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Diagnosing Intracranial Vasculitis: The Roles of MR and Angiography 

Kurt G. Harris, Due D. Tran, William J. Sickels, Steven H. Cornell, and William T. C. Yuh 

PURPOSE: To describe our experience with MR and angiography in diagnosing intracranial 

vasculitis and to test the hypothesis that MR can be used to screen for patients unlikely to have 

vasculitis. METHODS: Ninety-two patients who had angiography with "exclude vasculitis" as the 

indication or who had angiography and a clinical diagnosis of vasculitis were identified. Angiograms 

of all 92 patients and the MRs of the 70 patients who had both studies were reviewed. RESULTS: 

Eleven patients had intracranial vasculitis. Angiography showed characteristic changes in 8. MR, 

performed in 9 of 11 vasculitis cases, was significantly abnormal in all 9. Among 70 patients who 

had both studies, 19 had MR that was completely normal or showed only incidental findings. None 

of these 19 was diagnosed with vasculitis. The diagnostic yield of angiography performed to 

exclude vasculitis was only 6%. CONCLUSIONS: Evaluation for intracranial vasculitis should 

include MR. A negative MR excludes intracranial vasculitis more definitively than does a negative 

angiogram and makes the likelihood of finding vasculitis with angiography negligible. 

Index terms: Vasculitis; Angiography, comparative studies; Magnetic resonance, indications 
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Intracranial vasculitis is a group of disorders 
resulting in intracranial vascular inflammation. 
Most of these are thought to be immune-me
diated, either by immune complex deposition or 
cellular mechanisms (1-3). Diagnosis is difficult, 
yet critical, particularly for primary angiitis of the 
central nervous system (PACNS), which has non
specific and protean manifestations and a poor 
prognosis if left untreated (4). Angiography and 
brain biopsy have been the mainstays of diag
nosis, but both have limitations. Angiography 
may have a false-negative rate of 20% to 30% 
because vessels of a size beyond its limit of 
resolution may be involved (4). In addition, sev
eral entities can mimic the appearance of vascu
litis on angiography, particularly intracranial ath
erosclerosis and vasospasm (5, 6). Brain and 
leptomeningeal biopsy may be diagnostic in only 
50% to 72% of PACNS cases because of seg
mental involvement by the disease and conse-
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quent sampling error (4, 7). Furthermore, the risk 
of serious morbidity from brain biopsy has been 
estimated at 0.5% to 2% (8). The morbidity 
associated with biopsy and the limitations, risk, 
and expense of angiography would make a 
screening diagnostic examination highly desira
ble. If such a test were of sufficient sensitivity, 
regardless of specificity, patients with symptoms 
and signs suggestive of vasculitis but without the 
disease could be separated from those needing 
further evaluation. 

The complications of vasculitis consist of is
chemia caused by luminal compromise and hem
orrhage caused by vessel rupture. Although is
chemia and hemorrhage are not specific for vas
culitis, in our limited experience, magnetic 
resonance imaging (MR) has proved sensitive to 
the presence of these parenchymal effects re
gardless of the size of vessels involved by the 
vasculitic process. Also, in a recent report, all 
seven of a group of patients with PACNS and 
angiograms positive for vasculitis also had posi
tive MR findings (9). Based on these observations, 
we hypothesized that patients lacking significant 
findings on MR are unlikely to manifest changes 
of vasculitis on angiography and that these pa
tients are unlikely to have intracranial vasculitis. 
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Materials and Methods 

Review of consecutive angiographic records 
from a 77 -month period was undertaken to iden
tify patients who had undergone cerebral angiog
raphy to evaluate for intracranial vasculitis. 
Eighty-three patients were identified who had 
"exclude vasculitis" as the indication listed on the 
angiography requisition. The majority (70%) of 
these 83 were patients referred from the neurol
ogy service who had symptoms or signs of cer
ebral ischemia, and in whom the etiology was not 
clear. Approximately 20% had only nonspecific 
neurologic symptoms such as headache or men
tal changes, and approximately 10% had new
onset seizures. An additional 9 patients who had 
angiograms for another indication (most com
monly to "exclude vascular malformation" in the 
setting of intraparenchymal hemorrhage) but with 
angiographic findings of vasculitis or a known 
clinical diagnosis of vasculitis were also included 
in the analysis, for a total of 92 patients. 

