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RADIOLOGY-PATHOLOGY CORRELATION

Occult Amyloid-f-Related Angiitis: Neuroimaging
Findings at 1.5T, 3T, and 7T MRI

Can Ozltemiz, Haitham M. Hussein, Salman Ikramuddin, H. Brent Clark, Andreas Charidimou, and ‘' Christopher Streib

ABSTRACT

SUMMARY: Cerebral amyloid angiopathy (CAA) is a progressive neurodegenerative small vessel disease that is associated with intra-
cranial hemorrhage and cognitive impairment in the elderly. The clinical and radiographic presentations have many overlapping fea-
tures with vascular cognitive impairment, hemorrhagic stroke, and Alzheimer disease (AD). Amyloid-f -related angiitis (ABRA) is a form
of primary CNS vasculitis linked to CAA, with the development of spontaneous autoimmune inflammation against amyloid in the vessel
wall with resultant vasculitis. The diagnosis of ABRA and CAA is important. ABRA is often fatal if untreated and requires prompt immu-
nosuppression. Important medical therapies such as anticoagulation and antiamyloid agents for AD are contraindicated in CAA. Here,
we present a biopsy-proved case of ABRA with underlying occult CAA. Initial 1.5T and 3T MR imaging did not suggest CAA per the
Boston Criteria 2.0. ABRA was not included in the differential diagnosis due to the lack of any CAA-related findings on conventional
MR imaging. However, a follow-up 7T MR imaging revealed extensive cortical/subcortical cerebral microbleeds, cortical superficial sider-
osis, and intragyral hemorrhage in extensive detail throughout the supratentorial brain regions, which radiologically supported the diag-
nosis of ABRA in the setting of CAA. This case suggests an increased utility of high-field MR imaging to detect occult hemorrhagic
neuroimaging findings with the potential to both diagnose more patients with CAA and diagnose them earlier.

ABBREVIATIONS: ABRA = amyloid-3-related angiitis; AD = Alzheimer disease; CAA = cerebral amyloid angiopathy; CSS = cortical superficial siderosis;
PCR = polymerase chain reaction; PiB-PET = Pittsburgh compound-B; SPACE = sampling perfection with application-optimized contrasts by using different flip

angle evolution; GRE = gradient-echo

An 84-year-old woman presented to the emergency depart-
ment with 1 week of right temporal headache, nausea, vom-
iting, unsteady gait, and visual hallucinations. Her blood pressure
at presentation was 163/73 mm Hg. The neurologic examination
was notable for mild encephalopathy and intermittent visual hal-
lucinations, which she was aware were not real. A head CT scan
was unremarkable apart from age-related mild generalized cere-
bral volume loss. Notably, the patient and her husband reported
the same symptoms 10 years ago. Review of her previous work-up
was notable for a brain MR imaging with multiple areas of re-
stricted diffusion and leptomeningeal enhancement. Additionally,
her CSF at the time demonstrated elevated leukocytes (137/uL)
without evidence of infection. She was presumptively diagnosed
with CNS vasculitis and had complete resolution of symptoms
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after empiric treatment with corticosteroids. The patient remained
symptom-free for 10 years.

Conventional MR Imaging Findings at 1.5T and 3T

The patient was admitted for further evaluation. A contrast-
enhanced 1.5T MR imaging performed the next day showed multi-
ple bilateral small cortical foci of restricted diffusion and bilateral
scattered areas of leptomeningeal enhancement in the supratento-
rial brain, not corresponding to a specific vascular territory (Fig 1).
The distribution of these findings was similar to her previous MR
imaging. The T2* gradient-echo (T2*-GRE) sequence was unre-
markable without any evidence of intracranial hemorrhage, cer-
ebral microbleeds, or cortical superficial siderosis (CSS) (Fig 1).
FLAIR showed nonspecific periventricular white matter hyper-
intensities, with sparing of subcortical regions, consistent with
chronic small vessel ischemic disease. MR and CT angiography
showed no evidence of vascular occlusion, stenosis, nonstenotic
soft plaque, or vasculitic changes, and the atherosclerotic burden
in the aorta and large vessels was minimal.

