many different types of immune globulins
(differentiated on the basis of structure and biological activity) that target different specific
immune functions of the body. In this way, immunoglubulins imparts several types of
immune fighting antibodies simultaneously. Seeing that the precise mechanism of IVIG are
still largely unknown, the therapeutic mechanism of low-dose and high-dose regimen, as
well as the short-and long-term effects are not the same for each condition. In low-dose and
long term regimen IVIG were initially used to treat immunodeficiencies. Controversial
knowledge about effectivity of high-dose treatment regimens leads to organizing several
scientific meetings where attempt for treatment guidelines has been emphasized. In 2007
EULAR recommendations for the management of primary vasculitides were published in
two parts according to CHCC classification - recommendations for small & medium vessel
vasculitides and recommendations for large vessel vasculitides. These recommendations
have been developed according to standardized operating procedures by EULAR standing
committees. The guidance needs to be tailored to meet individual requirements. It is
intended for use by healthcare professionals, medical students and specialist trainees, and
pharmaceutical industries and drug regulatory organizations (Mukhtyar et al., 2009a, b).
The British Society for Rheumatology published by Lapraik et al. (2007) guidelines for the
management of adult ANCA-associated vasculitides. The main need for guidelines was to
review the current treatment protocols and to highlight where there is an evidence base for
treatment protocols and where treatment is based on individual preference.
Recommendations are classified according to the level of evidence and the strength of
recommendation. For large vessel vasculitides there is no place for IVIG according to EBM
recommended treatment choice. For small and medium vessel vasculitides in statement 11 -
“Alternative immunomodulatory therapy” - for patients who fail to achieve remission and
have persistent low activity intravenous immunoglobulin can be used to achieve remission.
These patients should be referred to an expert centre for further management and enrolment
in clinical trials (level of evidence 3, grade of recommendation C). Contraindications of such
treatment protocol are patients with selective IgA deficiency who may develop an
anaphylactic reaction and patients with hypergamaglobulinaemia with risk of
hyperviscosity state. Accorging to BSR guidelines (Lapraik et al., 2007) IVIG may be
considered as an alternative therapy in patients with refractory disease or in patients for
whom conventional therapy is contraindicated, for example, in the presence of infection, in
the severely ill patient or in pregnancy (grade of recommendation B). In the management of
refractory vasculitis it is important to identify drives for vasculitis, such as, intercurrent
infection or malignancy, or non-compliance.

3.1 Kawasaki disease

Clinical criteria and the exclusion of other conditions, including sepsis define the diagnosis
of Kawasaki disease (Brogan et al. 2002). After the estimation of correct diagnosis the
treatment regimes are focused on reducing inflammation and preventing vascular
complications. Coronary artery abnormalities develop within 8 weeks of Kawasaki disease
onset. Males and young children are most at risk. No IVIG treatment is considered to be one
of the positive risk factor for Kawasaki disease cardiac complications (Phillip & Luqmani,
2008). So that, besides the standard regimes IVIG represent approved choice of treatment in
KD with one basic aim - directly reduce the risk of developing coronary artery
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abnormalities. The highest doses of IVIG were associated with the lowest risk late coronary
complications. Meta-analysis study (Durongpisitkul et al., 1995) of treatment studies
showed that a single high-dose of IVIG (>1g/kg) in combination with aspirin reduced
coronary artery abnormality formation from 23% to 2.3%. Japan research committee
reported one trial using low-dose of IVIG (100 mg/kg as a single dose) which showed no
significant difference between the treatment groups in term of the occurrence of coronary
artery abnormalities. It should emphasized that high-dose IVIG treatment in acute phase of
KD have to start as soon as possible after diagnosis (Newburger et al., 1986).

3.2 Polyarteritis nodosa

Polyarteritis nodosa (PAN) is a systemic necrotizing vasculitis affecting medium or small
arteries characterized by a wide variety of clinical features including fever, constitutional
symptoms, and systemic involvement (muscles, joints, intestines, nerves, kidneys, and skin).
Asano et al. (2006) postulated that the effect of IVIG therapy on PAN is temporary, but in
situation that PAN is induced by infections, IVIG therapy leads to a complete remission of
the disease due to the neutralization of immune activation triggers, such as Parvovirus B19
and Streptococcus. Also Girisgen et al. (2011) based on the case report of 7 years old girl
with polyarteritis nodosa and Henoch-Schonlein purpura nephritis suggested that IVIG
might be an important adjunct therapy in selected patients with polyarteritis nodosa,
especially in the lack of response to steroids and immunosuppressive drugs. On the contrary
Gonzélez-Fernandez & Garcia-Consuegra (2007) published the case-report of a child with
polyarteritis nodosa that was unresponsive to conventional treatment, as well as IVIG
treatment during her first and second hospitalizations. Treated child was successfully
improved after the addition of iloprost and bosentan.

3.3 Wegener’s granulomatosis and microscopic polyangiitis

Wegener’s granulomatosis is a rare disorder which is characterized by necrotizing
granulomatous vasculitis of small vessels. WG mainly affects the upper and lower
respiratory tract, the kidneys, joints, skin and eyes in contrary to microscopic polyangiitis
(MPA) which is characterized by pauci-immune, necrotizing, small-vessel vasculitis without
clinical or pathological evidence of necrotizing granulomatous inflammation. MPA usually
affects the kidneys, nervous system (particularly the peripheral nerves), skin, and lungs.
Some authors mention that WG, MPA even the Churg-Strauss syndrome (CSS) form a part
of aspectrum of one disease rather than entirely different entity (Kallenberg, 2005) and
PAN. In a view of such classification more accurately criteria are expected. Watts et al. in
2007 published reclassification of ANCA-associated vasculitides and PAN which would be
applied into clinical research in the future. This classification allows less unclassified
patients and overlapping diagnosis in epidemiological studies as well as in pharmacological
trials of various treatment regimes. Until present no study was realized by using this criteria
and the evaluation of IVIG treatment in ANCA-associated vasculitides allows us to join WG
and MPA under one condition. Moreover the role of IVIG for the treatment of ANCA
associated vasculitides has not been clearly defined. IVIG treatment of these entities is
frequently discussed subject of many scientific contributions. Jayne et al. (2000) published
the only randomized placebo controlled trial of 34 patients with WG/MPA and found that a
single course of IVIG reduced disease activity in persistent ANCA associated vasculitides,
but this effect was not maintained beyond three month. Side effects were frequent, but mild
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and reversible. Authors advise IVIG as an alternative treatment in persistent disease after
standard therapy. Martinez et al. (2008) published results of multicenter, prospective, open-
label study of 22 patients (19 with WG and 3 with MPA) and concluded that IVIG induced
complete remissions of relapsed ANCA-associated vasculitides in 13 of 22 patients at nine
months. Because of the good safety and tolerance profiles of IVIG, these agents can be
included in a therapeutic strategy with other drugs used to treat relapses of WG or MPA. In
2009 Fortin et al. reanalyzed data from 187 publications and found the only randomized
controlled trial published by Jayne et al. in 2000. The main aim of Frontin’s review was to
determine if intravenous immunoglobulin adjuvant therapy provides a therapeutic
advantage over treatment with systemic corticosteroids in combination with
immunosuppressants for the treatment of WG. After data extraction and statistical analysis
Frontin concluded that there were no significant differences between adjuvant IVIG and
adjuvant placebo in mortality, serious adverse events, time to relapse, open-label rescue
therapy and infection rates. The fall in disease activity score, derived from patient-reported
symptoms, was slightly greater in the IVIG group than in the placebo group after one
month. Total adverse events in the IVIG group were increased 3,5 times (relative risk (RR)
3.50; 95% CI 1.44 to 8.48, P < 0.01). General conclusion from published Cochrane review is
that there is insufficient evidence for comparing the advantages of IVIG adjuvant therapy to
the treatment using the combination of steroids and immunosuppressants for patients with
WG. Hiemstra & Jayne (2009) recommended in situations where glucocorticoids and
immunosuppressives are contraindicated or represent an unacceptably high infection risk
that IVIG may be considered; these include the presence of sepsis, a patient in intensive care
unit or in pregnancy. IVIG cannot be recommended for routine use in ANCA-associated
vasculitides, but can be considered where conventional agents are ineffective or
contraindicated. Chung & Seo (2009) in general evaluation of advances in use of biological
agents for the treatment of systemic vasculitides summarized that IVIG is not a panacea but
play a role as adjunctive therapy for disease refractory to routine immunosuppression. IVIG
may also be useful for patients in whom immunosuppression is undesirable or
contraindicated (pregnancy).

3.4 Churg-Strauss syndrome

Churg-Strauss syndrome (CSS) is characterized by the presence of asthma, eosinophilia, and
small vessel vasculitis with granuloma. Hamilos & Christensen first reported in 1991 that a
33-year-old man with CSS, who was resistant to conventional steroid treatment, showed a
marked improvement of vasculitis symptoms and normalization of eosinophil count after
IVIG therapy. However, there have been only a few reports on the use of IVIG therapy for
CSS (Taniguchi et al., 2007). In 2004 Tsurikisawa et al. reported that neurological and cardiac
manifestations in 15 patients with CSS, who were not responsive to corticosteroids with or
without cyclophosphamide, were significantly improved after IVIG therapy. Intravenous
immunoglobulin therapy may also be considered as a second-line treatment for CSS
patients, particularly in the case of neuropathy or cardiomyopathy, which are resistant to
conventional therapy. There is not much evidence supporting the effectiveness of IVIG in
CSS, however, the mechanisms underlying the action of IVIG remain unclear. (Baldini et al.,
2010). In 2004 Danieli et al. published the long term effectiveness of intravenous
immunoglobulin and plasmapheresis associated with prednisone and cyclophosphamide in
Churg-Strauss syndrome. Complete clinical and functional recovery with a long term stable
remission and a low incidence of side effects can be achieved by intravenous
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immunoglobulin associated with plasmapheresis in patients with Churg-Strauss syndrome.
Churg-Strauss syndrome (CSS) is an extremely rare disease, and even less common in
women of childbearing age. Hot et al. (2007) in their case report not only supports the
beneficial effect of IVIG in CSS, but also illustrates its successful and safe use in a patient
who was pregnant. They concluded alternative indication of IVIG in ANCA associated
vasculitides during the pregnancy.

3.5 Behget’s syndrome

Behget's syndrome is a systemic vasculitis with an unknown etiology affecting the small and
large vessels of the venous and arterial systems. Recent European League Against
Rheumatism guidelines are useful for the management of the disease in organ systems
distinct from the vascular, neurological, and gastrointestinal systems. This is because of a
lack of controlled studies evaluating such vascular, neurological, and gastrointestinal
complications (Yazici et al., 2010). Seider et al. (2001) reported their results in the group of
four patients in which the use of an immunoglobulin had brought the acute inflammation,
uncontrolled by corticosteroids and/or cyclosporine A, under control and preserved the
remission for a period of at least 1 year. Beales (1998) reported a case report of Behget's
colitis. Such gastrointestinal involvement in Behget's syndrome is relatively rare, but could
bring significant complications (Yurdakuk et al. 1996). Treatment may be difficult and
published report suggests intravenous immunoglobulin to be beneficial. Behget’s colitis
rapidly responded to IVIG, initially when the patient had failed steroid and
immunosuppressive therapy and subsequently when IVIG was used as primary therapy.
Leong et al. (2008) according to various reviewing american organisations calculated score
for treatment of Behget’s syndrome to zero (not recommended), but above mentioned
reports advise IVIG treatment in specific situations.

3.6 Henoch-Schoénlein purpura

Most studies concerning IVIG treatment in Henoch-Schonlein purpura are case reports and
bring repugnant conclusions. Orbach et al. (2004) reported that IgA nephropathy and HSP
with poor prognosis may improve with IVIG, but 5/15 patients suffered from progressive
renal failure after treatment. Hamidou et al. (1996) reported the efficacy of intravenous
immunoglobulin in severe gastrointestinal manifestations. Fagbemi et al. (2007) described
one patient with massive gastrointestinal haemorrhage in isolated intestinal Henoch-
Schonlein purpura with prompt response to intravenous immunoglobulin infusion. They
concluded that in severe cases where there is significant gastritis, IVIG provides an effective
alternative to corticosteroids that may be employed as first-line therapy. In an open
prospective cohort study Rostoker et al. (1994) treated 2 patients with HSP (from the group
of 11 patients with IgA nephropathy) and concluded for all eleven patients that IVIG should
protect renal function. On the contrary, other authors reported 3 more cases of HSP who did
not show improvement in renal function, but rather deterioration (Orbach et al., 2004).

3.7 Mixed cryoglobulinaemia

Mixed cryoglobulinemia type II causes small vessel vasculitis. Vasculitis in skin, peripheral
nerve, kidneys, gastrointestinal tract and joints is evoked by presence of circulating
cryoglobulins of both polyclonal IgG and a monoclonal IgM rheumatoid factor that are
directed against the IgG. The use of IVIG in mixed cryoglobulinaemia type II has been
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reported without favorable effect and could lead to the induction of cryoglobulinaemia
(cryoglobulinemic vasculitis) (Odum et al., 2001). In the presence of peripheral neuropathy
vasculitis IVIG treatment showed beneficial effect (Almog et al., 2010). Until present, there is
lack of supporting information, but according to Levy et al. (2005) IVIG may be beneficial in
cases of resistant vasculitic peripheral neuropathy usually connected with
cryoglobulinaemia. IVIG should probably be considered as a sole or adjuvant treatment in
patients for whom conventional treatment is contraindicated, or for patients in whom
conventional treatment is failed.

4. Economic, supervising and supply implications

IVIG is an expensive blood product that has been used in clinical praxis. IVIG preparations
are derived from donor blood with potential risk of such infections as hepatitis and HIV.
The process used to prepare final products for use in humans is monitored by the
manufacturer and the supervising institutions of particular countries for the presence of
dangerous infectious agents. The monitoring starts with the screening of potential donors.
Under processing, a multi-step approach that extracts the desired immunoglobulins and
attempts to remove all other substances is used. At the end, samples of each batch are tested
for the presence of infectious particles. While all attempts are taken to reduce the risk of
infection, some small risk still exists.

In last recent years, there was a marked limitation in their supply from manufacturers. This
can be caused by several reasons, but main reason is supposed to be the increased use of
immunoglobulin for the treatment of assorted new clinical indications, often used without
evidence of benefit in the literature. Other liable factory which have affected supply and
production costs have been are lack of donors and possible contamination of these human
plasma products by infectious agents. It may carry a risk of transmitting infectious agents,
e.g. viruses (hepatitis C) (Bjoro et al., 1994) and theoretically, the Creutzfeldt-Jakob disease
caused by prions (Will et al., 1996).

For example, UK Department of Health published from November 2007 to May 2008 the
programme related to manufacturing, distribution and use of intravenous immunoglobulins
in the country. The Demand Management Programme is a three-part initiative that consists
of: 1) National Clinical Guidelines for the appropriate use of IVIG, 2) Demand Management
Plan and 3) National Immunoglobulin Database. Published material also includes
requirement for the major UK supplier of immunoglobulin to buy plasma from the USA.
This fact significantly increased production costs. Plasma was previously sourced within the
UK as a by-product of voluntary blood donations. Second requirement was to close a UK
manufacturer, Scottish National Blood Transfusion Service, also resulting in reduced local
supply. Some additional problems increasing the price of IVIG is shortage availability of
therapeutic immunoglobulin due to reduced imports by commercial companies who market
intravenous immunoglobulins and acute shortages caused by unexpected withdrawals of
batches of immunoglobulin for safety reasons e.g. the introduction of further measures to
reduce the risk of disease transmission by immunoglobulin infusions (Department of Health
UK, 2008). The UK demand management plan restricts IVIG use where benefit is unproved
(Vaitla & McDermott, 2010).

In many European countries use of IVIG is mostly limited for treatment primary immune
deficiencies where such treatment has been known to be life saving. Even though use of
intravenous immunoglobulins in inflammatory diseases has been increased and a recent
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literature search revealed more than 150 off-label usages of IVIG, which included 6781
patients in clinical trials and 362 patients in case reports (Leong et al., 2008).

Due to shortage at the same time also in the USA, prices for IVIG have been on an upward
trend, most notably in the secondary market. Many medical professionals have reported
that the majority of their IVIG use was applied for off-label indications. Off-label use seems

to be increased, contributing to rising demand.

Name Producer Indications Last update EMA
Flebogamma Grifols RT, BMT, KD, ITP,GBS 09/2010
Kiovig Baxter RT, BMT, KD, ITP,GBS 05/2008
Privigen CSL Behring | RT, BMT, KD, ITP,GBS 03/2008
*Orfagen Orfagen PM 10/2003
Table 1. a. IVIG indications exceeded RT in EU (EMA)
Name Producer Indication Last update FDA
Gammagard S/D Baxter RT, KD, ITP 10/2008
Gammagard Liquid Baxter RT 04/2005
Iveegam E/N Baxter RT, KD N/A
Polygam S/D Baxter RT, ITP N/A
Carimune CSL Behring RT, ITP 10/2008
Privigen CSL Behring RT, ITP 07/2007
Panglobulin NF CSL Behring RT, ITP N/A
Gamamr-P LV. CSL Behring RT N/A
Flebogamma DIF Grifols RT 07/2010
Venoglobulin-S Gfrfols RT, ITP, KD N/A
Gammaplex Bio Products RT 10/2009
Octagam Octapharma RT 02/2006
Gamunex - C Talecris RT, ITP, CIDP 09/2008

Table 1. b. IVIG indications exceeded RT by FDA in USA. (N/A - without actual FDA
approval)

Unexpected development in last years led all responsible representatives (EMA, FDA,
medical professional societies, manufacturers) to coop with arose situation and postulate
exact indications in Europe and USA respectively (Table 1a and 1b). There are less IVIG
products with limited indications in summary of product characteristics at present market
in comparison with the eighties. Uncertain role of IVIG in unlabeled indications is well
established in UK Department of Health Clinical Guidelines for Immunoglobulin Use. The
goal of submitted material is to ensure best practice across all indications, based on available
evidence and expert opinion. Table 2 shows approved, potentially approved (grey)
indications of IVIG in vasculitis treatment in UK (Department of Health UK, 2008).

5. Dosage implications

Generally accepted dosing regimes can be divided into two main groups. The first labeled
group represents substitution (replacement) therapy used in primary and secondary
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immunodeficiencies and the second group represents immunomodulatory therapy in
idiopathic thrombocytopenic purpura, Kawasaki disease, Gullain-Barré syndrome, chronic
inflammatory demyelinating polyneuropathy and polymyositis. All these indications are
approved by EMA and FDA in Europe and USA respectively (Table 2 and 3). In replacement
therapy (low-dose) group recommended dosis ranges from 0,2 to 0,8 g per kg of body
weight and in immunomodulatory (high-dose) group ranges from 1,0 to 2,0 g/kg.

The labeled use of IVIG is at present widely overlapped by unlabeled indications. These
indications include the treatment of many immunological and idiopathic diseases involving
nearly all organ systems. Man could say “gunshot into the unknown”. Leong et al. (2008)
analyzed over 150 unlabeled uses of IVIG, including the most studied indications (e.g.
multiple sclerosis, antiphospholipid syndrome in miscarriage, ...) and concluded that
evidence for unlabeled use of IVIG has been interpreted in different ways by various
reviewing subjects.

.. Recommended Recommended Evidence .
Condition Alternatives
- short term - long term (grade)
KD Yes No A, la None
DM, JDM Selected Seleted B, Ila CS, IS, PE
CNS vasculitis N/A N/A 1Ib CS, IS
PM N/A N/A 1T CS, IS, PE
SV, AAV N/A N/A 111 IS
SLE, JSLE N/A N/A 11T Cs, Is
Table 2. UK Department of Health guidelines for using IVIG in vasculitis (adapted).
Indication Ratko | Orange Ahdme Aetna BC M,]l: D Score
KD (labeled) NI 2 NI 2 2 2 2,0
Unlabeled
Behget’s syndrome 0 NI NI 0 NI NI 0,0
CCS NI NI NI 2 NI NI 2,0
PAN NI NI NI 0 NI NI 0,0
Systemic vasculitides 1 1 NI 0 NI NI 0,7
Secondary vasculitides NI NI NI 0 NI NI 0,0
WG NI NI NI 0 NI NI 0,0

Table 3. Indication score of various US guidelines for using IVIG in vasculitis (adapted
according to Leong et al., 2008).

Until present immunological mechanisms of immunomodulatory effect of IVIG are not
clearly known. In such context a question of adequate dosage appears in the relation of
cost/benefits of unlabeled treatment. We published (Lukén et al., 2008) an adequate
response in a case of Wegener’s granulomatosis after lower “high-dose” regimen (1 g/kg)
which lasts until present without any therapy, only with mild increase of cANCA and no
clinical recurrency. Many authors published effectiveness of such lower dose regime also in
other rheumatological and hematological indications. Genevay et al. (2001) published
effective use of IVIG in lower doses (0,8 g/kg) but only for maintenance treatment in
polymyositis and concluded considerable reduction in treatment costs without a negative
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influence on patient’s health conditions. Sherer et at. (2008) reported a retrospective analysis
the medical records of 62 patients who received low-dose of IVIG and concluded that low-
dose IVIG is a possible therapeutic option which is associated with lower cost, however
treatment did not improved vasculitis in analyzed patients. Authors recommend IVIG only
as an add-on therapy. Mori et al. (1988) concluded that in the treatment of acute idiopathic
thrombocytopenic purpura there was no difference in therapeutic efficacy between the high
and the low-dose IVIG regimen. Boman et al. (1995) achieved dramatic responses to IVIG in
two cases of cerebral vasculitis even after the administration of the first dose (1 g/kg). One
of the patients improved within 24 h of the administration, treatment continued at 4-week
intervals and the patient was stable for 13 month, in spite of halving the dose of IVIG.
Gedalia et al. (1995) reported in cutaneous polyarteritis nodosa combined with streptococcal
infection in a dose 1 g/kg and Asano et al. (2006) in female patient with polyarteritis nodosa
without any infection in a dose of 0,5 g/kg rapid and dramatic improvement after the first
administration of IVIG. Monova et al. (2002) collected data on 116 patients with lupus
nephritis who were treated with intravenous immunoglobulins. IVIG was applied in a dose
of 0,255 g/kg. Depending on the clinical improvement afterwards the courses were repeated
after 1 month (and every 3 months for maintenance of remission) to 7 years. Full remission
was achieved in 36 patients. Partial remission was present in 48 patients. 32 patients went
into end-stage renal failure and/or died. In 13/34 patients with impaired renal function
serum creatinine levels returned to normal after treatment. Recher et al. (2010) reported a
case report on unexpectedly successful a low-dose regimen (0,6 g/kg) in female patient with
inclusion body myositis which costs approximately fourfold less than high-dose IVIG. In
Henoch-Schonlein purpura some authors (Heldrich et al., 1993, Rostoker et al.,, 1995,
Ruellan et al., 1997) administered low-dose or lower limit of high-dose regimens, others
(Rostoker et al., 1994, Lamireau et al., 2001, Fagbemi et al., 2007) strictly apply 2 g/kg. Apart
from the dose applied all authors emphasize dramatic improvement of IVIG treatment
already after 24 hours after beginning (Girisgen et al., 2011).

It could be supposed that patients who respond to high-dose IVIG therapy would probably
also respond to much lower doses, in many rheumatological indications vasculitides not
excluded. In addition to economic reasons, low-dose regimen would likely help to reduce
treatment related side effects. The lack of validated and generally accepted outcome
measures as well as prospective clinical studies, makes it difficult to compare the effect of
different interventions in different cases (Yu & Lennon, 1999).

6. Conclusion

Biological complexity of vasculitides and their contemporary nomenclature complicates not
only the estimation of appropriate diagnosis but also hampers effective treatment..
Intravenous immunoglobulins represent one of the very often discussed alternative
treatment modality of vasculitides. For patients who fail to achieve remission, have
persistent low activity of inflammation and relapse, intravenous immunoglobulins could be
used as an alternative/adjuvant immunomodulatory therapy. Mechanism of action of
intravenous immunoglobulins is complex and its effects are not clearly understood.

Even though many questions remain unanswered, intravenous immunoglobulins could be
considered as an effective treatment regimen in many “off label” indications particularly in
the cases when standard immunosuppressive regimes fail or could be harmful. In spite of
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evidence of efficacy, dosage and timing IVIG therapy, questions of costs/benefits still
remain insufficiently documented and controlled trials with consecutive formation of
common guidelines are required.
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1. Introduction

All immune cell lineages arise from the multipotent stem cells in the bone marrow. The
development and regulation of immune system cells (immune homeostasis) depends on the
programmed appearance of specific cell surface molecules (e.g. receptors) and
responsiveness to certain cytokines and chemokines. After maturation, the immune system
cells include antigen presenting cells (APCs), other phagocytic cells like neutrophils,
eosinophils, basophils and Iymphocytes which include T lymphocytes, B lymphocytes and
natural killer (NK) cells. Depending on an initial stimulus and the microenvironmental
conditions at a given time, each lymphocyte lineage can be subdivided to different
populations with discrete specialized functions. Subpopulations of crucial importance are
CD4+ T cells (mainly Thl, Th2, Th17 and T regulatory cells) and CD8+ T cells, CD16- and
CD16+ NK cells and CD5+ and CD5- B cells.

As a structure, the immune system consists of central locations of immune cell production
and differentiation (bone marrow and thymus) and peripheral organs, where encounter
with antigen and response to it occurs, that is the spleen, lymph nodes, tonsils and mucosa-
associated lymphoid tissue (MALT). Mucosal surfaces and the skin provide the main
primary access for foreign antigens to meet cells of the immune system, where they first
react primarily with APCs.

Innate immunity includes skin and mucosal barriers, as well as the innate immune cells that
are triggered and react in minutes after they encounter ‘foreign’ material. The innate
immune system, as it represents the first line of host defense against foreign entities, is
regarded as a nonspecific system and its main role is to engulf and eliminate pathogens,
trigger pro-inflammatory responses and present antigens to adaptive immune cells, which
are subsequently activated. More recently it has been shown that the innate immune system
has a necessary degree of specificity that enables it to discriminate between self and foreign
particles (e.g. microorganisms). Germline encoded and constitutively expressed pattern
recognition receptors (PRRs)- like Toll receptors on innate immune cells, help them to
discriminate highly conserved pathogen associated molecular patterns (PAMPs), which activate
specific signaling pathways that lead to robust but well-defined innate immune responses.
Research on innate immunity is progressively uncovering molecular and cellular
mechanisms by which it recognizes environment and reacts to it, leading to protective or
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pathological and harmful immune responses. Understanding innate and adaptive immunity
pathways in detail will have a great impact on revealing the immunopathology of immune-
mediated diseases like Adamantiades-Behcet Disease (ABD) and developing more targeted
immunotherapeutic agents to manipulate, even life-threatening, ABD vasculitis.

2. General considerations in ABD immunopathogenesis

ABD owes its name to Benediktos Adamantiades (Greek ophthalmologist), who had
described it first in 1930 and Hulusi Behcet (Turkish dermatologist), who described
hypopyon, iritis and orogenital aphthosis in 1937 (Adamantiades, 1931; Behcet, 1937).
However, the first description of the disease dates back, 2500 years, to Hippokrates, to the
5th century BC, in the Epidemion book, case 7, where it is described as aphthous ulceration,
genital ulceration and iridocyclitis.

There were other forms of fever...

Many developed aphthae, ulcerations. ..

Many ulcerations about the genital parts...

Watery ophthalmies of a chronic character, with pains...

Since the early descriptions, additional clinical features have been described and added to
disease spectrum. ABD can be manifested with different organ involvement, articular,
neurological, pulmonary and gastrointestinal, besides the classical clinical triad proposed by
the International Study Group for Behcet’s Disease.

Nowadays, ABD diagnosis rests upon a set of established criteria, where no single clinical or
laboratory feature is pathognomonic (International Study Group for Behcet’s Disease, 1990,
Table 1).

Recurrent oral ulcerations plus two Recurrent genital ulcers
Skin lesions (erythema nodosum, acne,
folliculitis)
Ocular lesions (uveitis)
Positive pathergy test

Table 1. Diagnostic Criteria for ABD

From early descriptions, it was shown that patients with ABD cluster according to a
geographic pattern that coincides with the ancient “Silk Route”. It has a higher incidence
(100 times more common) in the countries of the Mediterranean Basin, Middle East and Far
East, which includes Greece, Turkey, Saudi Arabia, Iran, Korea ,China and Japan while it is
rare in North America. Although sporadic cases are described, there is an increased
frequency among relatives (familial aggregation), mainly in HLA-B51 class I gene positive
relatives. Genetic susceptibility factors seem to be connected with more severe disease
expression. Particularly, in Asia, up to 80% of patients are HLA-B51 positive. Recent studies
focus on new genetic markers that could amplify immune responses responsible for disease
expression (HLA and non-HLA genes), probably under an environmental challenge e.g. an
infectious agent (the infectious model), (Fietta, 2005; Kaklamani et al, 1998; Verity et al, 2003;
Yazici H et al, 1999).

ABD etiopathogenesis still remains a mystery to be elucidated. There is substantial evidence
for an infectious background participating in disease initiation, especially, in genetically
predisposed individuals. A number of viruses like HSV, Parvovirus B19 or bacteria like
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uncommon serotypes of Streptococcus have been implicated. At the moment there is no
concrete proof of the existence of certain microorganisms in the etiology of ABD and the
initiation of the immunological process. Molecular mimicry between bacterial (HSV,
streptococci) and human heat shock proteins (HSP), due to significant peptide homology
between bacterial and human HSPs has been widely accepted, might be the basic
link between infection and (auto)immunity in predisposed subjects, and could initiate and
augment T and B cell immune responses. Besides, the option of exposure to chemicals
was not supported for long. However, although immunological abnormalities concerning
innate and adaptive immunity in ABD have been extensively studied, there is no adequate
proof that ABD is either a typical autoimmune disease- it does not fulfill substantial
criteria- or an auto-inflammatory disease- it is a very weak hypothesis at the moment
(Direskeneli & Saruhan-Direskeneli, 2003; Kapsimali et al, 2010; Mumcu et al, 2007;
Zouboulis & May, 2003).

ABD is a systemic vasculitis which may affect arteries and veins of all sizes in any organ
and underlies disease manifestations. To a great extent, disease pathology points to
a vascular inflammation. Biopsies of affected organs usually reveal vasculitis, where intense
infiltrations of neutrophils predominate and CD4+ T lymphocytes are present in the
early stages.

Venous vascular involvement and thrombosis is the characteristic feature of the disease,
probably responsible for most of the tissue damage seen. Inflammatory changes in large
arteries are typical of vasculitis, lack wall thickening and granuloma formation and have a
tendency towards aneurysm formation. It is more severe in males. ABD lacks an increased
risk of atherosclerosis. The term “vasculo-Behcet’ has been adopted to describe cases where
vascular features dominate in disease expression. After initial vascular lesion (usually
venous thrombosis), other vascular lesions may follow and lead to progressive, multifocal
vascular disease with an unfavorable prognosis (Melikoglu et al, 2008).

Vascular inflammation is mainly due to complex innate-immune, pro-inflammatory
mechanisms which activate and perpetuate adaptive/specific immune responses against
antigens not identified clearly. Endothelial dysfunction, partly due to anti-endothelial
autoimmune reactions and non-specific coagulation/fibrinolytic abnormalities, has also
been demonstrated and participates in disease pathophysiology to some extent. In such
cases aggressive treatment consisting of immunosuppressive drugs is recommended
(Calamia et al, 2011; Calamia & Kaklamanis, 2008).

Management decisions are often difficult to take and there is a lack of controlled trials. A
sequential therapeutic approach, based on ABD immunopathology and the
immunomodulatory action achieved by immunosuppressive drugs is discussed.

2.1 Innate immunity cells abnormalities in ABD

Neutrophil involvement in ABD pathogenesis represents a challenging issue, as neutrophil
hyperactivation seems to play a pivotal role in the inflammatory vasculitic characteristics of
disease lesions. Neutrophils are the dominant subpopulation of the inflammatory infiltrates
in the vessel wall (Hayasaki et al, 2004).

Neutrophil hypereactivity is a major contributor to the well-known pathergy skin reaction,
which might be positive during periods of active disease. Pathergy reaction is a non-specific
skin hyper-reactivity to minor trauma, such as a needle prick (Boura et al, 2007; Ozdemir et
al, 2007).
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At the tissue level, neutrophils were described to be present in the anterior chamber of the
eye and the corneal epithelium, as well as in the ciliary body and chorioid tissue (Mendoza-
Pinto et al, 2010).

These cells are reported to be functionally impaired in the disease. Eksioglu-Demiralp et al
described specific defects concerning neutrophil activation, oxidative burst and phagocytic
activity (Eksioglu-Demiralp et al, 2001). On the other hand, increased synthesis of reactive
oxygen species (ROS) has been reported in ABD. ROS-mediated oxidative stress seems to
play an important role in pathogenesis, as advanced oxidation protein products were
described to correlate with disease activity (Yazici C et al, 2004). This contradiction might
mean that functional activity of neutrophils might correlate to disease activity or other,
poorly defined, parameters.

Additionally, it has been postulated that endothelial cells cooperate with neutrophils
and monocytes in the vasculitic process. Endothelial cell activation and subsequently
increased expression of cell adhesion molecules is a characteristic feature of the disease,
which can trigger neutrophils and monocytes to initiate natural immune responses on the
vessel wall. Recently, a novel mechanism by which neutrophils may interact with cytokine-
activated endothelial cells in the presence of anti-endothelial cell antibodies has been
described. Main receptors were Fc-gamma-RIla and CXCR1/2. Moreover, endothelium
activation leads to excessive thrombin formation and impaired fibrinolytic function, thus
contributing to the generation of a prothrombotic state in ABD (Florey et al, 2007; Lee MT et
al, 2007; Probst et al, 2004).

Furthermore, neutrophils are primed by overproduced pro-inflammatory cytokines,
secreted by antigen presenting cells (APCs) and the endothelium (e.g. TNF-a, IL-1,
IL-6, IL-8 etc). Under such conditions, they secrete other cytokines that prime themselves,
cause Thl polarization and maintain a non-specific, pro-inflammatory microenvironment
to retain enhanced activity (Carletto et al, 1997; Katsantonis et al, 2000; Zouboulis et
al, 2000).

Recently, the role of matrix metalloproteinases, particularly MMP-2 and MMP-9 was
underlined in ABD. Pay et al found increased levels of these molecules in the serum of ABD
patients and this was strongly correlated to vasculo-Behcet disease, especially aneurysm
formation. Other investigators confirmed the elevated MMP-9 levels in the cerebrospinal
fluid of ABD patients, suggesting that they might be involved in the pathogenesis of neuro-
ABD (Hamzaoui K et al, 2009; Pay et al, 2007).

It is reported that neutrophils are more resistant to spontaneous apoptosis (via Fas/Fas
ligand interactions) during the remission of ABD uveitis, while resistance was restored in
the active phase of the disease (Fujimori et al, 2008).

Monocytes are also involved in ABD pathogenesis. Recent studies support the possible role
of bacterially-induced innate immune responses through monocyte Toll-like receptor (TLR)
activation. It was reported that TLR-2 was decreased after stimulation with LPS and HSP-60,
or increased after bacterial lipoteichoic acid stimulation. TLR-6 expression was found to be
enhanced after stimulation with HSP-60 and Streptococcus sanguis (Neves et al, 2009; Yavuz
et al, 2008). As mentioned above, HSP-60 and Streptococcus sanguis represent candidate
antigens in ABD pathogenesis.

Antigen-presenting cells are reported to be activated in ABD patients, since ex vivo cultured
monocytes were able to produce increased amounts of TNF-a, IL-6 and IL-8 (Mege et al,
1993). Moreover, there is strong evidence suggesting that APCs may be primarily involved
in ABD immunopathogenesis. Early data comes from pathergy reaction histology, where
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Saito et al showed that Langerhans cells were increased in the dermis layer shortly after
needle prick (Saito et al, 1980).

However, it has not been clarified whether APC hypereactivity is a primary defect of these
cells or the result of disease related conditions. Nevertheless, IL-12 and IL-18, cytokines
mostly produced by APCs, are known to strongly promote Thl polarization of immune
responses. Both these cytokines have been found in increased levels during active disease,
implying a central role for APCs in ABD pathogenesis (Hamzaoui K et al, 2002).

Finally, Pay et al described decreased numbers of peripheral plasmacytoid dendritic cells,
along with decreased levels of IFN-p and suggested that this cell subset may also participate
in disease pathogenesis (Pay et al, 2007).

2.1.1 Gamma-delta (yd) T cells

These specialized T cells (TCR comprising of y and 6 heterodimer) have been increasingly
investigated during recent years. They are thought to play a critical role in mucosal
immunity, being the first line of defense against invading micro-organisms, as well as the
link between innate and adaptive immune response (Casetti et al, 2008).

A subset of yd T cells (Vgamma9+Vdelta2+) was found in increased numbers in the blood of
active ABD patients. These cells were reported to express IL-2 receptor and HLA-DR surface
molecules, indicating a high activation status. The Vgamma9+Vdelta2+ T cells were
described to infiltrate target organs, such as the eye, while other studies found that they
strongly proliferate after stimulation with bacterial extracts of the oral flora (Bank et al, 2003;
Verjans et al, 2002; Yamashita et al, 1997).

The critical role of gammadelta T cells in ABD is underlined in the study of Treusch et al,
who found a decrease in their numbers after treatment with interferon-alpha-2a (Treusch et
al, 2004).

Later, it was shown that expanded CD56+ and CD8+ gammadelta T cells in ABD were
capable of secreting IFN-y and TNF-a. Data is further supported by the fact that these cells
seem to be polyclonally rather than oligoclonally activated in ABD patients with oral ulcers.
Probably because of repeated inflammation of the oral mucosa, due to a wide variety of
antigenic stimuli, activation and proliferation of these cells might play a role in disease
clinical heterogeneity (Freysdottir, 1999, 2006).

2.1.2 NK and NKT cells

Early studies reported an increase in NK cell numbers in ABD patients. However, others
described a decrease in their cytotoxic activity in the active phase of the disease, which was
restored in remission periods. However, recent studies reported that, although increased in
active disease, NK cells do not seem to exert impaired cytotoxic activity, as they were shown
to adequately suppress IFN-y production by CD4+ T cells, thus regulating a Th1 response in
ABD (Onder et al, 1994; Suzuki et al, 1992; Yamaguchi et al, 2010).

Natural killer T cells (NKT) comprise a sublineage of T cells that share characteristics of
conventional T cells and NK cells and bridge innate and adaptive immunity. Their
activation is restricted by the MHC molecule CD1d. Early studies reported an increase of
CD4+CD16+ and CD4+CD56+ T cells in ABD. Other investigators confirmed the presence of
increased CD56+ T cells in the periphery of patients with active ABD uveitis, in contrast
with other forms of immune-mediated uveitis (Eksioglu-Demiralp et al, 1999; Yato &
Matsumoto, 1999).



172 Advances in the Diagnosis and Treatment of Vasculitis

In the tissue level, NKT cells were found to be increased in the aqueous humor of uveitis
patients. Additionally, in neuro-ABD patients, NKT cells were reported to be decreased in
the periphery and increased in the cerebrospinal fluid, thus suggesting a recruitment of
these cells in the site of inflammation. It should be mentioned that these cells were strongly
Thl polarized. Further studies demonstrated that CD8+CD56+ T cells represent potent
cytotoxic effectors in ABD uveitis, as they were found to express both surface FasL and
preformed intracellular perforin (Ahn et al, 2005, Hamzaoui K et al, 2006; Yu et al, 2004).

2.2 Adaptive immunity cells abnormalities in ABD

Although the exact pathogenetic mechanisms behind ABD remain to be fully elucidated,
much evidence has been accumulated regarding the involvement of adaptive immune
response in the disease. Recent studies have revealed the central role of T-cell mediated
immunity; in parallel, histopathological studies have demonstrated, mainly, T-cell-
dominated perivascular infiltrates in skin, oral lesions and retina, as well as in choroids and
periretinal scar tissue (Charteris et al, 1992a, 1992b; Gul et al, 1995, Poulter & Lehner, 1989).

2.2.1 T cell abnormalities

CD4+ T helper cells differentiate into, at least, four distinctive functional subsets, namely
Thl, Th2, Th17 and T regulatory cells (Mucida & Cheroutre, 2010). For all of these
lymphocyte subpopulations quantitive and/or qualitive abnormalities have been shown in
ABD (Chi et al, 2008; Hamzaoui K et al, 2006, Ilhan et al, 2008; Mantas et al, 1999).

Genetic and environmental factors may have an influence independently or in association
with other parameters, such as the ligation of T-cell receptor (TCR), the activation of co-
stimulatory molecules, the predominance of a given cytokine in the microenvironment and
others (Direskeneli et al, 1999).

Many investigators suggest that a Th1 polarization of the immune response is present, at
least, in active ABD. Thl type proinflammatory cytokines, such as IL-2 and IFN-y, are
reported not only to be increased in peripheral blood of patients with ABD, but also to
correlate with disease activity. Additionally, IL-12, which drives Th1 immune response from
naive T cells, is also reported to be elevated in ABD. Interleukin-12 is suggested to play a
substantial role in ABD; when recombinant IL-12 was added to peripheral blood
lymphocytes from patients with active disease, it prevented spontaneous and Fas-induced
apoptosis, resulting to proliferation of autoreactive Th1l lymphocytes that could contribute
to a prolonged autoimmune inflammation (Esin et al, 1997; Frassanito et al, 1999; Nara et al,
2008; Sugi-Ikai et al, 1998).

Recently, IL-15 was reported to be increased in ABD, either in serum or in the aqueous
humor of uveitis patients; IL-15 is able to induce pro-inflammatory cytokines, such as TNF-a
and IL-1B, and facilitate maintenance of auto-reactive CD8+ T cells (Curnow et al, 2008;
Waldman, 2004).

The Thl cells were proven to expand with high individual variability of the Vp
TCR, suggesting that there is no single antigen responsible for T cell activation (Direskeneli
etal, 1999).

Histopathological studies also point to a Th1 type tissue infiltration in ABD, possibly driven
by the highly expressed IL-12 and IL-23 in intestinal and cutaneous lesions. Interestingly,
both streptococcal antigens and auto-antigens, such as aB-crystallin also drive an IL-12
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mediated response in ABD (Imamura et al, 2005, Kulaber et al, 2007, Lew et al, 2008;
Yanagihori et al, 2006).

Concerning Th2 type of immune response, both, cells and signature cytokines, such as
IL-4, IL-10 and IL-13 are reported to be unaffected or decreased in ABD by most researchers
in the serum or in the aqueous humor. However, other studies reported a significant
expression of IL-4 in oral ulcers from ABD patients, suggesting the presence of a
more complex antigenic stimulus during the disease (Ahn et al, 2006; Dalghous et al, 2006,
Mantas et al, 1999).

Th17 cells represent a relatively new functional subset of T helper cells, which mainly
produce IL-17A-F, IL-22, IL-23 and TNFa. Interleukin-6 and TGF-{ are considered to be the
major cytokines responsible for the differentiation of these cells from naive T cells. Recent
studies have shown a possible role for these cells in the majority of systemic and organ-
specific autoimmune diseases (Mesquita et al, 2009).

Concerning ABD, active disease is characterized by high serum levels of IL-6 and IL-17,
compared to patients in remission, while serum levels of IL-23 and IL-17 are reported to be
elevated in active uveitis. However, an increased Th1l7 response is not confirmed by all
studies (Chi et al, 2008; Ferrante et al, 2010; Saruhan-Direskeneli et al, 2003).

Recent papers underline Th17 involvement in disease pathogenesis in the context of their
ratio to Thl cells. Kim et al reported an increased peripheral Th17/Thl ratio, especially in
uveitis and folliculitis patients, while there were no significant differences concerning
Th1/Th2 and Th17/Th2 ratios (Kim et al, 2010). Histopathological studies, however, did not
confirm these results in the tissue level (Canete et al, 2009).

Cytotoxic T cells are also reported to be activated in ABD, probably as a response to a
profound inflammation. CD8+ T cells were also found in increased numbers in the aqueous
humor in uveitis patients. Furthermore, recent studies support that these cells play a
fundamental role in ABD flares, as they were found in increased numbers in active disease,
along with y8T cells. Additionally, CD8+ T cells were shown to express the CD69 molecule
(early activation marker), while their numbers and function returned to normal after
successful management of the disease flare (Houman et al, 2004; Yasuoka et al, 2008).

2.2.2 Immune regulation in ABD

Firstly described by Sakaguchi et al in the “70s, T regulatory cells represent potent regulators
of the immune response. These cells are divided into two broad categories, namely the
“naturally occurring” and the “inducible” T regulatory cells (Sakaguchi et al, 1995).

Interest for immune regulation in ABD intensified as early as 1982, when Victorino et al and
Sakane et al independently reported abnormal T cell suppressor activity (Sakane et al, 1982;
Victorino et al, 1982). Recent studies were not able to definitely shed light in this issue.
Paradoxically, CD4+CD25+FoxP3+ T regulatory cells were reported to be increased in active
ABD compared to inactive disease and healthy controls, while they could suppress their T
effector cell counterparts. The authors suggested that this may be due to the need for
inflammation suppression in ABD (Hamzaoui K et al, 2006).

On the other hand, other investigators showed that T regulatory cells were significantly
decreased before ocular attack in ABD patients, suggesting that they may serve as a
predictive marker in ocular disease, thus, allowing treatment intensification before relapse
(Nanke et al, 2008).
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The exact interactions between T regulatory cells and other immune cells in ABD are not
well understood. Hamzaoui suggested a possible cross talk between these cells and NKT
cells, as these subpopulations can modulate each other through cell-to-cell contact and IL-2
dependent mechanisms, respectively (Hamzaoui K, 2007). Furthermore, other cells with
possible regulatory activity, such as gammadelta-T-cells were reported to be incapable of
maintaining a regulatory profile in ABD (Clemente et al, 2010).

T regulatory cells represent a promising therapeutic target for suppressing inflammation in
ABD. Recently, Sugita et al reported T-reg expansion after in vitro stimulation with
infliximab and significant suppression of bystander T effector cells in active ABD uveitis
(Sugita et al, 2011). Additionally, other investigators reported that vitamin D is an important
promoter of T cell regulation in vivo in ABD patients, as its levels were strongly correlated
to T regulatory cells (Hamzaoui K et al, 2010).

2.2.3 B cell abnormalities and autoantibodies in ABD

Although not a typical autoimmune disease, ABD is characterized by B cell activation,
despite the absence of disease-specific autoantibodies. Early studies demonstrated that the
total numbers of B cells were normal during the disease; however, an increased
expression of activation markers, such as CD13, CD133, CD80 and memory marker
CD45RO was reported. Despite the presumed B cell activation, plasma cells were found
in low levels, in contrast to other well-defined autoantibody-mediated disorders. These
results suggest a modified B cell function in ABD, although it is not known if it is related
to a weak stimulus by an unknown external antigen or it represents an epiphenomenon
in the context of the general dysfunction of the immune system (Eksioglu-Demiralp et
al, 1999).

