
10.1  
background

In the early 1990s the first spiral CT scanners using only 
one detector row were introduced. With the advent of 
multi detector row CT scanners (MDCT) in 1998, larger 
scan volumes and an improved longitudinal resolution 
at a shorter scanning time was archived by simultane-
ous acquisition of multiple slices per gantry rotation. 
The acquisition of volume data using the spiral scanning 
technique was a ground-breaking step in CT develop-
ment. With volume data sets it became for the first time 
possible to reconstruct images in any orientation along 
the patient axis (CrawforD and KinG 1990; KalenDer 
et al. 1990) enabling applications like CTA and thereby 

A b s T R A C T

New generations of multi detector row CT 
(MDCT) scanners offer previously unparalleled 
options in neurovascular imaging. Comprehensive 
stroke imaging with MDCT now usually includes 
perfusion CT and CT angiography. Modern tech-
niques moreover also enable the retrieval of dy-
namic CT-angiographic data from the perfusion 
CT, if a perfusion of the entire brain is performed. 
Occlusions of the basilar artery can usually be 
readily diagnosed in the CT angiography. CT an-
giography of the cervicocranial arteries also allows 
to assess the degree of carotid artery stenoses and 
of possible intracranial stenoses. Newer scanner 
types lead to increasing sensitivity and specificity 
parameters for detecting intracranial aneurysm. 
Cerebrovenous thromboses can be diagnosed 
with a venous CT angiography of the brain. Even 
thromboses of small bridging and internal cerebral 
veins can usually be readily discerned.
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also be used for selective bone-removal or iodine quan-
tification without motion-artefacts or misregistrations.

In addition to the fast-paced innovations of new 
scanners, new developments in post processing with 
semi-automatic quantifications of stenoses or bone-re-
moval techniques had a pronounced influence on cur-
rent clinical routine (AnDerson et al. 1999; Chappell 
et al. 2003). Modern neurovascular CTA as a non-inva-
sive imaging modality is more and more replacing con-
ventional diagnostic DSA (Lell et al. 2006; TomanDl 
et al. 2006; Hoh et al. 2004).

10.2  
Protocol Parameters for Neurovascular MDCT

As there are numerous different MDCT-systems on the 
market, a multitude of optimized scanning protocols 
are available for neurovascular imaging depending on 
the respective systems. Sample protocols for NECT are 
provided in Table 10.1, while sample protocols for CTA 
are shown in Table 10.2 (Ertl-WaGner et al. 2004).

revolutionizing non-invasive assessment (Rubin et al. 
1995). Also, three-dimensional reformations like MPR 
(multi planar reformations), MIP (maximum intensity 
projections), VRT (volume rendering technique) and 
SRT (surface rendering technique) could be attained 
from volume data sets (Napel et al. 1993).

In 2004, 32- to 64-slice CT systems were introduced 
establishing neurovascular CT-angiographic examina-
tions in a submillimeter resolution and thereby enabling 
isotropic reformations and acquisitions in a strictly ar-
terial phase (Flohr et al. 2002a, b; Ertl-WaGner et al. 
2005). In 2008 the first 320-slice CT prototype system 
was introduced.

The first dual-source-CT was installed in 2006. Us-
ing two tubes and detectors mounted orthogonally, it 
became possible to acquire one axial image by a gantry 
rotation of 90° instead of 180° at single-source scanners. 
This cuts acquisition time by half, which is an important 
factors especially in cardiac imaging (Flohr et al. 2006). 
It is also possible to run the two tubes at different volt-
ages—the so-called dual-energy-CT-mode, e.g. with 140 
and 80 kV—in order to obtain different attenuations for 
material decomposition (Johnson et al. 2007). This can 

Table 10.1. Scan parameters: non-enhanced cranial CT

Parameters 4–8 detector row 
scanners

10–20 detector row 
scanners

32–64 detector row 
scanners

scanner protocol

Tube voltage (kV) 120 120 120

Rotation time (s) 0.75 1.0 1.0

Tube current time product (mAs) 190–250
CDTIvol <60

190–250
CDTIvol <60

350 
CDTIvol <60

Collimation (mm) 2.5 1.5 0.6

Normalized pitch 0.65–0.85 0.65–0.85 0.85

Scan range Sagittal suture to foramen magnum

Scan direction Craniocaudal

Reconstruction settings

Slice increment (mm) Whole brain reconstructions: 5 or
Split reconstructions: supratentorial: 8, and infratentorial: 3

