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Magnetic resonance angiography
in suspected cerebral vasculitis

Abstract The purpose of this study
was to determine the technical
capacity and diagnostic accuracy of
3D time-of-flight magnetic reso-
nance angiography (MRA) in sus-
pected cerebral vasculitis in a retro-
spective analysis of MRA and digital
subtraction angiography (DSA) in
14 young patients with clinical
and/or radiological suspicion of
cerebral vasculitis. A total of nine
arteries were evaluated in each pa-
tient. Consensus review of DSA by
three observers was the reference
standard. The sensitivity for detect-
ing a stenosis varied from 62 to 79%
for MRA and from 76 to 94% for
DSA, depending on the observer.
The specificity for detecting a steno-
sis varied from 83 to 87% for MRA
and from 83 to 97% for DSA. Using

the criterion “more than two stenoses
in at least two separate vascular dis-
tributions” to consider the examina-
tion as being true positive, the false-
positive rates for MRA and DSA
were comparable. MRA plays a role
as the first angiographical examina-
tion in the diagnostic work-up of
suspected cerebral vasculitis. When
more than two stenoses in at least
two separate vascular distributions
are depicted on MRA, DSA is not
expected to add a significant diag-
nostic contribution in a patient with
suspected cerebral vasculitis. DSA
remains necessary when MRA is
normal or when less than three
stenoses are seen.
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Introduction

Central nervous system vasculitides are a heterogeneous
group of disorders that are characterized by inflamma-
tion of the blood vessel walls [1]. Cerebral vasculitis can
be infectious or non-infectious. Some of the non-infec-
tious vasculitides are due to immune complex deposition
(e.g., systemic lupus erythematosus), while others are
cell mediated (e.g., granulomatous angiitis, Wegener
granulomatosis). There is also a poorly defined group of
disorders (e.g., Behget disease, drug-induced arteritis)
that may present with cerebral vasculitis. In addition,
intracranial atheromatosis and vasospasm can mimick
the appearance of vasculitis on angiography.

The diagnosis can be extremely difficult and needs
often to be based on careful evaluation of the clinical

signs, radiological correlation and exclusion of other
causes [2]. Brain MR imaging may remain normal in the
setting of cerebral vasculitis, although abnormalities are
detected in most patients with angiographical evidence
of arterial stenosis. Brain biopsies yield high false-nega-
tive rates [3]. We studied 14 consecutive patients who
underwent digital subtraction angiography (DSA) and
magnetic resonance angiography (MRA) as part of the
diagnostic work-up for suspected cerebral vasculitis.
DSA is the imaging modality of choice in assessing
patients with suspected cerebral vasculitis, but the risk of
a complication is present. Few data have been published
on the efficacy of MRA in evaluating intracranial steno-
sis, and there has been no comparison between both an-
giographical techniques in patients with suspected cere-
bral vasculitis [4-7]. In this study we want to compare
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Table 1 Clinical and radiological findings in 14 patients with suspected cerebral vasculitis