After the identification of the multiple roles of B cells in the immune response, such as
antigen presentation and cytokine release, newer studies reported some interesting results.
B cells (along with plasma cells) were found in histopathological studies in the synovium,
the central nervous system and the vessel wall of patients with ABD (Hirohata, 2008;
Hirohata & Kikuchi, 2009; Suh et al, 2001).

Furthermore, it was recently reported that B-cell activating factor (BAFF) receptor was
upregulated on B cells in patients with ABD vasculitis, as well as serum BAFF levels and
mRNA in skin biopsies. Later, Hamzaoui A et al showed that BAFF, along with IL-6 and IL-
13, were, also, increased in the broncho-alveolar lavage (BAL) fluid from ABD patients with
active pulmonary involvement; All these factors are known to actively participate in the
maturation and activation of B cells (Hamzaoui A, 2010; Hamzaoui K, 2008).

Consequently to B cell activation, various autoantibodies have been detected in the sera
of ABD patients; however, their role in disease pathogenesis remains to be defined.
Antinuclear antibodies (ANA) and rheumatoid factors are typically absent. On the
other hand, autoantibodies against cell surface antigens, such as anti-endothelial cells
antibodies (AECA), or against mucosal antigens have repeatedly been reported. Recent
studies, based on proteomics, have revealed the presence of antibodies against more specific
antigens, such as a-enolase, a-tropomyosin, kinectin, selenium-binding protein, esterase-D
and carboxy-terminal subunit of Sip-1 (Delunardo et al, 2006; Direskeneli et al, 1995; Lee KH
et al, 2003; Lu et al, 2005; Mahesh et al, 2005; Michelson et al, 1985; Mor et al, 2002; Okunuki
et al, 2007, 2008).
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Concerning AECA, their prevalence in ABD is reported to vary from 18-50%; however,
difficulties in method standardization led to significant discrepancy between the different
studies and raised concerns about their clinical utility. Furthermore, other studies confirmed
that AECA were not quite specific for the disease; instead, they are frequently detected in
other systemic vasculitides and/or autoimmune diseases. Despite their inspecificity, AECA
were shown to mediate enhanced polymorphonuclear adhesion to activated endothelial
cells, thus promoting tissue injury during systemic inflammation. An association between
IgG-AECA and central nervous system involvement in ABD was reported (Dinc et al, 2003;
Souza et al, 2007; Zeng et al, 2004).

Alpha-enolase represents a target antigen of IgM AECA, reported to be detectable in
approximately half of ABD patients, especially in those with overt vascular involvement;
however, its specificity is not satisfying (Lee JH et al, 2009).

3. Coagulation and fibrinolytic abnormalities in ABD

Although no specific defect in the coagulation cascade has so far been detected, ABD is
characterized by thrombotic manifestations in 7-38% of the patients. In most studies, both
coagulation and fibrinolytic pathways seem to be activated (Leiba et al, 2004).

Various pro-coagulant conditions, such as deficiencies of protein C, protein S, antithrombin
III and factor V Leiden and prothrombin G20210A mutations have been described in ABD
patients (Ates et al, 2003; Caramaschi et al, 2010). Additionally, higher levels of
homocysteine, factor VIII, thrombin-antithrombin III complexes (TAT) and prothrombin
fragment 1+2 maintain the intravascular generation of thrombin in these patients (Espinosa
et al, 2002; La Regina et al, 2010). Despite all these data, it seems that thrombophilic factors
do not play a major role in the thrombotic tendency of ABD. Leiba et al, in a tightly designed
study, showed that the only factor that was strongly correlated to thrombosis in these
patients was hypertriglyceridemia (Leiba et al, 2004). Other studies reported that active ABD
patients were characterized by hypertriglyceridemia, low HDL and high Lp(a) levels
(Musabak et al, 2005).

Regarding the fibrinolytic cascade, most studies have revealed defective fibrinolysis with
lower levels of tissue plasminogen activator (t-PA) and increased thrombin activatable
fibrinolysis inhibitor (TAFI) and thrombomodulin. Other studies involve the plasminogen
activator inhibitor (PAI), as this molecule appears to be increased in ABD, resulting in
defective tPA/PAI complex formation (Donmez et al, 2010; Ozturk et al, 2004). Furthermore,
the endothelial dysfunction due to immune-mediated vasculitis may also play an important
role in the thrombotic tendency of the disease.

Another important thrombogenic factor in ABD is the presence of antiphospholipid
antibodies. Indeed, anticardiolipin (ACA) and anti-B2-glycoprotein 1 (anti-p2-GPI)
antibodies, as well as lupus anticoagulant (LA) have been described in selected ABD
patients (Bonnet et al, 2004; Kandolf-Sekulovic et al, 2005). Additionally, newer epitopes,
such as antibodies against the phosphatidylserine-prothrombin complex (anti-PS/PT) or
annexin V, have also been reported to be associated with thrombosis in these patients (Aslan
et al, 2004; Kawakami et al, 2009). The significance of these antibodies in thrombotic
manifestations of ABD remains to be fully elucidated.

In Table 2, a synopsis of the main abnormalities of the immune cells in ABD is presented.
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Neutrophils Hyperactivation

Cytokine and MMPs secretion
Resistance to apoptosis

Tissue infiltration

Monocytes/Macrophages Altered TLR expression
Secretion of IFN-y, IL-1, IL-8, IL-12, TNF-
a

Gammadelta T cells Vgamma9+Vdelta2+ expansion

Secretion of IFN-y, TNF-a

Polyclonal proliferation

NK cells Increased numbers

Impaired cytotoxic activity?

Abnormal KIR repertoire

NKT cells Recruitment to the site of inflammation
High expression of FasL and perforin
Interaction with T regulatory cells?

CD8+ T cells Increased numbers
Highly activated (CD69)
CD4+ T cells (Th1 polarized) Secretion of IL-2, IL-12, IFN-y

Resistance to apoptosis
Tissue infiltration

CD4+ T cells (Th17 polarized) Disease initiation?
Secretion of IL-17, IL-23
Increased Th17/Thl ratio

T regulatory cells Probably low numbers during active
disease
Impaired suppressive activity?

B cells Normal numbers, but activated

Increased expression of BAFF receptor
Autoantibody production (AECA and
others)

Table 2. Main abnormalities in immune cells in ABD

A proposed model for ABD vasculitis pathogenesis

(schematic representation -1, -2, -3)

In genetically predisposed individuals, due to an exogenous stress, e.g. an infectious insult,
a systemic or local non-specific immune response is mediated via innate immune cells and
the endothelium.

Respiratory burst products and proinflammatrory cytokines and chemokines secreted at the
site of the initial insult further attract monocytes, neutrophils and dendritic cells around
the area and the blood-endothelial barrier breaks down (schematic representation -1).

Initial insult is neutralized, but HSPs derived from bacterial load, as well as HSPs from
affected tissue/s give rise to a second, more specific T-cell-mediated immune response,
according to molecular mimicry and/or epitope spreading model. These events might be
augmented and spread out in case of repeated antigenic stimuli (second hit). Endothelial-
innate cell contact and activation perpetuates the proinflammatory milieu and along with
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local tissue injury produces a ‘danger model” situation, where APCs, through PAMP-PRR
cross-talk, are activated and induce downstream Thl and Th17 polarization of the specific
immune response. Main cytokines mediating this process are IL-1, TNF-a, IL-6, IL-8, IL-12,
IL-18 and others, (schematic representation -2).

T cells, through this antigen-driven activation, are committed and clonally expanded against
certain candidate peptides via well known mechanisms of molecular cross-reactivity. The
orchestrated immune reaction involves B cells activated by CD4+ T cells to produce
autoantibodies (AECA?) that are able to induce endothelial damage and contribute to
neutrophil migration as well.

Gammadelta-T-cells probably contribute to the pathogenetic process, by cytokine secretion
which augments Thl polarization. The role of cell-mediated cytotoxicity is not clear at the
moment. Probably, CD8+, NK and NKT cells are recruited in the site of inflammation and
mediate a cytotoxic immune response.

Hyperactivated neutrophils, primed by cytokines and the activated endothelium
(overexpressing cell adhesion molecules), migrate into the vessel wall and produce
reactive oxygen species and MMPs, thus contributing to vasculitic lesions and aneurysm
formation.

Additionally, low numbers or defective function of T regulatory cells probably cannot
adequately regulate the hyperactivation status of effector cells, (schematic representation -3).
Finally, during disease perpetuation, tissue damage may produce new epitopes (damage-
associated molecular patterns, DAMPs) that can further augment immune cells activation
and contribute to the clinical heterogeneity of the disease.

This pathogenetic model is briefly presented in Figure 1.
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Fig. 1. Proposed pathogenetic model of ABD vasculitis
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4. Therapeutic approach to ABD vasculitis

4.1 General principles

Although treatment of ABD was reviewed recently, management of complicated cases,
especially those with vascular involvement, still poses a great challenge to experienced
physicians. Nowadays, the recently published EULAR (European League Against
Rheumatism) recommendations are considered to be the accepted guidelines for the
management of the disease. Nonetheless, treatment concerning vascular involvement, either
major vessel or visceral disease (medium-small vessel vasculitis) is largely based on expert
opinion and uncontrolled evidence from open trials and observational studies. So the need
for further properly designed controlled clinical trials is obvious (Hatemi et al, 2008).

In general, topical therapy should be applied in mucocutaneous lesions and should be the
only treatment for mild symptoms. Although antiseptics seem to prevent secondary
infections and reduce pain intensity, antibiotics face antigen burden and they are important
in identifying disease relapses as well. Drugs with anti-inflammatory action are used as
adjuvants but, beyond this, it is imperative to emphasize that the physician must be vigilant
for alarming clues of systemic vasculitis and ready to implement immunomodulating
regimen (Alpsoy, 2005; Alpsoy et al, 2007).

Treatment decisions depend on the age, sex, comorbidities, patient’s willingness to
cooperate and other parameters, such as the site and severity of involvement, as well as
the frequency of recurrences. Fortunately, a part of disease burden can be managed with
mild systemic immunosuppression. Early and aggressive immunosuppression is mandatory
in severe or life- threatening cases. Below, the most commonly used immunomodulating
drugs for the management of major vessel disease or visceral involvement will be discussed.
(Table 3)

4.2 Glucocorticosteroids (C/S)

It is well known that glucocorticosteroids modify immune response to diverse stimuli by
suppressing inflammatory reactions in general. They have profound metabolic effects and
they affect the replication, movement and activity of virtually all cells involved in
inflammatory process. Although C/S exert cytotoxic effects to activated T cells at high
doses, their immunomodulating effects are probably mostly attributed to their ability to
modify cellular immune functions when low doses are used orally. At the cellular level C/S
bind to their intracellular receptor forming an active complex. The complex moves to the
nucleus, where it binds to DNA sequences modifying chromatin structure and altering the
transcription machinery. Another mechanism of action is that glucocorticosteroids-
glucocorticosteroids receptor complex directly increases IxB (inhibitory factor «B)
expression. IkB inhibits the actions of transcription nuclear factor NFxB. It is well known
that NFxB promotes gene induction of cytokines, chemokines and adhesion molecules, thus
amplifying lymphocyte proliferation and leading to the perpetuation of the inflammatory
process (Bruton et al, 2005; Rhen & Chidlowski, 2005).

Through these mechanisms C/S suppress cellular immunity, both Th17 and Th1 responses.
This action explains their therapeutic use in ABD. Although more detailed trials are needed,
worldwide clinical experience has shown that C/S are the cornerstone of treatment for
many ABD complications. High oral doses, up to 100mg/day for a long period of time, or
pulse treatment with 1gr/day for 3 consecutive days or more are given, in serious or life-
threatening cases, like aneurysm formation or cavernous sinus thrombosis (Hatemi et al,
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2008). It was demonstrated that in large-vessel arterial disease (arterial occlusion or
aneurysm) high dose glucocorticosteroids alone did not improve occlusive disease and
mortality (Li Thi Huong et al, 1995). On the contrary, other studies have shown that C/S in
combination with other immunosuppressants had a significant beneficial effect in vascular
complications of ABD (Alpsoy & Alkman, 2009, Sharaf & Yazici, 2009). In another recently
conducted randomized trial, low dose intramuscular depot C/S was used and proved to be
beneficial in milder manifestations, like erythema nodosum, but no for genital ulcers. The
trial used the drug in depot form for intramuscular injection, so no conclusions can be
drawn for the efficacy of the usual oral or intravenous regimen (Mat et al, 2006).

Adverse effects such as osteoporosis, metabolic disturbances, psychosis must been taken
into account. EULAR committee recommends the use of C/S as a first line therapy for
managing all ABD manifestations. Different level of evidence for every case is probably
attributed to data availability. Based on immunopathology and clinical data, we suggest the
administration of high dose intravenous corticosteroids for the achievement of remission in
large vessel or CNS vasculitis, followed by a slow tapering schedule to the lowest effective
dose which sustains remission, under close clinical and laboratory follow up (Bruton et al,
2005; Hatemi et al, 2008; Li Thi Huong, 1995; Sharaf & Yazici, 2009).

4.3 Azathioprine

Azathioprine is a prodrug of 6-mercaptopurine, containing an imidazole ring and acts like
an antimetabolite. Azathioprine and mercaptopurine appear to induce immunosuppression
by interfering with purine nucleic acid metabolism. The drug intervenes with the process of
cell division at steps that are required for lymphoid cell proliferation following antigenic
stimulation. Stimulated lymphoid cells incapable of entering cell mitotic phase undergo
apoptosis, establishing a relevant state of immunosuppression. Although RNA synthesis is
blocked at the same time, these agents appear to have less effect on cell function if
implemented after antigen exposure than on nucleic acid synthesis in proliferating, antigen
encountering, T cells (Bruton et al, 2005).

The efficacy of azathioprine in ABD is well established. The usual dose is 1-2.5 mg/kg/day
(not exceeding 200 mg/day) and an average of 3 months is required for its effect to be
established. This slow immunomodulating action limits the use of azathioprine as a sole
agent of therapy in acute vasculitis presentation. However, it can be used additionally in the
acute phase as a corticosteroid sparing agent, as well as prophylactically. Yazici H et al
propose azathioprine as a first line therapy for non-life-threatening cases of neurological
complications (Yazici H et al, 1990). According to the EULAR recommendations,
azathioprine should be used in any ABD patient having inflammatory eye disease with
posterior segment involvement (Hatemi et al, 2008). Its efficacy and safety was evaluated in
a randomized, double-blind, placebo-controlled trial. In this trial, there were fewer
new cases of ocular involvement in azathioprine plus corticosteroids group comparative
to corticosteroids alone (one versus eight). Additionally, the patients taking azathioprine
had less frequent oral ulcers, genital ulcers and arthritis (Yazici H et al, 1990).
Contemplating the pathophysiology of ABD (see above), immunosuppressants like
azathioprine may play a role in the management of vessel thrombosis through anti-
inflammatory action on vessel wall. Results from Sharaf et al confirm the clinical experience
that by dampening immune system activation, pro-thrombotic diathesis can be, at least
partially, reversed (Sharaf & Yazici, 2009).



180 Advances in the Diagnosis and Treatment of Vasculitis

In general, azathioprine could be used as a first line treatment in combination with
corticosteroids in almost all serious manifestations of the disease and is preferable for
maintenance therapy after remission induction. Common side effects are gastrointestinal
disturbances, liver toxicity and bone marrow suppression but rarely do they lead to drug
discontinuation. In parallel, due to B cell impairment and mild hypoglobulinemia, humoral
immunity can be weakened by these cytotoxic agents as well.

4.4 Cyclophosphamide (CyP)

Cyclophosphamide is a highly active alkylating agent, which impairs DNA duplication and
cell division. Although it is not a cell specific drug, the greater effect is observed upon
rapidly proliferating cells, such as T cell clones after their encounter with the antigen.
Initially, cyclophosphamide has proven a reliable agent in management of lupus nephritis
and ANCA associated vasculitis and, eventually, has found a distinguished place in ABD
vasculitis (Bruton et al, 2005).

It has been known that pulse CyP, combined with intravenous C/S regimen, help to achieve
remission in ABD vascular and/or visceral involvement (Du et al, 1990; Hamza et al, 1992).
According to EULAR recommendations, large vessel vasculitis, such as pulmonary and/or
peripheral aneurysms, need to be treated with CyP for at least 2 years (Hatemi et al, 2008).
The drug may be administrated either intravenously, as pulse treatment in doses 400-
700mg/m?, or orally in doses of 1-3 mg/day. The exact dose depends upon the severity of
the disease and considerations of renal and hepatic impairment. Deep immunosuppression
following CyP administration has a life-saving effect. Also in a double-blind cross over trial,
CyP has proven beneficial in patients with intractable uveitis (Davatchi et al, 1999).

Due to its severe toxicity (bone marrow suppression, mucositis, neurotoxicity, syndrome of
inappropriate ADH secretion, cancer), this drug must be used in life-threatening or non-
responding cases. We prefer to administer CyP intravenously, as monthly or 3-weekly
pulses of 500-1000mgr bolus, in order to partially avoid bladder toxicity. For safety reasons,
mesna (chelic agent) and adequate fluids must be administered concurrently.

4.5 Cyclosporine

Cyclosporine is a cyclic polypeptide, which forms a complex with cyclophylin, an
intracellular factor mediating signaling pathways. This complex binds to calcineurin and
inhibits Ca2+-stimulated dephosphorylation of the cytosolic component of the transcription
factor NFAT. Activated cytoplasmic NFAT translocates to the nucleus and binds to nuclear
components required for complete T-cell activation, blocking of IL-2 and other Th1 cytokine
producing genes (Thl to Th2 switch). Besides this, calcineurin also possess peptidyl-prolyl
cis-trans-isomerase enzymatic activity. The peptidyl-prolyl cis-trans-isomerase domain of
calcineurin facilitates binding to CD147, also known as an inducer of extracellular-matrix
metalloproteinases (MMPs). This binding causes CD147 to translocate to the cell surface,
where it plays a critical role in stimulating matrix-metalloproteinase activity, leading to
matrix degradation. Thus, this agent inhibits the enzymatic activation of MMPs, which leads
to vessel wall thinning (Weintraub, 2009). Cyclosporine is effective against T-cell-dependent
immune reactions and a suitable drug for immune intervention in the pathophysiological
process of ABD vasculitis (see above). Additionally, cyclosporine, in synergy with C/S,
downregulates the activity of NKT cells controlling inflammatory process (Bruton et al,
2005; Chi et al, 2010).



Immunopathogenesis Based Adamantiades-Behcet Disease Vasculitis Treatment 181

The efficacy of cyclosporine in ABD has been evaluated primarily in patients with ocular,
mucocutaneous and articular manifestations. Approximately 50% of patients showed
clinical remission when treated with cyclosporine. Two well designed trials proved that
cyclosporine protects ocular degeneration and visual acuity better than conventional
regimen containing prednisolone (Atmaca, 1994; Ernakova, 2003). A direct comparison of
the therapeutic potential of cyclosporine to oral cyclophosphamide was conducted by
Ozyazgan Y et al in patients with ocular inflammation. Therapeutic superiority concerning
visual acuity was seen in the cyclosporine group at six months, but similar results were
noted for both agents at two years (Ozyazgan et al, 1992). Similarly, comparison of
cyclosporine with glucocorticoids or chloramboucil indicates its superiority to control ocular
symptoms. EULAR recommendations suggest cyclosporine or infliximab in combination
with azathioprine and corticosteroids for refractory eye involvement and major vessel
disease as well (strength of recommendation C) (Hatemi et al, 2008).

Side effects are hypertension, nephrotoxicity and predisposition to infections. Furthermore,
the role of cyclosporine in vascular neurological involvement in ABD has not been clarified
yet and its use is discouraged (Bruton et al, 2005).

4.6 Colchicine

Colchicine exerts a variety of pharmacological effects, especially in cellular immunity. The
drug arrests cell division in Gl phase by interfering with microtubule and spindle
formation. This anti-mitotic effect is greatest on cells with rapid turnover (e.g. neutrophils
and expanding lymphocyte clones). Colchicine also renders cell membranes more rigid and
decreases the secretion of chemotactic factors from activated neutrophils, thus inhibiting
inflammation in many ways (Actulga et al, 1980; Bruton et al, 2005).

Clinical experience and randomized trials support that the use of colchicine, alone or in
combination with penicillin, is beneficial in reducing the number of episodes of aphthous
mucositis and arthritis (Al Waiz et al, 2005). According to the authors” opinion and EULAR
recommendations, colchicine has no role in severe large vessel vasculitis management and
in acute relapses. Slow onset of action and lack of T cell specificity render this drug
improper for use in severe cases. Beyond that, there is strong recommendation (category Ib)
for the management of cases where the dominant lesion is erythema nodosum (medium size
vasculitis) (Hatemi et al, 2008).

Side effects of colchicine such as nausea, vomiting, diarrhea and hematologic disturbances
are well controlled with stepwise use of the drug.

4.7 Methotrexate (MTX)

Methotrexate competitively inhibits dihydrofolate reductase (DHFR), an enzyme that
participates in the tetrahydrofolate synthesis. Methotrexate acts specifically during DNA and
RNA synthesis and, thus, it is cytotoxic during the S-phase of the cell cycle. MTX, by inhibiting
the enzymes involved in purine metabolism, and leads to intracellular accumulation of
adenosine and suppression of intercellular adhesion molecule expression by T cells. These two
mechanisms provoke T cell inhibition (Bruton et al, 2005; Johnston et al, 2005).

Concerning ABD vasculitis, literature for MTX is relatively poor. However, Borhani
Haghighi A proposes MTX as a first line therapy in neurological complications (Borhani
Haghighi, 2009). The relatively low cost and the acceptable safety profile make MTX a
preferable choice (Davatchi et al, 2003; Kikuchi et al, 2003). EULAR committee recommends
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MTX for CNS involvement (strength of recommendation C), but no distinction is made
between vascular and parenchymal involvement (Hatemi et al, 2008). Common side effects
are liver toxicity and macrocytosis.

4.8 Biologic agents

4.8.1 Interferon

Although interferons (alpha, beta, and gamma) were identified by their antiviral activity,
these agents also have important immunomodulatory functions. Interferons bind to
membrane receptors type I and II and produce their immunomodulating effects through a
cascade of gene induction and transcriptional changes. The final result is enhancement of
macrophage phagocytic activity and augmentation of specific cytotoxicity by CD8+T
lymphocytes. How these changes modify immune system reaction in ABD has not
been clarified. Possible mechanisms include reduction of viral antigen load and
antiproliferative properties on lymphocytes and damaged tissue cells. Another probable
mechanism of action is the up-regulation of sSTNF-a-RII (soluble TNF-a receptor) and IL-1ra
(interleukin 1 receptor antagonist). It should be emphasized that other studies entangle IFN-
a action in the induction and propagation of autoimmune process (Kotter et al, 2004;
Theofilopoulos et al, 2005).

In a systematic review by Kotter I et al, the authors concluded that nearly all patients with
mucocutaneous symptoms and/or arthritis and/ or wuveitis responded to IFN-a
administration in a dose related manner (Kotter et al, 2004). Additionally, in other studies
including cases of refractory uveitis, IFN-a had similar positive results. These reports were
confirmed by Tugal-Tutkun et al, although they reported lower rates of complete response
(Tugal-Tutkun et al, 2006). EULAR committee justifies the use of IFN-a with or without
corticosteroids for eye disease, instead of cyclosporine or azathioprine. On the contrary,
EULAR recommendations do not consider the use of IFN-a for major artery vasculitis due to
insufficient data from large studies (Hatemi et al, 2008). We consider that potent, traditional
immunosuppressants are preferable in these cases and that administration of an agent with
parallel immunostimulant properties in full-blown inflammation is ambiguous (Boura et al,
2006). Side effects of IFN-a include psychosis, nausea, vomiting, diarrhea, hematologic
changes, liver toxicity and leucoencephalopathy (Bruton et al, 2005).

4.8.2 Anti — TNF- a (tumor necrosis factor) agents

TNF-a, as a pro-inflammatory cytokine, promotes immune reactions and inflammation.
Infliximab is a chimeric anti-TNF-a monoclonal antibody, which binds with high affinity to
TNF-a and prevents the cytokine from binding to its receptors. A number of studies
(uncontrolled, open labeled, case series and reports) indicate that infliximab control
mucocutaneous, joint, neural, gastrointestinal and eye manifestations of disease, inducing
remission (Boura et al, 2006; Sfikakis et al, 2001, 2004). Additionally, in these studies,
infliximab proved adequate to sustain remission in cases refractory to azathioprine and/or
cyclosporine. Sfikakis et al propose infliximab as a second line therapy for ABD relapses
when usual therapy fails or as a first line regimen in severe sight-threatening uveitis
(Sfikakis et al, 2004). Our experience is in agreement.

Etanercept contains the ligand binding portion of a human TNF-a receptor fused to the Fc
portion of human IgG1, and binds to TNF-a, thus preventing it from interacting with its
receptors. Melikoglu M et al conducted a controlled study using etanarcept in ABD.
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Etanercept was superior to placebo in controlling oral ABD manifestations, whereas the rate
of genital ulcers healing, joint symptoms and papulopustular skin lesions were not
statistically different between the two groups (Melikoglu et al, 2005). Different results were
reported from the Study Group on Autoimmune Diseases (GEAS), who published an
impressive rate of response in ABD using etanercept (96%), (Ramos-Casals et al, 2008).
These contradictory results indicate that more studies need to be undertaken in order to
assess etanercept in ABD.

Like infliximab and etanercept, adalimumab binds to TNF-a, preventing it from activating
TNF-a receptors. There is an increasing number of reports that adalimumab is promising on
patients with symptoms refractory to other agents (Bawazeer et al, 2010). EULAR
recommendations include anti TNF-a agents in possible therapeutic regimens for
gastrointestinal and CNS involvement, but no mention is made for major vessel
inflammation (Hatemi et al, 2008).

Side effects (infections, cancer) and cost must be taken into account. TNF-a antagonists
could be reserved as a second line therapy in intractable posterior uveitis and CNS vascular
disease as well.

4.8.3 Anakinra (anti-interleukin-1)

IL-1 mediates its pro-inflammatory actions through IL-1 receptor binding on the surface of
immunocompetent cells. For homeostatic reasons there is a naturally occurring IL-1 receptor
antagonist (IL-1ra) in serum, which competes with IL-1 for receptor binding, blocks IL-1
activity and ameliorates its pro-inflammatory actions. The balance between IL-1 and IL-1ra
may contribute to the extent of an inflammatory response. Anakinra, a recombinant non-
glycosylated version of human IL-1 receptor antagonist, may have a therapeutic role in
ABD. Although literature is limited, a case report of a patient with severe vascular and
gastrointestinal ABD, refractory to conventional treatment, who responded only to anakinra
has been published (Botsios et al, 2008). However, later reports question the long term
efficacy of anakinra in preventing secondary complications, such as amyloidosis (Bilginer et
al, 2010). These ambiguous results confirm the view that further studies are needed.

4.9 Other treatments

There are limited data available regarding the use of alternative therapeutic options in ABD.
Intravenous immunoglobulins have been tested either in a small number of patients or in a
heterogeneous group of patients with eye inflammation (Seider et al, 2001).

IL-6 plays a central role in disease pathophysiology. IL-6 levels have been reported to be
elevated in the cerebrospinal fluid of patients with active CNS disease. Probably anti-IL-6
treatment could be useful in vascular manifestations of ABD. In fact, Borhani Haghighi A
proposed tocilizumab (anti-interleukin-6 agent), as an additional weapon to the therapeutic
armentarium (Borhani Haghighi & Safari, 2008).

Lim SH and de Cata A reported resolution of ABD manifestations after non myeloablative
hematopoietic stem cell transplantation (autologous or derived from allogeneic bone
marrow or umbilical cord blood). There is an increasing number of studies proposing this
practice as an upcoming treatment for refractory ABD. The rational is the depletion of
activated immune cells from the body (De Cata et al, 2007; Lim et al, 2009)

All these therapeutic modalities have not been tested adequately and are not mentioned in
current guidelines.
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5. Specific considerations for vascular inflammation in ABD

5.1 Major vessel involvement

Although large artery disease is uncommon in ABD, it can lead to significant morbidity and
mortality. The percentage of ABD patients with arterial damage varies from 5 to 18%. The
two main presentations of arterial involvement is lumen stenosis, or more likely, aneurysm
formation.

Although pathogenesis is yet unclear, the hypothetical model already proposed for other
large vessel vasculitides might be of value. According to this model, IL-1 and TNF-a
secretion from dendritic cells, macrophages and neutrophils results in the production of
radical oxygen species and mettalloproteinases with subsequent elastic fiber destruction,
thinning of media layer and expansive remodeling of the artery (Weyand & Goronzy, 2003).
Chronic uncontrolled inflammation also leads also to arterial occlusions due to intimal
thickening. These two forms of vessel remodeling may be detected in the same patient
(Buggage et al, 2005).

Aneurysm formation and/or occlusive lesions may require combined medical and surgical
intervention under the supervision of an experienced clinical immunologist. Urgent surgery
is mandatory in case of enlarging or ruptured aneurysms or due to organ-threatening
ischemia. Equally significant is the implementation of postoperative immunosuppressive
therapy, to prevent relapse and common complications after arterial bypass surgery, such as
graft occlusion and new aneurysm formation at the site of anastomosis (Calamia et al, 2011;
Tuzun et al, 1997).

The first goal is to achieve remission with immunosuppressive drugs. We suggest
aggressive therapy with methylprednisolone 1000mg x 3 or more consecutive days,
followed by oral C/S and CyP in intravenous pulse treatment (4-8mg/kg) until clinical and
laboratory remission.

A number of patients with major-vessel arterial disease were studied in a retrospective
manner. This study illustrated that C/S, even in high doses, did not improve occlusive
disease when fibrosis of intima was irreversible, emphasizing the importance of early
immune intervention (Le Thi Huong, 1999).

Anticoagulation is employed successfully in several cases, but EULAR committee do not
recommend anticoagulants or antiplatelet drugs due to lack of evidence from randomized
controlled trials and possible danger of bleeding in sites of aneurysmal rupture (Hatemi et
al, 2008). (see algorithm 1)

5.2 Medium - small vessel involvement

Although large vessel involvement is responsible for deaths in ABD, small and medium
vessel vasculitis maintains the main characteristic in disease pathophysiology. Pathological
findings compatible with vasculitis from different anatomical sites have been reported.
More specifically, the histopathological findings range from minor neutrophilic vascular
infiltration to true leukocytoclastic (oral lesions) or lymphocytic (genital lesions) vasculitis.
Although such interesting clues indicate a variance in the pathophysiologic process, there
are no data to suggest different therapeutic approaches in patients with different type of
lesions (Chun et al, 1990; Nazarro et al, 1966).

Retinal vasculitis is a serious finding in posterior uveitis of ABD patients. EULAR committee
recommends a treatment regimen that includes azathioprine and systemic corticosteroids
for the management of the first attack. Doses of prednisone up to 1 mg/kg/day for one
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month with tapering thereafter as tolerated proved to be adequate in most of the cases.
Furthermore, long term follow-up of patients proves that local and/or systemic
corticosteroids and azathioprine are beneficial for maintenance treatment as well (Hatemi et
al, 2008; Iscan et al, 2005; Yazici et al, 2010).

In severe relapsing or refractory eye inflammation, initial pulse therapy with intravenous
methylprednisolone (1 g/day for three days or more) is needed. A number of observational
studies have suggested efficacy of infliximab for the treatment of inflammatory eye disease.
Combination of the above agents with cyclosporine or IFN-a can be used for intractable eye
inflammation (EULAR recommendations 1 and 2), although the level of evidence is low
(grade of evidence III) (Hatemi et al, 2008; Yazici et al, 2010).

Alternatively, the addition of cyclophosphamide pulse treatment prior to infliximab in
refractory ocular ABD could be used. There is a possible synergistic effect of
cyclophosphamide and infliximab in controlling ocular inflammation when used
consecutively (submitted for publication).

In general, neurological complications could be treated in the same manner as posterior
uveitis. The combination of high-dose C/S (3-7 pulses of intravenous methylprednisolone 1
g/day) with another immunosuppressive agent (preferably azathioprine) is required.
Cyclophosphamide, methotrexate and TNF-a antagonists represent quite useful alternatives
in severe parenchymal disease. For dural sinus thrombosis, short pulses of intravenous C/S
are usually adequate. In neurological involvement, cyclosporine should not be introduced
due to its potential neurotoxicity (strength of recommendation C) (Borhani Haghighi, 2009;
Borhani-Haghighi & Safari, 2010; Hatemi et al, 2008; Kotter et al, 2006).

Serious renal lesions are rare and range from minor IgA deposits in glomerulus to catastrophic
crescentic glomerulonephritis. In case of clinically important glomerulonephritis, treatment
varies according to other organ involvement. A reasonable approach is cyclophosphamide
750-1000 mg /month plus glucocorticosteroids 500-1000 mg /day for three days and 60-100
mg oral prednisolone in tapering doses until clinical remission (Altiparmak et al, 2001).
(see algorithm 2)

5.3 Venous thrombosis

Deep vein thrombosis (DVT) is the most frequent vascular manifestation of ABD. DVT is
believed to result from endothelial inflammation leading to thrombosis through pro-
thrombotic alterations in the vessel wall, upregulation of adhesion molecules and
endothelial dysfunction. DVT can occur in any site of the vascular tree, most commonly in
lower extremities, but also in hepatic veins, cerebral venous sinuses, superior and inferior
vena cava (Ames et al, 2001).

Thrombotic events are prevented by ameliorating systemic inflammation, rather than by the
institution of primary anticoagulation (Kuzu et al, 1994; Mader et al, 1999; Sarica-Kucukoglu
et al, 2006). EULAR does not recommend the use of antiplatelet drugs, anticoagulants or
fibrinolytic agents for thrombotic events in ABD, due to insufficient data from large studies
(Hatemi et al, 2008).

The authors suggest that venous thrombosis must be faced on case-by-case basis, through
cooperation with appropriate subspecialists. When anti-thrombotic intervention is
considered, aspirin is a rational choice. Acetylosalicylic acid interferes with the
transcriptional activation of the interferon-y gene, a mechanism of action that may be
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particularly useful in inhibiting T-cell function in ABD. Furthermore, from the
pathophysiological models of giant cell arteritis, we know that IFN-y favor intimal
hyperplasia and endothelial dysfunction. (see algorithm 1)

Target

Therapeutic Goals

Current or emerging approach

Interleukin-1

Interleukin-6

Interferon-y or
interferon- y
inducing genes

Metalloproteinases

Innate immune
responses

Adaptive immune
responses

Vascular thrombosis

TNF-a

Suppression of acute phase
response
Inhibition of macrophages

Suppression of acute phase
response
Inhibition of macrophages

Disruption of adaptive
T-cell response

Inhibition of matrix
degradation-

-inhibition of expanding
remodeling

Inhibition of nuclear factor k-
B

Inhibition of T cell clones
activation

Inhibition of prothrombotic
changes of endothelium

Inhibition of TNF-a
mediated immune response

Anakinra, C/S

Tocilizumab, C/S

acetosalicylic acid, C/S

Cyclosporine

C/S, Interferons

Cyclophosphamide, Cyclosporine

acetosalicylic acid, anticoagulants,
immunosuppressants

etanercept, infliximab, adalimumab

Table 3. Therapeutic targets for pathogenic pathways in Adamantiades- Behcet disease and

indicative approaches
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Major vessel
involvement

Aneurysms Deep venous

and/or occlusion thrombosis
(DVT)

Extremities Central veins
Urgent invasive CyP + CS pulses CS+ AZA + Pulses CyP + CS
repair Aspirin + Aspirin

Post-operative Response
immunosuppress Maintenance
ion treatment
Oral CS + AZA Oral CS + AZA

No response

Invasive repair

Algorithm 1. Therapeutic intervention for major vessel involvement in ABD.
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Visceral ABD (eye, CNS)

CyA + AZA + CS + Aspirin

No response
Response

CyP pulse treatment

Response No response

AZA + CyA+ C/S(EYE) Infliximab + C/S
(to achieve remission)
AZA + C/S(CNS)

Relapse

CyP pulse + C/5

Algorithm 2. Therapeutic intervention for visceral involvement (eye, CNS) in ABD.

6. Conclusions

The multi-level pathogenetic process of visceral ABD implies that inflammation control by one
single agent is seemingly impossible; indeed, various combinations of immunomodulating
agents are proposed.

Early administration of immunosuppressive therapy is critical before permanent damage is
established. Invasive approaches must be implemented when needed.

Urgent intervention is mandatory in life threatening circumstances.

Although there is an increasing amount of data from controlled trials regarding specific
issues in ABD therapy (targeting management of early ABD and particular disease
mechanisms), current guidelines are largely based on the opinion of experts.
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1. Introduction

Vasculitis affecting the central nervous system (CNS) comprises a large group of diseases
characterized by inflammation of arteries that narrows the arterial lumen, compromises
cerebral blood flow, and causes a variety of ischemic symptoms. These diseases share
similar pathology, but differ in their ages of onset and involved arteries (Begelman & Olin,
2000; Sheikhzadeh et al., 2002; Weyand & Goronzy, 2003). Large-vessel vasculitides are
characterized by inflammation of the aorta and the carotid arteries. Giant-cell arteritis, for
example, affects patients older than 50 years, while Takayasu’s arteritis affects women in
their second and third decades of life. With giant-cell arteritis, incidences range from 15 to
25 cases per 100,000 with a predilection for people of northern European descent;
Takayasu’s arteritis is most commonly seen in Japan, Southeast Asia, India, and Mexico and
has an annual incidence in North America of 2.6 per million people. Large-vessel
vasculitides in the pediatric population are rare (Gardner-Medwin et al, 2002).
Nevertheless, most childhood vasculitides, such as Henoch-Schonlein purpura, Kawasaki
disease, polyarteritis nodosa, Wegener granulomatosis, and Behcet disease, are medium-
and small-vessel syndromes that often present pathognomonically and rarely, if ever, lead
to aortitis or large-vessel obliterative arteriopathy.

Management of vasculitis is almost always medical and individualized to the presenting
symptoms, involving a combination of corticosteroids, cytotoxic immunosuppressive agents
(intended to decrease inflammation and prevent arterial occlusion) and antibiotics in
infectious causes. In the later stages of these diseases, cerebral ischemia may result from
chronic scarring or occlusion of arteries rather than acute inflammation. Therefore,
revascularization is sometimes necessary to prevent cerebral ischemia and infarction, and
bypass surgery has an important role in the treatment of selected cases of vasculitis outside
of the acute inflammatory phase.

The aforementioned variable pattern of involvement of different vasculitides can affect
conventional donor and recipient sites for common extracranial-intracranial bypasses.
Consequently, bypasses for vasculitis often require unusual and complex reconstructions
that are not part of the standard bypass repertoire. In this chapter, we review the special
techniques and nuances of bypass for vasculitis patients and we demonstrate our experience
with case examples.
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2. llustrative cases
Case 1

A previously healthy 10-month old boy presented with sudden right-sided hemiparesis.
Magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA)
demonstrated acute ischemia in the left middle cerebral artery territory. Cerebral
angiography demonstrated severe obliterative arteriopathy of the great vessels with
complete occlusion of all vessels originating from the aortic arch and reconstitution of the
cerebral perfusion through unique collateralization patterns. The cerebral vasculature
appeared to be structurally unaffected by the underlying vascular pathology.

Fig. 1. Magnetic resonance imaging demonstrated acute ischemia in the left MCA territory
(diffusion-weighted images, (A) coronal and (B) axial views). (C) Catheter angiography
(aortic injection, anteroposterior view) revealed severe obliterative arteriopathy of the great
vessels originating from the aortic arch. Cerebral blood flow was reconstituted by collaterals
from the anterior spinal artery to the vertebral arteries, and from intercostal and cervical
arteries to the left CCA. Delayed phase of the angiogram showed late filling of the left ICA
and vertobasilar circulation (aortic injection, (D) anteroposterior and (E) lateral views)

The patient’s hemiparesis improved with hypervolemic therapy and pressor agents, but his
deficits returned when these pressor agents were weaned. Despite reconstitution of blood
flow in his left carotid system by his native cervical collateral vessels, his left hemisphere
remained the symptomatic side. After several unsuccessful attempts to wean him from
hypertensive therapy, a revascularization procedure was planned to address his
hemispheric hypoperfusion and inadequate collateral blood flow.



Bypass for the Treatment of Vasculitis Affecting the Central Nervous System 201

Microsurgical Technique

An aortocarotid bypass from the aortic arch to the common carotid artery was determined
to be the shortest and best method of augmenting blood flow to the ischemic left
hemisphere. An oblique incision along the medial border of the left sternomastoid muscle
was made just above the clavicle and the proximal left common carotid artery was exposed,
revealing an indurated and completely obstructed artery. The aortic arch was then exposed
through a median sternotomy. The aortic arch appeared normal, but the common carotid
artery was also indurated and completely obstructed. The origin of the common carotid
artery was occluded with a Weck clip and transected from the arch. There was no
retrograde flow from the CCA, and a longitudinal incision was made along the carotid until
a lumen with back bleeding was encountered. The lumen was probed with a 4-mm dilator
and back-bleeding became more brisk. The end of the CCA was cleaned and prepared for
the distal anastomosis.

| Lercca

End-to-end

End-to-side

Fig. 2. (A) lllustration showing the aortocarotid bypass from the aortic arch to the proximal
left CCA, using a cryopreserved saphenous vein allograft. (B) The aortic arch was exposed
through a median sternotomy and a proximal end-to-side anastomosis was performed using
a side-biting clamp on the aorta. (C) The graft was tunneled to a cervical incision and an
end-to-end anastomosis to the CCA completed the bypass, with strong pulsations in the
carotid bifurcation.



202 Advances in the Diagnosis and Treatment of Vasculitis

The boy’s saphenous vein was considered for the bypass, but the caliber was too small and
instead, a 5-mm diameter, cryopreserved, allograft saphenous vein was selected (CryoLife,
Kennesaw, GA). The ends of the vein graft and the common carotid artery were beveled
and anastomosed end-to-end. The vein graft was then tunneled to the mediastinum and
trimmed to reach the aorta. A side-biting clamp was placed on the aortic arch, obviating the
need for cardiopulmonary bypass. A small incision was made in the aorta and the proximal
end of vein graft was sewn to the aorta in an end-to-side fashion. After completing the
anastomosis, the side-clamp was removed and flow was established in the bypass with good
pulsation in the vein graft and in the downstream carotid artery. Heparin (Img/kg) was
used during the procedure and was not reversed.

Clinical Course

Postoperatively, the patient continued to improve and his hemiparesis resolved completely.
His pressor agents were weaned and he remained neurologically intact, independent of his
blood pressure. An angiogram demonstrated the widely-patent interpositional vein graft
between the aortic arch and left common carotid artery. Furthermore, the arterial vessels of
the cerebral vasculature appeared well-perfused via the left internal carotid artery.

At last clinical follow-up 12 months after presentation, the bypass remained patent based on
carotid ultrasound examination, and the patient demonstrated no new neurological
symptoms. He was advancing steadily with his developmental milestones and his language

function was normal.
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Fig. 3. Postoperative catheter angiography demonstrated a patent aortocarotid bypass ((A)
aortic injection, anteroposterior view) and improved cerebral perfusion through the left ICA
((B) graft injection, anteroposterior view). (C) Delayed phase of the angiogram showed
filling of the right carotid circulation via anterior communicating artery and the basilar
circulation via the posterior communicating artery.

Case 2

A 48 year-old female with a history of Takayasu's arteritis presented to the ER with a
sudden, severe headache. CT scan demonstrated subarachnoid hemorrhage. Cerebral
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angiography revealed a fusiform aneurysm at the basilar apex. Both common carotid
arteries and her right vertebral artery were occluded. Her entire cerebral circulation was
supplied by the left vertebral artery. Since microsurgical clipping of the aneurysm would
likely require some temporary occlusion of the basilar artery, a revascularization procedure
was planned.

Fig. 4. (A) A brain CT scan revealed subarachnoid hemorrhage and (B) CT angiography
revealed a fusiform basilar tip aneurysm. (C) Angiography showed that her innominate
artery and left common carotid artery were occluded from her prior disease and surgery
(aortic arch injection, anteroposterior view), and only her right vertebral artery was
supplying her cerebral circulation. Two large posterior communicating arteries were
collateralizing the anterior circulation (D, vertebral artery injection, lateral and (E)
anteroposterior views). (F) Angiography with 3D reconstruction depicted the fusiform
aneurysm at the basilar apex.

Microsurgical technique

A subclavian-middle cerebral artery bypass was thought to be the most suitable
revascularization option. A saphenous vein graft was harvested from the thigh and down
into the midcalf using endoscopic technique. The subclavian donor site was prepared by
reopening a prior surgical incision from previous aorto-subclavian bypass that had
occluded. After trimmed appropriately, the vein graft was first anastomosed to the recipient
M2 branch. It was tunneled underneath the inferior edge of the craniotomy incision down to
the previously prepared subclavian site, cut to the appropriate size, and sewn in and end-to-
side fashion to the subclavian artery.
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Having placed the bypass, a temporary clip on the basilar trunk softened the aneurysm
which allowed complete dissection of the neck and its definitive clipping occluding the
rupture site. A fusiform segment of the basilar artery apex was also reinforced with cotton

wrapping.

Fig. 5. (A) A left orbitozygomatic approach exposed the basilar apex aneurysm and the need
for temporary occlusion was confirmed. (B). A shapenous vein graft was harvested and
anastomosed first to the recipient M2 branch. (C) The subclavian artery was exposed
through a supraclavicular incision and an arteriotomy was made with an aortic punch. (D,E)
The tunneled graft was anastomosed with running 9-0 sutures end-to-side. (F) With the
bypass in place, a temporary clip on the basilar trunk softened the aneurysm and allowed
complete dissection of the neck. The aneurysm was clipped with fenestrated clips
transmitting the PCA and its perforators.

Clinical course

Postoperatively, the patient developed a pulmonary embolism which required the
placement of a vena cava filter. However, she recovered well and was discharged home
after a 2 week hospitalization without any neurological symptom. At last follow-up 4 years
after the procedure, the patient remained neurologically asymptomatic and an angiogram
demonstrated the patent vein graft between the left subclavian and left middle cerebral
artery.

Case 3

A 43-year-old woman presented with right sided neglect and expressive aphasia due to left
parietal stroke. An angiogram showed an occluded left internal carotid artery with
compromised blood flow to the left hemisphere. The right internal carotid artery had a high-
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grade stenosis in the proximal half of the cervical segment, but restored caliber in the distal
cervical segment and normal blood flow to the right hemisphere. These findings suggested
large vessel vasculitis and a revascularization procedure was planned with a STA-MCA
bypass.

Fig. 6. Postoperative angiogram showed a patent subclavian-MCA bypass ((A) left
subclavian injection, anteroposterior cervical view) with good filling of the left MCA
territory distally ((B) left subclavian injection, anteroposterior cranial view).