Seventy of 92 patients had MR of the brain in 
the course of their evaluation. MR was performed 
on either a 1.5-T or a 0.5-T superconducting 
magnet. MR included parasagittal T1- and axial 
T2-weighted spin-echo images in all cases. Im
ages obtained with the 1.5-T machine included 
axial proton-density (long repetition time, short 
echo time) spin-echo images as well. In addition, 
either coronal T2-weighted or pre- and postga
dolinium chelate (gadopentetate dimeglumine) 
T1-weighted images in the axial and coronal 
planes were obtained for each patient, depending 
upon the indication. 

Angiograms of all patients and MR images of 
the 70 patients with both studies were retrospec
tively evaluated independently by two neurora
diologists blinded to the original interpretations, 
clinical histories (except age), and findings on 
other imaging studies. Reviewers were asked to 
categorize each study according to the scheme 
outlined in Table 1 into normal , incidental, and 

TABLE 1: MR-angiography classification 

Classification 

Normal 

Incidental 

A bnormal 

Angiogram 

<50% stenosis of ICA or one 

intracranial artery 

Classic vasculitis 

Stenosis >50% 

Avascular mass 
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abnormal categories. For MR, nonspecific hyper
intense foci were within the subcortical or peri
ventricular white matter or the deep gray matter 
on T2-weighted images. To err on the side of 
increased sensitivity, and because larger nonspe
cific hyperintense foci are more likely to represent 
frank small vessel infarction (1 0), nonspecific 
hyperintense foci were considered incidental only 
if less than 3 mm in size in a patient age 55 years 
or older. Similarly, mild diffuse brain atrophy was 
considered incidental in patients over 55 years of 
age. Any other intracranial abnormality was con
sidered "abnormal." Abnormal findings included, 
but were not limited to, hyperintense white matter 
foci 3 mm or larger, parenchymal changes con
sistent with ischemia or infarction, intracranial 
hemorrhage, and if paramagnetic contrast was 
administered, any abnormal vascular, parenchy
mal, or meningeal enhancement. 

For angiography, the classic vasculitis pattern 
was defined as long segmental or multiple focal 
areas of significant narrowing in at least two 
separate vascular distributions (eg, middle, pos
terior, and anterior cerebral artery) (Figs 1 to 4). 
Avascular mass, vascular occlusion, aneurysm, 
or extracranial atherosclerotic occlusions or ste
noses greater than 50% in diameter were consid
ered abnormal. Discordance between reviewers 
or between the original interpretations and the 
two reviewers was resolved by consensus with a 
third neuroradiologist. 

Clinical records of all 92 patients were reviewed 
to correlate treatments and outcomes with the 
imaging studies and to identify patients with a 
clinical diagnosis (opinion documented in writing 
by a nonradiologist) of intracranial vasculitis. To 
make the analysis more meaningful, patients with 
clinical diagnoses of vasculitis were then further 
categorized according to a scheme modified from 
a system of classification described by Fauci et 
al (3) (Table 2). This scheme was constructed 
from the viewpoint of a neuroimaging specialist, 

MR 

NHF (less than 3 mm) age >55 

Atrophy age >55 

Extracranial abnormality 

Ischemia/ infarct 

Hemorrhage 

Throm bosis or occlusion 

Anything not normal or incidental 

White matter abnormality 

Abnormal enhancement 

Anything not normal or incidental 
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A B 

