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CNS Vasculitis in Autoimmune Disease: MR Imaging
Findings and Correlation with Angiography

Martin G. Pomper, Timothy J. Miller, John H. Stone, William C. Tidmore, and David B. Hellmann

BACKGROUND AND PURPOSE: MR findings in CNS vasculitis and their correlation with
angiography have not been clearly defined. We therefore explored three hypotheses regarding
CNS vasculitis associated with autoimmune disease: 1) MR imaging is highly sensitive; 2) a
typical MR appearance exists; and, 3) MR and angiographic findings correlate well.

METHODS: We studied 18 patients with CNS vasculitis associated with autoimmune disease,
characterized the MR lesions by type, size, number, and location, and correlated the MR
findings with those of angiography.

RESULTS: All patients with CNS vasculitis had abnormalities on MR studies. On average,
four 6 two lesions per patient were detected on MR images. The lesions were located in the
subcortical white matter (n 5 20), cortical gray matter (n 5 16), deep gray matter (n 5 16),
deep white matter (n 5 9), and cerebellum (n 5 9). Only 65% of MR lesions were evident on
angiograms; 44% of the lesions revealed on angiograms were detected by MR.

CONCLUSION: MR imaging is sensitive for CNS vasculitis. Lesions attributable to CNS
vasculitis in autoimmune disease are distributed nearly equally among cortical, subcortical,
and deep gray matter structures. The modest correlation between MR imaging and angiog-
raphy suggests that the two techniques provide different information about CNS vasculitis and
that both types of studies are needed for the complete assessment of damage caused by vascular
abnormalities.

CNS vasculitis represents a heterogeneous group of
inflammatory diseases that primarily affect the
small leptomeningeal and parenchymal blood ves-
sels of the brain (1). A variety of neurologic insults
may cause CNS vasculitis, including infection, ma-
lignancy, ionizing radiation, cocaine ingestion, and
autoimmune disease (1, 2). Primary angiitis of the
CNS (2–4), systemic lupus erythematosus (5),
polyarteritis nodosa (6), giant cell arteritis (1), and
Sjögren syndrome (7) comprise the majority of au-
toimmune conditions associated with CNS vascu-
litis. In all these disorders, the precise pathogenesis
remains obscure; in all, however, the immune sys-
tem appears to play a central role, and immuno-
suppressive agents are the cornerstones of treat-
ment. In practice, MR imaging precedes
angiographic studies in the evaluation of patients.
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Because of the limited data available on the use of
MR imaging in CNS vasculitis (4, 8–12), we re-
viewed our experience with this disorder. We hy-
pothesized that MR imaging is highly sensitive,
that a typical MR appearance exists, and that MR
and angiographic findings correlate well.

Methods
The entry criteria for the study included all of the following:

1) an angiogram interpreted as positive (see definition below)
for CNS vasculitis by the attending neuroradiologist at the time
the angiogram was obtained; 2) a clinical history consistent
with CNS vasculitis, that is, clinical findings of an acquired
neurologic deficit that remained unexplained after a thorough
initial evaluation (9); and 3) exclusion of nonautoimmune
causes of the patient’s presentation (eg, infection, malignancy,
ionizing radiation, and cocaine use). Of 259 angiograms ob-
tained at our hospital to exclude CNS vasculitis between 1986
and 1997, 30 revealed abnormalities. Of those 30 patients, 20
had autoimmune disorders. Of those 20 patients, 16 had an-
giograms and MR studies available for review; these 16 pa-
tients, along with two patients referred from outside institu-
tions, were included in the study (total patients 5 18).