Due to a history of prior CNS vasculitis diagnosis, a limited
black-blood vessel wall imaging was subsequently obtained
at 3T by using a 3D-T1-sampling perfection with application-
optimized contrasts by using different flip angle evolution
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FIG 1. MR imaging at 1.5T obtained in the emergency department. Axial DWI (A), T2*-GRE (B),
and contrast-enhanced TI-TSE (C) images at identical section levels. A, Arrows show punctuate
areas of restricted diffusion in the right frontal cortex. There were a few more similar foci in
other regions of the brain (not shown). B, T2*-GRE was negative for any intracranial hemorrhage
or cerebral microbleeds. C, Arrows point to bilateral multifocal abnormal leptomeningeal

enhancement.

FIG 2. Axial precontrast (A) and axial postcontrast (B) black-blood
vessel wall MR imaging obtained at 3T. Correlated with precontrast ves-
sel wall MR imaging (A), postcontrast image (B) shows bilateral scattered
leptomeningeal disease (arrows) in the supratentorial regions. No defi-
nite periarterial or arterial wall enhancement is appreciated.

(SPACE) sequence, with and without contrast agent, on a sepa-
rate day. This study did not show any perivascular enhance-
ment or arterial stenosis to suggest arterial vasculitis in the
large and middle-sized intracranial arteries. Still, scattered lep-
tomeningeal enhancement was again noted (Fig 2).

Diagnostic Evaluation

An extensive evaluation for conventional stroke etiologies was
completed, which included low-density lipoprotein (99 mg/dL)
and hemoglobin A;. (6.2%, in the prediabetic range).
Electrocardiogram showed normal sinus rhythm, and teleme-
try did not reveal any arrhythmia. Echocardiography demon-
strated an ejection fraction of 60%-65%, biatrial enlargement,
and severe mitral annular calcification without cardioembolic
source of stroke. Similarly, cardiac CTA did not show evidence
of intracardiac thrombus or aortic arch atheroma. CT of the
chest/abdomen/pelvis did not show underlying malignancy
that might cause a hypercoagulable state or a source of infection.
Blood pressure was well-controlled throughout the patient’s
admission after a period of permissive hypertension (systolic
blood pressure range: 129-163).
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Due to high suspicion for an atypical
cause of stroke, a more extensive diag-
nostic work-up was pursued. A lumbar
puncture showed increased leukocytes
(24/001), erythrocytes (360/Ul), and pro-
tein (109 mg/DI). Additional CSF studies
included an elevated IgG index, no oli-
goclonal bands, normal angiotensin-
converting enzyme, negative meningi-
tis/encephalitis panel (including herpes
simplex virus 1 and 2 and varicella zos-
ter virus), and negative flow cytometry.
Other laboratory tests that were nega-
tive or in the normal range included
troponin, brain natriuretic peptide, thy-
roid-stimulating hormone, erythrocyte
sedimentation rate, C-reactive protein,
antinuclear antibody, double-stranded
DNA, antineutrophilic cytoplastic antibody, rheumatoid factor, anti-
cardiolipin, lupus anticoagulant, S-2-glycoprotein, QuantiFERON
gold, Lyme serology, and coronavirus disease 2019 (COVID-19) po-
lymerase chain reaction (PCR) testing.

Pathology

Based on the aforementioned findings and past medical history,
the neurology team suspected that the patient could have acute
CNS vasculitis. However, her clinical course with no residual
symptoms or recurrence in 10 years was atypical. The differential
diagnosis also included occult malignancy, such as intravascular
lymphoma, a neuroinflammatory process, infectious endocardi-
tis, or atypical presentation of embolic stroke from atherosclerosis
or cardioembolism. Due to the persistent diagnostic uncertainty,
a brain biopsy was obtained to confirm the diagnosis before com-
mitting to long-term immunosuppression. A biopsy was obtained
from the right frontal dura mater and underlying parenchyma in
an area with leptomeningeal enhancement.

On pathologic examination, the sections of dura mater were
unremarkable, with no evidence of vascular pathology. Sections
from the brain had extensive granulomatous vasculitis, particu-
larly involving leptomeningeal arteries. The arterial walls were
infiltrated by epithelioid histiocytes and lymphocytes to a lesser
extent. Most of the affected vessel walls, where visible, had amy-
loid deposition, confirmed by AB immunohistochemistry. In
some of the granulomas, no vascular profile was seen, and some
had little or no AB staining, possibly because the vascular wall
was not within the thickness of the section and only the granu-
lomatous element was present. There was a recent microinfarct
in one area with vacuolation of the white matter and numerous
axonal spheroids, which stained heavily with AB antibodies. In
addition, there were numerous plaquelike accumulations of A3
in the cerebral cortex, which were not well-appreciated on the
H&E-stained sections, suggestive of the early “diffuse” type of se-
nile plaque formation (Fig 3).