Fig. 1. Patient 3: PACNS. This 28-year-old woman who was several weeks postpartum presented with headache and left hemiparesis. 
A and B, Axial T2-weighted MR images show hyperintensity within basis pontis, extending into right cerebral peduncle. There was 

intense enhancement in the pons with intravenous gadopentetate dimeglumine enhancement (not shown). 
C, Lateral projection from left carotid arteriogram shows diffuse narrowing of left anterior cerebral artery. Note cross-filling into right 

anterior cerebral artery, which is also narrowed. 
D, Anteroposterior projection from right vertebral arteriogram shows diffuse narrowing of both posterior cerebral arteries and the 

basilar artery. There is severe segmental narrowing alternating with focal areas of dilation in the superior cerebellar arteries (arrows). 
E, Lateral projection from left carotid arteriogram obtained after 1 year of therapy shows resolution of abnormalities. 

yet incorporates clinical differences based on 
pathogenesis and treatment response. The cate
gories are ranked 1 through 4 in descending order 
of a priori likelihood and significance to neurodi
agnosis. PACNS is most likely simply because by 
definition it is confined to the central nervous 
system (CNS). Even though systemic angiitis with 
CNS involvement might be more common path
ologically, it should be less common in the neu
rodiagnostic setting because systemic vasculiti
dies involve other organ systems (category 2). 
This would tend to obviate the necessity for 
neuroradiologic evaluation. Similarly, angiitis of 
the CNS secondary to primary CNS disease (cat
egory 4) is less likely than PACNS to occur in the 
context of "exclude vasculitis" because the pri
mary process (eg, meningitis) is usually of most 

concern and is usually manifest apart from any 
secondary vasculitic involvement. The same is 
true of category 3, which would include entities 
described by Fauci et al (3) as hypersensitivity 
vasculitis (eg, vasculitis associated with collagen 
vascular disease). An indeterminate vasculopathy 
category (category 5) was included so that entities 
that have not been proved to be true inflamma
tory vasculitis (eg, illicit drug-induced vasculo
pathy [ 11]) yet that might warrant angiographic 
evaluation would not be missed if a negative MR 
was accepted as evidence of absence of disease. 

For the purpose of describing MR and angie
graphic findings in vasculitis, patients in cate
gories 1 to 4 were considered to have "true" 
vasculitis. This required a final clinical diagnosis 
of vasculitis as well as at least one of the follow-
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A B 

Fig. 2. Patient 1: PACNS. Patient was a 49-year-old man with headache, nausea, and extremity numbness. 
A,B, Axial T2-weighted MR images show multiple foci of hyperintensity in the periventricular and deep white matter and at the 

corticomedullary junction (arrows). 
Lateral projections from right and left internal carotid ( C, D) and left vertebral (E) arteriograms show multiple focal areas of arterial 

narrowing (arrows). 

ing: 1) pathologic evidence, 2) classic vasculitis 
pattern on angiogram, or 3) clinical course (such 
as the progression from headache to encephalop
athy to focal neurologic deficits common with 
PACNS) and response to therapy consistent with 
vasculitis (1 ). Patients who were clinically diag
nosed as having vasculitis without belonging to 
categories 1 to 4 or who met none of the three 
supporting criteria were deemed to have "indeter
minate vasculopathy" (category 5). 

To test our hypothesis about screening with 
MR, all 5 categories were used to be as inclusive 
as possible regarding the definition of intracranial 
vasculitis. Therefore, our hypothesis was not lim
ited to testing whether a negative MR excludes 
PACNS but rather any type of intracranial vas
culitis, whether confirmed or only putative. 

Results 

MR-Angiography Correlation 

The median interval between MR and angiog
raphy was 4 days (range, 0 to 31 days). MR was 
performed before the angiogram in 84% of cases. 
In reviewing the MRs, there were minor differ
ences between the two reviewers in total lesions 
detected and so forth, but there was no discord
ance between reviewers regarding the major cat
egory into which each study result was placed 
(Table 1). Similarly, there was no discordance 
between the reviewers and the original MR inter
pretations. 

