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ABSTRACT

Given the ever-increasing utilization of magnetic resonance angiography, incidental vascular findings are increasingly
discovered on exams performed for unconnected indications. Some incidental lesions represent pathology and require
further intervention and surveillance, such as aneurysm, certain vascular malformations, and arterial stenoses or occlu-
sions. Others are benign or represent normal anatomic variation, and may warrant description, but not further work-up.
This review describes the most commonly encountered incidental findings on magnetic resonance angiography, their

prevalence, clinical implications, and any available management recommendations.

INTRODUCTION

Magnetic resonance angiography (MRA) of the head is
performed for many indications, most commonly for tran-
sient ischemic attack or stroke assessment and evaluation
for aneurysm or vascular malformation, and less frequently
for inflammatory conditions, mass effect, and surgical
planning. With increased availability, frequency of acqui-
sition, and quality of MRA, there is increased likelihood of
discovering incidental vascular findings. While unrelated
to the purpose of acquisition, incidental findings represent
unexpected observations of potential or unknown clinical
significance. This introduces the question: what to do about
a finding which may have no consequence acutely, but may
or may not be clinically relevant in the future? Importantly,
detection can be detrimental if it leads to unnecessary
treatment or follow-up. Incidental findings can be sepa-
rated into two categories: those needing surveillance and/
or treatment, and benign lesions or anatomic variants that
may warrant description but not further work-up. Accu-
rately diagnosing incidental pathology aids the clinician in
establishing a plan of treatment or surveillance. Likewise,
understanding common benign and anatomic variants
allows the patient to avoid unnecessary treatment and/or
follow-up.

Time-of-flight MRA technique
MRA protocols are typically implemented with time-
of-flight (TOF) technique, usually without intravenous

contrast (although contrast material may be used to miti-
gate flow, turbulence, and susceptibility artifacts). In TOF
sequences, stationary tissues are magnetically saturated by
multiple RF pulses, while blood rushing into the imaged
volume (having not yet experienced the saturation pulses)
retains high initial magnetization. Stationary tissues remain
dark, while inflowing blood is bright—a phenomenon
known as “flow-related enhancement”. Contrast between
the bright flowing luminal contents and dark stationary
tissues is ideal for the creation of maximum intensity
projections, which aid in interpretation of the angiogram.

Pathologies affecting the luminal caliber (including
stenosis, occlusion, and dilatation) are well appreciated
on TOF sequences. Maximum enhancement occurs with
high flow velocities and when the vessel in perpendic-
ular to the plane of imaging. As such, “arterialized” flow-
related enhancement can be seen in venous structures in
the setting of arteriovenous shunting, while abnormal slow
flow due to upstream stenosis may attenuate signal. Addi-
tionally, flow-related enhancement may be artifactually
decreased in arteries parallel to the imaging plane, or more
apparent in veins that are perpendicular to the imaging
plane. Finally, note that turbulent flow with associated spin-
dephasing may also result in artifactual signal loss which
can be mistaken for luminal pathology. MRA is also partic-
ularly susceptible to motion artifacts relative to computed
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tomographic angiography (CTA). While artifacts may not repre-
sent true incidental findings per se, it is important to recognize
common MRA artifacts, and recommend repeat imaging or
alternate modalities when appropriate.

INCIDENTAL PATHOLOGY

Aneurysm

Unruptured intracranial aneurysms are commonly discovered
incidentally. The prevalence of unruptured aneurysm is approx-
imately 2.8%, with higher prevalence among females, and with
increasing age.'™ Intracranial aneurysms are focal pathologic
arterial outpouchings. Most are found in the anterior circu-
lation, usually at junctions or bifurcations, including at the
anterior cerebral artery (ACA) and anterior communicating
artery (ACoA) (~30%), terminal internal carotid artery (ICA)
(~30%), and middle cerebral artery (MCA) (~25%) (Figure 1).
Less common locations include the extradural ICA (<10%) and
vertebrobasilar arteries (<10%).” Notably, multiple aneurysms
are found in 15-30% of aneurysm patients,” emphasizing the
importance of avoiding satisfaction of search errors after finding
a single aneurysm.

Prevalence of aneurysm increases in populations with specific
modifiable, vasculopathic, and genetic risk factors."*®’ Inci-
dence is increased in those with a strong family history and
certain genetic conditions including autosomal dominant poly-
cystic kidney disease (ADPKD) and some connective tissue
disorders. Although these syndromes increase risk (ADPKD
increases risk 3-14-fold), they constitute <10% of patients with
aneurysm.>® The American College of Radiology considers
MRA or CTA of the head appropriate for aneurysm screening
in asymptomatic patients with ADPKD, previously treated or
ruptured aneurysm, or those with >2 immediate family members
with history of aneurysm.’

Rutman et a/

Sensitivity of MRA for intracranial aneurysm has been vari-
ously reported between 74 and 98%, with higher sensitivities for
aneurysms > 3mm.'? Sensitivity is improved with higher field-
strength magnets; one 3T MRA-based study reported accura-
cies of 96-97% for small aneurysms < 5mm."" Pitfalls include
difficulty differentiating from infundibulum, as small associated
vessels may be poorly detected.

