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Purpose
• Focusing on infarcts, aneurysms, arteriovenous
malformations (AVMs) and dural
arteriovenous fistulas (dAVFs), MR imaging
technique and pearls important for image
acquisition and interpretation are discussed.
• A case approach is used, facilitating as well a
further understanding of these disease
processes and image interpretation therein.

Approach
• Clinical cases are systematically presented,
depicting the utility of MR flow techniques in the
evaluation of infarcts, aneurysms and AVMs (as
well as dAVFs).
• The exhibit begins with a brief discussion of
physics, discussing flow, spin echo versus
gradient echo technique, and time-of-flight (TOF)
MRA.
• In the discussion of clinical cases, in most
instances comparison is made to CTA and DSA.

Flow on unenhanced T1-weighted scans
can appear markedly different on gradient
as opposed to spin echo images.

Illustrated is a comparison of
pre- (left column) and postcontrast (right column) T1weighted images acquired at
1.5 (upper row) with fast spin
echo (FSE) and 3 T (lower
row) with gradient recalled
echo (GRE) techniques. Note
the vascular pulsation artifacts
on the 1.5 T study,
accentuated post-contrast
(arrows). The standard default
2D T1-weighted scan
sequence at 1.5 T is FSE,
while that at 3 T is a gradient
echo. Thus the pulsation
artifacts with the FSE scan
are avoided, with markedly
diminished artifacts on the
GRE scan at 3 T due to the
use of a short TE.

3T offers a substantial advantage
over 1.5T in the depiction of flow
within vessels, and in particular
with TOF technique.

3D TOF MRA, a comparison of imaging at
1.5 and 3 T. Targeted MIP images of a
multilobed 8 mm MCA aneurysm, arising
from the M1 segment, are presented. In this
case, the greater SNR and CNR available at
3 T has been used in part to improve spatial
resolution. Two small branch vessels
(arrows) originate from the aneurysm, a
critical imaging finding, with the origin of the
larger vessel not depicted and the smaller
vessel itself not evident on the 1.5 T scan.

An important caveat to recognize is the
absence of a normal flow void (including the
corresponding appearance on TOF MRA).

T2-weighted axial images
reveal abnormal high SI within
the petrous portion of the left
internal carotid artery
(arrows). This is consistent
with either very slow flow or
occlusion. A MIP projection of
the 3D TOF MRA
demonstrates occlusion of the
petrous and cavernous
portions of the left ICA, with
only the carotid terminus
(arrow) visualized. The left
MCA is supplied via collateral
flow from the ACOM and
PCOM. Note the reduced
signal intensity and caliber of
the left MCA and its branches,
relative to the normal right
side, due to reduced and
delayed flow.

An additional important caveat is that TOF
does not depict leptomeningeal collaterals well

Subtotal occlusion of the M1
segment of the left MCA, with
excellent retrograde
leptomeningeal collaterals. On
the T2-weighted scan there is
a subtle difference in caliber
and number of visualized
MCA branches when
comparing the two sides. TOF
MRA demonstrates apparent
total occlusion of the left M1
segment just distal to the
carotid terminus. Two different
temporal phases from the
frontal projection of the DSA
are presented, with the
second visualizing extensive
collateral vascular supply to
the left hemisphere. The
patient was asymptomatic,
despite the demonstrated
occlusion.

In ischemia, TOF
MRA can depict
vessel occlusion
(illustrated),
recanalization, and
focal stenoses.

MCA infarct due to cervical spinal manipulation. The T2-weighted axial exam depicts
vasogenic edema (a subacute infarct, on the right) involving the anterior insula and
inferior frontal gyrus. CTA performed on admission 5 days prior to the MR reveals
occlusion of the right ICA in its midsection, with a sharply tapered origin consistent
with a dissection. By the time of the CE-MRA, the occlusion progressed to the level
of the origin of the ICA. There is retrograde filling of the distal segment of the ICA.

In ischemia, TOF MRA
can depict vessel
occlusions, recanalization
(as described - on f/u in
this case), and focal
stenoses.

PCA distribution infarct with T2-weighted scans presented from two days following
onset of symptoms (upper row) and on long-term follow-up at 18 months (lower row).
By the time of the initial MR, vasogenic edema with abnormal high signal intensity is
seen within the hippocampus, white arrow, and thalamus, black arrow. At the time of
this exam, there was also non-visualization of the right PCA immediately following its
origin (white *) on the TOF exam (insert). On the initial follow up MR (not shown), at 3
weeks after clinical presentation, flow was again present in the right PCA.

In ischemia,
TOF MRA can
depict vessel
occlusions,
recanalization,
and focal
stenosis (as
shown).

Acute watershed infarcts, with two clinical presentations five months apart,
due to a severe stenosis of the distal cavernous segment of the left internal
carotid artery. Both the TOF MRA and subsequent DSA revealed the root
cause, the severe focal stenosis of the distal left ICA.