Overall, the histopathologic findings supported a diagnosis of
amyloid- 3 -related angiitis (ABRA), a form of primary CNS vas-
culitis linked to cerebral amyloid angiopathy (CAA). There
appeared to be vascular mural injury in some of the affected



FIG 3. A, H&E-stained section from the right frontal lobe biopsy with granulomatous angiitis (white arrows) in the leptomeninges. The affected
vessels have hyalinization of the tunica media and loss of smooth muscle nuclei, consistent with amyloid angiopathy (black arrows). B,
Immunohistochemical staining for amyloid-3 counterstained with hematoxylin. The leptomeningeal vessels involved by granulomatous inflam-
mation (white arrows) have brown immunoreactivity for amyloid-8 (black arrow). The vessel in the upper left has partial destruction of the
wall with focal loss of amyloid immunoreactivity (black arrowhead). Scale bar =100 um at (A) and (B).

FIG 4. 7T brain MR imaging obtained after discharge. Axial T2* images (A and B) show numerous scattered punctate susceptibility artifacts in
the cortical/subcortical distribution (solid arrows), consistent with cerebral microbleeds and cortical superficial siderosis in the supratentorial
parenchyma (dashed arrows), which are completely obscured at 1.5T GRE (Fig 1). Precontrast (C) and postcontrast (D) black blood vessel wall MR
imaging with zoomed smaller images at the center, focusing on larger vessels at the circle of Willis. Compared with vessel wall MR imaging at 3T
(Fig 2), the vessel walls have higher resolution and improved appearance. Arrows at (D) show leptomeningeal enhancement in the left frontal
regions, which is harder to appreciate compared with 3T. Note that it is harder to suppress the peripheral CSF signal (white oval windows) at 7T,
leptomeningeal enhancement at these regions cannot be perceived without a precontrast control study, or these regions could be equivocally

called enhancement. No suspicious stenosis, contrast enhancement, or wall thickening is identified at the circle of Willis.

arteries and not just perivascular inflammation, the latter of
which sometimes occurs as a more benign inflammatory reaction
associated with cerebrovascular amyloid deposits.

Postoperative Clinical Follow-up and Radiologic Follow-
up at 7T MR Imaging
The patient was treated with 3 days of pulse-dose steroids
(1000 mg methylprednisolone daily) before the brain biopsy
results were available. Clinically, a marked improvement was
observed with resolution of headache and visual hallucinations,
along with improved cognitive function and gait. The patient
was discharged home with a prescription for aspirin 325 mg/d.
While the biopsy results were still pending, to continue the
patient’s diagnostic work-up, the patient underwent 7T MR imag-
ing/MRA 1 week later with an FDA-approved Magnetom Terra
MR imaging scanner (Siemens) equipped with 1-channel trans-
mit/32-channel receive array head coil (Nova Medical) by using

the first level mode. During image acquisition, in-house calcium
titanate dielectric pads were placed in the temporal and subocci-
pital regions. Apart from conventional sequences, this 7T MR
imaging examination also included black-blood vessel wall imag-
ing (sagittal 3D fat-saturated T1-weighted SPACE; TR/TE: 1100/
23 ms, section thickness: 0.5mm, matrix: 272 x 272, FOV:
136 mm, voxel size: 0.3 x 0.3 x 0.5 mm® acquisition time:
5:06 min). DWT at 7T showed new punctate lesions with diffusion
restriction. Axial T2* sequence showed extensive CSS with
numerous punctate cortical and subcortical cerebral microbleeds
consistent with CAA, which were not visualized on prior MRIs
with lower magnetic field strength (Fig 4). Vessel wall MR imaging
showed markedly superior resolution of the vessel walls of the large
and medium-sized arteries compared with 3T, without any suspi-
cious vessel wall enhancement. Subtle leptomeningeal enhance-
ment in the left inferior frontal regions was perceived after
careful correlation of pre- and postcontrast series and with
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FIG 5. Three-month follow-up 7T MR imaging. Axial T2* images are at
the upper row (A and B) and corresponding axial SWI (C and D) are at
the lower row. After 3 months, the patient is symptom-free, however,
images show an increased number of punctate microhemorrhages in
comparison with the corresponding images at previous 7T MR imag-
ing axial T2* (Fig 4A, -B). Arrows point out some of the peripheral
microhemorrhages and compared with T2* (A and B), SWI provides a
clearer and sharper visualization of some of these microhemorrhages
(C and D). In closer look, the entire cortex shows a gyriform suscepti-
bility artifact in certain regions on SWI, most significant in the occipital
lobes, which is not technically a superficial pial siderosis but actually
corresponds to newly described intragyral hemorrhage sign (arrow-
heads in C and D). This observation was not well appreciated on T2*.

