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5.1 Anatomy and Anatomical Variants

The intracranial arterial circulation is divided into:
• anterior circulation, with the internal carotid artery (ICA), its branches, the anterior

communicating artery (ACoA) and the posterior communicating artery (PCoA);
• posterior circulation with the distal segment of the vertebral arteries (VA), the basi-

lar artery (BA) and its branches.

In a proximal-to–distal direction, the ICA branches off into the ophthalmic artery, the
anterior choroidal artery (AChoA), and the PCoA; the terminal branches of the ICA
are the anterior cerebral artery (ACA) and the middle cerebral artery (MCA).

The ICA is further divided into a cervical segment (C1) and six intracranial seg-
ments (C2, C3, C4, C5, C6 and C7) (Fig. 5.1).
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Fig. 5.1 MRA images showing the internal carotid artery segments (from wikipedia.org, courtesy of Behrang Amini). C1, cervical segment.
C2, petrous segment: this is the horizontal segment located within the temporal bone. C3, the lacerum segment, which is a small segment
that starts from the petrous apex, passing above the foramen lacerum, and is covered by the trigeminal ganglion. C4, the cavernous segment,
also known as the carotid syphon, is subdivided into three segments, the posterior vertical, horizontal and anterior vertical. Its branches are
the meningohypophyseal trunk and the inferolateral trunk. C5, the clinoid segment, terminates where the ICA passes into the subarachnoid
space. C6 is the ophthalmic segment, which extends to the origin of the PcoA: its branches are the ophthalmic artery and the superior hypo-
physeal artery. C7 is the communicating segment which extends from the origin of the PCoA to the ICA bifurcation into the MCA and ACA.
Its branches are the AChoA and PCoA



Common anatomical variants of the ICA are:
• Aberrant ICA (which presents clinically as a retrotympanic pulsatile mass) in

which the ICA runs posterolaterally in the hypotympanum;
• Persistent stapedial artery, vestigial branch, which passes between the cochlear

promontory and the stapes and is associated with the absence of the foramen spin-
osum;

• Persistent trigeminal artery (Fig. 5.2) is a relatively common carotid basilar anas-
tomosis and runs parallel to the 5th cranial nerve.

The ACA is divided into three segments: A1, A2 and A3 (Fig. 5.3).
Common anatomical variants are:

• Absence or hypoplasia of the A1 segment;
• Azygous ACA in which the A2 segments are fused in a single ACA.

The MCA is divided into 4 segments: M1, M2, M3 and M4 (Fig. 5.4).
Common anatomical variants are:

• Early bifurcation or trifurcation;
• MCA duplication.

The posterior circulation is supplied by the terminal segment of the VA, the basilar
artery and its branches (Fig. 5.5). 

The VA is divided in 4 segments: proximally to distally, V1, V2, V3 and V4. 
V1, V2 and V3 are extracranial segments. V4 is the intradural segment which starts

where the vertebral artery pierces the dura and runs superomedially, behind the
clivus.  The VA joins the contralateral VA to form the basilar artery. V4 branches off
from the posterior inferior cerebellar artery (PICA).
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Fig. 5.2 Patient with a persistent trigeminal artery. a Axial proton density image; b source image taken
from the 3D TOF; c MIP reconstruction from the MRA 3-D TOF; d selective reconstruction of the ICA
and basilar artery. There is a supernumerary artery (yellow arrow), linking the ICA and the basilar artery
(carotid basilar anastomosis)

a b

c d

Posterior Circulation
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Fig. 5.3 CTA showing the
segments of the anterior
cerebral artery. a1 is the
communicating segment which
runs from the ACA origin to the
origin of the ACoA and runs
above the optic nerve. a2 is the
post-communicating segment
which runs from the origin of
the ACoA to the origin of the
frontopolar artery and branches
off from the orbitofrontal
artery. a3 is the segment distal
to the frontopolar artery 
which branches off from 
the pericallosal and
callosomarginal arteries

Fig. 5.4 CTA showing the segments of the middle cerebral artery. m1 is the horizontal segment which
extends from the ICA to the sylvian fissure running in a lateral direction. It bifurcates or trifurcates
before the sylvian fissure. It branches off from the perforating vessels and the anterior temporal artery.
m2, the insular segment, is characterized by the vessels originating after the bi- or trifurcation. m3,
the opercular segment originates from the sylvian fissure passing through the temporal and frontal
operculi. m4 is the deep cortical segment characterized by the branches originating from the sylvian
fissure and extending to the cerebral convexity



The BA runs in the prepontine cistern anterior to the brainstem and originates from
the confluence of the two vertebral arteries. It bifurcates into two posterior cerebral
arteries (PCA) at the level of the interpeduncular cistern. The branches of the BA are
the anterior inferior cerebellar artery (AICA) and the superior cerebellar artery (SCA).

