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Introduction: Primary central nervous system vasculitis (PCNSV) is a
rare inflammatory arteriopathy confined to the brain, spinal cord, and
leptomeninges. Because of its nonspecific presentation and difficulties
in making a positive diagnosis, empiric treatment is often instituted.

Case Series: We report a case series of 5 patients who were admitted
or transferred to the Johns Hopkins Hospital with a clinical history and
magnetic resonance imaging findings suggestive of PCNSV. Four pa-
tients had received at least 1 course of immunosuppression with high-
dose intravenous (IV) corticosteroids and/or a corticosteroid-sparing
agent. Each underwent an extensive workup including 4-vessel cere-
bral angiography and, in the majority of cases, brain biopsy to evaluate
for mimics of PCNSV. In each of the 5 cases, an alternative diagnosis
was found.

Conclusions: We propose a cautious, multistep approach to the di-
agnosis of PCNSV, which takes into account more common diagnoses
and avoids the pitfalls of empiric treatment.
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Primary central nervous system vasculitis (PCNSV) is a rare
inflammatory arteriopathy confined to the brain, spinal

cord, and leptomeninges. Diagnostic criteria include newly
acquired neurological deficits, unexplained by another central
nervous system (CNS) or systemic process, in the presence of a
highly suggestive angiogram and/or biopsy.1,2 There are few
cases each year 3 making further characterization and correct
diagnosis difficult.

True PCNSV is devastating. It is typically insidious in
onset and progressive, presenting around the fourth decade of
life.4 Classically, patients report progressive headache and
encephalopathy.5 They have multiple radiographic lesions in
varying vascular distributions on neuroimaging that can be
both ischemic and hemorrhagic in nature. Tertiary referral
centers regularly evaluate patients with atypical presentations
in whom the diagnosis of “CNS vasculitis” is entertained.
Because of this, and that the most common symptoms of
vasculitis are relatively nonspecific, the average time to diag-
nosis can be several months.4 Given the presence of ischemia

and/or hemorrhage, CNS vasculitis is often included on the
differential diagnosis of stroke.

A major diagnostic challenge is the similarity between
CNS vasculitis and other more common disease mimics. Intra-
cranial atherosclerosis and reversible cerebral vasoconstriction
syndrome (RCVS) are far more common disorders6,7 and often
misdiagnosed, as we illustrate below. Other mimics include
CNS lymphoma, neurosarcoidosis, multiple sclerosis, fibro-
muscular dysplasia, hypercoaguable states (ie, antiphospholipid
antibody syndrome), amyloid angiopathy, and malignancy.8–12

CNS infections and changes secondary to drug exposure and
radiation can also have similar clinical presentations and
imaging findings. The frequency of their occurrence is sig-
nificantly higher than CNS vasculitis.4

Although CNS vasculitis requires expeditious diagnosis
and treatment, the empiric use of immunosuppressive agents to
treat suspected cases also poses risk. The typical treatment is
an initial pulse of high-dose corticosteroids followed by a
prolonged taper, and/or a corticosteroid-sparing agent. Long-
term corticosteroid use is associated with weight gain, hyper-
tension, dyslipidemia, peptic ulcer disease, diabetes, and
avascular necrosis.13 Chronic immunosuppression can lead to
increased risk of infection or malignancy.13 Furthermore,
empiric corticosteroid administration may result in falsely
negative serologic and imaging markers (eg, enhancement),
thereby obscuring the correct diagnosis.

Brain biopsy, along with serologic/CSF studies and
imaging, are critical in the evaluation of patients with sus-
pected CNS vasculitis. They are particularly useful in the di-
agnosis of more common disease mimics.14 In the past, the risk
of brain biopsy, coupled with poor diagnostic yield, out-
weighed its benefit as a diagnostic tool. Patients with suspected
CNS vasculitis were instead placed on a trial of corticosteroids.
However, with advancements in neurosurgical techniques, the
complication rate for a routine brain biopsy has been sig-
nificantly reduced,15 and more sophisticated neuroimaging
techniques now allow the surgeon to biopsy tissue directly
from an affected area.

We report a small case series of patients empirically
treated for suspected CNS vasculitis, who were found to have
other diseases by biopsy or autopsy (see Table 1 for an over-
view of patient characteristics).

