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Abstract

In recent years, ultra-high field MRI applications have been rapidly increasing in both clinical
research and practice. 7T MRI allows improved depiction of smaller structures with high
signal-to-noise ratio, and, therefore, may improve lesion visualization, diagnostic capabilities,
and thus potentially affect treatment decision-making. Incremental evidence emerging from
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research over the past two decades has provided a promising prospect of 7T MRA in the
evaluation of intracranial vasculature. The ultrahigh resolution and excellent image quality of

7T MRA allow us to explore detailed morphological and hemodynamic information, detect subtle
pathological changes in early stages, and provide new insights allowing for deeper understanding
of pathological mechanisms of various cerebrovascular diseases. However, along with the benefits
of ultrahigh field strength, some challenges and concerns exist. Despite these, ongoing technical
developments and clinical-oriented research will facilitate the widespread clinical application of
7T MRA in the near future. In this review article, we summarize technical aspects, clinical
applications, and recent advances of 7T MRA in the evaluation of intracranial vascular disease.
The aim of this review is to provide a clinical perspective for the potential application of 7T
MRA for the assessment of intracranial vascular disease, and to explore possible future research
directions implementing this technique.

Introduction

Since regulatory approval in 2017, commercial 7T MRI systems have been installed for
clinical use in multiple academic institutions, with resultant developmental acceleration.
The primary clinical advantages of 7T MRI systems include higher signal-to-noise ratio,
contrast-to-noise ratio, spatial resolution, and stronger susceptibility contrast that can
improve lesion detection, conspicuity, and characterization compared to 1.5T and 3T

MRI field strengths. Intracranial neurovascular MR techniques have significant incremental
benefits when performed using a 7T magnet. Although neurovascular MR techniques at 1.5T
and 3T are well established in the evaluation of neurovascular diseases including intracranial
stenosis, aneurysms, and arteriovenous malformations, they are limited in the evaluation of
cerebral small vessel disease (CSVD), primarily due to spatial resolution constraints. Some
very promising applications of 7T imaging includes MRA and its improved visualization of
lenticulostriate branches, potentially providing better elucidation of CSVD pathophysiology,
and improve detection of small cerebral aneurysms and differentiate pathology from normal
arterial variants. 7T vessel wall MR (VWI) can improve depiction of arterial wall lesions,
and potentially better characterize lesions and identify vulnerable features. There are 35 7T
MRI systems installed in North America, including 16 clinical units. The scanners cost at
baseline nine million dollars, with enhancements potentially increasing costs by millions,
and the additional millions in construction costs required for room design, specifications,
and unit installation.

The Society of Magnetic Resonance Angiography, a society comprised of vascular

and neurovascular MR experts, wrote this article in order to help better educate
neurointerventionalists and other neuroscience clinicians on the clinical value of 7T
neurovascular imaging and how it may potentially improve vascular disease diagnosis. We
review the technical advantages and limitations of 7T neurovascular MR, followed by a
detailed discussion of the utility and applications of 7T neurovascular MR in the assessment
of intracranial vascular diseases.
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Advantages and technical challenges of 7T compared to lower field

strengths

With 7T TOF-MRA, there is a three-fold increase of SNR and four-fold increase in
contrast-to-noise (CNR) compared to 3TL. This allows higher resolution imaging than 3T
(Supplemental Table 1 reviews the advantages and disadvantages of 7T over 3T MR). With
the ability to achieve 0.2-0.3 mm isotropic resolution, 7T improves depiction of small
arteries and increased conspicuity of pathology. Ultra-high magnetic fields also generate
prolonged blood T1 relaxation times, enhanced in-flow and phase-contrast effect, and
better vascular conspicuity and CSF suppression, which can enhance MRA image quality.
Furthermore, higher field strengths offer strong contrast enhancement that may increase
sensitivity in detecting intracranial vessel wall inflammatory lesions.

7T vessel wall MR (VWI) also provides improved vascular conspicuity and CSF suppression
than 3T. Even at similar resolutions (~0.5mm?3), 7T VWI could detect more arterial wall
lesions2. 7T VWI can demonstrate thin vessel walls, overcoming the insufficient resolution
seen on 3T. 7T VWI is superior in displaying arterial anatomy, detecting small lesions, and
identifying overall plaque burden relative to 3T VWIZ.

