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Introduction

Intracranial aneurysms are common lesions
with an adult prevalence rate between one and
five percent in autopsy studies'. Fortunately,
most aneurysms are small and an estimated
50 to 80 percent of all aneurysms do not rup-
ture during the course of a person’s lifetime >
Intracranial aneurysms are considered to be
sporadically acquired lesions, although a rare
familiar form has been described . Clinically,
cerebral aneurysms can be silent or give rise to
focal neurological symptoms or rupture leading
to the dramatic event of subarachnoid haemor-
rhage.

Nowadays the gold standard technique for
the detection of cerebral aneurysms is con-
sidered to be digital subtraction angiography
(DSA) offering both dynamic and morphologi-
cal information on the intracranial circulation.
However, DSA is relatively expensive and not
widely available. DSA also carries a potential
risk of transient, reversible or permanent neu-
rological and non neurological complications
even though the actual risk is much lower than
is perceived *" In view of this, the ideal tech-
nique to evaluate cerebral aneurysms should be
non invasive, easy and quick to perform, offer-
ing high spatial resolution and yielding optimal
information on aneurysm location, size of its
dome and neck, any parietal abnormality, col-
lateral arteries originating from the dome and
the relation between the parent artery and sur-
rounding vascular and/or nervous structures.

Nowadays, the diagnostic work-up in pa-
tients with cerebral aneurysms or subarachnoid
haemorrhage (SAH) includes several imaging
techniques such as DSA, Computed Tomogra-

phy Angiography (CTA) and Magnetic Reso-
nance Angiography (MRA).

Worldwide neuroradiological experience
during the past 15 years has led to a consensus
on the major role of CTA in evaluating patients
with intracranial aneurysms. CTA is a minimal-
ly invasive, less expensive technique than DSA
and MRA, easy and quick to perform and of-
ten able to provide correct information on the
presence, dimensions and anatomical location
of cerebral aneurysms. Volumetric acquisition
allows the neuroradiologist to obtain oblique,
axial and para-axial views for better display of
the aneurysm dome and neck .

The most important limit of CTA, widely
accepted and common to most multislice CT
scanners, is its dimensional constraints: most
aneurysms with a dome diameter smaller than
3 mm (so-called “baby” aneurysms) can often
be missed by CTA examination.

MRA, with different acquisition techniques
(Time of flight - TOF or Phase Contrast - PC),
is increasingly available, but its potential role
remains limited by motion and vessels artefacts,
sometimes even with contrast media injection.
In addition, MRA is still considered a high cost
procedure, strongly affected by the already
known absolute and relative contraindications
and some technical difficulties (particularly
when dealing with SAH patients) **.

In spite of these drawbacks, MRA has an
important role in the follow-up of embolized
cerebral aneurysms after endovascular treat-
ment. In these cases, MRA sequences (TOF or
PC), even without contrast media injection, are
highly reliable in displaying major residual flow
within the coil mesh or in the neck region of
the aneurysm.
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Role of DSA in evaluating cerebral aneurysms

Cerebral angiography, pioneered by Egas
Moniz in 1927 ** and highly evolved towards
a digital technique, is still considered the gold
standard for detecting vascular abnormalities
of the brain and especially cerebral aneurysms.
This is because DSA is still now the only availa-
ble means of obtaining haemodynamic informa-
tion. Some aspects of cerebral haemodynamics,
such as collateral flow and flow direction, can-
not be demonstrated by CTA or even by MRA
#:30 Rotational DSA, with 3D reconstructions,

Figure I A-D CT and CTA (MIP and SSD) of a basilar
aneurysm.

may improve diagnostic accuracy particularly
if no aneurysms are demonstrated by 2D-DSA.
3D DSA offers much more detailed informa-
tion on the spatial relations between the aneu-
rysm and surrounding vessels and structures for
evaluation of the cerebral circulation allowing
better patient management planning.