CASE 1
A 66-year-old woman with a history of hypertension and hy-

percholesterolemia was transferred to Johns Hopkins Hospital with
left-sided weakness and altered mental status after magnetic resonance
imaging (MRI) revealed multiple acute infarcts in the cerebellar
hemispheres bilaterally and magnetic resonance angiogram (MRA)
demonstrated stenosis of the bilateral carotid arteries, vertebral ar-
teries, and right middle cerebral artery/anterior cerebral arteries. She
was treated empirically with high-dose IV methylprednisolone and
cyclophosphamide for presumed CNS vasculitis before transfer.
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Five months earlier she had been diagnosed with polymyalgia
rheumatica after presenting with joint pain and an elevated eryth-
rosedimentation rate (ESR) (90 mm/h). After 3 months she developed
visual deficits and an MRI showed acute right occipital and cerebellar
strokes. A temporal artery biopsy was obtained to evaluate for giant
cell arteritis which was negative. A cerebral angiogram revealed
a stricture of the right vertebral artery “suggestive of vasculitis.”
A rheumatologic workup was negative. She was treated with clopi-
dogrel and IV methylprednisolone for 3 days.

Once she was transferred to Johns Hopkins Hospital, a repeat
cerebral angiogram was performed that showed multifocal vascular
stenoses (Fig. 1A). There was involvement of the proximal, medium to
large-sized vessels with sparing of the cortical vessels most consistent
with atherosclerotic disease and not vasculitis. The cavernous portion of
the right internal carotid artery was the most severe and the artery was
stented. The procedure was complicated by diffuse subarachnoid
hemorrhage and hemorrhage in the left frontoparietal area, right tha-
lamus, and right cerebellum. She subsequently died. Autopsy confirmed
atherosclerosis of the carotid arteries and no evidence of vasculitis.

CASE 2
A 59-year-old man with a history of hypertension developed

acute onset left-sided numbness and altered mental status. He was

diagnosed clinically with a stroke. When symptoms progressed 2 months
later, he was reevaluated and diagnosed with acute disseminated ence-
phalomyelitis given multiple areas of T2/FLAIR hyperintensity on MRI.
He improved with high-dose IV methylprednisolone, but 3 months later
presented with a new episode of right-sided weakness, altered mental
status, vertigo, and imbalance. A repeat MRI of the brain revealed new
bilateral hyperintensities involving the periventricular white matter,
thalami, brainstem, and left cerebellum; minimal gyriform enhancement;
and no restricted diffusion or mass effect. Evaluation for infection,
malignancy, and a hypercoaguable state was negative. Lumbar puncture
(LP) revealed 6 WBC/cu mm with normal glucose and protein. The
possibility of vasculitis was entertained given his progressive course.
A cerebral angiogram demonstrated diffuse intracranial vasculopathy
consistent with CNS vasculitis (Fig. 1B). He was treated empirically
with 5 days of IV methylprednisolone. A rheumatologic workup was
negative. Brain biopsy showed areas of infarction, but no evidence of
vasculitis. Nevertheless, given the high clinical suspicion, he was started
on a prednisone taper and discharged to rehabilitation.

Symptoms worsened over the ensuing months despite im-
munosupression. New deficits included loss of visual acuity and severe
recurrent headaches prompting readmission. MRI showed right tem-
poral lobe encephalomalacia and worsening of his bilateral lesions.
Workup remained unremarkable. This admission was complicated by
urosepsis that proved fatal. Autopsy showed thickening of the vessel

TABLE 1. Patient Characteristics

Case

Presenting

Symptoms MRI Findings Angiogram Results Immunosuppression Final Diagnosis

1 First: Visual deficits
Second: Left-sided

weakness, altered
mental status

First: Acute right occipital and
cerebellar strokes

Second: Multiple acute infarcts in
the bilateral cerebellar
hemispheres with stenosis of
multiple large arteries

First: Stricture of the right
vertebral artery

Second: Multifocal vascular
stenoses of the proximal
vessels with sparing of the
cortical vessels