Clot (within a vessel) can be visualized
depending on time frame as high SI on
T1-weighted scans, with flow voids on T2weighted scans and vessel enhancement
post-contrast confirming vessel patency.

Infarction of the left thalamus,
due to unilateral deep venous
thrombosis. Two axial precontrast T1-weighted scans
reveal a methemoglobin clot
(white arrows, with abnormal
high signal intensity) within
the internal cerebral vein on
the left. A follow-up MR two
weeks later shows the patent
right internal cerebral vein as
a flow void, and the
hemorrhage within the left
thalamus as abnormal low
signal. At 4 months, on a thin
MIP of an axial post-contrast
T1-weighted scan, the normal
right thalamostriate vein
(black arrow) is seen, draining
into the internal cerebral vein,
with these structures absent
on the left (due to
thrombosis).

One caveat in
terms of MR
flow technique
is the potential
limitation of
scan resolution,
with this
illustrated in
moyamoya.

Moyamoya. Lenticulostriate collaterals are seen as a myriad of tiny filling defects
within the suprasellar cistern on the axial T2-weighted scan. The thin MIP axial TOF
MRA shows the distal ICAs to be small in caliber, the occlusion of the MCA involving
the M1 segment bilaterally, the prominent lenticulostriate collateral vessels, the small
caliber of the peripheral MCA branches, and the normal posterior circulation. Both
superficial temporal to MCA branch surgical bypasses are patent (*).

TOF MRA
may poorly
depict large
aneurysms,
with utility
for CE TOF

Partially thrombosed, large cavernous carotid aneurysm. A round mass lesion is noted
on the unenhanced CT within the right cavernous sinus. Post-contrast there is
enhancement anteriorly, with the imaging findings suggestive of an aneurysm of the
cavernous portion of the distal internal carotid artery, with thrombosis of the posterior
portion of the aneurysm. CTA confirms this diagnosis. On the TOF MRA, the patent
portion of the aneurysm is poorly depicted, which is common with large aneurysms
(due to flow dynamics). The patent portion is well visualized however on the additional
axial contrast enhanced T1-weighted image and contrast enhanced TOF exam.

For small aneurysms, both
CE T1-weighted imaging and
high resolution TOF MRA can
be extremely valuable

This 4 mm unruptured aneurysm arises at
the origin of PCOM, but without
incorporation thereof. The aneurysm can
be identified on the 4 mm post contrast
axial T1-weighted screening exam. It is
better visualized on the thin MIP TOF MRA
(arrow), with the origin of the right PCOM
(*) clearly separate. The aneurysm is broad
based, and well depicted by VRT, that
image being derived from the TOF MRA.

Close inspection of
T2-weighted FSE
images can be critical
for the detection of
small aneurysms, with
flow voids providing
excellent visualization

Pericallosal aneurysm. A 5 mm aneurysm is noted
involving the A3 segment of a single (unpaired)
pericallosal artery, with incorporation of the A4
branches. The aneurysm is well visualized, as a flow
void, on a single axial 4 mm T2-weighted scan centered
on the lesion. TOF MRA, with thin axial and sagittal
MIPs shown, well depicts the aneurysm (arrow) at the
juncture of the (single) A3 and (paired) A4 segments.

Unruptured, small (4 mm),
MCA bifurcation aneurysm.
Close inspection of the MCA
bifurcation on a screening
axial T2-weighted scan at 3
T reveals a small aneurysm
projecting anteriorly (white
arrow). This is better
identified on the axial thin
MIP TOF MRA. Volume
rendering technique (VRT),
applied to the TOF MRA
exam, well depicts this broad
based aneurysm (*), which
arises from the MCA
bifurcation on the left.
Volume rendering technique, as applied to
TOF MRA, can be extremely valuable for
3 dimensional visualization of aneurysms.

Revisiting the
value of flow
voids, contrast
enhanced T1weighted scans
(in particular at 3
T with GRE
technique), TOF
MRA, and VRT
for detection and
depiction of brain
aneurysms
Basilar tip aneurysm. On the axial T2-weighted scan, a flow void is noted in the
expected location of, but larger in diameter than, the normal basilar tip. On axial
and sagittal contrast-enhanced T1-weighted scans, there is uniform enhancement.
The exam was obtained at 3 T, with the enhancement post-contrast of arterial
structures due to the use of a short TE 2D gradient echo technique. A thick MIP
coronal projection from the TOF MRA exam well demonstrates this asymptomatic
basilar tip aneurysm. The VRT from the MR exam reveals incorporation of the
origins of the posterior cerebral arteries bilaterally. Frontal DSA projections of the
posterior circulation using a vertebral injection demonstrate the aneurysm both
prior to and following occlusion with platinum microcoils.