7T MR can improve the spatiotemporal resolution of 4D-flow imaging, thus enhancing
hemodynamic assessment. Time-resolved 7T 3D PC-MR shows smoother streamlines and
more accurate velocity vectors of the Circle of Willis compared to 3T3. Acceleration
techniques have also been employed to improve resolution (~0.5mm3 isotropic) for 7T
4D-flow imaging in comparable scan times (10 mins) and can enable quantification of
penetrating arteries.

7T susceptibility-weighted imaging (SWI1) permits visualization and quantification of deep
medullary veins. Dual-echo arteriovenography at 7T can improve visualization of small
vessels on MRA and SWI-MRV due to the increased SNR and susceptibility contrast
compared to 3T.

Despite these advantages, 7T MRA also faces several challenges, including larger magnetic
field inhomogeneity, increased specific absorption rate (SAR), increased contraindications
and safety concerns, and longer acquisition times (Supplemental Table 2). The spatially-
varying transmit B1 (B1+) inhomogeneity is a major concern for high-field MRI and

has been found to generate suboptimal TOF contrast. After a B;+ shimming system was
implemented, excitation homogeneity could be improved by a factor of 2.2-2.6, resulting
in better peripheral vessel visualization on TOF-MRA®*. Another challenge is the increased
local and global SAR at 7T, which limits the optimal setting of the sequences and can

raise safety concerns. Pulse setting adjustments and the application of designed RF coils
have been suggested as potential approaches to mitigate SAR-related issues®6. Acceleration
techniques, including compressed-sensing (CS) and generalized auto-callibrating partially
parallel acquisition (GRAPPA)-based techniques have been implemented to improve scan
time and patient compliance. CS acceleration with an acceleration factor of 7.2 achieved
0.31 mm isotropic resolution in 5 minute scan time’ (Figure 1). However, to obtain high
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quality images at even higher resolution (~150 um3), motion-correction to mitigate arterial
pulsation artifacts may be necessary for small vessel delineation.

Intracranial atherosclerotic plaque

While clinical 1.5T or 3T TOF-MRA are the first-line imaging tools for intracranial
vasculature assessment, 7T MRA can depict intracranial vessels with better conspicuity.
An early study showed the ability of 7T TOF-MRA to depict the entire length of first

and second order Circle of Willis branches, with 88% lower percentage of visualization at
1.5T and 3T8. The accuracy of 7T MRA for stenosis measurement has proven to be highly
accurate in phantom studies®. However, the comparison of stenosis measurement using 7T
non-contrast TOF-MRA, contrast-enhanced MRA, and VWI relative to the gold standard
DSA is still needed.

The enhanced spatial resolution with sufficient SNR of 7T VWI provides higher wall-
lumen contrast and improved CSF signal suppression, improving image sharpness and
quality relative to 3T2. 7T VWI enables more accurate artery wall thickness measurements
compared to 3T with histology as the referencel®, improving identification of subtle
non-stenotic vessel wall lesions and providing more accurate plaque burden assessment.
7T VWI studies have demonstrated that intracranial plaque burden is associated with
certain vascular risk factors, worse memory, and lower executive functioning!®. In patients
without a history of cerebrovascular disease, 7.3+4.9 lesions were discovered on VWI. The
clinical significance of these small lesions is unclear, but considering their high prevalence,
identification of subtle lesions could potentially help in determining stroke etiology in
patients initially classified as cryptogenic stroke, help define optimal treatment, and may
improve patient outcomes. In addition, early and sensitive identification of vascular lesions
could help us better understand the continuum of vascular aging versus pathologic vascular
disease, and the impact vascular disease can have on neurodegenerative conditions.

Ex-vivo 7T multi-parametric VWI imaging (0.1mm isotropic resolution) of intracranial
atherosclerotic disease (ICAD) advanced plague composition indicated a hypointense signal
on PD-, T2-, and T2*WI corresponded with foamy macrophages, increased proteoglycans,
or lipid-rich corel2. With the continuous improvement of in vivo 7T VWI resolution, plaque
composition analysis in the intracranial arteries, may be possible in the near future.

