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Foreword

Neuroradiology goes therapeutic.

By using the vascular system as an access route to intracranial vascular pathologies,
many vascular diseases can be treated nowadays “from the inside” with only minimal
invasiveness.

Neuroradiology has long ceased to be a purely diagnostic discipline. The need for
a second edition of the book - edited, and to a significant degree written, by Prof.
Forsting and Prof. Wanke - relatively soon after the first edition underlines the impor-
tance of and growing interest in Interventional Neuroradiology.

The editors focus on intracranial vascular malformations and aneurysms which,
together, comprise a major proportion of the bread earned by the neurointerventional-
ist. The book not only deals excellently with interventional procedures, but also illumi-
nates underlying pathological changes, different classification schemes, indications for
endovascular therapy and relevant studies that have been conducted in this field.

Prof. Forsting and Prof. Wanke have been working in Interventional Neuroradiology
for many years and have succeeded in recruiting a team of internationally renowned
authors. Their volume on Intracranial Vascular Malformations and Aneurysms is not
only of great interest to neuroradiologists, but also to colleagues working in the neigh-
boring disciplines of Radiology, Neurology and Neurosurgery.

I am convinced that the second edition of Intracranial Vascular Malformations and
Aneurysms will be at least as successful as the first one.

Gottingen MicHAEL KNAUTH




Preface

Four years after its first edition, we are happy to present the second edition of our book
on diagnostic imaging and endovascular therapy of vascular malformations.

The need for a second edition within a relatively short period of time indicates that
interventional neuroradiology and knowledge about vascular malformations is still a
fast growing field. It is a 2"¢ edition with new images and major text changes, as well
as the corresponding literature update. Also new about the book is that it now has two
editors. Isabel Wanke and myself hope that this new edition will be as successful as
the first and that it will also help many colleagues to improve their knowledge of non-
atherosclerotic vascular problems of the brain.

Essen MiICHAEL FORSTING
ISABEL WANKE
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KEY POINTS

Developmental venous anomalies (DVAs) rep-
resent the most common vascular variant
DVAs consist typical of medullary veins form-
ing a caput medusae draining into a trans-
cerebral collector vein which empties into a
dural, subependymal or cortical vein

DVAs are low-flow, low-resistance abnormali-
ties draining normal brain parenchyma!
DVAs have been associated with vague neuro-
logical symptoms, such as nonspecific head-
aches and dizziness, or with seizures. In most
cases it is an incidental finding

Up to one third of DVAs is associated with
cavernomas; therefore susceptibility weighted
MRI-sequences should be included into the
imaging protocol, especially if a seizure was
the indication for the examination. Therapy
should be focussed on the cavernoma

Rarely, congenital abnormalities (e.g. hetero-
topia) might also be associated with DVAs
Venous thrombosis in DVAs might occur but
no more often than in any other intracranial
vein

Surgical resection or radiation therapy of
DVAs should be avoided

Endovascular therapy of DVAs is also not an
option

In a typical neurovascular working day, develop-
mental venous anomalies (DVAs) cause a lot of con-
fusion. In part, this confusion is related to the term
“venous angioma”, which is used in many institu-
tions as a synonym for DVAs! But “venous angioma”
is clearly a misnomer, because the term “angioma”
usually suggests a severe disease with a substantial
risk of bleeding. In contrast, DVAs must be con-
sidered as unusual, but nonpathological, venous
drainage and an embryological determined variant
of venous drainage. On the other hand, DVAs are
considered to be the most common form of cere-
bral vascular malformations, occurring in up to 4%
of the population (GARNER et al. 1991; OSTERTUN
and Sorymosrt 1993; TRuwiIT 1992). This high inci-
dence is a good reason to familiarize oneself with
these lesions and keep abreast of new findings in
this area.

Another factor contributing to the DVA-related
confusion is that many radiologists and clinicians
just see abnormal vessels on magnetic resonance
imaging (MRI) scans, immediately tell the patient
something about a vascular malformation, and re-
fer the patient for neurosurgical extirpation of the
lesion.

To avoid too much irritation, specifically within
the group of referring doctors, the term “venous an-
gioma” should be avoided and DVA should be used.
However, if you are reporting about DVA, it is usu-
ally necessary to explain what this is. And this is a
good reason to read the upcoming chapter.

M. ForsTING; MD, PhD, Professor

1. WANKE; MD, PhD, Professor

Institute of Diagnostic and Interventional Radiology and
Neuroradiology, University of Essen, Hufelandstrale 55,
45122 Essen, Germany
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Pathology

The pathogenesis of a DVA is still unknown. Sa1ito
and KoBAyasHI et al. (1981) hypothesized that an
intrauterine event during formation of the med-
ullary veins or tributaries induces the formation
of the collateral venous drainage pathways. This
hypothesis is supported by the absence of normal
draining veins in the region of the large draining
collector vein.

Another assumption is that an in-utero acquired
venous occlusion maintains the intrinsic venous
anastomoses within the white matter. The DVA then
expresses an early collateral adaptation, but devel-
ops on a pre-existing venous system that has been
transformed. However, the majority of DVAs are not
associated with any sort of neural tissue damage or
dysfunction. LaAsjaUNIAS (1997) commented on this
theory to the effect that it can hardly be imagined
that a significant venous disorder (such as throm-
bosis) at an early stage of development would not be
associated with some tissue abnormality. Further-
more, the fact that DVAs do not exist in the dien-
cephalons, brain stem, or spinal cord and are only
encountered where tectum derivates exist, excludes
DVAs from the group of pathological malformations
(LASJAUNIAS 1997).

The association of venous malformations with
other vascular malformations gave further room for
speculation. MULLAN et al. (1996) hypothesized that
true arteriovenous (AV) malformations may be fistu-
lized venous malformations and that both vascular
anomalies may be related to a developmental failure
of the cortical venous system. However, these are
nice theories, but do not have any impact on diag-
nostic work-up or patient management, nor are they
supported by any study. KiLic et al. (2000) looked
for expression of structural proteins and angiogenic
factorsin cerebrovascular anomalies. Whereas AVM
and cavernomas had expression of vascular endo-
thelial growth factor, DVAs did not express any of
the studied growth factors and mainly consisted of
structural proteins of angiogenically mature tissue.
This finding strongly supports the idea of a simple
variation of the venous drainage instead of being a
true vascular malformation.

In contrast, the relationship of DVAs with cav-
ernous hemangiomas has been well documented
(ABE et al. 1990; CoMEY at al. 1997; GouLAo et al.
1990; RicAMONTI and SPETZLER 1988; WiLMs et al.

1994). There are also reports about de novo forma-
tion of cavernous hemangiomas in the vicinity of
DVAs (CiriciLLO et al. 1994; CAMPEAU and LANE
2005). The close relationship of mixed malforma-
tions may be related to venous hypertension within
the regional microenvironment with erythrocyte
diapedesis and angiogenic growth factor release
(CIrILLO et al. 1994; ROBINSON et al. 1995). Another
interesting finding is that in families affected with
cavernomas - an autosomal dominant inheritance
has been established in these families - none of the
patients described to date with the combination of
cavernoma and DVA has a positive familiar history,
nor has any genotypic classification been found.
However, we have to accept the coincidence between
DVA and cavernomas, but have to admit that we do
not have any substantial hypothesis as to what the
pathogenetic origin of this coincidence is.

The histologic examination does not reveal any
vessel abnormality. The vessel wall is completely
normal in DVAs. The abnormality in DVAs is the
course of the draining vein (Figs. 1.1-1.3). There is
no arterial component in this entity. Intervening
brain tissue is present between the veins compro-
mising the lesion, and this brain tissue is usually
of normal signal without evidence of hemosiderin
staining or gliosis. On MRI there is sometimes a
high T2-signal between visible around the drain-
ing vein. However, this should not be interpreted
as gliosis, but can be explained by dilated perivas-
cular and cerebrospinal fluid (CSF)-containing
space (Fig. 1.4). In up to 30%, locoregional brain
atrophy could be detected adjacent to the DVA
(SAN MILLAN Ruiz et al. 2007).

Developmental venous anomalies represent the
most common vascular variant, accounting for 63%
of intracranial vascular malformations in one large
autopsy study, with an overall incidence of 2%-4%
(SARwA and McCoRrMICK 1978). The lesion consists
of a tuft of abnormal enlarged medullary venous
channels that are radially arranged, and drain into
a central venous trunk. The common trunk drains
intracerebrally into the deep of superficial venous
system (LAsjaUNIAS 1997). It is important to bear
in mind that the vein’s course is not normal; how-
ever, it does drain normal functioning brain tissue.
This should be of particular interest when surgery
has to be performed around the draining vein, e.g.
if the DVA is associated with a cavernoma. In these
patients it is of the utmost importance to preserve
the draining vein and to remove the cavernoma
(Fig. 1.5).
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Fig. 1.1a,b. Contrast- !
enhanced CT shows the
typical appearance of a
developmental venous
anomaly with medullary
veins (a) draining into
a collector vein with a
transcerebral course (b)
a b

Fig. 1.2a,b. Axial (a)
and sagittal (b) contrast-
enhanced T1-weighted
magnetic resonance
imaging with a typical
right frontal develop-
mental venous anomaly.
Conspicuous on both
views is the transce-
rebral draining vein.

A second look reveals
the “Medusa head”,
small venules radially
arranged around and
draining into the trans-
cerebral collector vein

Fig. 1.3a,b. Axial
contrast-enhanced
T1-weighted magnetic
resonance imaging with
a developmental venous
anomaly located in the
left cerebellar hemi-
sphere. Again, the trans-
parenchymal draining
vein is the most striking
sign. In (b), the Medusa
head is clearly visible.
There is no need for an
additional digital sub-
traction angiography
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Clinical Presentation

Hemodynamically, DVAs represent low-flow, low-re-
sistance lesions that are less likely to bleed. GARNER
et al. (1991) calculated the hemorrhage rate to be
0.22% per year; MCLAUGHLIN et al. (1998) found
a symptomatic hemorrhage rate of 0.34% per year.
This range of hemorrhage risk is within the range we
expect from cavernous hemangiomas alone. Based
on these data and on hemodynamics, one might al-
ready conclude that hemorrhages in the presence of
a DVA are not related to the DVA itself, but in nearly
all patients related to an associated cavernous an-
gioma! Our opinion is that the risk of hemorrhage in
a pure DVA is around zero! There exists not a single

Fig. 1.4a-d. Axial
T2-weighted (a) and
contrast-enhanced T1-
weighted (b) magnetic
resonance imaging re-
veal a large transcerebral
draining vein. Note the
enlarged perivascular
space around the vein
on T2 image (a) and the
coronal T1 image with-
out contrast enhance-
ment (d). The Medusa
head is visible with star-
like configured small
draining venoles (c)

case report with a well documented intracerebral
hemorrhage (ICH) due to a pure DVA. However, this
is not evidence-based, just a simple clinical impres-
sion gained over the years. In all cases mentioning
a pure DVA as the cause of an ICH, imaging was
not optimal and did not rule out the more common
constellation with an associated cavernoma.

The coincidence of DVAs and cavernomas, how-
ever, is evidence-based and therefore has to be taken
into consideration whenever facing a cavernoma or
a DVA. Up to one third of DVAs are associated with
cavernomas (Figs. 1.5-1.9).