-

Fig. 7. (A) Angiography showed a completely occluded left internal carotid artery (left
common carotid artery injection, anteroposterior view) and (B) a high grade stenosis in the
cervical segment of the right internal carotid artery (right common carotid artery injection,
anteroposterior view.
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Microsurgical technique

The left temporal artery was harvested from the zygoma all the way up to the superior
temporal line. A small fronto-temporal craniotomy was then performed and the possible
recipient arteries on the cortical surface were exposed. As previously noticed on the
angiogram and most likely related to the patient vasculitis, all the cortical vessels had a
smaller caliber than usually observed. An adequate recipient branch was dissected and the
temporal artery was swung to it in and end-to- side fashion. An ICG videoangiography
confirmed the patency of this technically demanding anastomosis.

Clinical course

Postoperatively, a control angiogram demonstrated patency of the left STA-MCA bypass.
The patient’s vasculitis was diagnosed as Takayasu’s arteritis. She was discharged home
with no neurological deficits.
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Fig. 8. Postoperative angiogram showed a patent left STA-MCA bypass with good filling of
the left MCA territory distally (A) Left common carotid artery injection, anteroposterior
view. (B) Left common carotid artery injection, lateral view.

3. Discussion

3.1 Indications for bypass

The treatment of vasculitis in the acute phases begins with medical therapy with
corticosteroids and/or cytotoxic immunosuppressants, the specific medication depending
on the type of vasculitis. The indications for brain revascularization in vasculitis are
symptomatic cerebral ischemia despite medical therapy, caused by significant reduction in
blood flow that is not compensated by collateral circulation.

Catheter angiography helps defining a patient’s underlying vasculopathy, but also his or her
compensatory collateral circulation. An intact circle of Willis can compensate for a carotid
occlusion with cross-filling from the contralateral ICA through the anterior communicating
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artery (ACoA) and from the vertebrobasilar circulation through the posterior
communicating artery (PCoA). Retrograde flow in the ophthalmic artery can provide
collateral circulation from the external carotid artery (ECA). Leptomeningeal collaterals can
be recruited over the cerebral convexity connecting PCA and MCA territories as well as
ACA and MCA territories. Other less common sources of collateral circulation include:
anterior, middle, and posterior meningeal arteries in the dura mater connecting to cortical
arteries; ACA-PCA connections through a “limbic loop;” extracranial connections between
ECA or vertebral artery branches and the distal ICA; and anterior spinal artery
collateralizing the vertebrobasilar circulation. Well developed collateral circulation can
compensate for severe occlusive vasculitis, whereas the absence of collateral circulation may
indicate surgical bypass (Hofmeijer et al, 2002; Yamauchi et al, 2004).

In addition to the diagnosis of an underlying vasculopathy and the evaluation of the
collateral circulation, confirming the presence of ischemic tissue that is at risk for stroke, but
still salvageable, is another important criterion for bypass surgery. A large evolving or
completed stroke on CT scans or MR imaging contraindicates bypass surgery because this
brain tissue is not salvageable and revascularization could precipitate hemorrhagic
conversion of an acute infarction. Bypass candidates have small or no strokes and significant
areas of ischemia that can be rescued by revascularization. The ability to identify
mismatches between blood supply and brain demand helps facilitate patient selection and
increases the likelihood of a benefit to those who undergo bypass surgery. Perfusion CT
(PCT) imaging is a simple, quick, and accessible technique that provides physiological,
qualitative information about those mismatches called the ischemic penumbra (Hemphill et
al., 2005; Kamath et al, 2008). PCT imaging uses a bolus injection of iodinated contrast and
spiral CT imaging during the passage of the contrast bolus through the brain. Perfusion
maps show parameters including: time to peak (TTP, the time between the first arrival of
contrast intracranially and its peak concentration), mean transit time (MTT, the average time
for blood to travel through a volume of brain), cerebral blood flow (CBF), and cerebral blood
volume (CBV). In acute stroke, ischemic penumbra has increased TTP and MTT, relatively
normal CBV due to vasodilation and recruitment of collateral flow, and decreased CBF. In
contrast, infarcted brain has increased TTP and MTT, but CBV and CBF are both decreased.
The identification of ischemic but salvageable penumbra encourages stroke intervention.
Measuring salvageable tissue via PET is a more quantitative method that is more difficult to
obtain due to limited availability.

Our current algorithm for surgical selection identifies patients with symptomatic lesions
refractory to medical management, no significant infarction in the involved vascular
territories, and poor collateral circulation on angiography. PCT imaging then identifies
hemodynamic insufficiency as increased MTT, typically with near normal CBV and
decreased CBF.

3.2 Surgical technique

Selecting the appropriate donor and recipient vessels can be challenging due to the
distribution of disease, the lack of normal anatomy, and the lack in some cases of an
autologous graft that is available or unaffected by the disease. For example, traditional
donor arteries like the STA may be involved with the pathology and therefore, alternative
bypasses are needed.
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STA-MCA bypass

STA-MCA bypass is by far the most common bypass for any stroke patient, whatever the
etiology. The patient is positioned supine and with the head turned 90 degrees to align the
lateral convexity parallel to the floor. The course of the STA is mapped with a Doppler flow
probe and the posterior limb is usually selected. The anterior limb is used only when the
posterior limb is too small. The microscope is used to dissect the STA from zygoma to the
superior temporal line. The artery is left in continuity and vasodilated with papaverine
extraluminally. Temporalis muscle is divided under the STA and mobilized to each side.
Alternatively, temporalis can be flapped anteriorly to expose directly over or in the Sylvian
fissure for a larger recipient artery. A small craniotomy is made by working under the STA
and staying below the superior temporal line. Dura is opened in flap that preserves middle
meningeal arteries if they have developed collateral circulation.

MCA vessels exiting the Sylvian fissure are inspected under the microscope and a recipient
artery is selected with suitable size and accessibility. The STA is transected, stripped of its
adventitia, cut at a 60 degree angle, and spatulated with an axial incision in the arterial wall.
After the patient is placed into propofol-induced EEG burst suppression, the recipient artery
is trapped between temporary clips, arteriotomized, and flushed with heparinized saline.
Two 10-0 sutures are placed on either end of the arteriotomy to approximate the STA and
MCA. Running continuous sutures are placed from one end of the arteriotomy to the other,
then tightened and tied. The opposite wall is sutured similarly. The temporary clips are
removed and hemostasis is achieved with fibrillar Nu-Knit packing. Indocyanine green
videoangiography confirms the patency of the bypass.

The closure must avoid compromising flow in the bypass. The dural closure should not
constrict the STA is it passes through. A small passageway for the STA is rongeured from
the bone flap. Temporalis muscle is closed loosely around the graft, and galea sutures and
skin staples are placed carefully to avoid pinching the graft.

High-flow bypasses

Vasculitis patients have variable and multifocal disease. Traditional donor arteries like the
STA may be involved with the pathology and, therefore, alternative bypasses are needed.
Bypasses with interposition grafts like saphenous vein or radial artery have higher flow
than traditional EC-IC bypasses.

The cervical carotid artery is an accessible donor artery, with anastomotic sites on the
ICA, ECA, and common carotid artery (CCA). The ICA is used when a patent stump is
available and collateral circulation from the ECA must be preserved. ECA is used when
the cerebral circulation is critically dependent on ICA flow and temporary ICA or CCA
occlusion during the anastomosis would be poorly tolerated. CCA is used when the
carotid bifurcation is high-riding and exposure is compromised by the mandible (Auguste
et al., 2001; Sanai et al., 2008). High-flow bypasses connect the ICA, ECA, or CCA with
the MCA, typically along the M2 segment distal to the lenticulostriate arteries originating
from the M1 segment.

A similar bypass can be constructed for high-flow bypasses to the posterior circulation. The
PCA is preferred over SCA because its caliber matches that of the bypass graft. A shorter
bypass alternative is the MCA-PCA bypass, which uses the MCA as the donor site rather
than the cervical carotid artery. This bypass is entirely intracranial (IC-IC), spares the patient
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a cervical incision, and requires only a short radial artery graft. Shorter grafts generally have
higher long-term patency rates than longer grafts to the neck.

Vasculitis can also compromise patency of cervical carotid arteries. In these rare cases, a
more proximal donor artery is needed (see case 1). The subclavian artery can be accessed
through a supraclavicular incision and serve as a proximal donor. The distance to the
recipient site is much longer than with other high-flow bypasses involving the cervical
carotid artery, and therefore saphenous vein interposition grafts are typically required. The
subclavian artery-to-MCA bypass can be used in these vasculitis patients and those with
previous surgical carotid sacrifice for aneurysm, tumor, or other intervention.

4. Conclusion

Bypass surgery has an infrequent, but important role in the treatment of symptomatic
vasculitis refractory to medical therapy causing cerebral ischemia. Vasculitis patients with
symptomatic cerebral ischemia caused by significant reduction in blood flow that is not
compensated by collateral circulation should be considered for revascularization
procedures. However, bypass techniques can be especially challenging in these
heterogeneous diseases and neurosurgeons should be aware of the technical difficulties
associated with these procedures.
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1. Introduction

The increasing morbidity due to peripheral artery disease (PAD) has given rise to a recent
focus in cardiovascular medicine, and strategies for peripheral intervention have
proliferated. For example, distal bypass, and catheter intervention for below-knee arteries
have been performed aggressively. Also, there has been detailed research on the mortality of
peripheral artery disease. In fact, it is reported that the mortality of PAD is higher than that
of colon cancer. In a the patient with complicated PAD, even leg amputation does not prevent
adverse events (Cruz, 2003; Aulivola, 2004). In this context, the discovery of other options for
peripheral intervention is an impending. Also, patients may have various other diseases or a
condition underlying the ischemic insult. Among these, vasculitis and collagen disease are
often associated with difficult ischemic conditions. In these cases, there are limited options for
treatment. Here we describe new techniques to achieve peripheral circulation including
vascular angiogenesis, and explain the potential mechanism and effectiveness including that
in vasculitis patients.

2. Guidelines for peripheral artery disease

Guidelines for peripheral artery disease have been published by the Trans Atlantic Inter-
Society Consensus (Hirsch, 2006). In these guidelines, a treatment strategy was precisely
determined. However, there is still no established evidence regarding treatment for below-
knee arterial ischemia, especially for patients with critical limb ischemia (CLI), which is
intractable limb ischemia due to PAD, who immediately face limb amputation. Catheter
intervention and distal bypass grafting are well known to improve distal ischemia; however,
however in specific conditions such as vasculitis or collagen disease, which is the focus of
this chapter, the location of the occluded artery is mainly distal to the ankle or wrist which
makes it difficult to treat with these strategies, and also, due to the pathogenesis of the
original disease, the target vessels often become reoccluded soon after treatment.

3. Diagnosis and definition of severity

Definitive diagnosis should be made by documentation of the affected tissue. In order to
make the correct diagnosis, biopsy of abnormal or symptomatic tissue is reliable. In patients
with proven vasculitis, the diagnostic yield from biopsies of clinically normal sites is
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considerably less than 20%. In addition, when a wound is complicated by vasculitis or
collagen disease, the invasive nature of by biopsy itself worsens the wound, and it is usually
difficult to obtain a tissue sample unless amputation tissue is available.

In order to perform correct diagnosis and appropriate treatment, it is necessary to define the
severity of ischemia using a reliable and safe method. Ankle-brachial index (ABI) is one of
the useful screening methods for PAD. However, the data are inconsistent when the artery
is severely calcified, which is known as Monckeberg sclerosis (figure 1), which shows a
pseudo-normalized value. Also, ABI is not a suitable method to define the amputation level.
Skin perfusion pressure(SPP), obtained by digitized quantification of blood flow, is a
reliable method that is also useful to define the amputation level. However, in vasculitis or
collagen disease, it is difficult to apply because most patients experience excruciating pain,
and cuff inflation may worsen the patient’s condition. Thus, there is no clear consensus
regarding an evaluation method for CLIL. One of the potential less invasive approaches to
analyze blood flow level is, analyze radio-isotope imaging by %“mtechnetium-tetrofosmin
(¥mTc-TF) perfusion scintigraphy (Miyamoto, 2004). Furthermore, in consideration of
repeatability, cost effectiveness, and minimum stimulation to the ischemic area, we propose
transcutaneous oxygen tension (TcPO;) as the most useful method. It requires only electrode
placement on the skin surface, and is suitable to examine distal ischemia even if the ischemic
region is located below the ankle. The disadvantage of TcPO; is the influence of the
environment such as surrounding temperature or patient condition. In order to avoid
possible error in detection, we propose that “maximum TcPO,” could clarify the result, and
we believe the environmental influence could be minimized by data acquisition during
100% oxygen inhalation (Tara, 2011a).

Fig. 1. X-ray of leg. Representative case of Ménckeberg sclerosis. Vascular calcification and
its location are well defined without contrast medium.

4. Novel approach

Due to pathogenesis of vasculitis, such as rheumatoid arthritis or collagen disease, vascular
involvement mainly occurs in distal microvessels. Furthermore, the vasculitides are defined
by the presence of an inflammatory process in the vessel wall, with reactive damage to
mural structures. Often direct vascular stimulation by surgical or catheter intervention of
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small vessels causes acute thrombosis or closure of the vessels. Also, according to the TASC
guidelines, an intervention strategy has not been established for vasculitis. One of the recent
topics is vascular regenerative therapy for PAD through the implantation of autologous
bone marrow mononuclear cells into the ischemic area. In this context, the topic has been
extended to secondary PAD due to vasculitis. In Japan, there has been a pilot study
regarding bone marrow-derived stem cell implantation for collagen disease-related
peripheral ischemia (Kamata, 2007; Takahashi, 2009). On the other hand, it was reported
that endothelial progenitor cell function is inhibited, in collagen disease such as SLE patients
treated with corticosteroids (Grisar, 2008), and also production of angiogenic factors from
bone marrow cells is suppressed (Greenberger; Nauck, 1998). In addition, collected bone
marrow would include a substantial amount of activated dendrocytes and immune
stimulating cytokines such as interferon gamma which may worsen an ischemic ulcer. Thus,
we focused on a more specific approach to vasculitis or collagen disease in order to establish
a more safe and effective approach.

5. Growth factor approach

One strategy is to deliver recombinant proteins directly to the ischemic tissue by
intramuscular or intraarterial injection. An alternate strategy is to use gene therapy, by
direct transfer of expression vectors with either virus or naked plasmid. An optimal delivery
strategy has not been established, and the approach of using a large amount of protein or
gene as a therapeutic agent has several disadvantages. Also, the outcomes of early-phase
clinical trials with a particular molecule have been less than encouraging, possibly because
of factors such as the selection and formulation of the growth factor, duration of exposure,
route of administration, and selection of patients. On the basis of our experiences, bone
marrow mononuclear cell implantation in patients with complicated CLI is effective
(Miyamoto, 2004). Regarding the mechanism, our colleague demonstrated potential
cytokines produced from bone marrow mononuclear cells in response to ischemia (Uemura,
2006). Among these growth factors such as basic fibroblast growth factor (b-FGF), vascular
endothelial growth factor (VEGF), and insulin-like growth factor (IGF), only b-FGF has a
strong angiogenic property (Doi, 2007) and human recombinant b-FGF is available to
purchase for clinical use in Japan. Furthermore, as b-FGF is a water soluble compound,
Tabata et al (Tabata, 1998) developed a drug delivery system (DDS), utilizing b-FGF
conjugated with gelatin hydrogel by chemical cross-linking that enables slow release of b-
FGF over two weeks. The precise method of gelatin hydrogel preparation (Figure 2) has
been previously described (Tara, 2011b), in brief, gelatine microspheres were impregnated
with an aqueous solution containing recombinant human b-FGF followed by leaving at 4 °C
for over 12 hours to obtain b-FGF-incorporated gelatine hydrogel. Under general anesthesia,
we injected prepared b-FGF (600 pg)-incorporated gelatin hydrogel directly into the calf
muscle at twenty sites around the ulcer under Doppler echo-guidance.

Fig. 2. Gelatin microspheres. White bar indicates 20pm.



214 Advances in the Diagnosis and Treatment of Vasculitis

6. Our experience of novel treatment for vasculitis

6.1 Churg-Strauss syndrome

Churg-Strauss syndrome (CSS; allergic angitis and granulomatosis) is a rare syndrome that
is occasionally complicated by cutaneous, and vascular involvement which shows
characteristic histopathologic findings (Figure 3-A). Vasculitis involves the microcirculation,
often with intractable cutaneous ulcers (Figure 3-B), and when vascular involvement occurs
at the visible artery level (Figure 3-C), standard corticosteroid treatment is less effective.
Often the ulcer is complicated by antibiotics-resistant bacterial infection, which makes it
difficult to continue or increase the corticosteroid dose. We injected 600pg b-FGF protein
into the calf muscle, and the ulcer had healed 15 weeks later (Figure 3-D) (Kawanaka, 2009).

6.2 Systemic lupus erythematosus (SLE)

SLE is a systemic autoimmune disease characterized by the presence of immune complexes,
autoantibodies and anti-nuclear antibody ANA), sometimes with cardiovascular
involvement such as coronary arteritis or small arterial disease. Our case had an intractable
ulcer above the lateral malleolus (Figure 4-A). Digital subtraction angiography revealed
total occlusion of the right anterior tibial artery, right posterior tibial artery and right
peroneal artery. The dorsalis pedis artery showed hardly any flow, and was supplied by
collateral circulation (Figure 4-B). We injected 600pug b-FGF protein into the calf muscle and
the ulcer had healed 4 weeks later (Figure 4-C) (Tara, 2011b).

Fig. 3.A. Histological findings. Pathologic examination revealed vasculitis of small arteries
and capillaritis with eosinophils as well as chronic inflammatory granulation-like changes in
fibrous connective tissue.
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Fig. 3. B. Patient with Churg-Strauss syndrome. Photographs show right lower calf ulcer
that did not respond to topical and medical treatment.

7. Discussion

Among the vasculitides, we experienced cases of Churg-Strauss syndrome and SLE
complicated by intractable ulcers. A DDS designed to provide controlled- release b-FGF
protein mono-therapy successfully improved those ulcers and avoided major amputation.
Leg ulcers complicate many conditions including ischemia and infection, and the location of
ischemia varies among different diseases. Considering the pathogenesis of vasculitis, this
protein - based angiogenesis therapy is less invasive, repeatable, safe and effective.
Utilization of this DDS approach would be a powerful approach for vasculitis - related
intractable ulcer. We recommend this controlled-release b-FGF protein therapy when the
ulcer does not respond to usual corticosteroid therapy and when ischemia is documented
angiographically. In the future, we plan to establish a multi-growth factor approach to
enhance local circulation and wound healing in intractable ulcers.
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Fig. 3. C. Digital subtraction angiographic findings. Total occlusion of the right superficial
femoral artery is shown.
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Fig. 3. D. Skin ulcer after treatment. The skin ulcer had healed completely 15 weeks after
treatment.

Fig. 4. A. Patient with SLE. The photograph shows a skin ulcer above the right lateral
malleolus.



218 Advances in the Diagnosis and Treatment of Vasculitis

Fig. 4. B. Digital subtraction angiographic findings. Total occlusion of the right anterior tibial
artery, right posterior tibial artery and right peroneal artery is shown. The dorsalis pedis
artery was enhanced by collateral circulation
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Fig. 4. C. SLE ulcer after treatment. The skin ulcer had healed completely 4 weeks after
treatment.

8. Conclusion

Controlled-release b-FGF administration successfully healed ischemic skin ulcers and
improved local skin blood perfusion in patients with vasculitis or collagen disease. Our
findings suggest a novel clinical approach for ischemic skin ulcer associated with vasculitis
or collagen disease.
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1. Introduction

Gene therapy can be defined as the transfer of genetic materials to specific cells in order to
exert a therapeutic effect. Gene therapy is a promising approach to the treatment of a wide
range of diseases by compensating for defective genes or producing beneficial proteins
(Zhao et al.,, 2009; Mansouri et al., 2004). Gene vectors play many important roles in gene
therapy. Recently, nonviral vectors have been increasingly proposed as safer alternatives to
viral vectors because of their potential advantages such as ease of synthesis, cell/tissue
targeting, low immune response, and unrestricted plasmid size (Leong et al., 1998). Among
nonviral systems, cationic polymers have attracted a great deal of attention because they can
easily form self-assembling polyelectrolyte complexes between plasmid DNA and cationic
polymers and mediate transfection via condensing DNA into nanoparticles, protecting DNA
from enzymatic degradation, and facilitating cell uptake and endolysosomal escape (Wang
et al., 2002). Among cationic polymers, polyethylenimine (PEI) and chitosan are widely used
as nonviral vectors for gene delivery. These compounds have the same ability to enter cells
by binding to proteoglycans on cell surfaces and undergoing endocytosis (Lungwitz et al.,
2005; Koping-Hoggard et al., 2001; Mansouri et al., 2006). However, after uptake, they have
very different transfection efficiencies. PEI is considered to be the most effective cationic
polymer for gene delivery (Densmore et al., 2009). However, PEI is also associated with
dose-dependent toxicity, especially at high molecular weights, which probably explains why
it has not yet been used in human studies (Kunath et al., 2003). Conversely, chitosan is
degraded in the endosome and the material is then released into the cytoplasm. The material
is then transported to the nucleus. Therefore, chitosan is generally considered less effective
in gene delivery systems than PEI in vitro and in vivo. However, it is well known as a
biocompatible, biodegradable, and relatively non toxic material with high cationic potential
(Lee et al. 1998). Therefore, chitosan nanoparticles could be applied to vectors for gene
delivery. In addition, chitosan is a widely available orally administered protein that can also
be readily formed into nanoparticles able to entrap plasmid DNA and promote gene
expression (Bowman & Leong , 2006).

The purpose of this study was to evaluate chitosans of different molecular weights as DNA
complexing agents based on their efficiency at transfecting RAW 264.7 cells and their in vivo
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effects following oral administration to mice. Additionally, chitosan-pcDNA-EGFP-mIL4
nanoparticle complexes administered to mice were evaluated to determine if they can up-
regulate the serum level of IL-4, and therefore ameliorate T helper type 1 polarized
inflammation in herpes simplex virus induced inflammation.

2. Methods

2.1 Preparation of vector particle

The pCIN-mIL4 vector was constructed by inserting IL-4 cytokine genes into pCl-neo
(pCIN; Gibco-Invitrogen, Rockville, MD). The IL-4 gene was amplified by PCR from MFG-
mulL-4 plasmids with specific IL-4 primers and then inserted into pCIN to generate pCIN-
mlIL4 (Lee et al., 1999). Plasmid DNA was purified on Qiagen columns (Qiagen, Chatsworth,
CA), after which it was mixed with chitosan or precipitated onto nanoparticles (Gan &
Wang, 2007). Next, 2 pL of different molecular weight (3kDa, 10 kDa, 50 kDa) 2% chitosans
dissolved in 0.1% acetic acid were mixed with 1 pg of pCIN-mIL4 DNA vector. To produce
chitosan-DNA nanoparticles, chitosan was dissolved in 1% acetic acid (chitosan acetate)
(0.35%w/v), after which chitosan-DNA nanoparticle complexes were precipitated by
centrifugation and confirmed by agarose gel electrophoresis. Briefly, 50 pg of pCIN-mIL4
DNA was dissolved in 5 ml of 20% sodium sulfate, after which an equal volume of chitosan
acetic acid and DNA solution was mixed and centrifuged. The supernatant was then
discarded and stored at 4 °C.

2.2 Chitosan treatment

Chitosan with different molecular weights (3, 10, and 50 kDa) was dissolved in 0.1 M acetic
acid solution and then filtered to remove the insoluble particles. The pH was subsequently
adjusted to 8.0 with 1 M NaOH, which resulted in the formation of white precipitates. The
precipitated chitosan was subsequently washed thoroughly using deionized water until a
neutral pH was attained, at which point the product was vacuum dried at room
temperature for 24 h (Gan & Wang, 2007).

2.3 In vitro transfection of RAW 264.7 cells with IL-4 DNA

RAW 264.7 cells, which are a murine macrophage cell line, were cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and
1% penicillin/streptomycin. Before transfection, cells were harvested, washed twice, and
resuspended in 12-well plates at a density of 1x105 cells per well. Cells were then transfected
with a total of 1 pg of pCIN-mIL4 vector using 2 pL of oligofectamine (Gibco-Invitrogen,
Rockville, MD) and/or chitosan. Finally, cells were cultured for 48 h in medium containing
10% FBS, harvested, and analyzed for IL-4 expression.

2.4 In vivo administration of IL-4 DNA

The pCIN-mIL4 or pCIN DNA vector was administered orally once a day for two to three
days. Each dose carried 20 pg of DNA into the mice. In normal mice, intestinal tissues and
serum were collected day 2 and 5 after the last administration. In herpes simplex virus
induced inflammatory Behcet’s disease mice, 20 pug of pCIN-EGFP-mIL4 was mixed with
chitosan and then orally administered for three consecutive days. At 20 days after last
administration, the mice were sacrificed and the intestinal tissues were collected for confocal
microscopy. Mice were bred in temperature and light controlled conventional rooms (20-22
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°C, 12 h light cycle starting at 8:00 a.m.) during which time they had free access to food and
water. During the experimental period, the animals were closely observed. Mice were
handled in accordance with protocols approved by our institutional animal care committee.

2.5 RNA isolation & RT-PCR

Total RNA was isolated by acid guanidium thiocyanate - phenol - chloroform extraction
(Chomczynski & Sacchi, 1987). Spleen tissues were homogenized in 1 mL of extraction buffer,
which was composed of 4 M guanidine solution (Aldrich, Milwaukee, WI, USA), 25 mM
sodium citrate pH 7.0, 0.5% sodium N-lauroyl sarcosinate (Fisher, Pittsburgh, PA), and 0.1 M 2-
mercaptoethanol (Sigma, St. Louis, MO). A 1/10 volume of chloroform: isoamyl alcohol (49: 1)
was added to the samples, which were incubated on ice for five minutes, then centrifuged at
10,000 x g for 15 minutes at 4 °C. RNA contained in the upper aqueous phase was collected,
precipitated with an equal volume of isopropanol, and washed twice in 70% EtOH. RNA pellets
were dissolved in distilled water, quantified by OD 260/280, and then visualized in an
ethidium bromide stained agarose gel. Two micrograms of total RNA were reverse transcribed
using a cDNA kit (Gibco BRL, Grand Island, NY, USA), oligo dT primers and AMV reverse
transcriptase to generate cDNA for use as a template in PCR amplifications. Two microliters
from the reverse transcriptase reaction were then added to PCR reaction mixtures composed of
50 mM KCl pH 8.4, 20 mM Tris-HCI, 2.5 mM MgCl,, 200 uM dNTPs, 2.5 U of Taq polymerase
(Gibco BRL), and 1.2 uM primers. The specific primers were as follows:

B-actin (Murray et al., 1990) (S) 5' - TGGAATCCTGTGGCATCCATGAAAC - 3'
(A) 5' - TAAAACGCAGCTCAGTAACAGTCCG - 3'
TL-4 (Lee et al., 1986) (S) 5' - ACGCCATGCACGGAGATGGAT - 3

(A) 5' - CAAGCATGGAGTTTTCC - 3!

2.6 Determination of IL-4 levels in mice

The serum levels of IL-4 in mice administered pCIN-mIL4 or chitosan-pCIN-mIL4
nanoparticles were measured by ELISA using commercially available IL-4 ELISA kits (R&D
systems Inc., Minneapolis, MN).

2.7 Confocal microscopy

Intestinal tissues isolated from mice administered chitosan-pcDNA-EGFP-mIL4 mixture
were sectioned in cryostat for confocal microscopy. Sectioned tissues were observed under a
confocal microscope (Zeiss, Germany).

2.8 Animals, introduction of Behcet’s disease symptoms and treatment of Behcet’s
disease mice with chitosan-pcDNA-EGFP-mIL4

Four to five-week-old male ICR mice were used for this experiment. The earlobes of the
mice were scratched with a needle and then inoculated with 1.0 x 106 plaque forming
units/ml of HSV type 1 (F strain). Virus inoculation was conducted twice with a 10-day
interval between treatments, after which the mice were observed for 16 weeks. Mice were
bred in temperature- and light-controlled conventional rooms (20-22 °C, 12 h light cycle
starting at 8:00 a.m.) with free access to food and water. During the experimental period, the
animals were closely observed and photographed. Animals were handled in accordance to a
protocol approved by our institutional animal care committee.
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A revised Japanese classification with minor modifications was used to classify symptomatic
mice with Behcet’s disease. Briefly, oral, genital and other skin ulcers (including bulla and
crust) and eye symptoms were classified as major symptoms, while arthritis, gastrointestinal
ulcers and neurological disorders were identified as minor symptoms. Mice with at least one
major and one minor symptom were classified as having Behcet’s disease. Of the total
number of HSV-injected mice, 15% developed Behcet’s disease -like symptoms. Treatments
that led to the disappearance of symptoms or a decrease in the lesion size of greater than
20% were classified as effective. Scoring of the severity of Behcet’s disease was followed by
determination of the Behcet's disease activity index, as outlined in the Behcet's disease
Activity Forum (www.behcet.ws/pdf/BehcetsDiseaseActivityForm pdf). Among the
symptoms in patients, mouth ulceration, genital ulceration, erythema, skin pustules, skin
ulceration, joints-arthritis, diarrhea, red eye (right, left), reduced vision (right, left), loss of
balance, discoloration, and swelling of the face were selected and analyzed in the Behcet's
disease mouse model. The score of each symptom was one, and after the score was
computed the total was used to determine the severity of Behcet's disease. Symptomatic
mice were photographed on the starting day of drug administration and on day 20 after
chitosan-DNA vector administration. Chitosan-pcDNA-EGFP-mIL4 was orally administered
to Behcet’s disease-like mice for three consecutive days. Placebo was administered to
Behcet’s -like disease mice in an identical manner.

2.9 Statistical analysis

All data are represented as the mean + SE. Statistical differences between control and IL-4
vector injected groups were determined using the Student ¢ test and Bonferroni correction.
Statistical analysis was conducted using MedCalc® version 9.3.0.0.

3. Results

3.1 pCIN-mIL4 vector was mixed with chitosan in vitro

1 pg of pCIN-mIL4 DNA vector and 2 pL of 2% of chitosan (3 kDa, 10 kDa, and 50 kDa)
were mixed and loaded into 1% agarose gel. The DNA vector was well complexed with
chitosan as shown in Figure 1.

Lane 1: DNA marker, Lane 2: pCIN-mIL4, Lane 3: pCIN-mIL4 + 10 kDa chitosan mixture, Lane 4: pCIN-
mlL4 + 50 kDa chitosan mixture, Lane 5: pCIN-mIL4 + 3 kDa chitosan mixture

Fig. 1. pCIN-mIL4 and chitosan complex was observed upon agarose gel electrophoresis.
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3.2 pCIN-mIL4 DNA vector was transfected into RAW 264.7 cells with or without
chitosan

To determine if the Chitosan-pCIN-mIL4 DNA vector mixture could deliver pCIN-mIL4
DNA vector into the cells and if the delivered DNA could be expressed to mRNA, pCIN-
mIL4 DNA vector was transfected into RAW 264.7 cells with or without chitosan. The
mixture containing 50 kDa chitosan-pCIN-mIL4 strongly increased IL-4 mRNA expression
in RAW 264.7 cells when compared to 10 kDa chitosan or 3 kDa chitosan or untreated
groups based on analysis by reverse transcriptase PCR (RT-PCR) (Figure 2).

chitosan 10kD  chitosan 50kD  chitosan 3 kD

Fig. 2. pCIN-mIL4 DNA vectors mixed with three kinds of chitosan were transfected into
RAW 264.7 cells. IL-4 mRNA expression was detected by RT-PCR. Oligofectamin was used
as a transfection reagent, and compared to chitosan.

3.3 Chitosan-pCIN-mIL4 DNA vector nanoparticles were transfected to RAW 264.7
cells without oligofectamin

To compare the efficiency of delivery of DNA vector between the chitosan-DNA vector mixture
and chitosan-DNA vector nanoparticles, pCIN-mIL4 DNA vector dissolved in sodium sulfate
was mixed with 50 kDa chitosan-acetic acid solution, and then transfected to RAW 264.7 cells
without oligofectamin. After 48 h, the cells were harvested and analyzed for IL-4 expression by
RT-PCR. Chitosan-pCIN-mIL4 DNA nanoparticle transfected cells strongly expressed IL-4
mRNA when compared to the pCIN control vector, chitosan-pCIN nanoparticle, pCIN-mIL4
vector and chitosan transfected groups (Figure 3). The mRNA expression of IL-4 did not differ
between chitosan-pCIN-mIL4 mixture and chitosan-pCIN-mIL4 nanoparticle group. There was
also no difference between groups treated with 1 pg and 2 pg of pCIN-mIL4 DNA-chitosan
nanoparticles. The efficiency of delivery of the DNA vector was similar between the chitosan-
DNA vector mixture and chitosan-DNA vector nanoparticles.

B-actin

IL-4

Fig. 3. Comparison of the chitosan-pCIN-mIL4 DNA vector mixture and chitosan-pCIN-
mIL4 DNA vector nanoparticles in in vitro transfection of IL-4 vector by RT-PCR.
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3.4 Chitosan-pCIN-mIL4 DNA vector mixture was orally administered to normal mice

After oral administration of the 50 kDa chitosan-pCIN-mIL4 DNA vector mixture to normal
mice, the serum level of IL-4 was detected by ELISA (n=5 per each bar). Two doses of
chitosan-pCIN-mIL4 DNA mixtures (5 pg DNA vector + 15 pg chitosan/mouse, 10 pg DNA
vector + 30 pg chitosan/mouse) were applied to normal mice for two consecutive days. In
addition, DNA vector (5 pg, 10 pg DNA vector/mouse) or chitosan (15 pg, 30 pg
chitosan/mouse) was separately administered to mice as controls. The mice were sacrificed
on day 5 after the last administration, and the sera were collected and subjected to ELISA. In
addition, the intestinal tissues were isolated on day 2 and 5 after treatment and analyzed for
the presence of IL-4 mRNA in the 10 pg DNA vector + 30 pg chitosan/mouse treated group.
Administration of the 10 pg pCIN-mIL4 DNA vector + 30 pg chitosan mixture led to a
significant increase in the serum level of IL-4 (10.25+2.9 pg/ml) when compared to mice that
received 10 pg pCIN-mIL4 DNA vector alone (7.0+0.99 pg/ml; p=0.035) (Figure 4A). The
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Fig. 4. Oral administration of the chitosan-pCIN-mIL4 DNA vector mixture to normal mice
up-regulated the serum level of IL-4 and IL-4 mRNA expression in intestinal tissues.

intestinal tissues isolated on day 2 and 5 after administration showed increased IL-4 mRNA
expression when compared to non-treated mice (Figure 4B). Specially, IL-4 mRNA was
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strongly expressed on day 5 after administration of the chitosan-pCINmIL4 DNA vector
mixture when compared to the pCINmIL4 DNA vector administered group.

3.5 Confocal microscopy in intestinal tissues of normal mice treated with chitosan-
pcDNA-EGFP-mIL4 DNA vector mixture

To confirm the aforementioned results microscopically, the pcDNA-EGFP-mIL4 DNA
vector was mixed with chitosan, after which 20 pg of the mixture was administered once a
day for two consecutive days. At 10 and 20 days after last administration, the intestinal
tissues were isolated and cryosectioned for subsequent observation under the confocal
microscope. GFP was strongly observed in the intestinal tissue at day 10 after
administration and remained day 20 (Figure 5). GFP was not detected in the mice treated
with chitosan or pcDNA vector alone, nor was it detected in the mice treated with
pcDNA-EGFP-mIL4 DNA vector.

Chitosan-pcDNA-EGFP-mIL4
Chitosan pcDNA 10 days 20 days

Fig. 5. Oral administration of the chitosan-pcDNA-EGFP-mIL4 DNA vector mixture to
normal mice resulted in GFP in the intestinal tissues as determined by confocal microscopy.

3.6 Confocal microscopy in intestinal tissues of chitosan-pcDNA-EGFP-mIL4 DNA
vector mixture treated Behcet’s Disease (BD)-like mice

To confirm the aforementioned results microscopically and determine if the treatment
could improve herpes simplex virus induced inflammatory BD symptoms, 20 pg of
pcDNA-EGFP-mIL4 DNA vector was mixed with chitosan, and then administered to BD
mice orally once a day for three consecutive days. At day 20 after the last administration,
the intestinal tissues were isolated and cryosectioned for subsequent observation under
the confocal microscope. GFP was strongly observed in the intestinal tissue (Figure 6A).
However, GFP was not detected in the chitosan or pcDNA vector treated mice. Moreover,
20 days after last administration, the change in cutaneous ulceration of BD symptoms was
photographed and compared to the symptoms before treatment. The symptoms improved
after the treatment (Figure 6B), and the increased IL-4 level likely influenced this
improvement.
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Chitosan pcDNA chitosan-pcDNA-EGFP-mIL4
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Fig. 6. Oral administration of the chitosan-pcDNA-EGFP-mIL4 DNA vector mixture to
Behcet’s disease mice resulted in GFP in the intestinal tissues (A) and improved the
cutaneous symptoms of BD (B).

4. Discussion

In recent years, gene transfer technology has been shown to increase and evolve (Evans,
2004); however, the development of an effective non-viral gene delivery system has not yet
been accomplished (Fernandes et al., 2000). Chitosan can encapsulate DNA vector to form
complexes that are absorbed to the cell surface. The complexes are then endocytosed and
transported to the nucleus by escaping the endosomal and lysosomal systems (Ishii et al.,
2001). There are several indications that the transfection activity of chitosan-DNA vector
complexes is dependent on the cell line being transfected (Erbacher et al., 1998). Several
factors, including the molecular mass of chitosan, plasmid concentration, stoichiometry of
the complex, serum concentration and pH of the transfection medium, can affect the
transfection activity and cell uptake (Ishii et al., 2001). In the present study, we used
chitosan with three different molecular weights as nanoparticles for in vitro transfection
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experiments. Among the treatments, the 50 kDa chitosan was the most effective agent for
delivery of pCIN-mIL4 vector into the RAW 264.7 cells.

Oral delivery is attractive due to factors such as ease of administration, convenience to the
patient, and improved compliance (Tighe et al., 1998). The oral delivery of biomaterials such
as peptides, proteins, DNA vectors, and siRNA is the greatest challenge facing the drug
delivery system. Chitosan is a natural cationic polysaccharide obtained from deacetylation
of chitin that is found in crustacean shells. Chitosan is a biocompatible, non-toxic,
biodegradable and mucoadhesive polymer, with the ability to form gels at low pH. In
addition, the degradation of chitosan occurs via the microflora available in the colon. These
properties could provide a basis for the preparation of controlled release formulations,
particularly for colon-specific drug delivery (Tavakol et al.,, 2009; Hejazi & Amiji, 2003).
Chitosan has been shown to increase the transcellular and paracellular transport of
macromolecules across intestinal epithelial monolayers (Angelova & Hunkeler, 2001).
Chitosan has more recently been used successfully to deliver a reporter gene encoding
chloramphenicol acetyl transferase orally to enterocytes, Peyer’s patches and mesenteric
lymph nodes (MacLaughlin et al., 1998). Roy et al. confirmed the effectiveness of orally
delivered chitosan-DNA nanoparticles for inducing protective immunity in the peanut
allergy mouse model (Roy et al., 1999).

In the present study, we constructed a chitosan-pCIN-mIL4 DNA vector mixture. Our
results demonstrated that the chitosan-pCIN-mIL4 mixture was able to deliver DNA vector
to the cell and that oral administration of chitosan-pCIN-mIL4 mixture increased the IL-4
mRNA level and serum protein level of IL-4 significantly when compared to treatment with
pCIN-mIL4 alone. The administration of chitosan pCIN-mIL4 DNA vector to mice in vivo
more strongly increased the mRNA expression in intestinal tissues and protected against
degradation until DNA vector reach tothe intestinal tissue. GFP intensity was still very
strong in the intestinal tissues when compared to DNA vector alone.

In summary, our results demonstrate that chitosan is a good candidate for the development
of novel gene delivery systems. Treatment with an oral chitosan- pCIN-mIL-4 mixture can
lead to expression of IL-4 mRNA and protein in intestinal tissues and increased serum levels
of IL-4. Chitosan can encapsulate and protect pDNA, enabling effective transfer of the GFP
gene into cells in vivo. Thus, chitosan-DNA vector mixture could be a promising method for
gene therapy by oral administration.
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1. Introduction

The Churg-Strauss syndrome (CSS), also called allergic granulomatosis and angiitis, is a
multisystem disorder characterized by allergic rhinitis, asthma, and prominent peripheral
blood eosinophilia. CSS is classified as a vasculitis of the small and medium sized arteries,
which commonly involve the lung, the skin and the peripheral nerves and it is associated to
ANCA in 40-60 percent (Sinico & Bottero 2009). Among the three anti-neutrophil cytoplasmic
antibodies (ANCA)-associated vasculitides (CSS, Wegener's granulomatosis, and microscopic
polyangiitis), CSS is least common. In the general population, the frequency of the disorder
has been estimated at 2.4-6.8 per 1 000 000 patient-years, while the incidence of CSS in asthma
drug users has been estimated to be 14-52 per million person-years (Watts RA et al. 2000). The
mean age at diagnosis of CSS is 40 years, with no gender predominance.

Diagnosis of Churg-Strauss syndrome can be difficult, because the syndrome may arise at
first as a common association between asthma and allergic rhinitis. Because asthma itself
might be associated with sinusitis, occasional pulmonary infiltrates (eg, mucus plugging,
atelectasis, or intermittent infection), and corticosteroid dependency, a clear diagnosis of
Churg-Strauss syndrome might not be made until extra respiratory system become
involved, such as the abdominal viscera, heart, or nervous system.

2. Diagnostic criteria

The ACR has established six criteria for the classification of CSS in a patient with

documented vasculitis (Masi AT et al.1990). The presence of four or more of these criteria

had a sensitivity of 85 percent and a specificity of 99.7 percent for CSS:

- Asthma (a history of wheezing or the finding of diffuse high pitched wheezes on
expiration)

- Greater than 10 percent eosinophils on the differential leukocyte count

- Mononeuropathy (particularly multiplex) or polyneuropathy

- Migratory or transient pulmonary opacities detected radiographically

- Paranasal sinus abnormality

- Biopsy containing a blood vessel showing the accumulation of eosinophils in extra-
vascular areas.

Chapel Hill Consensus Conference (Jennette JC et al 1994) analyzed pathological and clinical

findings to define CSS as an eosinophil-rich and granulomatous inflammation involving the
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respiratory tract and necrotising vasculitis affecting small-to-medium-size vessels and
associated with asthma and eosinophilia.

A clinical approach to define Churg-Strauss syndrome was that of Lanham and colleagues
(Lanham ]G 1984) at the Hammersmith Hospital, London, who have defined the disorder as
a syndrome including:

(1) a history of asthma; (2) blood eosinophilia (>1500 cells/mcl); and (3) systemic vasculitis
involving two or more organs.

Unfortunately, the involvement of two or more than two organs is difficult to assess without
doing a biopsy —an invasive procedure in patients who may be very ill and need initiation
of aggressive systemic corticosteroid treatment. An important clinical clue to the diagnosis
of CSS in patients with chronic rhinosinusitis associated with the eosinophilic phenotype of
asthma is to pay particular attention to every extra-respiratory manifestations , such as
paresthesias, skin eruption or systemic symptoms.

The detection of ANCA, particularly P-ANCA (perinuclear pattern at indirect
immnofluorescence) with anti-myeloperoxidase (anti MPO) specificity (ELISA assay)
supports the diagnosis, but ANCA are present in only 35-40 % of patients.

3. The phases of CSS

In many patients, the disease follows a characteristic 3-stage course (Lanham JG 1984).
Asthma and/or allergic rhinitis with or without nasal polyposis precedes full development
of the syndrome, usually by many years. Significant blood eosinophilia, an unusual finding
in uncomplicated asthma may also be present at this early stage of disease.

In the next stage, tissue infiltration by eosinophils, with or without granuloma formation,
occurs in various organs, particularly in the upper and lower respiratory tract, the
gastrointestinal tract, and the myocardium. Clinically, this stage is characterized by
symptoms and findings related to tissue eosinophilia. Vasculitis is still absent at this stage.
The third phase of disease is defined by the onset of systemic vasculitis, which usually
develops several years after the onset of asthma. Necrotizing small-vessel vasculitis may be
clinically apparent in peripheral nerves (mono- or polyneuropathy, mononeuritis
multiplex), skin (purpura), and kidneys (necrotizing and crescentic glomerulonephritis)
(Gross WL. 2002).

Although these phases are conceptually helpful, they might not be clinically identifiable in
all patients, and they often do not occur in sequence. The eosinophilic phase of the disease is
the most challenging phase from the clinical diagnostic point of view. Tissue infiltration by
eosinophils is observed in a variety of other conditions, including drug hypersensitivity,
parasitic infections, malignancies, and allergic conditions. Chronic eosinophilic pneumonia
(PEC) which frequently occurs in association with asthma and peripheral blood
eosinophilia, may mimic CSS, with the only differences that necrotizing lesions are less
apparent. Gastrointestinal eosinophilic disease may cause important symptoms even in the
absence of vasculitis, while the development of vasculitis can be revealed by catastrophic
abdominal complications, such as bowel perforation. Thus, there is no general consensus for
classifying patients with this non-vasculitic second stage of CSS.

Another intriguing aspect is the differential diagnosis with the hypereosinophilic syndrome
(HES). HES is defined by severe blood eosinophilia (>1.5 X 109 cells/litre for > 6 months)
and tissue infiltration by eosinophils resulting in organ dysfunction after exclusion of other
causes of hypereosinophilia. Diffuse necrosis and vasculitis are generally absent, and a
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history of asthma is rare in HES. Nevertheless, the clinical differentiation of HES from CSS is
not always easy, particularly in the absence of apparent small-vessel vasculitis. Besides
eosinophilia, HES and CSS share many common clinical features, such as neuropathy,
dyspnea, fatigue, fever, and skin rashes. The role of eosinophilic granulocytes as the
primary effector cells and the clinical similarities, may suggest a common etiology and
pathogenesis for CSS and HES (Roufosse FE et al 2007), and raises the question whether CSS
is simply the third disease stage of HES in patients with asthma.

Immunophenotype, T-cell clonal and cytogenetic studies, and molecular analysis to detect
Fipl-like 1 (FIP1L1)-platelet-derived growth factor receptor-a (PDGFRA) gene fusion , the
molecular markers in the most common form of HES, should therefore probably be
performed for every patient suspected of having CSS, at least those who are ANCA-negative
and/or without histologically proven vasculitis.

4. Etiology

4.1 The controversial association of drug treatment with CSS

Several exogenous triggering factors for the onset of disease have been suspected, including
vaccinations, desensitizations, and drugs, such as macrolides, carbamazepine, quinine, and
anti-asthma medications, like leukotriene-receptor antagonists (LTRAs) (Bibby et al 2010)
and omalizumab, a monoclonal anti IgE antibody recently approved for severe allergic
asthma (Wechsler ME et al 2009). It is more likely that anti-asthma medications unmask the
underlying disease rather than cause the disease.