Clinical studies have reported the features of culprit ICAD on 3T VWI, including a higher
degree of contrast enhancement, positive remodeling, and intraplaque hemorrhagel3. 7T
may better delineate signal characteristics and plaque surface morphology (Supplemental
Figure 1). ICAD enhancement features, suggested as a high-risk plaque characteristic, have
been qualitatively comparable between 7T and 3T VWI, with higher contrast-ratio and
concentric morphology in culprit than non-culprit plaques'4. Though additional literature
evidence utilizing 7T VWI for plaque composition analysis is still needed, with increased
lesion depiction, improved morphological ICAD characterization, and developing automated
quantitative methods, ICAD characterization has the potential to be a major area of clinical
advancement in 7T VWI.
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7T VWI wall enhancement characteristics post-thrombectomy have been assessed, with
one study prospectively evaluating arterial wall enhancement in 49 ischemic stroke patients
within 3 months of symptoms, 14 of which underwent intra-arterial thrombosuction and

35 who did not undergo intra-arterial therapy!®. 79% of thrombosuction patients compared
to 49% without intra-arterial therapy showed ipsilateral arterial wall enhancement. In the
treatment group, enhancing lesions were more frequently seen on the ipsilateral side and
were more often concentric relative to the contralateral side, while no differences were
seen in the non-treatment group. These findings are similar to those seen on 3T VWI
where there was increased presence of concentric enhancing lesions ipsilateral to mechanical
thrombectomy, corresponding with increased number of passes and increased likelihood of
hemorrhagic conversion!®, with stent retriever devices associated with a higher likelihood
and degree of enhancement compared to aspiration devices. These findings likely relate to
arterial wall injury and resultant inflammation from device deployment.

Perforator visualization and associations with disease

Increased resolution with 7T MR allows improved evaluation of lenticulostriate (LSAs)!,
pontine perforator (PAs), and cortical arteries (Figure 1). A recent study achieved 140um
resolution on 7T TOF-MRA with visualization of pial arteries!®. Improved conspicuity

and visualization of LSAs can have a number of potential clinical benefits, including: 1)
depiction of ostial involvement by ICAD for etiologic diagnosis of deep infarcts, 2) imaging
biomarker for future longitudinal studies to determine the associations and causation of
LSA pathology, CSVD, and cognitive impairment, 3) better detection and longitudinal
evaluation of small artery inflammatory vasculopathies, and 4) better detection of small
cerebral aneurysms.

Perforator evaluation on 7T MRA has been an intense area of recent investigation. There

are fewer LSAs supplying the basal ganglia in stroke patients compared with age-matched
controls on 7T MRA, and in patients with LSA territorial infarcts, occlusive changes in

the LSAs on 7T VWI were frequent and were associated with increased craniocaudal

infarct extensionl’. ICAD involving the middle cerebral artery (MCA\) or basilar artery (BA)
may partially or completely block perforator ostia, termed “branch atheromatous disease
(BAD)”, leading to perforator territory infarcts. ICAD involving LSA origins on 7T-MRA
and VWI was independently associated with perforator territory infarct (OR 28.51; 95% ClI
6.34-181.02)1° (Figure 2).

CSVD is a heterogenous entity characterized by chronic, progressive vasculopathy affecting
the cerebral small arteries, arterioles, capillaries, and venules. CSVD is associated with
ischemic strokes, vascular dementias, and plays a key role in the pathogenesis of
Alzheimer’s dementia. Instead of relying on indirect parenchymal imaging markers for
CSVD diagnosis, 7T MRA can assess structural features such as identification of the
number of LSA stems and branches, average length and tortuosity, and recognition of

any narrowing or interruptions, thus providing a new perspective for the understanding of
CSVD pathogenesis. 7T TOF-MRA has found significant differences in LSA morphology
between patients with hypertension or chronic stroke and healthy subjects. In subcortical
vascular dementia, there is a significantly decreased number of LSA branches and stems in

J Neurointerv Surg. Author manuscript; available in PMC 2024 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sui et al.

Page 6

patients with CSVD risk factors?®. 7T VWI might be useful in elucidating the pathological
features of small arteries in CSVD. Association between large artery ICAD with onset
and progression of CSVD needs to be verified with further studies. A sub-analysis of the
SMART-MR study (n=130) found patients with higher burden of ICAD also had more
extensive CSVD?8. Higher plague burden corresponded with white matter hyperintensity
severity, subcortical and deep gray matter infarcts, and vascular lacunes.