Common anatomical variants are fenestrations and duplications.

The PCA is divided into 4 segments named P1, P2, P3 and P4. 
• P1 is the precommunicating segment which runs from the basilar artery to the PCoA.
• P2 runs in the ambient cistern and branches off from the posterior medial choroidal

artery and posterolateral choroidal artery. 
• P3 is the quadrigeminal segment which runs in the quadrigeminal cistern posterior

to the midbrain. 
• P4 is the calcarine segment which terminates in branches leading to the occipital

and parietal lobes.

The circle of Willis (COW) is a cerebral anastomotic ring formed by the branches of
the ICA and VA, located the base of the brain.  The following arteries contribute to-
wards the formation of the COW: 2 ICA, 2 A1, ACoA, 2 PCoA, 2 PCA, and the
BA. The branches of the COW are the perforating lenticulostriate arteries, the thala-
moperforating arteries, and the thalamogeniculate arteries.

Anatomical variants of the COW are very common, seen in up to 60% of patients.
The most common variants are: 
• A1 segment hypoplasia or absence; 
• fetal origin of the PCA; 
• absence of the ACoA.

The intracranial venous system has two components: the dural venous sinuses and the
cerebral veins (Fig. 5.6).
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Circle of Willis

Venous System
Anatomy

Fig. 5.5 Volume rendering reconstructions of brain CTA. The terminal segments of the vertebral
artery (v3 and v4), the basilar artery (ba) and the proximal segments of the posterior cerebral arteries
are shown (p1 and p2)
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Fig. 5.6 Anatomy of the intracranial veins, MIP reconstructions obtained from a 3-D phase contrast study. ss, sigmoid sinus; sss, superior
sagittal sinus; st transverse sinus; vgi, internal jugular vein; sr, straight sinus; ag, Vein of Galen; te, torcular Herophili

• The dural venous sinuses are large veins covered by dura mater invaginations
which form their walls. The superior sagittal sinus is a median structure localized
in the outer margin of the falx cerebri; it originates from the foramen cecum ante-
riorly and terminates at the level of the torcular posteriorly. The inferior sagittal
sinus is located in the inferior margin of the falx cerebri and communicates pos-
teriorly with the vein of Galen, from which the straight sinus originates, directed
to the torcular. The transverse sinuses originate from the torcular, run laterally,
become sigmoid sinuses at first and then internal jugular veins at the level of the
jugular foramina. The cavernous sinuses are located laterally to the sella turcica
and contain the ICA and the 6th cranial nerve.

• The cerebral veins are thin-walled venous structures located in the subarachnoid
space directed toward the dural sinuses.Venous drainage is typically centrifugal, ex-
cept for the deep brain structures. Most of the brain is drained by the cortical veins.

5.2 CTA and MRA Technique

Vascular imaging of the central nervous system is performed by CTA, MRA and con-
ventional angiography (DSA). 

Since the evaluation of the intracranial circulation is frequently performed together
with the vessels of the neck, refer to the neck protocol for a discussion of the tech-
nique.  Some technical tips are useful for the evaluation of the intracranial circulation. 

For CTA, a fast imaging scanner similar to the one used for the carotid arteries
should be used. The region of interest (ROI) used for the bolus tracking can be placed
in the distal extracranial ICA segment, easily identifiable in the precontrast scans. 

For the MRA , the most frequently used sequences are 3-D time of flight [3D-ToF
Magnetic Resonance Angiography (MRA)] and T1-weighted contrast-enhanced MRA
[Contrast-Enhanced (CE)-MRA].  

Unlike body imaging, ToF is usually the most commonly used technique. CE-
MRA is preferentially used in high-flow arterial disease, in the evaluation of a stenotic
arterial segment, in the evaluation of AVM, and in the post-treatment follow-up of
brain aneurysms. 