A major problem of most studies reporting hem-
orrhages due to a DVA is how they ruled out an asso-
ciated cavernoma. It is clearly not enough just to ob-
tain T2-weighted images in patients with DVAs. All
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Fig.1.5. a Axial contrast-enhanced T1-weighted image re-
veals the typical transcerebellar draining vein. The patient
had a history of transient cerebellar symptoms with ataxia.
b,c Again, careful additional imaging [coronal T2 (b) and
axial T2* (c)] clearly shows the associated cavernoma. Notice
the increased visibility of the cavernoma on the T2* image (c)
compared to the standard T2 (b). d Magnetic resonance imag-
ing after surgical removal of the cavernoma reveals the pres-
ervation of the developmental venous anomaly not to affect

the normal venous drainage of the cerebellar hemisphere

these patients need an imaging work-up with T2*-
weighted MRI sequences to exclude or to visualize
associated cavernomas with the highest sensitivity.

Beside the risk and discussion of hemorrhagic
complications, DVAs have been associated with
vague neurological symptoms, such as nonspecific
headaches and dizziness, or with more specific
symptoms and/or signs like seizures (MCLAUGHLIN
et al. 1998).

However, having in mind the association of cav-
ernoma and DVA, all these findings have to be criti-
cally reviewed. In 1998, MCLAUGHLIN and colleagues
published their series on 80 patients with DVAs fo-

cused on the prospective natural history of cerebral
developmental venous malformations. According
to their interpretation, 22/80 DVAs were symptom-
atic: 9 patients had headaches related to the DVA, 4
presented with DVA-related seizures. Three patients
had sensory symptoms, three other patients motor
deficits. Two patients presented with trigeminal neu-
ralgia and a single patient with an extrapyramidal
movement disorder. KORINTH et al. (2002) described
another patient with trigeminal neuralgia due to a
DVA in the cerebellopontine angle. After microvas-
cular decompression, the typical symptoms of the
neuralgia disappeared completely. At the time of
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Fig. 1.6.

registration, 16/18 patients in the McLaughlin series
had sustained previous intracranial hemorrhage in
the region of the venous malformation and 2 of them
suffered subsequent hemorrhage during the prospec-
tive follow-up period. Most of the venous malforma-
tions were located in the posterior fossa (36/80). In 3
patients, there was an association of the DVA with a
cavernous hemangioma. McLaughlin and colleagues
did excellent work while collecting one of the most
important papers dealing with DVAs.

However, it is questionable whether the symptoms
of the patients were really related to the DVA. It is not
surprising that a substantial proportion of patients
with these lesions reaching neurosurgical centers had
some history of associated neurological events. Such
selection is not unusual and is likely to overestimate
the risk of any associated neurological manifestation.
Symptoms like headache and sensory symptoms are

a Axial contrast-enhanced TI-
weighted image with a small developmental
venous anomaly (DVA) in the left hemisphere.
The typical transcerebral draining vein is di-
agnostic. However, the epileptic seizures of
the patient are not associated with the DVA.
b,c T2-weighted (b) and inversion recovery
sequence (c) nicely reveal the nodular subep-
endymal heterotopic gray matter in the wall
of the left ventricle. This cellular migration
disorder is the cause of the seizures

difficult to dissociate from the lesion, but it is also of-
ten impossible to attribute the symptoms causally to
the DVA. Another problem of the study is that imag-
ing was not optimized to get maximal sensitivity for
cavernomas. Symptoms like bleeding, seizures, and
headache are known to be associated with caverno-
mas. Therefore, T2*-weighted MRI sequences should
be standard for all DVA imaging protocols. However,
some patients really might have local symptoms due
to the large calibre of the DVA in the cerebellopontine
angle. ABDULRAUF et al. (1999) found a coincidence of
cavernous malformation and DVA in 24% of patients
referred for surgical removal of a cavernous malfor-
mation. They additionally deduced that, specifically
in the posterior fossa, the likelihood of an associa-
tion of both entities increases significantly. Another
interesting hypothesis of them is that association of
a cavernoma and a DVA may increase the probability




Developmental Venous Anomalies

Fig. 1.7. a,b Axial contrast-en-
hanced T1-weighted magnetic
resonance imaging with a large
developmental venous anomaly
(DVA) located in the right tem-
poral lobe. The patient was re-
ferred with the diagnosis of an
arteriovenous malformation as
causative for his temporal lobe
epilepsy. ¢,d Coronal FLAIR (c)
and T2-weighted (d) images re-
vealed a typical cavernoma as-
sociated with the DVA

of a cavernoma-related hemorrhage. In their study
population, 38% of patients with cavernoma alone
presented with hemorrhage, but 62% of patients with
cavernoma and DVA. Additionally, the incidence of
repeated symptomatic hemorrhage was increased in
the group with combined malformations (23%) com-
pared to the pure cavernoma patients (9.5%). COMEY
etal. (1997) described similar cases with parenchymal
enhancement around the DVA, and speculated that
this finding might be secondary to local venous hy-
pertension. Other surgeons (LITTLE et al. 1990) found
an anatomical and physiological communication be-
tween cavernomas and associated DVAs. Therefore,
it might indeed be possible that venous hypertension
in association with DVA can predispose a cavernoma
to bleed. Another explanation for this finding may be
that the majority of cavernomas were located in the
supratentorial compartment, but the majority of cav-

ernomas plus DVA were located in the infratentorial
compartment. Because of their eloquent location, it is
likely that smaller hemorrhages in the posterior fossa
manifest overt symptoms and may hence be detected
clinically.

TOPPER et al. (1999) reported 67 patients with
the MRI-based diagnosis of DVA. In 12 patients, an
associated cavernoma was found. And again: there
was no hemorrhage in a patient with a pure DVA. All
hemorrhages were due to an associated cavernoma.

The first thing to remember in clinical presentation
of DVA is that there is no or at least an extremely low
risk of hemorrhage due to a DVA. All hemorrhages
are probably related to an associated cavernoma. You
just have to find the cavernoma or urge a radiologist
to do so. In acute hemorrhage it could be difficult to
define a cavernoma on CT or MRI as a source for the
bleeding since calcifications might be invisible on CT
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Fig. 1.8. a,b Patient with two interconnected developmental venous anomalies (DVAs) periinsular and frontal on the left
side (contrast-enhanced T1-images). ¢ T2-image reveals additional intracerebral cavernomas

Fig. 1.9a-c. Patient with two developmental venous
anomalies, one below (a) and one above (b) a cer-
ebellar cavernoma (c)
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and the popcorn like shape is not as obvious on MRI
in the acute phase. But in association with a DVA a
cavernoma should be considered (Fig. 1.10a-g).

In Topper’s study, the main reason for referring
the patient to the MRI suite included seizures and
headaches. In contrast to McLaughlin, these authors
did not find any association between the complaints
that led to MRI and the location or diagnosis of a
DVA. In both groups there were a lot of patients with
headaches and epilepsy; in fact, these two groups
represent the main referral reason in both groups.
Whereas McLaughlin classified many DVAs as symp-
tomatic, because the patients suffered from head-
aches, Topper and colleagues never found an asso-
ciation between headache and a DVA. And we agree:
we do not think that there is an association between
DVA and headache. Remember, DVAs do not cause
any steal effect (like true AVMs), and it is more than
difficult to explain how the pathomechanism for
headache could be. In general, there are two expla-
nations for the coincidence of headaches and DVAs
in the same patient. First, both findings are common
and there is no causal relationship at all. Second, a
small subgroup of patients with DVA and headache
might have an additional cavernoma located near
the surface of the brain. Some of these patients suffer
from headache due to subarachnoid microhemor-
rhages. And then again, the cavernoma is responsible
for the clinical picture and not the DVA.

Another reason for patient’s referral to a MRI unit
is seizures (GUMUSs et al. 2007). There mightbe an as-
sociation between DVA and epilepsy, even if the EEG
focus is not congruent with the location of the DVA.
If this is true, one should take a careful look for an
associated cavernoma, cavernomas being known to
cause different types of epilepsy, mainly due to their
content of hemosiderin.

And if you do not find a cavernoma as a source
for the ictus, there is little evidence that the devel-
opment of a DVA during embryology might be as-
sociated with some more severe developmental
problems like small-scale deficits (BARKOVICH 1988;
WATANABE et al. 1990). LAsjAUNIAS (1997) pointed
out that the DVA is clearly not responsible for the
cortical changes. However, the coincidence of both
findings illustrates the close relation in topography
and time between the venous maturation process
(from the striatal veins and transhemispheric bal-
ance setup) and the cell migration from the germi-
nal matrix.

In conclusion, seizures and DVAs are a complex
combination (see Figs. 1.6 and 1.7). It is clearly in-

correct and too simple to decline any association be-
tween the clinical problem and the imaging findings
on the one hand, or to identify the DVA as the epi-
leptogenic foci in all patients on the other. However,
any DVA in a patient with seizures should guide us
to look careful for cavernomas (associated with the
DVA or at any other location within the brain) or any
neuromigrational anomalies (e.g. polymicrogyria,
heterotopia) (RIEL-ROMERO and MATTINGLY 2005).

There was another interesting topic in the study
of TOPPER et al. (1999). Among those patients re-
ferred to a private practice group, the incidence of
DVA was 0.14%; among those referred to a univer-
sity department of neuroradiology, the incidence
was 0.7%. The authors figured out that this differ-
ence can be explained by the different numbers of
patients who undergo a contrast-enhanced MRI in
a private practice compared to a university depart-
ment. Contrast-enhanced MRI studies increase the
sensitivity of MRI for DVA significantly.

To come back to the discussion of hemorrhage
in patients with DVA, a rare reason for hemorrhage
around the collecting vein in DVA may be a throm-
bosis of the draining vein (BOUCHACOURT et al.
1986; MAssoN et al. 2000). There are only a few case
reports in the literature about this specific problem
and there is no evidence that the risk of venous oc-
clusion is increased in DVA. Thrombosis of the col-
lector vein might occuralso withouthemorrhage and
cause venous infarction (KoNAN et al. 1999). But, of
course, the transcerebral draining vein might have a
risk of thrombosis like all other intracranial veins. It
seems to be true that thrombosis of the main drain-
ing vein does cause more severe clinical problems if
located in the posterior fossa. BOUCHACOURT et al.
(1986) reported a well-documented case of throm-
bosis of a DVA that led to an extensive hemispheric
venous infarction. Usually, the outcome is pretty
good, with and without anticoagulation. Rarely,
DVAs have been reported to cause hydrocephalus or
trigeminal neuralgia (BLACKMORE and MAMOURIAN
1996; NUMAGUCHI et al. 1982; YAGMURLU et al. 2005)
due to local compression of the aqueduct or the fifth
cranial nerve. There is a single case report describ-
ing the juxtaposition of capillary telangiectasia,
cavernous malformation, and DVA in the brainstem
(CLATTERBUCK et al. 2001). The authors’ hypothesis
is that a developmental event may disrupt local cap-
illary-venous pattern formation.

JUNG et al. (1997) described a patient with a DVA
and an acute demyelination around the draining
vein. However, there is no evidence that DVA may
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Fig. 1.10a-g. Non enhanced CT showed a cer-
ebellar hematoma in a 30-year-old male (a),
after contrastinjection (b) vascular structures
were seen adjacent to the bleeding. Contrast
enhanced T1 weighted images (c,d,e) showed
clearly a DVA, on T2 (f) an associated caver-
noma could be suggested which was proved
after extirpation, DSA (g) showed a large DVA
in the cerebellar hemisphere and revealed no
other vascular pathology
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lead to any other central nervous system (CNS) dis-
ease and cases like this merely represent an occa-
sional coincidence.

