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PRIMARY ANGIITIS OF THE CENTRAL NERVOUS SYSTEM
— A DIAGNOSTIC CHALLENGE
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SUMMARY - Primary angiitis of the central nervous system (PACNS) is a rare and severe disease
confined to the central nervous system, i.e., the brain and spinal cord. The etiology, pathogenesis and
immune mechanism of PACNS have not yet been completely elucidated. The diagnosis is challenging;
it is based upon constellation of clinical picture, cerebrospinal fluid analysis, imaging methods or tissue
biopsy as the gold standard. In differential diagnosis of PACNS,; it is necessary to rule out infectious, ma-
lignant or systemic inflammatory diseases, as well as reversible cerebral vasoconstriction syndrome. Im-
munosuppressants are cornerstone therapy for PACNS, although evidence-based strategies for the man-
agement are lacking so far. PACNS is an entity with considerable morbidity and mortality. Awareness
of this rare and heterogeneous disease is crucial for establishing early diagnosis and treatment initiation.
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Introduction

Primary angiitis of the central nervous system
(PACNYS) is a rare and severe disease confined to the
central nervous system, i.e., the brain and spinal cord.
It was first described by Harbitz in 1922 as an un-
known form of angiitis in the central nervous system
(CNS), and then, in recent history, in the mid-1950s,
Cravioto and Feigin described several cases of a “non-
infectious granulomatous angiitis” with a predilection
for the nervous system?. By 1986, only 46 cases were
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reported in the English-language medical literature?
and by 2007, the number of described cases increased
over 500 patients. The mean annual incidence of
PACNS is 2.4 cases per 1 million person-years. The
disease mainly affects male patients with a median oc-
currence at around 50 years of age®.

The etiology of PACNS has not yet been conclu-
sively elucidated, but it is believed that due to the inter-
action between several endogenous and environmental
factors, activation of the immune system and inflam-
matory infiltration of blood vessel walls occurs. As a
result, vascular damage causes ischemia and infarction
or intracranial hemorrhage’. Infectious agents, viruses
and bacteria, such as varicella-zoster virus (VZV), cy-
tomegalovirus (CMV'), West Nile virus, and Mycoplas-
ma gallisepticum have been proposed as the etiologic
factors in PACNS®”#, as well as amyloid deposits in
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vessel walls, which can act as a potential trigger in the
immune system’. Memory T-cells have been suggested
to be involved in the immune mechanisms, with a pre-
dominance of activated T lymphocytes (CD45R0+) in
and around blood vessels’. Most often, PACNS affects
blood vessels in the cerebral cortex and leptomeninges.

Headache is a predominant clinical symptom in
central angiitis, reported by about 60% of patients.
Headache is usually chronic, progressive, and insidious
in its onset. About 50% of patients report cognitive
impairment while focal neurological deficits such as
hemiparesis, ataxia, aphasia, dysarthria, or visual dis-
turbances are reported less commonly. Strokes, if pres-
ent, are usually multiple and bilateral. Furthermore,
encephalopathy, seizures, or rarely signs and symptoms
of spinal cord affection (5% of patients) are reported.
According to clinical presentation, it can be indirect-
ly concluded whether large or small blood vessels are
affected. In the case of involvement of large blood
vessels, symptoms similar to a stroke with focal neu-
rological deficits predominate, while in the case of in-
volvement of smaller blood vessels, symptoms related
to the loss of cognitive functions, encephalopathy, and
epileptic seizures are more common'®!".

Methods

Preparing this review article, the authors performed
a comprehensive search through Scopus, Web of Sci-
ence, and PubMed/MEDLINE databases using the
following keywords: vasculitis, central nervous system,
immunosuppression therapy, chosen from the MeSH
terms. The filter was used to select papers published
within the last 15 years; however, older publications
were also taken into account if scientifically funda-
mental. The literature review included both original
articles and case reports.