Three rheumatologists and one medical resident reviewed
the patients’ medical records using a defined protocol and a
data abstraction form. The information collected during the
medical records review included the following: age, gender,
and history of previous rheumatic diseases; risk factors for
atherosclerotic vascular disease; neurologic symptoms and def-
icits at presentation; lumbar puncture results; original interpre-
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TABLE 1: Population characteristics

Patient Age (y)/Sex Diagnosis

1
2
3
4
5
6

60/F
37/F
33/F
71/F
41/F
24/F

PACNS
SLE
PACNS
PACNS
PACNS
PACNS

7
8
9

10
11
12

59/M
14/F
50/F
50/F
19/M
74/M

PACNS
PACNS
PACNS
PACNS
PACNS
PACNS

13
14
15
16
17
18

53/F
52/F
51/M
31/F
40/F
55/M

PACNS
PACNS
PACNS
SLE
PAN
GCA

Note.—PACNS indicates primary angiitis of the CNS; SLE, system-
ic lupus erythematosus; PAN, polyarteritis nodosa; GCA, giant cell
arteritis.

tations of all MR studies and angiograms; and the results of
brain biopsies and postmortem studies. Brief clinical summa-
ries were written for each patient. The presence or absence of
oligoclonal bands in patients’ CSF and serum antiphospholipid
antibodies were also noted, but not included, in the analysis
because of the small number of patients who had such tests.
Patients with a history of diabetes and hypertension were ex-
cluded. No patient had multiple sclerosis or other demyelin-
ating diseases.

MR imaging was performed on a 1.5-T imaging system.
Spin-echo (SE) T1-weighted sagittal (600/20 [TR/TE]) and
double-echo (T2-weighted) axial (3000/30,100) images were
obtained for all patients. In one patient (patient 6), a fluid-
attenuated inversion recovery (FLAIR) sequence (11004/114;
TI 5 2200) was also obtained. Intravenous gadopentetate di-
meglumine (0.2 mL/kg) was administered to 11 patients (pa-
tients 1, 2, 4, 6–9, and 11–14), and contrast-enhanced T1-
weighted images were subsequently obtained in the axial and/
or coronal planes (600/20–30). MR angiography was per-
formed in six patients (patients 4, 6, 9, 10, 13, and 14), using
3D time-of-flight imaging. Conventional biplane film screen or
digital subtraction angiography was performed in all patients.
Details of the angiographic procedures have been described
previously (12).

Angiographic and MR findings were considered positive if
interpreted by the attending neuroradiologist as being consis-
tent with vasculitis. To evaluate the consistency of the radio-
logic diagnoses and to perform correlations between MR im-
aging and angiography, all the available radiologic studies
were reviewed by two additional attending neuroradiologists
who were blinded to both the clinical data and the results of
other radiologic studies. Discrepancies between the reviewers
were submitted to a third attending neuroradiologist for arbi-
tration. The reviewers considered an angiogram to have posi-
tive findings if focal or diffuse areas of arterial stenosis, oc-
clusion, dilatation, or beading were detected (1, 9); MR
findings were considered positive if foci of high signal inten-
sity were present on long-TR images. To reduce the likelihood
of including in our analysis T2 bright lesions caused by small-
vessel atherosclerotic disease, we excluded patients with a his-
tory of hypertension or diabetes.

We determined the type, size, and number of all lesions de-
tected by MR imaging, and assigned each lesion to a vascular

distribution using a standard atlas (13). We classified the le-
sions as occurring in the following brain regions: cortical gray
matter, subcortical white matter, deep white matter, deep gray
matter, and cerebellum. We distinguished subcortical white
matter from deep white matter by defining the former as the
region directly adjacent to the cortex and the latter as a region
clearly separate from the cortex; for example, a periventricular
or internal capsule location. To be classified as periventricular,
a lesion had to be focal and adjacent to the ventricle. The
volume of a lesion was estimated by tracing the lesion man-
ually and then calculating the product of the dimensions. The
reported volume for each lesion was the average of the two
reviewers’ estimates. When the reviewers’ estimates varied
more than twofold, one of the reviewers quantified the volume
of the lesion in question using MedVol 1.7 (software; copy-
right by Bruce E. Hall, MD, The Johns Hopkins University,
Baltimore, MD) and reported that measurement. We correlated
the lesions detected on MR images with those found on an-
giograms for all patients for whom both MR images and com-
plete (at least three-vessel) angiograms were obtained (patients
9 and 14 were excluded from the correlation studies because
of incomplete angiograms). If an MR lesion fell within a vas-
cular territory in which a clear lesion existed on the corre-
sponding angiogram, the two lesions were judged to correlate.