There were four angiograms in which the read
ing by both reviewers differed from the original 
interpretation, but the reviewers were concordant 
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Fig. 3. Patient 8: Systemic vasculitis. This 68-year-old man had headache, myalgia, and gait disturbance. 
A, Axial Tl-weighted MR image shows hyperintense right thalamic hemorrhage. 
8 , Lateral projection from right internal carotid arteriogram shows narrowing of anterior cerebral artery (arrows) . 
C, Anteroposterior projection from left vertebral arteriogram shows narrowing and attenuation of both posterior cerebral arteries 

(arrows). 

with each other. Three patients were originally 
interpreted as "consistent with vasculitis," but not 
by the two reviewers. Two of these showed ap
parent smooth vascular narrowing in a single 
vessel on a single projection, interpreted as flow 
artifact by the reviewers. One had occlusive 
changes in a middle cerebral artery branch. 

One patient with CNS lupus and progressive 
neurologic symptoms had a study originally read 
as abnormal but the diagnosis of vasculitis was 
not suggested. Upon review this was believed to 
show findings of vasculitis. This was the only 
patient with discordant readings who had a clini
cal course consistent with vasculitis (see Table 3, 
patient 1 0). 

Fifty-one patients had abnormal MRs. Nineteen 
patients had MRs categorized as normal or inci
dental. Fourteen of these were completely nor
mal. Five were patients placed in the incidental 
category. These included 2 over age 55 with 
nonspecific hyperintense foci, 1 with a pineal 
cyst, 1 with an intradiploic lesion, and 1 with mild 
diffuse atrophy. None of these 19 patients had 
abnormal angiograms (Table 4). 

Thirty-three of the 70 patients with MR had 
T1-weighted images after enhancement with par
amagnetic contrast. Nine of these 33 had abnor
mal enhancement. Four of the nine had clinical 
diagnoses of vasculitis and their findings are sum
marized in the text below and in Table 3. The 
remainder consisted of 2 patients with meningeal 
enhancement who were ultimately diagnosed 

with meningitis, 2 patients with parenchymal en
hancement consistent with subacute infarction, 
and 1 with multiple focal areas of enhancement 
which proved to be brain metastases. 

Clinical Outcome: 19 Patients With Normal or 
Incidental MR 

The clinical records of all patients were re
viewed. Among the 19 patients with normal or 
incidental MR, records of clinical follow-up were 
available ranging from 2 days to 65 months from 
the date of the MR, with a median interval of 4 
months. None of the 19 patients with normal or 
incidental MR had findings of vasculitis or any 
significant abnormality on angiography. Eight 
had no subsequent change in neurologic status 
and 9 either improved or had resolution of their 
neurologic symptoms. One patient deteriorated 
because of AIDS-related lymphoma. Another pa
tient with encephalopathy of indeterminate cause 
died as a complication of brain and leptomenin
geal biopsy to rule out vasculitis (with negative 
MR, angiogram, biopsy, and autopsy results). 
None of these patients was ultimately diagnosed 
with intracranial vasculitis of any type, including 
the indeterminate vasculopathy category. Table 
5 summarizes the ultimate diagnoses, as best as 
could be determined, for these 19 patients. 
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D 

TABLE 2: Classification of vasculitis 

1. PACNS-primary angiitis of the central nervous system (CNS) 
2. Primary systemic angiitis with CNS involvement (eg, polyarteritis 

nodosa , giant cell) 
3. Angiitis of CNS secondary to systemic disease (eg, collagen vascular 

disease) 
4. Angiitis of CNS secondary to primary CNS disease (eg, meningitis) 
5. Indeterminate vasculopathy 

Patients with Vasculitis 

Nineteen patients had a clinical diagnosis of 
some type of vasculitis . Patient information is 
summarized in Table 3. Eleven patients met the 
stricter criteria for true vasculitis (categories 1 to 
4 , Table 2). Five of these 11 had pathologic 
evidence of vasculitis. There were 7 cases of 
PACNS and 2 cases of a primary systemic angiitis 
involving the CNS (one possibly temporal arteri
tis). There were 2 cases of CNS angiitis secondary 

AJNR: 15, February 1994 

Fig. 4. Patient 10: Secondary vasculitis. 
The patient was a 50-year-old woman with 
systemic lupus erythematosus. 