Diagnostics

The diagnosis of PACNS is challenging, so mul-
tidisciplinary approach based upon constellation of
clinical picture, analysis of cerebrospinal fluid (CSF)
and imaging methods (magnetic resonance imaging
(MRI), magnetic resonance angiography) (MRA) or
conventional angiography) is often necessary. If clin-
ical picture together with imaging findings is incon-
clusive, it is obligatory to perform brain biopsy with
its typical histopathologic findings. Laboratory test-
ing, including acute phase reactants and immunolog-
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ic serologic assays, is usually normal. The purpose of
these tests is to exclude an eventually underlying sys-
temic disease, e.g., collagenosis, systemic vasculitis,
etc. Lumbar punction is a crucial procedure in eval-
uating patients with suspected PACNS. CSF finding
is abnormal in 80%-90% of patients*. Typical CSF
finding is modest lymphocytic pleocytosis and/or el-
evated protein level (proteinorachia). If CSF analysis
is normal (number of cells <5/mcL or proteins <45
mg/dL), one should consider another possible diag-
nosis'. Some authors find CSF analysis as a useful
method for treatment evaluation and monitoring’.
In all patients with suspected PACNS, brain MRI
should be performed. MRI shows nonspecific abnor-
malities in more than 90% of patients with PACNS,
so it should be interpreted in the context of clini-
cal picture and other diagnostic tests*. Typical MRI
findings (Figs. 1, 2 and 3) in PACNS are multifocal
bilateral lesions in T2 or FLAIR sequence in the cor-
tical and subcortical region, but also in deep white
and grey matter (basal ganglia)”®. Enhanced contrast
imbibition in leptomeninges suggests the possible
involvement of small blood vessels. It should be em-
phasized that the probability of a PACNS diagnosis
with a negative CSF finding is very low. In the case of

Fig. 1. Magnetic resonance imaging, 2 sequence: supra-
tentorial region, hyperintense punctiform lesions.
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Fig. 2. Magnetic resonance imaging, 2 sequence: cerebel-  Fig. 3. Magnetic resonance imaging, T2 sequence: coro-
lum, hyperintense punctiform lesions. nary section, hyperintense punctiform lesions.
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Fig. 4. Diagnostic algorithm in suspected primary angiitis of the central nervous system.

PACNS = primary angiitis of the central nervous system; MRI = magnetic resonance imaging; CNS = central nervous system
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suspicious changes on MRI, which are in correlation
with the clinical picture or with the CSF analysis, it is
necessary to consider further diagnostic work up. The
rational approach is to start with less invasive methods,
i.e., with MRA. This imaging modality detects chang-
es mainly in larger blood vessels in the form of wall
thickening and intramural post-contrast imbibition as
a sign of active vasculitis. High-resolution MRA can
distinguish intracranial atherosclerotic plaques (ec-
centric) and inflammatory (concentric) changes in the
blood vessel wall*. MRA is limited in detecting both
lesions localized in the posterior circulation and in dis-
tal (small) arteries®. In these cases, conventional an-
giography represents a method that is more sensitive.
Its sensitivity ranges between 40% and 90%, while the
specificity of this technique is around 30%". Standard
angiography often appears normal in vasculitis affect-
ing small blood vessels beyond angiographic resolution
(arteries <500 pm in diameter)'. In patients with nor-
mal angiography findings but with reasonable suspi-
cion of PACNS based on the clinical picture, MRI of
the brain and CSF analysis, it is mandatory to perform
brain biopsy. Most authors believe that brain biop-
sy is the only way to establish a reliable diagnosis of
PACNS, while patients who have positive angiograph-
ic finding without performed biopsy are considered to
have a probable diagnosis of PACNS (Fig. 4). The gold
standard for diagnosis of PACNS is biopsy of the brain

and meninges. The procedure itself is safe, and the risk
of neurological impairment in experienced centers is
estimated to be only 1%. An optimal biopsy sample
should include part of the dura, leptomeningeal tissue,
cortex, and white matter. A positive biopsy confirms
vasculitis and excludes PACNS mimicking and other
diseases. The characteristic histopathologic finding is
transmural inflammation with secondary injury of the
vessel wall of the small- or medium-sized arteries of
the leptomeninges or brain parenchyma. The sensitiv-
ity of biopsy for PACNS is 53%-63%. It is reduced
because of the presence of skipping lesions due to fo-
cal and segmental distribution of the disease. In order
to increase diagnostic yield, it is advisable to perform
biopsy of the areas of imaging abnormality, i.e., pia
mater. There are 3 main histopathologic patterns in
the brains affected by PACNS'". 'The most common
pattern is granulomatous vasculitis (58% of cases) with
a characteristic feature of mononuclear inflammato-
ry infiltrate and granulomas. Biopsy samples of this
vasculitis group can show extensive beta-A4 amyloid
deposition in tunica media and tunica adventitia of the
small leptomeningeal and cortical arteries. The second
most prevalent pattern of PACNS is lymphocytic vas-
culitis (28% of cases) characterized by lymphocytic
infiltration of vessel walls with consequent deformi-
ties and possible destruction of blood vessels. Necro-
tizing vasculitis is found in 14% of patients. Its feature