2 courses of high-dose
IV
methylprednisolone

Cyclophosphamide

Atherosclerosis

2 First: Left-sided
numbness, altered
mental status

Second: Right-sided
weakness, altered
mental status,
vertigo

Third: Headache,
loss of vision

First: Multiple bilateral T2/
FLAIR hyperintensities

Second: New bilateral
hyperintensities involving deep
gray and white matter

Third: Worsening bilateral
lesions

Diffuse intracranial
vasculopathy

2-5 d courses of high-
dose IV
methylprednisolone

Steroid taper

Arteriolosclerosis

3 First: Bilateral
hearing loss, word
finding difficulty

Second: Worsening
symptoms with
altered mental
status

First: FLAIR abnormalities of
Heschl gyri and left temporal
lobe, susceptibility artifact and
diffusion restriction in the
central pons and right occipital
lobe

Second: Bitemporal lobe
enhancement

Third: New bilateral FLAIR
hyperintensities with
hemorrhage

Subtle multifocal distal small
vessel caliber changes
bilaterally

2-5 d courses of high-
dose IV
methylprednisolone

Mycophenolate mofetil
Steroid taper

Diffuse large
B-cell
lymphoma

4 First: Headache,
confusion,
memory problems

Second: Worsening
cognition

Third: Headache

First: Left frontal intracranial
hemorrhage

Second: SAH
Third: Progression of hemorrhage
Fourth: Right frontal SAH

Normal:No vasculopathy or
aneurysm

Cerebral amyloid
angiopathy

5 First: Headache
Second: Right-sided

hemiparesis,
expressive
aphasia

First: Diffuse gyral enhancement
Second: Left posterior parietal

lobe infarct
Third: Right occipital lobe infarct

Multifocal areas of alternating
dilatation and constriction

High-dose IV
methylprednisolone

Cyclophosphamide

Reversible
cerebral
vasoconstric-
tion syndrome

Five similar presentations concerning for central nervous system vasculitis. Four alternative diagnoses found.
MRI indicates magnetic resonance imaging; SAH, subarachnoid hemorrhage.
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walls consistent with arteriolosclerosis and no evidence of vascular
inflammation.

CASE 3
A 64-year-old woman was transferred to Johns Hopkins Hospital

with 3 weeks of bilateral hearing loss and word finding difficulty. MRI
revealed regions of increased T2/FLAIR signal bilaterally involving
Heschl gyri and the left temporal lobe; susceptibility artifact in the
bilateral superior temporal gyri; and diffusion restriction in the central
pons and right occipital lobe. MRA and magnetic resonance venography
were unremarkable. LP revealed 8 WBC/cu mm (lymphocytic predom-
inance) with normal glucose and protein. Cerebrospinal fluid (CSF)
cytopathology revealed no evidence of malignancy. A chest CT showed
nodular pleural thickening of the posterior lung bases with 2 small
pleural-based nodules that were fludeoxyglucose-positron emission to-
mography negative. A cerebral angiogram showed subtle multifocal
distal small vessel caliber changes bilaterally (Fig. 1C). The possibility
of vasculitis was entertained. A rheumatologic workup was negative.
She was treated empirically with high-dose IV methylprednisolone and
discharged home on mycophenolate mofetil and a corticosteroid taper.

Three weeks after tapering her prednisone, she developed wor-
sening word finding difficulty, hearing loss, and altered mental status.
Repeat MRI showed no new areas of diffusion restriction, but bi-
temporal enhancement. She was treated with a second course of IV
methylprednisolone for 5 days and sent home on a corticosteroid taper.
Despite immunosuppressive therapy, the patient continued to present
monthly with recurrent symptoms, correlating with evolving lesions.

Four months later, she presented with increasing dyspnea. Chest
CT revealed opacities in the left lower lobe of the lung, and echo-
cardiogram showed severe pulmonary hypertension. Pulmonary wedge
resection revealed intravascular diffuse large B-cell lymphoma. Che-
motherapy was initiated and her prednisone and mycophenolate were
discontinued. Since starting the treatment, her neurological symptoms
have completely resolved.