Patient, sex,  Clinical presentation and MR findings MRA DSA Treatment, final diagnosis and
age (years) relevant laboratory results outcome
1,E 45 Seizures, adult polycystic kidney Normal + + No treatment, drug-induced
disease, encephalopathy following vasculitis, same
high dose analgesics for headache
2,F 43 Seizures, dysphasia, inflammatory Recent left MCA infarct + + Steroids, possible vasculitis,
blood alterations fibromuscular dysplasia, improved
3,M, 43 Recurrent acute occipital headache, Normal - + Analgesics, thunderclap headache
LP: 14 white blood cells and or crash migraine, improved
microscopic hemorrhagic changes
4,F 33 Multiple sclerosis, dysphasia, Multiple sclerosis plaques, - + Aspirin and antibiotics, Borrelia
Borrelia IgM and IgG Ab serology  recent right MCA infarct vasculitis or possible Sneddon
syndrome, same
5,F 32 Progressive left hand paresis, Recent right BG infarct + + Aspirin, vasculitis or angiopathy
diabetes mellitus, cardiovascular of unknown etiology, improved
risk factors
6, F, 46 Left brachiofacial paresis, Recent right and left MCA - - No treatment, possible multiple
sclerodermia and myasthenia gravis  infarct sclerosis or possible vasculitis,
LP: non-specific chronic meningitis improved (treatment unchanged
for myasthenia gravis)
7,F 50 Right hemiparesis and dysphasia, Left PICA infarct + + Aspirin, intracranial atheromatosis,
cardiovascular risk factors improved
8, M, 30 Dysphasia, right-sided sensory Normal - - Aspirin, pseudomigraine with
disturbances, LP: lymphocytic lymphocytic CSF pleiocytosis,
meningitis improved
9,F 22 Right hemianopia Recent left PCA infarct + + Aspirin, possible emboli, improved
10, M, 29 Deterioration of mental functions, Non-specific white matter - - Folic acid, no final diagnosis,
elevated blood level of homocystein lesions improved
11, M, 33 Right hemiparesis, elevated blood Left BG infarct + - Aspirin and folic acid, no final
level of homocystein, LP: diagnosis, improved
lymphocytic meningitis
12, F, 48 Dysarthria and clumsy right hand, Left BG and internal - - Aspirin, intracranial atheromatosis,
diabetes mellitus, antiphospholipid  capsule infarct progressive deterioration
syndrome
13, F, 53 Right homonymous hemianopia, Left PCA infarct + + Aspirin and folic acid, intracranial
right-sided sensory disturbances, atheromatosis, deterioration
elevated blood level of homocystein,
adult polycystic kidney disease,
cardiovascular risk factors
14, F, 49 Left hemiparesis Recent left MCA infarct - - Aspirin, no final diagnosis,

improved

MRA magnetic resonance angiography; DSA digital subtraction angiography; MCA middle cerebral artery; PCA posterior cerebral
artery; PICA posterior inferior cerebellar artery; BG basale ganglia; LP lumbar puncture; CSF cerebrospinal fluid.

DSA and MRA in their ability to detect stenoses of intra-
cranial arteries in young patients with suspected cerebral
vasculitis in order to define the role of MRA.

Material and methods

We included 14 patients who had undergone cerebral DSA and 3D
time-of-flight MRA to exclude vasculitis. The decision to perform
an angiogram was based on the clinical suspicion of cerebral vas-
culitis and/or the brain MR finding in a young patient. There were
four male and ten female patients ranging in age from 22 to

53 years with an average age of 38.2 years. All patients presented
with acute neurological symptoms. Lumbar puncture showed ab-
normalities in four patients and inflammatory blood changes were
observed in two other patients. Three patients had cardiovascular
risk factors. Brain MR was normal in 3/14 patients. Both angio-
graphical examinations were retrospectively reviewed separately
and at random by one general radiologist (BV, reader 1) and two
neuroradiologists (PD and GW, readers 2 and 3). After the assess-
ment of the examinations in 14 patients, a consensus review of the
DSA by the three observers was considered the reference standard
for the statistical analysis.

All patients were imaged at 1.0 or 1.5 T (Siemens, Erlangen,
Germany). A circularly polarized head coil was used. A single 3D
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axial volume acquisition was obtained with a repetition time (TR)
of 40 and 35 ms, respectively, at 1.0 and 1.5 T. Echo-time (TE)
was 10 and 7.2 ms, respectively. Additional parameters included a
200512 matrix with a 200 mm FOV. Twenty-four partitions were
obtained with a slab thickness of 36 mm and a slice thickness of
1.5 mm. These parameters yielded a pixel size of 0.75x0.39 mm?2.
The flip angle at the center of the volume was 20°. Maximum in-
tensity projections were calculated every 15-18° in the axial and
in the sagittal plane. DSA, which was performed on all patients
using a Siemens Angiostar system with a 1,024x1,024 non-inter-
polated matrix, was considered the reference standard after con-
sensus review by the three observers after they had evaluated
MRA and DSA separately. Anteroposterior and lateral views (six
images per view) of the right and left internal carotid artery and
the left vertebral artery were obtained and were available for re-
view. Both angiographical examinations were performed within a
time span of 1-9 days.