Under rare circumstances, DVA can also be as-
sociated with tumoral masses (BEERS et al. 1984;
HaNDA et al. 1984). HANDA et al. (1984) reported a
patient with a deep DVA combined with an intrac-
ranial varix.

Most of the DVAs are solitary, although multiple
lesions might occur in the blue rubber bleb naevus
syndrome, characterized by bluish discolored skin
and mucocutaneous lesions. However, there are
multiple DVAs in patients that do not have any syn-
dromes or any genetic defect (Figs. 1.8 and 1.9), but
the likelihood of a coincident cavernoma seems to
be increased in these patients.

Imaging

Computed tomography (CT), MRI, and angiography
delineate the typical curvilinear vascular channels
receiving drainage from a “Medusa head” - the typi-
cal radial pattern of small venules. The larger, cen-
tral draining “collector” vein empties into a large
cortical, a dural, or a subependymal vein.

The typical contrast-enhanced CT or MRI reveals
the draining vein as an enhancing “dot” within the
white matter of the supratentorial hemispheres or
the cerebellar hemispheres.

Going up or down slice by slice, this enhancing
dot is visible within a couple of slices. It depends
mainly on slice thickness and on contrast resolution
whether the Medusa head is visible or not. Due to the
improved contrast resolution, the draining vein is
usually better delineated on MRI than on CT. DVAs
may be overlooked on unenhanced MRI scans, but
usually the large central vein can be seen due to its
linear flow void. Sometimes the draining vein has
a high signal on Tl-weighted images due to slow
flow rephasing phenomena. This is important to
know, because otherwise some radiologists and/or
clinicians misinterpret this high signal as a sign of
thrombosis! There is nearly always some CSF signal
around the vein. As mentioned above, this should
not be interpreted as a gliotic reaction of the brain,
but simply as dilated perivascular spaces.

Intravenous contrast application usually visual-
izes not only the draining vein, but also the Medusa

head to an extent where the diagnosis can be con-
firmed by MRI or CT. Angiography is usually un-
necessary.

However, finding a DVA on MRI should always
initiate a modification of the scanning protocol. This
is particularly important in those patients referred
because of seizures. As mentioned above, DVA can
be associated with other cortical abnormalities. The
theory of increased cortical disorders came up with
the hypothesis that DVA might have a pathogenetic
origin in a specific intrauterine phase with occlusion
of one of the major venous sinus. To obtain venous
drainage, one of the transmedullary draining veins
is kept open, and during this vulnerable phase, other
developmental problems might occur that finally
cause seizures. In conclusion, if you do not find a cav-
ernoma in seizure patients, look for heterotopia, best
visualized with inversion recovery sequences.

In the majority of patients with DVA and seizures,
we have to look for associated cavernomas. This as-
sociation is evident; however, nobody really knows
the pathogenetic background behind it. But it is also
evident that we do not see all cavernomas on regular
T2-weighted images, e.g., not the small ones. There-
fore, in all patients with DVA (and specifically in
those with seizures), a T2* gradient echo sequence
has to be added to the usual protocol to be sure that
there is no associated cavernoma. It is pretty sure
that, in the majority of patients published in the
literature as having an epileptic focus in the prox-
imity of the visible DVA (and consequently the DVA
was thought to be responsible for the seizures), the
diagnostic work-up was not specifically designed
to rule out a cavernoma with sufficient sensitivity.
Additionally, T2* sequences sometimes visualize
the DVA itself pretty well with a marked hypointen-
sity reflecting the paramagnetic deoxyhemoglobin
within the venous blood. Maybe MRI at 7T may fa-
cilitate diagnosis and comprehension of the under-
lying pathophysiology. First experience using 7T is
promising in delineating this abnormality (Figs. 1.11
and 1.12).

There is still a debate about the usefulness of
MRA in DVA. The transcerebral vein is usually vis-
ible, but MRA is clearly not necessary to confirm the
diagnosis. To sum up the imaging findings, DVA is
most often an incidental finding on cross-sectional
imaging. On FLAIR or T2 weighted sequences the
abnormality is sometimes seen as very vague, on
CISS sequences it presents as isointense to venous
sinuses, and diagnosis is much facilitated after con-
trast injection (Figs. 1.13 and 1.14). If the patient is
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Fig.1.12. Bithalamic DVA on gradient echo se-
quence at 7 Tesla; note the obvious delineation of
Fig. 1.11. Right frontal DVA on SWI sequence at 7 Tesla the medullary vessels

Fig. 1.13a,b. FLAIR sequence (a) with a faint tubular signal abnormality left frontal; on T1 with contrast (b) a DVA was
clearly diagnosed
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Fig. 1.14a,b. Patient examined for tinnitus. CISS sequence showed tubular structure with the same signal intensity as the
sigmoid sinus. Again, after contrast injection diagnosis of a DVA is obvious

referred for symptoms like seizures or headache, the
imaging protocol should include a T2*-weighted se-
quence to exclude an associated cavernoma.

In a nonenhanced CT scan, the transcerebral
draining vein can rarely be seen as a slight hyper-
dense dot or band within the white matter. In en-
hanced scans or in source images of CT angiography
(Fig. 1.1), the vein is clearly visible - like in contrast-
enhanced MRI (PEEBLEs and ViEco 1997) (Fig. 1.15).
However, if the diagnosis is based on typical MRI
findings, it is not necessary to perform an additional
CT scan or a CT angiography.

Angiographic characteristics include normal ar-
terial and capillary phases, with opacification of the
DVA exclusively during the venous phase which re-
main opacified through the late venous phase. The
only abnormal finding is the Medusa head and the
abnormal transcerebral course of the collecting vein
(Figs. 1.10g and 1.16).

In general, we do not need angiography in pa-
tients with DVA. At our institution, we do perform
angiography in those cases with an “atypical ap-
pearance” of the DVA, previous hemorrhage, or in
the setting of hereditary hemorrhagic telangiectasia
(with a high prevalence of true AV malformations,
as well as venous anomalies).

Discussing the need for angiographyin DVA, there
is always somebody around putting the question of
whether or not to rule out an AVM. This question
clearly is not an indication for angiography in the
vast majority of patients. Reports in the literature
on the coincidence of DVA and true AV malforma-
tions are rare. Komrvama et al. (1999) figured out
that there are 31 patients in the literature that had a
DVA with an arteriovenous shunt. They themselves
saw three patients, but they did not publish any MR
images.

And if you read the reports carefully and look at
the illustrations, you hardly ever find a typical DVA
illustration on a cross sectional image. They are
always atypical: large venous convolutes not just a
single transcerebral vein and often already dilated
arteries. So, the general recommendation to perform
a DSA in those DVAs that have an atypical presenta-
tion on MRI can be justified (SE1z et al. 2007); this
willlead to some AVMs that on a quick view look like
aDVA on cross-sectional imaging. The chance, how-
ever, of missing an AVM in a patient with a typical
DVA on MRI is really low and probably much lower
than the risk of performing a DSA. Axksoy and col-
leagues (2000) raised the question of whether MRA
should be part of the diagnostic work-up of these pa-
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Fig. 1.15a-c. Contrast enhanced CT showed two parallel transcerebral veins, the medullary veins were not seen on 10-mm
slices, T1 weighted with contrast delineate the typical structure of a DVA

Fig. 1.16. Digital subtraction angiography (lateral view) of a
developmental venous anomaly located in the right temporal
lobe. Note the typical upside-down umbrella shaped trans-
cerebral draining vein

tients. Again, itis not necessaryinatypical DVA and
it can be helpful in an atypical one.

BouxkoBza et al. (1996) found a specific pattern of
DVAs in patients with extensive venous malforma-
tions of the head and neck. The draining veins were
more tortuous and dilated and more often drain-
ing into the deep venous system. Additionally, the
incidence of DVA seems to be increased in patients
with slow-flow vascular malformations of the head

and neck. In their series of 40 patients with head
and neck venous malformations, 8 had intracranial
DVAs and 5 multiple DVAs. In the literature, mul-
tiple DVAs have been reported to occur in around
25% of cases, sometimes related to other congenital
disorders and syndromes (RIGAMONTI et al. 1987;
RicaMoONTI and SPETZLER 1988).

In conclusion, patients with head and neck venous
malformations obviously have an increased prob-
ability of having a DVA and an increased chance of
having multiple DVAs. There are no data on whether
the risk of having cavernomas is also increased in
this patient subgroup.

However, multiple DVAs are associated with at
least one, sometimes even more than one, caver-
noma (Figs. 1.8 and 1.9).

Therapy

Inearlierliterature (CABANESetal. 1979; HANDA etal.
1984; LoBATO et al. 1988; LUPRET et al. 1993; MALIK
et al. 1988; McCoRrMICK et al. 1968; MORITAKE et al.
1980; SADEH et al. 1982; SARwWAR and McCORMICK
1978), you will find authors recommending surgical
resection of DVAs, assuming the lesion is accessible
and symptomatic, e.g., presenting with hemorrhage.
According to more recent literature (and what you
read on the previous pages), the DVA is a functional
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venous channel draining normal parenchyma and
the risk for venous infarction after surgery or ra-
diosurgery is high (Fig. 1.17). In fact, resection of
the vein is associated with unacceptable morbid-
ity and mortality (BILLER et al. 1985; MEYER et al.
1995; PAK et al. 1980; SADEH et al. 1982; SENEGOR et
al. 1983). MARTIN et al. (1984) reported an episode
of severe cerebellar swelling even with only tem-
porary occlusion of the visualized draining veins
requiring abortion of the operation. Similarly, ra-
diosurgery of DVAs has a 30% complication rate,
can lead to venous infarction, and nearly never leads
to total venous obliteration. With the knowledge of
the indolent and benign natural history of DVAs in
general, McLaughlin and colleagues recommended
observation as the primary mode of strategy. In the
case of hemorrhage - assuming that the bleeding is
caused by an associated cavernoma - they recom-
mend simple clot removal with preservation of the
vein (Fig. 1.5). The surgeon should be alert to finding
a cavernoma associated with the DVA, but the DVA
itself is a “leave-me-alone” lesion.

We are not really convinced by the recommen-
dations of McLaughlin and colleagues regarding

pure DVA and the need for observation. If there
is an adequate MRI examination, excluding a cav-
ernoma with the highest possible probability, We
would not (and in fact we don’t) recommend any
follow-up or observation of a patient with just a
DVA. It’s hard to explain that it is just a variant
- and not a disease - but needs observation over
time. Our recommendation and explanation to the
patient and/or the referring doctor is that it usu-
ally needs no observation, the bleeding risk is not
increased, and the problem for referral is not re-
lated to the DVA.

However, if the DVA is associated with a caver-
noma, the therapeutic implications are related to the
cavernoma. The difference is the surgical approach:
in a pure cavernoma, the goal is to remove the whole
cavernoma including the hemosiderin rim. If asso-
ciated with a DVA, the draining vein has to be pre-
served and, therefore, sometimes the cavernoma
cannot be removed totally.

A final remark to those patients with an inciden-
tal finding of a DVA: patients are not restricted in
any way from normal daily activities or from preg-
nancy!