CASE 4
A 69-year-old woman with a history of mild hypertension de-

veloped persistent headache, confusion, and memory problems. Head
CT was normal. Over the course of a month, her headache and cog-
nitive impairment worsened. She was admitted twice. Initial head CT
showed a left frontal intracranial hemorrhage. The second CT showed
a new subarachnoid component (SAH). A cerebral angiogram showed
no evidence of aneurysm or vascular malformation. She had no coa-
gulopathy. One month later she again presented with headache. CT
showed progression of her hemorrhage. CT venogram was negative for
thrombosis. MRI/MRA showed new blood in the subcortical paren-
chyma with no evidence of microbleeds. CSF protein was elevated at
82 mg/dL, with 15 WBC/cu mm but negative viral polymerase chain
reaction and cultures. ESR was elevated at 56 mm/hr. A repeat cerebral
angiogram showed “no evidence of vasculitis.” Despite the negative
angiogram, given her clinical course and recurrent symptoms, vascu-
litis remained high on the differential diagnosis. A rheumatologic
workup was negative. There was no evidence of malignancy. When she
presented again a month later with a new right frontal SAH, a brain
biopsy was performed that diagnosed amyloid angiopathy.

FIGURE 1. Conventional angiograms all read as “consistent with vasculitis.” A, Intracranial atherosclerosis (case 1): left internal carotid
involvement with sparing of the cortical vessels. B, Intracranial atherosclerosis (case 2): multiple short lesions (“rat bites”) with post-
stenotic dilatations. C, Intravascular lymphoma (case 3): subtle, multifocal distal small vessel caliber changes. D, Reversible cerebral
vasoconstriction syndrome (case 5): diffuse, multifocal areas of alternating dilatation and constriction.
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CASE 5
A 40-year-old woman with a history of migraine and depression,

recently started on an selective serotonin re-uptake inhibitors, was
transferred to Johns Hopkins Hospital with acute onset headache, right-
sided hemiparesis, and expressive aphasia. Two weeks earlier she had
developed “the worst headache of her life” during intercourse, with
associated vomiting and photophobia. A head CT showed no intra-
cranial abnormality and CSF analysis revealed only 2 RBC/cu mm and
1 WBC/cu mm with normal protein and glucose. MRI showed diffuse
gyral enhancement “concerning for possible vasculitis.” MR venogram
was negative for sinus venous thrombosis. ESR and C reactive protein
were normal. A rheumatologic workup was normal. After a week of
persistent headache and stable MRI, she was treated for presumed
status migrainosus with prednisone and sumatriptan. Days later she
developed acute onset right-sided weakness. MRI revealed a left
posterior parietal lobe infarct. She underwent a complete stroke eval-
uation, which included a hypercoagulability workup and echocardio-
gram with bubble study, all of which were negative. She was started on
IV methylprednisolone after a conventional angiogram was “consistent
with vasculitis.” She then developed word finding difficulty, prompting
initiation of cyclophosphamide and transfer to Johns Hopkins Hospital.

Repeat MRI showed a bilateral perfusion deficit and an evolving
stoke in the left parietal region. Her angiogram was reviewed and a
diagnosis of RCVS was considered based on the presence of multifocal
areas of alternating dilatation and constriction (Fig. 1D).16 The se-
lective serotonin re-uptake inhibitors and sumatriptan were dis-
continued in favor of IV magnesium and a calcium channel blocker
(verapamil). With the treatment, the elevated middle cerebral artery
velocities seen on transcranial doppler normalized. Her clinical ex-
amination remained stable, however, a repeat MRI showed a new in-
farct in the right occipital lobe and areas of perfusion/diffusion
mismatch. Despite induced hypertension, she developed a herniation
syndrome requiring hemicraniectomy. Over time she began to im-
prove. She was continued on verapamil for treatment of RCVS.

DISCUSSION
PCNSV is rare and often extremely difficult to correctly

diagnose. Neuroimaging techniques (CT, MRI, PET, single
photon emission computed tomography) have a poorly defined
sensitivity and specificity17–19 mainly because biopsy, the gold
standard, is not easily obtained, and there are not enough pa-
tients identified with the diagnosis for comparison. ESR and
acute phase reactants are often normal, as are CSF studies. If
seen, a mild leukocytosis with elevated protein4,20 can be
helpful in differentiating vasculitis from RCVS.16,21 Currently,
the diagnosis of CNS vasculitis hinges on clinical suspicion
plus a highly suggestive angiogram or biopsy. As angiogram is
less invasive, it is often favored. Many clinicians will proceed
with treatment based on a positive angiogram alone.5