Systemic glucocorticoid withdrawal is facilitated by LTRAs, as well by increased dose of
inhaled corticosteroids or omalizumab, leading CSS disease manifestations in those patients
with undiagnosed but escalating CSS.

However, it is difficult to completely exclude the possibility that LTRAs play a causal role in
the development of CSS in some patients.

An unusual CSS-like vasculitis has been associated with the use of free base cocaine (Orriols
R et al. 1996) . The diagnosis of CSS in patients who use cocaine is a complicated issue
because both acute and chronic eosinophilic pneumonia are manifestations of cocaine
toxicity and antineutrophil cytoplasmic antibodies are detected in the majority of patients
with cocaine-induced midline destructive lesions of the nose, even if the ANCAs associated
with cocaine use are generally cANCA (cytoplamic pattern at indirect immnofluorescence),
with anti-proteinase 3 (anti Pr3) specificity (ELISA assay).

4.2 Genetics

Whereas asthma often clusters in families, familial cases of CSS are exceptional, diminishing
the role the genes may play in favor of environmental factors . Some studies, pooling CSS
patients with WG and MPA, found a not significant association with a lower frequency of
HLA-DRB1*03(Boki KA, 1997). More recent genetic studies suggested some predisposing
hereditary factors, like the HLA-DRB1*04 and HLA-DRB1*07 alleles and the HLA-DRB4
gene, which would be more frequent in Churg-Strauss syndrome patients than in healthy
controls (Vaglio A. et al 2007). HLA-DRB4 positive patients were associated with a higher
number of vasculitis symptoms, in particular in the ANCA positive group. The interleukin
IL10.2 haplotype, which is associated with enhanced IL-10 expression, and possibly the
CD226 Gly307Ser polymorphism have been suggested as important genes in CSS
(Wieczorek S et al, 2010) An attempt to undiscover the complex genome transcription profile
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of CSS has been performed by using focused microarray analysis of PBMCs in which a
limited number of mRNA has been tested. Up regulation of a different number of PREP
(Prolyl endopeptidase) genes suggest an enhanced immune response that might cause
vascular damage (Tougan T et al, 2008).

5. Immunopatogenesis

The actual pathogenetic model of CSS is mainly incomplete.

The prodromic phase, characterized by asthma and allergic manifestations is thought to be
related to a prominent Th2-lymphocyte activity. The second phase is characterized by
eosinophilic infiltration into tissues. Eosinophils, when activated by Th2 related cytokines
(interleukin (IL)-4, IL-5, IL-10 and IL-13), release major basic protein, eosinophilic cationic
protein, eosinophil derived neurotoxin and eosinophil peroxidase, which may cause direct
tissue and endothelial damage, and trigger the oxidative stress cascade.

The systemic phase, with the development of necrotizing vasculitis is associated with
ANCA production, with the contribution of eosinophils. It is thought that IgE containing
immune complexes (Manger BJ et al, 1985), surrounded by eosinophils and / or ANCA
production would amplify and/or facilitate the development of vasculitic lesions in some
patients.

5.1 The role of T cells

5.1.1 T helper cells

The pathogenic role of T cells in Churg Strauss Syndrome is suggested by different
observations. First, T cells are commonly present in biopsies of active lesions, both vasculitic
and granulomatous. A study of the clinicopathological features of neuropathy associated
with the syndrome showed that CD8+ and CD4+ T cell outnumber eosinophils in neuronal
biopsy specimen, suggesting a T-cell mediated damage of epineural vessels. (Hattori N et al,
1999).

Second, CSS shows a strong Th2-type immune response; T cell lines from CSS patients,
generated in vitro by polyclonal stimulation, are polarized towards a Th2 phenotype (IL-4
and IL-13), which may explain the eosinophilia, the hallmark of the disease. The same cells
have also been shown to release significant amounts of IFN-y, which may be related to the
granuloma formation (Kiene M et al, 2001). Current understanding of CSS implies that Th2-
cells drive the activation of eosinophils, which secrete a variety of harmful mediators such
as major basic protein, ECP, and eosinophil-derived neurotoxin. Interleukin-5 produced by
Th2-cells is one of the key inducers of eosinophilia in CSS. Another molecule, which is
supposed to play an important role , is CCL17/thymus and activation-related chemokine
(TARC), a CC chemokine secreted from peripheral blood mononuclear cells (PBMCs) and
various subsets of monocyte-derived dendritic cells (DCs). It is the ligand for CCR4 and
CCR8 chemokine receptors on human PBMCs and T cells, respectively. Given the
expression profile of its receptors and the ability of CCL17/TARC to selectively induce
migration of CD4+CD45RO+ T cells producing Th2 cytokines , it may be crucial for the
specific recruitment and trafficking of Th2 cells, which are known to be activated in CSS.
CCL17/TARC in the affected tissue of CSS patients is readily identified by immuno-
histochemical analysis, thus it may contribute to CSS pathogenesis by recruitment of Th2
cells into affected tissue (Dallos T et al, 2010).



Churg Strauss Syndrome: Clinical and Pathogenetic Approach to Therapy 239

T cells contribute to the pathogenesis of CSS by secretion of cytokines and chemokines, but
they need to be functionally activated to accomplish this. Increases in serum concentration
of eosinophilic cationic protein (suggesting eosinophil activation) and soluble
thrombomodulin (indicating endothelial-cell damage) have been shown to correlate with
soluble IL-2 receptor, suggesting T-cell activation (Schmitt WH et al, 1998).

5.1.2 T regulatory cells and Th17 populations

During the past decade, CD4+CD25+ regulatory T-cells (Tregs) have emerged as key players
in the development of immunological tolerance. It has been proposed that onset of
autoimmune diseases is determined by a dysfunction/ deficiency of naturally occurring Treg
cells and by an imbalance between self-reactive T-cells and natural Tregs. CSS patients at
disease onset or relapse have fewer T regulatory cell subsets (CD4+CD25+ T cells)
producing IL-10 (Tr1) than the patients in remission or patients with asthma. Moreover, the
number of organs involved has been shown to correlate negatively with the number of T reg
cells. This lower percentage of T reg cells during active CSS would, at least in part, explain
the breakdown of immunological tolerance that leads to CSS onset. According to this
hypothesis, maintenance of the numbers of regulatory T cells in patiens with chronic
eosinophilic pneumonia (CEP) with asthma might inihibit CSS development (Tsurikisawa N
et al, 2008).

T helper 17 cells (Thl7) are a newly discovered subset of T helper cells producing
interleukin 17 (IL-17) which are thought to play a role in inflammation and tissue injury
(Steinman L, 2007). The percentage of Th17 in peripheral blood has been reported to be
significantly higher in patients with active CSS than in healthy subjects or in patients with
inactive disease (Saito H et al, 2009). An imbalance in the Th17/Treg ratio is associated to
the immune suppressive degree of treated CSS patients (Jakiela B et al, 2011). These findings
suggest Th17 and regulatory T cells may play important roles in the pathogenesis of CSS.

5.1.3 CD4+ and CD8+ T cell subsets

T cells normally recognize antigens as short peptides using their T cell receptor (TCR)
specifically binding to MHC molecules on the surface of antigen-presenting cells. TCR
recognition of the antigen results in stimulation and clonal proliferation of the activated T
cell. Oligoclonal expanded T cells reflect conventional antigen (Ag) stimulation involving
one every million T cells. In immune-mediated diseases where the antigen is unknown,
studies of the TCR repertoire of expanded T cells can give clues to the nature of the antigen.
Superantigen (SAg) are peptides that differ in several ways from conventional peptide
antigens, in that they characteristically activate a much higher proportion of T cells than
conventional antigens. Typically SAgs will stimulate up to 20% of circulating T cells. SAg
stimulation of T cells bearing specific VP (Wei S et al, 1997) T-cell receptors (TCR) results in
the polyclonal expansion of selected Vf families in CD4+ and CD8+ cells, followed by T cell
restricted deletion (Fraser J et al, 2000). Whether lymphocytes activation in CSS is induced
by antigen (Ag) or superantigen (SAg) is not presently known. Oligoclonal expanded T cell
have been actually found in CSS patients by immunoscope technique, but it is not known
whether these expanded T cells are CD4+ or CD8+ (Muschen M et al, 1999). Immunoscope-
based analysis of TCR repertoires in 7 CSS patients revealed clonal expansion (one or more
dominant picks) of VB 21(7/7) , VB 11 (3/7) and VP 12 (2/7) families.

One or more V3 families were found numerically expanded by flow cytometry among CD8
T cells population of all CSS patients who were investigated, both in clinical remission and
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during treatment for active disease. These expanded T cells were mostly represented by
CD8+ lymphocytes with effector memory phenotype. Each CD8+/Vp+ expanded
population has been shown to be the result of the proliferation of a clonal T cell bearing a
defined TCR, as detected by analysis of TCR-V-]y rearrangement (Guida G et al, 2008).
These CD8+/Vp+ expanded populations have an effector memory (TEM) phenotype,
as evidenced by flow cytometric analysis of CD45RA expression combined to CD62L,
CCR7 or CD28 (Morice WG et al, 2004; Sallusto F et al, 1999). It has been suggested that
circulating CD8+/Vp+ TEM are antigen driven cells which may infiltrate target organs and
participate to the inflammatory cascade of both vasculitic and granulomatous lesions
(Guida G et al, 2008).

A few preliminary reports (Boita M et al, 2010), showed an increased expression of CCR5
and CXCR3 in CD8+ lymphocytes compared to healthy controls, both in VB expanded
families and in total CD8+ cells, suggesting Th1 polarization. On the other hand, increased
expression of CCR4 and CRTH2 was present in CD4+ cells, suggesting Th2 polarization. An
oligoclonal pattern was present in most V families of CD8+ lymphocytes, whereas the
number of oligoclonal families of the CD4 subset was lower. TCR studies on cloned CD8
lymphocytes showed the presence of a unique TCR in each of the expanded CD8+/Vbeta+
populations.

Based on these preliminary data, it is hypotizable that monoclonal/oligoclonal expanded
populations of effector CD8+ lymphocytes with a Thl/proinflammatory profile are
involved in vasculitic damage, whereas CD4+ cells with a Th2 profile mediate eosinophil-
rich inflammation and asthma.

5.2 The role of ANCA and B cells

Antineutrophil cytoplasmic antibodies (ANCA) are predominantly IgG autoantibodies
directed against constituents of primary granules of neutrophils and monocytes’ lysosomes.
They exist in two forms: c-:ANCA that has a Immuno Fluorescent (IF) citoplasmatic pattern
against proteinase-3 (Pr-3) and p- ANCA that consists of a IF perinuclear pattern directed
against myeloperoxidase (MPO). In studies with large cohort of patients with small vessel
vasculitis, ANCA were detected in about 38-59% of patients with Churg-Strauss syndrome
(Guillevine L et al, 1999; Cohen P et al, 1995). ANCA appearance might precede CSS clinical
onset in some patients, but the primum movens for their synthesis remains unknown. In this
context, B cells could play a role as autoreactive cells producing ANCA auto antibodies.
There is no uniform theory explaining how ANCA may cause pauci-immune vasculitides
but the common pathogenetic model suggests that binding of ANCA causes activation
of neutrophils, with subsequent increased adhesion and migration to endothelium, release
of proteolytic granule enzymes and proinflammatory cytokines, generation of respiratory
burst, and, eventually, endothelial cell damage. ANCA-mediated neutrophil activation
disrupts apoptosis of neutrophils which undergo secondary necrosis with subsequent
release of inflammatory mediators, hence amplifying the process (Csernok E, 2003) . ANCA
promote the interaction between neutrophils and endothelial cells through B2 integrins
(CD11a/CD18 and CD11b/CD18) and GTP binding protein chemokine receptors.
Afterwards, noxious neutrophils’ constituents —reactive oxygen species and proteolytic
enzymes—are secreted, damaging vessel walls. Proinflammatory cytokines secreted
by neutrophils as a result of ANCA binding include IL-13, TNF-a, IL-6, IL-8, monocyte
chemoattractant protein 1, and leukotriene B4. ANCA-mediated cytokine secretion
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will activate and recruit inflammatory cells, amplifying and perpetuating the inflamatory
response, with monocytes and T cells participating later in the process (Jennette JC
et al, 2000).

5.3 The role of eosinophils

CSS is defined by blood eosinophilia usually >10% and eosinophilic infiltration into affected
tissues. According to this, IL-5 and other Th2 cytokines may in fact play an important role in
the pathogenesis of CSS.

The production of IL-5 and other cytokines before and after stimulation with T cell-specific
stimuli (anti- CD3 and anti-CD28) have been analyzed in peripheral blood mononuclear
cells (PBMCs) obtained from patients with CSS, showing significant increased IL-5 level in
CSS compared with healthy controls. However, IL-5 production in PBMCs cultured without
T cell-specific stimuli (anti-CD3) and costimulatory signals (anti-CD28) was low both in CSS
patients and controls suggesting that PBMCs in CSS require T cell activation to secrete large
amounts of IL-5 (Kiene M et al, 2001; Hellmick B, 2005).

IL5 is the most potent cytokine which induces terminal differentiation of committed
eosinophil precursors. Moreover, IL-5 prolongs the survival of mature eosinophils. In
addition, IL-5 activates mature eosinophils and selectively induces degranulation and
antibody-dependent cytotoxicity of eosinophils. Of particular interest with regard to the
pathogenesis of CSS and vasculitis is the capability of IL-5 to promote the adhesion of
eosinophils to vascular endothelium and CC chemokine receptor 3 (CCR3)-dependent
migration of eosinophils from the vasculature into the tissues.

Because organ damage in CSS is at least partially mediated by direct invasion and
degranulation of eosinophils into the tissues, other mediators than IL-5 might also be
important. Recently, a chemokine family specifically mediating trafficking of eosinophils to
inflammatory sites has been characterized. Currently, CCL11, CCL24, and CCL26 are
grouped together as eotaxins. They all bind to a common receptor CCR3. As to be expected
for eosinophil chemotactic proteins, eotaxins are induced by Th-2 associated cytokines such
as IL-4 and IL-13. Heavy tissue eosinophilia is found in most biopsies from active CSS
patients. Serum eotaxin-3, but not eotaxin-1 and eotaxin-2, levels have been found greatly
elevated in active CSS patients compared to healthy controls. The elevated eotaxin-3 serum
levels rapidly decreased upon efficient immunosuppression (Polzer K et al, 2008). Thus,
eotaxin-3 constitutes a possible target for the pharmacotherapy of CSS.

6. Markers of disease

The CHCC classification introduced the concept of surrogate markers of vasculitis but a list
of markers was not provided and ANCA were not included. Conflicting results of studies
relating titers of ANCA to disease activity of ANCA associated vasculitides (ASV) have been
reported. A recent retrospective study suggested that acute rise in ANCA titer is highly
predictive of a relapse of ASV (Lurati-Ruiz F et al, 2005; Baldini C et al, 2009). When the
ANCA titer remains positive during immunosuppressive treatment for induction of
remission, relapses within 5 years are more likely to occur (Sanders JS et al, 2006).

The presence of ANCA was associated with renal disease, peripheral neuropathy, and
biopsy-proven vasculitis. Absence of ANCA was associated with heart involvement and
fever. This demonstrates that ANCA-positive Churg-Strauss syndrome differs
phenotypically from ANCA negative Churg-Strauss syndrome (Sable-Fourtassou R et al,
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2005; Sinico RA et al, 2005). Furthermore, ANCA might possibly indicate more severe
disease at diagnosis, as assessed by the proportion of patients with poor scores in FFS and
the Birmingham vasculitis activity score (BVAS).

Several research teams are attempting to identify reliable marker(s) of CSS activity.
Promising markers of the disease are those referring to activity and survival of eosinophils,
like serum eosinophil cationic protein (Guilpain P et al, 2007), IL-5 (Tsukadaira A et al, 1999)
or eotaxin-3 (CCL26), an eosinotactic chemokine mainly expressed on vascular endothelial
cells and dermal fibroblasts (Polzer K et al, 2008).

Recently, serum levels of TARC have been reported to be significantly elevated in CSS
patients with active disease, and to correlate with the clinical course of the disease and with
the absolute eosinophil counts, as well as with IgE levels (Dallos T et al, 2010). No
confirmatory data are otherwise reported about the role of other eosinophil survival related
molecules and interaction with the endothelium.

It has been suggested that the detection of clonal expanded peripheral VB*/CD8+ T cell
populations (assessed by flow cytometry combined to analysis of TCR-y gene
rearrangement) is stable over time and might be useful in the differential diagnosis of CSS,
as suggested by the negative findings in asthmatic controls (Guida G et al, 2008).

Many of these observations require further validation and all the above-mentioned
laboratory tests are not yet widely available outside highly specialized centers. Attempts to
individualize CSS subgroups remain highly valuable and may further help to elucidate and
understand its different underlying physio-pathogenetic mechanisms.

7. Clinical presentation and classification of severity

The most typical clinical presentation of Churg-Strauss syndrome is the appearance of
vasculitic manifestations in a patient with known allergic rhinitis, sinus polyposis, and late-
onset asthma, usually preexisting for 5-10 years. General symptoms (i.e., fever or weight
loss), mononeuritis multiplex, and/or necrotic cutaneous purpura are the most frequent
manifestations at disease onset, in combination with elevated blood eosinophilia and
inflammatory syndrome.

7.1 Systemic symptoms and laboratory findings

Fever is quite frequent , as well weight loss, which is often great and might herald onset of the
vasculitic phase, as do fatigue and malaise. Arthralgias are common, but frank arthritis is rare.
Abnormal laboratory findings in patients with Churg-Strauss syndrome include anaemia,
leukocytosis, increased peripheral blood eosinophil count, and a raised erythrocyte
sedimentation rate. Rarely, eosinophilia is not present, and wide-ranging and rapid changes
in eosinophil counts happen. Use of corticosteroids to treat asthma may result in failure to
detect eosinophilia in a patient with undiagnosed Churg-Strauss syndrome. Blood
chemistry and wurinalysis findings might show occult renal disease. Antineutrophil
cytoplasmic antibodies are present in more than half of patients with a perinuclear staining
pattern. Antineutrophil cytoplasmic antibody-positivity needs to be confirmed by
demonstration of anti-myeloperoxidase (MPO) antibodies in serum.

7.2 Skin
Skin lesions are common and variable, occurring 40-81% of CSS patients and being the
presenting sign in 14% of the patients (Bosco L et al 2011). In the majority of these patients,
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skin lesions allowed for the histopathological diagnosis of CSS. The most common clinical
features are papulo-nodules with the histological picture of extravascular Churg-Strauss
granuloma followed by purpuric and/or necrotic lesions in the lower limbs corresponding
to small-vessel vasculitis with eosinophils. Less common lesions include urticarial lesions
and livedo reticularis. Therefore, a high index of suspicion on skin lesions and the proper
lesion selection for histological examination may be very important for early diagnosis of
CSS. Clinical-pathological correlation is essential, as both clinical and histological features
are not pathognomonic.

7.3 Respiratory system
Upper airway

Overall, 80% of CSS patients have active sinonasal symptoms at the time of presentation and
worsening of their nasal symptoms may be the main event leading to their diagnosis (Srouji
I et al. 2008) . Nearly half CSS patients had undergone nasal surgery. Nasal symptoms that
are of particolar interest are nasal obstruction , rhinorrhea , anosmia , and excessive
sneezing . Other symptoms include nasal crusting, purulent nasal discharge, and epistaxis.
Sinonasal symptoms are common at initial presentation of CSS, emphasizing the role of
otolaryngologists in its diagnosis. Overall, CSS-related sinonasal morbidity is significant and
comparable with that of the general rhinosinusitis population. It predominantly results from
symptoms of allergic rhinitis, but a significant proportion of CSS patients also report milder
forms of crusting, epistaxis, and of purulent sinusitis, symptoms which are more commonly
attributed to patients with Wegener Granulomatosis.

Asthma

Asthma is one of the key features of Churg-Strauss syndrome, usually it is adult-onset
asthma, preceded by sinusitis in all the patients and nasal polyposis in most of them.
Asthma at its onset is generally severe and very poorly controlled. Atopy is present in more
than half of patients. Onset of vasculitic symptoms is often accompanied by asthma
exacerbation and lung involvement. After introducing the treatment and achieving stable
remission, asthma severity/control and lung function tests improved, but systemic low-dose
corticosteroid therapy is often required to maintain asthma control in most of CSS patients
(Szczeklik W et al. 2011) .

Lung involvement

The lung is the most commonly involved organ. Pulmonary hemorrhage is much less
common than in the other small-vessel vasculitides. At histopathologic analysis, both
necrotizing small-vessel vasculitis and an eosinophil-rich inflammatory infiltrate with
necrotizing granulomas are seen (Katzenstein AL 2000). The most common lung
radiographic manifestations of CSS consist of transient, bilateral, nonsegmental areas of
consolidation without predilection for any lung zone (Silva CI et al 2005) . The areas of
consolidation can be transient, resembling Loffler syndrome, or predominantly peripheral ,
resembling chronic eosinophilic pneumonia or organizing pneumonia . The most common
abnormality at high-resolution CT, seen in up to 90% of patients, is bilateral areas of
ground-glass opacity or consolidation (Worthy SA et al 1998). These usually have a
symmetric distribution and often a peripheral predominance; less commonly, they have a
peri-bronchial or patchy random distribution . Another relatively common finding is the
presence of septal lines, seen in approximately 50% of patients. Interlobular septal
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thickening may reflect the presence of edema secondary to cardiac involvement or
eosinophilic infiltration of the septa.

7.4 Heart

Cardiovascular involvement is the leading cause of morbidity and death in Churg-Strauss
syndrome. Heart manifestations of Churg-Strauss syndrome (CSS) are varied. In the early
stages of the disease, it is difficult to distinguish between lesions that are specific to CSS and
those of other etiologies. A specific physiopathology that is not mediated by ANCA seems
to be involved in the genesis of CSS-related heart lesions. A negative antineutrophil
cytoplasmic antibodies (ANCA) test and much higher eosinophil counts distinguish patients
with cardiac involvement from those without (Neumann T et al 2009). Detailed cardiac
evaluation revealed a unexpectedly high prevalence (more than 50%) of cardiac
involvement in CSS patients. Impaired left ventricular function, mild to severe valvular
insufficiencies , and pericardial effusions are common findings in these patients.
Endomyocarditis may be found by cardiac MRI, cardiac thrombus formation, and
endomyocardial biopsy, and is associated with impaired cardiac function. After therapy,
most patients may regain or maintain good cardiac function. However, patients with
endomyocarditis have a more severe outcome. Cardiac MRI is a sensitive, non-invasive
method to detect cardiac lesions in patients whose conventional investigations indicated no
cardiac disease and to assess the extent of cardiac involvement in symptomatic patients.
Cardiac MRI can help to evaluate the therapeutic effect of immunosuppressants in CSS
(Marmursztejn ] et al 2010)

7.5 Central nervous system

Central nervous system (CNS) involvement account for 20% of neuropathy in CSS,
including arachnoid hemorrhage, cerebrovascular neuropathy, meningitis, and diffuse brain
damage, which may respond to treatment with high dose of prednisone plus
immunosuppressants (Zhang W et al 2009).

7.6 Peripheral nervous system

A peripheral neuropathy is seen in up to 75 percent of patients with CSS. Mononeuritis
multiplex and distal symmetrical and asymmetrical sensorimotor neuropathy are equally
frequent. Severe neuropathic pain may accompany the peripheral neuropathy. The
diagnosis of polyneuropathy is based on clinical and electrophysiologic studies, but precise
histology, immuno-histochemistry and morphometric study of the peripheral nerve biopsy
may be decisive in establishing the diagnosis (Kararizou E et al 2011) . There may be 2
pathogenetic mechanisms of neuropathy with CSS: ANCA-related vascular fibrinoid
necrosis, and a toxic eosinophilic effect on nerve fibers which is independent of ANCA.
Therapy targeting activated eosinophils may be a possible treatment for intractable
neuropathy of CSS (Oka N et al. 2010).

7.7 Gastrointestinal tract

An eosinophilic gastroenteritis, characterized by abdominal pain, diarrhea, gastrointestinal
bleeding, and colitis, may precede or coincide with the vasculitic phase of CSS.
Gastrointestinal involvement may result in acute abdomen, acute acalculous cholecystitis,
pancreatitis, mesenteric vasculitis, and bowel perforation due to necrotizing vasculitis (Rolla
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G et al. 2007). Severe gastrointestinal tract involvement is a well-recognized important
negative prognostic factor. With severe gastrointestinal disease, including intestinal
bleeding, perforation, and pancreatitis, survival was approximately 65% at 78 months
compared with nearly 90% without such involvement (Guillevin L et al 1999).

7.8 Renal

The frequency of renal involvement varies among studies , from 15 to 30% (Sinico RA et al.
2006). A few patients have rapidly progressive or acute renal insufficiency (plasma
creatinine concentration >1.4 mg/dL), while most patients have isolated proteinuria or
microscopic hematuria. Nephrotic syndrome is rarely reported. In the severe cases, renal
biopsy shows necrotizing glomerulonephritis. A positive test for antineutrophil cytoplasmic
antibodies (ANCA) is found in all patients with glomerulonephritis. Systemic hypertension
affects approximately 10 to 30 percent of patients with CSS and may reflect renal
involvement with CSS or be a complication of glucocorticoid therapy.

8. Assessment of prognosis

The 1996 Five-Factor Score (FFS) for systemic necrotizing vasculitides (polyarteritis nodosa,
microscopic polyangiitis , and Churg-Strauss syndrome ) is used to evaluate prognosis at
diagnosis. Recently (Merkel PA et al 2009) the FFS have been revisited, including Wegener
granulomatosis (Guillevin L et al 2011).Clinical, laboratory, and immunologic
manifestations present at diagnosis of systemic necrotizing vasculitides for 1108 consecutive
patients registered in the French Vasculitis Study Group database were evaluated.Overall
mortality was 19.8% (219/1108); mortality for each of the systemic necrotizing vasculitides
was: 27.5 % for microscopic polyangiitis, 24.6 % for polyarteritis nodosa,13.9 % for CSS and
13.2 % for WG. The following factors were significantly associated with higher 5-year
mortality: age >65 years, cardiac symptoms, gastrointestinal involvement, and renal
insufficiency (stabilized peak creatinine 2150 pmol/L). All were disease-specific (p < 0.001);
the presence of each was accorded +1 point. Ear, nose, and throat (ENT) symptoms,
affecting patients with WG and CSS, were associated with a lower relative risk of death, and
their absence was scored +1 point (p < 0.001). Only renal insufficiency was retained (not
proteinuria or microscopic hematuria) as impinging on outcome. According to the 2009 FFS,
5-year mortality rates for scores of 0, 1, and =2 were 9%, 21% (p <0.005), and 40% (p <
0.0001), respectively.The revised FFS for the 4 systemic necrotizing vasculitides now
comprises 4 factors associated with poorer prognosis and 1 with better outcome. The
retained items demonstrate that visceral involvement weighs heavily on outcome.

9. Therapy

9.1 Corticosteroids

The primary therapy for CSS is systemic glucocorticoids. An additional immunosuppressive
agent is typically added in patients with more advanced or refractory disease and in those
whose disease flares with tapering of systemic glucocorticoids .

Systemic glucocorticoid therapy is the most important treatment for CSS.Treatment is
generally initiated with prednisone at a dose of 0.5 to 1.5 mg/kg per day, the higher dose
used for patients with more severe vasculitis .Intravenous glucocorticoid (eg,
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methylprednisolone 1 g daily for three days) is used for initial therapy, followed by oral
glucocorticoid therapy in the most severe cases.

The majority of patients with CSS achieve a remission with glucocorticoid therapy alone, but
relapses were common, and up to one-third of patients require additional
immunosuppressive therapy (Ribi C et al.). In CSS patients with an FFS of 0, survival is
excellent, confirming the predictive value of the FFS in this disease. Once disease
manifestations have come under control, the glucocorticoid dose is gradually tapered over
approximately 12 to 18 months, as tolerated. Unfortunately, over the long term, most
patients continued to take oral CS, which might explain the high rate of CS-related adverse
events.

9.2 Cyclophosphamide

The addition of cyclophosphamide is recommended for patients with a "five factors score" of
1, particularly in the presence of cardiac or central nervous system involvement .
Cyclophosphamide may be administered orally every day or intravenously once a month .
Extrapolating from Wegener's granulomatosis, outcomes with daily and monthly regimens
were similar; a slightly greater risk of bladder toxicity with the daily regimen and a slightly
greater risk of relapse with the monthly regimen have been noted. The duration of
cyclophosphamide therapy remains controversial. When used to treat Wegener's
granulomatosis, typically a six month regimen is used.

9.3 Alternative immunosuppressive therapy

An alternative regimen for patients with milder non life-threatening disease, would be
initial treatment with glucocorticoids plus either azathioprine (Bosch X et al 2007) or
methotrexate (De Groot K et al 2005). In the latter study of 100 patients with early systemic
ANCA-positive vasculitides (including CSS) that compared glucocorticoids plus
methotrexate with glucocorticoids plus cyclophosphamide, the remission success rate was
similar at six months (90 and 94 percent, respectively). However, the methotrexate regimen
was less successful for patients with more extensive disease or pulmonary involvement.
Interferon-alpha appeared to be an effective and well-tolerated treatment for induction of
remission in patients with refractory Churg-Strauss syndrome in a phase II study (Metzler C.
et al 2008). . Recombinant interferon-alpha has been reported to be partially effective in the
prevention of major relapses in patients with Churg-Strauss syndrome (Metzler C. et al 2010).
Due to numerous side effects and infections during long-term administration its use should be
restricted to patients with contraindications against conventional immunosuppressive
therapies.

9.4 Immunosoppressive maintenance tharapy

Once remission is induced with cyclophosphamide and glucocorticoid therapy (which
usually occurs within six to twelve months), patients are switched to maintenance therapy
with less toxic immunosuppressive drugs, usually azathioprine or methotrexate, in
combination with a tapering dose of glucocorticoids. For patients whose disease is not
severe enough to require cyclophosphamide, but requires long-term therapy with moderate
to high dose prednisone (more than 10 mg daily), an immunosuppressive agent is often
added for a glucocorticoid sparing effect.
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9.5 New promising therapeutic approach: the monoclonal antibodies
Rituximab

B cell depletion with rituximab has allowed remissions in relapsing or refractory
antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis in small studies. A
multicenter survey of rituximab therapy for refractory ANCA-associated vasculitis has been
recently published (Jones RB et al. 2009). This permitted comparison of rituximab dosing
regimens, the value of continuing immunosuppression, and investigation of ANCA and B
cell levels as re-treatment biomarkers. Retrospective, standardized data collection from 65
sequential patients receiving rituximab for refractory ANCA-associated vasculitis at 4
centers in the UK was used. All patients achieved B cell depletion. Complete remission
occurred in 49 of the 65 patients (75%), partial remission in 15 (23%), and no response in 1
(2%). The prednisolone dosage was reduced from 12.5 mg/day (median) to 9.0 mg/day at 6
months (P = 0.0006). Immunosuppressive therapy was withdrawn in 37 of 60 patients (62%).
Twenty-eight of 49 patients who achieved full remission (57%) experienced relapse (median
11.5 months). B cell return preceded relapse in 14 of 27 patients (52%). Although ANCA
levels fell after rituximab therapy, relapse was not associated with ANCA positivity or a rise
in ANCA levels. Neither the initial rituximab regimen (4 infusions of 375 mg/m(2) each
given 1 week apart or 2 infusions of 1 gm each given 2 weeks apart) nor withdrawal of
immunosuppressive therapy (37 of 60 patients [62%]) influenced the timing of relapse.
Thirty-eight patients received>or=2 courses of rituximab, and complete remission was
induced or maintained in 32 of them (84%). IgM levels fell, although IgG levels remained
stable. Forty-six serious adverse events occurred, including 2 episodes of late-onset
neutropenia, which were attributed to rituximab. Rituximab seems to be effective for
inducing remission in refractory ANCA-associated vasculitis. Nevertheless, relapses may
occurr, but re-treatment has been found effective and safe. ANCA and B cell levels lacked
sufficient sensitivity to guide the timing of re-treatment.

Severe bronchospasm associated with rituximab for refractory Churg-Strauss syndrome has
been reported (Bouldouyre MA et al 2009).

Mepolizumab

Levels of IL-5, a cytokine regulating eosinophils, can be increased in patients with CSS.
Mepolizumab, a humanized monoclonal anti-IL-5 antibody, decreases steroid requirements
in patients with non-CSS hypereosinophilic syndromes. Recently, whether mepolizumab
would safely allow corticosteroid tapering in patients with steroid-dependent CSS while
decreasing serum markers of disease activity has been investigated in an open-label pilot
study (Kim S et al 2010). Seven patients received 4 monthly doses of mepolizumab to assess
whether it safely decreased CSS disease activity and permitted tapering of systemic
corticosteroids. Mepolizumab was safe and well tolerated in patients with CSS.
Mepolizumab reduced eosinophil counts and allowed for safe corticosteroid reduction in all
7 subjects. On cessation of mepolizumab, CSS manifestations recurred, necessitating
corticosteroid bursts. Mepolizumab is a safe and well-tolerated therapy in patients with CSS,
offering clinical benefit by enabling corticosteroid tapering while maintaining clinical
stability.

Omalizumab

The anti-IgE monoclonal antibody omalizumab is approved as add-on therapy of severe
allergic asthma . Besides the IgE blockage effect, studies have shown antiallergic and anti-

inflammatory properties of anti-IgE, among which is the reduction in circulating and tissue
eosinophils.
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Efficacy of omalizumab therapy in some cases of CSS have been reported. In two patients
whose disease was not controlled by systemic glucocorticoid , omalizumab obtained disease
control (Pabst S et al 2008). Another report described similar results with anti-IgE in a
patient with Churg-Strauss syndrome (CSS) who still presented with asthma which was
difficult to control. The asthma did not improve despite the use of high-dose inhaled
corticosteroids, long-acting P2 agonists and several courses of steroid pulse therapy.
Omalizumab was given and his asthma was controlled and a marked improvement in
eosinophilia was observed (Giavina-Bianchi P et al 2007).

On the other hand, there are at least three cases of temporal association between anti-IgE use
and the development of CSS. CSS was probably caused by systemic steroid tapering in these
cases, rather than anti-IgE use.

Omalizumab can be used in patients with CSS to treat and control asthma, but it is probable
that anti-IgE alone is not enough to control CSS activity. Although we are getting more
evidence about the safety of omalizumab in patients with asthma and CSS, larger long-term
studies are needed before the widespread use of anti-IgE can be recommended and also to
verify if it is effective in the treatment of CSS.
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1. Introduction

Giant cell (temporal) arteritis (GCA) is characterized by a granulomatous inflammatory
reaction that penetrates all layers of the wall of medium- to large-sized arteries (1). The
transmural vasculitis is particularly prone to involve cranial arteries such as the superficial
temporal artery (TA), but not infrequently the disease extends to involve large muscular
arteries including the subclavian and axillary arteries and the aorta.

The earliest recorded description of GCA dates to the 10th century when Ali Ibn Isa of
Baghdad in his memorandum book remarked on the relationship between inflamed arteries
and visual symptoms (2). An even earlier case of GCA is disclosed in a photograph of
carving of a blind harpist with swollen eyelids and prominent temporal arteries from a
Egyptian tomb of Pa-Aton-Em-Heb dating back to 1350 BC (3). Moreover, the painting by
the Flemish painter Jan van Eyck (1436) “The holy Virgin with Canon van der Paele” may
also represent an early case of GCA (4). The canon had prominent temporal arteries and
diffuse swelling of the hand (5), the latter possibly indicating coexistent PMR. The tortous
and inflamed artery seen in the portrait of Lorenzo Gambietti by Piero di Cosimo in 1502 is
also suggestive of GCA (5). Thus, although GCA may have existed for several centuries
there are rather few definite historical documentations of its existence. As GCA
preferentially affects persons aged 50 years and more, one possible explanation is the low
average life expectancy in ancient times, exposing few individuals to the risk of contracting
GCA.

The first clinical description of GCA was given by Jonathan Hutchinson in 1890 (St.
Bartholomew's Hospital, London) who was asked to examine Mr. Rumbold, an 80 year old
father of a porter at the London Hospital who had “red streaks on his head” which were so
painful that they prevented him from wearing a hat (6). Forty-two years later (1932), the first
histopathological evidence of a granulomatous vasculitis in the temporal arteries was
reported by Horton, Magath and Brown at a Mayo Clinic staff meeting in 1932 (7). In 1937,
Horton and Magath added to their former report the prominence of headache, the difficulty
chewing food, and transient diplopia (8). Blindness as a complication of GCA was, however,
first recognized by Jennings in 1938 (9). In 1941, Gilmoure (10) suggested the presence of
giant cells as characteristic for the disease which he called “giant cell chronic arteritis”.
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During the 1930ies, the term “Temporal arteritis” was gradually introduced, whilst the
designation “Cranial arteritis” was coined by Kilbourne and Wolff in 1946 (11) to point out
that the temporal artery is not the only scalp artery affected in GCA.

The most frequent complaints of GCA are head-ache and malaise. However, GCA may also
present as a systemic inflammatory syndrome characterized by non-specific constitutional
symptoms related to systemic inflammation in the absence of focal ischemic symptoms. This
is often referred to as “silent or masked GCA” (12). On the other hand, the disease may also
present with minimal or absent systemic manifestations, but with organ dysfunction such as
visual loss or peripheral neuropathy. The term “Occult GCA”, coined by Simmons and
Cogan in 1962 (13) is often used to denote such a disease variant (14). GCA rather frequently
coexists with polymyalgia rheumatica (15), affects most often persons of Nordic origin (15)
and almost exclusively involves individuals 50 years or older (15, 16).

The annual incidence of GCA among persons 50 year or older has been estimated to
29/100000 (15), but autopsy studies have indicated a substantially higher incidence (17). It is
possible that physician awareness is responsible for the progressive increase in the incidence
that has been observed over the past two to five decades in different parts of the world (18,
19), conceivably remaining stable in the recent years (20). Mortality in GCA appears similar
to that of the general population (21, 22). The cornerstone of treatment is represented by oral
glucocorticosteroids (CS), but new therapeutic options which better control disease activity,
exhibiting lower incidences of side effects and reducing disease complications are highly
warranted.

2. Age and sex

In GCA, there is a typical female excess across all age groups (15, 16, 20, 23, 24, 25).
Although GCA is almost invariably seen in individuals 50 years and older, arteritis of the
temporal arteries is occasionally diagnosed in persons younger than 50 years (26). Temporal
arteritis in the young may be separated into three groups. First, a localized eosinophilic
arteritis confined to the temporal arteries (27), often without evidence of granulomatous
inflammation (28). Systemic manifestations may be absent or minimal and the disease
generally follows a benign clinical course without ischemic complications (28). Excision of
the involved section of the temporal artery is often curative and CS are not required (28).
Second, temporal arteritis may accompany other systemic connective diseases such as
polyarteritis nodosa, Churg Strauss vasculitis, thrombangitis obliterans, or HIV infection
(29). Third, a clinical and histological picture indistinguishable from that seen in adults may
be observed. Although well documented, GCA among younger persons is exceptionally
rare.

3. Common clinical manifestations

Head-ache At diagnosis, head-ache is reported by the vast majority of patients. In one study
(25), it was present at onset in 54.1% and at diagnosis in 84.6%. The head-pain is classically
located to the temporal regions, but occipital, frontal, or general headache is often
encountered (25, 30, 31). In one case series, 17% of patients with biopsy-proven GCA had an
initial presentation of occipital pain (31). Some patients report pain behind the ears which
may be associated with vertigo and deafness (32).
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4. Constitutional and musculoskeletal manifestations

Constitutional symptoms very often accompany local ischemic manifestations. Asthenia,
malaise, low-grade fever, night sweats, loss of appetite and weight loss are reported by
more than one third of patients (2, 25, 33, 34). Fever is usually low-grade, but occasionally it
is high and associated with night sweats (2). In some cases, fever is the presenting
manifestation or the only feature of GCA (35). Patients may report joint pain, but contrary to
Polymyalgia rheumatica, frank arthritis appears to be very rare (25, 34).

5. Jaw claudication

Jaw claudication manifests as jaw-pain which is noted particularly when the patient chews
solid food or talks at length (2). It is seen in up to 50 % of patients with a full-blown clinical
picture of GCA (2, 25, 30, 33), but may in many cases be absent at the very onset of disease
(2, 25). Jaw claudication usually develops shortly after some minutes of chewing and is
promptly relieved by resting the muscles of mastication (2, 33). It is due to masseter
ischemia caused by vasculitis and occlusive stenosis of the maxillary artery, a branch of the
external carotid artery. As jaw claudication is explicitly rare in other diseases, it is a high
predictor of GCA, although not pathognomonic (30).

6. Ophthalmologic manifestations

The most feared complication of CGA is visual disturbances. The incidence of
ophthalmologic manifestations varies from 14-70%, depending on the selection of patients
and methods of ophthalmological examinations (25, 36, 37, 38, 39, 40). Consequently,
incidences of visual impairment estimated in population surveys range from 1-21%, in
hospital-based studies from 0-30% and from 48-65% among patients selected from
departments of eye diseases (25). There is no unanimous consensus regarding suggestions of
a progressive decline in the proportion of patients with visual manifestations during the last
2 to 3 decades (39, 40, 41).

The most common ophthalmologic manifestation is visual loss (97.7%) followed by diplopia
(6-21%). The visual loss is most often unilateral (38), and it may be either transient or
permanent (42). Other visual disturbances are bitemporal visual field defects due to
vasculitic damage to the arteries that supply that optic chiasm (42), homonymous visual
field defects due to vascular involvement of the retrochiasmal visual sensory pathway (42),
papillary disturbances and acute ocular hypotony (42). Visual hallucinations may occur, and
in most cases these occur after the patient is bilaterally blind (42). Several cases of Charles
Bonnet syndrome have been reported (43, 44).

Visual manifestations usually present early in the disease course, and are rarely seen after 2-
3 years of disease (25, 45, 46, 47). In one study (25) visual impairment occurred at onset in
only 2.7% as opposed to 17.9% at the time of diagnosis. Loss of vision after the first two
weeks of CS therapy seems to be exceptionally rare (48). In one study (36), the probability of
additional visual loss due to GCA was 13 % at 5 years in patients who presented with visual
loss. The probability of visual loss due to GCA was 1 % at 5 years in patients with intact
vision when oral CC treatment was started (36). If bilateral visual loss develops, the interval
between the first and second eye is usually only a few days (49, 50).

Visual loss is related to anterior ischemic optic neuropathy (AION)(51), which is most
commonly caused by narrowing or occlusion of the posterior ciliary arteries (32). These
arteries provide blood flow to the optic disc and the choroid (42). Consequently, the early
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fundoscopic appearance noted in AION consists of slight pallor and oedema of the optic
disc with scattered cotton-wool patches and small hemorrhages. Later optic atrophy occurs.
Such patients often report a feeling of a shade covering one eye (42). It occurs abruptly or it
may be preceded by episodes of transient monocular loss of vision (42). Of all patients with
AION, only 5 % have concomitant GCA (42).

Central retinal artery occlusion is the second most common cause of visual loss, affecting 10-
13% of patients with visual disturbances (42, 38, 51). However, it should be noted that only
5-10 % of patients with central retinal artery occlusion have GCA (42). Usually, it develops
rather abruptly and permanently (42). Posterior ischemic optic neuropathy is much less
common (42). A rather rare cause of visual loss in GCA is occipital lobe infarction (52, 53).
Importantly, of patients with visual manifestations, transient visual loss is reported by
5-54 % (47, 54, 55, 56). Transient monoocular blindness (ameurosis fugax) results from
insufficient perfusion of the optic nerve, retina or choroid and precedes the development of
permanent visual loss by an average of 8.5 days (33, 40, 42, 57). Ameurosis fugax should
thus be regarded an ominous sign of impending blindness. In rare cases, transient visual
disturbances preceding permanent visual loss may alternate between the two eyes (42).

The risk of developing visual disturbances has been associated with low disease activity (37,
58, 59), high disease activity (37, 45, 60), anemia (61), older age (37, 38), disc swelling (37),
and a history of hypertension (62). In some studies, the best predictors for the development
of severe cranial ischemic events included the absence of high CRP and ESR levels at
diagnosis, absence of systemic manifestations such as fever and weight loss, and a past
history of ischemic heart disease (58, 62). On the other hand, one study (60) showed an
increased frequency of visual ischemic events in patients with ESR values ranging between
70 and 100 mm/h at the time of disease diagnosis. Similarly, another survey (63), found no
increased risk of visual loss or other cranial ischemic events in patients with low ESR (< 40
mm/h). Histologically, the presence of giant cell cells has been associated with increased
risk of visual loss (64), but this finding needs to be confirmed. A recent retrospective study
showed a frequency of permanent visual loss as high as 70% among patients lacking
headache at diagnosis (65). Clearly, further research is needed to define predictors of visual
manifestations that can be favorably used in everyday clinical practice.7.

Large vessel vasculitis Involvement of large vessels may be seen in 14-25% of cases with
GCA (66, 67, 68, 69). Both aortic aneurysm formation and peripheral large vessel vasculitis
of the extremities may be observed (66, 70, 71, 72, 73, 74). In rare cases, arteritis involving the
mesenteric vessels may develop both as an initial manifestation of GCA and antedating its
diagnosis (75). About 1/3 of such patients die.

In large-vessel arteritis involving the upper extremity, the subclavian and axillary arteries
are most often affected (76). In about 1/5 of cases with large vessel vasculitis of the upper
extremities, the brachial arteries are involved (68). The clinical picture is characterized by
claudication of the arms, bruits over the carotid, subclavian, axillary and brachial arteries
and absent or decreased pulses in the neck or arms. Paleness of hands upon use of upper
extremity may also be observed (77). Unilateral manifestations are more frequent than
bilateral manifestations (68).

In rare instances, lower extremity vasculitis develops in which involvement of the
superficial femoral arteries is most frequently seen (68, 71). Other lower extremity vasculitis
includes the internal iliac artery, the common femoral artery, the deep femoral artery and
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the popliteal and anterior tibial arteries (68). Occasionally, GCA may present as a rapidly
progressing lower extremity claudication with elevated inflammatory markers whereas
cranial symptoms may be absent (71, 78).

In general, TAB may be normal in 50 % of patients with large vessel vasculitis (76). Thus, in
many cases the differentiation between GCA and Takayasu arteritis may be difficult,
although the latter often occurs at a younger age than the former. Both upper and lower
extremity vasculitis in GCA may precede other manifestations of the disease (71), or it may
be identified in association with GCA diagnosis and even develop after the onset of GCA
(68). According to one study, the outcome of upper and lower extremity vasculitis in GCA
seems rather good (68). Approximately 3 years after diagnosis, 80-90% of cases will either
experience disappearance or improvement of clinical manifestations (68). Slightly more than
10% will have a deterioration of clinical manifestations (68). However, in another study (71)
adressing lower extremity vasculitis exclusively, significant morbidity was observed as
several patients were subjected to revascularization surgery and limb amputation. It is thus
possible that the outcome differs between patients presenting with rapidly progressing
lower limb claudication and those with less predominant clinical manifestations of lower
limb vasculitis.