Given that subarachnoid hemorrhage carries high rates of
morbidity and mortality (8-67%),*'*"* incidentally discovered
aneurysm requires surveillance or treatment to monitor and
mitigate risk of rupture. The proportion of growing aneurysms
is approximately 3% per aneurysm-year, and higher growth rates
are seen in aneurysms of larger size, non-saccular shape (14.7%
per year), and involving the cavernous ICA (14.4% per year)."*
Interval growth is also an important risk factor for rupture (3.1%
per year vs 0.1% per year for non-growing aneurysms).14 Certain
aneurysm morphologies are also associated with higher risk of
rupture, including increased perpendicular height and higher
size ratio (ratio of maximum diameter to parent vessel diam-
eter).!” Recent studies employing high-resolution vessel wall MR
imaging (VWI) suggest a higher rupture risk in aneurysms with
wall enhancement.'®

Aneurysm location, size, and shape should be described to assist
in risk stratification. Lifestyle modifications including smoking
cessation and medical intervention can be implemented to lower
rupture risk.> The optimal interval and duration of surveillance
is not certain, but for unruptured aneurysms managed conserva-
tively, a first follow-up at 6-12 months, followed by subsequent
yearly or every-2-years follow-up is reasonable.’ Small, low risk
aneurysms which are stable on multiple follow-up studies can
likely be surveilled more conservatively, while larger aneurysms
with high-risk morphology and patient characteristics should be

Figure 1. Intracranial aneurysm. Axial TOF MRA (a) and 3D MIP reconstruction (b) demonstrate a 5 mm saccular aneurysm pro-
jecting superiorly from the left MCA bifurcation (arrows). Axial TOF MRA (c) and 3D MIP reconstruction (d) in a different patient
demonstrate a 9 mm saccular aneurysm projecting posteriorly from the right PCoA origin (arrowheads). Axial TOF MRA (e) and
3D MIP reconstruction (f) in a different patient demonstrate a 10 mm saccular aneurysm projecting anterior/inferior from the right
ACOA origin (small arrows). PCoA, posterior communicating artery; MIP, maximum intensity projection; MCA, middle cerebral

artery; MRA, MR angiography; TOF, time-of-flight.

\

2 of 13 birpublications.org/bjr

Br J Radiol;96:20220135


http://birpublications.org/bjr

Incidental Vascular Findings on Brain MRA

followed more closely. For those undergoing repeated follow-up,
MRA rather than CTA can be considered to avoid frequent doses
of ionizing radiation.” Further evaluation by VWI could be
considered to confirm aneurysm stability."”

Arteriovenous malformation

Brain arteriovenous malformations (AVM) are rare, seen in
approximately 18 per 100,000 adults.'"® AVM may be incidental,
symptomatic-but-unruptured, or ruptured. Approximately,
two-thirds are discovered after symptomatic hemorrhage and
one-fifth after seizure, but at least 15% are discovered inciden-
tally in asymptomatic patients.'® Although rare, AVM accounts
for ~3% of stroke,~4% or intracerebral hemorrhage, and ~9% of
subarachnoid hemorrhage in young adults."®!® The largest risk
factor for AVM hemorrhage is previous hemorrhage. Annual
bleeding rate without previous hemorrhage is 1-6%,'°** and
studies show modest increases in hemorrhage risk for larger
AVMs, in deep anatomic locations, with deep/central venous
drainage, and in pregnancy.2’~%*

It should be noted that the sensitivity of non-contrast TOF-MRA
for detection of AVM is lower than that of CTA and conventional
T2 weighted MRI. One study showed sensitivity for unruptured
AVM of 71% for MRA, compared to 96% for CTA and 97% for
T2 weighted MRI.* This may be due to unpredictable flow veloc-
ities and flow turbulence within AVMs, limiting visualization of
a smaller nidus. MRA is also limited in depiction of draining
veins. Associated aneurysms are also better detected by CTA,
with a sensitivity of 88%, compared to 27% for MRA.*

On MRA, AVM is characterized by enlarged feeding arteries,
a tangle of serpiginous vessels (representing the nidus), and
irregular draining veins with flow-related enhancement due to
shunting (Figure 2). Given the high morbidity and mortality
associated with rupture, accurate diagnosis and further charac-
terization with catheter-based digital subtraction angiography

Figure 2. Arteriovenous malformation. Axial TOF MRA (a) and
3D MIP reconstruction (b) demonstrate flow-related enhance-
ment in a tangle of serpiginous vessels in the left posterior
frontal lobe (large arrows). Early arterialized flow-related
enhancement is seen in large, abnormal draining veins and in
the superior sagittal sinus (small arrows), reflecting shunting.
MIP, maximum intensity projection; MRA, MR angiography;
TOF, time-of-flight.
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(DSA) may be needed for appropriate treatment planning.***®

The Spetzler-Martin grading scale stratifies the surgical risk of
resection,”® grading AVMs based on lesion size, pattern of venous
drainage (exclusively deep verses superficial), and neurological
eloquence of adjacent brain. Higher grade AVMs are associated
with increased rates of post-operative complications. As such,
incidental AVM description should include size, location, and
venous drainage; a description of arterial supply is also helpful
for surgical and endovascular planning.