Slice thickness (mm) Whole brain reconstructions: 5 or
Split reconstructions: supratentorial: 8 and infratentorial: 3

Kernel Standard
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If a purely intracranial CT is to be performed, it 
should be kept in mind that most of the latest MDCT-
systems do not allow the gantry to be tilted for spiral 
scanning. Therefore, the only option to keep the radia-
tion-sensitive eye-lenses out of the radiation beam is by 
correcting the patient positioning (Fig. 10.1).

In addition, it needs to be considered that spiral CT 
scanning always includes a short area of overbeaming, 
i.e. a radiation exposure in front and at the end of the 
imaging scan range that exceeds the scan range, and an 

area of overranging to obtain additional data required 
for interpolation. Overbeaming depends on the diame-
ter of the imaging beam, which correlates to the number 
of used detectors and the collimation. For instance, on 
a 64-detector row scanner only the inner 20 detectors 
can be used for imaging and therefore a smaller beam is 
used, reducing the area of overbeaming and overrang-
ing, but increasing scan time.

Modern MDCT scanners allow to cover long scan 
ranges with a single scan. This is advantageous for neu-

Table 10.2. Scan parameters: CTA

Parameters 4–8 detector row 
scanners

10–20 detector row 
scanners

32–64 detector row 
scanners

Dual-energy scanners

scanner protocol

Tube voltage (kV) 120 120 120 Tube-A: 140
Tube-B: 80

Rotation time (s) 0.5 0.33–0.5 0.33 0.33

Tube current time pro-
duct (mAs)

135–200 135–200 135–240 Tube-A: 55
Tube-B: 230

Collimation (mm) 1–1.25 0.6–0.75 0.6 0.6

Normalized pitch 0.9–1 0.9–1 0.9–1.2 1.0

Scan range Intracranial scans: sagittal suture to foramen magnum
Scans including extracranial vasculature: aortic arch to sagittal suture

Scan direction Caudocranial Craniocaudal for standard scans in a late arterial phase, caudocranial for 
scanning in a explicit very early arterial phase (e.g. aneurysm visualization 
in therapy-planning)

Reconstruction settings

Slice increment (mm) 1 0.6 0.4–0.5 0.4–0.5

Slice thickness (mm) 1.25 0.75–1 0.6–0.75 0.6–0.75

Kernel Standard CTA-kernel for cross-sectional MPR and MIP reformations (e.g. H20 for Siemens scan-
ners), using softer kernels (e.g. H31 for Siemens scanners) for VRT or SRT reconstructions can 
provide more convenient results

Contrast agent injection protocol

Concentration (mg 
iodine/ml)

300–400

Volume (ml) 80–120 80–100 80–100 80–100

Injection rate (ml/s) 3–4, monophasic injection

Saline pusher (ml; ml/s) 30; 3.0

Delay (s) Automatic bolus detection at aortic arch plus 3–6 s if available, if not available 20 s for strict intra-
cranial scans, 12–15 s for scans including extracranial vasculature

MDCT in Neuro-Vascular Imaging 125



rovascular CT, especially in stroke-imaging, as all su-
praaortic arteries can be visualized from their origin 
at the aortic arch to the circle of Willis including its 
branches. However, the easy availability and high qual-
ity of these long scan ranges can be tempting to cover 
longer scan ranges as indicated for the individual diag-
nostic evaluation and thereby increasing radiation dose. 
The scan ranges should always be individualized for the 
respective patient situation and limited to the diagnos-
tically relevant area in order to protect radiation sen-
sitive organs such as the thyroid gland and the lenses 
of the eye. If available, dose-modulation functions on 
the scanner side should always be used in cervical CTA 
in order to reduce the radiation dose at the upper and 
mid-cervical levels and to achieve enough dose at the 
lower cervical level, i.e. the shoulder region.