A and B, Axial T2-weighted MR images 
show gray and white matter hyperintensity 
in vascular borderzones consistent with is
chemia. 

C, Lateral projection from right internal 
carotid arteriogram shows narrowing ·and 
severely decreased flow in anterior cerebral 
artery . 

D, Anteroposterior projection from left 
vertebral arteriogram shows areas of seg
m ental narrowing in the distal vertebral ar
teries and throughout both posterior cerebral 
arteries. 

E, An axial T2-weighted MR image ob
tained 1 month later was normal. 

to systemic disease (category 3). One of these 
was a patient with systemic lupus erythematosis 
who had an angiographic pattern of vasculitis and 
whose CNS symptoms improved dramatically 
with an increase in her steroid dosage (patient 
10, Fig 4). The second patient (patient 11) had 
evidence of connective tissue disease on a skin 
biopsy and an appearance of classic vasculitis in 
both carotid distributions. Her symptoms im
proved dramatically with administration of ste
roids and cyclophosphamide. 

There were no patients with vasculitis second
ary to a primary CNS disease (CNS infection, 
granulomatous disease, etc). 

Eight patients had a clinical diagnosis of some 
type of vasculitis but met none of the three 
supportive criteria. Three of these were consid
ered "drug-induced" vasculitis. Only one patient 
in the indeterminate category (patient 19) had a 
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TABLE 4: MR-angiogram correlation (number of patients) 

Normal or Abnormal 

Incidental MR MR 

Normal or Incidental Angiogram 

Abnormal Angiogram 

19 
0 

36 
15 

TABLE 5: Clinical diagnoses of 19 patients with normal or incidental 

MR 

Cerebrovascular accident or transitory ischemic 5 

attack 
Seizure disorder 4 

Encephalopathy of unclear cause 4 

Rheumatoid arthritis , hypothyroidism 

Systemic lupus erythematosis 

AIDS-related lymphoma 

Migraine 
Lymphocytosis of unclear cause 

Felty syndrome 

classic vasculitis pattern angiographically. This 
patient may well have had PACNS but was lost 
to follow-up without being treated for vasculitis. 
In addition, there was some possibility that the 
angiographic changes represented severe intra
cranial atherosclerosis, and the clinical diagnosis 
was equivocal. 

True Vasculitis: Angiography 

Five of seven patients (71 %) with PACNS had 
classic changes of vasculitis on angiography (Fig. 
1 and 2). Both PACNS patients who lacked the 
classic vasculitis pattern were biopsy proved (Fig 
5). Overall, 8 of 11 (72%) true vasculitis patients 
had classic changes of vasculitis. All but one 
patient with the classic vasculitis pattern had 
invoivement in at least four vascular distributions 
(major intracranial vessels or their territories; mid
dle, posterior, or anterior cerebral artery; or su
perior cerebellar). Of the 8 patients with classic 
vasculitis, 7 had three vessel angiography per
formed, with 6 of these showing findings of vas
culitis on injection of all three vessels (right and 
left internal carotid arteries plus left or right ver
tebral). One patient (patient 2) showed vasculitis 
in both anterior circulations but none in the pos
terior circulation on three vessel angiography. 
One patient with classic vasculitis (patient 11) 
had both internal carotid arteries injected and had 
abnormality bilaterally. In all, 22 of the 23 injec
tions performed in patients with classic vasculitis 
showed findings of vasculitis. 