retrospective review of the older 3T MR imaging, which was
obtained before treatment with steroids. Assessment of other
superficial areas on vessel wall MR imaging at 7T, including
occipital and parietal gyri, was obscured due to high peripheral
CSF T1 signal in contrast to low T1 CSF signal seen in the cen-
tral portions of the brain (Fig 4). Altogether, the radiographic
findings on high-field MR imaging were also consistent with
ABRA.

After the radiographic and histopathologic diagnosis of ABRA
secondary to CAA, aspirin monotherapy was continued for sec-
ondary stroke prevention in the setting of the patient’s recurrent
ischemic strokes. Due to her excellent recovery, the patient had
already been discharged home, and she elected not to pursue
additional oral steroid treatment with close radiographic and
clinical surveillance. Her neurologic examination at her 3-month
follow-up visit showed only mild amnestic cognitive impairment,
which was her baseline. A repeat 7T MR imaging was obtained
for surveillance. This scan was optimally protocolized for evalua-
tion of CAA including both ultra-high resolution axial SWI
(TR/TE: 22/15 ms, section thickness: 1.4 mm, matrix: 640 x 640,
FOV: 220 mm, voxel size: 0.2 x 0.2 x 1.4 mm3; acquisition time:
6:30 min) and axial T2* (TR/TE: 1080/20 ms, section thickness:
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1.5 mm, matrix: 620 x 620, FOV: 210 mm, voxel size: 0.2 x 0.2 X
1.5 mm?; acquisition time: 9:35 min). Both sequences showed fur-
ther increased number of microbleeds in the cortical-subcortical
regions and new areas of CSS in a wider distribution compared
with axial T2* obtained 3 months earlier (Fig 5). While all micro-
bleeds were visible on both SWI and T2, the lesions were easier
to observe and appeared clearer and sharper on SWI. Only seen
on the SWI sequence, there were several areas in the occipital
lobes with susceptibility artifacts involving the entire cortical rib-
bon, in a tram-track fashion. This finding was not well appreci-
ated on T2*. This tram-tracklike dark appearance of the gyri in
the occipital lobes was not an MR imaging finding we were accus-
tomed to seeing on 3T MR imaging in other CAA cases. There
were also 4 new areas of punctate DWT restriction, 1 correlated
with a microbleed, while the other 3 appeared to be secondary to
subacute infarctions. The postcontrast 3D T1-MPRAGE was neg-
ative for any leptomeningeal enhancement. Despite the increased
microhemorrhage and new punctate areas of restricted diffusion,
the patient’s clinical improvement was remarkable. Given her
clinical stability and the resolution of leptomeningeal enhance-
ment, the patient and her vascular neurologist elected not to initi-
ate further immunotherapy. The patient was maintained on
aspirin monotherapy with close follow-up and has continued to
recover well.

DISCUSSION

CAA is a progressive neurodegenerative small vessel disease that
is associated with intracranial hemorrhage and cognitive impair-
ment in the elderly. The pathophysiologic mechanism is abnor-
mal accumulation of primarily A3-40 peptide fragments in the
walls of cortical and leptomeningeal small arteries, arterioles,
and capillaries.'™ The disease has overlapping features with
Alzheimer disease (AD), in which AB-42 peptide fragments
accumulate in the brain parenchyma.*>” While the diagnosis can
only be confirmed with biopsy and histopathologic examina-
tion, in usual clinical practice, the diagnosis is based on key clin-
ical features and MR imaging findings in the context of Boston
Criteria Version 2.0 (Online Supplemental Data)." The clinical
and radiographic presentations have many overlapping features
with vascular dementia, stroke, and AD. Thus, accurate recogni-
tion of CAA is imperative, because the treatments for these entities
are markedly different. In particular, CAA is a contraindication to
certain standard-of-care medications, including anticoagulation
for stroke or immunotherapies against AD.*” Withholding essen-
tial anticoagulation or antiamyloid therapies requires a high degree
of confidence in the CAA diagnosis.