With modern MDCT scanners, the indications for 
sequential CT scanning—as opposed to spiral scan-
ning—are usually limited to dynamic protocols such 
as perfusion CT (PCT) and to sequential scans of the 
infratentorial brain or skull base. Sequential scanning 
can reduce beam hardening artefacts and overbeaming; 
however, 3D-refomation options are limited.

For dynamic CT-perfusion, it is mandatory to pre-
vent any motion of the patient’s head during the entire 
scanning period, either by explicit instructions to the 
patient, or by effective fixation. For fixation in uncon-
scious patients large patches covering the forehead and 
the headrest are preferable to hook-and-loop fasteners 
and cushions.

Sample scan parameters for CT-perfusion scan- 
ning are:

Tube voltage 80 kV•	
Tube current 120–240 mAs•	
Rotation time 1 s•	
Scanning time 40–45 s•	
Start delay of 6 s•	

For application of 40–50 ml contrast agent at a flux of 
5–10 ml/s, a central venous catheter or an 18-gauge in-
jection catheter at the cubital vein is mandatory. Using 
a saline pusher at the same injection speed directly after 
contrast agent administration improves the quality of 
the arterial input function.

In 2007 a new imaging technique was introduced. 
During sequential perfusion acquisition the table 
moves in cranio-caudal direction periodically. This 
technique offers PCT scan ranges of 10 cm and more—
independently of the width of the detector. Multiplanar 
reformations can be used analogous to “conventional” 
spiral scan data. Non-static cycle time settings can help 
to reduce radiation dose significantly, e.g. high tempo-
ral resolution in the first-pass-phase with 1–1.5 s scan 
interval for 20–30 s followed by lower temporal resolu-
tion with 3–4.5 s for 10–20 s in the second-pass phase. 
Large volume data sets acquired by broad detector CT 
(e.g. 320-slice-CT) or by sliding-table-technique can 
also be used to reconstruct angiograms out of the PCT 
data, if necessary even in different contrast phases, e.g. 
arterial or venous phase.

10.3  
Clinical Applications  
of Neurovascular MDCT

There are numerous applications and indications for 
neurovascular MDCT. These include comprehensive 
stroke imaging, evaluation of the extra- and intracra-
nial vasculature of head and neck, as well as preopera-
tive therapy planning. In this chapter we will focus on 
the most commonly used and on more specialized, but 
highly relevant neurovascular MDCT applications.

10.3.1  
Comprehensive stroke Imaging

In most clinical settings, suspected ischemic or hae-
morrhagic stroke is the most frequent indication for 
emergency CT. CT is widely available and rapidly per-
formed—these advantages are crucial parameters in 

Fig. 10.1. Correct patient positioning for intracranial scans, 
light box indicates the scan volume, eye-lenses outside of scan 
volume. Note the titanium coils after endovascular coil embo-
lization of an aneurysm at the anterior communication artery 
(ACoA)
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stroke, where “time is brain”. Even though modern MR 
imaging is a very valuable methods to evaluate early 
stroke, only a small number of specialized radiology/
neuroradiology departments offer stroke-MRI in a 24/7 
time frame.

Historically, NECT was the only CT method avail-
able. Even in modern stroke MDCT, the evaluation al-
ways starts with standard NECT. NECT allows one to 
differentiate between hemorrhagic and ischemic stroke, 
and also to exclude many other differential diagnoses. 
In case of a subarachnoid haemorrhage (SAH), a sub-
sequent intracranial CTA should be performed (see 
Sect. 10.3.4) (TomanDl et al. 2003). If no haemorrhage 
or other obvious reasons for stroke-like symptoms are 
identified and contraindications for the administration 
of contrast medium are absent, the next step is usually 

to perform a PCT followed by a CTA of brain and neck. 
As an alternative, some centres acquire the CTA prior to 
PCT in order to obtain better CTA results. There is an 
on-going discussion about the order of the administra-
tion of contrast agent for CTA and PCT. CT studies will 
have to prove whether the result of MR-perfusion stud-
ies showing no relevant influence regarding the order 
of MR-perfusion and MRA also pertain to PCT (Ryu 
et al. 2006).