7T SWI depiction of venules provides an avenue to further evaluate venous findings in
CSVD. Shaaban et al. reported 42% more tortuous anatomy of venules compared to straight
anatomy in their CSVD and AD cohorts (n= 53, median, 1.42; 95% CI, 1.13-1.62)27.

Non-atherosclerotic intracranial vasculopathies

Though the literature is sparse on 7T cerebrovascular imaging of non-atherosclerotic, non-
aneurysmal intracranial arteriopathies, the few studies performed have promising results,
showing 7T VWI can better depict wall lesions as compared to 3T VWI (Figure 3). In

three cases of biopsy-proven giant cell arteritis, 7T VVWI revealed strong enhancement of
the superficial cranial arteries on contrast-enhanced T1-weighted images, with superior
image quality to 3T MRI20. Additionally, 7T T1WI has been applied to systemic

lupus erythematosus (SLE) to detect micro-cerebrovascular changes, presenting as minute
punctate or linear hyperintense lesions in subcortical and/or cortical areas?t. Currently, there
are no reports on vasculitis using 7T MRA, but the improved resolution (up to ~150um)
could enable visualization of CNS vasculitis-related changes.

Excellent 7T MRA angioarchitecture depiction improves moyamoya disease (MMD)
evaluation. In a case-control study including 12 MMD patients, 7T MRI/MRA found
significantly more flow voids, representing collaterals, on T2-weighted imaging (3.71 vs.
1.17) and higher signal intensity of these collaterals on TOF-MRA (7.16 vs. 4.75) than

3T (both p<0.001)22. Using 7T TOF-MRA with 0.22x0.22x0.41 mm3 resolution, the deep-
seated collaterals detected were equivalent to those represented on DSA; however, 7T MRA
had the advantage of not suffering from overlapping vessels obscuring vascular anatomy?2,

7T MRA has facilitated increased microbleed and microaneurysm detection (Figure 4).

7T SWI (0.5x0.5x0.75 mm resolution) and TOF-MRA (0.5x0.4x0.42 mm) fusion images
improved detection of bleeding sources in hemorrhagic MMD. Microaneuryms arising from
the peripheral collaterals, measuring between 0.56-0.96 mm in diameter, were discovered

in 4 out of 10 cases by 7T TOF-MRA?4. Microstructural pathology detection requiring
submillimeter-resolution imaging could be a possible clinical application of 7T MRA.

Hemodynamic imaging

Quantitative flow assessment based on PC-MRI can be valuable for pathophysiological
hemodynamic status assessment in patients with cerebrovascular disease, with 7T
hemodynamic imaging enabling smaller vascular structure assessment. Previous 3T 4D-flow
data showed proximal intracranial artery hemodynamic alterations are associated with
cognitive performance, brain atrophy, and Alzheimer’s AB-42 profile?8. Evaluation and
characterization of small arteries and their contribution to dementia, however, is limited
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on 3T owing to limited achievable spatial resolution. Using cardiac-gated 2D PC-MRI, 7T
MRI can directly measure velocities in cerebral microvessels with a diameter >80 um. A 3T
and 7T comparison study showed that perforator velocity and pulsatility measurements are
field-strength dependent?®,

Aging and vascular risk factors increase large artery stiffness, which in turn results in
increased arterial pulsatility of distal small arteries, leading to microcirculatory damage.
Pulsatility index (PI) is calculated by Gosling’s equation [Pl=(peak systolic velocity —
peak diastolic velocity)/mean velocity]. Increased arterial pulsatility is associated with
microstructural brain damage and small vessel injury, indicating a potential mechanistic
link between aortic stiffening, brain lesions and cognitive impairment. PI in patients with
lacunar infarcts and deep intracranial hemorrhage was higher than in controls, while no
velocity differences were detected30, suggesting pulsatility increases before the absolute
velocity change.

The perforating arteries of the centrum semiovale and basal ganglia have been the focus

of CSVD hemodynamic studies. In healthy controls, LSA PI significantly increased and
damping factor significantly decreased with age3!. 7T 4D-flow MRI can provide velocity
measurements in the microcirculation, potentially capturing pre-clinical pathologic changes
before irreversible structural damage occurs in CSVD or other cerebrovascular diseases.
Increased pulsatility from wall stiffening is also likely a manifestation of vascular wall
disease itself.