GCA involving the aorta was first described by Sproul and Hawthorne in 1937 (80) and is
increasingly recognized conceivably due to improved imaging techniques. Case-series
employing PET for diagnosis have found evidence of aortitis in over half the cases (81). Of
such cases, both the thoracic and abdominal aorta may be affected (73). A study from the
Mayo clinic in 1995 showed that 14 of 96 (15%) patients with GCA had an aortic aneurysm
(9 thoracic and 5 abdominal)(69). Thus, patients with GCA were found to be 17.3 times more
likely to have a thoracic aortic aneurysm and 2.4 times more likely to develop abdominal
aortic aneurysm than age-related controls. Some have suggested it to be more common in
men than females (74). Aortic dissection may be the first manifestation of GCA (82), but in
the majority of cases, development of aortic disease occurs after the diagnosis of GCA (71).
In many cases, aortic aneurysms occur late, years after the onset of the disease and even
years after the completion of CS therapy, so that patients will often have left their
rheumatologist (69, 76, 83). Moreover, most cases are asymptomatic unless dissection and
rupture develop (66, 69, 72, 84). As no absolute correlation between high disease activity and
evolvement of aortic disease seem to exist, diagnosis of aortic GCA disease is highly
dependent on screening procedures for such events.

Involvement of the aorta may be diagnoses by ultrasonography, CT or MRI (72, 73, 85).
Vasculitis of the aorta and peripheral vessels may also be visualized by increased vascular
uptake on 18FDG-PET (86, 87, 88, 89), but it is not clear if this is specific to vasculitis or
simply a marker of any type of wall injury and tissue repair (76). Its specificity and
sensitivity for diagnosing large vessel vasculitis have therefore been questioned (90).
Although the recent advent of combined functional and anatomic imaging with PET-CT
scanners allows anatomic correlation and exact localization of pathological lesions, PET
scanning is associated with high costs and not available in all hospitals. Thus, at present it
should not be recommended as a routine screening procedure in GCA. As most aneurysms
develop in the ascending aorta, a yearly transthoracic echo and two-view chest radiograph
could be considered as a reasonable screening approach (76). A yearly ultrasound screening
in GCA for abdominal aneurysms is also likely to be cost effective (76).
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In one report (69), 44% of patients with thoracic aortic aneurysm, died suddenly of
dissection and 33% developed aortic regurgitation. However, subsequent investigations
have concluded with a rather favorable outcome of aortic disease in GCA except for those
patients that proceed to develop dissection or rupture (89, 91). In one study, follow-up at 6
months showed complete disappearance in 8.8%, improvement in 47.1%, unchanged in
41.2% and deterioration in 2.9% (72). A French study using CT scans to diagnose aortitis,
also disclosed a more favorable prognosis as 10 of 11 patients achieved complete resolution
or improvement at follow-up (92).

Risk factors for development of large vessel vasculitis in GCA have been insufficiently
investigated. It has, however, been suggested that an aortic insufficiency murmur at the
time of GCA diagnosis, hyperlipidemia, coronary artery disease at any time and high ESR in
combination with polymyalgic symptoms, and hypertension are factors associated with
aortic aneurysm or dissection (76, 83, 93). It should be noted, however, that less than 10 % of
patients with noninfectious aortitis have GCA (94).

7. Neurologic manifestations

GCA presenting with neurological manifestations is exceptionally rare, occurring in only
four of 260 cases (1.5 %) in one report (34). Neurological manifestations of GCA most
probably result from arteritis of the vasa vasorum of peripheral nerves and consist of
neuropathies, including mononeuropathies and peripheral polyneuropathies of the upper
and lower extremities (95). On the other hand, vasculitis of the central nervous system is
extremely rare and inflammatory lesions are very rarely found beyond 5 mm after the
artery's penetration of the dura. Bley et al. (96) studied the thin walled intradural arteries of
the circle of Willisi by MRI and did not find any signs on MRI suggestive of mural
inflammation. Some rare neurological manifestations are summarized in Table 1.

According to most reports, cerebrovascular ischemic events are found in 3-15% (65, 97, 98)
of GCA, but are due to involvement of the extradural segment of the vertebral and carotid
arteries. In one study, eight of 287 patients (2.8%) had strokes between the onset of GCA and
4 weeks after the onset of CS (97). Lesions due to involvement of the vertebrobasilar
territory were seen more often than those caused by involvement of the carotids (97, 99).
Patients with strokes had more commonly permanent visual loss and were more frequently
smokers (97). In another study (99), the same incidence (2.8%) of strokes was observed, but
the internal carotid arteries were involved in 4 patients and the vertebrobasilar arteries in 3.
Interestingly, CT and MRI revealed small cerebral and cerebellar infarction, but at necropsy
generalized GCA involving medium and cerebral vessels was found in one case (99).
Multiple ischemic strokes despite escalating immmunosuppressive therapy may also
develop (100, 101), in which both anterior and posterior circulations are involved bilaterally
in a characteristic location where the arteries penetrate the dura (100). Thus, strokes occur in
a few patients with GCA and are in the overwhelming majority of cases due to
thromboembolic disease localized to the carotid and vertebrobasilar supplied areas of the
brain. However, strokes due to atherosclerosis and iatrogenic effects of CS should not be
overlooked (101). Finally, in some cases the cause of progressive stroke may be due to CC
rather than the disease itself (102), suggesting that replacing GC with anticoagulants should
be considered.
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8. Scalp necrosis

Scalp necrosis in GCA was first described by Cooke and coworkers in 1946 (103), and
remains an explicitly rare disease manifestation of GCA. It is most often localized to the
frontal and parietal parts and is often bilateral (Picture 1). As the scalp has an excellent
blood supply, development of scalp necrosis signalizes severe vasculitis, involving most
superficial arteries of the scalp. Consequently, it is often associated with severe GCA
frequently including both cerebral and coronary artery occlusions (41%) and irreversible
visual loss (67%)(104). Somewhat surprising, scalp necrosis usually heals completely after a
few weeks (105), although sequela in the form of scarring may be seen (106). According to a
review of 78 cases reported in the literature, scalp necrosis never developed after onset of
therapy with corticosteroids (107). However, a case was recently reported in whom scalp
necrosis antedated the initiation of therapeutic corticosteroids (108).

9. Tongue necrosis

The tongue has an excellent blood supply and is usually minimally affected in GCA (109).
However, in rare cases, necrosis and gangrene of the anterior portion of the tongue may
develop (110). Bilateral lingual necrosis has also been reported (109). It has been suggested
that tongue necrosis most often develop during initial tapering of corticosteroid dosage
(111). Tongue necrosis is caused by lingual arteritis (109). Occasionally, patients suffering
from GCA report loss of taste (112) which may be related to facial artery giant cell arteritis.

Neurological

- Dementia (111)

- Psychosis (33)

- Coma (114)

- Seizures (115)

- Spinal cord infarction (116, 117)

- Subarachnoidal hemorrhage (33)

- Neuropathies (95)

- Mononeuritis multiplex (118)

- Trigeminal neuralgia (119)

- Bilateral peroneal nerve palsy (120)
- Cerebral vein thrombosis (121)

- Occipital infarction (118, 122)

- Transient ischemic attacks (123, 124)

Oral manifestations (125)

- Trismus (125)

- Throat pain (126)

- Hoarsness (126)

- Dysarthria (125, 127, 128)

- Chin numbness (125)

- Glossitis (129, 130)

- Macroglossia (125, 131)

- Lip or tongue necrosis (125)
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- Odontogenic pain (33)

- Dysphagia (125)

- A submandibular mass (125)

- Head, neck and facial swelling (132, 133)

Audiovestibular manifestations (134)

- Hearing loss (33, 134)

- Tinnitus (134)

- Vertigo(134)

- Dizziness (134)

- Spontaneous nystagmus (134)
- Earache? (125)

Orbital manifestations

- Ptosis (135)

- Eye pain (125)

- Chemosis (134)

- Ophthalmoplegia (135, 136)

- - Complete abducens nerve palsy (136, 137)- Third nerve palsy (135, 136)
- Lid edema (135)

- Episcleritis (135)

- Proptosis (135, 137)

Other manifestations

- Bowel infarction (138, 139, 140, 141)

- Arteritis of the myometrium,ovaries, paraovarian tissue and fallopian tubes (142, 143,
144)

- Pericardial and pleural effusions (145, 146, 147, 148, 149)

- Pleural thickening, nodules of variable size and reticular lesions (149)

- Cough, sore throat and hoarseness (149)

- Myocardial infarction (150, 151, 152, 153, 154)

- Breast involvement (155, 156)

- Syndrome of inappropriate antidiuretic secretion (157)

- Raynaud’s phenomenon (158)

- Microangiopathic hemolytic anemia (159)

- Carotidynia (160, Cid AR 1998 ref 79)

- Membraneous glomerulopathy and nephrotic syndrome (161)

Table 1. Less commonly reported clinical manifestations in GCA

10. Concomitant polymyalgia rheumatica

Polymyalgia rheumatica (PMR) and GCA frequently coexist (25, 162, 163), an association
noted by Porsman as early as in 1951 (164). PMR may precede GCA or develop after GCA
diagnosis. Whether or not PMR and GCA represent two separate disease entities which
frequently overlap or are one common disease with different clinical expressions remains a
controversial issue. The frequent concomitant occurrence of PMR and GCA suggests a
common disease denominator whereas the discrepant clinical picture of TA and PMR may
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indicate two separate disease entities. The occurrence of articular and periarticular
inflammation seen almost exclusively in PMR suggests separate disease entities (165). On
the other hand, positron emission tomography (PET) scan findings of increased uptake of
fluorodeoxyglucose in the thoracic vessels in many patients with PMR suggest a common
vasculitic disorder (166, 167). Finally, the reported incidence of biopsy-proven TA among
patients with pure PMR varies considerably, from 4 to 70% which makes it difficult to reach
an overall conclusion regarding the relationship between TA and PMR (25, 168, 169, 170).
Patients presenting with both PMR and GCA often run a severe disease course, and
maintenance doses of oral CS are on average often higher compared to patients presenting
pure PMR or isolated GCA (171, 172).

11. Clinical examinations

In patients suspected of suffering from GCA rather few clinical examinations are
mandatory. As GCA affects individuals older than 50 years who rather frequently suffer
from other diseases, a general medical examination is compulsory. Examination of aorta and
large arteries of the upper and lower extremities to reveal bruits and diminished pulses is
strongly recommended.

Physical examination of the frontal and parietal branches of the temporal arteries may reveal
tenderness on palpation, absent or reduced pulsation and thickening of the vessel. General
scalp tenderness is rather frequently present and may be worsened by brushing or combing
the hair.

A thorough examination for ophthalmological symptoms is strongly recommended.
Symptoms indicating coexistent PMR should not be missed. Patients with uncomplicated
GCA should be informed about the risk of ischemic complications and asked to report back
immediately if such events develop.

12. Laboratory investigations

Acute phase reactants are increased in the overwhelming majority of GCA (25). An ESR of
40 mm/hour or more has been noted in more than 90 % of patients (61, 63). Less than 1-2%
have normal levels of both ESR and CRP (25, 173, 174). GCA with normal ESR has, however,
been reported (175, 176, 177), even in patients with visual disturbances (176, 178) and
devastating central nervous system complications (179). Interestingly, when patients with
GCA and normal ESR were followed-up, these patients were never able to mount a high
ESR during subsequent episodes of inflammation caused by infection which may imply a
genetically determined blunted cytokine response to inflammation (63). ESR and CRP are
relatively lower in patients with occult GCA according to some observations (14). These
patients often have a longer diagnostic delay (180). Both leucocytosis (61), thrombocytosis
(61, 181, 182), and normocytic normochromic anemia (61) may be encountered. Liver
function tests are frequently abnormal, particularly elevations of serum alkaline
phosphatase (62, 183).

Recent research has explored the potential utility of other biomarkers for disease activity in
GCA. A promising cytokine for monitoring disease activity in GCA is IL-6 as it is found in
inflamed arterial walls and shows highly elevated serum levels in active GCA (184, 185). In
one study, 89% of flares were associated with an elevated level of IL-6 while ESR elevations
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accompanied 58% of flares (186). However, analyses of IL-6 are not readily available at most
centers, and thus not suitable for routine measurements. Finally, more research is needed to
explore whether or not serial assessments of circulating TNFa can aid in the monitoring of
possible relapses in GCA (187).

13. Imaging

13.1 Ultrasound

Color duplex ultrasonography of the temporal artery has been introduced as a means of
improving the diagnosis of GCA. Besides revealing stenosis and vessel occlusions,
ultrasound may also detect wall inflammation.

Schmidt and coworkers described in 1997 the presence of a hypoechoic thickening around
the lumen of the temporal artery, termed a “halo-sign” which represents edema of the vessel
wall (188). The “halo-sign” may also be seen in subclavian, external carotid, occipital,
axillary, facial, brachial, ulnar, common carotid, vertebral, radial and popliteal arteries (189).
The frequent involvement of the occipital arteries in GCA may also be detected by
ultrasonography (190). Thus, an ultrasonographic finding of a hypoechoic halo around the
lumen of the temporal arteries has been advocated as a method of making the diagnosis of
GCA rendering temporal artery biopsy (TAB) superflous. However, several studies have
questioned the sensitivty of the “halo-sign” for the diagnosis of GCA. According to various
reports, its sensitivity varies from 10-100% (191, 192, 193). In a meta-analysis of 23 studies,
the “halo-sign” had a pooled sensitivity of 69% and a specificity of 82% compared with TAB
(194). However, a bilateral “halo-sign” appears almost pathognomonic of GCA (193). In
another report, Arida and coworkers (195) conducted an extensive metaanalysis of
ultrasonograophy which disclosed a sensitivity of 68% and a specificity of 91% for the
unilateral “halo- sign”, as well as 43% and 100%, respectively for the bilateral “halo-sign”
for GCA diagnosis.

The reasons for apparent discrepancies regarding sensitivity of ultrasound to detect the halo
to diagnose GCA may have several explanations. First, sensitivity and specificity are highly
dependent on the examiner as the method requires experience and expertice. Second, the
quality of the sonographs employed in the different studies may vary. Third, the appearance
of vessel wall abnormalities may also vary with the duration of the disease.

A negative ultrasonographic finding at the onset of disease may be due to absence of early
adventitial inflammation which is necessary to produce the oedema that causes the halo
effect. It should also be noted that the halo disappears after commencement of steroid
therapy, usually within 2-4 weeks (188, 189, 193). Finally, in some cases it is difficult to
differentiate between inflammatory and noninflammatory temporal artery disease by
ultrasonography (196).

At present, ultrasonography should not replace temporal artery biopsy (TAB), but it can
serve as a means for identifying sites suitable for surgical biopsies (197). Moreover,
ultrasonography appears a promising method for diagnosing GCA in patients who decline
surgical biopsies. In such cases, cautious interpretation of the test results based on clinical
presentation and pretest probability of the disease is imperative (194). Clinicians responsible
for the care of patients with GCA should be encouraged to use ultrasonography to detect
large vessel vasculitis in GCA.
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14. Magnetic resonance imaging

MRI can detect inflammatory vessel wall changes (198) with a sensitivity of 80.6% and a
specificity of 97% compared against a diagnosis of GCA based on the ACR criteria (199).
According to other findings, the specificity and positive likelihood ratio of high resolution
MRI are sufficiently high that a positive MRI combined with other clinical and laboratory
data consistent with GCA may be useful in diagnosing GCA (200). It should be noted,
however, that given the relatively low sensitivity of the test, a negative MRI would not be
sufficient to rule out the diagnosis of GCA (201).

Moreover, no definite concordance between MRI and acute phase assessed by CRP has been
established (86). Finally, to few studies have specifically addressed the suitability of MRI
diagnosing arteritis in the temporal arteries (202). Although disputed (201) , MRI appears as
a favorable means to detect large vessel vasculitis, in any case when abnormalities such as
vessel narrowing or obliteration have developed.

15. 18FIuorodeoxyglucose-positrone emission tomography — 18FDG- pet-
scanning)

Similar to MRI, 18FDG-PET may be useful to detect large vessel arteritis but is associated

with restricted availability and high costs. However, PET scanning may in the absence of
reliable biomarkers for disease activity, represent the only method of disclosing active vessel
wall inflammation. Preliminary results indicate that 18F-FDG PET could be a method
exhibiting high sensitivity and specificity for GCA-related large-vessel inflammation (203,
204, 205, 206).
Others have found PET as a useful diagnostic tool in early stages of large vessel vasculitis
and a powerful instrument to follow the treatment responses (88). However, increased
vascular up-take on PET should be interpreted cautiously as it is still unsettled whether or
not such uptake represents inflammation requiring anti-inflammatory therapy or indicates
inflammation associated with a healing process. One study found only a low, but non-
significant correlation of PET with CRP (201). At present, more investigation is needed
before PET scan eventually can be included in the routine work-up and monitoring of GCA.
The availability of the modality is, however, restricted, and the costs are of great concern.

16. Temporal artery biopsy

According to the British Society for rheumatology guidelines, TAB should be considered
whenever a diagnosis of GCA is suspected (207). The EULAR recommendations, however,
advocate that a TAB should be performed when GCA is suspected (208). Although a
diagnosis of GCA according to the ACR criteria (199) can be made without histological
confirmation, these criteria were constructed for use in research. For clinical work, the
benefit of a pathological confirmation of the diagnosis should not be underestimated. Both
at the start of disease and during disease course, a histological proof of GCA appears
reassuring for both patients and clinicians. When patients develop serious adverse-effects
due to long-term CS treatment, histopathological proof of the diagnosis helps to buttress the
case for continued therapy (209). Moreover, GC therapy may cause serious side effects
which may result in a medicolegal case. Morphological evidence of the disease will then
provide proof that both diagnosis and treatment were appropriate. Finally, although scalp
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necrosis, brow droop, chronic skin ulceration and stroke have been described, TAB is
associated with low-morbidity (210). As emphazised earlier, an ultrasound should be
performed to identify the most suitable location fo biopsy.

Typical histopathological findings in GCA include infiltration of T lymphocytes, dendritic
celles and macrophages in all layers of the arterial wall. Moreover, disruption of the internal
elastic lamina, chronic granulomatous inflammation, multinucleated giant cells accumulated
along the fragmented internal elastic lamina, thickening of the intima and luminal occlusion
are frequently observed. In some cases, involvement is in seen exclusively in the small
vessels external to the temporal artery adventitia (211). PMR very often accompany GCA in
such cases (211).

The minimum length of the biopsy required for a definite diagnosis of GCA has been
discussed in several reports. The basis for the discussion is the uneven distribution of
arteritic lesions (212). Skip lesions have been described in 8.5-28.3% of positive biopsies (213,
214, 215). Although lengths of biopsies shorter than 10mm are suggested to be sufficient for
a diagnosis of GCA (216, 217), most authors recommend a minimum length of at least 1.5-2
cm (218, 219, 220). Such a length would allow for tissue shrinking during fixation which is
estimated to approximately 10 %.

If the biopsy yields normal findings, a contralateral biopsy may be considered. However, the
diagnostic yield of a second biopsy if the first one is negative is rather small. The percentage
of patients with a negative biopsy on one side and a positive biopsy on the other has been
reported from 3 to 12.7 % (221, 222, 223). Given the low increase in sensitivity obtained by
performing bilateral biopsies, careful diagnostic considerations should be undertaken before
requesting a second biopsy. Moreover, a unilateral biopsy preserves an artery in the event
that a diagnosis of GCA is considered in the future, and minimizes costs and physician time
(224). In any way, commencement of therapy should not be delayed if clinical suspicion of
GCA is high in spite of a first negative biopsy.

The administration of immunosuppressive therapy such as CS may have little impact on the
possibilities of detecting histological vasculitis during the initial phases of therapy.
Specimens might show arteritis after 2-4 weeks of CS therapy (225, 226, 227, 228), although
the frequency of positive biopsies is slightly reduced for each week of treatment (227, 229).
Active vasculitis observed in TAB has been demonstrated after as long as 9 years after
initiation of CS (230). Thus, TAB should be performed in all patients suspected of having
GCA, but negative results on biopsy in patients treated for weeks should be interpreted
with caution.

In long-term CS treated patients, a histopathological picture of socalled healed-arteritic
pattern has been observed. The three most reliable histopathological parameters of CS
treated GCA were a complete or incomplete mantle of lymphocytes and epitheloid
histiocytes located between the outer muscular layer and the adventitia, large
circumferential defects in the elastic lamina and absent or few multinucleated giant cells
(231). Patients exhibiting such histopathological features seemed to be at no risk of
reactivation, early death, permanent blindness and cerebrovascular accidents (232).

Of major concern is the low number of positive biopsies analyzed by pathological
departments. Studies during the years 1976 to 2007 have reported findings of GCA in 13 -
43.7 % of TABs (19, 226, 233, 234, 235). Consequently, predictive markers for a positive
biopsy have long been searched for. In one study of TAB performed among patients
suspected of having GCA, excluding patients with no evidence of temporal artery
abnormalities, scalp tenderness, or jaw claudication, only 48% of the 125 biopsies would
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have been performed (236). Fiftynine negative biopsies would have been prevented, but six
positive biopsies would have been missed (236). The findings jaw claudication, weight loss,
pathological temporal artery enlargement, recent head-ache, and scalp tenderness have all
been found to predict a positive biopsy (226, 233, 236, 237). It is tentative to suggest that
patients exhibiting none of these clinical features combined with a negative ultrasound
should not be subjected to TAB before all other causes of current inflammatory
manifestations are ruled out. Finally, the frequencies of positive TAB reported in PMR have
varied from 4-40% (25, 238), the results depending on the definition of “pure” PMR. At
present, it is generally agreed upon that TAB is not indicated in patients with PMR in the
absence of cranial manifestations (pure PMR), unless a high inflammatory response is
present.

17. Diagnostic and classification criteria

17.1 Clinical suspicion

A diagnosis of GCA should be considered in all patients 50 years or older with unexplained
head-ache, a significant inflammatory response that is not explained by infection, other
autoimmune diseases or malignancy, visual disturbances or signs of peripheral
vasculopathy. The British society for rheumatology (207) recommends that clinical suspicion
of GCA should be raised in a patient older than 50 years presenting with either abrupt-onset
headache, scalp tenderness, jaw and tongue claudication, visual symptoms, constitutional
symptoms, polymyalgic symptoms or limb claudication.

18. Diagnosis

For scientific purpose, the ACR criteria are widely used (199). These criteria attempt to
differentiate GCA from other vasculitides and include five items (Table 2). Presence of
three or more of these five criteria is associated with a sensitivity of 93.5% and a
specificity of 91.2%. It is noteworthy that according to these criteria, a diagnosis of CGA
can be made in the absence of histopathological evidence. In a number of studies, patients
with biopsy-proven GCA have been studied exclusively, hence hampering comparison
with investigations based on the ACR criteria which include both biopsy positive and
negative patients. Consequently, results should be presented separately for biopsy
positive and negative cases allowing valuable comparison. It should also be noted that
occult GCA and patients presenting large vessel vasculitis exclusively may not have been
accurately represented in the ACR criteria. Furthermore, as the ACR criteria are not useful
for making the diagnosis in individual patients (239), other diagnostic guidelines should
be followed.

Age 50 years or older

New onset of localized headache

Temporal artery tenderness or decreased temporal artery pulse,

Elevated ESR 50 mm/hour or higher

Biopsy sample including an artery, showing necroitizing arteritis, characterized by a
predominantly of mononuclear cell infiltrates or a granulomatous process with
multinucleated giant cells.

Table 2. The ACR 1990 criteria for giant cell arteritis (199)

Ol L=
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A diagnosis of Cranial arteritis requires the histological demonstration of localized vasculitis
combined with associated clinical manifestations such as either head-ache and/or jaw
claudication, visual loss and constitutional symptoms. Thus, a definite diagnosis of GCA
classified as Cranial arteritis rests on the demonstration of inflammatory changes found on
biopsy of the temporal arteries. In cases of normal histopathological findings at vessel
biopsy, a diagnosis of cranial arteritis should only be made after a thorough exclusion of
other causes for the aforementioned clinical manifestations. In such cases, evidence of an
elevated acute phase response should be regarded compulsory and detection of a halo by
ultrasonography would strongly support the diagnosis of GCA.

In patients with non-specific constitutional symptoms related to systemic inflammation in
the absence of focal ischemic symptoms, but with histopathological proof of GCA, the term
“Silent or masked GCA” or “systemic inflammatory syndrome” should be preferred. As
emphasized by Rahman & Rahman (32), the ACR criteria are likely to result in some false-
negative diagnoses of GCA, putting vision at risk. In silent or occult GCA, the risk of
ischemic complications resulting in loss of vision is highly significant, requiring a high index
of suspicion in order to diagnose GCA in patients with an atypical presentation.

Some patients may show evidence of large vessel vasculitis in the absence of
histopathological evidence of GCA, and without significant inflammatory symptoms. Such
cases may be indistinguishable from Takayasu arteritis, and should thus be labelled Large
vessel vasculitis, or if histopathological proof of granulomatous vasculitis is observed, the
term Large vessel giant cell arteritis may be preferred.

19. Differential diagnoses, malignancy and cardiovascular disease

A TAB remains the gold standard test in the diagnosis of GCA, and few diseases can be
mistaken for what turns out to be biopsy-proven GCA. Vasculitis of the temporal arteries
has been reported in polyarteritis nodosa, Churg Strauss vasculitis, microscopic polyangiitis,
Wegener's granulomatosis, hepatitis B virus-related polyarteritis nodosa, hepatitis C virus-
related cryoglobulinemic vasculitis and rheumatoid vasculitis (29, 240, 241, 242), but the
clinical features of these diseases distinguish them from TA. Primary systemic amyloidosis
may present with a clinical picture of either PMR or GCA or both (243).

Malignancy and Cardiovascular disease in Giant cell arteritis. Although suggested by some
(244, 245), the majority of studies have been unable to find an increased risk of malignancy
in GCA (246, 247, 248, 249, 250, 251). However, as GCA affects persons 50 years and older,
particular attention should be paid to the development of concurrent neoplastic disease
which is not uncommon in these age groups. There are several case reports of GCA
developing simultaneously with malignant disease such as leukemia (252), lymphoma (253)
and lung cancer (254). Previous suggestions of an increased risk of concomitant cancer in
patients not responding to treatment with subsequent decline in acute phase reactants have
not been subjected to further investigations.

Although an increased incidence of cardiovascular disease in GCA has been suggested (255,
256, 257, 258). these findings have not been corroborated by population surveys (21, 259).
Thus, there exists no convincing evidence of an increased risk for development of clinically
important cardiovascular disease in GCA, except possibly for the oldest patients with GCA
(260). Of note, cardiovascular diseases are in general prevalent in this age group and should
not be ignored.
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20. Initial treatment

After the first trial of CS therapy for the disease was reported by Schick et al in 1950 (261),
CS have remained the mainstay of therapy in GCA. However, much is still unknown
regarding their mechanisms of action, the optimal initial dose, speed of taper, and duration
of CS therapy.

21. Uncomplicated GCA

In the absence of large vessel vasculitis, severe organ involvement or visual disturbances
(uncomplicated GCA), low doses of CS are as effective as low doses (262, 263). Moreover,
those patients commencing treatment with low doses of CS do not have more visual or
neurological complications than patients treated with higher doses (264). Starting doses of
30-40 mg of prednisolone daily are thus recommended. Both cumulative doses of CS and
higher doses are associated with increased toxicity (265, 266, 267).

Side effects may occur in at least one third of patients, and in two thirds if weight gain is
included (264). Treatment with alternate-day CS administration is associated with a higher
rate of treatment failure than is daily administration (268) and is not recommended.

If a significant response of 30-40 mg prednisolone per day is not obtained within 6-72 hours,
an initial dose of oral prednisolone of 60 mg should be administered. There are, however, no
studies that clearly show that a higher dose of oral CS yields a higher response rate than
lower doses. If response to 60 mg of prednisolone fails to occur, diagnoses other than GCA
should be considered. Similarly, in patients whose symptoms persist without elevated acute
phase reactants, alternative or concurrent explanations should be sought. Also those
patients whose symptoms resolve but the acute phase reactants remain elevated should be
subjected to further diagnostic evaluations before continuing GC treatment.

The initial dose of CS is usually given for 2-4 weeks until all reversible signs and symptoms
have resolved and acute phase reactants are back to normal. Then, the dose can be gradually
reduced (269) each week or every two weeks by a maximum of 10% of the total daily dose
with careful follow-up of systemic symptoms and acute phase reactants.

22. Treatment of GCA presenting with visual disturbances and blindness

Historically, experience clearly suggests a protective effect of CS against development of
visual complications. Prior to the steroid era, a higher incidence of such ischemic events as
compared to recent reports has been observed (17, 36, 270, 271, 272, 273). However, there are
no randomized controlled studies proving such a preventive effect. Moreover, a substantial
proportion of patients may loose vision in spite of daily treatment with high doses of CS
(274, 275, 276). Finally, there is no convincing evidence to suggest that administration of GC
results in improvement of established visual loss. Nevertheless, in patients presenting with
visual disturbances, administration of CS should be initiated immediately, and not delayed
until results of TAB are available. Studies have shown that if therapy is instituted within 24
hours, the chance of visual improvement is much greater than if treatment is delayed (49).
Usually, 60 mg of oral prednisolone per day is given (207, 208), with gradual tapering of the
dose to 40 mg in 1-2 weeks providing a clinical response appear. Thereafter, the steroid dose
is gradually tapered to reach a maintenance dose of 10 mg by 6-9 months, and 5-7.5 mg
within 1 year. In one report, the median time to reach the lowest maintenance dose of
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prednisone at which the ESR and CRP stayed low and stable was 48.7 months (277).
However, as pointed out by Hayreh and Zimmerman (277), no generalization is possible for
tapering down of CS, and there is no formula because of the infinite variation between
individuals.

Patients with loss of vision represent a challenge to the physician. Visual loss from GCA is
typically profound and permanent (42, 278). Although still debated (47, 279), most workers
recommend administration of 500-1000 mg methylprednisolon i.v. for three days before oral
treatment is given (207, 208, 280, 281, 282, 283, 284). The main purpose of this treatment is to
protect the contralateral eye (285). If the second eye is to be affected, this most often happens
during the first 2 to 14 days (286, 287. Loss of vision after cessation of GC is very rare (36).
Alternate day GC is not recommended (268).

23. Treatment of patients with other extratemporal manifestations

Treatment of patients exhibiting large vessel vasculitis involving arteries of the extremities
or aorta in addition to temporal arteritis, patients with scalp or tongue necrosis or other
serious extratemporal arteritis should be treated vigorously with the same
recommendations as for those with visual impairment. For patients with large vessel
vasculitis without involvement of the temporal arteries, a low dose regimen of CS may be
sufficient (77). For patients developing aortic aneurysms requiering cardiac surgery, medical
therapy should be continued at the established dose (93).

23.1 Alternative treatment strategies

In addition to CS-resistance, there are several other compelling reasons to search for
alternatives to CS. High initial and cumulative doses of CS often resulting in important side
effects, visual impairment despite adequate administration of GC, the development of aortic
aneurysm, dilation and dissection in a significant number of patients and the frequent
relapses and heterogeneous responses to therapy all are of major concern. Thus, alternate or
additive therapy to reduce the CS doses, to better prevent disease complications and to
improve therapeutic responses has been the subject of repetitive studies during the recent
years.

Trials of methotrexate (MTX) have yielded conflicting results (288, 289, 290). A meta-
analysis of three randomized studies (291) showed that treatment with MTX lowers the risk
of relapse and reduces exposure to CS. The authors suggested that MTX should be
considered as a therapeutic option in addition to standard-of-care treatment with CS for
patients with GCA (291). However, most patients are favorably treated with CS
monotherapy and may manage with low or modest doses. Consequently, MTX as an
adjunctive therapy in GCA should be considered in patients requiring high doses of CS,
particularly those having both GCA, PMR and large vessel arteritis (292). MTX may also be
added to steroids in patients with peripheral arthritis unresponsive to local CS injections.
Azathioprine and other traditional DMARDs have not been shown to exert any favorable
effects in GCA (293, 294, 295), although some steroid sparing effect of azathioprine was
found in one double-blind study (293). Similarly, statin therapy does not seem to offer any
protection against development of visual complications, large vessel vasculitis, jaw
claudication, ischemic heart disease, or cerebrovascular accidents (296).

TNFa has been demonstrated in up to 60% of the cells in all areas of inflamed arteries (297),
and inhibition of this cytokine may be an attractive therapeutic option in GCA. Early case
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reports (298, 299, 300, 301, 302, 303, 304, 305) of favorable response to TNFa inhibitors
indicated that biological therapy could be an alternative to CS or at least be used in patients
failing to respond to CS. However, suggestions of efficacy of TNFa inhibitors have not
withstood further drug trials. In a randomized trial, Hoffman and coworkers (306) found
that infliximab therapy did not increase the proportion of patients without relapse at week
22 compared with placebo nor did it increase the proportion of patients whose CS dosages
were tapered to 10 mg/d without relapse. The results of drug trials of etanercept are,
however, perhaps more promising (299, 300). In a study of etanercept versus placebo,
Martinez-Taboada and coworkers showed that among GCA patients with side effects due to
CS, etanercept treated patients more often than controls were able to control the disease
without CS therapy (299). Clearly, the role of etanercept in CS resistant GCA awaits final
clarification.

Much research during the last decade has focused on the role of cytokines in GCA. Cytokines
are small proteins that serve as chemical messengers between cells, regulating cell growth and
differentiation, tissue repair and remodeling, and many aspects of the immune response (184).
In GCA, the different vessel layers produce different cytokines. Interferon-y secreting T-cells
are almost exclusively found in the adventitial layer of the inflamed arteries (184), and appear
to be critically involved in modulating the process of intimal hyperplasia, the most destructive
consequence of vasculitis. Interferon-Y thus emerges as a prime target for novel therapeutic
approaches (184), but no randomized controlled studies have yet emerged. Interestingly, the
histological and immunological profile in silent or masked GCA appears different from that of
cranial arteritis. The latter is characterized by intimal hyperplasia and production of
Interferon-Y, IL-1p and Platelet derived growth factor (PDGF) while in silent GCA there is no
intimal hyperplasia and prominent production of IL-2 (33). Whether or not this discrepancy
implies different therapeutic approaches and diverging outcome is yet to be shown.
Macrophages in the adventitia produce the proinflammatory cytokines IL-1 and IL-6 (184, 185,
186), and levels of IL-6 has been shown to be potentially helpful in predicting disease severity
and may allow for a tailoring of immunosuppressive therapy (186). Thus, preliminary case
reports have emerged which may indicate a beneficial effect of the anti IL-6 monoclonal
antibody tocilizumab in both polymyalgia rheumatica and GCA (307, 308). Favorable effects of
anti-IL-1 receptor antagonists are yet to be documented by randomized controlled trials.
Abatacept, a recombinant fusion protein that modulates CD28-mediated T-cell costimulation is
another tantalizing therapeutic option in GCA awaiting controlled trials.

In a small series of patients with steroid-resistant Takayasu arteritis, another giant cell
vasculitis, treatment with mycophenolate mofetil (MMF) resulted in clinical remission as
well as improvement in inflammatory markers (309). However, experience with MMF in
GCA is still lacking. Platelet derived growth factor (PDGF) appears to be a critical growth
factor in arteries with luminal occlusion (184). Thus, the production of PDGF by
multinucleated giant cells and macrophages may be inhibited by tyrosine kinase inhibitors,
and preliminary in vitro observations may indicate that imatinib mesylate may have a role
in the therapy of GCA (310). Endothelin-1 (ET-1) is one of the most powerful
vasoconstrictors identified, and ET-1 concentrations has been found increased at the protein
level in temporal artery samples from GCA patients (311). Moreover, plasma ET-1
concentrations appeared higher in patient with ischemic complications (311). However, no
study yet has been undertaken to test potential beneficial effects of antagonizing ET-1 in
GCA. Finally, the anti-CD20 monoclonal antibody rituximab has not been subjected to
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controlled studies, but a case report found improvement of B lymphocyte depletion in a
patient requiring unacceptable high doses of CS (312).

At present, no alternatives to daily CS therapy have emerged, but the role of new agents will
hopefully be clarified in future drug trials. It is hoped that these new agents will result in
better control of markers of inflammation which may translate into lower rates of late
atherosclerosis and aortic aneurysms even years after the clinically active phase of the
disease has resolved (313). Except for a potential role in patients with visual disturbances,
treatment with intravenous methylprednisolone does not appear to offer any long-term CS
sparing effect. Moreover, in our experience, intramuscular methylprednisolon has no role in
the drug treatment of GCA.

23.2 Additive treatment

Patients with GCA do not seem to be at increased risk of contracting cardiovascular disease
(314), but physicians responsible for the treatment of patients with GCA should nevertheless
be encouraged to search for cardiovascular risk factors as they are common in this age.
Although suggested to be of possible use in other inflammatory rheumatic diseases (315),
there are, however, no data to support the use of statins in patients with GCA if they do not
have cardiovascular risk factors.

There is an ongoing discussion regarding the use of acetylsalicylic acid in patients with
GCA. Some have suggested that treatment with low-dose aspirin may exhibit some
protection against cranial ischemic complications (316, 317). However, more recent studies
have been unable to detect any definite effects of aspirin in GCA (318). On the other hand, it
cannot be excluded that the inflammatory process may have impact on the age-related long-
term risk of cardiovascular disease in these patients. In addition to its well-established
antiplatelet effect, aspirin may also be beneficial in GCA by virtue of its inhibitory effect on
interferon-y mRNA production, essential for the development of the inflammatory infiltrate
of the vessel wall. Thus, low dose aspirin may prevent complications of atherosclerotic
cardiovascular disease, not just through its antiplatelet effect, but also by its anti-
inflammatory effects during atherogenesis and by increasing plaque stability (313). Finally,
the interferon-y production by the adventitial T lymphocytes in GCA appears relatively
resistant to standard CS therapy, but susceptible to aspirin (313). Thus, this may further
strengthen the indication for adding aspirin to CS in the standard therapeutic regimen of
GCA. However, a prospective study is clearly warranted to define the role of aspirin in
GCA. Until then, a low dose regimen of aspirin can be recommended in the absence of
specific contraindications as an adjunctive drug in this disease.

Steroid-related side effects are frequently recorded in GCA (264, 265, 266). Among these, the
detrimental effects of GC is well known. Although the incidence of CS induced osteoporosis
appears rather low in GCA (319, 320), the risk of contracting such complications should not
be ignored. Most workers recommend addition of calcium and vitamin-D to female patients
with GCA, at least for those patients prone to receive long-term CS therapy and requiring
large doses. In the presence of other risk factors for osteoporosis, treatment with bisphonates
should be considered.

24, Follow-up and monitoring

24.1 Maintenance therapy (dose and duration)
High doses of oral prednisolone (40-60 mg per day) are maintained for at least 4-6 weeks
until systemic symptoms have subsided and markers of disease activity have normalized
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(207, 208). Then, the dose is reduced by 10 mg every 2 weeks to 20 mg. Thereafter, the dose
is reduced by 2.5 mg every 2-4 weeks to 10 mg. Providing no relapse or development of
extracranial complications, CS are further reduced by 1 mg every 1-2 months. In one study
(263), mean daily maintenance dose during the first and second year was 6.6 and 4.1 mg,
respectively. In another report, the median duration required to reach 7.5 mg/day was 6.5
months (321).

Patients should be monitored closely for relapse, control of disease activity, alleviation of
complaints, development of extracranial complications and CS-induced side effects. Which
patients that will require higher doses to control the disease are difficult to predict. It has,
however, been suggested that a strong systemic inflammatory response is associated with
higher CS requirements and a longer duration of therapy (217). Both ESR and CRP should
be assessed regularly, but some data indicate that blood concentrations of interleukin 6 are
the most sensitive indicators of disease activity and course (185, 186). However, assessment
of IL-6 levels is not done in routine laboratories. Thus, both traditional acute phase
parameters such as ESR and CRP and clinical evaluation of disease activity and progression
represent the basis for deciding the therapeutic dose of CS.

As outlined previously, one approach recommends a minimum of abdominal ultrasound,
chest radiographs and transthoracic echocardiogram annually to search for development of
aneurysmatic disease. As the incidence of malignant disease in GCA is most likely similar
to that of the general population, no recommendations can be given for screening processes
to exclude malignancy. The age-group affected by GCA implies, however, attention to
coincident development of neoplasia.

25. Cessation of treatment and relapses

Typically, relapses are most commonly occur within the first 18 months (322), but may be
observed as late as after 8 years of treatment (321). One or more relapses of GCA occur in 27-
62% (323, 324, 325, 326, 327). In patients with visual disturbances, further deterioration of
vision usually takes place in the first 5-6 days of steroid initiation (46). Recurrences of visual
loss most often occur between 3 and 36 months after the initial visual loss (45). Relapses are
most commonly accompanied by increased acute phase parameters. However, both clinical
features and acute phase reactants should be considered when diagnosing relapse, as
neither CRP nor ESR alone can be depended on to diagnose clinical exacerbations. A rise in
ESR/CRP may also spark vigilance that concurrent opportunistic infection is present which
should not be overlooked. It is recommended that the initial dose regimen is repeated if
relapse develops.

The total duration of GCA treatment is difficult to predict with accuracy on clinical and
laboratory grounds. It has been suggested that the slope of prednisolon dose-tapering may
identify at an early stage those patients who are at risk of undertaking a long period of
treatment (328). Moreover, patients with coexisting AT and PMR appear to demand longer
treatment (263, 329). It is still debated whether GCA patients exhibiting visual disturbances
require longer periods of GC than those without. In one study (321), the median time to
steroid discontinuation was 21.6 months while in another study all patients has
discontinued GC within 24 months (329). On the other hands, our experience (263) and also
others (330) have demonstrated that after 2 years, 80-90% of patients are still on CS. In the
study of Hayreh and Zimmerman (277), 92.5 % of those with visual loss and 86.1 % of those
without were still on GC five years after commencement of therapy. Clearly, the duration of
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CS treatment is highly variable and careful monitoring of patients cessating treatment is
strongly recommended.

26. Concluding remarks

There are still major delays in the recognition and treatment of GCA (65) which partly result
in a rather high incidence of irreversible ischemic complications. Patients exibiting less
classical clinical manifestations appear to represent a subclass in which diagnosis is
particularly problematic. Thus, an important challenge in the care of of patients with GCA is
to improve the skill and competence of general practioners as they are the first to meet these
patients. Finally, research during the latest years has clearly shown the complexity of the
immune pathology in GCA, including both Thl and Th17 responses (331). Although GC
remain the mainstay of therapy in GCA, cocktails of therapies will probably be needed for
appropriate disease control (331).
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1. Introduction

Giant cell arteritis (GCA) is a primitive systemic vasculitis related to a sub-acute
inflammatory panarteritis, histologically characterized by segmentary and plurifocal
damage, with giant cells and destruction of the internal elastic lamina. GCA involves large
and medium sized vessels in subjects over 50, particularly between 75 and 85, and is more
common in women (7:3sex-ratio). This arteritis preferentially affects the external carotid and
its branches, and more specifically the superficial temporal artery, which explains the usual
clinical signs of the disease which are headaches, tenderness and sensitivity of the scalp,
painful thickening of the temporal arteries associated with absence of pulsation, and jaw
claudication. However, this description of GCA was enriched in 1938 by the first
observations of « extra-cranial » manifestations.

A diagnosis of GCA is usually suspected in the elderly subject on the association of focal
signs of arteritis prevailing in the head, with a more or less febrile alteration of the general
health condition and an inflammatory syndrome. The classification criteria of GCA most
used are those of the American College of Rheumatology and which date back to 1990.
Nevertheless, GCA, because of the potential ubiquity of the pathological process, can occur
in atypical forms, which renders the etiological approach more complex. The risk is
therefore a delay in diagnosis which can jeopardize the prognosis of this disease.

In this chapter, we will approach different atypical aspects of GCA, which can all be
inaugural of the disease, whose prognosis will depend on their early recognition. They
include aorta and its main branches involvement except arteritis of the branches of the
external carotid artery, heart, lung, neurologic, genital and musculoskeletal manifestations.