We used the Scheffé test to compare the frequency of lesion
occurrence in MR vascular distributions. Differences were con-
sidered significant if P values were less than .05. Statistical
analysis was performed using StatView SE 1 Graphics 1.03
(Abacus Concepts Inc, 1988).

Results
For each patient, the demographic characteristics

and diagnoses associated with CNS vasculitis are
displayed in Table 1. Thirteen of the 18 patients
were female (72%) and five were male (28%). The
patients ranged in age from 14 to 74 years, with a
mean age of 45 6 14 years. No patient had a his-
tory of hypertension, and none had used cocaine
within 3 years of disease onset.

MR Imaging
Abnormalities were revealed on the MR studies

in all patients with angiographically proved CNS
vasculitis. Among the 18 patients, a total of 74 vas-
cular, parenchymal, and extraaxial lesions (each
representing one row in Table 2) were detected by
MR imaging, an average of four 6 two lesions per
patient. The number of lesions per patient ranged
from as few as one to as many as nine (Figs 1 and
2). Fourteen (78%) of the 18 studies revealed bi-
lateral disease, and 13 (72%) detected exclusively
supratentorial lesions. No patient had infratentorial
lesions in the absence of supratentorial findings.
Some lesions extended over more than one brain
region. Among the 74 lesions, 20 were located in
the subcortical white matter, 16 in the deep gray
matter, 16 in the cortical gray matter, nine in the
deep white matter, and nine in the cerebellum.
Three carotid occlusions and one subarachnoid
hemorrhage (SAH) were also detected. Regarding
the territories affected, the middle cerebral artery
(MCA) (average, 2.3 lesions per patient) was more
frequently affected than the anterior cerebral artery
(ACA) (average, 0.2 lesions per patient), the pos-
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FIG 1. Patient 1: 60-year-old woman with primary angiitis of the CNS (a typical case of CNS vasculitis).
A and B, Axial SE MR images (3000/34). In A, an infarct is seen in the right subcortical white matter and the deep white matter

(posterior MCA distribution) (arrow). Lacunar infarcts are also present in the globus pallidi (arrowheads). In B, infarcts are present in
the left subcortical white matter (PCA distribution) (white arrows) and posterior left hippocampus (black arrow). Increased signal in the
putamina and midbrain are artifactual.

C, Right lateral digital subtraction angiogram reveals mild narrowing of the proximal (near the A2 segment bifurcation) and several
distal pericallosal artery segments (arrows). The MCA is poorly visible.

D, Anteroposterior digital subtraction angiogram of the right common carotid artery shows significant narrowing of the right M2 segment
(arrows), with consequent attenuation of the more distal segments. The left MCA was normal.

E and F, Anteroposterior left vertebral artery (E ) and lateral left common carotid artery (F ) injections depict a fetal origin of the left
PCA, with beading and occlusion of the PCA (arrows in F ) and correlate with the MR image shown in B.

terior cerebral artery (PCA) (average, 0.7 lesions
per patient), or the vertebral artery (average, 0.5
lesions per patient) territories (P , .05).

The lesions included 17 classic wedge-shaped in-
farctions in the cortical gray matter or cortical gray
matter plus subcortical white matter (Fig 2A and B).
The volume of the infarctions ranged from 0.1 to 80
cm3, with a mean of 11.4 cm3 (median, 2.2 cm3).
Two patients (patients 3 and 12) had parenchymal
lesions associated with hemorrhage (Fig 3). Only
three strictly periventricular lesions (in three different
patients) were identified (Fig 4B and D). The lesion
in Figure 1A was considered to reside in the subcor-
tical white matter, because more superior images (not
shown) placed the majority of this lesion in that re-
gion rather than in a periventricular location.

Correlation of MR Imaging with Angiography
Lesions involving 74 arteries were revealed by

angiography. The angiographic results are present-

ed in Table 3. A median of 6.5 days elapsed be-
tween MR imaging and angiography. We correlated
the MR results with the angiographic findings on a
lesion-for-lesion basis. The correlation between
MR imaging and angiography is summarized in Ta-
ble 4. Angiography detected 43 (65%) of the 66
lesions evident on MR images. In comparison, MR
imaging detected 30 (44%) of the 68 angiographic
lesions.