After performing CTA and NECT, it is important to 
evaluate any discrepancies between early stroke signs 
or visibly manifest infarction in NECT (Fig. 10.2a) and 
potential occlusions of vessels in CTA (Fig. 10.2b). It is 
therefore mandatory to check every segment of the in-
tracranial arteries. Additional axial MIP reformations 
with a slice thickness of 5 mm and an increment of 

Fig. 10.2. a A 59-year old male patient with known colorec-
tal cancer and acute hemiparesis. NECT 1 h after stroke-onset 
does not show any early stroke signs, hemorrhage or edema. 
b MIP reconstruction of intracranial CTA scan shows a stop of 
contrast agent (arrows) at the distal main stem of the left mid-
dle cerebral artery (MCA). c Dynamic perfusion-CT (PCT) 
analysis reveals subtotal restriction of cerebral blood flow 

(CBF) at the left frontal and parietal lobe. d Analogue to the 
CBF the cerebral blood volume (CBV) parameter map shows 
extreme loss of blood volume corresponding to a dysfunction 
of vessel auto-regulation, a sign for infarction. e Nearly no con-
trast agent delivery to the infarcted brain territory during the 
whole scan period (40 s) is shown at the Time-to-peak (TTP) 
parameter map

b

a

c,d e
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1 mm can provide a very convenient and fast overview 
of all cerebral vessels (Ertl-WaGner et al. 2006). Most 
commonly, thrombembolic occlusions can be found in 
one of the middle cerebral arteries (MCA). In addition, 
potential hemodynamic stenoses or dissections need to 
be sought for. These are most commonly located in the 
proximal internal carotid artery (ICA) in close proxim-
ity to the carotid bulb (Fig. 10.3a–h). Other common 
locations for relevant stenoses are the proximal portion 
of the common carotid artery and the distal, intracra-
nial part of the ICA. Dissections are often located at the 
ICA and at the vertebral arteries.

If the extent of a cerebral infarction appears to be 
less extensive in NECT than would be concordant to 
the territory of the occluded vessel, a perfusion analy-
sis is indicated (if PCT has not already been acquired 
before) (Figs. 10.2c–e and 10.3e,f) (Wintermark 2005; 
Kloska et al. 2004). For perfusion CT (PCT), sequen-
tial slices are acquired in cine mode during an intrave-
nous contrast injection, typically with a high flow rate 
of 5–10 ml/s and a scanning time of 40 s. By using PCT, 
it is possible to distinguish ischemic brain tissue (“tissue 
at risk”, “penumbra”) from infarction, thereby support-
ing therapeutic decision-making in regard to whether 

Fig. 10.3. a NECT of a 72-year old female unconscious patient shows no early stroke signs or hemorrhage. b Sag-
ittal MIP of the CTA data set delineates proximal vessel occlusion (arrow) of the left internal carotid artery (ICA). 
c High-grade stenosis of the contra lateral (right) ICA with only weak contrast enhancement of the distal ICA (ar-
rows), sagittal MIP. d VRT reconstruction of CTA data visualizes the occlusion of the left ICA (arrow) at the carotid 
bulb. Note the non-occluded external carotid artery (arrowhead). e (see next page)
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a thrombolysis or mechanical recanalization may be of 
benefit to the patient.

Depending on the vendor of the scanner, mainly 
two different mathematical reconstruction models are 
used for analysing PCT—the maximum slope/gradient 
model (e.g. Siemens and Vitrea) and the deconvolution 
model (e.g. GE and Toshiba). Both models provide pa-
rameter maps of cerebral blood flow (CBF) and relative 
cerebral blood volume (rCBV). In addition, the time-
to-peak (TTP, maximum slope model) or the mean-
transit-time (MTT, deconvolution model) are shown.