2. Aortitis and limb arteritis in giant cell arteritis

The diagnosis of GCA is based on clinical, biological and histological elements described in
the classification criteria defined by ACR in 1990. The diagnosis is evident in the case of
clinical manifestations relative to the involvement of the external carotid branches.
However, temporal arteritis is not systematic, and involvement of the aorta and its main
branches may be isolated. In this case, diagnosis is complicated by a clinical presentation
which is often poor and non-specific, and by the difficulty of obtaining histological proof;
the new methods of imagery that we are going to describe can then be useful in diagnostic.
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GCA is one of the three main causes of inflammatory aortitis, besides Takayasu's arteritis
and Behget's disease (Launay & Hachulla, 2003). However, involvement of the large vessels,
and specifically the aorta, is often little known. Data from series of autopsies evaluate the
frequency of aortic involvement up to 70 % during GCA. In the series of Hervé et al. (2006),
the frequency of thoracic and abdominal involvement diagnosed by Computer Tomography
(CT) scan were close (73 and 82 % respectively); moreover, concomitant thoracic and
abdominal involvement was frequent, since it concerned 55 % of the patients. In the study of
Agard et al. (2009), 22 patients and 22 controls were screened by CT scan for aortic
involvement. Thickening of the aortic wall was more frequent among patients than controls
(45.4% versus 13.6%; P 0.02). Aortic thickening was located on the ascending part of the
thoracic aorta in 22.7% of the patients, with no evidence of thickening in the controls (P
0.05). Thickening of the abdominal aortic wall was noted in 27.3% of the patients and none
of the controls (P 0.02).
Aortic involvement may be the mode of revelation of the disease. It can also occur during
corticosteroid decrease or withdrawal in patients carrying a known GCA. The clinical
presentation can be limited to a febrile syndrome, an alteration of the general state of health
and an inflammatory syndrome. The existence of inflammatory back pains is not systematic.
The clinical diagnosis of aortic lesion is often difficult and late in GCA, due to the long latency
of this involvement and the absence of clinical presentation (Bossert, 2010). Aortic lesions
represent yet another major cause of morbidity and mortality during GCA. They can actually
be complicated by aneurisms, aortic dissections and less frequently stenosis. Increased
frequency of aortic aneurisms during GCA is established and they expose the patient to the
risk of potentially fatal accidents (embol, dissection). In 1995, Evans et al. showed on a
retrospective series of 96 patients suffering from GCA a risk 17.3 times higher of developing a
thoracic aneurism and 2.4 times higher of developing an isolated abdominal aneurism, in
comparison with the population of the same age and sex. In 2003, out of a cohort of 168
patients with GCA, Nuenninghoff et al. (2003) found 30 cases (18 %) of aortic aneurisms, 18 of
them in the chest; nine were complicated by aortic dissection, with seven deaths.
Arterial involvement in GCA is not limited only to the thoracic or abdominal aorta. The
GCA may be revealed by a lesion in the upper or lower limbs.
Upper and/or lower limb inflammatory arteritis during GCA is not exceptional occurring in
3 to 16% of patients. It is rarely reported in the literature but is probably under-estimated as
it is often low symptomatic (Assie & Marie, 2011).
Hamrin et al. were among the first authors as early as 1965 to draw attention to the
possibility of “extra-cranial” arterial involvement through the existence of arterial murmurs
on the trajectories of the limb arteries. It must not be neglected by the clinicians managing
these patients due to the severe ischemic complications that it can trigger, amputation being
necessary in 5.6 to 15.8 % of cases (Assie & Marie, 2011).
In the review of 318 cases published by Assie and Marie (2011), it can be noted that the
patients present more often a lesion in the upper (63.1 %) than in the lower limbs (32.2 %);
with concomitant involvement of both the upper and lower limbs arteries in 4.7 %. It was
also observed that the arterial sites involved are in order of frequency:
e subclavian arteries (53.2 %), axillary arteries (37.3 %), brachial arteries (24 %) ;
e iliac arteries (0.43 %), common femoral arteries (2.6 %), superficial femoral arteries
(24.9 %), deep femoral arteries (10.3 %), popliteal arteries (16.3 %), tibio-peroneal trunk
(1.3 %), and tibial arteries.
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If the upper and/or lower limb arterial involvement can be the mode of revelation of GCA,
it can also occur during corticosteroid decrease or withdrawal in patients with a known
GCA. In the observation by Skopinski et al. (1997), for four women and one man, aged from
67 to 77, the mode of revelation was intermittent claudication of an upper limb in three cases
and bilateral Raynaud’s syndrome in one case. The discovery was accidental in one case (the
general practitioner was anable to measure blood pressure). In all cases there was an
absence of peripheral pulse, and it was impossible to measure blood pressure on the side
involved. All the patients had a biological inflammatory syndrome. Arteriography showed
that all the patients had long and tight stenosis on the subclavian, axillary and humeral
arteries. The biopsy of the temporal artery, carried out in all five cases, was positive in three.
A surgical act of revascularisation was only necessary once. Evolution of the clinical
symptomatology and the inflammatory syndrome was constantly favourable under
prednisone. Furthermore Tazi et al.(1997) reported the case of a woman of 67 with no risk
factors for atheroma, hospitalised for lower limbs ischemia relative to bilateral occlusion of
the superficial femoral arteries. The femoral artery biopsy did not reveal any thrombosis but
showed the inflammatory nature of the lesion confirming the diagnosis of GCA. Upper
and/or lower limb arterial involvement occurs more frequently in women; in the literature
(Assie & Marie, 2011), 58.8 % of the patients were women with a median age of 67. The
clinical manifestations included intermittent claudication of a limb (68.6 %), decrease in
pulse or absence of a peripheral, limb ischemia (17.9 %), even gangrene of a limb/toe/finger
(6.4 %). However limb arterial involvement does not always have a clinical expression in the
early stages. Thus involvement must not be neglected by physicians managing these
patients due to the severe ischemic complications it can trigger.

In this context, aortitis appears frequent in patients with an upper and/or lower limb
arterial involvement complicating a GCA. Weyand and Goronzy (1999) noted an aortitis in
10 to 15 % of these patients. Likewise, in a recent series, an aortic localization was associated
with a limb arterial involvement in up to 68.9 % of the cases (Assie et al.2011). In view of the
potential gravity of aortic lesions, it would appear justified to carry out a systematic
exploration of the aorta and its branches to look for an aortitis in patients presenting a GCA.
Interestingly, in the work of Assie et al.(2011), headaches (25 % vs. 77 %), jaw claudication
(11 % vs. 35 %), tenderness and sensitivity of the scalp (8 % vs. 67 %) and a positive
temporal artery biopsy (69 % vs. 95 %) were all less frequent in the group carrying an upper
and/or lower limb arterial involvement than in that who had none. Likewise, Hervé et
al.(2006) found less frequent usual inaugural signs of GCA in cases of aortitis. Brack et al.
(1999) mentioned that the group of patients carrying a large vessel involvement, compared
with those with a predominant cephalic involvement, were younger (66 vs 72) and had less
often the classical signs of GCA (headaches, jaw claudication, visual disorders).

Different complementary non-invasive vascular examinations can be carried out to search
for a limb or aortic arterial involvement. Arterial Doppler ultrasound is a simple non-
invasive examination for studying large arteries in patients. In GCA, arterial inflammation is
determined by a circular thickening of decreased echogenicity of the vascular wall around
the arterial light (halo of decreased echogenicity). Moreover, studies have found a
correlation between the type and the seat of the arterial lesions revealed by arterial Doppler
ultrasound and angiography, which confirm the high sensitivity of this examination in
detecting upper and/or lower limb arterial involvement in GCA (Schmidt et al. 2005; Agard
et al.2009).
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On the other hand, arterial Doppler ultrasound presents a limited interest for following
up arterial involvement in the patients treated; the thickening of the vascular wall would
appear to persist under corticosteroids, which complicates the correlation between
the ultrasound data and GCA activity. Angioscan is useful as an examination to detect aortic
involvement and limb arterial involvement, and it has the added advantage of being
more available and shorter than the MRI angiography. Therefore, Agard et al.(2009)
and Hervé et al. (2006) highlighted the diagnostic interest of the angioscan for the diagnosis
of inflammatory aortitis in patients suffering from a GCA, as this examination makes
it possible to visualize directly the suggestive anomalies of the aortic wall (circumferential
parietal thickening, regular and homogeneous, more than 3 mm thick). In addition to
this, we can note the interest of the angioscan for the follow-up of GCA aortitis (Hervé
et al. 2006).

Lastly positron emission tomography (PET) with 18 FDG, a noninvasive metabolic imaging
modality that is well-suited to the assessment of activity and extent of large vessel vasculitis,
also appears to be a promising technique. Contrary to the previous radiological
examinations, it can detect vasculitis lesions all over the body and it is more sensitive to
show inflammatory vascular wall process (Belhocine et al 2002 ;Liozon et al.2010 ) (figures 1-
3); these data suggest the potential clinical interest of the PET in the vascular disease
activity, extension and follow-up of patients with GCA (figure 4).

A: PET image.

B: CT-scan image.

C: images fused PET and CT-scan.

Fig. 1. Coronal view of Positron Emission Tomography (PET) showing hyper metabolism of
the thoracic and abdominal aorta walls extending to the subclavian arteries indicating
aortitis.
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A B C

Fig. 2. Sagittal view of inflammation of the descending thoracic aorta (A : PET, B: CT-scan,
C: fusion of the PET and CT-scan images).

A B C

Fig. 3. Axial view showing hyper metabolism of the ascending and descending wall of
thoracic aorta, indicating aortitis (A: PET, B: CT scan, C: images fused PET-CT).

One of the limits of PET is its availability and its spatial resolution which does not make
it possible to highlight the involvement of arteries with a size of less than 4mm (Loizon
et al. 2010).

The treatment of vascular lesions is the same than classical form of GCA relying on
corticosteroids. The hypothesis of administration of a higher or longer dose of
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corticosteroids in the case of aortic and large artery involvement does not reside on any
element of proof. The occurrence of thrombotic complications during GCA also leads to
discussion on the interest of a treatment by antiplatelet drug or anticoagulants, whose use is
not codified. Nesher et al.(2004), in a non-randomized study of 175 GCA patients, reported a
reduction of the incidence of neurological ischemic complications in the group of patients
treated with aspirin compared with the group which did not receive any (4 % vs. 29 %). In
another series, Lee et al. (2006) also mentioned that the risk of occurrence of ischemic
complications was three times higher in the group of patients who did not receive an aspirin
treatment against the treated group. A few caveats, however, are necessary before one
recommends that low-dose aspirin should be added as standard of care in GCA.

Y as B \
‘
! o

A B

Fig. 4. Maximal Intensity Projection (MIP) of PET showing hyper metabolism of the thoracic
and abdominal aorta extending to the subclavian arteries, before (A) and after three months
of steroids (B), pointing out the decrease of the inflammation of the arterial walls.

There are very few data, in the form of isolated observations only, relative to the usefulness
of anticoagulants in the initial stage of GCA. For some authors, the use of anticoagulants in
this indication resides on the following elements: (1) Giant cell arteritis is a granulomatous
arterial disease causing sometimes very tight arterial stenosis which can be the seat of an
intraluminal thrombosis; (2) the blood rates of the von Willebrand procoagulating factor are
increased during GCA. At present, due to the lack of open or randomized studies having
analysed the interest of anticoagulants in this context, anticoagulation cannot be
recommended systematically for these patients. In practice, in the case of a severe acute
ischemic limb involvement, an anticoagulant treatment is usually prescribed.
Immunosuppressive treatments have not been evaluated in these forms. The role of
vasodilators remains to be determined. In the series of Benjilali et al. (2009), intravenous
prostaglandins had given a good result in a patient with threatening ischemic lesions, in
association with corticosteroids and anticoagulants.
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To date there is no consensus for the choice of imagery and the rhythm of supervision of
aortitis. The follow-up must be regular and on long-term, even after the withdrawal of
corticosteroids. As certain authors suggest (Garcia et al.2008), supervision once a year by
lung X-ray, transthoracic echocardiography and Doppler ultrasound of the abdominal aorta
would seem to be appropriate. Thoracic-abdominal scan with injection and 3D
reconstruction is also efficient in this indication (Hervé et al.2006). Lastly, PET would appear
to be more interesting than CT scan to evaluate the response of the aortitis to corticosteroids;
The vascular metabolic signal disappears, despite the persistence of a perivascular cuff in
CT scan (Liozon et al.2010).

3. Mesenteric artery involvement

Described for the first time by Hamrin et al. in 1965, mesenteric inflammatory arteritis is rare
in the course of GCA. The majority of articles do not mention GCA among the causes of
mesenteric ischemia. From this point of view, analysis of the literature has enabled us to list
33 cases of mesenteric inflammatory arteritis in patients carrying GCA. In the review of the
literature (Lorthior et al.2008), diagnosis of mesenteric inflammatory arteritis and GCA was
concomitant in 57.6 % of the cases; in the other patients, mesenteric inflammatory arteritis
appeared in the development of GCA, usually in the first three months following its
diagnosis. The diagnosis of GCA mesenteric arterial lesions is often difficult due to the
absence of specific clinical presentation. In all 33 cases, the patients presented: abdominal
pains (97%) which were rarely characteristic of mesenteric angina (15.2 %); an occlusive
syndrome (424 %) or a digestive haemorrhage (6.1 %), and the last patient was
asymptomatic from the digestive point of view. These elements suggest that the prevalence
of the mesenteric inflammatory arteritis is probably under-estimated during GCA;
systematic prospective, vascular imaging studies could make it possible to determine its
prevalence along with the incidence in these patients. If the final diagnosis of mesenteric
inflammatory arteritis resides, in theory, on the histological examination, arterial biopsies of
this kind are an invasive examination, and are not carried out in practice. Colour Doppler
ultrasound is an inexpensive and easily available examination, and frequently used at the
beginning. At present, the angioscan would appear to be a useful examination to objectivise
mesenteric arterial involvement; this examination makes it possible to highlight directly the
suggestive anomalies of the mesenteric artery wall: a regular and homogeneous
(> 3 mm) thickening, a luminal stenosis and also a periarterial halo and the absence of
calcification (Lorthioir et al. 2008). MRI angiography could also be useful for the diagnosis of
mesenteric arterial lesion but complementary studies to assess its relevance are necessary.
Lastly, PET could also be a useful diagnostic technique in this indication; however, today, it
is not possible to analyse small vessels (diameter under 4 mm) with the PET (Liozon et al.
2010). At present, mesenteric arterial lesions are a major cause of morbidity and mortality in
GCA. They can be complicated by chronic mesenteric ischemia, mesenteric infarcts,
ischemia-related intestinal pseudotumors, or digestive perforations. Some authors (Scola et
al. 2008; Sujobert et al. 2008) suggest that the prognosis of patients with only prednisone was
better than that of patients who received a medico(prednisone)- surgical treatment; these
data seem, partly, to be explained by the fact that the patients treated surgically presented
more severe mesenteric arterial complications.

Some patients received, in association with steroids, a complementary treatment with
antiplatelet drug. However, the efficiency of these treatments in the reduction of the risk of
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thrombosis, in patients suffering from a mesenteric giant cell arteritis, remains to be
determined.

4. Pericarditis an unusual manifestation

Pericarditis during GCA is rarely reported. In the literature, we were only able to find
twelve observations in 20 years (Bablekos et al. 2006; Dupond et al. 1982; Clementz et al.
1989; Garewal et al. 1981; Guillaume et al. 1991; B; Guindon et al. 2007; Preston et al. 1991;
Pedro-Botet et al. 1996; Matsue et al. 2011; Moulis et al. 2010; Stanley et al. 1989 & Valstar et
al. 2003). In nine of these cases, cardiac symptoms including chest pain, exertional dyspnea
or pericardial fremitus were present, but in three of the cases, the pericarditis was silent and
was discovered on chest X-ray anomaly (Guindon et al. 2007; Miller 1996; Pedro et al. 1996).
In this observations, the classical electrocardiographic anomalies of pericarditis (PR segment
depression, repolarization anomalies) are not constant and one case only has been described
with signs of ultrasound tamponade which did not however necessitated drainage, the
hemodynamics being stable and progression satisfactory with corticosteroids (Valstar et al.
2003).The pericarditis was inaugural of GCA in all the cases, except one incidence of a
relapse after one year, following the sudden interruption of the corticosteroids (Valstar et al.
2003). In all the reported cases, the pericarditis was always regressive under corticosteroids.
In the review of several cases of pericarditis during GCA carried out by Bablekos et al.
(2006), the authors point out that the classical signs of the disease are only present in 2/3 of
the cases and highlight the interest of looking for GCA in inflammatory « idiopathic »
pericarditis in subjects over 50 (Granel et al. 2001).

The pathogenesis is not known but several hypotheses can be advanced: inflammatory
cytokine storm, deposit of complex immunes, and vasculitis of the pericardial arteries or
interstitial inflammatory lesion of the pericardium with or without granulomas. It is at
present impossible to know its prevalence, especially as pericarditis is not symptomatic in
all cases and not searched for by systematic echocardiography. Only a study to evaluate
systematic echocardiography during GCA (on diagnosis or in the case of recurrence) could
allow us to appreciate its real prevalence and evaluate prospectively its prognostic value.
The treatment and the progression of pericarditis do not seem to differ from those of GCA:
corticosensitivity to usual doses is excellent. Even though the risk of chronicity is difficult to
appreciate (monitoring in nearly all the observations published does not exceed six months),
no case of progression towards constriction have been reported.

In conclusion, we wish to emphasize that pericarditis needs to be added to the list of the
numerous unusual presentations of GCA. We suggest relevance of a temporal artery biopsy
in elderly patients with general symptoms associated with so-called “idiopathic
pericarditis” even in the absence of typical manifestations of temporal arteritis.

5. Giant cell arteritis and myocarditis

Myocarditis belongs among the other cardiac manifestations described during GCA.
Classical clinical presentation of GCA is rarely associated. Temporal artery biopsy is
essential in confirming the diagnosis of GCA and proposing a specific therapy, in order to
prevent cardiovascular ischemic complications. Etiological research of myocarditis must
lead to discuss viral or bacterial diseases in the first instance. Certain auto-immune diseases
must also be suspected. GCA myocarditis physiopathology is not known and only 3 cases
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are reported in the literature: two cases of myopericarditis (with alteration of the left
ventricular systolic ejection fraction) were described by Teixera et al. (2003)] in two female
patients, respectively aged 78 and 65. It must be noted that in these two observations, at no
time were any clinical signs suggestive of GCA found; biopsy of the temporal artery was
motivated only by the importance of the alteration of the general health condition in an
unexplained inflammatory context. A case was described in a woman of 82 hospitalised for
chest pain which had for 3 months an alteration of the general health condition with a
weight loss of 4 kg, bitemporal headaches and jaw claudication. Transthoracic
echocardiography showed a minimal lamina of pericardial effusion, retained left ventricular
systolic ejection fraction with normal coronography (Pugnet et al. 2009). Although rare and
certainly under-estimated, myocarditis must be known as an expression of GCA with rapid
favourable progression under treatment. The diagnosis of GCA must remain in mind faced
to myocarditis of the elderly patients with healthy coronaries.

6. Coronary arteritis and giant cell arteritis

Cases of giant cell arteritis in isolated coronary arteries, resulting in myocardial infarction,
are unusual and have been infrequently reported in the literature (Cohle et al 1982; Kumar
et al.2002; Long-Wei et al 2007 & Saito et al 1994). It is difficult to formally relate signs of
coronary heart disease to GCA. However, histologically documented observations describe
a thrombosis which develops as a consequence of the coronaritis with giant cells. In most of
these reports, the definite diagnosis was based on postmortem examination or on
atherectomy specimen evaluation (Saito et al 1994). In the case of Long-Wei and al. (2007),
the histopathological diagnosis was based on evaluation of the native heart after heart
transplantation. This is the first such case mentioned in the heart transplant literature in
which native heart evaluation was used to confirm this diagnosis.The involvement of the
coronary arteries is associated with a very severe prognosis. These cases suggest that
coronary artery giant cell arteritis should be added to the list of differential diagnoses for
patients suspected of myocardial infarction due to coronary artery disease or dilated
cardiomyopathy. Treatment of GCA coronaritis is not codified.

7. Respiratory manifestations

The respiratory manifestations of GCA are rare and little known. They can be associated
with more typical signs of the disease, but they can also be inaugural and the cause of a
delay in care. Cassarou et al. (2010) reported eight observations in 2010 which illustrate the
respiratory involvement of the disease. In two observations, the pleuropulmonary
manifestations were concomitant with the clinical signs of GCA. In 5 observations out of 8,
the pulmonary signs were inaugural with a time lapse of 10 to 21 days before the
appearance of the clinical signs suggesting GCA whereas in one observation, these last were
never observed.

Cough is the most frequent respiratory manifestation of GCA; pleural effusions and
alveolar-interstitial involvement were rarer. The first form of GCA presenting as a chronic
cough was described in 1956 by Valleteau de Mouillac. Cough, whether accompanied by a
fever or an inflammatory syndrome, can be the first sign of the disease and precede the
other signs by several months. In the study by Becourt-Verlomme et al. (2001) which dealt
with the inaugural signs of the disease, out of 260 patients with GCA, cough was present in



300 Advances in the Diagnosis and Treatment of Vasculitis

8 % of the patients. In the study by Letellier et al. (2003) which analyzed 285 patients with
GCA, 57 patients (20 %) presented a dry cough with a prolonged fever and this symptom
was inaugural in 22 of them (8 %).The cough is irritative, sleep-depriving, and resists
symptomatic treatment. After having eliminated the most frequent causes of chronic cough,
the age and the importance of the inflammatory syndrome should suggest GCA among the
diagnosis hypotheses. To illustrate this involvement, Kassem et al (2010) report the
observation of a woman of 70 hospitalized for a dry cough developing over three months,
associated secondarily with fever and loss of weight. She had no other functional signs, the
clinical examination showed no particularities and it had been identified as a biological
inflammatory syndrome. A lung, sinus or digestive pathology was looked for but the chest
abdomen pelvis scan was considered as normal. Bronchial fibroscopy found a congestive
bronchial mucous with no endoluminal lesions. Taking age into consideration, the alteration
of the general state of health and unexplained inflammatory syndrome, a biopsy of the
temporal artery was carried out whose histological analysis was characteristic of GCA. The
cause of cough in GCA has not been formally identified: it could be related to a pharyngeal
involvement whose vascularisation depends on the internal maxillary artery, it could be
secondary to an irritation of the cough-exciting centers located in the airways, the
diaphragm or the esophagus from the arterial inflammation and finally cough may also be a
sign of inflammatory lung involvement which may affect the pulmonary arteries, lung
parenchyma and pleura. The evolution of the cough is parallel to that of the disease, and
regresses rapidly under steroids with possibility of relapse during decrease or withdrawal
of the treatment.

Cases of pulmonary embolism related to GCA are exceptional in the literature (Andres et al.
2003; Chassagne et al. 1995; Landrin et al. 1997 & Radhamanohar et al. 1991). Chassagne et al
(1995) report the case of a woman of 86 with a biopsy proven GCA with a clinical and
biological rapid favorable outcome under steroids. She was later hospitalized for febrile
dyspnea with cough which revealed pulmonary lesions resulting in a lung infarction with
excavation with partial thrombosis of the left pulmonary artery. The favorable development
of the symptoms was rapid and durable with an increase in the dosage of steroids (with no
associated anticoagulant treatment) which strengthened the hypothesis of an inflammatory
thrombosis of the pulmonary artery. In the case reported by Andres et al. (2003),
thrombophilia tests (antithrombin, proteins C and S, factor V Leiden, antiphospholipids and
circulating anticoagulant) were negative as was the search for deep vein thrombosis. The
post-mortem histological examination revealed a giant cell arteritis infiltrating the three wall
linings of the artery with regards to the thrombus.

In the literature, pleural effusion may be unilateral or bilateral, of mild to moderate
abundance, generally well-tolerated and not very symptomatic. It may be isolated or
associated with a pericardial effusion and sometimes be inaugural of the disease, and render
diagnosis difficult (Valstar et al. 2003). The analysis of the liquid is reported around ten
times in the literature; exsudative, sterile and with a cellularity of 600 to 3200 elements/mm3
with a predominance of either neutrophils or lymphocytes (Colnot 1996.; Deraedt et al. 1994
& Marie et al. 2004). The physiopathology of the pleural involvement is not known. Blind
pleural biopsies report a non-specific inflammatory reaction or a hyperplasia of mesothelial
cells in inflammatory nodules (Colnot 1996). Examination of the pleura is, particularly in
histology, more profitable for eliminating differential infectious and neoplastic diagnosis
than for confirming GCA. The corticosensitivity of the pleural involvement is specific to the
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disease with rapid regression of the effusions, and sometimes total regression in a few days
(Colnot 1996.; Deraedt et al. 1994 & Marie et al. 2004).

Parenchymal pulmonary involvement is rare and described inaugurally for a relapse of the
disease after reduction or withdrawal of corticosteroids. It is often accompanied by cough
but may also be discovered fortuitously in imagery. In practice, the lesions are probably
under-diagnosed and under-reported, the cases described in the literature being old ones.
The interstitial involvement is predominant of reticulated or reticulo-micronodular type
with predominance of the basal type (Karam & Fulmer 1982). Macronodular involvement
(Bradley et al. 1984) can take a single or multiple pseudotumoral aspect, sometimes
excavated, and leads to discussion on neoplastic aetiology, rheumatoid nodules, infectious
(tuberculosis, nocardiosis) or inflammatory (Wegener) granulomatosis. Bronchial fibroscopy
and bronchoalveolar lavage play a major role in the bacteriological investigation and the
search for a bronchial neoplasia when there are radiological anomalies. On the other hand,
they do not supply any diagnostic specificity: the macroscopic aspect shows an
inflammatory bronchitis, the cytology of the bronchoalveolar lavage is polymorphic with
macrophage predominance in some observations or a lymphocytic alveolitis. Diagnostic
procedure of the biopsies carried out during the bronchial fibroscopy is limited. In the
observations of Cassarou et al. (2010), the biopsies revealed a non-specific inflammation. The
observations of Cassarou et al. (2010) also illustrate well certain problems in diagnosing the
respiratory forms of GCA: when lung involvement precedes, sometimes by a few weeks, the
clinical signs of GCA and when the histology of the temporal artery is not typical or when it
is negative. The differential diagnosis may be difficult with other small and medium sized
vessel vasculitis with a much more frequent pulmonary involvement, especially as overlaps
were reported between GCA and Churg-Strauss syndrome (Vidal et al. 1992), microscopic
polyangitis, periarteritis nodosa (Godeau et al. 1984) or Wegener’s disease (Astudillo et al.
2008). A GCA preceding a Wegener's disease by a few years has also been reported
(Garrouste et al. 2008). In the eight observations reported by Cassarou et al. (2010), the
clinical and radiological lung involvement is sensitive to corticosteroids with no relapse
observed. In the same way, Carli et al. (2001) report 2 cases of scattered multiple pulmonary
nodules in a context which was suggestive of GCA and totally reversible under
corticosteroids after searches for neoplasia have given a negative result.

The knowledge of these different respiratory manifestations during GCA (persistent
cough, nodules, pleural effusion) is useful for the clinician. It helps him in prescribing non
invasive investigations or even a presumptive steroids therapy, in an often old and
weakened patient.

8. Neurologic manifestations

Cerebral vascular accidents (CVA) were reported in 3 to 6 % of cases (Nesher et al. 2000) but
have never revealed GCA. Central nervous system findings in GCA are the result of
thrombosis of the carotid or vertebral arteries, rather than of a primary neurogenic process
or intracranial arteritis. GCA affects vessels that contain, internal elastic lamina. As
intracranial vessels lose their internal elastic lamina 5 mm beyond the point of dural
perforation, more distal intracranial arteritis is rare. In fact, clinical and pathologic findings
suggest that these ischemic events are due to involvement of extradural vertebral and
carotid arteries with high-grade stenosis or occlusion rather than intracranial vasculitis.
Salvarani et al. (2006) confirm that obstruction and occlusion of internal carotid and/or
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vertebral arteries are the most frequent causes of cerebrovascular ischemic events in patients
with GCA. Involvement of intracranial/intradural arteries in patients with GCA is a rare
event and appears to represent a subset of GCA with a fatal course that fails to respond to
corticosteroids.

During GCA, strokes occur mostly in the vertebrobasilar territory (as opposed to
atheromatosis-related CVA).

Given the frequency of strokes in elderly people, we must discuss the part concerning
arteritis, steroids side effect and that of atheromatosis. A CVA can occur before the
treatment begins but also at the beginning of treatment (median of 10 days) (Jouquan et al.
1984). The thrombosis-producing role of steroids in the genesis of these CVA has been
reported in several retrospective series. The establishment of a steroid treatment could
paradoxically favour the onset of cerebral infarcts in patients with intracerebral arteritis and
does not prevent often fatal precocious ischemic relapses (Salvarani et al. 2009). This
ischemic risk could be decreased by the association of aspirin at a low dosage (3 % against
13 %, p= 0.02) with steroids (Nesher et al. 2004; Lee et al. 2006; Robert et al.2006). But in the
study of Berger et al. (2009) severe ischemic events occurred with high prevalence despite
established platelet inhibition. Neither platelet count nor size was strongly associated with
the risk of severe ischemic events (Berger et al. 2009).

When evaluating patients with dementia, it is common to check for easily reversible
problems. Both clinicians and researchers should give more attention to looking for GCA as
a routine part of the standard dementia workup. Mental status changes may be a prominent
manifestation of GCA and precede and/or overshadow more classic signs and symptoms.
Depression, agitation, confusion, and focal intellectual impairment have all been described
(Alisky 2008).

For example, Morris and Lockie reported in 2005 a 76-year-old man with acute right-sided
periocular pain and diminished vision. He had a sedimentation rate of 73 mm/hr,
cilioretinal artery occlusion and “florid” GCA seen on temporal artery biopsy. He was quite
impaired cognitively, but prednisolone 50 mg per day produced rapid normalisation of his
mental status, and at that point, his family commented that he had actually had dementia
for at least a few years. Further investigation revealed that three years before, he had
suffered a right-sided middle cerebral artery stroke that had been accompanied by scalp
tenderness and right-sided headache. A diagnosis of GCA had been considered at that time
but was not pursued because sedimentation rate was only 4 mm/hr.

Peripheral neurological manifestations can be a mode of revelation of GCA but are
considered as rare (Reich et al. 1990, Biischges et al. 1984). However, in the series where
neurological involvement was systemically looked for, the frequency of peripheral
neuropathies was estimated up to 14 %. In the majority of these cases, it is a sensory-motor
polyneuropathy which is usually moderate and chronic, a mononeuritis or multineuritis.
Radicular involvement, which essentially affects the cervical region, is much rarer. Isolated
plexus brachial syndromes in the scope of multineuritis remain exceptional: no cases in the
series of 260 GCA by Becourt-Verlomme et al. (2001); one case in 209 proven GCA in the
series by Blaise et al. (2005). A review of the literature found around twenty observations of
GCA with histological proof, complicated by a plexus brachial syndrome or low cervical
radiculopathies on which we wish to focus (Blaise et al. 2005; Soubrier et al. 2002). The
involvement is often inaugural and quite constantly involves root C5. There is a male
predominance (54 %) of this complication as opposed to the female predilection for
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temporal arteritis. The unilateral or bilateral involvement with no predominant side occurs
usually at the peak of GCA signs. It sometimes precedes the cephalic signs of GCA by a few
weeks. Despite the frequent severity of the motor deficit, recuperation is the rule. The
usually sudden character of the involvement suggests an ischemic mechanism and the
cervical radiculopathies can be due to a florid giant cell arteritis of the lower radicular
arteries. Whether ischemic or inflammatory, however, the mechanism of C5-C6 plexopathy
is pure speculation.

9. Ophtalmological manifestations

The incidence of ophthalmological manifestations varies according to studies between 14 %
and 70 % of cases. In 1998, Hayreh et al. (1998) reported a series of 85 patients suffering from
GCA for whom opthalmological involvement was listed: amaurosis fugax 30.5%, loss of visual
acuity 97.6%, diplopia 5.9% and ocular pain 8.2%. Therefore, GCA must be suspected in the
case of a sudden loss of visual acuity, whether transitory or not, in a patient over 50. This loss
of visual acuity might be linked to an acute anterior ischemic optical neuropathy 81.2%
according to Hayreh et al. (1998) or, more rarely, central retinal artery occlusion 14.1%, isolated
cilioretinal artery occlusion 14.1% and posterior ischemic optic neuropathy in 7%.

The risk of bilateral ocular involvement is major in the case of GCA. It still occurs in around
1 case in 4, even though it is avoidable in most of these cases. In the series by Maalouly et al.
(2010), the average time lapse for a bilateralisation of ocular involvement was 17 days (0 to
210 days). This was a bilateral ischemic optical neuropathy: anterior 21 times and posterior
twice, a bilateral retinal central artery occlusion 3 times, an ischemic optical neuropathy
associated with transitory monocular blindness in the last case. No studied clinical or
biological parameters were associated with bilateral ocular involvement risks. Ocular
involvement was inaugural in 5 patients (no general signs). Bilateralisation occurred before
any steroid treatment 15 times (56 %), 7 times (26 %) at least 5 days after a high dosage
steroid treatment and 6 times in a longer-term steroid treatment at variable doses.

Steroids have resulted in a large reduction of the incidence of its ophthalmological
complications, whose frequency however remains high for two main reasons: delay in
diagnosis and the existence of ophthalmological complications inaugural of the disease.
Thus, physicians must be aware of ophthalmological complications of GCA as the severity
of the disease can be improved by an earlier diagnosis and treatment.

Berger et al. (2009) have reported a series of 85 GCA patients (78 histologically proven) and
investigated how platelet count and size and platelet inhibition with aspirin relate to
ischemic complications. Jaw claudication, amaurosis fugax, blurred vision, ischemic stroke
and permanent visual loss were classified as “ischemic events”; ischemic stroke and
permanent visual loss were sub-grouped as “severe ischemic events”. Of the 85 patients, 62
(73%) presented with ischemic events, 29/85 patients (34%) with severe ischemic events. At
the time of diagnosis 22/85 patients (26%) were treated with ASA. In multivariate analysis,
neither platelet count nor size or aspirin treatment were significantly associated with
ischemic or severe ischemic events.

10. Genital involvement

Genital lesions are exceptional. They can affect the ovaries, the uterus and the tubes. They
are often discovered by chance, as female patients do not present painful pelvic symptoms.
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Thus, in a review of the literature, Ducroix et al. (1990) report 11 cases of isolated ovarian
lesions or associated with a uterine or tube lesion. Clinical signs of rhizomelic
pseudopolyarthritis were present in four female patients and headaches in two female
patients. The differential diagnosis of ovarian lesions of GCA is classically periarteritis
nodosa and Wegener’s disease. These two diseases can have a gynaecological tropism but
the histological aspect is different.

11. Musculoskeletal symptoms

Rhizomelic pseudopolyarthritis is the most frequent rheumatic manifestation of GCA. The
frequency of rhizomelic pseudopolyarthritis in the course of certified GCA is on average 40
% (Masson 2010). Conversely, the sub-group of rhizomelic pseudopolyarthritis which does
not have, at the time of diagnosis, signs suggesting the coexistence of a GCA would only
appear to have a low risk of developing a GCA later: out of a series of 400 cases of
rhizomelic pseudopolyarthritis, only four patients (1 %) developed secondarily a clinical
GCA (Spiera 1990).

Another work on 230 patients with rhizomelic pseudopolyarthritis with no clinical signs of
GCA showed that these biopsies of temporal arteries carried out on a sample of 68
randomly-selected patients were only positive in three cases (4.4 % of the patients)
(Mykelust et al. 2003). This frequency of 4 % confirms that most rhizomelic
pseudopolyarthritis with no clinical signs of GCA are actually « pure » rhizomelic
pseudopolyarthritis. The other rheumatoid manifestations are less frequent. They may be
polyarthritis, oligoarthritis or monoarthritis affecting the large joints, and specifically the
knees. The interest of the study by Belcourt-Verlomme et al. (2010) is above all to highlight
the existence of monoarthritis or oligoarthritis affecting the large joints preceding GCA (nine
observations with arthritis affecting large joints,260 with positive temporal artery biopsy in
seven patients , with a time lapse of up to 24 months and reacting well to non-steroid anti-
inflammatory treatments. Chronic seronegative polyarthritis with a symptomatology
comparable to rhumatoid arthritis was also described. In the study of Navaez et al. (2001),
the records of 163 cases of rhizomelic pseudopolyarthritis or GCA diagnosed over a 15 year
period in one area of Spain were reviewed for the presence and type of musculo-skeletal
manifestations. Of 163 patients, 90 had isolated rhizomelic pseudopolyarthritis and 73 had
GCA. Eighteen of the 90 patients (20%) with isolated rhizomelic pseudopolyarthritis
developed distal peripheral arthritis either at diagnosis or during the course of the disease.
When it occurred, synovitis was asymmetrical, transient, and not destructive. Other distal
manifestations observed in these patients were carpal tunnel syndrome and distal extremity
swelling with pitting oedema. In all cases these manifestations occurred in conjunction with
active rhizomelic pseudopolyarthritis. As expected, rhizomelic pseudopolyarthritis was the
most frequent musculoskeletal manifestation in patient with GCA, occurring in 56% of
cases. On the contrary, only 11% of patients with GCA developed peripheral arthritis. An
important finding was that peripheral arthritis in these patients appears to be linked only
temporally to the presence of simultaneous rhizomelic pseudopolyarthritis and it is not
observed in its absence. The spectrum of distal musculoskeletal manifestations of rhizomelic
pseudopolyarthritis in this study is similar to that reported in other populations. By
contrast, distal musculoskeletal symptoms are uncommon in GCA.
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When the joint fluid was analyzed, it was not specific. The analyses published in the
literature show that it is a moderately inflammatory liquid, with less than 3 000 elements,
and no specificity.

12. Conclusion

Giant cell arteritis (GCA) is a primary large-vessel vasculitis predominantly seen in the
elderly that preferentially involves the external carotid artery and its branches. However,
inflammation of the aorta and its branches, pericarditis, myocarditis, respiratory
manifestations, neurologic symptoms including, but not limited to, stroke and blindness, as
well as musculoskeletal manifestations occur in a subset of patient at diagnosis or during
the course of the disease.

Unfortunately, its uncommon findings are frequently overlooked and too often GCA is
considered a disease of the temporal arteries only. Awareness of the basic anatomy and
pathophysiology of this disease will enable clinicians to recognize many more obscure
presentations and provide treatment to prevent serious sequelae.

Extracranial involvement has probably been underestimated and its incidence may be more
frequent than suspected. Systematic evaluation of patients with imaging techniques such
positron emission tomography (PET) may reveal that the clinical impact of extracranial
involvement by GCA may be more relevant than previously thought. In the setting of GCA
an early diagnosis is mandatory in order to perform a treatment capable of avoiding the
chronic and acute complications associated with an elevated mortality.
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1. Introduction

Giant cell arteritis (GCA), also called Horton, temporal, or granulomatous arteritis, is a
primary vasculitis that affects extracranial medium (especially branches of the external
carotid artery) and large-sized arteries (aorta and its major branches) (Levine&Hellmann,
2002). The diagnosis of GCA requires age more than 50 years at disease onset, new headache
in the temporal area, temporal artery tenderness, and/or reduced pulse, jaw claudication,
systemic symptoms, erythrocyte sedimentation rate (ESR) exceeding 50 mm/ hr, and typical
histologic findings (granulomatous involvement) in temporal artery biopsy (Hunder et al.,
1990). Approximately 40-50% of these patients have ophthalmologic complications,
consisting of visual loss secondary to arteritic anterior ischemic optic neuropathy (AION), or
central retinal artery occlusion (CRAO), homonymous hemianopsia or cortical blindness
(unilateral or bilateral occipital infarction) (Gonzales-Gay, 2005).

2. Epidemiology

Over the last 25-30 years, GCA has been found to be the most common type of vasculitis in
Europe and North America. Incidence of GCA is higher in white individuals than those of
other ethnicities. The highest incidence rates are reported in Scandinavian countries and
North American populations of the same descent. In these regions, the annual incidence
rates are generally higher than 17/100,000 people per population age >50 years (Salvarani et
al., 1995). The incidence of GCA is lower than 12/100,000 people per population age >50
years in Southern European and Mediterranean countries.

The incidence increases with age and peaks in the 70-79 years age group: 100,000 people
per population age >50 years.

In Northern European countries, women are affected more frequently than men (3:1 to 5:1).
A lower ratio of women to men was observed in Southern Europe and Israel (Salvarani et
al., 1991).

As the population throughout the world continues to age, an increased prevalence of
disease should be expected.
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Higher physician awareness was proposed as being responsible for the progressive increase
of GCA reported in different parts of the world (Gonzales-Gay et al., 2009).

3. Etiology

3.1 Implication of genetic factors

Familial aggregation of GCA has been observed. Genetic predisposition has been reported
with an association to the human leukocyte antigen (HLA)-DRB1 molecule, and tumor
necrosis factor microsatellite polymorphisms. Moreover, many other studies have shown
the implication of genetic variants in key components of immune and inflammatory
pathways in GCA susceptibility, because GCA is a polygenic disease. An increased risk of
having visual ischemic complications in biopsy-proven GCA patients was found to be
associated with the carriage of HLA-DRB1*04 alleles. Moreover, a functional variant of the
vascular endothelial growth factor gene was associated with severe ischemic complications
in patients with GCA (Gonzales-Gay, 2001).

3.2 Influence of infectious agents

It has been proposed that infectious agents are a possible influence in the pathogenesis of
GCA. Several infectious agents have been investigated as possible triggers in a susceptible
host, with inconclusive results. Fluctuations of the incidence of GCA in different regions of
Denmark, supporting an association with Mycoplasma pneumoniae, parvovirus B19, and
Chlamydia pneumoniae epidemics, were found. An association of parvovirus B19 with GCA
was also suggested by Gabriel et al., 1999. French investigators found an association of GCA
with human parainfluenza virus type 1 (Gabriel et al., 1999).

Four different recent studies did not confirm any association between the presence of
parvovirus B19, C pneumoniae, or human herpesvirus DNA in TAB specimens and the
histologic evidence of biopsy-proven GCA (Rodriguez-Pla, 2004).

However, the presence of peaks in the incidence and a cyclic pattern observed in other
studies suggests that infectious agents may play a role in the pathogenesis of both diseases.
They could be the triggers for the development of these conditions in genetically
predisposed individuals (Ghanchi, 1996).

3.3 Influence of traditional cardiovascular risk factors

(Duhaut et al, 1999), in a prospective multicenter case-control study on 207 biopsy-proven
GCA patients, described a strong association between smoking and previous atheromatous
disease in women and GCA. The presence of atherosclerosis risk factors at the time of
diagnosis of the disease may influence the development of severe ischemic complications in
patients with this vasculitis.

4. Pathogenesis

GCA is an autoimmune vasculitis. It involves predominantly medium-sized arteries,
especially the superficial temporal, ophthalmic, posterior ciliary, and other peripheral
arteries. The typically predominant extracranial vascular involvement is explained by the
affinity of inflammation to the elastic fibers. As intracranial arteries have less elastic fibers in
the media, they are seldomly involved. The severity and extent of the involvement are
associated with the quantity of elastic tissue in the media of the artery.
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Two different types of inflammatory reactions are found in the temporal arteries in patients
with GCA. One is related to foreign-body giant-cell reaction, directed at small calcifications
of the internal elastic membrana. The foreign-body type of inflamation is focal, affecting
only part of the arterial circumference. The other type of lesion is characterized by diffuse
inflammation in which mononuclear inflammatory cells invade the layers of the arterial wall
in the whole circumference of the vessel. (Weyand et al., 1997).

GCA is an antigen-driven disease with local T cell and macrophage activation in the vessel
wall, and with an important role of proinflammatory cytokines. Inflammation of the arterial
wall and vessel occlusion through fast and concentric intimal hyperplasia leads to the severe
ischemic complications observed in patients with GCA. Dendritic cells localized at the
adventitia-media border of normal medium-sized arteries produce chemokines and recruit
and locally activate T cells. Moreover, dendritic cells express a singular surface receptor
profile, including a series of Toll-like receptors (TLRs). Ligands of TLR-4 promote activation
and differentiation of adventitial dendritic cells into chemokine-producing effector cells
with high-level expression of both CD83 and CD86, and mediate T cell recruitment through
the release of interleukin-18 (IL-18). Activated T cells experience clonal expansion and are
stimulated to produce interferon-gamma (IFN-gamma). This leads to the differentiation and
migration of macrophages and the formation of giant cells. In the adventitia, macrophages
produce proinflammatory cytokines such as IL-1 and IL-6, whereas in the media and intima
they contribute to arterial injury by producing metalloproteinases and nitric oxide.

This destructive mechanism of the arterial wall is associated with a repair mechanism that
includes the secretion of growth and angiogenic factors (platelet-derived growth factor and
vascular endothelial growth factor) through the infiltration of mononuclear cells and
multinucleated giant cells. These changes ultimately lead to the degradation of the internal
elastic lamina and to occlusive luminal hyperplasia. In addition to IL-1 and IL-6, IFN-
gamma specifically seems to play a pivotal role in the pathogenesis and in the clinical
expression of GCA. In this regard, IFN- gamma is expressed in nearly 70% of the temporal
artery biopsy (TAB) samples from patients with GCA. High transcription of IFN-gamma
messenger RNA (mRNA) was associated with the formation of giant cells and with the
evidence of cranial ischemic symptoms in GCA patients. The absence of IFN- gamma
expression in TAB samples from patients with isolated PMR suggests that its production
may be crucial to the development of GCA. TAB specimens from GCA patients with ocular
ischemia expressed high amounts of IFN-gammamRNA, whereas those from GCA patients
with fever had less IFN-gamma mRNA. Therefore, clinical correlates suggest a role of IFN-
gamma in the process of lumenal obstruction. By regulating giant cell formation, IFN-
gamma could indirectly control intimal hyperplasia. IFN-gamma may dictate the functional
properties of other cell populations in the vascular infiltrates and, by means of this
mechanism, guide the response-to-injury reaction of the artery (Weyand et al., 1997).

5. Diagnosis

A definitive diagnosis is made following the criteria of the American College of
Rheumatology which include: age, temporal headache, swollen temporal arteries, jaw
claudication, eye involvement, the temporal artery biopsy, and its histologic evaluation. The
disease affects elderly patients, with a mean age of 70 years.

Diagnostic criteria of temporal arteritis

Three of the five diagnostic criteria for GCA have to be met (Hunder et al., 1990):
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Age 50 years or more.

New developed headache.

Tenderness of the superficial temporal artery.

Elevated sedimentation rate (ESR), at least 50 mm/h.

Giant cell arteritis in a biopsy specimen from the temporal artery.

Large vessel giant cell arteritis is a subgroup of GCA (temporal arteritis) described in at least
17% of cases. In these patients, inflammation occurs also at the level of the aorta and its
branches (especially of the subclavian, the axillary arteries, etc), although symptoms of
aortic involvement (aortic aneurysm rupture) may appear years after the initial diagnosis of
this vasculitis (Martinez-Valle, 2010).

Interestingly, in some cases, the common carotid arteries (CCA) and the internal carotid
arteries (ICA) are also involved.

O L=

5.1 Clinical features

The typical neurological symptoms and classic clinical features of GCA are presented by new
moderate bitemporal headache, especially common at night, jaw claudication, scalp
tenderness (which is first noticed when combing the hair), or abnormal superficial temporal
arteries (tender, nodular, swollen, and thickened arteries) on palpation (Gonzales-Gay et al.,
2005). (fig.1)

Fig. 1. Patient MM. Dilated and nodular left superficial temporal artery.

Initially, temporal pulsation is present, although the thickened arteries cann’t be flattened
against the skull. The best location to feel for pulsation is directly in front of the upper pole
of the pinna of the ear. Later, the temporal arteries present a decreased pulsatility. Lack of
pulsation is very suggestive of GCA because it is most unusual for the superficial temporal
arteries to be non-pulsatile in normal elderly individuals. The jaw claudication is the result
of ischemia of the masseter muscles, which causes pain on speaking and chewing.