The following nine arteries were assessed in each of the 14 pa-
tients: the left and right anterior (ACA), middle (MCA) and poste-
rior (PCA) cerebral artery, cavernous portion of the left and right
internal carotid artery (CAR) and the basilar artery (BAS). All
together, 126 intracranial arteries were evaluated. These vessels
were evaluated with a five-point scale: 1, normal; 2, probably nor-
mal; 3, indeterminate; 4, probable stenosis; 5, definitive stenosis.

To assess the accuracy of MRA for detecting a stenosis at each
artery, estimates of sensitivity and specificity were computed. The
specificity of MRA was computed as the proportion of cases as-
signed a score 1 or 2 over all arteries that were normal on DSA.
Sensitivity was defined as the proportion of DSA-positive cases
assigned a score of 3, 4 or 5 on MRA.

To assess the overall accuracy of MRA for detecting intracra-
nial stenosis, the maximum likelihood estimate of the area under
receiver operating characteristic (ROC) curve was computed for
each reader by pooling the results over all vessels. Asymptotic
95% confidence intervals were constructed.

Inter-observer agreement was assessed with a weighted kappa-
statistic. The following weights were applied: 1.0 if both readers
agreed about the presence of stenosis (scores of 4 or 5), the ab-
sence of stenosis (scores of 1 or 2) or described the case as inde-
terminate; 0.0 if one reader indicated the presence of stenosis and
the other indicated absence; 0.5 if only one of the readers de-
scribed the case as indeterminate. Kappa values are interpreted as
<0.40, poor agreement; 0.41-0.60, moderate agreement; 0.61—
0.80, substantial agreement; and 0.81-1.0, almost perfect agree-
ment. The hypothesis that kappa does not differ from zero was
tested; a significance level of 0.01 was applied.

Results

Fourteen consecutive patients with the clinical suspicion
of vasculitis who were referred to the department for
DSA were retrospectively studied. The clinical and
radiological findings are summarized in Table 1. Eleven
patients presented with focal neurological signs, one pa-
tient with relapsing headache, one patient with seizures
and one patient with cognitive deterioration.

No final diagnosis could be established in three pa-
tients. The diagnosis “vasculitis” was put forward in two
patients, while three patients were diagnosed as “vascu-
lopathy.” Intracranial atheromatosis was the final diag-
nosis in three patients. One patient was diagnosed as
crash migraine, one as possible Sneddon syndrome
(and/or Borrelia vasculitis) and one as pseudomigraine
with lymphocytic CSF pleocytosis. The clinical status

Table 2 Distribution of intracranial stenoses on DSA

Vessel Left Right
ACA 3(14) 4(14)
MCA 5014 5(14)
PCA 5(14) 7 (14)
CAR 2 (14) 2 (14)
BA 2(14)

Values in parentheses are total number of vessels studied. ACA an-
terior cerebral artery; MCA middle cerebral artery; PCA posterior
cerebral artery; CAR internal carotid artery; BA basilar artery.

improved in ten patients, remained unchanged in two pa-
tients and deteriorated in two patients

Table 2 summarizes the distribution of intracranial
stenoses on DSA (14 patients examined) obtained after
consensus by the three observers after their blind analy-
sis of both examinations. The sensitivity and specificity
for all arteries on MRA and DSA for the three observers
are given in Table 3. The sensitivity of MRA varied from
62 to 79% depending on the observer, while the sensitiv-
ity of DSA varied from 76 to 94%. The specificity of
MRA varied from 83 to 87% depending on the observer,
while the specificity of DSA varied from 83 to 97%.