In non-ischemic brain tissue, the CBF value is about 
50–80 ml blood per 100 mg brain per minute. Flow 
reductions below 10–15 ml/100 mg/min usually lead 
to irreversible infarction after a few minutes. CBF val-

ues of 10–25 ml/100 mg/min tend to cause neurologi-
cal dysfunction, but a complete recovery may occur, if 
normal levels of perfusion are restored within hours 
or days. CBV values reflect the extent of regional au-
toregulation. Regional CBV is usually increased at the 
penumbra as a result of vasodilatation to compensate 
for regional CBF lowering. Low or normal CBV values 
at regions with lowered CBF are normally predictive of 
irreversible infarction.

PCT can also aid in evaluating patients with a new 
onset of stroke symptoms and old infarctions in the 
patient’s history or patients with multiple high-grade 
stenoses in different vessel territories (Fig. 10.4a–d).

There is a new theoretical approach for estimating 
perfused blood volume from CTA and NECT volume 

Fig. 10.3. (continued) e CBF shows a strong flow restriction at the left MCA territory, PCT. f CBV 
shows a mild reduction of blood volume at the left MCA territory as a sign for dysfunction of the 
auto-regulation of the vessel and infarction. g TTP visualizes the prolonged contrast agent delivery 
at left ICA territory as well as at the right (post-stenotic) ICA territory. No prolongation at the ter-
ritories of the posterior cerebral arteries. h NECT follow up after two days of stroke-onset shows 
complete infarction of the left MCA territory (arrows)

hg

fe
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Fig. 10.4. a An 80-year old male patient with high-grade 
stenosis at the left carotid bulb. VRT reconstruction of the 
CTA dataset clearly delineates the stenosis (arrow). b Coronal 
thin-MIP reconstruction provides more detailed information 
about the stenosis (arrow). c SRT reconstruction after region-
grow-based bone-removal. Aortic arch, subclavian arteries and 
extracranial carotid arteries remain visible. Vertebral arteries 
and distal segments of the external carotid artery have been re-
moved by the bone-removal algorithm. Typical bone artefacts 
(arrowheads) at the infraclinoidal intracranial segments of both 

ICA after region-grow bone-removal. Stenosis of the left carot-
id bulb indicated by arrow. d Computer-aided vessel analysis 
(Syngo Advanced Vessel Analysis, Siemens Medical Solutions, 
Erlangen, Germany). MPR reconstruction in axial orientation 
to the vessel with threshold based diameter and area calcula-
tion of the vessel lumen (a). Stretched MPR view of the traced 
vessel showing the whole vessel in one image, marks indicate 
user-driven quantifications (b). Original axial CTA data (c). 
SRT reconstruction after bone-removal with vessel trace (d)

b

a

d

c
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data, with a recent study showing promising results 
(Kloska et al. 2007); however, further evaluation of 
this technique is needed.

10.3.2  
Carotid Artery stenosis

Carotid atherosclerosis is an important predisposing 
factor for ischemic stroke, and patients with high-grade 
stenosis of the carotid arteries are known to benefit 
from endarterectomy or stent-angioplasty. An exact 
determination of the degree of a carotid artery stenosis 
is crucial for therapeutic decision making (Lell 
et al. 2006). Several studies have demonstrated reliable 
results using MD-CTA compared to other imaging 

techniques (Clevert et al. 2006; HacklanDer et al. 
2006; Silvennoinen et al. 2007; Ertl-WaGner et al. 
2004).

For evaluating carotid artery stenoses with MD-
CTA, the scan range should include the aortic arch and 
the circle of Willis to ensure that stenoses at the origin 
of the CCA, at the carotid bulb and at the carotid siphon 
are reliably depicted (Fig. 10.4a,b). To avoid streak ar-
tefacts due to high contrast agent concentrations at the 
superior vena cava at the beginning of the injection, it is 
recommended to use a craniocaudal scan direction (De 
Monye et al. 2006).