A recent study aiming to establish the best set of clinical features that may predict a positive
TAB in a community hospital disclosed that headache, jaw claudication, and abnormal
temporal artery on palpation were the best positive predictors of positive TAB in patients on
whom a biopsy was performed to diagnose GCA. These authors established clinical
differences between biopsy proven GCA and biopsy-negative GCA patients. Moreover, they
observed a non-significantly increased frequency of abnormal palpation of the temporal
artery on physical examination in biopsy-proven GCA patients (73.3%) compared with
biopsy-negative GCA patients (54.2%).
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Less common neurologic complications (approximately 4% of patients) include transient
ischemic attacks, or stroke, more frequently in the posterior circulation, than in the carotid
territory, manifested by homonymous hemianopsia or cortical blindness (unilateral or
bilateral occipital infarction), and audiovestibular dysfunction. They occur more commonly
at the time of GCA diagnosis or within the first 4 weeks after the onset of corticosteroid
therapy. Almost all patients with GCA-associated strokes have a significant acute phase
response with elevated ESR and C-reactive protein (CRP). The mortality has been reported
to be as high as 75%. The impact of cardiovascular risk factors on the occurrence of cerebral
ischemic events has been evaluated in the Reggio Emilia region of Italy in patients with
biopsy-proven TA. Both a history of hypertension or ischemic heart disease were associated
with a higher risk of stroke (Berger et al., 2009).
Systemic symptoms includ fever, fatigue, malaise, weight loss, and/or polymyalgia
rheumatica. Polymyalgia rheumatica (PMR) is a disease characterized by severe bilateral
pain and aching involving the neck, shoulder, and pelvic girdles associated with morning
stiffness. PMR is more common than GCA, and it may present as an isolated entity, or may
be the presenting feature in patients who later develop typical cranial manifestations of
GCA (Salvarani et al., 2008). Population-based studies have shown the presence of “silent”
biopsy-proven GCA in 9-21% of the patients presenting with PMR features. Also, PMR
manifestations are observed in up to 40-50% of patients with biopsy-proven GCA. The
nephritic syndrome has been reported in patients with GCA in the setting of focal segmental
glomerulonephritis, membranous glomerulonephritis, amyloidosis, and necrotizing
glomerulonephritis.
Ocular ischemic complications are the major source of chronic disability among GCA patients.
In some cases, the development of blindness may be preceded by episodes of amaurosis
fugax. They are generally early manifestations due to the vasculitic involvement of
retrobulbar (orbital) vessels deriving from the ophthalmic artery (OA). In unselected
patients with biopsy-proven GCA, visual ischemic complications occur in 25% and
irreversible visual loss occurs in 10-15% of the patients. There is a significantly increased
frequency of severe visual ischemic complications (transient or permanent visual loss) in the
group of biopsy-proven GCA patients compared with GCA patients with a negative TAB.
These interesting observations are in agreement with two previous population-based
studies that disclosed that biopsy-negative patients have less frequency of severe ischemic
complications than those with biopsy-proven GCA. Ocular ischemic complications are
generally due to arteritic anterior ischemic optic neuropathy (AAION). More rarely, visual
loss is caused by central retinal artery occlusion (CRAO), or ischemic retrobulbar neuritis
(Gonzales-Gay et al., 2000).
Arteritic anterior ischemic optic neuropathy (AAION) results from short posterior ciliary arteries
(SPCA) vasculitis and the consecutive optic nerve head infarction. Human autopsy studies
of acute arteritic AION demonstrate optic disc edema with ischemic necrosis of the
prelaminar, laminar, and retrolaminar portions of the optic nerve and infiltration of the
SPCA by chronic inflammatory cells. In some cases segments of these vessels have been
occluded by inflammatory thickening and thrombus (Arnold, 2004).
Patients with an unilateral AAION present the following key features:
a. abrupt, painless, severe loss of vision of the affected eye.
b. anterior segment examination of both eyes is normal.
c. the ophthalmoscopy of the affected eye reveales diffuse pale optic disc edema, but
within 1-2 months, the swelling gradualy resolves and the entire optic disc will become
atrophic. (fig.2)
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Fig. 2. Pacient TL-Fundus view of the left eye. Arteritic AION. The optic disc demonstrates
pale, diffuse edema.

Typically, in AAION the severe visual loss is preceeded by transient visual loss similar to
that of carotid artery disease. This symptom is unusual in the nonarteritic form of AION.
The ophthalmoscopy indicates that pallor is associated with the edema of the optic disc
more frequently in the arteritic than in the non arteritic form of AION. Although
simultaneous bilateral involvement is rare in the arteritic form of AION, about 65% of
untreated patients become blind in both eyes within a few weeks. The optic disc of the
fellow eye is of normal diameter, with a normal physiological cup (absence of ,disk at risk”,
with postulated structural crowding of the axons at the level of the cribriform plate,
associating mild disc elevation, and disc margin blurring without overt edema).
Central Retinal Artery Occlusion (CRAO) is the result of an abrupt diminuation of blood flow
in CRA, severe enough to cause ischemia of the inner retina. Due to the fact that there are no
functional anastomoses between choroidal (posterior ciliary arteries) and retinal circulation
(CRA), CRAO determines severe and permanent loss of vision. Therefore, it is very
important to identify the cause of CRAO, in order to protect the contralateral eye.
Frequently, the site of the blockage is within the optic nerve substance and for this reason, it
is generally not visible on the ophthalmoscopy (Ahuja et al., 1999).
Patients with an unilateral CRAO present the following key features:
a. abrupt, painless, severe loss of vision of the affected eye.
b. anterior segment examination is normal in both eyes.
c. the fundus of the affected eye presents: (fig 3)

- ischemic whitening of the retina.

- cherry-red spot in the center of the retina.

- thesite of obstruction of CRA is not visible on ophthalmoscopy (no embolus is found).

Fig. 3. Patient MM-Fundus view of the left eye. CRAO. A prominent cherry-red spot with
cilio-retinal artery sparing in the papillomacular bundle.
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In only 20-25% of cases are emboli visible in the CRA or one of its branches, suggesting that
an embolic cause is not frequent in CRAO (embolic material from either the heart, the
ascending aorta or the ipsilateral ICA). It is currently believed that the majority of CRAO’s
are caused by thrombus formation due to systemic diseases: haematological disorders, and
last but not least, systemic vasculitis (including GCA). For this reason, all patients with
CRAO should undergo a systemic evaluation (Duker, 2004).

In CRAO the retina appears white as a result of cloudy swelling. The ,cherry-red spot”
appearence in the center of the retina is due to the relatively intact choroidal circulation, in
contrast to the ischemic retina. (Duker, 2004).

5.2 Laboratory findings

Laboratory findings reveal a raised Erythrocyte sedimentation rate (ESR) and increased
values of C-reactive protein (CRP). ESR is often very high in GCA, with levels more than 60
mm/hr. In interpreting the ESR it should be emphasized that the levels of 40 mm/hr may be
normal in the elderly and cases of biopsy- proven GCA have been reported in patients with
ESR levels lower than 30 mm/hr. Approximately 20% of patients with GCA have a normal
ESR. CRP is invariably raised in GCA and may be helpful when the ESR is equivocal
(Lopez-Diaz, 2008). This acute phase response is induced by pro-inflammatory cytokines,
mainly interleukins (IL) 1, 6 and tumor necrosis factor (TNF) alpha. These are produced by
activated macrophages in the vessel wall. The target antigen of the CD4+ T cell immune
response in GCA is probably located in the internal elastic layer of the vessel wall which
explains that arteries of the anterior intracerebral circulation are infrequently affected
because these lack an internal elastic layer (Weyand et al., 2003).

Several imaging modalities may be useful to make a diagnosis of GCA. In this regard, Pipitone et al.,
2008performed an elegant review of the role of imaging studies in the diagnosis and follow-up of large
vessel vasculitis (Pipitone et. al., 2008).

5.3 Extracranial Duplex sonography

Ultrasonography (US) of the temporal artery has raised great interest in the diagnosis of
GCA. Extracranial Duplex sonography investigates almost completely the whole length of
the common superficial temporal arteries, including the frontal and parietal branches, and
founds that inflammation is segmental (discontinous arterial involvement). The common
superficial temporal artery derives from the external carotid artery. It divides into the
frontal and parietal ramus in front of the ear. The distal common superficial temporal artery
and the rami are localized between the two layers of the temporal fascia, which is like a
bright band at ultrasound examination (Schmidt, 2006).

Technical requirements

High-resolution color Doppler US can show the vessel wall and the lumen of the temporal
arteries. One should use linear probes with a minimum gray scale frequency of 8 Mhz. Color
frequency should be about 10 Mhz (Schmidt, 2006).

Machine adjustments

The pulse repetition frequency (PRF) should be about 2.5khz as maximum systolic velocities
are rather high (20-100 cm/s). Steering of the color box and the Doppler beam should be
maximal as the rami are paralel to the probe. It is important that the color covers the artery
lumen exactly (Schmidt, 2006).
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Sonographer training

The sonographer should perform at least 50 Duplex ultrasound of the temporal arteries of
subjects without GCA to be sure about the appearance of normal temporal arteries before
starting to evaluate patients with GCA (Schmidt, 2006).

Sequence of the Ultrasound examination

The investigation should start at the common superficial temporal artery using a
longitudinal scan. The probe should then be moved along the course of the temporal artery
to the parietal ramus. On the way back one should deliniate the temporal artery in
transverse scans. Using the transverse scan, one can find the frontal ramus, which should
then be delineated in both scans (longitudinal and transverse). If the color signals indicates
localized aliasing and diastolic flow, one should use the pw-Doppler mode to confirm the

presence of stenoses (Schmidt, 2006).

Schmidt et al., 1997 demonstrated that the most specific (almost 100% specificity) and

sensitive (73% sensitivity) sign for GCA was a concentric hypoechogenic mural thickening,

dubbed halo, which the authors interpreted as vessel wall edema. Other positive findings

for GCA are the presence of occlusion and stenosis (Schmidt et al., 1997).

In conclusion, three findings are important for the ultrasound diagnosis of temporal

arteritis:

a. ,dark halo” sign - a typically hypoechoic, circumferential wall thickening around the
lumen of an inflamed temporal artery - which represents vessel wall edema and a
characteristic finding in temporal arteritis (TA)/GCA (Arida et al., 2010).

b. stenoses are documented by blood-flow velocities, which are more than twice the rate
recorded in the area of stenosis compared with the area before the stenosis, with wave
forms demonstrating turbulence and reduced velocities behind the area of stenosis.
(fig.4.A,B).
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Fig. 4. Patient TL-Spectral analysis CW- 8Mhz -Extracranial Doppler ultrasound of the right
temporal artery.

a. Peak flow velocity is 69 cm/s in the area of stenosis, and

b. 30.3 cm/s before the stenosis.

c. acute occlusions, in which the ultrasound image is similar to that of acute embolism in
other vessels, showing hypoechoic material in the former artery lumen with absence of
color signals (Schmidt et al., 1997).

Similar ultrasound patterns can be found in other arteries: the facial, the internal maxilary,

the lingual, the distal subclavian, and axilary arteries. (fig.5A,B.)
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Fig. 5. Patient TL-Spectral analysis CW- 8Mhz -Extracranial Doppler ultrasound of the left
lingual artery.

a. Peak flow velocity is 61.9 cm/s in the area of stenosis, and

b. 20.3 cm/s before the stenosis.

Interestingly in some cases the common carotid and the internal carotid arteries (the CCA
and the ICA) are also involved (large-vessel giant cell arteritis).(fig.6, fig.7).

Fig. 6. Patient MM-B mode insonation in large vessel giant cell arteritis. Transverse view of
the left CCA. Hypoechoic wall swelling with CCA occlusion.

Fig. 7. Patient TL-Color Doppler ultrasound in large vessel giant cell arteritis. Longitudinal
view of the right CCA with hypoechoic wall swelling.
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Ultrasound investigation has to be performed before corticosteroid treatement, or within the
first 7 days of treatment, because with corticosteroid therapy the ,halo” revealed by
temporal arteries ultrasound disappeares within 2-3 weeks. The wall swelling, stenoses, or
occlusions of the larger arteries (CCA, ICA) remaines for months, despite the corticosteroid
therapy. Nevertheless, diagnostic assessment should not delay the start of therapy.
Ultrasound may also detect inflamed temporal arteries in patients with clinically normal
temporal arteries. Some patients with the clinical image of polymyalgia rheumatica, but
with occult temporal arteritis may be diagnosed by ultrasonography.

Arida et al., 2010 looked for studies that examined the sensitivity and specificity of the
,halo” sign demonstrated by temporal artery US for GCA diagnosis versus the American
College of Rheumatology (ACR) 1990 criteria for the classification of this vasculitis (used as
a reference standard). Only 8 studies involving 575 patients, 204 of whom received the final
diagnosis of GCA, fulfilled the technical quality criteria for US. This metaanalysis disclosed
a sensitivity of 68% and a specificity of 91% for the unilateral , halo” sign, as well as 43% and
100%, respectively, for the bilateral , halo” sign in temporal artery US for GCA diagnosis
when the 1990 ACR criteria are used as the reference standard. The authors confirmed that
the halo sign in US is useful in diagnosing GCA (Arida et al., 2010).

Schmidt, 2006 compared the results of temporal artery US examinations with the occurrence of
visual ischemic complications in patients with GCA. These US results were compared with the
occurrence of AAION, CRAO, branch retinal artery occlusion, diplopia, or amaurosis fugax in
222 consecutive patients with newly diagnosed, active GCA. However, findings of temporal
artery US did not correlate with eye complications (Schmidt, 2006).

5.4 Color Doppler Imaging (CDI) of retrobulbar vessels

We used a sonographer with 8-15 MHz linear probe for detecting (by Color Doppler

sonography), and measuring (by spectral analysis pulsed Doppler sonography) the blood

flow in the orbital vessels: the ophthalmic artery-OA; the central retinal artery-CRA and

vein-CRYV, posterior ciliary arteries-PCA, and the superior ophthalmic vein-SOV (Tranquart

etal., 1997).

The patients with an unilateral arteritic AAION present at the Spectral Doppler analysis of the

retrobulbar vessels the following aspects:

a. anincreased resistance index (RI) in the posterior ciliary arteries (PCA) (the Rl is higher
on the affected side, than it is on the unaffected side); with severe diminished blood
flow velocities (especially end-diastolic velocities) in the PCA. (fig.8.A, B,C,D)

mox 11 6ca/s  <Vd 3.22cu/s R 0.722Vmax 8.8dcm/s  xVd 2.74cm/s  RI ©.698:Vmax 8 8lcm/s  =Vd 2 52cm/s

Fig. 8. A,B,C,D. Pacient TL-Spectral Doppler analysis of PCA.
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b. less abnormalities are observed in the central retinal arteries (CRA) (fig.9.A,B) and in
the ophthalmic arteries (OA). (fig.10.A,B)

CRA+CRV right eye

Vaax cm/s  <Vd 2.83cm/s  RI 0.726 iVmox

In conclusion, the Spectral Doppler Analysis of the orbital vessels in arteritic AION reveales
low blood velocities, especially end-diastolic velocities, and high RI in all retrobulbar
vessels, in both orbits (with severe diminished blood flow velocities in the PCA, especially
on the affected side). In nonarteritic AION blood velocities and RI in PCA are relatively
preserved (Jianu D.&Jianu S., 2010).

Vaox 42.icm/s  ~Vd 4 46cm/s RI 0 894 +Vmax

Fig. 10. A,B.Pacient TL-Spectral Doppler analysis of OA.

Fluorescein angiogram and CDI of retrobulbar vessels data support the histopatological
evidence of involvement of the entire trunck of the SPCA in the arteritic AION (impaired
optic disc and choroidal perfusion in the patients with arteritic AION). In contrast, in the
nonarteritic AION, the impaired flow to the optic nerve head is distal to the SPCA
themselves, possibly at the level of the paraoptic branches (only 1/3 of the flow of the
SPCA) (Collignon-Robe et al., 2004). These branches supply the optic nerve head directly
(impaired optic disc perfusion, with relatively conservation of the choroidal perfusion).
(fig.11)

N.optic | = K

Cerc arterial 2
Zinn-Haller

5A. centrald
3 4 etinei
A. ciliare A.cenrala 2 Tetinel
posterioare an. optic

Fig. 11. Arterial vascularisation of the optic nerve.
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Extremely delayed or absent filling of the choroid has been depicted as a fluorescein

angiogram characteristic of arteritic AION and has been suggested as one useful factor by

which arteritic AION can be differentiated from nonarteritic AION.

The patients with an unilateral CRAO present at the Spectral Doppler analysis of the

retrobulbar vessels the following aspects (Connolly, 2000):

a. anincreased resistance index (RI) in the central retinal arteries- CRA (the Rl is higher on
the affected side, than it is on the unaffected side); with severe diminished blood flow
velocities (especially end-diastolic velocities) in the CRA. (fig.12. A, B)

CRA+CRV left eye s CRA+CRV right eye

2. 03cn/s RIG.72 S ifea/s
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Fig. 12. A,B.Pacient MM-Spectral Doppler analysis of CRA.

b. less abnormalities are observed in the posterior ciliary arteries (PCA), (fig.13.A,B) and
in the ophthalmic arteries (OA). (fig.14.A,B)

Bl v 2

R1 0.661 Vmax 6 79cn/

Fig. 13. A,B.Pacient MM-Spectral Doppler analysis of PCA.

Vmax 22.3cals Vd 3 38ca/s RI ©.848 iVmax

Fig. 14. A,B.Pacient MM-Spectral Doppler analysis of OA.

5.5 Others imaging techniques

Inflammation of the aorta and its branches may occur in a subset of GCA patients, although
symptoms of aortic involvement may appear years after the initial diagnosis of this
vasculitis (large giant cell arteritis). Therefore, as emphasized by Martinez-Valle et al., 2010 a
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systematic evaluation of patients with imaging techniques such as magnetic resonance
angiography (MRA), computed tomographic angiography (CTA), or positron emission
tomography (PET) may reveal that the clinical impact of extracranial involvement by GCA is
more relevant than previously thought (Martinez-Valle et al., 2010).

Contrast-enhanced, high-resolution MR imaging allows noninvasive assessment of the mural
inflammation. In this regard, Bley et al., 2008 compared the results of high-resolution MRI
and color coded duplex US in 59 patients with suspected GCA with the final clinical
diagnosis based on the ACR classification criteria for GCA (Bley et al., 2008). Thirty-six of
the 59 patients (61%) were ultimately diagnosed as having GCA. Sensitivity of high
resolution MRI and color-coded duplex US was 69% and 67%, respectively, while specificity
was 91% in both. Temporal artery biopsy findings were positive in 24 of the 41 biopsied
patients (59%). Sensitivity of high-resolution MRI and color-coded duplex US compared
with temporal artery biopsy was 83% and 79%, respectively, and specificity was 71% and
59%, respectively. Therefore, differences between high-resolution MRI and color-coded
duplex US were not significant. According to these observations, the diagnostic power of
high-resolution MRI and color-coded duplex US in detecting GCA was comparable. These
authors suggest that both noninvasive techniques may be useful in the assessment of
patients with suspected GCA.

However, these results are in contrast to those of another study performed in patients with
suspected GCA. Ghinoi et al., 2008 performed an interesting study to determine the
usefulness of 1 T MRI of the temporal arteries and to compare 1 T MRI with duplex US and
physical examination of temporal arteries in the diagnosis of GCA in a series of 20 patients
with suspected GCA (Ghinoi et al., 2008). Mural contrast enhancement of the temporal
arteries on MRI had a sensitivity of 33.3% and a specificity of 87.5% for the diagnosis of
biopsy-proven GCA. Compared with the diagnosis of GCA by the ACR classification
criteria, 1 T MRI of the temporal arteries had a sensitivity and specificity of 27.2% and 88.9%,
respectively. Temporal artery abnormalities on physical examination and the presence of a
hypoechoic halo on US had a higher sensitivity (66.7% and 77.7%, respectively) and a higher
specificity. According to these observations, 1 T MRI does not seem useful in the diagnosis
of GCA due to its low sensitivity.

Computed tomodensitometric scan allows analysis of the arterial wall and endoluminal part of
the aorta and its branches. (fig.15)
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Fig. 15. Patient MM with large giant cell arteritis-CT-Angiography. Occlusion of the left CCA,
ECA, and ICA.
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Because aortitis is a complication of GCA, Agard et al., 2008 conducted a study in a series of
22 patients and 22 controls using computed tomodensitometric scan to assess the presence
of aortic abnormalities in patients with recent onset GCA. Thickening of the aortic wall was
more frequent among patients with GCA than controls (Agard et al., 2008).

18 Fluorodeoxyglucose (FDG)-PET may be useful to detect large vessel arteritis in the setting
of GCA, which can involve the larger thoracic, abdominal, and peripheral arteries. It may be
particularly useful in the diagnosis of GCA patients with atypical presentations such as
fever of unknown origin or those presenting with asthenia, anorexia, and weight loss
without cranial ischemic manifestations. Also, as emphasized by Pipitone et al., 2008
previous reports showed that PET may be more sensitive than MRI in detecting vessel
inflammation in the early stage of large giant cell arteritis (Pipitone et al., 2008). However,
PET cannot detect inflammation in the temporal arteries; therefore, it is not adequate for the
diagnosis of cranial GCA and cannot replace temporal artery biopsy. Moreover, relapses of
GCA cannot be predicted by results of previous PET (Henes et al., 2008).

In conclusion, PET/CT seems useful in the diagnosis and re-evaluation of large vessel
vasculitis. It allows the evaluation of disease activity and vessel morphology as well as the
localization of the inflammatory process in the same session.

5.6 Temporal Artery Biopsy (TAB) and the histopathologic picture

A temporal artery biopsy (TAB) is the gold standard test for the diagnosis of GCA (Duhaut,
Pinede, 1999). European League Against Rheumatism recommendations emphasize that
TAB should be performed whenever a diagnosis of GCA is suspected. Because
corticosteroid therapy is required in most cases for more than 1 year in GCA, the pathologic
confirmation of this vasculitis is advisable. However, GCA affects vessels focally and
segmentally, yielding areas of inflammatory vasculitic lesions juxtaposed with areas of
normal artery. Histologic signs of inflammation may be missed in TABs performed in
arteritis-free segments (Foroozan, 2003). Because of segmental (discontinous) involvement of
temporal arteries, a biopsy result may be negative in 9-44% of patients with clinical positive
signs of temporal arteritis; for this reason the temporal arteries biopsy has to be guided by
Doppler Ultrasonography and typical clinical features (tender, swollen portions of temporal
arteries). Prior treatment with steroids for more than 7 days may be associated with loss of
the histological features of active arteritis. As a consequence, the ultrasound investigations
and temporal arteries biopsy has to be performed before corticosteroid treatment.
Interestingly, 2 population-based studies have shown that patients with negative biopsy
samples have less frequency of severe ischemic complications than those with biopsy-
proven GCA (Breuer, 2009).

Taylor-Gjevre et al., 2005 noted that a threshold length of 1.0 cm of postformalin fixed
arterial segment was associated with an increased diagnostic yield of GCA (Taylor-Gjevre et
al., 2005). They recommended collecting a minimum TAB length of 1.5 cm to allow for tissue
shrinkage during fixation that was estimated to be about 10%. More recently, Mahr et al.,
2006 reported that a postformalin fixed TAB length of at least 0.5 cm could be sulfficient to
make a histologic diagnosis of GCA (Mabhr et al., 2006). TAB is generally performed on the
most symptomatic side. Breuer et al., 2009 performed a study to establish the relationship
between TAB length and the diagnostic sensitivity for GCA (Breuer et al., 2009). In this
study, the TAB in the subgroup of biopsy-positive GCA patients was significantly longer
than in biopsy-negative GCA cases. The rate of positive biopsies was only 19% with TAB
length of 5 mm or less but increased to 71-79% with TAB lengths of 6-20 mm, and to 89%



Large Giant Cell Arteritis with Eye Involvement 325

when TAB length was longer than 20 mm. Only 3% of positive biopsies were 5 mm or
shorter. These authors concluded that TABs with postfixation length shorter than 5 mm
yield an increased biopsy negative rate. As a result, the authors supported the claim that a
TAB length longer than 5 mm is required for accurate diagnosis of GCA.

In the presence of unilateral ocular involvement, we took a biopsy from the ipsilateral side
representing 2.5 cm of the tender, swollen segments of the affected artery (,skip lesions”).
Serial sections were examined, as there could be variations in the extent of involvement
along the length of the artery (Gonzales-Gay et al., 2001).

However, due to the segmental inflammatory involvement of the temporal artery, a
contralateral biopsy may be required in patients with high clinical suspicion of GCA. Breuer
et al., 2009 found that performing bilateral TABs increases the diagnostic sensitivity of the
procedure by up to 12.7% compared with unilateral biopsies (Breuer et al., 2009).

The definitive diagnosis of GCA requires the pathologic demonstration of a vasculitis with
mononucleated cell infiltrates of all mural layers and occurrence of giant cells on a temporal
artery biopsy. The degree of intimal hyperplasia on histology findings is associated with
neuroophthalmic complications (Makkuni et al., 2008); the presence of giant cells in
particular is associated with permanent visual loss (Chatelain et al., 2009).

A e

Fig. 16. Typical temporal arteritis Patient TL. Higher magnification showing the typical
giant cell granulomatous inflammation.

Patient TL. Higher magnification showing the typical giant cell granulomatous
inflammation.

In our cases we observed a granulomatous inflammation of the media layer (chronic
inflammatory infiltrate with giant cells), with characteristic fragmentation of the internal
limiting lamina and intimal thickening. (fig. 16)

6. Treatment and evolution

High-dose corticosteroids are the only effective therapy in GCA. Corticosteroid treatment must
not be delayed by temporal artery biopsy, because the biopsy is positive even after a few
days of steroid treatment. The initial dose of prednisone or its equivalent ranges between 40
and 60 mg/d, as a single or divided dose, for 3-4 weeks .

In our experience, GCA patients without severe ischemic complications have rapid disease
improvement with an initial prednisone dose of 40 mg/d. In these patients, the use of
corticosteroids has dramatically reduced the frequency of severe visual ischemic
complications.
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However, in GCA patients who present with visual ischemic manifestations we use higher
corticosteroid doses —generally an initial intravenous methyl prednisolone pulse therapy (1
g/ d for 3 consecutive days), followed by oral prednisone 60 mg daily for 3-4 weeks.

To assess whether corticosteroid therapy should be given every other day or as a single or
divided daily dose, Hunder et al., 1975 carried out a prospective, randomized study to
compare oral prednisone treatment in a divided dose t.i.d. (15 mg/ 8 h) with a single daily
dose of prednisone (45 mg) and prednisone every other morning (90 mg) (Hunder et al,,
1975). After 1 month of treatment, they found a trend toward better disease control in the
divided dose group compared with the single daily dose group, but no differences in the
side effect profile between the two groups. However, in only 6 of the 20 patients receiving
prednisone every other morning was the disease completely suppressed. These results
support the need to start treatment with daily prednisone therapy in patients with GCA.

A study compared an initial high-dose pulse of IV methylprednisolone versus classic
corticosteroid therapy. The authors performed a double-blind, placebo controlled,
randomized, prospective clinical trial: a 3-day course of IV methyl prednisolone pulses (15
mg/kg of ideal body weight/d) in addition to the oral prednisone (n=14) compared with
normal IV saline infusions plus oral prednisone (n=13). The initial IV pulse of
methylprednisolone therapy yielded more rapid corticosteroid tapering, lower median dose
at each visit, and fewer relapses. However, further studies including larger numbers of
patients are required to establish the routine use of IV pulse methylprednisolone as the
initial corticosteroid therapy for the management of GCA (Mazlumzadeh et al., 2006).

Data show that it is not the absolute dose but rather the time from the onset of symptoms to
the first administration of corticosteroids that is predictive of improvement of visual loss.
Regrettably, in most cases, once established, the prognosis for significant visual recovery in
GCA patients despite corticosteroid therapy is poor. Gonzalez-Gay et al. 2000 assessed the
outcome of 29 GCA patients who developed loss of vision shortly before their admission to
the hospital (Gonzalez-Gay et al. 2000). Only 8 patients (28%) experienced visual
improvement— generally partial —following corticosteroid therapy. The main factor
influencing the response to corticosteroids was therapeutic delay. Interestingly, 7 of 12
patients treated within the first 24 h after the onset of visual loss experienced visual
improvement. However, when corticosteroid therapy was delayed for more than 1 day, only
1 of the remaining 17 patients experienced some visual recovery. These observations
indicate that corticosteroid therapy should not be delayed under any circumstances in GCA
patients with suspected visual impairment.

In conclusion the aim of the treatment in patients with GCA with eye involvement is to
prevent blindness of the fellow eye, although in a few unfortunate patients with initial
unilateral visual loss, the second eye also became blind inspite of prompt steroid
administration (Gonzales-Gay et al., 1998). Most GCA symptoms other than blindness
(headache, etc) usually begin to improve within 24-72 h after the onset of corticosteroid
therapy. Also, normalization of routine laboratory parameters of inflammation (ESR and
CRP) occurs within 2-4 weeks after initiation of this therapy. Afterward, the corticosteroid
dose can be tapered gradually. However, the duration of corticosteroid therapy is variable,
and relapses often occur. Whenever symptoms or acute phase proteins recur during
tapering, the last effective dose plus 10 mg should be administered Prednisone is generally
reduced by 5 mg every 2-4 weeks down to 25 mg. Then it can be reduced by 2.5 mg every 2-
4 weeks until the dose is 10 mg, and later by about 2.5 mg every 2 months. Prednisone
tapering is then performed more slowly (Gonzales-Gay et al., 2005).
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The duration of treatment (1-2 years ) is guided by the patient’s symptoms and the levels of
the ESR and CRP. In some cases from the literature, symptoms may however recur without
a corresponding increase in ESR or CRP or vice versa, requiring indefinite maintenance
therapy (Gonzales-Gay et al., 2005).

Up to 80% of patients with GCA experience complications related to steroid therapy. These
include diabetes mellitus, osteoporosis with vertebral compression fractures and Cushing
syndrome. It is advisable to consider the use of bone protection therapy in patients with
GCA (Gonzales-Gay et al., 2005).

In this regard, alternative corticosteroid-sparing drugs—in particular methotrexate (MTX)—
should be considered in GCA patients with severe corticosteroid-related side effects and/or
in patients who require prolonged corticosteroid therapy due to relapses of the disease.
With respect to this, to reevaluate the efficacy and safety of adjunctive low-dose MTX in
GCA patients, Mahr et al., 2006 performed an individual patient data meta-analysis of three
randomized, placebo-controlled trials in patients with newly diagnosed GCA (Mahr et al.,
2006). However, the authors found a modest role of MTX (10-15 mg/ wk) in reducing
relapse rate and decreasing the cumulative corticosteroid therapy.

In small trials, anti-tumor necrosis factor-a therapy (infliximab and etanercept) have been
evaluated in patients with GCA and toxicity secondary to steroid therapy. No clear benefit
of anti-tumor necrosis factor-a therapy in patients with GCA has been reported. Moreover,
the limited number of patients on tumor necrosis factor-a blocker agents included in these
studies does not allow us to draw definitive conclusions about tthese drugs (Gonzales-Gay
et al., 2005).

It is known that the presence of traditional atherosclerosis risk factors at the time of
diagnosis of GCA influences the development of severe ischemic manifestations in patients
with this type of vasculitis. Interestingly, two retrospective studies suggested that antiplatelet
and/or anticoagulant therapy may reduce ischemic complications in patients with GCA
(Nesser et al., 2004). Therefore, antiplatelet therapy started before GCA diagnosis may
reduce the risk of severe ischemic events in patients with GCA. Thus, aspirin (75-125 mg/d)
should be prescribed in patients with GCA. However, no positive impact of antiaggregation
therapy on the risk of severe ischemic complications has been confirmed in more recent
studies (Lee et al., 2006).

7. Conclusions

GCA is a common disease among older adults from Western countries. Higher physician
awareness may have been responsible for the progressive increase in the incidence of these
conditions observed in different parts of the world. Diagnostic criteria of GCA are
represented by age 50 years or more, new develop headache, tenderness of the superficial
temporal artery, elevated ESR, at least 50 mm/h, and giant cell arteritis in a biopsy specimen
from the temporal artery. Large vessel giant cell arteritis is a subgroup of GCA occuring
also at the level of the aorta and its branches (especially of the subclavian, the axillary
arteries, etc.).

The eye involvement in Horton’s disease consists in anterior ischemic optic neuropaty or
central retinal artery occlusion with abrupt, painless, and severe loss of vision of the
involved eye.

The superficial temporal artery biopsy is the gold standard test for the diagnosis of this
vasculitis. Several imaging modalities, particularly US, are useful in making a diagnosis of
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GCA (,,dark halo” sign). However, findings of temporal artery US did not correlate with eye
complications. For this reason, Color Doppler Imaging of the retrobulbar vessels may be
helpful to detect the blood flow in the orbital vessels, especially in cases of opacity of the
medium, or when the clinical appearance of ophthalmologic complications in temporal
arteritis is athypical. The Spectral Doppler Analysis of the orbital vessels in GCA reveales
low blood velocities, especially end-diastolic velocities, and high resistance index in all
retrobulbar vessels, in both orbits, for all patients (especially on the affected side).
Corticosteroids are the cornerstone of treatment in GCA. Alternative corticosteroid- sparing
drugs, in particular MTX, should be considered in GCA patients with severe corticosteroid-
related side effects and/or in patients who require prolonged corticosteroid therapy due to
relapses of the disease.

Key words: Giant cell arteritis, temporal headache, superficial temporal artery biopsy, “dark
halo” sign, central retinal artery obstruction, arteritic anterior ischaemic optic neuropathy.
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1. Introduction

Kawasaki disease (KD), an acute febrile mucotaneous lymph node syndrome, was initially
described as a distinct clinical entity in 1967 by the Japanese physician, Dr Tomisaku
Kawasaki (Kawasaki et al., 1974). Today the disease is recognized as an acute self - limited
vasculitis of unknown etiology that predominantly affects young children of all racial and
ethnic groups (Shulman et al., 1987). It is characterised by prolonged fever unresponsive to
antibiotics, a polymorphous skin rash, erythema of the oral mucosa, lips and tongue,
erythema of the palms and soles, bilateral conjunctival injection and cervical
lymphadenopathy. This disease has become the leading cause of acquired heart disease
among children in the developed world, with coronary artery aneurysms occurring in up to
25% of untreated cases (Newburger & Fulton, 2004).

2. Epidemiology

Approximately 85% of children with KD are aged less than five years, with a relatively
higher incidence reported for boys (Chang, 2002). Patients either younger than three months
or older than five years are scarcely encountered and are regarded to be at a higher
cardiovascular risk (Burns et al. 1986; Stockheim et al., 2000). Occurrence beyond late
childhood is extremely rare. Less than 100 cases of adult KD have actually been reported in
the world literature since the recognition of this illness, according to a 2010 case series and
review of the disease in adults (Gomard - Mennesson et al., 2010; Wolff et al., 2007). In fact,
many of the reported cases in adults have been misdiagnosed as KD, while the correct
diagnosis was toxic shock syndrome ( Meissner & Leung 1995; Shulman et al., 1995).

The epidemiology of KD is best documented in Japan, where regular nationwide
epidemiological surveys are being conducted every two years since 1970. Based on the
recent 20th survey, the number of patients with KD are continuously increasing, with an
average annual incidence rate in 2007 and 2008 that reached 217/ 100.000 children younger
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than five years of age, while the same value was 184.6/100.000 for the years 2005 and 2006
(Nakamura et al., 2010, 2008).Over the past years, incidence figures have also been reported
based on surveys upon hospital admission from Korea, Taiwan, the United States of
America and the United Kingdom, enabling comparisons to be made. The highest incidence
rate of KD per 100.000 children less than five years of age is recorded in Japan. Korea and
Taiwan hold the second and third place respectively (Huang et al., 2009; Park et al., 2011 ).
The United Kingdom and the United States are credited with a significantly lower annual
incidence, which however, shows an increasing tendency over the past years (Harnden et
al., 2002; Holman et al., 2010).

A study performed from 1996 through 2001, showed that the annual incidence rate for KD
among children younger than five years of age was 45.2 in Hawaii, the highest figure in the
United States (Holman et al., 2005). Interestingly, the study showed that Japanese children
in Hawaii were more likely to develop Kawasaki disease than children of other races in the
same state or even children living in Japan. It is thus suggested that the incidence rate is
higher in children either living in East Asia or being of Asian ancestry and living in other
parts of the world. The overall prevalence in the United States is the highest among Asian
and Pacific Islanders, intermediate in non-Hispanic African-Americans and the lowest for
Caucasians (Holman et al., 2010a, 2010b).

Other than the racial variations in the different geographical areas, a seasonal parameter in
the distribution of KD cases also seems to exist. In most countries that hold records of KD
occurrence, the greatest frequency is noted during winter months. In Japan, the disease
shows a bimodal seasonality, that peaks once in January and secondly in June and July
(Burns et al., 2005). Moreover, a bimodal pattern of occurrence is reported in Korea (Park et
al,, 2011). In Taiwan, recent studies have shown that KD is noted most frequently in the
summer and least frequently in the winter (Huang et al., 2009). It is therefore noticed that
although the period may not always be the same, seasonal clustering of the disease does
take place. Such seasonality and temporal occurrence suggest that infectious agents or other
environmental factors that are yet unknown, might trigger the onset of the disease.

The standardized mortality ratio associated with KD is 1,14 (Nakamura et al., 2008). There is
a slightly increased mortality ratio in boys with the disease, which is mainly recorded
during the acute phase and returns to baseline thereafter. This likely reflects the fact that
cardiac and coronary artery abnormalities occur more frequently in boys than in girls and
that most deaths related to KD are due to acute phase coronary disease or cardiac
complications. In a study conducted in Japan, researchers have concluded that the mortality
rate among males with cardiac lesions due to KD appeared to be higher than in the general
population. Meanwhile, the mortality for girls with cardiac sequelae and for both male and
female patients without sequelae, was not elevated (Nakamura et al., 2008).

In a retrospective study we conducted in "P & A Kyriakou" Children's Hospital, a tertiary
pediatric referral center in Athens, Greece, we retrieved thirty-four cases of KD within a
period of 16 years (1989-2005). The age upon diagnosis was between 2 months to 11 years
(average: 2.9 years) and there was no significant gender preference (18 girls versus 16 boys).
The duration of hospitalization varied from 5 to 29 days depending on the severity of
associated symptoms. Thirty two children were Greek and 2 were of Albanian origin. In
regards to seasonality, 58.8% of the cases occurred between November and March of any
given year as depicted in figure 1.



Kawasaki Disease in
a Tertiary Pediatric Referral Center in Athens, Greece and Review of the Literature 333

|
November I —
|
September I
|
» July |
£ |
S
€ May I
|
March
|
January I
0 1 2 3 4 5 6 7
number of patients

Fig. 1. Monthly distribution of the 34 cases hospitalized for Kawasaki disease in "P & A
Kyriakou" Children's Hospital in Athens, Greece between the years 1989 and 2005

3. Aetiology

The cause of KD remains unknown. Most investigators suspect the existence of an infectious
agent or the response to one or more pathogens to be responsible for the development of the
disease. Evidence supporting this hypothesis includes the following:

a.

b.

Seasonal clustering of KD during the winter months in most geographical areas (Burns
et al, 2005).

Geographical distribution of recorded periodic epidemics (Kao et al., 2008; Yanagawa et
al., 1999).

The fact that the disease occurs most often among toddlers, with only rare cases of
infants younger than three years of age, which suggests the involvement of
transplacental antibodies. Maternal immunoglobulin G may offer some protection to
young infants and this protection diminishes as levels of maternal antibodies decrease
(Burns & Glode, 2004).

The 3-5 % of recurrency among cases in Japan, that may suggest either an aberrant
immune response in this particular group of patients or the existence of more than one
infectious agents responsible for the disease (Hirata et al., 2001).

The clinical presentation of the disease with fever, cervical lymphadenitis, exanthema
and conjunctivitis that resembles other infectious diseases such as scarlet fever and toxic
shock syndrome (TSS).

While the infectious agent hypothesis remains plausible, research on associating KD with a
specific pathogen has been yet fruitless. A wide variety of microbiological and molecular
methods have been employed in order to isolate pathogens from body fluidsand/or detect
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agent - specific nucleic acids retrospectively, however with, limited results (Kawasaki et al.,
1974; Melish et al., 1976; Rowley et al., 1994). Although there have been numerous reports
suggesting the involvement of infectious agents such as Parvovirus B19, Bocavirus,
Cytomegalovirus or other viruses, Propionibacterium acnes, Rickettciae, and Yersiniae, none
of these agents have been seen consistently isolated in children with KD (Catalano-Pons et
al.,, 2007; Esper et al., 2005; Wang et al., 2004). Among the 34 cases of children hospitalized
with KD in our study, some were examined for a variety of infectious agents as presented in
table 1. Most of the children were tested negative for recent exposure to the tested infectious
agents. Nevertheless, the small number of subjects tested and the lack of a control
population precludes any definitive conclusions.

Cf‘el;fggn %IgM(+)  %IgM()  %IgG(+)  %IgG ()
EBV 16 - 100 12,5 87,5
Parvo B19 10 - 100 30 70
CMV 14 - 100 21,4 78,6
Coxsackie - Virus 10 10 90 10 90
1 - 100 10 90
1 10 90 - 100

ECHO - Virus 13 23 77 - -

Table 1. Microbiological findings among the 34 cases of Kawasaki disease identified in "P &
A Kyriakou" Children's Hospital, Second Department of Pediatrics, University of Athens,
Greece during the period 1989-2005

Due to the aforementioned clinical resemblance of KD with scarlet fever and TSS, it was
suggested that superantigens, especially toxic shock syndrome toxin - 1 (TSST-1) and group
A streptococcal exotoxins A, B and C (SPEA, SPEB, SPEC) may be involved in the
pathogenesis of the disease (Table 2). This was strongly supported by a study that reported
associated increase of IgM antibodies against TSST-1, streptococcal pyogenic exotoxin A
and staphylococcal enterotoxin A (Matsubara & Fukaya, 2007). However, an earlier
multicentre, prospective study detected no difference in the isolation of superantigen-
producing bacteria between patients with the disease and febrile controls, thus complicating
the matter further (Leung et al., 2002). On the other hand, bacterial toxins'-induced clonal
expansion of T-cell receptors VP2 and V8 is found among a subset of patients at the early
stages of disease. This expansion seems to withdraw during the convalescent phase and
may be responsible for the non specific T-cell activation that can lead to massive cytokine
release and the development of KD (Abe et al.,1992; Brogan et al., 2008).

Another hypothesis for the etiology of KD involves the implication of an environmental
cause, such as pesticides, chemicals, heavy metals, toxins and pollutants. However,
poisoning with environmental agents does not usually manifest acutely and is the result of
chronic exposure. Nonetheless, some studies correlate KD to recent exposure to freshly
shampooed carpets, habitation near a body of stagnant water and the use of a humidifier
(Rauch et al., 1991; Treadwell et al., 2002).
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Kawasaki .
. ! Scarlet fever Toxic shock syndrome
disease
90% girl hing thi
Age at onset <5 years of age >4 years of age o Blrs reachung the
menstrual age
Epidemic + + -

A streptococcal

Cause unknown pyrogenic exotoxin
(SPE- A, B,C)

Staphylococcus
enterotoxin (TSST-1)

Features of rash POIYT;;E hous Diffuse erythema Diffuse erythema
Conjunctival injection + _ +
Labial and .oral Whole area Localized to Whole area
hyperemia pharynx, soft palate
Cervical + + )
lymphadenopathy
Strawberry tongue + + +
Erythema of the palms
+ + +
and soles
Palmar desquamation + + +
Recurrence 3-4% rare 30,00%
Shock or hypotension _ _ +
Coronary arteriitis + _ _

Table 2. Comparison of clinical features of Kawasaki disease, Scarlet fever, and Toxic shock
syndrome

Other researchers have found evidence of an oligoclonal antibody response, suggesting
that the disease is elicited by a conventional antigen rather than a superantigen (Rowley
etal., 2001).

The predilection of the disease for children either living in Asia or being of Asian ancestry as
well as the relatively higher recurrence within families point towards a genetic
predisposition for developing KD (Caquard et al., 2006; Uehara et al., 2003). In Japan, the
relative risk of developing the disease among siblings is 10, and it reaches to 13 when
referring to twins (Harada et al., 1986). Several studies have been conducted, trying to link
susceptibility to KD or disease outcome to genetic polymorphisms (Ahn et al., 2003; Burns et
al., 2005; Furuno et al., 2004; Sato et al., 2009). However, most of these studies have been
carried out on single small cohorts of KD patients and findings were reported without
validation in additional case-control studies. Other limitations include the small scale
number of alleles examined, control and sample populations heterogeneity that complicates
comparison and the existence of silent undiagnosed cases within the control group. As
opposed to candidate gene studies, genome-wide studies, which search for disease causing
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mutations within the whole genome, seem very promising. One such recent study, has
identified inositol 1,4,5-trisphosphate 3-kinase C (ITPK-C) gene as a susceptibility gene for
KD (Onouchi et al., 2008). A functional single nucleotide polymorphism was recognized and
associated with disease development but also with increased risk for the formation of
coronary artery lesions. This polymorphism is shown to reduce splicing efficiency of ITPK-C
mRNA. While ITPK-C is shown to act as a negative regulator of T-cell activation through the
Ca?*/nuclear factor of activated T-cells signal pathway, the reduced splicing efficiency may
contribute to immune hyperreactivity and thus the pathogenesis of KD (Onouchi, 2010).
Further research on the biological significance of ITPK-C in other immune or non-immune
cells may lead to better understanding of the disease pathogenesis.

4. Pathology

The histological findings of KD are consistent with those of a systemic vasculitis affecting
medium sized arteries and veins to a lesser extent, with inflammatory lesions in virtually
every organ. With the exception of arterial lesions, inflammatory lesions heal without
residual changes (Amano et al., 1980; Masuda et al., 1986). Our understanding of the
histopathological findings in KD is restricted due to the scarcity of study material for
reasons such as the low mortality rate and the difficulties encountered upon sampling
medium sized arteries, especially coronary arteries.

After the encounter of a genetically predisposed individual with the unknown trigger, an
activation of mononuclear cells and platelets occurs (Jennette, 2002). The two latter cell
populations interact with the endothelium that expresses surface adhesion molecules
leading to margination of circulating cells, especially large mononuclear cells, lymphocytes
and IgA plasma cells (Brown et al., 2001;Rowley et al., 2001). Activated endothelial cells also
secrete monocyte chemoattractant protein 1 (MCP-1), which further attracts monocytes and
vascular endothelial cell growth factor (VEGF), which increases vessel permeability (Asano
& Ogawa, 2000; Maeno et al., 1998; Yasukawa et al., 2002) . Afterwards, platelets adhere to
the vascular wall, while inflammatory cells cross the endothelium, gather in the intima, and
liberate proinflammatory molecules such as interleukins, tumor necrosis factor a (TNFa),
and matrix metalloproteinases (MMP) (Eberhard et al., 1995; Gavin et al., 2003; Lin et al.,
1992). Neutrophils release neutrophil elastase which destroys the internal elastic lamina and
contributes to disruption of the extracellular matrix. Active inflammation is succeeded by
progressive fibrosis and finally scar formation.

In the heart, perivasculitis and endarteritis of the three major coronary arteries are seen
during the acute phase, followed by panvasculitis in the consequent two weeks period.
Aneurysms, phlebitis, formation of intraluminal thrombi and potential pancarditis with
lesions of the conduction system are also present during this phase of the disease. As the
disease progresses, inflammation is replaced by granulation in the form of scarring, stenosis
of major coronary arteries, fibrosis of the myocardium, coagulation necrosis, and
endocardial fibroelastosis (Fujiwara & Hamashima, 1978).

Inflammatory changes of the lungs, spleen, lymph nodes and salivary glands remain for
more than 61 days from the onset of the disease, while in other organs these changes resolve
much earlier. A predilection of KD for duct systems such as the prostate, pancreas, bile
ducts and salivary glands has also been documented. However, in contrast to the
irreversible changes that may occur in the cardiovascular system, histological changes on
other parts of the body seem to fully recover after the convalescent phase of the disease
(Amano et al., 1980).
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The histological findings in KD strongly resemble polyarteriitis nodosa, and even though
fine differences between the two illnesses do exist, differential diagnosis can only be made
clinically. Most importantly, KD manifests with lymphadenopathy, which is usually absent
in patients with polyarteritis nodosa (Jennette, 2002).