The 3D model allows observation and analy-
sis from multiple directions to determine the
working projection for interventional proce-
dures. If the acquisition is made during a neu-
roradiological intervention session using latest
generation DSA devices, the optimal working
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Figure 2 A-C Aortic arch in a patient with origin abnor-
malities of the supra-aortic vessels. CTA with MIP and SSD
images completes the neuroradiological information for en-
dovascular planning.

projection obtained from the model can be
transferred back to the table side positioner
control, thereby achieving subsequent acquisi-
tion at the same angle pushing a single button.
Nowadays DSA remains strongly indicated in
all those cases in which the diagnosis has not
yet been established >***":

— SAH with a negative CTA;

— discrepancy between the distribution of SAH
on CT scan and the display of the aneurysm on
CTA;

— doubtful cases of CTA showing small aneu-
rysms;

— CTA with suboptimal quality;

— to evaluate giant aneurysms to obtain haemo-
dynamic information;

— to evaluate aneurysms very close to bone
structures;

— to evaluate SAH supported by dissecting an-
eurysms;

— to evaluate multiple aneurysms;

— to better evaluate the correlations between
the aneurysmal sac and the arteries surround-
ing or originating from the sac;

— last but not least, DSA is mandatory before
endovascular treatment.
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Angiographic examination fails to disclose
an aneurysm in ten to 20 percent of cases of
subarachnoid haemorrhage. When the results
of angiography are negative, angiography is
usually repeated in one to six weeks>”. Without
an identified aneurysm the cause of subarach-
noid haemorrhage remains unknown. Hyper-
tensive rupture of a small artery or vein is one
proposed mechanism. Other mechanisms may
be spasm of the vessel harbouring the aneu-
rysm, presence of haematoma and permanent
or temporary thrombosis of the aneurysm. In
these cases the question is whether we are deal-
ing with a false negative finding. In particular,
an aneurysm should be suspected in cases with

Figure 3 A-D CTA with SSD post-processing and 3D DSA
equally showing a right MCA bifurcation aneurysm.

a large amount of blood and in cases of focal
haemorrhage, particularly at the level of the in-
terhemispheric fissure.

The principal drawback of DSA is its poten-
tial risk. The combined transient and reversible
neurologic complication rate of cerebral angi-
ography has been reported to be as low as 0.4%
and as high as 12.2% *". The reported perma-
nent neurologic complication rate varies from
0% to 5.4%. Limiting the review to prospective
studies of 1,000 or more procedures reveals a
combined transient and reversible neurologic
complication rate between 0.4% and 2.3%
(mean, 1.3%), a permanent neurologic com-
plication rate between 0.1% and 0.5% (mean,

26




www.centauro.it

Interventional Neuroradiology 14:23-37,2008

Mo cut

Hew cuty

Figure 4 A-D A right MCA bifurcation aneurysm surgically treated on the basis of the CTA imaging alone.

0.3%), and a mean overall rate of 1.6% *"'""*. In
our experience, complications were calculated
in a series of 6000 vessels studied in 2154 pa-
tients disclosing 0.1 transient neurological defi-
cits and 0.05 permanent neurological deficits.
It is important for each neuroradiology team
to assess its own incidence of complications
rather than relying percentages published in
the literature and refer to their own rates when
giving patients information for the purposes of
informed consent ".

The increasing use of rotation angiography
and 3D DSA also increases the radiation dose
which has to be considered another pitfall of
the technique **. In conclusion, DSA, possibly

with rotational acquisition and 3D reconstruc-
tion, is a very useful diagnostic tool and still
represents the gold standard for the detection
of brain aneurysms.