There is no consensus on the treatment of incidental AVM, as
the morbidity and mortality of treatment may exceed that of
untreated AVM’s natural history.'**” However, as AVMs lack
a capillary bed and do not supply normally functioning brain
parenchyma, endovascular occlusion can often be performed
without causing cerebral ischemia, making it a preferrable treat-
ment when feasible. Ultimately, management may be multimodal,
including observation, microsurgical resection, endovascular
embolization, and/or stereotactic radiosurgery.

Dural arteriovenous fistula

Dural arteriovenous fistula (dAVF) is a rare but distinct subtype
of vascular malformation, accounting for approximately 10-15%
of intracranial AVMs.”® True prevalence is unknown. While
traditional AVMs are generally surrounded by brain paren-
chyma, dAVF are shunts supplied by meningeal branches that
drain directly into dural veins and/or sinuses. Although most
are idiopathic, some dAVFs are evidently acquired in the setting
of prior craniotomy, trauma, or dural venous sinus thrombosis.
It is thought that AV shunts between meningeal arteries and
dural venous sinuses enlarge due to increased pressures, or may
form as a result of neoangiogenesis due to outflow obstruction
and venous hypertension.”® Imaging findings vary, but typically
present as prominent, tortuous cortical veins in the subarach-
noid space, due to retrograde venous flow. Abnormal arterializa-
tion in adjacent dural venous sinus may be seen as flow-related
enhancement®®™! (Figure 3).

MRA is variably sensitive to dAVF: one study of 51 dAVFs found
MRA to be 50% sensitive,** another with 11 dAVFs found MRA
was 91% sensitive.*® Pitfalls of TOF-MRA techniques include
overdiagnosis when misinterpreting superiorly flowing venous
blood for arterialized flow, or lack of a saturation band leading to
enhanced venous flow. Limitations include lack of hemodynamic
information and poor visualization of veins.

As venous drainage is the most important factor in symptom
severity and risk of complications,”® full evaluation requires
additional imaging (beyond MRA) to fully interrogate venous
involvement and hemodynamics. The Borden®® and Cognard®*
grading systems were devised to stratify lesions based on venous
drainage patterns; higher grades demonstrate retrograde cortical
venous drainage, are more likely to present with hemorrhage or
neurologic compromise, and require more aggressive treatment.
As such, any incidental MRA finding suggesting dAVF should
be further investigated. This may include contrast-enhanced
MRI, MR venogram, or CTA and CT venogram if MR findings
are equivocal. Advanced MRA techniques may be appropriate
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Figure 3. Dural arteriovenous fistula. (a, b) Axial TOF MRA
images performed on a patient with prior history of menin-
gioma involving the superior sagittal sinus. Early flow-related
enhancement in the dural venous sinus at the left transverse-
sigmoid junction (a, large arrow), with adjacent transosseous
venous collaterals (a, arrowhead), compatible with arterio-
venous shunting. Prominent cortical veins with flow-related
enhancement suggest venous backflow (b, small arrows). (c,
d) Follow-up left external carotid artery injection DSA more
fully demonstrates the dAVF, including the fistula nidus in
which the middle meningeal artery branches empty directly
into the transverse/sigmoid sinus (curved arrow), early filling
of the left transverse sinus (black arrows), adjacent transos-
seous collaterals (arrowhead) and prominent cortical veins
(small arrows). dAVF, dural arteriovenous fistula; DSA, digital
subtraction angiography; MRA, MR angiography; TOF, time-
of-flight.

when available, including time resolved or digital subtraction
MRA.?>?¢ DSA is the gold-standard (providing real-time visu-
alization of the shunt and cortical venous drainage patterns)
and should ultimately be performed in any case in which dAVF
is considered,’®” given that treatment relies on endovascular
occlusion.

Intracranial atherosclerosis

The most common cause of intracranial arterial narrowing is
intracranial atherosclerotic disease (ICAD). Luminal stenosis
caused by ICAD is most frequently seen in the MCA, followed
by the basilar artery (BA), ICA, and intracranial vertebral
arteries (VA), typically involving proximal segments and near
bifurcations.

Rutman et a/

Figure 4. Intracranial atherosclerosis. (a) Axial TOF MRA
demonstrates segmental high-grade stenosis of the left M1
MCA segment (large arrow), due to ICAD. (b) Minimal flow-
related enhancement seen on the axial source image is not
well seen on the 3D MIP reconstruction, appearing as an
occlusion (small arrow). The contralateral side demonstrates
normal MCA caliber. An absent left intracranial VA was also
incidentally noted, a benign variant. Of note, subsequent VWI
confirmed diagnosis of ICAD (not shown). (¢) 3D MIP TOF-
MRA reconstruction from a different patient demonstrates
multifocal ICAD, e.g. at the proximal Al and distal M1 seg-
ments (arrowheads). A fetal origin of the right PCA was also
incidentally noted (curved arrow). MIP, maximum intensity
projection; ICAD, intracranial atherosclerotic disease; MCA,
middle cerebral artery; MRA, MR angiography; PCA, posterior
cerebral artery; VWI, vessel wall MR imaging; TOF, time-of-
flight.