Imaging approaches
critical to the
evaluation of AVMs
include TOF MRA
(both pre- and postcontrast), phase
contrast (PC) MR
angiography, and
CTA, with VRT and
thick MIP processing
of high value for
image display and
interpretation.

Posterior fossa arteriovenous malformation. Although AVMs can be difficult to
detect on unenhanced CT, calcifications - as present with this lesion – are not
uncommon and can be a key for diagnosis. There is prominent mass effect upon
the adjacent cerebellum, together with mild compression of the fourth ventricle.
Both the CTA and the TOF exam demonstrate the arterial inflow to be primarily from
the PCA, SCA, AICA, and PICA on the right. The venous outflow is predominately
via the right and left transverse sinuses, with a giant venous varix seen on the right.

Left paracentral lobule arteriovenous malformation. Flow voids are noted in the left
paracentral lobule, together with the pre-central, post-central, and cingulate gyri. In
regard to MR technique (with the scan performed at 3 T), the pre-contrast T1weighted scans are obtained with FSE and the post-contrast with GRE technique. The
former allows best visualization of the flow voids, and the latter the best visualization
of contrast enhancement in both the feeding arteries and draining veins. TOF MRA will
visualize predominately the large feeding arteries, together with partial visualization of
the nidus and draining veins. Phase contrast MRA can be used, as illustrated, to
achieve improved visualization of the venous drainage.

Vessel flow voids
(T2), enhancement
(T1) of both the nidus
and associated
aneurysms, and TOF
MRA all have value
for depiction of AVMs.

Large right parietal AVM. A tangle of flow voids is noted on the T2-weighted scan, with
the large nidus best identified on the post-contrast T1-weighted scan. A large round
flow void is identified medially, shown by subsequent imaging (and DSA) to be an
aneurysm along a feeding vessel. These are seen in less than 10% of AVMs, are
commonly multiple, and are at risk for rupture. TOF MRA reveals an enlarged right
MCA, left ACA, and right PCA, all feeding this AVM. DSA confirms the vascular supply.

Acute hemorrhage, with
a small underlying AVM
noted on follow-up MR
obtained 6 months
following presentation
(with the interval time
allowing for resolution of
mass effect and near
complete resorption of
the hematoma).
Although not noted
prospectively, in
retrospect on the CTA
there is the question of
an abnormal vein (white
arrow) immediately
posterior and lateral to
the hematoma and on
the MR both a small
tangle of flow voids and
the associated slightly
prominent vein (white
arrow).

On the follow-up exam, a small tangle of vessels is noted
immediately adjacent and lateral to the small residual fluid
cleft on the TOF MRA (black arrow) and on phase contrast
MRA (*), which is noted to enhance post-contrast (black
arrow) – with the latter exam also demonstrating again the
slightly enlarged draining vein.

Dural AVFs are a
pathology where
contrast enhanced
TOF MRA is
particularly valuable.

This dural arteriovenous fistula is located along the wall of the left transverse and
sigmoid sinuses. Arterial feeders, as demonstrated by a thick axial MIP from the TOF
MRA, include the occipital artery (arrow) and the posterior auricular artery (*), both
being branches of the external carotid artery. The fistula itself is best visualized on the
thin MIP TOF MRA (middle image, upper row), as a small tangle of vessels in the
vicinity of the left transverse sinus. Its specific location is better identified on the CE
TOF MRA, due to visualization on that exam of the dural sinuses. The phase contrast
MRA well demonstrates the arterial feeders and to a lesser extent the AVF itself.

Thin MIPs from a high resolution
post-contrast exam such as MPRAGE can be of substantial value
for depiction of vascular lesions

Developmental venous anomaly (DVA),
(arrow). Axial and sagittal thin MIPs from a
contrast enhanced T1-weighted 3D MPRAGE exam are illustrated. A lateral
projection from a delayed venous phase of
the DSA exam is also presented for
comparison. Note the dilated medullary
veins, the “Medusa head”, draining via a
single large anomalous vein, which courses
anteriorly around the temporal lobe tip.

Vertebrobasilar dolichoectasia, with clot within the ectatic basilar artery. The
basilar artery is large in diameter (ectatic) with mixed SI therein on the axial T2weighted scan. Post-contrast and TOF images confirm at this level a relatively
normal caliber, patent lumen (with contrast enhancement, arrow), surrounded by
clot. The coronal TOF MIP shows the elongation (“dolicho”) of the basilar artery,
which extends far to the right of midline, and then terminates very high. The patent
portion of this markedly ectatic basilar artery is largest in its midsection. Similar
findings are demonstrated on CT, with some associated vascular calcification.

Summary
• MR flow techniques are critical to the evaluation
of cerebrovascular disease. Not to be neglected
are attention to technique optimization and
approaches beyond standard TOF imaging.
• Important incremental value can be gained by
phase contrast MRA and post-contrast TOF MRA,
together with appropriate post-processing, with
this entire area advanced substantially by the use
of 3 T.
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