This diagnostic strategy is not without problems. An-
giography has a poor sensitivity and specificity (see Table 2 for
the sensitivities and specificities of the diagnostic tests for
vasculitis) for diagnosing vasculitis.22–24 There is a lack of
diagnostic criteria,17,18,25 and angiograms can be “normal” in
over one third of biopsy-proven cases.26 In 101 patients di-
agnosed with CNS vasculitis at the Mayo Clinic, the largest
case series to date, 8 were biopsy positive with negative an-
giograms.4 This may be due to the fact that CNS vasculitis
typically affects small vessels where angiography is not sen-
sitive enough to make the diagnosis. Alternatively, as illus-
trated by our patients, the angiogram can be suggestive of a
vasculitis when there is an alternative diagnosis.

Although cerebral angiography does have limitations, in
the right clinical setting it can help to remove vasculitis from
consideration. Intracranial atherosclerosis and RCVS are 2
such examples. In a patient with multiple atherosclerotic risk
factors, certain features can be useful to help differentiate the

2. Atherosclerotic disease usually has well defined, shorter
lesions (“rat-bites”), and is more likely to occur at branch
points, with poststenotic dilatations. Atherosclerotic lesions
also tend to be eccentric. Vasculitic vessels usually appear
smoother, with prolonged narrowing occurring independent of
branch points. Distal involvement with proximal sparing is
more consistent with vasculitis, as are closely spaced skip le-
sions and tapered lesions. Moreover, venous involvement is
highly suggestive of an inflammatory phenomenon. Between
January 1, 2010 and June 30, 2010, 12 angiograms were per-
formed at Johns Hopkins Hospital to specifically evaluate for
CNS vasculitis. Only 2 were suggestive of a vasculitic process.
Before undergoing angiography, another 3 patients carried the
diagnosis of vasculitis. In all 3, the angiogram was convincing
for atherosclerosis.

RCVS can also be diagnosed on angiogram despite the
fact that it can mimic features of vasculitis.27 As with athero-
sclerosis, angiography should be used only to support the
clinical suspicion. Cases of RCVS tend to present more acutely,
with sudden onset headache that occurs after exertion, orgasm,
or the use of serotoninergic agents.16,21 Cases of vasculitis tend
to be more subacute in presentation, with gradual worsening of
deficits over time. Though contradicting opinions exist, some
have suggested that vasculitis may more commonly result in
infarction and to a lesser extent intracranial hemorrhage. The
MRI for RCVS more commonly is normal or shows evidence
of intracranial or SAH.7,28,16 CSF is typically unremarkable. On
angiogram, these patients tend to have areas of stenosis or
vasospasm diffusely. In addition, it has been reported that im-
provement with intra-arterial injection of calcium channel
blockers may help differentiate RCVS from static vasculo-
pathies.29 Ultimately, if the diagnosis is suspected but unclear,
repeat vascular imaging [by whatever modality was used to
make the initial diagnosis (MRA, computed tomography angio-
gram, conventional angiogram)] in 12 weeks should show
resolution of the abnormalities in RCVS.21

In cases in which clinical history and angiogram are in-
sufficient to make a clear diagnosis, brain biopsy is useful.
Unfortunately, it is more invasive, and may be negative (in up
to one third of cases26) despite convincing angiography, clin-
ical presentation, and eventual autopsy confirmation. This may
be because the disease is patchy1 or the pathology does not
extend to the surface of the brain where the tissue is obtained.4

In the Mayo Clinic case series, there were 18 cases of vascu-
litis diagnosed on angiogram that went on to have negative
brain biopsies. Of the 41 cases biopsied at Johns Hopkins

TABLE 2. Diagnostic Tests24

Diagnostic

Test

Sensitivity

(%)

Positive

Predictive

Value (%)

Specificity

(%)

Negative

Predictive

Value (%)