Fig. 1.17. a Digital subtraction angiography of an unusual large developmental venous anomaly of the right
hemisphere. Note the doubled upside-down umbrella with two Medusa heads and a single transcerebral
draining vein. For unknown reasons, the patient received stereotactic radiation therapy and came back to
the hospital 9 months later. b The magnetic resonance image at that time revealed a massive hemispheric
swelling due to a large venous infarction after radiation-induced thrombosis of the collector vein
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Cavernomas

CrRAWFORD and RusseLL (1956) first coined the
term “cryptic” vascular malformation in reference
to small, clinically “latent vascular lesions”, that re-
sulted in either apoplectic cerebral hemorrhage or
signs of growing mass lesion. Most of these vascular
malformations were angiographically occult.
VoicT and YASARGIL (1976) gave a first overview
of the entity of intracerebral cavernomas. At that
time, these malformations were thought to be rare.
Since then, diagnostic modalities have changed dra-
matically: not only has computer tomography (CT)
become available, but magnetic resonance imaging
(MRI) has proved to be the most sensitive diagnos-
tic tool for cavernomas. And thanks to MRI, our
knowledge about cavernomas has increased since
1976; there remain, however, several question marks
associated with these malformations. During the
last years research has in fact caused some more
confusion: an increasing number of authors believe

KEY POINTS

® Cavernomas are endothelium lined sinusoi-
dal blood cavities without other features of
normal blood vessels like muscular or ad-
ventitial layers. No brain tissue is present be-
tween the blood cavities

® Cavernomas may occur sporadically, after
radiation, or hereditarily following an auto-
somal dominant trait

® The majority of cavernomas present with sei-
zures

® Annual bleeding rate of cavernomas ranges
between 0.25% and 0.7% per year

® During follow-up of cavernomas, progression
in size can occur which is related to osmotic
changes

@ Cavernomas may be calcified and have a typi-
cally pop-corn like appearance on MRI

@ Surgical resection is recommended for cav-
ernomas presenting with symptomatic hem-
orrhage in accessible and non-eloquent loca-
tions

@ Capillary telangiectasias are composed of
multiple thin-walled vascular channels be-
tween normal brain parenchyma

@ Diagnosis of capillary telangiectasias is made
with MRI. Non-specific symptoms may be as-
sociated, tinnitus being more common

® Therapy and follow-up of capillary telangiec-
tasias is not necessary
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that cavernomas are an acquired lesion instead of
congenital and that at least changes any calculation
of bleeding risk (CAMPEAU and LANE 2005; SURE et
al. 2005).

2.1.1
Pathology

Vascular malformations of the brain are usually di-
vided into arteriovenous malformations, capillary
telangiectasias, venous malformations, and cavern-
ous malformations. However, for a long time, the
term “angiographically occult vascular malforma-
tion” or “cryptic” (COHEN et al. 1982; DiLLON 1997;
WiLsoN 1992) has been used to describe those vas-
cular malformations that could not be visualized
angiographically, but obviously were able to cause
intracerebral hemorrhage.

Cavernomas, also called cerebral cavernous mal-
formations or cavernous hemangiomas, are char-
acterized by endothelium lined, sinusoidal blood
cavities without other features of normal blood
vessels like muscular or adventitial layers (Fig. 2.1)
(McCorMICK et al. 1968).

The diameter of the blood vessels lies within the
range 30-50 pm. No brain tissue is present between
the blood cavities, which are embedded into connec-
tive tissue. This is from a histopathological point of
view the major difference between cavernomas and
capillary telangiectasias. In the latter, there is in-
tervening brain parenchyma between the vascular
channels. However, since RIGAMONTI et al. (1987,
1988) found more than 30% incidence of intervening
brain parenchyma in more or less typical caverno-

Fig. 2.1. Histology of a typical cavernoma with endothelium-
lined, sinusoidal cavities without other features of normal
blood vessels, such as muscular or adventitial layer

mas, there is an ongoing debate whether caverno-
mas and capillary telangiectasias simply represent
two pathological extremes within the same vascular
malformation category. The suggestion is to group
them in an entity called “cerebral capillary malfor-
mation”. This new way of looking at cavernomas and
capillary telangiectasias is clearly of interest from
an academic point of view. From a clinical point of
view, it still seems reasonable to us to maintain the
established classification.

Cavernomas are not encapsulated, but well sepa-
rable from brain parenchyma. However, the sur-
rounding brain usually exhibits evidence of prior
microhemorrhage, hemosiderin, discoloration, and
hemosiderin-filled macrophages (MARAIRE and
AwaAD 1995; RusseL and RUBINSTEIN 1989). This in-
dicates recurrent microbleedings or leakage of red
blood cells. Thrombi of varying age are characteris-
tic and are present within many of the vessels. Calci-
fication (Fig. 2.2) and surrounding gliosis typify the
margins of the lesion.

During follow-up, expansion of cavernomas can
occur, but this is mainly related to osmotic changes
or differences (as in chronic subdural hematoma).

Regarding the problem of active growth, there
has been a lot of discussion during the last few years
(RI1VERA et al. 2003). Initially, all cavernomas were
thought to be congenital. There is now evidence
that cavernoma can arise de novo. Known factors
promoting de novo formation are previous irradia-
tion (NIMJEE et al. 2006), genetics in familial cases,
viruses, hormonal influences in pregnancy and lo-
cal seeding along a biopsy tract. In a recent paper
(LEENHARDT et al. 2005), de novo cavernomas in
serial MRIs in patients with familial cavernomas
were confirmed. Repeated intralesional microhe-
morrhages and their breakdown products can also
initiate a series of responses such as cellular prolif-
eration and fibrosis that promote new vessel forma-
tion and hemorrhagic angiogenic proliferation. Ra-
diation-induced cavernous hemangiomas (RICH)
are rare complications of cerebral irradiation. The
mechanism underlying the induction of cerebral
cavernous malformations by cerebral irradiation
(CI) is not clear. RICH appear to be more prevalent
among females (GAENSLER et al. 1994; LARSON et al.
1998). The interval between radiotherapy and the
diagnosis ranges between 2 and 23 years and there
appears to be a dose-response relationship in the
few reported cases (CIRICILLO et al. 1993; NOVELLI
et al. 1997; WiLsoN 1992). With the improvement
in survival for cancer patients, RICH are increas-
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ingly diagnosed as an incidental finding on control
MRI. Because the hemorrhagic potential of RICH is
not documented, no guidelines exist regarding the
treatment of such an occurrence (POUSSAINT et al.
1995). DUHEM et al. (2005) published a series with
nine patients developing a cranial cavernoma after
irradiation and found that among the nine cases
bleeding was documented in five cases and was sig-
nificant enough to warrant surgical evacuation in
three. This 55.6% bleeding rate suggests that RICH
might be more hemorrhage-prone than spontane-
ously occurring cavernomas (ROBINSON et al. 1991).
The pathogenesis of RICH is unclear, and two hy-
potheses have been proposed: the first surmises that
the cavernoma was present, but radiographically
occult, before irradiation, and that irradiation in-
duces its growth. The second model proposes that
the cavernoma developed de novo in response to ra-
diotherapy (DUHEM et al. 2005; LARSON et al. 1998).
Radiation-induced vascular changes include dilata-
tion and proliferation of the endothelium, with fibri-
noid necrosis and hyalinization of vessel walls and
formation of telangiectasia (GAENSLER et al. 1994).
Radiation-induced vascular changes could cause
repeated hemorrhage and thrombosis, leading to a
cascade of events that includes cellular prolifera-
tion, angiogenesis, and fibrosis.

Another more recent paper dealing with the
development of cavernous hemangiomas of the
brain following radiation therapy was written by
BAUMGARTNER et al. (2003). What they found is that
patients treated with lower doses of whole-brain
radiation therapy developed symptomatic cavern-
ous hemangioma later than did those treated with
higher doses of whole-brain radiation therapy. In
their study, the patient who received radiation ther-
apy at the youngest age developed more lesions than
did the other two patients. Their hypothesis is that
the younger brain is more susceptible to the devel-
opment of multiple radiation-induced cavernomas.
Anderson suggests a 4.8% incidence rate of caver-
noma development, appearing a mean of 5.5 years
after radiation therapy. They finally conclude that
radiation-induced cavernomas appear 7-19 years
after radiation therapy, slowly enlarge, and become
symptomatic 9-19 years after radiation therapy.
Pathologically, radiation-induced cavernomas are
identical to sporadic and familial cavernomas.

Most of the de novo cavernoma reported belong
to the familial form of the disease, with an incidence
of 0.2-0.4 lesions/patient-year (BRUNEREAU et al.
2000a,b). The question still is whether these new

lesions are simply previously undetected radiologi-
cally, or do they represent a true pathologic angio-
genesis. (DESAL et al. 2005).

The sinusoidal walls may be locally thickened or
hyalinized with spots of calcification. The structure
of the sinusoidal walls is a unique feature of caver-
nomas.

The cavity of the dilated vessels may contain clot-
ted blood in different stages of degradation. Ultra-
structural examinations have disclosed a lack of
tight junctions in the wall of cavernomas (Wona
et al. 2000). The known propensity for growth and
bleeding of cavernomas has been attributed to this
rarity of tight junctions, as well as to the lack of sig-
nificant subendothelial support. However, the pre-
cise reason for a macroscopic hemorrhage in these
low-flow malformations without any elevated intra-
lesional blood pressure is unclear. Recently, Tu et
al. (2005) demonstrated that the vascular walls of
cavernomas do not have basement membranes and
astrocytic foot processes.

The macroscopic appearance of cavernomas can
be described as mulberry-, grape-, or popcorn-like
with a diameter up to several centimeters.

Cavernomas may occur sporadically (KUpERr-
SMITH et al. 2001), after radiation therapy (AMIR-
JAMSHIDI and ABBASSIOUN 2000; OLIVERO et al.
2000), and hereditarily (LABAUGE et al. 1998) fol-
lowing an autosomal dominant trait. Recently, genes
causing cavernomas were mapped on chromosomes
7q, 7p, and 3q in a group of families. The CCM1 lo-
cus on chromosome 7q21-22 harbors the Kritl gene,
which probably encodes a tumor suppresser protein
(ZuaNG et al. 2000; DAVENPORT et al. 2001). The oc-
currence of sporadic cavernomas may be due to the
functional loss of the CCM1 gene in heterozygous
individuals. Further disease loci (CCM2 on chromo-
some 7pl3-15 and CCM3 on chromosome 3q25.2-27)
have been found in other families; however, the genes
have not yet been identified. Although genetic causes
have been detected in familial forms of the disease,
for the majority of sporadic cases the genetic contri-
bution remains to be determined. However, because
all first-degree relatives of patients with cavernomas
may not be screened radiographically, the ratio of
true sporadic to familial cases may be underesti-
mated. Beside the autosomal transmission, the hall-
mark of the familial form is multiplicity of caverno-
mas within the brain (BRUNEREAU et al. 2000a,b).

The incidence of the familial form seems to be
particularly high in individuals of hispanic descent
(RIGAMONTI et al. 1988; ZABRAMSKI et al. 1994).
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Causal mutations have been demonstrated in
three genes, KRIT1, MGC4607, and PDCD10, but
additional genes are likely to be discovered. These
genes are therefore thought to play a role in angio-
genesis. Their specific modes of actions, their contri-
bution to and their likely penetrance in the genesis
of CCM are the subject of current investigations. Ge-
netic counselling is strongly advisable for patients
with a positive family history and for seemingly
sporadic cases with multiple lesions, and genetic
testing should be considered on an individual basis.
The identification of a mutation enables precise ge-
netic testing of relatives. Given the 50% a priori risk
of autosomal dominant inheritance, the benefits of
genetic testing are twofold: a positive test result in
a presymptomatic carrier permits close neuroradio-
logical surveillance and timely neurosurgical inter-
vention; a negative test result relieves the proband
of unwarranted anxiety and unnecessary medical
supervision (FELBOR 2006).