False-positive and false-negative rates per patient for
DSA and for MRA are listed in Table 4. Percentages are
given with the absolute numbers in brackets. The num-
ber of false-positive MRA decreased when “more than
two stenoses” was used as criterion for a true positive
MRA. The number of false-negative MRA remained
high.

MRA showed comparable findings in six of them
(Fig. 1). The examination was false-negative in two pa-
tients (Fig. 2). MRA showed abnormalities in one patient
in whom DSA was normal (Fig. 3). Both examinations
were normal in 5/14 patients (Table 1).

The estimated area under the ROC curve for detecting
a stenosis on DSA was 0.95+0.03 for observer 1,
0.90+0.04 for observer 2 and 0.91+0.03 for observer 3.
The 95% confidence intervals for the accuracy of DSA
were 0.89-0.98, 0.83-0.95 and 0.85-0.96, respectively.

The estimated area under the ROC curve for detecting
a stenosis on MRA was 0.79+0.05 for observer 1,
0.83+0.05 for observer 2 and 0.82+0.05 for observer 3.
The 95% confidence intervals for the accuracy of MRA
were 0.71-0.86, 0.75-0.89 and 0.74-0.88, respectively.

The difference between the areas under the ROC
curve for DSA and MRA was 0.159 (P=0.002) for ob-
server 1, 0.074 (P=0.072) for observer 2 and 0.097
(P=0.058) for observer 3 (Fig. 4).

A comparison of the areas under the ROC curves be-
tween the different observers showed no significant sta-
tistical differences. The difference between the ROC
curves for MRA in observer 1 and 3 was 0.028+0.044
(P=0.520), 0.037+0.051 (P=0.465) for observer 1 and 2,
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Fig. 1a—c Patient no. 2. On 3D time-of-flight MRA several steno-
ses are depicted in the anterior, middle and posterior cerebral arte-
ries (a, arrow). Right carotid and right vertebral angiograms

shows the same narrowings, although these appear less pro-

nounced than on MRA (b and ¢, arrows)

Table 3 Sensitivity and specificity values per artery (%, 95% confidence interval in parenthesis)

Results Observer 1 Observer 2 Observer 3

MRA DSA MRA DSA MRA DSA
SENS 62 (44-78) 94 (80-99) 79 (62-91) 88 (72-97) 65 (46-80) 76 (59-89)
SPEC 86 (77-92) 83 (73-90) 87 (78-93) 84 (75-91) 83 (73-90) 97 (91-99)
SENS sensitivity; SPEC specificity.
Table 4 False-positive and false-negative results (%, absolute patient numbers in parenthesis)
Results Observer 1 Observer 2 Observer 3

False positive False negative False positive False negative False positive False negative
DSA 18 (2/11) 0 (0/3) 11 (1/9) 20 (1/5) 11 (1/9) 20 (1/5)
MRA (1) 30 (3/10) 50 (2/4) 13 (1/7) 42 (3/7) 25 (2/8) 50 (3/6)
MRA (>1) 16 (1/6) 50 (4/8) 0 (0/6) 37 (3/8) 28 (2/7) 57 (417)
MRA (=3) 20 (1/5) 55 (5/9) 0 (0/5) 44 (4/9) 16 (1/6) 50 (4/8)

MRA (1) detection of at least one stenosis; MRA (>1) detection of more than one stenosis; MRA (=3) detection of at least three stenoses.

and 0.009+0.045 (P=0.836) for observer 2 and 3.
The difference between the ROC curves for DSA in ob-
server 1 and 3 was 0.034+0.041 (P=0.416), 0.048+0.041
(P=0.249) for observer 1 and 2, and 0.014+0.047
(P=0.767) for observer 2 and 3.

The kappa statistics revealed a fair agreement (0.35)
between DSA and MRA for observer 1, a substantial
agreement (0.68) for observer 2 and a moderate agree-
ment (0.46) for observer 3.