There are a number of potential challenges and limitations to 7T 4D-flow MRI. One
challenge is partial volume effects due to limited voxel inclusion may distort the
measurements. Velocity of perforating arteries may be underestimated while pulsatility
may be overestimated by simulations. Parameter optimization and velocity corrections

can yield superior hemodynamic estimates in suitable acquisition times. Ghosting artifacts
arising from subject movement or pulsating large arteries also require manual or automated
censoring to prevent obscuration of the targeted microvessels. Overcoming these 7T MRA
challenges may further enhance the performance of 7T MRA in clinical applications.

Intracranial aneurysms

MRA is widely used for intracranial aneurysm detection, evaluation, and follow-up,
however, the sensitivity of 1.5T and 3T MRA for small aneurysm (<5mm) detection

is limited, and the differentiation between small aneurysms and infundibula can be
challenging. The image quality of 7T TOF-MRA and VWI is better than 1.5T or 3T in
displaying aneurysm structure and morphology®. Compared with the gold standard DSA,
7T TOF-MRA demonstrated excellent delineation of unruptured aneurysms (UIAs) with
diameters between 0.9-36 mm and added diagnostic value in differentiating aneurysms from
anatomic variants including infundibula or perforators32. In a study with 30 patients, the
diagnosis of suspected intracranial aneurysm determined on 3T was changed to vascular
variant in 66% of cases32.
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Aneurysm wall enhancement is associated with aneurysm symptoms, subsequent
aneurysmal growth, rupture risk, and aneurysm recurrence post-intervention8. Improved
image quality at 7T allows quantification of aneurysm wall thickness and enhancement. 7T
microstructure evaluation facilitated discovery that inner wall enhancement was correlated
with neovascularization with adjacent thrombus, while outer wall enhancement was
associated with vasa vasorum ingrowth8. Samaniego et al found an association between
parent artery wall enhancement in proximity to the neck of UIAs and circumferential
aneurysm wall enhancement, suggesting that parent artery inflammation may correlate with
aneurysm formation and instability33.

Hemodynamic assessment can be beneficial for the evaluation of UIA rupture risk. 7T

may provide more detailed anatomic assessment than 3T, improving the accuracy of
computational fluid dynamic (CFD) simulation modeling. There is an inverse correlation
between wall shear stress (WSS) and local aneurysm wall thickness and wall enhancement®.
The pattern of enhancement and WSS can be mapped regionally, demonstrating the
aneurysm neck having high WSS and lower likelihood of enhancement, while the dome

and body had low WSS and higher likelihood of enhancement. 7T may also offer

new acceleration algorithms, facilitating faster 4D-flow sequences that may be clinically
feasible34. 4D-flow imaging studies and the CFD simulations based on 7T MRA may
provide more key insights into the pathophysiological processes leading to aneurysm growth
and rupture, and could become valuable tools in diagnostic armamentariums.

Vascular Malformations

MRI plays an important role as a non-invasive technique in lesion assessment, stereotactic
radiosurgery planning and follow-up imaging of vascular malformations. Due to its superior
spatial resolution, 7T-MRA depicts the nidus, supply arteries and draining veins of
intracerebral AVMs accurately, with image quality comparable to DSA35. However, venous
saturation for AVMs at 7T-TOF-MRA is inferior relative to 3T-MRA, even when using
optimized venous saturation pulses36. On the other hand, 7T time-resolved MRA shows
outstanding delineation of AVM features and enables clear visualization of draining veins
otherwise not depicted on 3T MRA3. With increased penetration of 7T MRI scanners, and
increased utilization of 7T-MRA for assessment of AVM, this could potentially reduce the
reliance on DSA for AVM follow-up or evaluation of equivocal cases.

7T T2*GRE and SWI, due to increased susceptibility artifacts, will show increased

number and conspicuity of slow-flow vascular malformations, including cerebral cavernous
malformations (CCMs). In addition, cerebral venous variant anatomy on 7T high-resolution
(0.25 mm? in-plane) SWI correlated with sporadic or familial CCMs38. Sporadic CCMs
were associated with local venous abnormalities involving larger outflow vessels, whereas
familial CCMs often exhibited normal venous anatomy. Severe artifacts near the skull base,
however, should be considered as a limitation of 7T SWI and T2*GRE, limiting lesion
detection; differences in lesion size were also observed between 1.5T and 7T T2* GRE, with
discrepancies of up to 11%, which should be considered during interpretation3®,
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There are a number of immediate use applications for 7T Neurovascular MR, and potential
future application (Supplemental Table 3), however, there are multiple questions that