The question as to why cavernomas predomi-
nantly occur in the central nervous system (CNS),
as well as in the spinal cord, skin, and eyes (SARRAF
et al. 2000), is still unresolved. Other, rare locations
include the cerebral ventricles (REYNS et al. 1999),
cranial nerves (FERRANTE et al. 1998), the cavernous
sinus (BRISTOT et al. 1997), or subarachnoid space
(Kim M et al. 1997). There are also reports on an ex-
tradural location (PORTER et al. 1999).

Cavernomas are frequently accompanied by de-
velopmental venous anomalies (see Fig.2.13) (see
Chap. 1). According to some reports, brainstem cav-
ernomas are often associated with a venous abnor-
mality (PORTER et al. 1999). This has led to specu-
lation that an impaired venous drainage may have
caused the dilatation of capillary channels. This the-
ory is supported by another rare finding: some au-
thors found recurrence after surgical removal on a
cavernoma just in those patients in which the associ-
ated DVA was not touched! (WurMm et al. 2003). They
suggested occluding at least small venoles around
the cavernoma in order to prevent recurrence of the
cavernoma. Up to now this is the opinion of a minor-
ity. However, it is true what Mark Twain said: “The
man with a new idea is a crank until the idea suc-
ceeds”.

Finally, the pathologic descriptions of all cryptic
vascular malformations have been and are still con-
fusing. Mixtures of two and more vascular malfor-
mations within the same histologic specimen have
been identified by a few authors (Awab et al. 1993;
CHANG et al. 1997; HERATA et al. 1986). WILSON

(1992) reported on 73 cryptic vascular malforma-
tions and classified them into cavernous angiomas,
cryptic vascular malformations with arterial com-
ponents, or cryptic or thrombosed arteriovenous
malformations (AVMs). In addition, 40% of all
cryptic vascular malformations were characterized
as thrombosed AVMs. From a radiological point of
view, true AVMs have an extremely low tendency
towards spontaneous thrombosis, so this entity is a
rare finding.

In summary, there are many conflicting reports
and interpretations in the literature regarding path-
ological classification of these “cryptic malforma-
tions”. Itis our opinion that classification of vascular
malformations in the majority of patients should be
done on the basis of radiological findings. Patholo-
gists usually receive incomplete fragments of tissue,
do not know the hemodynamics within the lesion,
and mostly are unaware of the radiologic findings.
This is the major reason for the inconsistency that
characterizes pathologic reports of cryptic malfor-
mations.

2.1.2
Clinical Presentation

There is no reliable study giving us an exact idea of
the incidence and prevalence of cavernomas; never-
theless, to get some knowledge about the available
data, the prevalence has been estimated on the basis
of autopsy or MR imaging to be 0.5%-0.7% (DEL
CURLING et al. 1991; RoBINSON et al. 1991). The in-
cidence of cavernomas has been estimated to be in
the range between 0.4% and 0.9%; cavernomas ac-
count for 8%-15% of all intracranial vascular mal-
formations (PORTER et al. 1999; McCormICK and
NOFZINGER 1966; DEL CURLING et al. 1991; Kim DG
et al. 1997). Over the last two decades, incidence
data have been confirmed by MRI-based retrospec-
tive studies (ROBINSON et al. 1991; DEL CURLING et
al. 1991). There is no male or female preponderance
and up to 25% of all cavernomas are found in the
pediatric population. As much as 60% of lesions
are superficial, 30% are deep (brainstem, cerebellar
nuclei, basal ganglia, thalamus), and 3% are within
the spinal cord.

Multiple cavernomas occur in up to 90% of fa-
milial cases and in around 25% of sporadic cases
(CLATTERBUCK et al. 2000; LABAUGE et al. 2000).
Therefore, whenever a single cavernoma is detected
on MRI, one has to look for multiple lesions.
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On average, 20% of cavernomas occur in the
posterior fossa and 80% are seen supratentorially.
However, the range given for brainstem cavernomas
is 9%-35% (PORTER et al. 1999; KUPERSMITH et al.
2001). Spinal cord and extra-axial cavernomas are
relatively rare and account for around 5% of all le-
sions (CLATTERBUCK et al. 2000). There is a single
case report about multiple spinal cavernomas after
irradiation to the chest and abdomen for a Wilm’s
tumor during childhood (JaBBOUR et al. 2004).
However, spinal cavernomas do occur more often
in the familial form than sporadic and about 50%
of patients with spinal cavernomas do have at least
one additional lesion in the brain (COHEN-GADOL
et al. 2006). These findings support the need for
complete neuraxis imaging in patients with a diag-
nosis of spinal cavernomas, irrespective of family
history, to exclude the presence of a similar intrac-
ranial lesion.

The average size of cavernomas is between 15 and
19 mm (Kim DG et al. 1997; ROBINSON et al. 1991).
However, only 10% of lesions remain stable over
time: 35% increase and 55% decrease during a mean
follow-up of 2 years (CLATTERBUCK et al. 2000). This
dynamic behavior is on the one hand related to re-
current bleedings and resorption of blood products,
while on the other hand related to osmotic changes
(ZABRAMSKI et al. 1994). However, according to re-
cent reports there is a small subgroup with de novo
development of cavernomas.

Patients with cavernomas present with a variety
of symptoms. Seizures are reported as the most com-
mon symptom, accounting for 38%-55% of patient’s
complaint (DEL CURLING et al. 1991; ROBINSON et al.
1991; SIMARD et al. 1986; BRUNEREAU et al. 2000a,b).
Other symptoms include focal neurologic deficits
in 12%-45% of patients, recurrent hemorrhage in
4%-32%, and chronic headaches in 5%-52%. Brain-
stem cavernomas (see Figs.2.3, 2.4, 2.7, 2.15 and
2.16) nearly never cause seizures! Most of these pa-
tients do have typical brainstem symptoms like dip-
lopia, face or body sensory disturbances, or ataxia.
Without imaging, this subgroup of patients with in-
fratentorially located cavernomas can closely mimic
the clinical picture of multiple sclerosis.

The majority of patients become symptomatic
between the third and fifth decade, and there is no
definite association between symptoms and gen-
der. The frequency of asymptomatic cavernomas is
not precisely known, but according to the reports
of ZABRAMSKI et al. (1994) and BRUNEREAU et al.
(2000a,b) it seems to be as high as 40%.

2.1.2.1
Hemorrhage

The central clinical and therapeutic problem in
patients with cavernomas is the question of hem-
orrhage. On a first view, this should be a simple
question with a simple answer. However, both as-
sumptions are wrong. The problem starts with the
definition of a hemorrhage and ends with individual
answers for each patient.

On one side, hemorrhage can be defined clini-
cally: first or sudden onset of new neurologic symp-
toms in a patient with a cavernoma is usually related
to a new or first hemorrhagic event. But looking into
the literature, you will find an amazing number of
different descriptions and terms to describe cav-
ernoma-related hemorrhages: overt hemorrhage,
symptomatic hemorrhage, gross hemorrhage, mi-
crohemorrhage, intralesional or perilesional ooze or
diapedesis, clinically significant hemorrhage, sub-
clinical hemorrhage, and others (A1Ba et al. 1995;
KoNDzIoLKA et al. 1995b; RoBINSON et al. 1991;
KARLssON et al. 1998). The reason for this variety
of descriptions is the fact that on one hand clinical
events alone were used to define hemorrhage and on
the other hand different imaging modalities (mainly
MRI) had a major impact on the definition of hem-
orrhage. In Section 2.1.3, we recommend the use of
the established Zabramski classification in order to
allow comparison of different patient groups and
studies. However, the problem in defining a hemor-
rhage is a major reason for the still ongoing debate
about the risk of hemorrhage and bleeding rates in
patients with cavernomas. Most estimations assume
that cavernomas are present from birth and risk of
hemorrhage and bleeding rates are mainly based
on that assumption. DEL CURLING et al. (1991) and
RoBINSON et al. (1991) were the first to calculate
the annual hemorrhage rate and figured out that
it ranges between 0.25% and 0.7% per patient per
year. AIBA et al. (1995) analyzed their group on the
basis of the initial finding: if bleeding was the ini-
tial symptom, the annualized hemorrhage rate was
22.9%; if seizures were the first symptom, the bleed-
ing rate was calculated to be 0.39% per patient per
year. KoNDZIOLKA et al. (1995b) also stratified their
patient group into those who had previously experi-
enced a hemorrhage and those who had not. Patients
with one previous hemorrhage had an annual 4.5%
risk of hemorrhage, whereas those without a previ-
ous hemorrhage had a 0.6% annual risk. An analy-
sis of the symptomatic bleeding risk in untreated
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patients who had already experienced two or more
hemorrhages found the rate to be approximately
30% per year (KoNDZIOLKA et al. 1995a). Other au-
thors, usually not differentiating between initial
symptoms, published hemorrhage rates between
1.1% and 3.1% (ZAMBRAMSKI et al. 1994; MORIAR-
ITY et al. 1999). PORTER et al. (1999) reported that
brainstem cavernomas might have a significant in-
creased risk of hemorrhage and calculated it with 5%
per person per year. In contrast, KUPERSMITH et al.
(2001) found a bleeding rate of 2.46% in brainstem
cavernomas. However, the rebleeding rate - and this
is quite well supported by other data - seems to be
beyond 5% in brainstem cavernomas. All studies
suggest that the occurrence of a rebleeding is an in-
dication of a higher bleeding probability of a given
cavernoma. The risk of a symptomatic rebleed at
least doubles in comparison to asymptomatic cav-
ernomas (KUPERSMITH et al. 2001). These findings
clearly should have an impact on therapeutic deci-
sions. The bleeding incidence is higher in patients
with the inherited form of cavernomatosis - not for
a single given cavernoma, however, but in terms of
patient years (LABAUGE et al. 2000).

Patients younger than 35 years of age experienced
more bleeding episodes and the same was true for
those with cavernomas of at least 10 mm. A num-
ber of studies addressed the increased bleeding risk
among women (ROBINSON et al. 1991; AIBA et al.
1995; MORIARITY et al. 1999); the majority of stud-
ies, however, did not find any gender difference in
bleeding risks. Other authors figured out that the
most significant predictor of clinical events is lesion
location. The annual event rates are 6.5% for in-
fratentorial and 0.7% for supratentorial lesions. Fol-
lowing another classification (deep vs superficial)
deep lesions do have a significant higher bleeding
incidence. Intuitively, the most plausible explana-
tion for that is that the eloquence of deep structures
will lead to clinical symptoms even with a small
change in size of the lesion. Differences in venous
pressures between deep and superficial neural tis-
sue might be another reason for the higher hemor-
rhage rate in deep lesions. On the basis of the for-
mer theory, the functionally important and closely
packed pathways of the spinal cord most likely al-
low manifestation of clinical event with smaller
cavernoma hemorrhages. However, COHEN-GADOL
et al. (2006) found an event rate of 1.6% per patient
per year, which is more similar to the rates for ce-
rebral cavernoma than for brainstem cavernoma,
despite the analogous eloquence of the spinal cord

and brainstem. This difference may be explained by
structural or venous drainage variations (that is a
lack of clear association with DVA) that prevent le-
sional rehemorrhage in the spinal cord.