Table 1. Diagnostic criteria proposed by Calabrese and Mallek in 1988. A diagnosis of primary central nervous system

vasculitis is made if all the criteria below are satisfied

thorough initial basic evaluation

features could be secondary

1) A history or clinical findings of an acquired neurological deficit, which remained unexplained after a

2) Either classic angiographic or histopathologic features of vasculitis within the central nervous system

3) No evidence of systemic vasculitis or of any other condition to which the angiographic or pathologic

Table 2. Diagnostic criteria proposed by Birnbaum and Hellmann in 2009

Definitive diagnosis

Probable diagnosis

* Confirmation of vasculitis on analysis of a tissue biopsy specimen

* In the absence of tissue confirmation, high probability of finding of vasculitis on an angiogram, with

abnormal findings on MRI, and CSF profile consistent with PCNSV

MRI = magnetic resonance imaging; CSF = cerebrospinal fluid; PCNSV = primary central nervous system vasculitis
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is transmural fibrinoid necrosis, which possibly leads
to vascular rupture with concomitant hemorrhage®.
Based upon data from the literature and their own
experiences, Calabrese and Mallek proposed diagnos-
tic criteria for PACNS in 1988. The diagnosis can be
made if 3 major criteria are met (Table 1)°. In 2009,
Birnbaum and Hellmann proposed modified diagnos-
tic criteria according to which a diagnosis can only be
made in those patients in whom the disease is proven

by histopathologic findings (Table 2).

Differential Diagnosis

The possible differential diagnosis is of great im-
portance and represents a challenge for the clinician.
It is necessary to rule out infection, systemic vasculitis,
other systemic rheumatic diseases, as well as demye-
linating, lymphoproliferative and many other diseases’.

The major infectious agents of concern are the fol-
lowing:

— bacteria and mycobacteria: Treponema pall-
idum, Borrelia burgdorferi, Mycobacterium tu-
berculosis, Bartonella species, Bartonella hense-
lae, Rickettsia species;

— viruses: herpesviruses (varicella zoster, cyto-
megalovirus), hepatitis B and C viruses, hu-
man immunodeficiency virus; and

— fungi and parasites: Aspergillus, Coccidioides,
Histoplasma species, Candida species, Cystic-
ercosis

Systemic vasculitides that most often involve brain
are Behget syndrome, polyarteritis nodosa, granulo-
matosis with polyangiitis, eosinophilic granulomatosis
with polyangiitis, giant cell arteritis, Takayasu’s arteri-
tis, and cryoglobulinemic vasculitis.

Systemic rheumatic diseases also should be taken
into account as differential diagnosis, e.g., systemic
lupus erythematosus, mixed connective tissue disease,
dermatomyositis, rheumatoid arthritis, Sjogren’s syn-
drome, and antiphospholipid syndrome.

A number of other diseases could be included
in differential diagnosis of PACNS, such as prima-
ry demyelinating diseases of the CNS, nonvasculitic
autoimmune inflammatory meningoencephalitis, ath-
erosclerosis, multiple cerebral emboli, bacterial throm-
botic endocarditis, intravascular lymphoma, neurosar-
coidosis, paraneoplastic and autoimmune encephalitis,
Susac’s syndrome, Sneddon’s syndrome, mitochondrial
encephalopathy, cerebroretinal vasculopathy, moyam-
oya disease, Creutzfeldt-Jacob disease, drug induced
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vasculitis (cocaine, amphetamine, ephedrine, phenyl-
propanolamine)™®.