CNS pathologic specimens were available in
four patients, one from autopsy (patient 15) and
three from brain biopsies (patients 1, 2, and 4). In
patients 2, 4, and 15, the clinical diagnosis of CNS
vasculitis was confirmed by pathologic findings. In
patient 1, the brain biopsy samples revealed no
abnormalities.

Discussion
CNS vasculitis occurs frequently in the differ-

ential diagnosis of patients with neurologic signs
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TABLE 2: Lesions on MR images

Patient Location of Lesion
Lesion

Size (cm13)
Vascular

Distribution
No. of Affected
Brain Regions Time (y)

1 R CGM
R SCWM
R SCWM
R DWM
R CB
L SCWM

15
2
0.2
0.2
0.1
1

MCA
MCA
MCA
MCA
SCA
PCA

4 1

2 R CGM, SCWM
R CGM, SCWM
R DGM
L CGM, SCWM
L DGM
L SGWM

50
50
8

50
3
6

MCA
PCA
MCA
PCA
MCA
MCA

6 7

3 R CGM, DGM, SCWM
R cavernous, carotid (occluded)
L CGM, DGM, SCWM
L cavernous, carotid (occluded)

60

40

MCA

MCA

8 5

4 R DGM
R DGM
R DGM
R SCWM
L DGM
L DGM

0.4
0.1
0.1
0.3
0.1
0.6

MCA
MCA
PCA
MCA
MCA
MCA

3 11 mo

5
6

L parietal subarchanoid space
L CGM, DGM, SCWM

···
35

···
MCA

1
3

9
27

7 R CGM
R DGM, DWM
R CB
L DGM

15
15
0.3
0.2

MCA
MCA
AICA
MCA

5 10

8 R CGM
R CGM
L CGM
L CGM

12
2.5

12
2

PCA
MCA
PCA
MCA

2 6

9 R CGM, SCWM
L CGM, SCWM
L CGM, SCWM
L CB

70
80
7
7

MCA
PCA
MCA
PICA

5 2.5 mo

10 R DWM
L SCWM
L DWM

0.6
0.5
0.6

PCA
MCA
MCA

3 1

11 R CGM
R DGM, DWM
R DWM
L DWM

6
2.5
7
1

PCA
MCA
MCA
BA

4 7

12 R CGM, SCWM
R SCWM

10
0.7

PCA
MCA

2 1

13 R DGM
R DGM
R SCWM
R DWM
R CB

0.5
0.1
1.3
1.4
8

MCA
MCA
ACA
MCA
PICA

6 5

R CB
L DGM
L DGM
L CB

8
0.2
0.1
3

PICA
PCA
MCA
PICA

14 R DGM
L CGM, SCWM
L DGM
L DWM

1
50
3
3

MCA
ACA
MCA
MCA

5 3

15 R CGM, DGM, SCWM
R supraclinoid carotid (occluded)

50 MCA 4 13

16 R SCWM, DWM
L CGM
L DWM
L DWM

10
12
1
1

MCA
ACA
MCA
MCA

4 7
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TABLE 2: Continued.

Patient Location of Lesion
Lesion

Size (cm13)
Vascular

Distribution
No. of Affected
Brain Regions Time (y)

17 R SCWM
R CB
L CGM, SCWM
L DGM
L CB
L CB

0.1
1

60
0.5
1
1

MCA
SCA
MCA
ACA
SCA
PICA

6 1

18 R SCWM
R SCWM
L SCWM
DWM*

1
1
3
3.5

MCA
MCA
MCA
PCA

3 1

Note.—Each row represents one lesion. Brain regions are abbreviated as follows: R indicates right; L, left; ICA, internal carotid artery; CGM,
cortical gray matter; SCWM, subcortical white matter; DWM, deep white matter; DGM, deep gray matter; CB, cerebellum; MCA, middle cerebral
artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery; SCA, superior cerebellar artery; AICA, anterior inferior cerebellar artery;
PICA, posterior inferior cerebellar artery; BA, basilar artery. Time 5 days between MR imaging and angiography unless otherwise indicated.