AJNR: 15, February 1994 

True Vasculitis: MR 

Nine of the 11 true vasculitis patients had MR 
performed with abnormality in every case (Table 
3). The two patients without MR had brain com
puted tomography (CT) scans showing significant 
abnormality (stroke) which could reasonably be 
presumed detectable with MR had it been ob
tained (patients 5 and 11). Four had parenchymal 
hemorrhage (patients 2, 4, 6, and 8) (Fig 3). Three 
patients (patients 1, 9, and 10) had abnormal 
hyperintense foci at the corticomedullary junction 
on T2-weighted images (Fig 2). Three patients 
(patients 1, 7, and 9) had either focal or confluent 
hyperintensities on T2-weighted images within 
the central white matter (Figs 2 and 5). One 
patient (patient 1 0) had border zone ischemic 
changes on T2-weighted images that were doc
umented to have resolved with her clinical im
provement 1 month later (Fig 4). One patient 
(patient 3) had unusual lesions in the basis pontis 
and cerebral peduncle that were hyperintense on 
T2-weighted images and enhanced with contrast 
(Fig 1). 

Eight of nine patients who underwent MR had 
T1-weighted sequences after administration of 
gadopentetate dimeglumine paramagnetic con
trast agent. Three of these eight (patients 2, 7, 
and 3) had abnormal patterns of enhancement, 
two of which were leptomeningeal enhancement 
(Fig 5). There were no cases in which contrast
enhanced sequences revealed abnormality in the 
face of a normal T2-weighted sequence. 

In summary, there was no characteristic pat
tern of vasculitis on MR. Parenchymal hemor
rhage, hyperintense foci in the white matter and 
at the corticomedullary junction, strokes of var
ious size, leptomeningeal enhancement, brain
stem lesions, and cortical ischemic areas all were 
seen. 

Yield of Angiography 

Eighty-three of the patients in this study had 
an angiogram performed to "exclude vasculitis." 
Five of these angiograms showed findings con
sistent with vasculitis (classic pattern) and helped 
establish the diagnosis, for a diagnostic yield of 
6% . 

Of the 11 patients defined by us as having true 
vasculitis, 5 of 11 (45%) were suspected before 
angiography and then diagnosed angiographi
cally. Conversely, 5 of 11 ( 45%) were not sus
pected before angiography but rather were dis
covered incidentally at angiography (3 patients), 
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D 

or were ultimately diagnosed pathologically de
spite a negative angiographic study (2 patients). 
One of the 11 (9%) was suspected to have vas
culitis before angiography but had a negative 
angiogram, with the diagnosis supported by pa
thology. In the subset of PACNS patients, only 2 
of 7 were suspected before angiography and then 
diagnosed angiographically. 

Discussion 

PACNS has been the subject of numerous case 
reports and series since its original description as 
a clinical entity in 1959 by Cravioto and Feigin 
(12). PACNS is an angiitis isolated to the CNS 
that tends to affect small to medium sized vessels 
of the brain parenchyma and meninges but can 
affect vessels of any size (4) . PACNS has also 
been referred to as isolated or granulomatous 
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Fig. 5. Patient 7: PACNS with normal arteriogram. This 70-
year-old woman suffered headaches, malaise, and mental status 
changes. 

A , Axial T2-weighted MR image shows confluent hyperintensity 
of the central white matter. 

B,C, Axial Tl-weighted images after intravenous gadopentetate 
dimeglumine show exuberant leptomeningeal enhancement. 

D, Lateral projection from right internal carotid arteriogram is 
normal. Biopsy showed PACNS with predominant involvement of 
small leptomeningeal arterioles and venules. 

angiitis of the CNS (13-15). Although character
istic , the presence of granulomas is not essential 
to the diagnosis, but rather probably represents 
a particular stage of evolution of the disease (13). 
Although PACNS is the best described form of 
intracranial vasculitis, many authors stress the 
number of diverse entities that can cause intra
cranial vasculitis, in addition to the nonvasculitic 
entities that can cause a similar angiographic 
appearance (3-6, 16). The purpose of our study 
was to provide a description of the expected 
frequencies of the various causes of intracranial 
vasculitis from an imaging perspective, and to 
evaluate the role of imaging modalities in making 
the diagnosis. 