For the visualization of the intracranial veins, the most commonly used technique
is the 3D Phase-Contrast (3DPC).

5.3 Brain Aneurysms

Intracranial aneurysms are classified according to their morphology.
• The berry aneurysms are focal dilations, caused by a genetic susceptibility to me-

chanical stress on the vessel walls. They originate in the arterial bifurcations
where hemodynamical stress is higher.

• Fusiform aneurysms are caused by atherosclerosis and are characterized by arterial
wall ectasia caused by damage to the tunica media.

• Blister aneurysms are small focal dilations, typically located in the supraclinoid
ICA.
In 95% of cases, the intracranial aneurysms originate from the COW (90% anterior

circulation = ICA, PCoA, ACoA and MCA; 10% posterior circulation = BA bifurca-
tion and PICA) (Fig. 5.7).

The most common clinical presentation is the subarachnoid hemorrhage (SAH)
(Figs. 5.8-5.9), which is associated with very severe headache. Typically the patient
is a young adult, complaining of the worst headache of his/her life.

When facing a typical clinical scenario, or when a non-enhanced CT of the brain
demonstrates a SAH, it is necessary to perform a CTA or an MRA to localize the
aneurysm.
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Fig. 5.7 Schematic view of the circle of Willis and preferential locations of intracranial aneurysm

Imaging and
Dictation Tips



• The SAH appears as a subarachnoid hyperdensity on the CT scan or a hyperinten-
sity on the T2 FLAIR sequence.

• A subarachnoid T2 FLAIR hyperintensity is associated with other possible eti-
ologies such as meningitis or pial amyloidosis.

• The localization of the SAH suggests the location of the aneurysm: interhemi-
spheric SAH > ACoA, sylvian fissure > MCA, suprasellar cistern > ACoA.

• In 95% of cases, a perimesencephalic subarachnoid hemorrhage is not related to
aneurysm rupture, but to other etiologies.

• When describing an aneurysm, the exact location, the morphology, the size of
the sac, the size of the neck, the direction of growth, and the presence of in-
tra-aneurysmal thrombosis are features recommended for inclusion in the dic-
tation.
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Fig. 5.8 Patient with subarachnoid hemorrhage and carotid ophthalmic aneurysm. a Brain CT. b CTA. c Volume rendering reconstructions.
There is a subarachnoid hemorrhage in the suprasellar and perimesencephalic cistern and a right carotid ophthalmic aneurysm (yellow
arrow) (courtesy of Dr. Marco Minnetti, UOC Neuroradiologia, Azienda Ospedaliera San Giovanni Addolorata, Rome)

a b c

Fig. 5.9 Patient with PCA aneurysm. a,b MRA with 3-D TOF. c DSA. d T2 sequence. There is an aneurysm arising from the P2 segment of
the right PCA. The aneurysm is partially thrombosed (figures b and d) (courtesy of Dr. Virgilio Ciacci, UOC Neuroradiologia, Azienda Ospe-
daliera San Giovanni Addolorata, Rome)

a b c d



78 E. Raz et al.

Fig. 5.11 Patient with a PCoA
aneurysm. DSA before (a) 

and after (b,c) endovascular
coiling. d Brain CT

demonstrates the typical
metallic artifacts which limit

the usefulness of this technique.
e CE-MRA demonstrates 

the patency of the surrounding
vessels and the postsurgical

changes (courtesy of Dr.
Virgilio Ciacci, UOC

Neuroradiologia, Azienda
Ospedaliera San Giovanni

Addolorata, Rome)

d e

ba c

• It is important to establish the presence of perforating vessels arising from the
dome of the aneurysm, for which the DSA has a higher sensitivity compared to
MRA or CTA.

• When an aneurysm is found, look for other aneurysms.
• Carotid C4 segment aneurysms are difficult to see on the CTA due to the concurrent

opacification of the cavernous sinus where the C4 segment is located.
After endovascular aneurysm embolization, a series of follow-up appointments

are recommended to establish the complete embolization or the early or late recanal-
ization of the aneurysm.

The CE-MRA, which is less prone to magnetic susceptibility artifacts, has a higher
accuracy in evaluating post-treatment aneurysms (Figs. 5.10-5.13).