ICAD is more prevalent in older patients; on autopsy, severe
ICAD is seen in approximately 40% of those in their 60s and 80%
of those in their 80s, depending on the specific population.*®
While symptomatic and imaging-detectable ICAD is less prev-
alent than that, it still represents one of the most common etiol-
ogies of stroke.*®* Risk factors include hypertension, diabetes,
hyperlipidemia, smoking, and age. Treatment strategies primarily
involve pharmacologic and lifestyle modifications; surgical and
endovascular management are reserved for refractory cases, and
performed sparingly.*’

Imaging characteristics that inform stroke risk include stenosis
degree and collateral circulation. While stenosis >70% has been
shown to increase risk of recurrent stroke in the affected terri-
tory,*! the presence of robust collaterals mitigates that risk.** The
main findings indicative of ICAD on MRA are focal, segmental,
or multifocal luminal stenoses (Figure 4). Non-contrast TOF-
MRA, (although less sensitive for mild disease), has been shown
to be 92% sensitive and 91% specific for stenoses >50%.** CTA is
likely more accurate, and has been reported to have a 97% sensi-
tivity, 99.5% specificity, 93% positive-predictive value, and 99.8%
negative-predictive value for ICAD stenosis >50%.®

When discovered incidentally, the location and degree of stenosis
should be described, as early detection may guide treatment while
the disease is still asymptomatic. Assessment of collateral circu-
lation is limited on non-contrast MRA, due to poor visualization
of small vessels. Given slightly improved accuracy of CTA (and
less susceptibility to flow-related artifacts), follow-up CTA may
be considered in equivocal cases. Of note, VWI is likely more
sensitive to stenoses than TOF-MRA** and CTA,* and can also
help differentiate atherosclerosis from other causes of luminal
narrowing.***” Additionally, VWT can delineate high-risk ICAD
features, such as disrupted fibrous cap, intraplaque hemorrhage,

4 of 13 birpublications.org/bjr

Br J Radiol;96:20220135


http://birpublications.org/bjr

Incidental Vascular Findings on Brain MRA

and plaque enhancement,*®*’

and lead to more aggressive treatment plans.

which can risk-stratify patients
39

Non-atherosclerotic internal carotid artery
calcification

The smooth calcifications often seen in the carotid siphons repre-
sent a distinct (although often co-existing) pathologic entity
from atherosclerosis.®>! Non-atherosclerotic calcifications are
present in the media and internal elastic lamina, as opposed to
the intimal calcifications of focal plaque. Although these calci-
fications are poorly seen on MRA, they may be inferred by
smooth luminal narrowing and/or low-signal wall thickening at
the cavernous and paraclinoid segments. Although their signif-
icance is not entirely clear, they are likely to be discovered inci-
dentally, and likely confer less stroke risk than true ICAD.”'* If
there is uncertainty as to the etiology of ICA siphon narrowing
on MRA, CTA can confirm the nature of the calcifications and
patent lumen.

Dissection

Arterial dissection is characterized by disruption of the endo-
thelium and intima, with blood products extending longitudi-
nally between mural layers.> This may lead to a false lumen with
displaced intimal flap and/or intramural hematoma, which can
result in stenosis of the true lumen, distal thromboembolism,
and downstream ischemia. Adventitial-side dissection may lead
to intramural hematoma, pseudoaneurysm, luminal stenosis/
occlusion, and subarachnoid hemorrhage when intradural.

Dissection may be constrained to the intracranial space, or start
extracranially and extend intracranially. Pure intracranial dissec-
tions (ICD) are less common (2-3 per 100,000 people per year
in those of European ethnic origin) than extracranial dissec-
tions.”® The posterior circulation is more frequently affected,
usually involving the V4 segment of the VA.*>*” Although cervi-
cocerebral trauma is a well-established risk factor for cervical
dissections,”® risk factors for ICD are unknown.” Incidence of
asymptomatic or incidental ICD is unknown, but approximately
20-50% of all ICDs present with subarachnoid hemorrhage.>**
As with cervical dissections, non-traumatic, incidental ICDs
may result from underlying connective tissue disorders or unrec-
ognized remote injury.

Historically, MRA has not been considered an appropriate tool
for screening of cerebrovascular injures, with sensitivities infe-
rior to CTA.”® However, TOF-MRA may demonstrate a linear
luminal hypointensity representing a displaced intimal flap, or
manifest as a tapering stenosis/occlusion when the false lumen
is thrombosed or does not have adequate velocity to produce
flow-related enhancement on TOF-MRA (Figure 5). An associ-
ated pseudoaneurysm may manifest as fusiform or focal arterial
dilatation.