For image analysis semi-automatic bone-segmen-
tation/elimination algorithms can be used (Figs. 10.4c 
and 10.5a). There are different approaches to bone-
elimination: The most commonly used algorithms 

Fig. 10.5. a Dual-Energy (DE) bone-
removal of  neck-CTA, axial MPR. Note that 
bone and calcified plaques (arrowheads) have 
been completely removed. Stenotic vessel 
lumen marked by contrast agent (arrows). 
b DE bone-removal of  CTA of the head, 
axial MPR. All bony structures have been 
removed, contrast agent at the ICA (arrows) 
and the cavernous sine (arrowhead). c DE 
bone-removal, sagittal MPR. Contrast agent 
at the ICA (arrows), removed calcified plaque 
at the carotid bulb (arrowhead). d VRT of DE 
bone-removal head and neck CTA. Removed 
calcified plaque at the carotid bulb (arrow-
head)
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rely on threshold-based region-growing techniques 
(Fig. 10.4c). These techniques can rapidly extract bone 
or vessels as long as there is a clear separation between 
both structures, e.g. in the cervical part of the carotid 
arteries. The major disadvantage of this method is that 
time-consuming manual corrections at the base of skull 
are oftentimes necessary, as region-grow-algorithm reg-
ularly fail in this region. In addition, the application of 
the algorithm on calcified plaques can result in exces-
sive reduction of the residual lumen, thus exaggerating 
the degree of stenosis.

Alternatively, bone-subtraction algorithms exist that 
use either NECT volume data (TomanDl et al. 2006) or 
dual-energy material decomposition (Flohr et al. 2006, 
Johnson et al. 2007) to subtract bone from the CT-an-
giographic data (Fig. 10.5a–d). After the segmentation 
process, cross-sectional MPR images perpendicular to 
the vessel can be aligned automatically using a center-
line function by a commercial vessel analysis tools. Op-
tional corresponding VRT reformations and stretched 
vessel images (MPR) can provide anatomic orientations 

(Fig. 10.4d). Manual or semi-automated measurements 
of the vessel lumen diameter or area can be performed 
on the basis of these cross-sectional images. When us-
ing semi-automated measurements, it is mandatory to 
check for common errors in lumen quantification, espe-
cially in cases of branching or neighbouring vessels and 
boundary identification in calcifications (Bucek et al. 
2007).

10.3.3  
basilar Artery Occlusions

Although the majority of cerebral infarctions are located 
in the territories of the internal carotid arteries, 20% of 
cerebral ischemic infarctions involve tissue supplied 
by the vertebrobasilar circulation. Basilar artery occlu-
sion is a life-threatening condition whose unfavourable 
spontaneous prognosis can only be improved by early 
detection and subsequent aggressive recanalization 
therapy (Pfefferkorn et al. 2006).

Fig. 10.6. a Basilar artery thrombosis. Coronal MIP reconstruction of 
a four-slice-CTA data set showing normal contrast enhancement at the 
top and the middle segment of the BA. Occluded lower BA and occluded 
V4-segment of the right VA (arrows). Note the calcified plaque at the VA. 
b Axial MPR showing the completely by thrombus occluded V4-segment 
of the right VA (arrows) at the level of the calcified plaque (arrowhead). 
c After thrombolysis follow-up 64-slice-CTA shows complete recanalisa-
tion of the former occluded V4-segment of the right VA (arrow), a high 
grade stenosis at the level of the calcified plaque (arrowhead) remains
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In cases of suspected ischemia in the posterior circu-
lation, CTA offers a swift and easy to perform imaging 
modality to rule out pathologies of the vertebrobasilar 
arteries. The scan range should include the level of the 
second cervical vertebra in order to include the passage 
of the vertebral arteries (VA) through the dura mater. 
In selected cases, a scan range including the entire ver-
tebrobasilar circulation from the origin of the VA at 
the subclavian arteries provides additional information 
about potential pathologies of VA at the neck, such as 
dissections.

Additional sagittal and coronal or pseudo-coronal 
MIP reformations parallel to the clinoid provide excel-
lent information about the basilar artery (Fig. 10.6a–c). 
Additional VRT after bone-subtraction may be useful 
to visualize stenosis.