Endovascular or neurosurgical.

Fig. 5.10 Postsurgical exam 
of a carotid ophthalmic

aneurysm surgical clipping.
a MRI T2-FLAIR sequence. 

b CT. c CE-MRA. 
The metallic artifact 

at a different impact on 
the different radiology

techniques. The best exam to
visualize the aneurysms after

clipping is the CE-MRA

a b c

Treatment
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Fig. 5.12 Patient with a fusiform aneurysm of the basilar artery. CT without (a) and with (b) contrast. There is an acute brain
infarction in the left occipital lobe. Anteriorly to the pons there is a normally dilated vessel. With CTA and MPR and volume rendering
images (c, d), the fusiform aneurysm of the basilar artery and the multiple stenoses of the vertebral artery, the basilar artery and the
left PCA are well visualized (yellow arrow). There are multiple vascular calcifications, visible on the unenhanced CT and in the re-
constructions (courtesy of Dr. Virgilio Ciacci, UOC Neuroradiologia, Azienda Ospedaliera San Giovanni Addolorata, Rome)

c

a

d

b



80 E. Raz et al.

Fig. 5.13 Patient with a
fusiform aneurysm of the

basilar artery (same patient of
the previous figure). CTA was
performed after endovascular

placement of two stents 
(yellow arrow: markers of the

Wingspan stent; red arrow:
Pipeline flow diverter stent). 
a CTA reconstructions with

MPR technique. b CTA
reconstructions with volume

rendering technique (courtesy
of Dr. Marco Minnetti, UOC

Neuroradiologia, Azienda
Ospedaliera San Giovanni

Addolorata, Rome)

b

a



5.4 Vascular Malformations

The vascular malformations of the central nervous system are divided into six types:
• arteriovenous malformation (AVM);
• dural arteriovenous fistula (DAVF);
• sinus pericranii;
• capillary telangiectasia;
• developmental venous anomaly;
• cavernous malformation.

5.4.1 Arteriovenous Malformation

The AVM is a vascular malformation characterized by the presence of direct com-
munication between arteries and veins; this primitive communication creates a nidus
(Fig. 5.14).

The most common clinical presentation is headache, which is related to bleeding.
Other possible clinical presentations are seizures or, more rarely, a focal neurological
deficit. All AVMs carry a risk of bleeding.

In addition to standard MR sequences, it is useful to perform a T2-GRE to better eval-
uate the hemorrhagic foci in the AVM. It is also recommended a angiographic time-
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Fig. 5.14 Patient with arteriovenous malformation. Brain CT before (a,b) and after (c,d) administration
of iodinated CM. Intraparenchymal hemorrhage is visible associated with surrounding edema, mass
effect and a subdural hematoma. c The nidus of the AVM (yellow arrow). e,f 3-D volume rendering
reconstructions, useful for the neurosurgical planning (courtesy of Dr. Marco Minnetti, UOC Neuro-
radiologia, Azienda Ospedaliera San Giovanni Addolorata, Rome)

a

fe

b c d
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resolved sequences (TRICKS) be used for dynamic evaluation of afferent and efferent
vessels (Fig. 5.15).
• The AVM has an appearance like a bag of worms, due to the innumerable vessels

with flow void. Usually there is no associated mass effect (differential diagnosis
of tumors).

• It is important to identify:
1. the nidus;
2. the afferent vessels;
3. the efferent vessels.

• The AVM is often associated with a flow-related aneurysm that occurs in relation
to hemodynamic changes caused by AVM. It is essential to identify those aneurysms
because they can change the therapeutic approach.

• Regarding the differential diagnosis, it should be borne in mind that some highly
vascular tumors, in rare circumstances, may be similar to AVM.

82 E. Raz et al.

Fig. 5.15 Patient with AVM. a MRA obtained with TRICKS technique. b Axial T2 image. c TOF 3-D
sequence. There is an infratentorial AVM with afferent vessels originating from the PCA and large
efferent vessel directed to the vein of Galen

b

a

c
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Table 5.1 Spetzler Martin Grading Scale

Parameter Score

Size of AVM nidus
Small (<3 cm) 1
Medium (3-6 cm) 2
Large (>6 cm) 3

Venous drainage
Superficial 0
Deep 1

Location
Non-eloquent site 0
Eloquent site 1

Treatment can be surgical or endovascular (embolization). The therapeutic procedure
is usually chosen on the basis of the Spetzler-Martin score scale (Table 5.1).The Spet-
zler-Martin scale is a classification that estimates the operative risk and the surgical
outcome in patients with AVM using as criteria the size, the pattern of venous outflow,
and the eloquence of the brain localization. The use of this scale is based on imaging
techniques such as DSA, which is considered the gold standard, or MRA.