In isolation, TOF-MRA is limited for evaluation of dissection.
Stenoses and occlusions may be caused by atherosclerosis,
and apparent pseudoaneurysm may represent post-stenotic
dilatation. Anatomic variation presents another pitfall;
congenitally hypoplastic VAs may be confused for dissection.

BJR

Figure 5. Dissection. (a) Axial TOF-MRA and (b) 3D MIP recon-
struction demonstrate an irregular, linear, luminal hypointen-
sity with focal dilatation of the distal cervical ICA at the skull
base (large arrows), representing intimal flap and pseudoan-
eurysm in the setting of dissection. (¢) Axial TOF-MRA and (d)
3D MIP reconstruction from a different patient demonstrate
an intimal flap of the BA with luminal irregularity (curved
arrows). Subsequent VWI confirmed associated intramu-
ral hematoma, excluding a variant fenestration (not shown).
(e) 3D MIP TOF-MRA in a different patient demonstrates an
absent intracranial left VA (small arrow), and occlusion of the
mid BA (arrowhead). (f) The contrast-enhanced neck MRA
demonstrated tapering and occlusion of the left cervical VA,
compatible with dissection (small arrow). BA, basilar artery;
ICA, inferior cerebellar artery; MIP, maximum intensity projec-
tion; MRA, MR angiography; VA, vertebral artery; VWI, vessel
wall MR imaging; TOF, time-of-flight.

Ca ¥ ¥

Contrast-enhanced neck MRA or CTA are helpful in defining
variant anatomy. CTA is better suited for demonstrating a
displaced intimal flap given lack of flow-related artifacts.
Conventional MRI may demonstrate a loss of flow void, or a
crescentic hyperintensity in the false lumen on fat-saturated T
weighted or proton-density-weighted sequences. Finally, VWI
may be useful in delineating mural abnormalities including
intramural hematoma, as well as differentiating from other
vasculopathies.®
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Figure 6. Vertebrobasilar dolichoectasia. (a-c) Non-contrast
axial TOF MRA and (d) 3D MIP reconstruction demonstrate
diffuse distension, tortuosity, and elongation of the verte-
brobasilar arteries. The BA measured up to 9 mm at the base.
Note mass effect on the medulla and pons (b, arrowhead).
The vertebrobasilar junction is laterally displaced beyond the
left lateral margin of the clivus (a, small arrow). The height
of the BA bifurcation is above the suprasellar cistern, abut-
ting the hypothalamus (c, large arrow). Slow flow within the
ectatic vessel attenuates flow-related enhancement and may
mimic thrombus (a, b, d curved arrows). (e) Post-contrast 3D
MIP from the concurrent head and neck MRA shows normal
luminal patency. Coronal (f) and axial (g) high-resolution T2
weighted images in a different patient with dolichoectasia
demonstrate displacement and compression of the cisternal
trigeminal nerve due to a tortuous and lateralized BA (open
arrows). BA, basilar artery; MIP, maximum intensity projection;
MRA, MR angiography; TOF, time-of-flight.

Dolichoectasia

Dolichoectasia is an uncommon vasculopathy characterized by
elongation, tortuosity, and fusiform distension. It is thought to be
a degenerative arteriopathy with abnormal connective tissue and
vascular remodeling.®"%? This may predispose to hemodynamic
and hemostatic changes, which can result in thrombosis, embo-
lization, or mass effect on adjacent brainstem or cranial nerves.

The exact prevalence is unknown but seems to increase with age
and cardiovascular risk factors.® The prevalence in symptom-
atic stroke populations has been reported between 2 and 7%,°*~%
while an MRA-based study of asymptomatic patients in Japan
had a prevalence of 1.3%.5” Most with dolichoectasia are asymp-

tomatic and findings are usually discovered incidentally.

The vertebrobasilar arteries are the most commonly affected,
although dolichoectasia of the anterior circulation has also
been described.®* Proposed diagnostic criteria include ectasia
(BA diameter>4.5 mm), tortuosity (BA extending lateral to the
clivus/dorsum sellae), and length (BA bifurcation height above
the suprasellar cistern)®®-7° (Figure 6). Note that on TOF-MRA,
slow flow within the ectatic vessel may artifactually attenuate
intraluminal signal, leading to false suggestion of stenosis/
occlusion.

Rutman et a/

In nearly all cases, dolichoectasia is an incidental finding
requiring no further evaluation. However, if there is concern
for compression of adjacent structures, high-resolution 3D T2
weighted images can better evaluate the relationship of vascula-
ture to the cisternal cranial nerves and adjacent brainstem.

VARIANTS

Appreciation of common vascular variations is important for
evaluating the significance of infundibula, collateral circula-
tion, and absent or narrowed luminal signal, and may help avoid
unnecessary follow-up imaging, treatment, and patient anxiety.
The most prevalent variations are described.