The main problem in all these studies is a substan-
tial selection bias and the definition of hemorrhage.
Another, but probably more important, aspect for
patients when discussing bleeding risks is the clini-
cal significance of hemorrhage and the probability
of a good recovery. The probability of a fatal hemor-
rhage is low and many patients do show a complete
or nearly complete recovery after the initial bleed-
ing. The initial bleed causes an only transient deficit
in 80% of the patients. However, with each subse-
quent hemorrhage there is an increased chance of
the patient ending up with a relevant deficit. Usually,
patients with more than two hemorrhages from the
same lesion will have a persistent neurologic deficit.
Deep lesions have a lower probability of full recov-
ery after bleeding than do superficial lesions. In gen-
eral, bleeding rates given by surgical groups tend to
be higher than those observed by others.

Finally, with regard to the risk of a cavernoma
to the patient, the majority of data in the literature
calculate an annual risk of 0.5%-1% of symptom-
atic hemorrhage (which is much lower than in true
AVMs) and a low risk of fatal hemorrhage (MoRAN
et al. 1999). In the majority of patients, particularly
those over 35 years of age, suffering from a single
cavernoma below 10 mm in size and with seizures as
the initial symptom, a wait-and-see strategy seems
to be reasonable. In patients presenting with an ini-
tial hemorrhage, the repeat hemorrhage risk seems
to be much higher, particularly if more than one
bleeding event has already occurred.

2.1.2.2
Seizures

As mentioned above, the majority of patients with
cavernomas present with seizures as initial symp-
tom (MoRrAN etal. 1999). Itis important to know that
in the vast majority of patients these seizures are
not related to acute bleeding events, but to hemosid-
erin deposition adjacent to neurons. Hemosiderin
or ferritin is a well-known epileptogenic agent (at
least in animal experiments). Being aware of the
relation between seizures and hemosiderin deposi-
tion is of particular importance if surgical removal
of the cavernoma is considered due to conservative
untreatable seizures. It is of utmost importance not
only to remove those parts of the cavernoma with
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obvious cavernoma, but also to remove the hemo-
siderin deposits around the cavernoma within the
adjacent brain tissue (BAUMANN et al. 2006). This
part of the malformation is probably responsible for
the seizure (see Figs. 2.8 and 2.17).

However, this hemosiderin-removal dogma is
under discussion. Experience shows that 30%-50%
of patients with a cavernoma having seizures can
become seizure-free after radiation therapy, so he-
mosiderin as the only causative seizure agent has
to be re-discussed (Hsu et al. 2007; L1u et al. 2005).
Pure lesionectomy without removal of surrounding
hemosiderin deposits have also been shown to re-
duce seizures effectively (FERROLI et al. 2006). Sev-
eral groups figured out that early medical therapy
after onset of seizures is more important than the
resection procedure per se. In patients with a short
seizure history or few pre-op seizures, lesionec-
tomy alone may be enough. A longer history on the
other hand might require a more extensive resection
(HAMMEN et al. 2007).

2.1.2.3
Headache

Headache is a frequent reason for submitting a pa-
tient to imaging. Therefore, there are always discus-
sions whether an incidental finding like an arach-
noid cyst, a small meningioma or - more relevant
for this chapter - a cavernoma might be the cause
of the patient’s headache. However, the first and
most important question is: What type of headache
does the patient have? If this is a clinically typical
migraine, a typical tension headache, or any other
easy-to-define type, the headache is usually not re-
lated to the cavernoma. In our personal experience,
there are some patients, suffering from recurrent at-
tacks of a severe, subarachnoid hemorrhage (SAH)-
like headache with cavernomas at the surface of the
brain. Since these cavernomas may have contact to
the subarachnoid space, micro-bleeds might cause
headache attacks like in a SAH (warning-leak head-
ache). Postural intermittent headache might be the
initial symptom if the cavernoma is located in the
third ventricle, although a very rare location for a
cavernoma.

2.1.2.4
Focal Neurologic Deficits

Focal neurologic deficits like transient speech ar-
rests, sensomotoric deficits, ataxia, visual distur-

bances, or eye movement disorders are nearly always
related to the location of the cavernoma and hemor-
rhages. There are no steal mechanisms in caverno-
mas (this is different in AVMs), nor are there any
venous overload problems.

2.1.3
Diagnostic Imaging

Due to the slow blood flow, usually cavernomas are
angiographically occult vascular malformations. If
the lesion has hemorrhaged, an avascular area with
moderate mass effect can sometimes be identified.
Occasionally - in less than 10% of cases - a faint
blush on the late capillary or early venous phase of
high resolution angiograms can be seen (SAVOIARDO
et al. 1983). Angiography is rarely necessary in typi-
cal cavernomas. If associated with a DVA, presurgi-
cal digital subtraction angiography (DSA) may be
indicated to analyze the venous drainage pattern.
The same is true for those cavernomas which do not
have the typical MR appearance. In some of these,
DSA can increase the diagnostic confidence.

On CT, and even more so on MRI, features are
more or less pathognomonic. Whereas large cavern-
ous hemangiomas can be visible on CT, small lesions
are only visible on MRI.

Fig. 2.2. CT of a typical, partially calcified cavernoma adja-
cent to the left ventricle. The missing mass effect (no com-
pression of the ventricle, normal width of the external cere-
brospinal-fluid space) is a striking argument against a true
tumor (like oligodendroglioma)
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Fig. 2.4a-c. CT (a) and sagittal T1-weighted magnetic reso-
nance (MR) (b) scan of another brain-stem cavernoma. Due
to its calcification, it is easy to see even on the CT scan. The
MR nicely reveals the typical cavernoma pattern with the
dark rim of hemosiderin. Note that the acute hemorrhage
occurred at the dorsal aspect of the cavernoma and now fa-
cilitates easy surgical removal. A view through the micro-
scope while removing the cavernoma (c). Note the typical
mulberry aspect of the malformation

The CT appearance of a cavernoma depends on
the amount of internal thrombosis, hemorrhage, and
calcification. Examples are shown in Figures 2.2,
2.4a,2.7a, 2.8a, 2.10a, 2.12a, and 2.13a,b. The lesions
appear hyperdense compared to adjacent brain pa-
renchyma, but can have variable attenuation val-
ues. Because the density of blood on CT depends
on clot formation, the attenuation of a thrombosed
cavernoma changes with time. Calcifications do not
change that much; however, cavernomas tend to
calcify only partially (see Figs. 2.12 and 2.13). In pa-
tients with a recent hemorrhage, the cavernoma may
be suspected on CT mainly by taking into account

Fig. 2.3. T1-weighted magnetic resonance scan of a typical brain-
stem cavernoma, bulging into the fourth ventricle
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the site of hemorrhage and the patient’s history,
thus excluding other typical causes for intracerebral
bleeding. Differential diagnosis must cover calcified
brain tumor, mainly oligodendroglioma, which have
a high tendency of intratumoral bleeding. Contrast
enhancement can be observed on CT, but usually
requires a substantial delay between contrast agent
injection and scanning. But even with a standard-
ized 10-15 min delay between contrast agent injec-
tion and scanning, the enhancement of a cavernoma
varies from nonexistent or minimal to striking!

The imaging modality of choice is MRI. Typi-
cally, cavernomas have a popcorn-like appearance

Fig. 2.5a,b. T2-weighted
(a) and T1-weighted (b)
magnetic resonance scan
of a typical cavernoma.
Note that the dark rim
of hemosiderin is much
more visible on the T2-
weighted images. The
typical mixed popcorn
pattern is pathognomon-
ic and there is no doubt
about the diagnosis,
even without pathologi-
cal confirmation

Fig. 2.6a,b. T2-weighted
images of a patient who
presented with recurrent
attacks of severe head-
ache. The referring clini-
cian thought the patient
had suffered from a
subarachnoid hemor-
rhage. Magnetic reso-
nance imaging revealed
two mirror-like caver-
nomas, both located at
the surface of the brain.
The headache attacks
were probably caused by
repetitive microbleeds
into the subarachnoid
space and stopped after
removal of the malfor-
mations

with a well-delineated complex reticulated core of
mixed signal intensities representing hemorrhage
in different stages of evolution and/or different ve-
locities of blood flow. Typical is a low signal hemo-
siderin rim which typical completely surrounds the
lesion (Figs. 2.5, 2.6, 2.11 and 2.14). The dark signal
“blooms” on T2-weighted images, and is best visible
on gradient-echo T2*-weighted studies (BRUNEREAU
etal. 2000a,b). Brunereau and colleagues studied the
sensitivity of T2-weighted vs gradient-echo (GRE)
sequences in patients with the familial form of cav-
ernomas. The mean number of lesions detected on
spin-echo (SE) images vs the mean number detected
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Fig. 2.7a-f. Giant, partially exophytic brain-stem cavernoma. a Computed tomography at the time of admis-
sion with a hyperdense lesion at the pontomedullary junction. MRI was performed at 1.5 T. b Transverse T2-
weighted turbo spin-echo image at the level of the internal auditory canal. Most of the exophytic lesion is hy-
perintense, the dorsal part also has hypointense areas. The edema of the adjacent brain parenchyma is probably
pressure-related. No blood can be seen within the brainstem itself. ¢ T2*-weighted image at the same level. The
marked hypointensity within the lesion represents blood degradation products. d T1-weighted image before
contrast agent administration. The lesion is hypointense compared to brain tissue. e At 5 min after injection
of gadolinium (0.1 mmol/kg), there is enhancement in some small areas of the mass lesion. f At 60 min after
contrast injection, the lesion shows an extensive enhancement (pooling)
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on GRE images was significantly different (7.2 vs
20.2 in symptomatic subjects). Owing to the blood
stagnation phenomenon, or to true chronic micro-
hemorrhages, cavernoma contain deoxyhemoglobin
or hemosiderin, which generate susceptibility effects
and cause a decrease in signal intensity. This loss of
signal intensity is more obvious on T2*-weighted
GRE sequences (Fig. 2.9).This feature is even more
pronounced on high field magnets (Fig.2.17 and
2.18). This sequence should be part of the imaging
protocol in all patients with a positive family his-
tory of cavernoma, all patients with a suspicion of
focal or generalized seizures, and in all patients with
DVA (there is a significant coincidence between oc-
currence of DVA and cavernoma). Due to this high
sensitivity of susceptibility-weighted sequences,
3-Tesla MR machines and moreover 7-Tesla tech-
nology might be able to detect more subtle caver-
nomas of the brain and thus enable us to get more
insights into the pathogenesis and bleeding risk of
these malformations (Novaxk et al. 2003). However,
turbo spin-echo sequences using a long echo train,
i.e. all FLAIR sequences, are very insensitive to this
susceptibility effect. Furthermore, as shown in Fig-
ures 2.11 and 2.12, even large lesions may not have
a visible hemosiderin ring, if there were no relevant
associated bleeding episodes.

Even though T2* sequences are most sensitive for
hemosiderin, one should know the imaging charac-
teristics in the remaining standard sequences. On
T1-weighted images, the core of the cavernoma can
be hyperintense or slightly hypointense compared
to normal brain tissue, depending on the veloc-
ity of blood flow and different stages of thrombus
degradation. The high signal within a cavernoma
on Tl-weighted sequences can cause consider-
able confusion if the lesion is adjacent to an artery.
Time-of-flight MRA sequences are usually heavily
T1-weighted. Therefore, a cavernoma can mimic
an aneurysm on these images (Fig. 2.8). Most of the
clinically used DWI sequences are T2*-weighted
and, thus, should detect cavernomas with an in-
creased sensitivity (see Fig. 2.11).