Lumbar
puncture

* * * *

Magnetic
resonance
imaging

83 43 19 60

Conventional
angiogram

78 37 14 50

Brain biopsy 83 100 100 90

*Predominantly used to find alternative diagnosis.
No existing data for CTA or MRA.
The sensitivities, specificities, and predictive values of the diagnostic tests

for central nervous system vasculitis.
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Hospital from 1986 to 2006, none were positive for vasculitis.
Only 7 revealed other diagnoses.30 In 1997, Javedan and
Tamargo31 reported that in general only 20% of brain biopsies
are diagnostic for any disease. Fortunately, that number is
higher today given our ability to bring neuroimaging into the
operating room and biopsy precisely at the location of MRI
abnormality. In a more recent case series of 61 patients re-
ferred for brain biopsy with the suspicion of CNS vasculitis,
alternative diagnoses were made in 24.32

The accurate diagnosis of PCNSV is difficult even with
cerebral angiography and brain biopsy. Faced with this reality,
many clinicians choose empiric treatment. Our case series
demonstrates that this approach is flawed due to the greater
likelihood that a given patient will have a condition that
mimics CNS vasculitis.33 We propose a multistep approach to
the diagnosis, recognizing that the greatest value of cerebral
angiography and biopsy may be in finding an alternate cause;
with a biopsy-proven diagnosis required before treatment with
chronic immunosuppressive agents.

APPROACH TO THE PATIENT
Two thirds of strokes are easily explained by identifiable

risk factors; the most common being atherosclerotic disease
followed by cardioembolism.34 The patient with long-standing
hypertension, hyperlipidemia, atrial fibrillation, and diabetes
presenting with stroke should not routinely be worked up for
CNS vasculitis. Alternatively, stroke patients presenting
without the typical risk factors, or those with recurrent infarcts,
should prompt an expanded evaluation that is directed by the
history and individual characteristics of the patient. A com-
plete blood count, ESR, and cultures can show evidence of
infection or malignancy. A rheumatologic panel can reveal an
underlying inflammatory process. In an older patient, MRI
should include a gradient echo sequence to evaluate for mi-
crobleeds that could indicate amyloid angiopathy. In younger
patients, an echocardiogram is instrumental to evaluate for a
vegetation or patent foramen ovale that may predispose them
to embolic events. If a patent foramen ovale exists, in this
patient population a lower extremity duplex scan can be con-
sidered, and a venous and arterial hypercoaguability workup.

Unfortunately, cryptogenic strokes account for a frus-
tratingly large number of ischemic events (up to 30%34). New
studies suggest that up to 20% of cryptogenic stroke patients
may have paroxysmal atrial fibrillation; therefore, in a patient
with cryptogenic stroke and the suspicion of cardiac embolism
as the underlying etiology a 30-day event monitor should also
be considered as an outpatient.35 The same is not true for CNS
vasculitis. Along with cervical artery dissections, non-
atherosclerotic vasculopathies, systemic vasculitis, and colla-
gen vascular disease, CNS vasculitis combines to account for
only 5% of all strokes. For this reason, not all patients with
cryptogenic stroke should proceed directly to angiography for
evaluation. If the diagnosis is cryptogenic stroke, antiplatelet
therapy and risk factor modification is the treatment of choice.

If no underlying etiology is found and the patient con-
tinues to have recurrent events, vasculitis should be placed on
the differential diagnostic list and a conventional 4-vessel
cerebral angiogram performed. However, the list of differential
diagnoses remains long. A LP should be performed to look at
cell counts, protein, infectious etiologies, cytopathology, and
inflammatory markers. Unfortunately, normal values do not
rule vasculitis in or out and many entities such as intracranial
atherosclerosis, intravascular lymphoma, and sarcoidosis can
be extremely difficult to diagnose without further imaging and

biopsy tissue. CT of the chest/abdomen/pelvis and fludeox-
yglucose-positron emission tomography are helpful screens in
this case, not only to evaluate for lymphadenopathy, which
could indicate infection, sarcoidosis, or malignancy, but also to
determine whether an alternative source for biopsy exists
outside of the brain. In cases in which the expanded workup is
unrevealing, a brain biopsy should then be considered.

SUMMARY
PCNSV is rare, and a thorough evaluation including

cerebral angiography and brain biopsy is needed for diagnosis.
Given the difficulties in making a positive diagnosis, and that
its mimics are far more common, the practice of instituting
empiric immunosuppressive treatment for presumed CNS
vasculitis is of uncertain value and significant risk. Treatment
should be considered only after a cerebral angiogram and brain
biopsy have been performed and alternative diagnoses have
been sufficiently excluded.
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