The types of vasculitis we encountered were 
consistent with the hierarchy of our classification 
scheme. Most of our patients had PACNS (seven). 
There were 2 patients each with primary systemic 
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vasculitis (category 2) affecting the CNS and with 
secondary (category 3) vasculitis. One of these 
patients had systemic lupus erythematosis. Neu
ropsychiatric symptoms are very common in 
patients with systemic lupus erythematosis but 
in the majority of such patients symptoms are 
not caused by true intracranial vasculitis (17, 18). 
Nevertheless, there are case reports of true vas
culitis in patients with systemic lupus erythema
tosis, rheumatoid arthritis, and even scleroderma 
( 19-21 ). Not surprisingly, we had no patients in 
category 4. 

Angiography has been considered the initial 
study of choice to exclude intracranial vasculitis, 
particularly PACNS (1, 4, 13). Thus, we used 
angiographic records as the starting point for our 
review. The number of patients evaluated for 
vasculitis actually may have been underestimated 
by our study because the criterion for entry 
(retrospectively) was an angiographic requisition 
listing vasculitis as the primary indication or a 
clinical diagnosis of vasculitis and history of an 
angiogram. We cannot exclude the possibility 
that vasculitis was considered but not indicated 
on the requisition, to say nothing of patients who 
may have had vasculitis but in whom the diag
nosis was not considered. We make no claim to 
have detected all cases of intracranial vasculitis; 
indeed, this would be very difficult because au
topsy may be the only way to diagnose some 
cases. 

It has been stated that the angiographic vas
culitis pattern is often mimicked by intracranial 
atherosclerosis (5, 6, 22). This may depend upon 
how strict the definition of an angiographic vas
culitis pattern is. In this study there were 3 pa
tients identified by both the original readers and 
the reviewers as having multiple foci of intracra
nial atherosclerosis, and none of the 3 had a 
course consistent with vasculitis. There were no 
patients with the classic vasculitis pattern that 
did not have supporting evidence of intracranial 
vasculitis. However, it should be noted that pa
tient 19 may have had severe intracranial athero
sclerosis, and we have encountered several pa
tients over this time frame (not part of this study) 
who were not being evaluated for intracranial 
vasculitis yet showed incidental severe intracra
nial atherosclerosis that would be difficult to dis
tinguish from vasculitis. The specificity of angiog
raphy should be enhanced by consideration of 
the patient's age and clinical presentation and 
whether there is other evidence of atherosclerosis. 
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Angiography, although useful and often very 
specific, should not be thought of as the standard 
of reference in diagnosis. The sensitivity is too 
low to conclude that a negative angiogram ex
cludes the disease. Our estimate of angiographic 
sensitivity using our definition of the classic vas
culitis pattern is 70%, a figure in close accord 
with that estimated in a review of 48 patients 
with PACNS by Calabrese and Mallek (4). Our 
experience and the published literature both sug
gest that a negative MR does more to exclude 
vasculitis than does a negative angiogram. No 
patients in this study suffered morbidity from 
angiograms. However, there was one patient who 
died as a result of brain biopsy, despite three 
normal MRs and a negative angiogram. The au
topsy showed massive intracranial hemorrhage 
at the biopsy site as the cause of death. Neither 
the biopsy nor autopsy showed any evidence of 
vasculitis. 

The yield of angiography in this series was only 
6%. Theoretically, low yield with a diagnostic test 
could be explained by either poor test perform
ance or the effect of low prevalence. In the case 
of angiography to rule out vasculitis, low yield is 
not attributable to poor test performance. This 
can be illustrated by assuming that the sensitivity 
of angiography is 100%, rather than our estimate 
of 70%. If this were the case, only one additional 
patient would have been detected (patient 9) 
because only 6 of the 11 vasculitis cases were 
suspected before angiography. It is the low prev
alence of intracranial vasculitis that assures a low 
yield with any diagnostic test and guarantees that 
the vast majority of angiograms performed in 
search of vasculitis will not diagnose vasculitis. 