5.4.2 Dural Arteriovenous Fistula 

The dural arteriovenous fistula (dAVF) is a malformation characterized by a fistula
that connects arteries with a dural sinus (Fig. 5.16). Since it connects the arterial sys-
tem with the venous system, it is essential to acquire both arterial and venous phase
images. The clinical presentation depends on the location, but more often it is char-
acterized by pulsatile tinnitus, if the malformation is located at the level of the trans-
verse sinus/sigmoid sinus, or by a pulsatile exophthalmos if the dAVF is localized at
the level of the cavernous sinus.

• The dAVF appears as a tangle of small vessels at the level of the wall of a dural
sinus, which corresponds with the multiple arterial feeding vessels. During the
arterial phase, MRA acquisitions show venous structures, due to the increased
flow rate determined by the fistula.

• In the report it is very important to indicate the presence or absence of thrombosis
within the dural sinuses involved, the location of a reversal of flow and the dis-
tinction between superficial cortical and deep drainage.

Endovascular.

5.4.3 Sinus Pericranii

Sinus pericranii is an abnormal venous communication between the intracranial ve-
nous circulation and the superficial soft tissue (Fig. 5.17).Usually the sinus pericranii
presents as a floating nodule at the level of the scalp subcutaneous.
• Sinus pericranii is visible on the MRV;
• It is important to identify any associated venous thrombosis.

If symptomatic, sinus pericranii can be treated with a surgical or endovascular ap-
proach.

Clinical Features
and Diagnosis
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Fig. 5.16 Patient with dural arteriovenous fistula. CT scan before (a) and after (b,c,d) CM with
reconstruction (c,d). DSA with lateral (e) and anteroposterior (f) projections. There are a subarachnoid
hemorrhage and dAVF with afferent vessels originating from the meningeal artery (Bernasconi artery)
and vessels originating from the occipital artery (not shown). The yellow arrow shows early venous
opacification (courtesy of Dr. Marco Minnetti, UOC Neuroradiologia, Azienda Ospedaliera San
Giovanni Addolorata, Rome)

a b

c d

e f



5.4.4 Capillary Telangiectasia

Capillary telangiectasia is a cluster of capillaries in the normal brain parenchyma. 
Usually capillary telangiectasia is an incidental finding and usually patients are

asymptomatic.

Since capillary telangiectasia is a lesion that is often involved in differential diagnosis
with neoplastic lesions, it is useful to perform T2-GE, diffusion-weighted imaging
(DWI) and high-resolution MR venography (Fig. 5.18).
• The most common site is the brain stem, particularly the pons;
• It appears isointense or mildly hyperintense on T2, hypointense on T2-GE, and

hyperintense on DWI with mild enhancement.

Capillary telangiectasia does not require treatment.
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Fig. 5.17 Patient with sinus
pericranii. Sagittal T2 image
(a) and image reconstructed
with MPR (b) and MIP 
(c) techniques from a MRV
obtained with a phase
contrast 3-D technique.
There is a vascular tuft
localizing the occipital
region leading to the
intracranial circulation
through a small vessel
(yellow arrow)

Fig. 5.18 Patient with a capillary telangiectasia. a Axial T2; b axial pre-contrast T1; c axial postcon-
trast T1. In the left lateral pons there is a T2 hyperintense and T1 hypointense lesion with a faint en-
hancement, compatible with capillary telangiectasia 

a b c



5.4.5 Developmental Venous Anomaly

Usually, the developmental venous anomaly (DVA) is an incidental finding, the pa-
tients are generally asymptomatic. In rare cases, DVA may be associated with
headache or seizures; the risk of bleeding is 0.15%/year.