10.3.4  
Intracranial Aneurysms

Acute subarachnoidal haemorrhage (SAH) following 
a rupture of a cerebral aneurysm is associated with a 
high mortality. The incidence of intracranial aneurysm 
is thought to be about 1.9%. CTA can be used for the 
emergency evaluation of SAH in order to determine the 
appropriate neurosurgical or endovascular intervention 
for cerebral aneurysms and as a non-invasive screening 
modality for patients with a familial predisposition for 
developing intracranial aneurysms. The gold-standard 
examination in SAH is still DSA. However, with mod-
ern MD-CTA techniques some authors now advocate 
MDCT as the primary method of choice to evaluate 

Fig. 10.7. a,b NECT of a patient with SAH (Fisher°4) with 
massive subarachnoidal haemorrhage at the Sylvian fissures, 
perimesencephalic and at the tentorium (arrows). Intraven-
tricular blood clots (arrowheads) and aneurysm surrounded 

by SAH (black arrow). c,d CTA showing a large and roundly 
shaped aneurysm (arrows) at the posteriolateral wall of the 
right ICA, MIP. e VRT for treatment planning visualizes the 
localisation and orientation of the aneurysm

a,b

d
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cerebral aneurysms (Tipper et al. 2005; Villablanca 
et al. 2002).

With the latest generation of MDCT it is possible to 
acquire CTA scan in a arterial phase without relevant 
contrast enhancement of the cerebral veins, thereby fa-
cilitating the evaluation of the intracavernous segments 
of the ICA much easier. If available, bone-subtraction is 
strongly recommended for evaluating the infraclinoid 
segments of the ICA (MorharD et al. 2008). When 
evaluating a CTA in a patient with SAH (Fig. 10.7a,b), 
it is helpful to perform cross-sectional sliding-thin-
slab MIP reformations (Fig. 10.7c,d). In addition, VRT 
can be used for 3D visualization in therapy planning 
(Fig. 10.7e).

In contrast to primarily diagnosing aneurysms 
with MDCT, follow-up of clipped or coiled aneurysms 
with CT angiography faces considerable challenges, 

as surgical clips or coils usually cause significant 
beamhardening artifacts, thus altering the Hounsfield 
unit values in surrounding soft tissue and vessels  
(Lell et al. 2006).

10.3.5  
Cerebral Venous Thrombosis

About 1% of all acute strokes or stroke-like events 
are caused by cerebral venous thrombosis (CVT). 
Thromboses can be located in the intracranial dural 
sinuses, in the superficial cerebral veins or in the deep 
cerebral veins.

On NECT, patients with CVT often demonstrate 
venous infarctions (50%) with cortical/subcortical pete-
chial haemorrhages and oedema. The so-called “cord 

Fig. 10.8. a Axial NECT demonstrates a hyperdensity of the superior sagittal sinus (SSS, arrow), no 
contrast agent applied. b Sagittal MIP reconstruction of CTA delineating extensive thrombosis at the 
SSS, as well as at the straight sinus and the confluens sinuum (arrows). c CTA: empty triangle sign 
at the SSS (arrows) in the axial MIP. d CTA: empty triangle signs at the SSS and the right transverse 
sinus (arrows) in coronal MIP
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sign” (Fig. 10.8a) reflects a more hyperdense dural sinus, 
which is filled with thrombotic material. The so-called 
“empty delta” or “empty triangle” sign (Fig. 18.8b–d) 
refers to enhancing dura surrounding non-enhancing 
thrombus. It can be found in 25%–30% of patients with 
CVT in CTA.

When reporting a CTA of the intracranial veins and 
sinuses it always needs to be considered that a large 
number of anatomic variants and arachnoidal granula-
tions can mimic CVT.

Cerebral CT venography provides anatomical im-
ages of the intracranial venous circulation in a consis-
tently high quality and can be used to rule out throm-
bosis and to preoperatively map venous structures 
in patients with a neoplasm (Casey et al. 1996). CT 
venography is considered to be superior to MR venog-
raphy in the identification of cerebral veins and dural si-
nuses and is at least equivalent in the diagnosis of dural 
sinus thrombosis (Ozsvath et al. 1997). A scan delay 
of 30–35 s after contrast administration usually leads to 
a combined arterial and venous contrast, which can be 
advantageous, when the symptomatology of the patient 
is not clear-cut and arterial pathologies are in the dif-
ferential diagnosis.
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