* Lesion was in the center of the corpus callosum splenium.

FIG 2. Patient 2: CNS vasculitis in a 37-
year-old woman with systemic lupus
erythematosus.

A, Axial SE MR image (3000/90) shows
infarcts in the right cortical gray matter and
subcortical white matter (MCA distribution,
upper arrow; MCA/PCA watershed distri-
bution, lower arrow).

B, Axial SE MR image (3000/90) shows
infarcts in the left cortical gray matter and
subcortical white matter (PCA distribution,
arrow).

C, Angiogram of the left internal carotid
artery shows areas of stenosis in the ACA,
MCA, and PCA distributions (arrowheads).

D, Angiogram of the right internal carotid
artery shows lesions in the ACA (perical-
losal) (arrowheads) and severe narrowing
of the distal MCA (arrow). Note abnormal
bilateral ACAs without corresponding MR
abnormality. The MR image was obtained
7 days before the angiogram.

and symptoms. In practice, however, CNS vascu-
litis is a rare condition. In our experience as well
as that of other investigators (14), fewer than 10%
of patients undergoing angiography to rule out
CNS vasculitis were given that diagnosis. En-
hanced understanding of the role of noninvasive
testing in CNS vasculitis may facilitate these pa-
tients’ evaluations. In approaching patients with
possible CNS vasculitis, clinicians frequently ask
neuroradiologists three questions. First, does an
MR image with normal findings exclude the diag-

nosis of CNS vasculitis? Second, are there typical
MR findings in CNS vasculitis that increase the
posttest probability of CNS vasculitis and help ex-
clude other diagnoses? Third, is the additional risk
and expense of angiography justified by the infor-
mation the procedure provides?

Regarding the meaning of an MR image with
normal findings, our study suggests that the sensi-
tivity of MR imaging is quite high. Indeed, among
our 18 patients with CNS vasculitis, all had MR
studies with abnormalities. Our findings are con-
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FIG 3. Patient 3: Hemorrhage in CNS vasculitis.
A, Axial SE MR image (550/25) shows T1 bright signal, consistent with hemorrhage in the left putamen (large straight arrow), left

insular cortex (curved arrow), and in the region of the right external capsule (small arrows).
B, The corresponding T2-weighted SE image (3000/90) depicts bright signal in the basal ganglia bilaterally and particularly in the right

caudate head (large arrow), external capsule (small arrows), and posterior limb, internal capsule (arrowhead). Abnormalities are also
present in the thalami, right frontal cortex, and left periatrial white matter. The T2 bright regions are attributable to ischemia or infarction.

C, Angiogram of the right common carotid artery reveals attenuated flow in distal segments of the MCA caused by stenoses in the
M1 segment (double arrow) and near the MCA trifurcation (single arrow).

sistent with the results of previous MR studies. In
a review of four patients with CNS vasculitis, Voll-
mer et al (14) noted that MR imaging revealed sub-
stantially more lesions than CT, implying greater
sensitivity. Greenan et al (15) and Harris et al (16),
reporting on seven and 11 patients, respectively,
with CNS vasculitis and positive angiographic find-
ings, noted that their 18 combined patients all had
abnormal MR studies. Duna and Calabrese (17)
also reported a 100% sensitivity for MR imaging
among seven patients with clinical diagnoses of
CNS vasculitis. In contrast, Alhalabi and Moore
(4), using conventional SE sequences, reported that
four (24%) of 17 patients with biopsy-proved CNS
vasculitis had normal MR studies. In aggregate, our
results and those of others suggest that MR studies
reveal abnormalities in the vast majority of patients
with CNS vasculitis, and, in this sense, the sensi-
tivity of MR imaging is quite high. However, MR
imaging may not reveal all abnormal brain regions
in such patients (see below).

Regarding a typical MR appearance for CNS
vasculitis, the findings of our study indicate the
substantial variability that may occur in CNS vas-
culitis. The average patient with CNS vasculitis in
our study had four lesions, with a mean volume of
11.3 cm3 per lesion; however, the range in the num-
ber of lesions per patient was wide, as was the
range of infarction volumes (Figs 1 and 2). Despite
this variability, the MCA distribution was affected
more often than the ACA, PCA, or vertebral artery
territories. Furthermore, despite the extensive col-
lateral circulation of the subcortical white matter

(18), cerebral infarctions occurred most frequently
in this region. In our study, MR lesions were more
evenly distributed between the gray and white mat-
ter than suggested by a previous study, which in-
dicated a white matter predominance of lesions (4).