ZABRAMSKI et al. (1994) suggested establishing
an MR classification of cavernomas, which in part
could overcome the confusing individualized de-
scriptions of cavernomas in the literature and the
problem of defining hemorrhages (Table 2.1). The
problem of this classification is the type-4lesion. The
pathologic definition of this type is totally unclear
and for us it is questionable whether these lesions re-
ally represent capillary telangiectasias. BRUNEREAU
et al. (2000a,b) found a close relationship between
type-4 lesions and the familial form of cavernomas.

Table 2.1. Magnetic resonance (MR) imaging classification of cavernous angioma (ZABRAMSKI et al. 1994)

Classification and
MR sequence

MR imaging features

Type 1
T1-weighted SE
T2-weighted SE

Hyperintense core
Hyper- or hypointense core
Type 2
T1-weighted SE
T2-weighted SE

Reticulated mixed core signal
Mixed core, dark rim
Type 3

T1-weighted SE Iso- or hypointense

T2-weighted SE
Type 4

T1-weighted SE
T2-weighted SE

Hypointense lesion with dark rim

Not visible
Not visible

GRE images Punctate hypointense lesion

Histopathologic features

Subacute hemorrhage

Subacute hemorrhage

Lesions with hemorrhages and thromboses of different age

Chronic hemorrhage with hemosiderin staining in and
around lesion

Tiny lesion or telangiectasia
Tiny lesion or telangiectasia

Tiny lesion or telangiectasia

SE, spin echo; GRE, gradient echo
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Fig. 2.8a-f. Cavernoma mimicking an arterial aneurysm on magnetic resonance angiography (MRA). a The non-enhanced
computed tomography (CT) scan reveals a hyperdense lesion in the straight gyrus adjacent to the optic nerve and right ante-
rior cerebral artery. b T1-weighted MR image without contrast enhancement reveals a hyperintense and well circumscribed
lesion. There was no contrast enhancement after injection of gadolinium (not shown). ¢ Axial T2-weighted image reveals a
dark lesion with an extensive hypointense area. This dark area represents hemosiderin deposition resulting from old hemor-
rhage. Note that the hemosiderin is within the white matter, but not on the surface of the brain. There is no communication be-
tween the anterior cerebral arteries in the interhemispheric fissure and the lesion in the straight gyrus. d Coronal T2-weighted
image also demonstrates the hemosiderin deposition within the white matter and not on the surface of the brain. e This
maximume-intensity projection of a time-of-flight MRA shows a structure adjacent to the anterior cerebral arteries. This is
due to the high T1 signal of the cavernoma, indistinguishable from the flow signal in a T1-weighted FISP-MRA sequence. This
phenomenon can be misinterpreted as an aneurysm. f Intraarterial digital subtraction angiography to rule out an aneurysm.
The wall of the anterior cerebral artery is smooth and without any hint of an aneurysm, patent or thrombosed

A

Fig. 2.9a,b. Multiple cavernomas. T2*-weighted gradient echo sequence. There are multiple cavernomas in
both cerebral hemispheres and the cerebellum. The T2* sequence is particularly sensitive to hemosiderin
depositions indicative of cavernomas

Nevertheless, despite these disadvantages, it does
make sense to use an MR-based classification to de-
scribe a cavernoma and, thus, give somebody in the
future the opportunity to compare the results of dif-
ferent authors.

Contrast enhancement has not been described
as a characteristic feature of cavernomas of the
CNS in the CT era. Because of the improved con-
trast resolution of MRI (compared to CT), con-
trast enhancement is much more visible. How-
ever, MRI does not overcome the problem created
by the slow blood exchange between the normal
blood and the dilated cavernous vessels. Specifi-
cally with fast T1-weighted sequences it is neces-
sary to delay the interval between contrast agent
injection and the start of the scanning procedure.

However, contrast injection is usually not neces-
sary (T2 and T2* are diagnostic in the majority of
patients).

Whereas a typical cavernoma can usually be iden-
tified using MRI, it may be problematic to identify it
within an acute hematoma. Our recommendation
is: If there is suspicion of an underlying cavernoma
in an acute intracerebral hemorrhage (ICH), MR
should be performed as early as possible. If the early
MR reveals any hemosiderin, former bleeding epi-
sodes are evident and the probability of an underly-
ing cavernoma is high (Fig. 2.10). In patients with a
suspicion of a cavernoma but a non-pathognomonic
image, follow-up imaging is of value if immediate
surgical intervention is not warranted. Differen-
tial diagnosis includes neoplasms, infectious and
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Fig. 2.10a-e. Cavernoma with signs of recent hemorrhage
in a 9-year-old child. a Computed tomography scan reveals
a hyperdense lesion in the right occipital lobe with perifocal
edema. The lesion has a heterogeneous density with a very
dense core and reduced attenuation values at the peripheral
zone. b T2*-weighted gradient-echo image displays the le-
sion as a dark spot. ¢ The T2-weighted turbo spin-echo im-
age shows a dark center with a bright rim of edema. d This
flow-sensitive gradient-echo sequence demonstrates a bright
core with a pseudocapsule. A maximum-intensity projection
of this sequence will display arterial vessels and the bright
hemorrhage, giving rise to a misinterpretation of the caver-
noma as an aneurysm. e T1-weighted spin-echo image shows
the cavernoma core with surrounding subacute hemorrhage
located in the cuneus adjacent to the calcarine fissure
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Fig. 2.11a-f. Synoptical presenta-
tion of a cavernoma in standard
magnetic resonance sequences

at 1.5 T. a T2-weighted FLAIR
sequence. There has been no
scientific evaluation of FLAIR
for cavernomas to date. In our
experience, a hyperintense center
is well depicted; however, due to
the long echo train lengths, the
hemosiderin wall is usually not
well depicted. b In T1-weighted
spin-echo sequences the caver-
noma may have the same signal
intensity as the adjacent brain
parenchyma. In particular, small
cavernomas can easily be missed.
¢ T2*-weighted gradient echo
sequences are the gold standard
for cavernoma depiction, due to
the susceptibility effect of the
hemosiderin rim. Because the
hemosiderin rim may be much
larger than the cavernoma core,
gradient-echo images should
always be applied in doubtful
cases and to look for additional
cavernomas. d Diffusion-weight-
ed echo planar imaging (EPI)
sequence. Diffusion imaging is
not routinely used for the evalu-
ation of cavernomas. However,
these sequences are mostly T2*-
weighted and the contrast should
be like in the T2*-weighted non-
EPI gradient echo images. Due to
the matrix size, the spatial reso-
lution of DWT is usually lower.

e T2-weighted turbo spin-echo
image. The bright core is well
depicted as is the dark rim, less
apparent in the FLAIR sequence
(compare to a). A problem may
arise, if the cavernoma is close
to the cerebrospinal-fluid space.
f T1-weighted image after con-
trast administration (0.1 mmol
Gd-DTPA/kg). Even on this scan
performed 10 min after contrast
injection, there is very little con-
trast enhancement visible. High-
er doses or delayed scanning for
the demonstration of “pooling”
may be necessary
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Fig. 2.12a-f. Supratentorial
giant cavernoma as an inci-
dental finding. a Computer
tomography scan without
intravenous contrast. The
large, hyperdense lesion in
the white matter adjacent to
the lateral ventricle is not
surrounded by edema, nor is
there any blood in the ven-
tricle itself. b In this window
setting, calcified areas of the
wall and parts of the inner
structures are clearly visible.
¢ The T2-weighted FLAIR
sequence shows a dark mass
lesion protruding into the
ventricle. There is no perifo-
cal edema. d T1-weighted
spin-echo sequence without
contrast reveals the lesion as
hyperintense. e T2-weighted
image in the coronal plain
reveals a mostly hypoin-
tense, sharply demarcated
lesion in the right cingulate
gyrus, protruding into

the interhemispheric fis-
sure. There is no dark rim,
edema, or any other signs of
recent or older extralesional
hemorrhage. f The caver-
noma is mostly hyperintense
on this T1-weighted image
after contrast administra-
tion (Gd-DTPA 0.1 mmol/
kg). Contrast enhancement
could not be demonstrated
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inflammatory masses, partially thrombosed aneu-
rysms, hemorrhagic emboli and hematomas.

There are pitfalls in the interpretation of post-
operative MR imaging of cavernomas. The postop
MR imaging can appear similar to the preop image
despite complete removal. The most plausible expla-
nation is that the excision cavity is filled with orga-
nized blood products.

If MRI is performed as a presurgical planning
procedure, it is of utmost importance to scan with
thin slices in order to demonstrate the relationship
of the cavernoma to the surface of the brain. Partic-
ularly in brain stem cavernomas, this relationship is
crucial for balancing the risk of the disease against
the risk of surgical removal.

Fig. 2.13a-d. Non-
enhanced CT revealed
a calcified lesion close
to the foramen Monroi
(a), T2 delineated a
pop-corn like structure
typical for a caverno-
ma (b). After contrast
injection (c) an associ-
ated developmental
venous anomaly was
seen in close vicinity.
Gradient echo at 1.5 T
sequence clarifies the
large extent of the he-
mosiderin deposition
of the cavernoma (d)

2.1.4
Therapy

Treatmentindicationin cavernomas depends mainly

on the natural course of the lesion, as well as its loca-

tion and surgical accessibility. The latter depends on

the skill of the surgeon and the position of the lesion

relative to eloquent areas of the brain. In general,

therapeutic strategies include:

e Observation of patients with asymptomatic or
inaccessible lesions

e Surgical excision of symptomatic and accessible
lesions

e Radiosurgery for progressively symptomatic but
surgically inaccessible lesions
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Fig. 2.14a-n. Familial cavernomatosis: a,b Computed tomography (CT) scans at different levels. Multiple lesions of high
density are visible in the cerebral parenchyma. The lesions are of inhomogeneous density. There is no perifocal edema. ¢,d
The T2*-weighted gradient-echo sequence (FLASH) clearly shows the large cavernomas, mostly hypointense with bright foci.
However, there are many more dark areas in both hemispheres which were not visible on the CT scan. These lesions are also
cavernomas. The T2*-gradient-echo sequence is most sensitive to susceptibility effects of hemosiderin deposits and therefore
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a screening sequence for small cavernomas. It should always be added to the imaging protocol. e,f T1-weighted spin-echo im-
ages. Cavernomas are of inhomogeneous signal intensity. There are some areas of high signal intensity in this sequence, but
large parts of the cavernomas are isointense to the adjacent brain. The small cavernomas are not visible with this sequence.
g,h T2-weighted turbo spin-echo sequence. The large cavernomas are mainly hyperintense with a small dark rim due to
hemosiderin deposits. The small lesions, which were clearly visible in the T2*-weighted images, are not apparent on these
slices. There is no perifocal edema. This sequence demonstrates the relation to
the brain surface. The cortex over the cavernoma is slightly displaced and con-
tains hemosiderin. Therefore, the location of the cavernoma will be visible intra-
operatively. i,j T1-weighted spin-echo image 3 min after administration of gado-
linium (0.1 mmol/kg). The increase in signal intensity is very subtle compared
to the images prior to contrast injection. The enhancement is inhomogeneous.
k T2-weighted turbo spin-echo image in a coronal view. Large cavernomas are
visible in the basal ganglia on both sides with an inhomogeneous signal pattern.
There is a peripheral zone of hypointensity due to hemosiderin. The absence of
a perifocal edema is a hint at recent enlargement or bleeding. The displacement
of adjacent structures is small for the size of the lesions. | T1-weighted image
15 min after administration of contrast. The signal appears higher than in (i)
and (j). m This T2-weighted coronal view shows a large cavernoma in the basal
ganglia with moderate mass effect and slight compression of the internal capsule.
The patient had no neurological symptoms. n T1-weighted image 15 min after
administration of contrast. The lesion also displays a delayed enhancement of
a typical pattern. The cavernoma extends from the brain surface in the Sylvian
fissure to the lateral ventricle
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Fig.2.15a,b. On gradient echo sequence at 1.5 T (a) the brain stem cavernoma is hardly visible (arrow) but very obvious
using high field MRI at 7 T (b). At 7 T additional vessels curving through the brain stem are detected

Fig. 2.16a,b. Mid brain cavernoma on GRE sequence at 1.5 T (a), GRE sequence at 7 T acquired at the same day showed
more clearly the extent of the lesion with inhomogeneity within it; very pronounced venous vessels were seen close to the
lesion (b) eventually representing venous drainage abnormality
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Fig. 2.17a,b. Comparison of a frontoparietal cavernoma at 1.5 T (a) and 7 T (b) gives a clear impression of
improved delineation of susceptibility prone hemosiderin around the lesion not visible on 1.5 T image

To start with, the recommendations for the man-
agement of patients with cavernomas have varied
throughout the years and are still not homoge-
neous.