5. Diagnosis & clinical features

Signs and symptoms of KD develop over the first ten days of the illness and then gradually
disappear spontaneously in most patients. In 20-25 % of the cases the disease is complicated
by coronary artery lesions that may remain silent and diagnosed only years later, after the
occurrence of a myocardial infarction episode or sudden death (Burns et al., 1996; Kato et
al.,, 1992). The disease may be separated in three phases according to its clinical presentation.
The acute phase, which may last 7-14 days, the sub-acute phase from the 10th to the 24th
day of the disease, and finally the convalescent phase, typically lasting 6-8 weeks. Diagnosis
of the disease during the acute phase is of utmost significance, as treatment with high dose
of intravenous immunoglobulin within the first 10 days of onset reduces the risk of coronary
artery lesions (Newburger et al. 1986, 1991). However, diagnosis of the disease is quite
challenging, first because it remains clinically silent for some time, and secondly because
there is no specific diagnostic test available. Aside from key elements of the history and
physical examination, as well as indications based on laboratory markers of inflammation,
the disease is presently diagnosed by the use of a case definition created for epidemiological
surveys in Japan. The diagnostic criteria for complete and incomplete KD are presented in
Table 3 and Table 4 respectively.

a. Fever lasting for at least 5 days
b. Presence of 4 of the following 5 conditions:
1. Bilateral conjunctival injection
2. Changes of the mucous membranes of the upper respiratory tract: injected
pharynx, injected or/and dry fissured lips, strawberry tongue
3. Polymorphous rash, primarily truncal.
4. Changes of the extremities such as peripheral edema, peripheral erythema, and
periungual desquamation.
5. Cervical lymphadenopathy.
c. Absence of any other reasonable explanation for the illness.

Table 3. Diagnostic criteria for complete Kawasaki disease

Fever lasting for at least 5 days.

At least 2 of the 5 clinical criteria for Kawasaki disease (Table 3: B15).
Absence of any other sensible explanation for the illness.

Laboratory findings, consistent with severe systemic inflammation.

oo o p

Table 4. Diagnostic criteria for incomplete/ atypical Kawasaki disease

Although according to the criteria diagnosis requires a minimum of 5 days of fever, many
experts prefer to treat classic KD earlier than the 5th day. The reason is that the case
definition of KD is of questionable value as a clinical tool (Stapp & Marshall, 2002; Witt et
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al.,1999). A broader definition of the disease would ensure identification of all patients who
could benefit from intravenous immunoglobulin treatment. It is very common that the
criteria for diagnosis of KD are not all present at the same time during the course of the
illness (Newburger & Fulton, 2004). Patients with an inflammatory disorder that did not
meet all the clinical criteria but with echocardiographic abnormalities of the coronary
arteries have been identified. It should also been noted that 5 of the patients in Kawasaki' s
original report of 50 patients did not fulfill the current criteria for the diagnosis of the
disease (Burns, 2002).

The lack of a specific and sensitive diagnostic test remains a great obstacle in the
identification of all patients with KD. Besides the possibility that the illness may be
underdiagnosed, there is an almost equally high chance that the disease is overdiagnosed
since clinicians use non specific laboratory markers of inflammation to support their
diagnosis. Thus, differential diagnosis among diseases that require different treatment
remains a challenge (Table 5).

e  Scarlet fever

e Toxic shock syndrome (TSS)

e Staphylococcal scalded skin syndrome (SSSS)
e  Measles and other febrile viral exanthems

e Drug reactions

e Steven - Johnson's syndrome

e Juvenile rheumatoid arthritis

Table 5. Selected differential diagnosis of Kawasaki disease

Acknowledgement of the protective role that early administration of intravenous
immunoglobulin may play in the disease has placed a significant burden on clinicians to
consider diagnosis in patients with unexplained fever with rash. Certain features of KD that
may potentially deceive physicians include sterile pyuria misdiagnosed as urinary tract
infection, cerebrospinal fluid (CSF) pleiocytosis misdiagnosed as aseptic meningitis, rash
that may resemble a viral or drug side-effect sign, and cervical lymphadenopathy that is
often confused with bacterial adenitis ( Dengler et al., 1998; Wu et al, 2005).

The clinical symptoms upon presentation of the disease for the 34 hospitalized cases
identified in our hospital between the years 1989 and 2005, are shown in Table 6. The
predominant symptom was -as expected - fever with an average duration of 7,8 days. Other
symptoms in decreasing order of frequency were rash, desquamation, conjunctivitis,
lymphadenitis, fissured lips, glossitis, edema of the extremities, gastrointestinal
abnormalities and arthritis. Aneurysms were identified in only 5 cases, and while
tachycardia was absent in all cases, a 1st degree AV block was noted in 1 child.

Laboratory indices at the time of entrance were suggestive of a generalized activation of the
inflammatory system. Average white blood cell (WBC) count was 16.193 cells/pl, average
erythrocyte sedimentation rate (ESR) was 74.7 mm, average level of C-reactive protein
(CRP) was 120,2 mg/l and average platelet count was 45.700/ul. Liver transaminases
(aspartate aminotransferase, AST and alanine aminotransferase, ALT) were elevated in only
3 of the children. Urine analysis revealed the existence of aseptic pyuria in a 76,5% of the
patients. An immune workup was performed for 10 of the children and is shown in Table 7.
Finally, level of al - antithrypsin was tested in 3 cases and was found to be elevated in all
three of them.
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Clinical symptoms Number of patients % of patients
1. fever 34 100
2. rash 33 97,1
3. desquamation 27 79,4
4. conjunctivitis 26 76,5
5. lymphadenitis 26 76,5
6. fissured lips 26 76,5
7. glossitis 14 41,2
8. edema of the extremities 11 324
9. aneurysms 5 14,7
10. gastrointestinal abnormalities 5 14,7
11. arrhythmia 1 2,9
12. arthritis 1 2,9

Table 6. Clinical presentation upon admission of the 34 cases of patients hospitalized for
Kawasaki disease in "P & A Kyriakou" Children's Hospital in Athens, Greece between the
years 1989 and 2005

Number of patients Number of patients =~ Number of patients
with normal titer with elevated titer =~ with decreased titer

IgG 3 3 4
IgM 3 7 -
IgA 6 4 -

Table 7. Immune workup of the ten patients that underwent the examination in "P & A
Kyriakou" Children's Hospital in Athens, Greece between the years 1989 and 2005.

Even if the underlying cause remains unknown, there is an ever increasing need for the
development of a unique diagnostic test that can help in identification of the disease.
Although non specific markers of inflammation such as serum procalcitonin, interleukin-18
(IL-18), WBC count, ESR, and CRP are all found elevated in KD, no association to the
severity of the illness has yet been established (Mitani et al., 2005, Nomura et al., 2004;
Okada et al., 2004). Unfortunately, the diagnosis of the disease currently depends largely on
increased clinical awareness.

6. Cardiovascular complications

Kawasaki disease has become the leading cause of acquired heart disease among children in
the developed world, even surpassing the impact of rheumatic fever in this respect. Twenty
to 25% of untreated patients with KD develop coronary artery aneurysms and myocardial
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infarction with an associated considerable morbidity and mortality (Taubert et al., 1994) .
Other cardiovascular complications related with the disease include coronary artery
stenosis, myocarditis, pericarditis with effusion and mitral valvulitis (Akagi et al., 1990;
Dajani et al., 1993). Cardiac imaging is hence very important in the evaluation of patients
with suspected KD. Echocardiography is both a sensitive and specific method to recognize
coronary artery aneurysms in the acute and subacute phase of the disease (Yoshikawa et al.,
1979). Serial ultrasound studies can provide evidence of aneurysm formation, they may
help evaluate left ventricular function as well as detect possible existence of pericardial
effusion (McMorrow Tuohy et al.,2001; Scott et al., 1999). Doppler echocardiography
can assist in the identification of mitral valve regurgitation and is also advisable in the
presence of a pansystolic murmur upon auscultation. Morphological assessment of coronary
arteries is of high significance, as the prognosis of aneurysms in patients with KD depends
on the size and shape of the aneurysm. These features are best evaluated with three-
dimensional echocardiography (Miyashita et al., 2007). Coronary artery aneurysms are
characterized as small if less than 5 mm in internal diameter, medium if 5-8 mm, or giant if
larger than 8 mm (Dayani et al., 1993, 1994). Fusiform aneurysms with a diameter of less
than 8 mm have the best outcome, while giant aneurysms more than 8 mm have the worst.
The latter is attributed to the fact that giant coronary aneurysms are highly probable to
cause ischemic heart disease (Kamiya et al, 1995; Tatara & Kusakawa, 1987). On the
contrary, small and medium diameter aneurysms have been reported to regress in
approximately 50% of the cases and progress to stenosis in another 20% of patients (Kato et
al., 1996). However, the value of echocardiographic detection of thrombi and coronary
artery stenosis is questionable. In a selection of patients with KD, a series of other tests are
recommended, aiming at better visualization of the coronary arteries. These include
angiography, intravascular ultrasound, transesophageal echocardiography, magnetic
resonance imaging, magnetic resonance angiography and ultrafast computed tomography
(Greil et al., 2002; Naiser et al., 2008; Newburger et al, 2004; Suzuki et al., 1996).
Interestingly, coronary artery lesions following KD may remain silent until the patient
becomes 30 or even 40 years old. Especially patients without pathological findings in their
echocardiogram during the acute and subacute phases of the disease usually remain
clinically asymptomatic for at least a decade. To this end, a pediatric history of illness
resembling KD should be sought in young adults presenting with myocardial infarction or
sudden death ( Burns et al., 1996; Kato et al., 1992).

Suggested risk factors for coronary artery formation include fever that endures even after
intravenous  immunogobulin  administration, elevated CRP, low  hemoglobin,
thrombocytopenia, hypoalbuminemia, hyponatremia, male sex and age under one year (
Honkanen et al.,, 2003; Koren et al., 1986; Mori et al., 2002). A proposed stratification of
patients according to the relative risk for developing myocardial ischemia is presented, in table
9 (Newburger et al.2004).

7. Treatment

7.1 Initial treatment
Coronary artery aneurysms develop in 20 - 25% of patients left untreated. During the acute
phase, the primary objective is to ascertain the diagnosis of the disease, provide supportive
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Risk level

1 (no coronary artery
changes at any stage
of illness)

2 (transient coronary
artery ectasia
disappears within
first 6-8 weeks)

3 (1 small-to-medium
coronary artery
aneurysm,/ major
coronary artery)

4 (1 large or giant
coronary artery
aneurysm, or
multiple or complex
aneurysms in the
same coronary
artery, without
obstruction)

5 (coronary artery
obstruction)

Pharmacological Follow - up & I .
therapy diagnostic tests nvasive tests
Cardiovascular risk
None beyond first 6- assessment,
8 weeks counseling every 5 )
years
Cardiovascular risk
None beyond first 6- assessment,
8 weeks counseling every 3-5 )
years
ECHO+ECG,
Low-dose aspirin (3-  cardiovascular risk
5mg/kg assesment,

Angiography, if
noninvasive test
suggests ischemia

aspirin/day), at least
until aneurysm
regression is

counseling annually.
Stress test/
evaluation of

documented myocardial perfusion
scan every 2 years
Long-term First angiography at
antiplatelet therapy 6-12 nilon.th.s o
and sooner if clinically
warfarin (target INR =~ ECHO+ECG twice indicated; repeated

angiography if
noninvasive test,
clinical, or laboratory
findings suggest

2.0-2.5) or low-
molecular-weight
heparin (target:

annually. Stress test
/evaluation of
myocardial perfusion

antifactor Xa level annually. ischemia: eloctive
0.5-1.0 U/ml) should repeat an ,io anh
be combined in giant P glography

under some
aneurysms. .
circumstances
Long-term low-dose
aspirin. Warfarin or
low-molecular- .
weight heparin if ECHO*ECG twice Angiography

annually. Stress test
/evaluation of
myocardial perfusion
annually.

giant aneurysm
persists. Use of beta
blockers to reduce
myocardial O,
consumption should
also be considered

recommended to
address therapeutic
options

Table 9. Risk stratification for Kawasaki disease (ECHO: echocardiography, EKG
electrocardiogram, INR: International normalized ratio)
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care whenever needed (fluid and electrolytes), aim to attenuate the inflammatory process
and prevent the formation of coronary artery aneurysms. Echocardiographic identification
of coronary artery aneurysms not only redirects primary treatment plan, but also
contributes to establishing the diagnosis of KD when there is absence of symptoms other
than fever. It is thus suggested to consider echocardiography in a child with high fever of
unknown etiology lasting more than 5 days and concurrent signs of generalized
inflammation.

Intravenous immunoglobulin G is the cornerstone of treatment for KD during the acute
phase. Several studies have shown that intravenous immunoglobulin G administration early
in the course of the disease (before the 10th day from fever onset) reduces total duration of
clinical symptoms as well as the incidence of coronary artery aneurysms (Durongpisitkul et
al., 1995; Furusho et al., 1984). It has been demonstrated that a single dose of 2 g/kg
intravenous immunoglobulin G infused over 10-12 hours is more effective than multiple
doses, and together with aspirin (Kato et al., 1996) now comprise the standard therapy in
the USA, UK, Europe, Australia and many parts of Asia (Brogan et al.,, 2002). Although
treatment should be instituted within the first ten days of illness, intravenous
immunoglobulin G administration to children beyond the tenth day of illness is also
recommended if they have either persistent fever without other explanation or aneurysms
and ongoing systemic inflammation (Marasini et al., 1991; Newburger et al., 2004) . The
molecular basis for the anti-inflammatory action of intravenous immunoglobulin G is a
field of extended research. Several mechanisms have been proposed including induction of
immune inhibitory receptors such as Fecylll on macrophages (Samuelsson et al., 2001),
blocked interaction between endothelial and natural killer (NK) cells, necrosis-like changes
in morphologic features of neutrophils (Sugita et al., 2005), accelerated apoptosis of
circulating neutrophils (Tsujimoto et al, 2002) and down-regulation of genes expressed
mainly by monocytes (Abe et al., 2005; Popper et al., 2007). Gamma globulin is a biological
product manufactured from pooled donor plasma and adverse effects vary according to
the product infused. Generally, adverse effects are considered mild, comprising of
headache, myalgia, fever, chills, backache, chest pain, nausea, vomiting, as well as increased
plasma viscosity. These effects are usually self-limited, rarely demanding cessation of
therapy, although slowing down of the infusion may be required (Rosenfeld et al., 1995)
Live virus vaccines should not be administered to patients for at least eleven months
following treatment, due to reduced immunogenicity related to passive antibodies in the
infused product.

Aspirin may also be administered in the acute phase of the disease in order to enhance the
efficacy of intravenous immunoglobulin G. Currently, 80-100 mg/kg (divided in four doses)
are administered in the acute inflammatory stage of the disease, while a single dose of 3-5
mg/kg is given when patients have been afebrile for 3-7 days. Aspirin may be continued
indefinitely in children that have already developed coronary artery abnormalities,. Despite
the fact that aspirin has an important anti-inflammatory effect at high doses and an anti-
platelet action at low doses, it does not shorten the frequency of coronary artery aneurysm
complications (Terai & Shulman, 1997). The latter, along with aspirin's adverse effects and
the risk for developing Reye’s syndrome raise an important question regarding the value of
exposing children with KD to high doses of aspirin.

Corticosteroids are the golden standard in the treatment of other forms of vasculitis.
Nevertheless, their use in children with KD is limited (Shulman, 2003) even though they are
found to suppress markers of inflammation and decrease total fever duration (Nonaka et
al., 1995; Okada et al., 2003).
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If initial therapy during the acute stage is successful, the primary objective at the subacute
phase is to diminish platelet adhesion (usually by means of low dose aspirin
administration), provision of supportive care when needed and monitoring patients in case
of cardiovascular involvement. In both the subacute and convalescent phase, management
plans are adjusted to coronary artery involvement and risk level, individualized for each
patient (Newburger et al., 2004).

For the 34 cases included in our study, treatment comprised primarily of intravenous
immunoglobulin G and aspirin as shown on Table 10. Aspirin was administered to 31
patients (91,2 %) during an average treatment duration of 5,7 days. Among children treated
with aspirin, 23 continued with an antiplatelet dose (74,2%) after fever regression and only 1
patient had to discontinue aspirin treatment due to related hepatotoxicity. Twenty eight
patients were treated with y-globulin (82,4%) with an average treatment duration of 1,9
days. Additional therapy consisted of penicillin in 2 children, carbamazepine that was later
replaced by sorvitole in 1 child, clindamycin in 1 and finally a combination of ampicillin and
netilmycin in another 1 of the children. In terms of patients' management, there was also a
case admitted to the intensive care unit of the hospital due to sepsis and multiple organ
failure.

Treatment with various doses of aspirin

dosage Number (?f patie.n-ts treated % of patients. tFeated with
with aspirin aspirin
5mg/ kg 3 9,6
60 mg/ kg 3 9,6
80 mg/ kg 13 41,9
85mg/ kg 1 3,2
100 mg/kg 11 35,5
Treatment with intravenous immunoglobulin G
dosage Number of patients treated % of patients treated with
with IVIG IVIG
1g/ kg 2 3,6
2¢g/ kg 19 67,9
400 mg/ kg/ 24h 7 25

Table 10. Treatment of the patients hospitalized for Kawasaki disease in "P & A Kyriakou"
Children's Hospital in Athens, Greece between the years 1989 and 2005

7.2 Treatment of persistent or recrudescent fever

About 10-15% of children with KD that are treated with high dose aspirin and 2 g/kg
intravenous immunoglobulin G will not become afebrile (Burns et al., 1998). Fever that is not
reduced 36 hours after the completion of the initial intravenous immunoglobulin G infusion
is defined as persistent or recrudescent fever. This subgroup, consisting of unresponsive to
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intravenous immunoglobulin G patients, is proved to be at a higher risk for developing
coronary artery aneurysms (Newburger, 2000). Unfortunately, no studies have yet proven
the efficacy of a specific secondary treatment. Clinicians should first re-evaluate initial
diagnosis and then move to selection of an appropriate secondary treatment. Most experts
recommend re-treatment with intravenous immunoglobulin G, while plasmapheresis and
treatment with corticosteroids, cyclophosphamide, methotrexate and monoclonal antibodies
against TNF- a have also been suggested (Ahn &Kim, 2005; Al Mayouf, 2004; Mori et al.,
1995; Weiss et al., 2004).

7.3 Treatment of cardiovascular complications

Treatment of coronary disease in patients with KD depends on the severity and extent of
coronary involvement. Prevention of thrombosis and myointimal proliferation that leads to
stenosis are the main objectives when managing patients with coronary aneurysms. Early
coronary thrombosis occurs almost exclusively among patients with giant aneurysms
(Takahashi, 1996). Unfortunately, no prospective data exist to guide clinicians towards the
ideal plan; therefore, treatment of this subgroup of patients is still based on experts'
recommendations. Prevention of thrombosis is accomplished by the administration of an
antiplatelet or an anticoagulant agent, or most frequently by a combination of both.
Antiplatelet agents play a significant role in managing patients at every stage of the disease,
since platelet activation is a fundamental component of thrombosis development in KD
(Burns et al., 1984, Kuramochi et al., 2000). Therefore, low dose aspirin (3-5 mg/kg daily) is
the backbone of therapy for asymptomatic patients with mild and stable disease. Use of
other antiplatelet agents (such as clopidogrel or dipyridamole) alone or combined with
aspirin, may be more effective in suppressing platelet activation with more advanced
coronary abnormalities (O'Brien et al., 2000). Randomized trials are needed to establish the
role of low molecular heparin, monoclonal antibodies against IIB/IIIA receptor and
warfarin in the long term management of patients with giant aneurysms (Brogan et al., 2002;
Williams et al., 2002).

In contrast to adult patients with aneurysms, the thrombus burden in children with KD is
not related to the form of plaque instability and rupture (Kuramochi et al., 2000). Hence,
randomized controlled trials involving children with coronary thrombosis are needed to set
up the role of thrombolytic medication (traditionally used in adults) such as streptokinase,
urokinase and tisue plasminogen activator.

Mechanical restoration of coronary blood flow is the other option in this group of patients
that develop thrombosis. Coronary bypass grafting is the recommended surgical therapy
upon evidence of reversible ischemia in stress imaging, if viable myocardium is present in
the area of distribution of the affected vessel and when there is absence of coronary disease
distal to the planned graft site (Kitamura et al., 1994). (Yoshikawa et al., 2000). Initially, the
saphenous vein was used as the graft for this procedure; however, early failures in younger
children led to the introduction of internal mammary arterial grafts (Kitamura et al., 1994). It
was later found that patency rates of arterial grafts were higher as opposed to venal grafts.
However, despite the encouraging results during the first decade after coronary artery
bypass surgery, the arterial graft patency in later adult life is still unknown (Tsuda &
Kitamura, 2004).

Catheter intervention (such as balloon angioplasty, stent implantation, rotational ablation
and transluminal coronary revascularization) is indicated in the presence of ischemic
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symptoms, reversible ischemia on stress testing and at least 75% stenosis of the left anterior
descending coronary artery. Although the use of percutaneous coronary rotational ablation
is still limited, this procedure may be the most appropriate catheter intervention for patients
with KD. The advantage is the high success rate even among patients with calcified
coronary artery stenoses (Ishii et al., 2002; Sugimura et al., 1997), which renders this method
a potential therapeutic option also for postponing coronary artery bypass surgery (Lee et al.,
2005). Contraindications to catheter intervention include vessels with multiple, ostial, or
long-segment lesions ( Akagi, 2011; Ishii et al., 2001).

8. Conclusion

Kawasaki disease is a systemic vasculitis of early childhood and comprises one of the
leading causes of acquired heart disease in the western world. Although great efforts have
been made in order to improve our understanding of the cause, pathogenesis and natural
history of the disease, many of these aspects remain vague. Physical examination, laboratory
markers of inflammation, and a case definition created for epidemiological surveys in Japan
are the main tools currently available for the diagnosis of KD. Treatment with intravenous
immunoglobulin in association with aspirin early in the course of the disease shortens the
duration of symptoms and decreases the frequency of coronary artery abnormalities.

During the period 1989-2005, 34 children with KD were admitted in our hospital. Analysis
of different clinical manifestations and laboratory indices showed similar results to other
studies. All children presented with fever, while the other most common symptoms were
conjunctivitis, lymphadenitis, fissured lips and desquamation. Laboratory analyses were
suggestive of non-specific inflammation. Patients responded well to treatment with aspirin
and y - globulin, and with the exception of one patient that was admitted to the intensive
care unit, all other children did not develop any severe complications.

Therapy of intravenous immunoglobulin-resistant KD remains obscure. What is the main
concern, is the extent to which it is going to influence adult cardiovascular disease. Long
term management of patients with KD is therefore very important and evidence-based
approaches are required in order to define the best medical practice. Further research is also
essential in elucidating the cause of the disease and developing high sensitivity and
specificity diagnostic tests.
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1. Introduction

Behget disease is a multisystem disease of unknown cause in which an inflammatory
perivasculitis can arise in almost any tissue (Sakane et al., 1999). Neurologic involvement in
Behget disease was first reported by Knapp in 1941. It represented between 4-49% of
manifestations of BD (Haghighi et al., 2005). There is one of the most serious causes of long
term morbidity and mortality in Behget's Disease. As well as, involvement of the central
nervous system occurs late in the course of the disease (10-25%) (Ildan et al., 1996, Nakasu et
al., 2001). It is caused by primary neural parenchymal lesions or is secondary to major
vascular involvement (Adnan et al, 2009).

Treatment of the most cases of NB should be given as infusion of intravenous methyl
prednisolone followed by a slowly tapering course of oral steroids. (Adnan et al., 2000,).
Immunopressives agents should be wused in its severity forms of NB such as
meningoencephalitis, deep veins thrombosis and myelopathy. In this Review, we
summarise and describe the clinicals manifestations of neurobehcet disease.

2. Epidemiology

Epidemiological, Clinical characterization and pattern of neurological involvement of
Behcet’s disease have been reported in different series (Hentati et al., 1993; bohlega et al.,
1993; nakamura et al., 1994; Farah et al,1998; Kidd et al.,1999; Akman et al.,1999; Al fahad et
al.,1999).

Retrospective and prospective studies found that the prevalence of Neurobehcet disease
(NBD) is very variable. Neurologic involovement were occured in 2-49% of cases, other
authors estimated their prevalence of 3-50% of cases (Borhani et al., 2009). The age of onset
of NBD is usually 20-40 years with an average age of 39 years. In two the last decade,
Neurological complications have also been described in children. (Adnan et al., 2005 ; Araji
etal., 2009).

The highest incidence is in the Middle East, the Mediterranean basin, and the Far East
regions, but it is rare in Europe and North America. The frequency was 13% in men and
5+ 6% in women. Neurological manifestations commonly develop a few years after the
onset of the other systemic features of BD; The mean duration between onset of BD and
development of NBD ranged from 3 to 6 years. (Siva et al., 2001). However, neurological
syndrome might coincide or come in advance (~6% of patients) with other systemic
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symptoms features of BD, in that case diagnosis can be difficult and causes ambiguity with
other systemic diseases (Akman et al., 1999).

3. Classification

There are two categories of neurological involvement in BD that have been generally
accepted: parenchymal involvement and non-parenchymal involvement, also called cerebral
angio-Behcet's syndrome. The most syndromes often involved in NBD were
meningoencephalitis, myelopathy and deep veins thrombosis which presented 80% in
retrospective series (Tohme et al., 2008)

4. Neuropathology

NBD is considered as an inflamatory perivasculitis disease, in an acute meningoencephalitis
the most common neuropathologic findings are Severe and acute inflammation consisting
mainly of lymphocytic, eosinophils, macrophages, and neutrophilic infiltrations of the
perivascular spaces and parenchyma. These lesions can lead to necrotizing and
disseminated encephalitis involving the basal ganglia, brainstem, cerebellum and
diencephalon.

In the progressive phase, authors found the inflammatory infiltration of lymphocytes and
cytokines remains and cuts down. (Hirohata et al., 2008; Heo et al., 2008; Hadfi et al., 1996;
Arai et al., 2006; Scardamaglia et al., 2001).

5. Clinical characteristics

In order to the accumulated data, it's now obvious that it is necessary to handle
parenchymal CNS involvement and non parenchymal CNS involvement in Behget’sdisease
separately.

5.1 Parenchymal CNS involvement

About 70 4 80% CNS involvement

First of all, Subacute meningoencephalitis accounts for 75% of cases in parenchymal NBD,
which performs adverse symptoms, depending on the topography of lesions.

It's and often associated with exacerbation of the systemic features of BD, including fever,
malaise, orogenital ulcers, skin lesions, or uveitis (Akman et al., 2003; Joseph et al., 2007).

The onset of signs is in the most cases acute or subacute. More rarely, the onset is chronic
(Akman et al.,, 1999). Onset is usually with an attack of headache, hemiparesis and / or
gradual behavioural changes. The symptoms and signs are taking a few days to attempt
Summit and during several weeks, rely on depending on the extent of the lesion and on how
rapidly treatment is initiated. However, spontaneous remissions of symptoms could be
taken before initiation of therapy as it has been reported (Hirohata et al., 2007).

Different syndromes might be encountered during the course of parenchymal NBD.

The patient may frequently show brainstem signs, including pyramidal bilateral and
cebellar syndromes, ophthalmoparesis and cranial neuropathy. Moreover, there is evidence
for additional cerebral or spinal cord involvement like a day time sleeping with or without
hyperphagia and which might be indicative of hypothalamic dysfunction (Wechsler et al.,
2002; Houmana et al., 2009)



Neurological Manifestations in Behcet Disease 355

Second a progressive form of the disease which represents 10% of cases of NBD, including, a
worsening subcortical dementia, were usually accompanied by ataxia.

Third, symptoms and signs suggestive of cerebral hemispheric involvement include
encephalopathy, hemiparesis, Hemisensory loss, seizures, dysphasia, and mental changes
with cognitive dysfunction and psychosis.

Fourth, symptoms and signs of spinal cord involvement include pyramidal signs in the
limbs, sensory level dysfunction, and, commonly, sphincter dysfunction.

Finally, asymptomatic (silent) parenchymal NBD is diagnosed if there are no neurological
symptoms, but neurological signs on examination (usually pyramidal signs ). Recognition of
these clinical syndromes might help clinicians dealing with BD to predict the pattern of
involvement. They might also help neurologists to remember BD in the differential
diagnosis of a patient who presents with one of these neurological syndromes. In addition,
other clinical syndromes might arise in BD, and although uncommon, it is important that
these syndromes are recognized.

5.1.1 Epilepsy

Neuro-BD-related epileptic disorder has been previously reported in a large series of Behget
disease. Generalized seizures are the predominant type (Aykutlu et al., 2002). Convulsions
were observed in 2 - 5% of large series (Al-Fahad et al., 2001).Behcet’s syndrome may
present with partial seizure and epilepsia partialis continua (Aktekin et al., 2006. Partial
seizures were a presenting feature of NBD in one report (Chroni et al., 2008).

5.1.2 Brain tumour

Since the first described case in 1987; Focal necrotic lesions in the cerebral cortex; only a few
cases have been published. (Litvan et al., 2005; Matsuo et al., 2005; Appenzeller et al., 2005;
Kosters et al., 2006; Bennett et al., 2004; Park et al., 2002).

The regions usually affected are, brainstem, diencephalon, basal ganglia, and internal
capsule. The clinical presentation depends on the localizations of brain tumors; usually
include intracranial hypertension syndrome and/or impaired of consciousness. These
lesions cause a diagnosis problem with the brain tumor and a multiple metastatic tumors.

5.1.3 Movement disorders
Extrapyramidal manifestations whitch are indicating basal ganglion excessive dysfunction,
are rare in most series of patients with NBD.

5.1.4 Acute meningeal syndrome

Aseptic meningitis commonly exists with many parenchymal CNS manifestations of BD.
The signs and symptoms are relatively common in parenchymal NBD. However, isolated
meningitis might only rarely be the presenting feature of NBD (Kidd et al., 1999; Akman et
al., 1999; Al-Fahad et al., 1999).

5.1.5 Optic neuropathy
Optic neuropathy is rare in BD, it has been described only in0.4% of the main series of
behcet disease. It can be bilateral and can be recurrent over many years. The severity of the
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visual loss and its recovery can be very variable, even in the same patient (Voros et al., 2006;
Tarzi et al., 2005).

5.1.6 Spinal cord involvement

Involvement of the spinal cord as part of the diffuse type of parenchymal NBD pattern is
rare , represent 11% as reported by the most studies, thurly the spinal cord is commonly
found to be involved in autopsy series of Behcet’s disease. More frequently a combination of
spinal cord symptoms with other syndromes of parenchymal NBD, However isolated acute
transverse myelitis is an exceptional presentation of NBD (Joseph, 2007).

Most commonly patients presented with sensory-motor symptoms, sphincter and/or sexual
dysfunction evolving over days. Although spinal cord involvement has a n worse prognosis
compared with other types of p-NBD. The myelopathy can have a severe primary
progressive course, a secondary progressive course after initial attack(s), or an acute attack
with severe residual sequela after attacks (Houman et al., 2007; Moskau et al., 2003).

14% had predominantly spinal cord involvement (10 with isolated spinal cord involvement
and 13 with additional brainstem and/or hemispheric involvement. The cervical and/or
dorsal areas can be involved (Kocer, 1999; Kizilkilic, 1998; Tunc et al., 2003; Calguneri et al.,
2005).

5.2 Non-parenchymal NBD

5.2.1 Cerebrovascular involvement

Also called cerebral angio-Behcet’s syndrome, encompassing mainly those instances with
dural sinus thrombosis. Cerebrovascular complications include strokes, carotid aneurysm
formation and cerebral venous thrombosis (Hadfield et al, 1996; Tunc et al., 2004; B’chir-
Hamzaoui et al., 2009)

5.2.1.1 Cerebral venous thrombosis

In 1959, with headache and bilateral papilloedema. CVT constituted about 18% of
NBD cases in the studies included, it's reported to affect men more often than women
and occurs at an earlier age. Clinical onset is acute or subacute in most patients.
Chronic onset is less frequent. Patient has an intracranial hypertension. a focal deficits,
seizures and /or counsiousness impairement (Yesilot et al, 2006; Bousser et al., 2007;
Akman et al., 1999).

The superior sagittal sinus is the most common site of thrombosis, followed by transverse
sinuses, deep cerebral veins and cavernous sinuses, respectively (Mossadeq et al.,
2004).

Deep cerebral vein thrombosis is a specific clinical pattern of neuroBehget. The clinical
features of Rosenthal or internal cephalic vein thrombosis predominate. The clinical
presentation is highly suggestive of diagnosis confirmed by Imaging ; it's a mesencephalic
diencephalitis syndroma combining hemiparesis, hémiataxie and / or movement disorders
and ophthalmoplegia by damage of III (Mossadeq et al., 2004).

5.2.1.2 Ischemic stroke and cerebral vasculitis

are unusual manifestations during the course of BD, it was reported in1-5% of major series
in the literature (1999; Al-Araji et al., 2003; Al-Fahad et al., 1999; Barros et al., 2007;
Benamour et al., 2006; Borhani-Haghighi et al., 2006; Houman et al., 2007; Joseph et al., 2007;
Monaco et al., 2006; Turker et al., 2008).
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5.2.1.3 Aneurysm formation

Aneurysm formation is common in the visceral arteries in BD, but extremely rare in the
intracranial.vasculitis may be involved in the etiology of intracranial aneurysms in patients
with BD (Kaku et al., 2007).

5.2.2 Intracranial hypertension

Hypertension manifests as an acute or, more commonly, subacute evolution of headache
(92%), papilledema (80%), focal neurologic deficits (32%), seizures (20%), sixth-nerve palsy
(16%) and/ or altered consciousness (8%). Intracranial hypertension with or without cerebral
vein thrombosis appears in 11-35% of all patients. Dural sinus thrombosis, more frequently
the superior sagittal sinus; is the main cause of raised intracranial pressure.

In the other side, intracranial without sinus thrombosis or MRI abnormalities have been
reported in NBD (Pamiret al., 1981; Akman et al., 1996).

5.3 Others

5.3.1 Psychiatric and cognitive disorders

Psychiatric or cognitive symptoms might be the earliest presentation of NBD, patient can
have a dementia as a sole presentation of the disease. Patients have usually a special pattern
of cognitive decline in with impaired memory, attention, and frontal lobe functions, and poor
motivation and personality change, by contrast with relatively preserved linguistic, arithmetic,
visuospatial, abstraction, and problem-solving abilities (Akman et al., 1999).

Psychosomatic symptoms, such as anxiety and depression, are the most commonly
encountered, in BD. These symptoms are mostly related to the underlying systemic disease,
fatigue, functional deterioration, and sociological handicap, but are only rarely due to direct
involvement of the CNS (Taner et al., 2007). Behavioural changes were common; where as
major psychiatric symptoms were less common in large series (Akman et al., 1999; Al-Fahad
etal., 1999; Siva, 2001).

It is possible that psychiatric symptoms could be the first manifestation of the disease. To
our knowledge, this is the first case report of Neuro-Behget ‘s Syndrome that presents with
an acute psychotic attack (Orhan, 2009).

Abnormal cognitive performances were present in 87.8% of the patients, with the most
commonly and most severely affected function being long term memory for both verbal and
visual modalities, followed by attention, and executive functioning, whereas only 9% of BD
patients also showed cognitive deficits in visuospatial functions

(Roberto, 2004) found that the main cognitive domain. Previous papers reporting cognitive
dysfunction in BD patients in- cluded participants with neurological involvement (Akman et
al., 1999; Oktem et al., 1999).

However the recent studies reported that BD patients without overt neurological
involvement are more likely to have cognitive impairment (Al-Arajiet al., 2009; Wechsler et
al., 2002; Taner et al., 2007).

5.3.2 Peripheral nervous system involvements

Peripheral nervous system manifestations are relatively rare in BD. Isolated cases of peripheral
neuropathy or myopathy have been reported in Behget's disease, they are essentially a case of
multiple neuropathies, sensorimotor peripheral neuropathy, neuropathy autonomic
dysfunction a Guillain Barré syndrome and hearing loss (Namer et al, 1987). Causes of
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sensorineural hearing loss include central Causes of sensorineural hearing loss include central
and peripheral nerve disorders. In particular, sensorineural hearing loss due to peripheral
neuropathy was reported to be very rare (AK, 2004). Few series have described the clinical
manifestations (Namer et al., 1987; Worthmann et al., 1996; Ben Ghorbel et al., 2005).

Muscle involvement seems to be exceedingly rare in adults but more common in children.
Patients present with a myositis, occasionally localised, that can be detected by
electromyography. The rarity of these reports should encourage clinicians to investigate
extensively for alternatives before accepting BD as the diagnosis.

5.3.3 Headache

The study has revealed a very high prevalence of headache in an unselected population of
patients with Behget’s syndrome. The majority of headaches is of neurovascular type and
the prevalence of visual or sensory aura is higher than that seen in the general population of
migraine sufferers (Kidd et al., 2006). Headache is the most common neurological symptom
in patients with BD, and occurs in about 70% of patients. . The frequency of headache in BD
was similar to the prevalence of headache

Headache syndromes (e.g., migraine and tension-type headache) affect about 50% of
patients with BD, and account for 70% of all causes of headaches in BD. The characteristics
of these primary symptoms in BD did not differ when compared with a headache clinic
population (Aykutlu et al., 2006).

The features of this headache varied between migraine, migraine like, and tension type
(Borhani-Haghighi et al., 2008; Aykutlu et al., 2006; Saip et al., 2005).

The most widely accepted criteria for the diagnosis of BD are the International BD Study
Group criteria (panel 1).

Panel 1: International Behget's Disease Study Group
criterla for the diagnosis of Behget's disease®

For diagnosls, patient must have had the following
symptoms:

Recument oral ulceration—minor aphthous, major aphthous, or
herpetiform ulceration observed by physician or patient that
recurred at least three times in one 12-month period

Plus two of the followlng:

Recurent genital vlceration—aphthous or scarring, observed
by physician or patient

Eyelesions—anterior uveitis, posterior uveitis, or cells in
vitreous on slit lamp examination; or retinal vasculitis
observed by ophthalmologist

Skin fesions—erythema nodosum observed by physician or
patient, pseudofoliculitis, papulopustular lesions; or
acneiform nodules observed by physician in post-adolescent
patients not on corticosteroids

Positive patherqy test—read by physician at 24-48 h

Findings applicable only in the absence of ather dinical explanations.
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6. Diagnosis

The diagnosis of neurological involvement in BD is done mainly by clinical means; the
ancillary investigations noted below help to suggest alternatives, and especially infective
complications of treatment, but there is no diagnostic test for NBD (Adnan et al., 2009). No
validated criteria for the diagnosis of NBD exist. Blood count and biochemical screening is
used to identify the nature and severity of the systemic disorder and to identify signs of a
superimposed infective complication. (Yazici et al., 2007).

6.1 Blood test

Blood count and biochemical screening is used to identify the nature and severity of the
systemic disorder and to identify signs of a superimposed infective complication (Yazici et
al., 2007). Erythrocyte sedimentation rate has been found to be associated with disease
activity.

HLA type B51 has been reported to be present in 60-70% of Turkish and Japanese patients,
although in only 10-20% of European patients (Borhani et al., 2009). Patients with HLAB51
have a six-time increased risk of BD, and the disease is usually more severe in such patients
(Yazici et al., 2007).

In the case of cerebral venous thrombosis (CVT), a thrombophilia screen should be
undertaken. Early reports suggested a higher prevalence of antiphospholipid antibodies and
factor V Leiden mutations, but these findings have not been confirmed (Adnan et al., 2009).

6.2 Cerebrospinal fluid (CSF)

CSF constituents are altered in around 70-80% of patients with parenchymal complications.
CSF protein is modestly raised in most cases, sometimes to over 1 g/dL, and oligoclonal
bands are usually absent (Akman et al., 1999). The CSF cell count is often prominently
raised. (Borhani et al., 2008; Houman et al., 2007).

In Hamzaoui et al. study, elevated CSF levels of IL-15 were seen in patients with NBD
in comparison with the patients with non-inflammatory neurological disease (Hamzaoui
etal., 2000).

CSF levels of some major pro-inflammatory (IL-6, 8, TNF-_and interferon) and anti-
inflammatory (IL-10) cytokines in patients with different subtypes of NBD, In Niino et al.
study, the concentration of macrophage migration inhibitory factor in CSF was significantly
elevated in patients with NBD compared with control group and correlated well with CSF
cell count (Niino et al. , 2000).

Significance of elevation of interleukin 6 in patients with parenchymal NBD was found (A.
Borhani et a.1, 2009).

The level of interleukin-6 dropped when the disease activity subsided.

These changes were in parallel with IgM isotype of anticardiolipin antibodies (Wong et al.,
1992).In Hirohata et al. study 11 patients with progressive NBD showed significant elevation
of CSF interleukin-6 activities in comparison with patients with active BD without
progressive neurological manifestations.

Serum interleukin-6 activities of these groups did not revealed significant difference
(Hirohata et al., 1997).

CSF interleukin-6 levels were used as a parameter for investigation of response of six
patients with NBD to low dose methotrexate.
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After 12 months trial CSF interleukin-6 levels were significantly decreased. However six
months after discontinuation of methotrexate, all patients showed significant exacerbation
evidenced by a decrease in verbal intelligence quotients along with the marked elevation of
CSF interleukin 6( Hirohata et al., 1998).

6.3 MRI

However, there were still limitations in differential diagnosis with tumor, abscess, multiple
sclerosis, and other vasculitis (Joseph et al., 2007; Miller et al., 1987.; Litvan et al., 1987; Mnif
et al., 2006; Neudorfer et al., 1993; Imoto et al., 2002; Tuzgen et al., 2002; Bennet et al., 2004;
A. Tourba et al., 2011).

In Neurobehget's disease, the most common site was brainstem and the next most common
sites were basal ganglia and white matter.

Cerebellar lesion was reported in a few cases (Kocer et al., 1999; Jae-Hyeok et al., 2008).
Patients with a more diffuse meningoencephalitis show hyper intense T2 lesions within the
subcortical white matter of the temporal, frontal, and hypothalamic regions, but the scan
might also be normal.

Patients with spinal cord involvement show a single lesion, which might look like a
demyelinating plaque, but might extend over two or three segments.

Venous sinus thrombosis is readily seen on magnetic resonance venography and brain CT
venography. Patients who present with idiopathic intracranial hypertension have normal
imaging studies (Ak man et al., 2003; Coban et al., 1999; Siva et al., 2009).

7. Treatment

The severe nature of the neurological involvement in BD obligates the innovation of
markers of disease activity or prognosis that can be determined early in the disease
course (Guls et al., 2008). There have no controlled or comparative trials of treatment of
any aspect of neurological involvement in BD. Based on scattered evidence,
corticosteroids and immunosuppressive have proved effective in improving clinical
symptoms of NBD. Remission can be defined as complete or nearly complete absence of
symptoms.

Corticosteroids should be given as infusions of intravenous methylprednisolone: 1g IV daily
for 3 to 5 days followed by prednisone 0.5 to 1 mg/kg/d for acute attacks. Therefore
prevention treatment for early relapses consists of prednisone which must be very gradually
tapered over 2 to 3 months (Siva et al., 2000), followed by a slowly tapering course of oral
steroids (Adnan et al., 2009).

However , there is controversy about the choice of immunosuppressant therapy as
an adjuvant to corticosteroids; immunosuppressive agents or tumor necrosis antagonists
should be used at the same time or later depends on the nature of the disease, its severity,
the response to steroids, and whether the patient has had previous attacks. In the
retrospectives series, immunosuppressive therapy not be used until the second
attack occurs, or if the disease is aggressive. Similarly, no treatment trial has been
undertaken CVT.

For dural sinus thrombosis associated with Behget disease, concurrent use of corticosteroids
and anticoagulants is suggested (Bank et al., 1984). Either intravenous unfractionated
heparin or subcutaneous low-molecular-weight heparin can be used (Siva et al., 2001).
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Some neurologists do not use anticoagulants at all, choosing instead to give steroids and
immunosuppressants alone.

Other neurologists prefer to wuse anticoagulants, but recent data show that
immunosuppressants are underused (Adnan et al., 2009).

In the literature, several immunosuppressive agents were previously reported, such as
Azathioprine, Cyclophosphamide, Chlorambucil, thalidomide and Methotrexate. In most
series, the most used immusupressant were Azathioprine and methotrexate.
Cyclophosphamide (CPM) is only reported in only sporadic cases, and used in second
intention (Homan et al., 2008; Hatemi et al., 2008; Kotter et al., 2005).

More recently, some immunomodulators such as interferon, infliximab and thalidomide
have been used successfully in treating some cases of Neurobehget, but their effectiveness
has been proven with any controlled study (Siva et al., 2009).

In the study by O’'Duffy et al., Chlorambucil with or without corticosteroids was more
effective than corticosteroids alone for meningoencephalitis or recurrent meningitis
(O'Dufty et al., 1984). In the Hirohata et al study, low-dose methotrexate reduced the CSF
interleukin-6 level and seemed to ameliorate the course of neuropsychiatric manifestations
(Hirohata, 1998).

For patients with parenchymal Neurobehget’s disease without any poor prognostic factor,
Azathioprine or methotrexate and corticosteroids are recommended as the first line
treatment. For high risk patients, intravenous Cyclophosphamide and corticosteroids are
recommended (Borhani et al., 2009).

8. Prognosis

Neurobehget’s disease has a high mortality rate, up to 25% within the first year after
developing neurological manifestations (Wolf et al., 1965).

Most patients who have an acute parenchymal inflammatory episode recover well after
steroid treatment. Retrospective series from 10-15 years ago reported a mean of 20-30% of
patients with residual neurological impairments, and a high 10-year mortality of
10% However, non-parenchymal CNS involvement is prominently associated with a better
prognosis than parenchymal CNS involvement (Wechsler et al., 1992; Akman-Demir et al.,
1996; Siva et al., 1997). It should be noted that certain factors influence the course and
prognosis of Neurobehget cases. I a previous reported the most important of these is the
correlation between the acute-stage CSF findings and the clinical cours (Akman-Demir et al.,
1996) normal CSF at the acute stage is associated with a better prognosis, stable course and
less disability, while high cellular and/or protein content is significantly associated with a
worse prognosis (Gu'lsen Akman-Demir et al., 1999)

9. Conclusion

Neurological involvements are actually classified in two categories; a parenchymal and
none parenchymal diseases. Their manifestations come many years after the outset of BD.
The diagnosis is based according to the international criteria of a group study of Behget
disease.

Moreover, clinical manifestations are critical and should be diagnosed earlier. The most
serious involvements are parenchymal and vascular diseases because they engage vital and
functional prognosis.
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Therefore intensive therapy based on corticosteroids anticoagulation therapy and
immunosuppressive only guarantees of improving their prognosis.
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