Role of CTA in evaluating cerebral aneurysms

CTA has been significantly improved by the
introduction of four- to 64-section spiral CT
scanners, which offer rapid acquisition of iso-
tropic data sets. A variety of techniques have
been proposed for post-processing of the re-
sulting images. The most widely used tech-
niques are multiplanar reformation (MPR),
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Figure 5 A-E  An aneurysm of the left pericallosal artery
and the fronto-orbital branch originating from the neck of
the aneurysm. Foetal origin of the left PCA.
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Figure 6 A-C Showing a left PICA aneurysm (DSA with 3D
image post-processing allowing measurement of the aneu-
rysm diameter). Next step: endovascular treatment.

thin-slab maximum intensity projection and
volume rendering. Sophisticated segmentation
algorithms, vessel analysis tools based on a cen-
treline approach and automatic lumen bound-
ary definition are emerging techniques; bone
removal with thresholding or subtraction algo-
rithms has been introduced. These techniques
increasingly provide a quality of vessel analysis

T3S mm (3D)

=37 mm i

comparable to that achieved with intra-arte-
rial three-dimensional rotational angiography.
The technological progress in 3D imaging, such
as maximum intensity projection (MIP) and
volume rendering (VR) technique, appears to
be very helpful in detecting intracranial aneu-
rysms, particularly around the circle of Willis.
In 1992 Aoki et Al** demonstrated the accu-
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Figure 7 A-D Same case as in figure 6. MRA follow-up after 3 months shows the absence of the signal in the coil mesh and
patency of the PICA.

racy of 3D CTA in detecting 3mm diameter an-
eurysms in 15 patients. This is an important di-
agnostic goal since autopsy studies have shown
the critical aneurysm size to be around 4 mm
®. It is well known that the natural history of
all aneurysms is to enlarge and then to rupture,
making it essential to identify and monitor an-
eurysms with a non invasive technique before
rupture occurs.

Katz® correlated the number of vessels visi-
ble by CTA (using MIP post-processed images),
MRA and DSA at the level of the circle of Wil-
lis showing the same sensitivity and specificity

in vessel detection. Other reports** also corre-
lated CTA with MRA and DSA showing CTA
to be a reliable alternative to MRA evaluating
circle of Willis aneurysms.

The experience of the group of Zouaoui® in
120 cases found a sensitivity and specificity of
CTA with MIP and SSD reconstructions com-
parable to DSA in terms of the number of an-
eurysms detected, the visibility of the aneurysm
neck and relations with surrounding structures.
Alberico et Al showed the difficulty of demon-
strating 2 mm aneurysms of the posterior com-
municating artery due to their proximity to the
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internal carotid artery, whereas there were no
problems in evaluating other aneurysms such
as those of the anterior communicating artery
and middle cerebral artery*. In his experience,
the sensitivity and specificity of CTA detecting
5 mm or smaller aneurysm has been between
90% and 98%. Velthuis et Al reported a CTA
sensitivity between 97% and 91% in two dif-
ferent observers evaluating 128 patients with
SAH; the lack of sensitivity was related to the
aneurysm of the posterior communicating ar-
tery, the ICA, the ophthalmic artery and the
PICA *. Young et Al* identified in operator in-
experience and small aneurysms the most fre-
quent cause of pitfalls in the spiral CT evalua-
tion of intracranial aneurysms.

Recently, Hanley et Al compared the accu-
racy of the DSA, CTA and MRA at estimating
the volume of cerebral aneurysms, emphasizing
the tendency of the CTA to overestimate vol-
ume, MRA to underestimate and DSA to both
under and overestimate equally *.

CTA could offer valid information for en-
dovascular planning, concerning aortic arch
showing any origin abnormalities in the su-
pra-aortic vessels. CTA could be adequate for
correct surgical planning, related also to the
degree of neurosurgeons’ confidence in CTA
images, in many aneurysms, such as the M1 or
Al segment, the MCA bifurcation and in many
cases of the anterior communicating artery an-
eurysms, whereas it was inadequate for certain
aneurysms of the siphon, basilar trunk or pos-
terior communicating artery.

Advances in technology will yield better
quality images in the future with high spatial
resolution and less operator dependence.