ABRA occurs in CAA with the development of spontaneous
autoimmune inflammation against the amyloid in the vessel wall
and resultant vasculitis.>® This entity represents a spontaneous
human example of amyloid-related imaging abnormalities, an
autoimmune reaction following immune therapy in AD.” Early
recognition of ABRA is essential because it can be progressive
and fatal, but often responds to prompt treatment based on
immune suppression and high-dose steroid treatment.”

Here, we present an atypical case of ABRA with underlying
occult CAA. Initial MR images did not suggest CAA per the
Boston Criteria 2.0 on conventional 1.5 and 3T MR images.



Although vasculitis was strongly suspected based on the patient’s
reported medical history and the MR imaging findings demon-
strating multiple bilateral infarcts of various ages and leptome-
ningeal enhancement, ABRA had not been included in the
differential diagnosis due to the lack of any CAA-related findings
and lack of edema in the cortex or subcortical white matter on
FLAIR, hence not fulfilling the criteria for probable CAA-related
inflammation (Online Supplemental Data). A limitation of this
case is that SWI was not obtained on the initial 1.5T and 3T
MRIs. Although SWI should be the clinical standard over T2*-
GRE because SWI has higher sensitivity than T2*-GRE for CSS
and microhemorrhage detection, not all hospitals have switched
from T2*-GRE to SWI for many local reasons. For example, T2*-
GRE requires less acquisition time and is less prone to motion ar-
tifact; therefore, it is still favored by many experienced neuroradi-
ologists. Given the marked disparity between findings at 1.5T and
3T versus 7T, it is unlikely that incorporating SWI alone would
have revealed the degree of underlying radiographic markers of
CAA that we observed on 7T imaging. This is consistent with the
previously reported utility of 7T MR imaging in CAA, including
demonstration of novel imaging findings such as intragyral hemor-
rhage and “striped occipital cortex” sign.” Regardless, this case also
highlights the importance of using SWI over less sensitive sequen-
ces in patients with cerebrovascular disease.

It is known that there is significantly increased sensitivity to
magnetic susceptibility artifacts, signal-to-noise ratio, and contrast-
to-noise ratio in ultra-high field 7T MR imaging in comparison to
1.5T and 3T MR imaging. The scientific literature on CAA and
ABRA, including the Boston Criteria 2.0 is predominantly based
on GRE and SWI sequences obtained on 1.5 and 3T MR imaging
scanners. The Boston Criteria 2.0 (nor its previous iterations) are
not validated for 7T MR imaging.” Nonetheless, it remains intui-
tive that 7T MR imaging would have increased sensitivity for
microbleeds and CSS, leading to more frequent and earlier diagno-
ses of CAA. Two 7T MR imaging postmortem studies in patients
with CAA by using a T2* sequence showed novel diffuse suscepti-
bility artifact involving the entire portion of the cortical ribbon,
referred to as intragyral hemorrhage.'™'' Moreover, a novel
“striped occipital cortex” sign in CAA was also described at 7T."!

Histopathology samples corresponding to the “striped occipi-
tal cortex” demonstrated iron depositions and calcification of the
penetrating arteries of the cerebral occipital cortex.'” Koemans et
al'' assessed the presence of these novel MR imaging findings in
patients with hereditary cerebral hemorrhage with amyloidosis
by using 7T MR imaging. They reported the intragyral hemor-
rhage sign and the striped occipital cortex sign in 12% and 3% of
the patients, respectively, while these signs were absent in control
subjects."" Similar to our case, they reported that these MR imag-
ing findings could not be observed at conventional MR imaging
magnet strength. While subtle cortical microhemorrhages seen
on 7T could be related to other conditions such as microinfarcts
or AD,">' in the appropriate clinical context, the distribution of
microhemorrhages and presence of CSS, intragyral hemorrhage,
or striped occipital cortex signs should reliably suggest a CAA
diagnosis.