• It is visible on both MRV and post-contrast T1-weighted images;
• The DVA has a head of Medusa morphology, which is located more frequently at

the corners of the ventricular system, and is associated with a vein of increased
caliber which passes through the brain parenchyma, directed to a large cortical
venous efferent;

• Sometimes DVA is associated with a cavernous malformation.

DVA does not require treatment.

5.4.6 Cavernous Malformation

The cavernous malformation is a vascular hamartoma with a mass of immature vessels
(vascular caverns without intervening brain parenchyma among them) and intrale-
sional hemorrhage (Fig. 5.19).

• The T2-GE images or susceptibility-weighted imaging (SWI) are essential for the
evaluation of cavernous malformations. In contrast to other vascular malformations,
the cavernous malformations are the only one not seen during conventional angiog-
raphy. Hence, it is also called angiographically occult vascular malformation.

• The presence of other cavernous malformations needs to be evaluated.

The treatment is surgical in symptomatic cases.
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Fig. 5.19 Cavernous malformation in a patient with multiple sclerosis. MRI with T2 weighted sequence (a), FLAIR (b) and postcontrast 
(c) T1-weighted images. There is a cavernous malformation in the left frontal subcortical region with a popcorn morphology, also associated
with a developmental venous anomaly. Multiple white matter and multiple sclerosis-related lesions are also seen

a b c



5.5 Atherosclerosis

Atherosclerosis is a multifocal arterial disease, with multifactorial etiology. It is more
common in the elderly population, in male subjects, in African-Americans, and in Asians.

The most common clinical presentation is a transient ischemic attack; a clinical
presentation with an ischemic stroke is rarer.

The most common site affected by atherosclerosis is the carotid bifurcation, but
about 10% of ischemic strokes are due to intracranial atherosclerosis. The most rele-
vant intracranial location is the distal tract of the basilar artery; atherosclerotic changes
may also be seen in the carotid siphon, in the proximal segment of the MCA and ACA,
and in the distal VA.

The gold standard examination for the assessment of atherosclerotic disease is con-
ventional angiography, which shows focal stenosis, parietal irregularities, thrombosis,
and occlusion.

However, CTA and MRA have an accuracy comparable to DSA, and therefore, thanks
to the lower invasiveness, are taking the place of DSA that still maintains the advantage
of enabling, in the same setting, endovascular treatment (Figs. 5.20 to 5.23).
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Fig. 5.20 Patient with an acute ischemic infarction. CT (a), diffusion weighted sequence (b) and
T2 FLAIR (c) demonstrate an acute ischemic infarction, hypodense on CT and hyperintense on
diffusion and FLAIR, with a superimposed chronic microvascular ischemic disease (multiple
T2/FLAIR hyperintense lesions). The acute ischemic lesion visible on DWI is related to a MCA
stenosis, as seen on the MRA (Fig. 5.21)

a b c

Fig. 5.21 Acute ischemic infarction, 
same patient as Fig. 5.20. a,b MRA 
with 3-D TOF. c,d CTA. There is 
an MCA stenosis (yellow arrow) which
has caused the acute ischemic infarction
seen on the prior images (courtesy of 
Dr. Virgilio Ciacci, UOC Neuroradiologia,
Azienda Ospedaliera San Giovanni
Addolorata, Rome)

a b

c d
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Fig. 5.23 Acute ischemic infarction, same patient as Fig. 5.20. DSA before (a) and after (b) positioning of intracranial stent within the MCA:
The M1 segment is recanalized after stenting (courtesy of Dr. Marco Minnetti, UOC Neuroradiologia, Azienda Ospedaliera San Giovanni
Addolorata, Rome) 

Fig. 5.22 Acute ischemic infarction, same patient as Fig. 5.20. CTA performed after positioning of intracranial stent (courtesy of Dr. Virgilio
Ciacci, UOC Neuroradiologia, Azienda Ospedaliera San Giovanni Addolorata, Rome)

a b

a b
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• MRI may show in T2 sequences the absence of the expected flow void; the artery
may appear hyperintense on T2-FLAIR;

• MRA shows stenosis or irregularities. Usually, MRA overestimates the stenosis
compared to DSA;

• The CT scan may show wall hyperdensity related to calcification

5.6 Vasculitis

There are two types of vasculitis that affect the CNS: primary angiitis of the central
nervous system (PACNS) and systemic vasculitis, which can also affect the central
nervous system. In both cases, the findings include vessel irregularity, vascular stenosis
and occlusion with an atypical pattern compared to that of atherosclerotic disease.