The advantages of CTA can be summarised
as follows:

1. Relatively low invasiveness.

2. Higher accessibility (with reference to DSA
and MRA) and an increasingly homogeneous
territorial distribution.

3. Fast to perform (including the post-process-
ing).

4. Good reliability in strategic planning.

The limits of CTA can be summarised as fol-
lows:

1. Difficulty in detecting small aneurysms
(dome diameter smaller than 3mm);

2. Impossibility of dynamic evaluation of cer-
ebral blood flow;

3. Difficulty on evaluating aneurysms very close
to bone structures;

4. Difficulties on evaluating aneurysms of the
posterior circle.

Role of MRA in evaluating cerebral
aneurysms

MR angiography is a well established non-
invasive tool to explore cerebral vessels. It is
generally performed without contrast adminis-
tration and this may be considered one of its
advantages over DSA and CTA. It requires less
technical training and may be easily repeated
for follow-up purposes.

However, the limited spatial resolution of-
fered by MRA decreases its accuracy in evalu-
ating small aneurysms (< 3-5 mm) and the dif-
ficulties in monitoring critical patients make it
unsuitable in these cases. That is why its role in
the diagnosis of berry aneurysms has decreased.
In spite of all efforts made during the past 15
years >** MRA cannot yet replace DSA for
the diagnosis of aneurysm in the acute phase
of subarachnoid haemorrhage and CTA has
already been considered superior to MRA for
this purpose.

Two MRA techniques are generally used:
the Time-Of-Flight technique — TOF, based
on the “inflow effect” and the Phase Contrast
technique — PC, based on motion-related phase
changes.

TOF effects result in an increased signal in-
tensity as fully magnetized spins enter the slice
of tissue being imaged, while stationary spins
are saturated. With TOF sequences, spin satu-
ration at low flow velocities may determine in-
appropriate detection of aneurysms with slow
flow, which can be inconsistently depicted or
missed. In addition, slow flow components of
giant aneurysms or partially thrombosed aneu-
rysms may be missed, while incomplete back-
ground suppression may determine a shine
through effect of tissues with short T1, which
can be misinterpreted as vascular structures *-
48

In PC images, spins moving through regions
of magnetic field variations determined by
the application of a bipolar gradient undergo
a phase shift, depending on flow velocity, the
strength of the field gradient and the time in-
terval between positive and negative gradient
application. Using phase contrast sequences
which allow a better detection of slow flow, im-
age quality is inferior to TOF sequences. More-
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Figure 8 A-F Right siphon aneurysm and foetal origin of
the ipsilateral PCA. 3D DSA allowing the measurement of
the aneurysm, then endovascular treatment, MRA follow-up
after 3 months and the post-processed images (MIP and 3D)
show the presence of a flow signal in the coil mesh.

0.5 mm (3D)

14
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Figure 9 A-F Other patient with a huge right siphon an- HEmmOD)

eurysm. MRA, 3D DSA allowing measurement of the an-

eurysm.
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Figure 10 A-F A huge partially thrombosed left siphon an-
eurysm. DSA and 3D DSA allowing measurement of the
aneurysm. Stent positioning and 1 month MRA follow-up
showing a reduction of blood flow in the aneurysm.
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over, as phase shift and signal intensity are
proportional to flow velocity, slow flow struc-
tures may be partially missed or inconsistently
detected.

Image post-processing, both for TOF and PC
sequences, is generally performed with the MIP
(maximum intensity projection) technique,
showing on a bi-dimensional image only the
high-signal components of voxels being exam-
ined, with the double risk of missing vascular
structures with low signal and assigning an in-
appropriately low signal to small structures “*.

Other methods, such as MPR (multi-planar
reconstruction), seem to have some advantag-
es over the MIP technique. With MPR images
are post-processed in thin slices with different
spatial orientation and surface-rendering (SR),
in which a 3D-isosurface is generated on an in-
tensity profile determined with an operator-de-
pendent threshold,.