Infundibulum

Infundibula are one of the most common incidental findings on
MRA, and occur most frequently at the branches of the terminal
ICA, at the origins of the posterior communicating (PCoA)
and anterior choroidal arteries.”* An infundibulum is a conical,
triangular, or funnel-shaped outpouching at an arterial branch
origin (Figure 7); the base faces the ICA (or other parent vessel),
while the branch artery emanates from the apex.”"”* In contrast,
a true aneurysm usually bulges asymmetrically from a well-
defined neck.”

Infundibula are common, found on 7-25% of otherwise normal
angiograms.”>’*”> When present, infundibula are bilateral
~25% of the time.”> Some have postulated that infundibula may
be precursors to aneurysm, while others refute this theory.”®”’
Histologic analysis is mixed; some infundibula show aneurysm-
type changes in the arterial wall, while others do not.”® A
handful of reports demonstrate progression to aneurysm, and
a few reports describe infundibulum rupture without aneu-
rysm formation.”> Although unclear, it may be that infundibula
are predisposed to further dilation or rupture based on local
hemodynamics.”

Given a relatively large prevalence and rare reports of progres-
sion, infundibula can generally be assumed to represent benign,
incidental anatomic variants, especially when small (<3 mm);
the majority will undergo no change over time. Unfortunately,
while a small, conically shaped outpouching is highly sugges-
tive, an emanating vessel is not always evident, making it diffi-
cult to distinguish from pathologic aneurysm. When larger or
rounder, it may be difficult to distinguish if the branch vessel
emanates apically (infundibulum) or eccentrically (aneurysm).
Of note, a well-developed PCoA is seen only in cases of PCoA
aneurysm, while infundibula always have small or impercep-
tible PCoA.®” A smaller size (<3.45 mm), smaller diameter of
emanating PCoA (<1.24 mm), and larger (less acute) angle
between the terminal ICA and PCoA are indicative of infun-
dibulum over aneurysm.®! In equivocal cases, high resolution
CTA or DSA may be necessary to identify the branch vessel and
make a definitive diagnosis. Regardless, if the infundibulum is
large (>3 mm), or if the question of aneurysm vs infundibulum
cannot be resolved, serial follow-up with CTA or MRA may be
indicated to ensure stability and exclude aneurysm formation
or growth.
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Figure 7. Infundibulum. (a) Oblique view of a 3D MIP TOF-
MRA of the brain demonstrates bilateral conical/triangu-
lar outpouchings projecting inferiorly from the terminal
ICA (open arrows). Axial source images (not shown) clearly
demonstrated small PCoAs emanated from the outpouchings,
compatible with PCoA infundibula. (b) Lateral view of the
right anterior circulation shows the 2 mm infundibulum and a
faint PCoA (open arrow). (c) Axial TOF-MRA and (d) 3D MIP
reconstruction demonstrate a small, 1-2 mm anterior choroi-
dal artery infundibulum (arrowheads). (e) Laterally directed
1-2 mm outpouching from the cavernous ICA was favored
to represent infundibulum (small arrows), given that a small
vessel was seen emanating from the apex, likely the infero-
lateral trunk (not shown). ICA, inferior cerebellar artery; MIP,
maximum intensity projection; MRA, MR angiography; PCoA,
posterior communicating artery; TOF, time-of-flight.

Hypoplasia and atresia

Any number of the intracranial arteries may be congenitally
absent or asymmetrically hypoplastic. It is important to differ-
entiate variant hypoplasia and atresia from acquired occlusion
or stenosis, which may require visualization of the entire course
of the artery (to assure smooth luminal margins along the entire
length, without abrupt caliber change) and evaluation of adja-
cent bony structures on CT.

Incomplete Circle of Willis

The Circle of Willis (COW) is a communicating arterial
pathway connecting the bilateral anterior and posterior circu-
lation, allowing for collateral supply in the setting of dimin-
ished flow from an individual artery. A complete configuration
of the COW is present in 42-52%.%"% Incomplete COW is
an extremely common, normal anatomic variant; a myriad of
possible configurations exist. Relative to those with a complete

BJR

Figure 8. Variant hypoplasia and atresia. (a) Frontal and (b)
transverse views of a 3D MIP TOF-MRA demonstrate common
anatomic variations including a dominant left VA and hypo-
plastic right VA (large white arrows), absent A1 ACA segment
on the right (arrowheads), partial fetal PCA on the right (small
white arrow), and absent PCoA on the left. Also note a dom-
inant AICA-PICA on the right, and dominant PICA-AICA on
the left (a, black arrows). (c) In a separate patient, 3D MIP
TOF-MRA demonstrates an absent left V4 VA, with termina-
tion as the left PICA (curved arrow); a left fetal PCA is also
seen (small white arrow). (d) 3D MIP TOF-MRA in a differ-
ent patient demonstrates termination of the right VA in PICA
(curved arrow), as well as a persistent trigeminal artery on the
right (open arrow). ACA, anterior cerebral artery; AICA, ante-
rior inferior cerebellar artery; MIP, maximum intensity projec-
tion; MRA, MR angiography; PCA, posterior cerebral artery;
PICA, posterior inferior cerebellar artery; TOF, time-of-flight;
VA, vertebral artery.

anastomotic circle, an incomplete COW increases risk for isch-
emia in cases of cervical vessel occlusion or decreased blood
flow.