Although most of the lesions revealed by MR
imaging were infarctions, hemorrhagic lesions also
occurred. Two patients had intraparenchymal hem-
orrhages (patient 3, Fig 3; and patient 12) and one
had SAH (patient 5, Fig 5). Thus, SAH seems to
be an unusual finding in CNS vasculitis. Indeed,
SAH as the sole manifestation of CNS vasculitis
has been reported only once (19). In patient 6 (Fig
6), an angiogram revealed a trifurcation aneurysm
of the MCA; both CT and lumbar puncture exclud-
ed SAH.

To summarize the typical appearance of CNS
vasculitis on MR images, multiple subcortical in-
farctions are consistent with CNS vasculitis, al-
though substantial variation in the number, size,
and location of the lesions may occur in this con-
dition. Thus, similar MR findings may occur in pa-
tients suffering from multiple sclerosis, low-grade
gliomas, mitochondrial disorders, substance abuse,
and other conditions (11, 14, 17, 20).

Our results indicate that in patients with CNS
vasculitis, the correlation between MR imaging and
angiography for individual lesions is only modest.
Although each technique identified nearly the same
number of lesions (66 for MR imaging and 68 for
angiography; see Table 4), the correlation of spe-
cific lesions was imperfect. In our study, the ma-
jority of the MR lesions (65%) had angiographic
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FIG 4. Patient 4: 71 year-old woman with
primary angiitis of the CNS.

A and B, Axial FLAIR MR images
(11,004/114/2200) show foci of increased
signal intensity at the anterior portions of
the external capsules bilaterally (A, ar-
rows) and decreased signal adjacent to
the anterior right ventricle (B, curved
arrow).

C and D, Corresponding T2-weighted
SE images (3000/91) show the lesion in
the anterior right ventricle (D, curved ar-
row) and an additional lesion in the right
thalamus (C, arrow).

E–G, Angiograms depict lesions in right
M1 (E, arrows), left A2 and M2 (F, long
arrow and short arrow, respectively), in
both PCAs (G, short arrows), and in left
anterior inferior cerebellar artery (G, long
arrow).

counterparts, but some prominent MR lesions were
not evident on angiograms. For example, in patient
15, the large MR infarction in the right MCA had
no correlate on angiograms (Table 2). In addition,
although patient 2 (Fig 2) had extensive lesions
both on the MR image and the angiogram, a large
right posterior cerebral infarction evident on the
MR image had no corresponding lesion on the an-
giogram. The correlation of angiographic lesions
with MR findings was worse; only a minority of

angiographic lesions (44%) had correlating MR le-
sions (Table 4).

To our knowledge, only one other study has at-
tempted to correlate in detail the results of MR im-
aging and angiography in CNS vasculitis (15). That
study and ours are in agreement that only a minor-
ity (36% and 44%, respectively) of angiographic
lesions correlate with MR imaging findings. Both
studies also agree that the correlation of MR lesions
with angiographic lesions is higher. One other
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TABLE 3: Lesions detected by angiography