MRA may also be performed with contrast
administration ¥. With first-pass dynamic con-
trast enhancement MRA, image acquisition is
performed at first pass after contrast adminis-
tration, when T1 of blood becomes as low as
30-60 ms for up to 20 s.

The short interval between arterial and ve-
nous enhancement limits its intracranial appli-
cations, but excellent background suppression
make images of great value for proper depic-
tion of brain aneurysms. With contrast enhance-
ment 3D-TOF, image acquisition is performed
at the steady state when blood T1 falls to 200-
400 ms for about 30 min.

Although spatial resolution is higher, back-
ground suppression may not be as excellent and
the aneurysm lumen may not be as adequately
depicted as with first-pass MRA.

Generally, the most widely used technique is
3D-TOF followed by MIP or volume render-
ing post-processing, because spatial resolution
is good, the duration of scan times acceptable
and signal loss for turbulent flow is minimal.
The latest contrast enhancement technique is
first-pass MRA, which allows a better visuali-
zation of small aneurysms.

MRA is used for the evaluation of patients
at high risk for aneurysms, such as the rela-
tives of patients with brain aneurysms, patients
with polycystic kidney and patients with cranial
nerve palsy, sometimes only as a preliminary
investigation before DSA, and for the follow-
up of patients submitted to aneurysm occlusion
with Guglielmi detachable coils.

Role of MRA in the follow-up of embolized
brain aneurysms

Embolization of saccular cerebral aneurysms
requires numerous follow-up controls to moni-
tor coil compaction after treatment or to detect
the neck flow-related signal due to regrowth of
the whole sac or to the coil mesh gathering.

DSA has long been used in the follow-up of
cerebral aneurysms after embolization to dis-
close any residual aneurysm after treatment or
long-term lesion recurrence, both of which may
be responsible for bleeding.

Because angiography is an invasive proce-
dure poorly tolerated by patients, effective re-
liable alternative monitoring techniques have
been sought especially in view of the repeated
follow-up controls required in aneurysm pa-
tients.

3D TOF sequences without paramagnetic
contrast administration are the MRA scans
most commonly used in the follow-up of em-
bolized cerebral aneurysms as they offer reli-
able views of the intracranial vessels ™.

Using digital angiography as a reference,
MRA has a 90-95% sensitivity rate in the di-
agnosis of residual/recurrent aneurysms larger
than 3-4 mm (20). This is the threshold size be-
low which MRA is no longer diagnostic with
a significant drop in sensitivity for aneurysms
measuring less than 3 mm in diameter.

Diagnosis of residual aneurysm or recurrence
after treatment is mainly based on an analysis
of MRA signal intensity.

MRA distinguishes the different components
of an embolized aneurysmal sac, the coil mesh
being depicted as a hypointense signal in the
angiographic sequences whereas possible resi-
due or recurrences show a hyperintense flow
signal.

According to Raffi et Al1” and Anzalone et
Al™, this feature makes MRA more reliable
than digital subtraction angiography in which
pathological filling of contrast medium can be
masked by the radiopaque coils.

Major technical advances now offer the pos-
sibility of using 3D TOF sequences which give
an excellent panoramic view of the intracra-
nial vessels on a par with images produced by
state-of-the-art rotational angiograms. Multiple
views allow detailed display of the origin of
the treatment aneurysm and its neck which is
particularly advantageous when 3D rotational
angiography is unavailable.
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Comparing the reliability of DSA and MRA,
the angiographic finding of no contrast medi-
um within a well-packed coil mesh and in the
anatomical region of the aneurysm neck, fitted
with MRA findings of exclusion from the circu-
lation with no flow signal within the aneurysm.

Nowadays, the main aim of follow-up of em-
bolized brain aneurysms is to obtain MRA im-
ages with a sufficient spatial resolution to di-
agnose and distinguish clinically significant (>
3-5 mm in diameter) aneurysm residue or re-
currence at risk for bleeding, from clinically not
significant changes (< 3-5 mm in diameter).
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