Amyloid PET imaging has been explored as a potential molec-
ular biomarker for CAA. However, its utility for CAA diagnosis

remains limited due to the inability of current radioligands to dis-
tinguish between vascular and parenchymal amyloid deposits.
Increased signal on an amyloid PET might be due to parenchy-
mal amyloid, vascular amyloid, or a combination of the two,
depending on the clinical context.'” A recent neuropathologic
study by using antemortem PET scans with Pittsburgh com-
pound-B (PiB-PET) found no correlation between PiB-PET sig-
nal and histopathologic CAA burden on a gross lobar level.'® In
practice, this means that CAA alone might not be enough to lead
to a positive amyloid PET scan, at least in patients presenting
with memory complaints without major hemorrhagic stroke.
Another study by using the amyloid PET tracer '*F-florbetapir
found that patients with CAA had a lower global amyloid PET
uptake compared with patients with mild cognitive impairment
due to AD." Although not statistically significant, this study
noted relatively increased '*F-florbetapir uptake in the posterior
brain regions of patients with CAA, aligning with prior findings
that CAA preferentially affects posterior areas of the brain.'® Of
note, how the active autoinflammatory reaction against vascular
amyloid, as observed in ABRA, affects the amyloid PET uptake
remains uncertain. For these and other reasons, brain MR imag-
ing remains the preferred diagnostic approach for CAA.
Advances in MR imaging technology, particularly the use of 7T
MR imaging, hold promise for enhancing the diagnostic sensitiv-
ity and specificity for CAA.

FDA-approved 7T MR imaging scanners are available in only
a few centers in the United States. Sequence parameters and pro-
tocols are not fully optimized, and there are only a few resources
to guide neuroradiologists in this unknown territory.'”** T2* and
SWI are the 2 primary sequences sensitive to microbleeds and
CSS. In this single case, SWI provided a better delineation of the
microbleeds and intragyral hemorrhage, though the difference
was minor, and both sequences could detect these abnormalities.
SWI may be preferable to T2* due to the shorter acquisition time,
but differences in these sequences on 7T should be studied in
larger cohorts in the future.

Another consideration is that 7T vessel wall MR imaging may
better delineate the walls of large and middle-sized arteries and
aneurysms compared with 3T.*"** However, peripheral leptome-
ningeal enhancement can be missed due to incomplete CSF sup-
pression in the periphery with 3D T1-SPACE sequences in
contrast to the image center. Vessel wall MR imaging showed ei-
ther leptomeningeal enhancement or vessel wall enhancement in
the peripheral small vessels in CAA cohorts.”>** Therefore, neu-
roradiologists should be familiar with this issue, and perhaps 3D-
T1-MPRAGE sequence might be preferred for assessing leptome-
ningeal disease in the setting of vasculitis or ABRA at 7T.

This case is the only reported biopsy-proved ABRA case in
CAA, which has prior imaging with 1.5T, 3T, and 7T MR imag-
ing and contrast-enhanced vessel wall MR imaging, allowing us
to compare vessel wall MR imaging findings between 3T and 7T,
as well as to illustrate a dramatic comparison of GRE at 1.5T with
SWI and T2* at 7T, and a direct comparison of SWI and T2* at
7T. This case suggests an increased utility of high-field MR imag-
ing to detect occult hemorrhagic neuroimaging findings with the
potential to both diagnose more patients with CAA and diagnose
them earlier. Additionally, larger research studies are imperative.
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Case Summary

CAA may mimic other neurologic diseases clinically and radio-
logically. In this case, the diagnosis of ABRA, an autoimmune
vasculitis that occurs in the setting of CAA, was delayed due to
the inability to visualize neuroimaging markers of CAA on con-
ventional MR imaging. However, 7T MR imaging demonstrated
typical cortical and subcortical microbleeds with CSS. A 7T MR
imaging also revealed intragyral hemorrhage sign, a recently
described finding in CAA on high-field MR imaging. The diagno-
sis of ABRA and CAA are important: ABRA is often fatal if
untreated, whereas CAA is a contraindication to standard-of-care
medications such as anticoagulation to prevent stroke and antia-
myloid agents for cognitive impairment. Finally, the increased
sensitivity for CAA and ABRA on 7T MR imaging could poten-
tially reduce the need for brain biopsy.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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