Patient
Diag-
nosis Vessel Injected

ICA

R L

ACA

R L

MCA

R L

PCA

R L

VA

R L

No. of
Arteries
Involved

1

2

3

PACNS

SLE

PACNS

R ICA
L CCA, L VA

R CCA,
L CCA, L VA

AA, R ICA, L ICA,
L VA, R VA

2

2

2

2

2

Occl

A3

1

2

A1

2

2

M2

1

M1, M2

M1

1

2

P1, P3

2

2

Occl

1

2

SCA

2

1

PICA

2

2

8

4

3

4

5

6

PACNS

PACNS

PACNA

R CCA, L CCA,
L VA

R CCA, L CCA,
L VA

R ICA, L CCA,
L VA

2

2

2

2

2

2

2

1

1

A2

1

2

M1

1

2

M2

1

M1, M2

1

2

2

1

2

1

2

2

2

AICA

2

2

6

4

3

7

8

9

PACNS

PACNS

PACNS

R CCA, L CCA,
L VA

R ICA, L ICA,
L VA

R CCA, R VA

2

2

2

2

2

NE

2

A3

2

A2, A3

A3

NE

M3

M3

M2

M2

M3

NE

2

1

2

2

1

2

2

2

2

2

2

2

3

6

1
10

11

12

PACNS

PACNS

PACNS

R CCA, L CCA,
L VA

R CCA, L CCA,
L VA

R CCA, L CCA,
L VA

1

1

2

2

1

2

1

A1

A3

1

2

2

2

M1

2

M3

M1

2

1

P1, P2

2

1

P1, P2

P2

2

2

2

PICA

2

2

8

7

2

13

14
15

PACNS

PACNS
PACNS

R CCA, L CCA
L VA

R CCA, L CCA
R CCA, L ICA,

L VA

2

1
2

2

1
2

1

A1
A1

1

A3
A1

1

2
M1

1

M1
M1

Occl

2
2

Occl

2
2

2

NE
2

2

NE
2

6

5
4

16

17

18

SLE

PAN

GCA

R ICA, L ICA,
L VA

AA, R ICA,
L ICA, L VA

AA, R CCA,
L CCA

2

2

1

2

2

1

2

2

2

1

2

2

2

2

2

2

M2

2

2

2

2

2

2

2

2

2

2

2

2

2

1

1

2

Note.—L indicates left; R, right; AA, aortic arch; CCA, common carotid artery; ICA, internal carotid artery; VA, vertebral artery; ACA, anterior
cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; SCA, superior cerebellar artery; PICA, posterior inferior cerebellar
artery; AICA, anterior inferior cerebellar artery; PACNS, primary angiitis of the CNS; SLE, systemic lupus erythematosus; PAN, polyarteritis
nodosa; GCA, giant cell arteritis; Occl, occluded; NE, not evaluated. Where possible, segments were assigned to appropriate segments of the
corresponding vascular distribution. ‘‘1’’ indicates an artery affected with multiple lesions (eg, beading); ‘‘2’’ indicates an unaffected artery.

TABLE 4: MR imaging versus angiography: correlation of lesions

MR imaging
Total MR lesions: 66

Angiography
Total abnormal vessels: 68

No. of MR lesions evident on angiogram: 43

No. of angiogram lesions evident on MR: 30

Percentage of MR lesions evident on angiogram: 65%

Percentage of angiogram lesions evident on MR: 44%

study, which did not attempt a detailed correlation
of the two imaging techniques, simply concluded
that brain abnormalities identified at MR imaging
were less extensive than those delineated angio-
graphically (4).

The discrepancies between MR imaging and an-
giography may have several explanations. First, the
differences may be attributed to the different times
at which the studies were performed. This seems
unlikely, since the great majority of studies were
performed in close succession. Second, a patient

with vascular narrowing but no tissue infarction
might have an angiogram with positive results but
an MR image with negative results (conversely,
small-vessel abnormalities not apparent on an an-
giogram might lead to infarction detectable by MR
imaging). Finally, subtle MR abnormalities may es-
cape detection unless special sequences or orien-
tations are obtained (Fig 5).

Our results emphasize that angiography often
provides additional information about the extent of
disease beyond that detected by MR imaging. For
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FIG 5. Patient 5: 41-year-old woman with primary angiitis of the CNS and SAH
over the left cerebral convexity.

A, CT scan shows SAH (arrows).
B, SE MR image (3000/100) corresponding to the CT scan in A fails to reveal

any parenchymal abnormality; however, decreased T2 signal is present in the
region corresponding to subarachnoid blood on the CT scan (arrows).

C, Coronal SE MR image (600/20) shows high signal intensity material that
may be caused by hemorrhage over the left parietal lobe (arrow).