The kappa-statistics for inter-rater agreement in the
assessment of MRA showed substantial agreement
(0.60-0.68, prevalence-adjusted bias-adjusted kappa
0.67-0.73). The kappa-statistics for inter-rater agreement
in the assessment of DSA showed moderate agreement
(0.44-0.51, prevalence-adjusted bias-adjusted kappa
0.51-0.57).
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Fig. 2a, b Patient no. 3. 3D time-of-flight MRA was considered
normal despite the visualization of a stenosis in retrospect
(a, arrow). Left vertebral artery injection shows a narrowing of the
left distal posterior cerebral artery (b, arrow)

Discussion

Central nervous system vasculitis is a rare disorder and
is often difficult to diagnose. MR imaging is considered
very sensitive in most series, but the specificity remained
poor [8]. Opinions concerning the value of a normal
brain MR vary [1, 9]. While several authors have report-
ed a very high sensitivity for MR imaging, others have
stated that a normal brain MR imaging does not exclude

i

Fig. 3a, b Patient no. 11. 3D time-of-flight MRA demonstrates a
narrowing of the proximal part of the right middle cerebral artery
(a, arrow). Right carotid angiography was considered normal
(b, arrow)

the presence of abnormalities angiographically [1, 9].
Although angiographical lesions without corresponding
parenchymal abnormality have been reported in a partic-
ular vascular territory on DSA of patients with vasculitis
and several brain MR lesions, it is accepted that the dis-
ease is extremely unlikely in the presence of a normal
brain MR examination [9, 10]. The angiographical and
the MR imaging findings provide different information
about the extent of the disease [1, 11]. An angiographical
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Fig. 4 ROC curves used to determine the accuracy of 3D time-of-
flight MRA and DSA for the three observers

examination in a patient with suspected cerebral vasculi-
tis therefore always is required, and usually DSA is re-
quested. The classical pattern was defined as long seg-
mental or multiple focal areas of narrowing in at least
two separate vascular distributions. Up to 30% false-
negative results have been reported for DSA [12]. The
biopsy yields the highest specificity (80%), but remains
often false-negative (53%) and is associated with a
serious morbidity (0.5-2%) [3].

DSA is the imaging reference standard in the diagnos-
tic work-up of patients with suspected vasculitis [3, 12].
However, the sensitivity of 60—80% and a specificity of
30%, together with a limited risk of procedure-related
complications, have to be taken into account. The posi-
tive predictive value is 22—-37%.

Intracranial MRA has been restricted to some extent
by limited resolution, saturation of flow and degree of
background suppression. Tortuous blood vessels and/or
decreased blood flow velocities may affect the images.
This may lead to an overestimation of a stenosis and
sometimes to the wrong diagnosis of a stenosis [4].
MRA 1in older patients may fail for these reasons. The ar-
tifacts are due to higher-order motion and intravoxel de-
phasing. In order to minimize artifacts due to higher-
order motion and intravoxel dephasing, it is important to
use the shortest achievable echo-time and voxel size. In
this regard phase-contrast MRA is known to be less sus-
ceptible to turbulent flow and intravoxel dephasing. A
comparison between the two different MRA techniques
revealed a superiority of the time-of-flight method [14].
The advantages of MRA are tremendous and include ab-
sence of ionizing radiation, no contrast injection and
non-invasiveness. The complication rate of DSA in the
clinical setting of “suspected vasculitis” varies from 14
to 20%. In our series, one patient developed a stroke dur-
ing the DSA.

Heiserman et al. have assessed the usefulness of MRA
in the characterization of intracranial arterial stenoses and

occlusions using a 3D TOF technique [4]. They found
that 61% of the stenoses were correctly graded.

Recently MRA has been used in the assessment of pa-
tients with vasculitis, but comparison with DSA was
available in only six patients [7]. The authors concluded
that MRA was a valuable tool. Both angiographical tech-
niques showed abnormalities in three patients, and both
were normal in one patient. MRA was abnormal in one
patient, while DSA was normal. Finally, DSA was ab-
normal in one patient who had normal MRA findings.
From their observations the authors suggested to use
MRA as the initial examination [6, 7].