Absence of the communicating arteries is commonly seen. In
one study, absence of the bilateral PCoAs was seen in 8-12%,
absence of at least one PcoA in 38-48%, and absence of the AcoA
in 14-22% of cases.®> However, it should be noted that in some
cases, PCoAs may be too small to produce flow related enhance-
ment on TOF-MRA, and might be identified in the same patients
on DSA or CTA.

An absent or hypoplastic A1 segment ACA, with bilateral A2
segments exclusively or predominantly supplied by a single Al
segment is a very common variant, seen in approximately 10% of
patients® (Figure 8).
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Figure 9. Bilateral fetal origin of the PCA. (a) Axial and (b)
frontal views of a 3D MIP TOF-MRA reconstruction demon-
strate fetal origins of the bilateral PCAs, supplied by promi-
nent PCoAs (large arrows). A small left P1 PCA contribution
from the BA is compatible with partial fetal PCA (arrowhead);
complete fetal PCA is seen on the right. Note that in the set-
ting of fetal PCAs, the BA is often hypoplastic (small arrow).
ACA, anterior cerebral artery; BA, basilar artery; MIP, maxi-
mum intensity projection; MRA, MR angiography; PCA, poste-
rior cerebral artery; TOF, time-of-flight.

Fetal origin of the PCA

A fetal origin of the posterior cerebral artery (PCA) is the
most common variant of the COW, estimated to be present in
20-32%.5% If the embryonic fetal PCoA fails to regress, blood
supply to the PCA territory will be dependent upon the ICA. This
is variably termed a fetal PCoA, fetal PCA, or fetal origin of the
PCA.3#>878 [fthe P1 PCA segment from the BA is absent, it can
be termed a complete fetal PCA; if present but smaller in caliber
than the PCoA, it can be termed a partial fetal PCA .32 When fetal
PCA is bilateral, the BA is usually diminutive, and terminates in
bilateral superior cerebellar arteries (SCAs) (Figure 9).

Vertebrobasilar asymmetry

True co-dominance of the VAs (in which the bilateral VAs are
symmetric in caliber), is rare, and asymmetry common. Hypo-
plasia (a congenitally diminutive VA) is present on the right in
7-20% and on the left in 6-15%°> (Figure 8). A small V4 VA
may minimally contribute to the BA; alternatively, the VA may
terminate as posterior inferior cerebellar artery (PICA), which is
referred to as VA atresia and seen in approximately 6-18%.%%°!
It is important to not mistake a hypoplastic or atretic VA for a
pathologic dissection; in equivocal cases, it may be necessary
to evaluate the neck vessels. Neck CTA will better demonstrate
osseous structures, including the telling presence of asymmetri-
cally small transverse foramina in cases of hypoplasia. Note that
hypoplastic VA has been described as a predisposing factor for
posterior circulation infarct.*?

Common trunk variants

In conjunction with VA asymmetry, asymmetry of the cerebellar
vessels is common. There may be unilateral atresia of a PICA
trunk, with the contralateral PICA or ipsilateral anterior inferior
cerebellar artery (AICA), termed an AICA-PICA, supplying the
normal territory of the PICA. Likewise, when the AICA trunk
is atretic, the ipsilateral PICA may supply the AICA territory,
termed PICA-AICA (Figure 8).

Rutman et a/

Figure 10. Persistent vertebrobasilar anastomoses. (a) 3D
MIP reconstruction and (b, ¢) axial TOF-MRA source images
demonstrate a left-sided persistent trigeminal artery, emanat-
ing from the left cavernous ICA and anastomosing with the
BA (small arrows). (d) Axial TOF-MRA and (e) 3D MIP recon-
struction in another patient demonstrate a left-sided persis-
tent hypoglossal artery, emanating from the left cervical ICA,
traversing the hypoglossal canal (large arrows), and contin-
uing as the basilar artery. The bilateral VAs were markedly
hypoplastic. BA, basilar artery; ICA, internal carotid artery;
MIP, maximum intensity projection; MRA, MR angiography;
TOF, time-of-flight; VA, vertebral artery.

The PCA and SCA may originate from a common trunk at the
terminus of the BA in 2-22% of patients.*”** Although of no clin-
ical significance, the presence of a common trunk may appear as
a focal dilatation and should not be mistaken for aneurysm.

Internal carotid hypoplasia and agenesis

Congenitally hypoplastic or absent ICA is rare, and may be
associated with other developmental anomalies. Prevalence of
complete ICA atresia is 0.1%.%”%® When a hypoplastic or absent
ICA is suspected on MRA, a CT demonstrating small or absent
carotid canal is confirmatory of the congenital variant. CTA
can also more definitively demonstrate congenital hypoplasia/
absence, which should not be mistaken for acquired or patho-
logic narrowing.