In the case of PACNS, vessels of any caliber may be involved, while in the case of
systemic vasculitis (e.g., polyarteritis nodosa, systemic lupus erythematosus, antiphos-
pholipid syndrome) the distal small-caliber vessels are generally affected. Most fre-
quently, vasculitis presents clinically with stroke.

Useful diagnostic tests are lumbar puncture, MRI and DSA (Fig. 5.24); only the
biopsy, though, enables a definitive diagnosis.

Imaging and 
Dictation Tips

a b

c d

Fig. 5.24 Patient with PACNS.
a DWI sequence. b Apparent
diffusion coefficient (ADC).
MPR (c) and MIP (d)
reconstructions from 
a TOF 3-D sequence. There 
is a wedge shaped ischemic
infarction in a terminal branch
of the PCA territory, which
appears hyperintense on DWI
with low ADC values. The
MRA demonstrates a stenosis
and multiple wall irregularities
within deep left P2 and P3
segments of the PCA. With the
clinical and laboratory workup,
PACNS was diagnosed



• MR imaging shows multifocal T2 hyperintense lesions, mostly located in the sub-
cortical regions;

• MRA has a low sensitivity and only rarely shows signs of stenosis and vascular
irregularities: DSA is a useful examination when the MRI is negative;

• The post-contrast images can demonstrate enhancement of the vessel wall in the
segments with inflammatory changes.

Medical therapy.

5.7 Intracranial Venous Thrombosis

Intracranial venous thrombosis can affect the dural venous sinuses or the cortical veins.
The most commonly affected veins are the superior sagittal sinus, the transverse sinus,
the straight sinus, and the cavernous sinus. The most common presenting signs are
headache, nausea, vomiting, papilledema, and seizures; it more frequently affects fe-
male patients with coagulopathy.

The diagnosis is performed using CT with and without contrast (with acquisition of
the venous phase) (Figs. 5.25, 5.26). When an MRI is performed, other than the stan-
dard sequences, it is useful to acquire a T2-GE to look for intraparenchymal hemor-
rhagic foci. To evaluate the veins, both an MRV and a post-contrast sagittal T1-3D
sequence are useful.
• When an intraparenchymal hemorrhage is in an atypical location, the possible

thrombotic etiology has to be ruled out by performing a CTA or MRA;
• In a basic examination, the CT scan can show a hyperdense mass corresponding

to a thrombus and parenchymal hemorrhage; a typical sign, after intravenous ad-
ministration of the contrast medium, is the empty delta sign;

• In MRI the thrombus is T1 isointense in the hyperacute phase and T1 hyperintense
in the subacute phase; the MRV (usually obtained with a phase contrast sequence)
demonstrates a focal absence of flow within the occluded sinus, with a more con-
spicuous appearance of the collateral veins;
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Fig. 5.25 Patient with transverse sinus thrombosis. a Brain CT; b axial T2 image; c coronal T1 image; d coronal MIP obstruction from an
MRV of the dural venous sinuses performed with a phase contrast 3-D sequence. There is an intraparenchymal hematoma within the temporal
lobe, associated with a thrombus within the transverse sinus, which appears hyperintense on T1 (c, yellow arrow); lack of visualization of
the transverse sinus on the MRV (d)

a b c d



• In cortical vein thrombosis, the only sign can be a hyperdensity on the CT scan or
a T2 hyperintensity within a cortical vein, the so called cord sign;

• The lack of visualization of a transverse sinus is a very common occurrence, due
to hypoplasia or aplasia;

• The straight sinus thrombosis or thrombosis of the internal cerebral veins can be
associated with bilateral thalamic signal abnormality;

• The Pacchionian granulations can sometimes be quite large and can be mistaken
for intravenous lesions. The rounded morphology and the classical locations can
help to narrow the differential diagnosis.
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Fig. 5.26 Patient with straight sinus thrombosis. FLAIR image (a) and sagittal MIP (b) reconstruction
from an MRV of the dural venous sinuses performed with a phase contrast 3-D sequence. There is
bilateral thalamic T2 hyperintensity, related to the straight sinus thrombosis. Lack of visualization of
the straight sinus on the MRV 
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