We compared both techniques in 14 young patients
with suspected cerebral vasculitis. We performed this
study for the detection of intracranial stenoses in these
patients and not for grading the stenosis. The area under
the ROC curves showed that there was good agreement
among the three observers both for the analysis of MRA
and for the analysis of DSA. From the individual analy-
sis of the three observers, it could be demonstrated that
the assessment of MRA requires some experience, a
finding that has recently been reported in the detection of
intracranial aneurysms on MRA [15].

DSA yielded a limited number of false-positive and
false-negative results, compared to the consensus analy-
sis of the DSA by the three observers (Table 4). The
false-positive and false-negative rate of MRA was higher
when the detection of one stenosis was considered ab-
normal. However, with the criterion “more than two ste-
noses in at least two separate vascular distributions” to
consider an examination to be compatible with vasculi-
tis, the number of false-positive examinations decreased
to a figure that was comparable with the DSA findings
(Table 4). The number of false-negative examinations re-
mained high. Eight patients showed two or more steno-
ses on DSA. MRA was found to be negative in two (ob-
server 1) or three (observer 2 and 3) of these.

The additional use of CT angiography to improve the
accuracy of the diagnosis of a stenosis has recently been
studied [16]. The authors reported a reduction in the ten-
dency to overestimate a stenosis at MRA, and they also
improved the specificity for detecting a stenosis of 50%
or more.

It is important to know that MRA has its own limita-
tions. As the technique depends on flow velocity, the im-
age quality is patient-dependent and can be variable for
the same patient age. MRA does not offer information
regarding hemodynamics and does not visualize the en-
tire cerebral vasculature. Stenoses in more peripheral
branches may have been missed. A false-negative rate of
20-30% is generally accepted because of the limited res-
olution of DSA [12]. The resolution of MRA is even
lower than that of DSA, and therefore a higher false-
negative can be expected.

Our study has several limitations. It would have been
preferable to study a large cohort of patients with MRA
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Fig. 5a, b 3D time-of-flight MRA in two patients with suspected
cerebral vasculitis, performed after the end of the study. DSA was
not performed because at least three stenoses could be depicted
(a and b, arrows). Note the better image quality of these examina-
tions compared to those performed during the study. This is partly
due to the use of an eight-channel head coil and partly due to the
fact that the maximum intensity projections are now routinely ob-
tained every 4-5°

and DSA. Sensitivity and specificity of MRA may vary
with the number of patients with and without stenoses
on intracranial arteries. The use of a five-point scale to
assess the degree of stenosis also had an influence on the
sensitivity and specificity of MRA. We considered the
scores 3 (indeterminate), 4 and 5 as positive cases in the
calculation of the sensitivity and specificity. When the
score 3 was considered as negative, sensitivity slightly
decreased, while specificity increased compared to the
results in this paper. Our study also has a selection bias
and therefore the statistical analysis may not reflect the
analysis for an unselected population.

On the other hand, minor technical hardware im-
provements have led to a significantly better MRA im-
age quality. We recommend MRA in the suspected clini-
cal setting of cerebral vasculitis as the first non-invasive
angiographical imaging modality. At our institution, we
obtain maximum intensity projections every 4-5° over
360° in the axial and sagittal plane, and viewing is usual-
ly performed in a dynamic mode. Provided that MRA
depicts more than two stenoses in at least two separate
vascular distributions, DSA can be avoided (Fig. 5). In
all other instances, and particularly when MRA 1is nor-
mal, DSA is still indicated. With the advent of 3.0 T
units and/or eight-channel head coils, which increase the
image resolution 2—4 times, it is to be expected that
MRA will substitute DSA in the diagnostic work-up of
suspected cerebral vasculitis in the near future.
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