Carotid-vertebrobasilar anastomoses

Persistent fetal carotid-vertebrobasilar anastomoses are remnants
of the embryonic blood supply in which the ICA supplies the
primitive vertebrobasilar system.”®> The trigeminal, otic, hypo-
glossal, and proatlantal arteries, (named for neighboring struc-
tures), normally recede as the vertebrobasilar system develops,
but rarely persist into adult life.

Persistent trigeminal artery (PTA) is the most common varia-
tion, seen in 0.1-1.0%.%”%%%* PTA usually originates at the poste-
rior bend of the intracavernous ICA, connecting posteriorly to
the BA between the SCA and AICA® (Figure 10). When joining
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Figure 11. Azygous anterior cerebral artery. (a) Axial oblique,
(b) frontal, and (c) lateral views of a 3D MIP TOF-MRA, as
well as (d) an axial TOF-MRA source image demonstrate an
incidental single prominent midline ACA supplying the bilat-
eral A3 branches (arrows). In this case, the large azygous
artery is a continuation of the left A1 segment. A small right
Al segment supplied only a small orbitofrontal branch. MIP,
maximum intensity projection; MRA, MR angiography; TOF,
time-of-flight.

directly to the SCA or PICA, it is termed a PTA variant.**’
Approximately, 50% of the time, the PTA penetrates the sella
turcica near the clivus to join the BA; otherwise, it travels lateral
to the sella within the cavernous sinus. Describing its course is
important in cases of transphenoidal surgery, in order to avoid
operative PTA injury and devastating hemorrhage.

A persistent otic artery is an extremely rare observation, and
when reported, is often questioned. It provides only minor
supply to the developing vertebrobasilar system and is the first of
the anastomoses to regress embryologically.”® If present, it arises
from the petrous ICA and passes through the internal auditory
canal to the BA.

The persistent hypoglossal artery is the second most common fetal
carotid-vertebrobasilar anastomosis (prevalc-:‘nce~0.1—0.25%),88
originating from the cervical ICA, traversing the hypoglossal
canal medial to the hypoglossal nerve, and anastomosing with
the BA just distal to its origin. There may be associated enlarge-
ment of the hypoglossal canal and hypoplasia of the ipsilateral or
bilateral VAs*>** (Figure 10).

The persistent proatlantal artery is the most caudal fetal verte-
brobasilar anastomosis, and may be seen on the inferior limits
of a brain MRA exam. When present, it may originate from the
cervical ICA or external carotid artery, anastomosing with the
VA in the suboccipital region near the foramen magnum.®?>*
The VA proximal to the anastomoses is usually hypoplastic.

BJR

Figure 12. Basilar artery fenestration. (a) Axial TOF MRA (b)
frontal 3D MIP reconstruction demonstrate a linear luminal
flow void at the base of the BA (arrow). Although appear-
ance on axial images is similar to that of an intimal flap in
the setting of dissection, and dilated appearance on 3D MIP
(arrowhead) is similar to a dissecting aneurysm, location and
short segment involvement are suggestive of a fenestration,
a benign developmental variant. If findings on TOF MRA are
equivocal, CTA or DSA can confirm. CTA, CT angiography;
DSA, digital subtraction angiography; MIP, maximum intensity
projection; MRA, MR angiography; TOF, time-of-flight.

Azygous anterior cerebral artery

Persistence of the embryonic median artery of the corpus
callosum leads to what is known as an azygous ACA: a single,
prominent midline A2 segment supplying the bilateral ACA
territories. The prevalence is 0.2-4%.% Azygous ACA may
be associated with other developmental anomalies, as well as
increased incidence of aneurysm at its interhemispheric bifur-
cation® (Figure 11).

Fenestrations and Duplications

A fenestrated artery is characterized by division of the lumen
into two distinct channels (with proximal and distal conver-
gence), while a duplicated artery is one that is represented by
two distinct origins with no distal convergence. Fenestration can
occur anywhere but is most common at the ACoA (5-21%), BA
(0.6-5%), and VAs (0.3-2.0%).%” BA fenestrations are usually
seen at the proximal trunk and are associated with aneurysm 7%
of the time.”® Accurate diagnosis is significant; on poor quality
or low-resolution studies the focal luminal divergence of a fenes-
tration may be mistaken for dissection or aneurysmal dilatation
(Figure 12).

Duplication can also occur almost anywhere, but the SCA
(~22%)%” and ACoA (18%) are most common.”® True MCA
duplication is rare (0.2-3%)*’; apparent MCA duplication is
referred to as an “accessory” MCA when it originates from the
ACA rather than the ICA, and other apparent MCA duplications
may represent early branching, with a short M1 segment.

CONCLUSION

Incidental vascular findings discovered on MRA may repre-
sent asymptomatic pathology, benign lesions, or variant
anatomy. Understanding the prevalence, clinical significance,
and important imaging features of common vascular pathology
helps the diagnostician to guide surveillance and treatment.
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Appreciating the characteristics and prevalence of common
anatomic variants allows the patient to avoid unnecessary treat-

ment and follow-up imaging.
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