D, Angiogram shows multiple foci of dilatation and stenosis, predominantly in
the left ACA distribution (arrowheads).

example, the angiographic findings may offer an
explanation for a patient’s signs and symptoms that
cannot be attributed to the abnormalities seen on
MR images. Moreover, findings of serial studies of
patients with CNS vasculitis have shown that re-
sponse to treatment is more likely to be evident on
angiograms than on MR images (4).

Our study has several limitations. First, CNS
vasculitis is a difficult entity to define, because the
diagnosis can rarely be established by a single test
(2, 8, 9, 11). All imaging techniques, including MR
imaging and angiography, have imperfect specific-
ity; even brain biopsies yield high false-negative
rates (4, 11, 15). In the absence of pathologic con-
firmation, the diagnosis of CNS vasculitis needs to
be based on careful evaluation of clinical signs and
symptoms, correlation with radiologic findings, and
exclusion of other causes (8, 16, 21). Because this
approach is not infallible, some of our patients may
have been misdiagnosed. Our thorough clinical and
radiologic review of these patients reduces that
possibility but can never eliminate it entirely.

Because many of our patients were studied be-
tween 1986 and 1990, only six had MR angiograph-
ic studies. Despite the value of MR angiography in
patients with medium- and large-vessel disease (22),
the resolution of MR angiography remains insuffi-
cient for the fine vascular abnormalities that fre-
quently accompany CNS vasculitis (22–24).

Use of a FLAIR sequence in conjunction with
our routine SE sequences would probably have in-
creased the sensitivity of MR imaging (25, 26).
FLAIR imaging is particularly sensitive for peri-
ventricular and superficial cortical infarctions (27);
however, FLAIR may be inferior to conventional
long-TR imaging in detecting posterior fossa le-
sions (28, 29). Furthermore, criteria for normal
FLAIR images are still being formulated (30). Be-
cause the technique has been available only rou-
tinely at our institution since 1995, only one patient
underwent FLAIR imaging. In that patient (patient
4, Fig 4), the deep gray matter lesions were equally
evident on the T2-weighted and FLAIR sequences,
and one right-sided thalamic lesion would have
been missed had FLAIR imaging been used alone.
Although FLAIR imaging should be performed in
all patients with possible CNS vasculitis, it should
be used in conjunction with, rather than in lieu of,
conventional SE sequences.

Finally, failure to use contrast medium in all the
MR studies was another potential limitation. Ad-
ministration of contrast material increases the de-
tection of small infarctions on MR images (31) and
may also be useful in estimating the age of a lesion.
However, because of the retrospective nature of the
study design, this limitation could not be remedied.

Other imaging techniques with the potential to
enhance lesion detection and define brain regions
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FIG 6. Patient 6: 24-year-old woman with
primary angiitis of the CNS.

A, Axial SE MR image (1500/30) shows
high signal intensity in the left parietal cor-
tex, subcortical white matter (black ar-
rows), and in the left putamen (white
arrow).

B, Contrast-enhanced axial SE MR im-
age (550/25) shows vascular and mild pa-
renchymal enhancement (arrows). The
vascular stasis is indicative of acute cere-
bral ischemia.

C, Right internal carotid artery angio-
gram shows narrowing in the right perical-
losal artery (arrowheads). Superimposition
of vessels immediately distal to that lesion
gives the appearance of an aneurysm.

D, Left common carotid artery angio-
gram reveals attenuated MCA branches
distal to a trifurcation aneurysm
(arrowhead).

at risk in CNS vasculitis include perfusion- and dif-
fusion-weighted imaging, MR spectroscopy, and
positron emission tomography. These techniques
may become increasingly important as more effec-
tive therapies for CNS vasculitis become available.
Perfusion- and diffusion-weighted imaging may be
superior to FLAIR imaging in the detection and
characterization of early lesions (32).

Conclusion

MR imaging is very sensitive for CNS vasculitis
and typically shows supratentorial infarctions in the
cortical and subcortical regions; however, the MR
appearance is not specific for CNS vasculitis. Fur-
thermore, the correlation between MR imaging and
angiography on specific lesions is only moderate.
Our results suggest that these two imaging tech-
niques provide different information about the ex-
tent of CNS vasculitis. For a complete assessment
of the vascular damage resulting from CNS vas-
culitis, both imaging techniques should be used.
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