Although all 7 of their patients had abnormal 
MRs, Greenan and colleagues (9) hypothesized 
that it was possible to have a negative MR in a 
patient with a positive angiogram. They based 
this on the fact that MR abnormality was not 
evident in every vascular distribution showing 
angiographic involvement. Theirs is an interesting 
observation and we do not take issue with it as a 
theoretical possibility. However, we think it is 
more relevant to consider MR or angiographic 
findings for the whole brain as either negative or 
positive when comparing test results. All 9 of our 
patients with true vasculitis who had both MR 
and angiography had a significantly abnormal 
MR, even the 3 without the classic vasculitis 
pattern. In addition, the 2 patients without MR 
had evidence of acute stroke on CT. This rela
tionship between abnormal MR findings and ulti-
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mate diagnoses of vasculitis held despite intervals 
of up to 1 month between MR and evaluation 
with angiography, which was usually the time 
that there was first documentation of a clinical 
suspicion of vasculitis. Intuitively, it would seem 
that the more recently an MR has been obtained, 
the better it should predict whether there is 
enough organ disturbance to warrant further con
sideration of vasculitis. We think it is very unlikely 
that a patient would manifest symptoms and 
signs significant enough to bring the patient to 
evaluation yet lack any parenchymal findings of 
vascular compromise on MR. There are many 
reports in the literature of patients with intracra
nial vasculitis (PACNS) with negative CT of the 
brain (4, 13, 14). However, among the few reports 
in the literature in which MR findings were de
scribed, we were able to identify only a single 
case in which the MR was purported to be nega
tive but there was pathologic evidence of vascu
litis (23). In this case the patient underwent MR 
in March 1985. The field strength and pulse 
sequences were not described in this report, nor 
were the images reproduced. In addition, the 
angiogram was negative and the description of 
the MR is suspect in that a head CT was reported 
to have shown "generalized brain swelling" only 
2 days earlier. At the very least, it is fair to 
assume that the advantage of MR over CT in 
tissue contrast is significantly higher today than 
it was in 1985. 

Although there were no cases in which contrast 
enhancement demonstrated the sole abnormality , 
the finding of leptomeningeal enhancement in 
two patients as well as the known predilection of 
PACNS for leptomeningeal vessels (16) suggest 
that paramagnetic contrast-enhanced images 
might be useful if vasculitis is suspected. 

In summary, MR appears to be very sensitive 
and would have served as a useful screen in our 
series to exclude patients from further evaluation 
with angiography or biopsy (Table 4). Nineteen 
of the 70 patients who had both MR and angiog
raphy had normal or incidental MRs. None of 
these 19 was among the 11 patients with true 
vasculitis or among the 8 with indeterminate 
vasculopathy. The low yield of angiography per
formed to exclude vasculitis (6%) further sup
ports the rationale for using MR as a screening 
tool, especially because MR has usually been 
obtained somewhere in the diagnostic workup, 
and consideration of the findings on a test already 
performed makes a particularly cost-effective 
screen. Both imaging specialists and clinicians 
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should note that most (55%) of our vasculitis 
cases were not diagnosed on an angiogram per
formed to exclude vasculitis but were discovered 
on angiograms performed for other indications or 
were diagnosed only at biopsy. This proportion 
was even higher for cases of PACNS (5 of 7) , 
which is usually what the radiologist is asked to 
exclude. 

We believe that the evaluation of patients with 
suspected intracranial vasculitis should include 
initial evaluation with MR. If high-quality MR can 
be obtained and is normal or shows only inciden
tal findings , we believe that this does more to 
exclude the possibility of intracranial vasculitis 
than does a negative angiogram, and makes the 
likelihood of an ultimate diagnosis of vasculitis 
negligible. If the MR is abnormal and the cause is 
still unclear, one can proceed to angiography. If 
angiography is then normal or equivocal , this 
does not exclude vasculitis, and brain and lepto
meningeal biopsy may be required. 
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