Most authors primarily emphasize the importance
of recognizing reversible cerebral vasoconstriction
syndrome (RCVS) in the differential diagnosis. It is
characterized by recurrent thunderclap headache with
or without neurological symptoms in addition to re-
versible multifocal vasoconstriction of cerebral arteries.
The clinical course is mostly benign, although major
cerebral infarctions and permanent damage or death
are possible. RCVS occurs predominantly in young
female patients due to predisposing conditions acting
as provoking factors, including pregnancy, migraine,
use of vasoconstrictive medications or drugs (selective
serotonin reuptake inhibitors, cocaine), hypercalcemia,
neurosurgical procedures, etc. In RCVS, CSF analysis
is mostly normal, unlike PACNS. Angiographic find-
ings are often difficult to distinguish between these
two diseases, but significant in differential diagnosis
is complete resolution of angiographic findings after 3
months in patients with RCV S22,

Treatment

In most patients diagnosed with PACNS,; it is nec-
essary to start induction therapy with methylpredniso-
lone pulses (1000 mg daily for 3-5 days), while others,
with either slowly progressive disease, or those without
cerebral infarcts and other major vascular damages, can
be treated with oral prednisone at a dose of 1 mg/kg
per day™*,

In more severe cases, it is required to add an addi-
tional immunosuppressive drug in remission induction
strategy along with high-dose intravenous glucocorti-
coids. Cyclophosphamide is usually the immunosup-
pressant of choice, administered either as an oral dose
(2 mg/kg daily for 3-6 months) or as intravenous pulse
(0.75 g/m? monthly for 6 months). As a second line, rit-
uximab can be administered at a regimen of 375 mg/m?
weekly for 4 weeks. Individual cases of treatment with
tumor necrosis factor inhibitors (mostly infliximab and
etanercept) are described in the literature--7,

Induction therapy is effective in a large number of
patients, but despite a good therapeutic response, dis-
ease relapses are common, thus continuation of treat-
ment with maintenance therapy reduces the possibility
of disease relapse. In maintenance therapy, a low dose
of prednisone is most often used in combination with
azathioprine (1-2 mg/kg daily), mycophenolate mofetil
(1-2 g daily) or methotrexate (20-25 mg/week).
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According to data from the literature, most pa-
tients were treated for a period of at least 24 months,
but there are no distinct recommendations on the du-
ration of therapy; it should be individualized to each
patient based upon clinical picture?.

In conclusion, PACNS is a rare and severe disease
of the CNS, which represents a diagnostic challenge
for the clinician and requires a multidisciplinary ap-
proach to the patient (neurologist, clinical immunolo-
gist/theumatologist, and neuroradiologist). We would
like to emphasize that it is very important to eliminate
differential diagnostic dilemmas, primarily infectious
and malignant diseases, due to different therapeutic
approach to these entities.

Early diagnosis of PACNS and aggressive treat-
ment with immunosuppressive therapy prevents severe
neurological complications and reduces the rate of dis-
ability and mortality.

The existence of a diagnostic algorithm and guide-
lines for the treatment of this disease would certainly
improve both the recognition and treatment of this
rare and life-threatening disease. Advances in neuro-
imaging, as well as in molecular diagnostic methods,
such as genome sequencing, open up new possibilities
in the diagnosis and follow up of these patients.
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PRIMARNI VASKULITIS SREDISNJEGA ZIVCANOG SUSTAVA - DIJAGNOSTICKI IZAZOV

J- Mitrovié, M. Golob i I. Lazibat

Primarni vaskulitis sredinjega Zivéanog sustava (PVSZS) je rijetka i teska bolest ograni¢ena na sredinji Zivéani sustav, j.

mozak i lednu mozdinu. Etiologija, patogeneza i imuni mehanizam PVSZS-a jos nisu u potpunosti razjasnjeni. Dijagnoza
je zahtjevna i postavlja se na temelju klinicke slike, nalaza lumbalne punkcije, slikovnih metoda ili biopsije tkiva kao zlatnog
standarda. U diferencijalnoj dijagnozi PVSZS-a potrebno je iskljuciti infektivne, maligne ili sistemske upalne bolesti, kao
i reverzibilni vazokonstrikcijski sindrom. Imunosupresivi su temelj terapije, iako zasad nema jasnih smjernica i preporuka
za lijeGenje ove bolesti. PVSZS je entitet sa znacajnim pobolom i smrtnoséu. Svijest o ovoj rijetkoj bolesti slozene klinicke
prezentacije klju¢na je za postavljanje rane dijagnoze i pocetak lijecenja.
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