need to be addressed with future 7T MRA studies. Considering the current challenges

of 7T MRA, development and employment of acceleration techniques, efficient RF coils,
and novel sequences are essential for acquisition of high-quality whole brain coverage
datasets in acceptable scan times without exceeding SAR (heating) limits. Verification of
the reproducibility and reliability of 4D-flow imaging in intracranial vascular diseases is
also necessary. Investigations on the early pathological changes of perforators and small
cortical vessels, as well as the characteristic changes during the progression of vascular
lesions, would be necessary for the establishment of the diagnostic criteria for intracranial
large artery and small vessel diseases. So far, 7T MRA studies have reported interesting
findings and insightful observations in case series. Longitudinal 7T MRA studies on various
cerebrovascular diseases with larger sample sizes may provide better evidence for promotion
of 7T MRA applications in clinical practice, including stronger evidence supporting changes
to clinical management with the use of 7T imaging.

Conclusion

7T MRA is promising for the assessment of intracranial vascular diseases. With ultrahigh
resolution and SNR, 7T MRA can identify subtle lesions not otherwise detected on 3T,
potentially providing additional value in cryptogenic cerebrovascular disease. In addition,
its unique ability to assess small vessels and their hemodynamic characteristics can provide
pathophysiological insights and new biomarkers for small vessel diseases.

Supplementary Material
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Figurel.
Normal volunteer scan comparison. 3-Tesla 3D TOF-MRA with 0.44 mm isotropic voxel

size, acquisition time of 10 minutes 21 seconds (a), shows fewer lenticulostriate and
perforator branches than what is seen on 7-Tesla 3D TOF-MRA with 0.3 mm isotropic
resolution, acquisition time of 7 minutes 14 seconds (b, arrows). 7-Tesla 3D TOF-MRA
with 0.3 mm isotropic resolution (c) compared to 7T TOF-MRA with 0.2 mm resolution,
acquisition time 10 minutes 14 seconds (d). There are an increased number of visualized
lenticulostriate branches (arrows) at higher resolution acquisition (d, arrowheads), though
with use of compressed sensing there is increased noise artifact due to reduced signal,
resulting in small branch irregularity.
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Figure2.
Adult patient in their late 30’s presenting with left-sided weakness. Axial DWI (a), ADC (b),

and T2-weighted (c) sequences show subacute infarct involving the right corona radiata
(thick arrows). On TOF-MRA coronal MIP reformat (d), there is mild atherosclerotic
irregularity of the right M1 MCA (long arrow), and downstream irregular, discontinuous
lenticulostriate branches (arrowheads). There are less lenticulostriate branches originating
from the right MCA (e) compared to the left (f). Sagittal T1-weighted VWI (g, and zoomed
view) shows plaque along the superior wall of the right MCA (black arrow), at expected
location of lenticulostriate branch origins.
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Figure 3.
Patient in their early 60’s presenting with suspected stroke. Axial DWI (a) shows right

medial frontal lobe infarct in right ACA territory. TOF-MRA 3D MIP reconstruction

in oblique plane (b) shows stenosis of the A2 ACA bilaterally (arrow). 7-Tesla coronal
T1-weighted VWI (c) shows wall hyperintensity involving both ACA’s (arrows, Al=cross-
sectional slice of left ACA, A2=cross-sectional slice of right ACA), with wall involvement
and relationship to lumen being much more conspicuous than on 3T VWI (d). On 3T VWI,
it is unclear whether hyperintensity resides within the wall, lumen, or adjacent structures
(B1= cross-sectional slice of left ACA, B2=cross-sectional slice of right ACA).
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Figure 4.
Patient in their mid-40’s with Moyamoya disease presenting with dizziness for 3 months. 7-

Tesla axial (a), sagittal (b), oblique (c) and coronal (d) TOF-MRA MIP reconstructions show
right carotid terminus occlusion with extensive pial collaterals, and focal outpouching from
collaterals representing micro-aneurysm (arrows). Axial T2-weighted (e), SWI-magnitude
(f) and zoomed-in T1-weighted VWI (g) images show an additional small round lesion with
heterogenous signal near the right medial temporal lobe, representing a partially thrombosed
aneurysm.
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