Patients presenting without gross hemorrhage,
seizures controlled with pharmaceutical therapy,
or other specific symptoms are clear candidates
for clinical observation. For us, it is questionable
whether this patient group does need repeat imag-
ing if the clinical condition remains unchanged.
However, location of the cavernoma should be taken
into account. Deep or infratentorial located lesions
do have an increased risk of bleeding; however, they
usually also have an increased surgical risk com-
pared to superficial location.

Surgical resection is recommended for caverno-
mas presenting with symptomatic (or repeat symp-
tomatic) hemorrhage and located in an accessible
and noneloquent area of the brain. If the lesion is
surgically inaccessible or does not present with
bleeding episodes, the treatment options are less
clear. MoRAN et al. (1999) analyzed the results after
surgical removal of cavernomas causing seizures.
After removal of the cavernoma, 84% of the patients
were seizure-free and 8% were improved. A total of
6% of the patients did not have any change of their
status, and only 2% of patients deteriorated.

In cases of medically intractable seizures in which
surgery is technically feasible and the seizures can
be localized to the region of the cavernoma, surgery
is a reasonable option. It is plausible that a longer
duration of epilepsy prejudices the outcome of any
surgery ultimately performed. Kindling effects may
play a role in increasing intractability and this may
be a theoretical basis for early surgery. As stated
before, early surgery after onset of seizures may
require pure lesionectomy while surgery late after
seizure onset requires extended removal of the cav-
ernoma plus perifocal hemosiderin.

Many surgical groups recommend surgical re-
moval of a cavernoma ifitis located in a noneloquent
brain area and easily accessible to prevent hemor-
rhage. However, as mentioned above, it is quite dif-
ficult to predict the natural course of an individual
cavernoma and, therefore, it is very difficult to bal-
ance the individual bleeding risk of the individual
patient against the morbidity and mortality of a sur-
gical procedure. It seems to be more appropriate to
limit surgical excision to those patients with at least
one hemorrhagic episode - based on imaging and
clinical findings and never on MR alone - or those
with intractable seizures.

Brainstem cavernomas are clearly a specific sub-
group. Over the years, neurosurgical techniques




40

W. Kiiker and M. Forsting

and knowledge about different approaches to the
brainstem increased, enabling the excision of many
lesions without significant morbidity and mortal-
ity. The necessity for removal of brainstem caver-
nomas is mainly based on reports suggesting that
the bleeding rates in brainstem cavernomas are sig-
nificantly higher than in those located supratentori-
ally (PORTER et al. 1999). In contrast, KUPERSMITH
recommended a more conservative approach, be-
cause he found that brainstem cavernomas do not
have a relevant elevated risk of hemorrhage. Finally,
there is no definite answer to the question of how
to handle brainstem cavernomas! In experienced
hands it seems to be reasonable to remove them, but
it is also not a mistake to wait and just observe the
patient.

Recently, HASEGAwA et al. (2002) reported their
results after stereotactic radiosurgery of caverno-
mas. The authors found that, before radiosurgery,
the annual rehemorrhage rate was 33.9% whereas,
after radiosurgery, the rehemorrhage rates were
12.3% for the first 2 years and 0.76% for years 2-12
after radiosurgery. More than 50% of the caverno-
mas decreased in size after radiosurgery. The theory
behind this therapeutic option is that radiosurgery
even in cavernomas leads to progressive hyaliniza-
tion with thickening of the endothelium-lined ves-
sels and eventual closure of the lumen. These results
seem striking and lead the authors to conclude that
radiosurgery offers a dramatic reduction in the risk
of rehemorrhage in high-risk patients. Treatment
morbidity was 13%. The major drawback of this
study, however, is that there is no control group and
therefore it was not possible to perform a true risk-
to-benefit analysis. Nevertheless, if the lesion is re-
ally not surgically removable and the patient is at
high risk of rehemorrhage (more than two previous
bleeding episodes), radiosurgery can be a treatment
option. Another indication for the effectiveness of
radiation therapy in cavernoma might be the find-
ing of significant reduction of seizures (LiscAK et
al. 2005; K1m et al. 2005). Specifically in cavernomas
with a deep brain location, radiation therapy should
be considered as a therapeutic option.

NYARY et al. (2005) report on a patient with a sur-
gically resected thalamic cavernous hemangioma
1 year after irradiation therapy. The histopathologi-
cal findings in this specimen were similar to those
described in arteriovenous malformations after
gamma knife surgery. The results of light micro-
scopic investigations suggest that the ionizing effect
of radiation energy evokes vascular and connective

tissue stroma changes in cavernous hemangioma as
well.

There is another more recent aspect of surgi-
cal considerations in cavernous malformations
associated with venous anomalies. It seems to be
consensus in the pertinent literature that venous
anomalies are associated with cavernomas should
not be treated surgically and that they have to be
preserved in the case of surgery of the associated
cavernous malformation (ABE et al. 1998; AwAD
et al. 1993; BERTALANFFY et al. 1991; BuHL et al.
2002; CIrICILLO et al. 1994; CRIVELLI et al. 2002;
DorscH and McMAHON 1998; GIiuLIONI et al.
1995; McLAUGHLIN et al. 1998; NAFF et al. 1998;
PORTER et al. 1999; PozzATI et al. 1996a,b; PRYOR
et al. 1999; RiGAMONTI et al. 1988; SASAKI et al.
1991; ZIMMERMAN et al. 1991). Most authors fear
cerebral infarction from impaired venous drainage
when thinking about surgical strategies for treat-
ment of these DVAs. Nevertheless, there are also
reflections in the literature on the possible trigger-
ing effect of DVAs for thrombotic or hemorrhagic
events and for development of associated malfor-
mations (CiriciLLO et al. 1994; KiMm et al. 1996;
KoNaN et al. 1999; MERTEN et al. 1998; NUSSBAUM
et al. 1998). Thus, a few authors suggest surgical
removal or obliteration in the case of a life-threat-
ening hemorrhage. WurmMm et al. (2005) observed,
after surgical lesionectomy of a cavernous malfor-
mation, recurrence and de novo appearance of vas-
cular malformations in one third of their patients.
All of these experienced symptomatic rebleeding
from these new lesions. Their experience sup-
ports the theory that the abnormal draining vein
might be the actual pathological lesion that causes
blood flow disturbances with recurrent and newly
developing malformation. Therefore, they recom-
mend coagulation of the large transcerebral drain-
ing vein because it did not lead to any ischemic or
hemorrhagic infarction or any other complication
in their series. However, they did not try to excise
the caput medusae, which lies within normal brain,
but rather only coagulated and dissected the large
transcerebral draining vein along the length of the
associated cavernous malformation. It was their
aim to interrupt this pathological venous vessel,
which seems to be the cause of flow disturbances
and microhemorrhages with the potential for an-
giogenesis. After that type of surgery they had no
recurrences and no de novo lesions in those pa-
tients in whom the associated DVA was coagulated
at surgery.
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Fig. 2.18. Comparison of GRE
sequences at 1.5 T (left) and
7T (right) in a patient with
multiple cavernomas through-
out the brain; 7 T showed the
larger extent of all lesions and
detected much more addition-
al lesions not seen with 1.5 T

Spinal cavernomas are a specific problem. The
vast majority (~80%) of patients who initially pres-
ent with neuropathic pain due to spinal cavernoma
hemorrhage may suffer a chronic pain syndrome af-
ter resection of the lesion. The experience of COHEN-
GapoL et al. (2006) is that neuropathic pain due to
cavernoma hemorrhage is refractory to surgical
treatment. Therefore, the pain associated with spi-
nal cavernoma hemorrhage may not provide ade-
quate justification for surgical therapy. Prophylactic
surgery in spinal cavernoma is not recommended.

To optimize therapeutic approaches to CNS cav-
ernomas, a randomized multicenter trial dedicated
to different therapeutic options would be necessary.

Capillary Telangiectasia

2.2.1
Pathology

Capillary telangiectasias are a distinct category
of cerebral vascular malformations, consisting of
localized collections of multiple thin-walled vas-
cular channels interposed between normal brain
parenchyma. They were first described in 1959
(RusseLL and RUBINSTEIN 1989) and are charac-
terized by small capillaries with a maximum di-

ameter of 30 pm. In contrast to cavernomas, brain
parenchyma is located between the dilated vessels.
There is still some disagreement in the literature
as to whether the vessels of a capillary telangi-
ectasia have a normal wall (FERszT 1989) or not
(Oxazaxkt 1989). Growth and bleeding have not
been observed so far; however, hemosiderin may
be seen rarely in the surrounding tissue (KUKER
et al. 2000).

The true incidence of capillary malformations
or telangiectasias of the brain is difficult to discern
because the vast majority are obviously clinically
asymptomatic. Estimates from autopsy series sug-
gest they are not uncommon, representing approxi-
mately 16%-20% of all CNS vascular malformations
(CHALouPKkA and HUDDLE 1998). Capillary telangi-
ectasias, although known to occur throughout the
brain and spine, are most frequently found within
the striate pons and are the most frequent inciden-
tal vascular malformation of the pons at autopsy
(RusseLL and RUBINSTEIN 1959; McCORMICK et al.
1968). Other locations are the basal ganglia, where
they usually cause confusion because of their en-
hancement and the lack of mass effect (CASTILLO et
al. 2001).

Several authors found an association of capillary
telangiectasias with cavernomas in their patients
(KUKER et al. 2000), or suggested that both vascular
abnormalities have a common origin (RIGAMONTI
et al. 1991). However, in contrast to cavernomas, the
occurrence of capillary telangiectasias seems to be
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mainly sporadic. No hereditary forms have been
reported and no underlying genetic abnormali-
ties were identified in this specific form of vascu-
lar abnormality. However, genetic defects may be
responsible for the occurrence of cerebral venous
malformations in general (KORPELAINEN et al. 1999;
VIKKULA et al. 1996).

It has been suggested that DVAs have a common
origin with cavernomas (RIGAMONTI et al. 1991;
Awap et al. 1993). Therefore, hemorrhagic compli-
cations may be due to associated cavernomas and
not to bleeding of the capillary telangiectasia. How-
ever, in some large groups of cavernomas, no asso-
ciation with capillary telangiectasias has been re-
ported (MULL et al. 1995). It remains undetermined
to date whether capillary telangiectasias change
with time or are developmental abnormalities, i.e.,
small DVA.

The rarity of in vivo histologic verification in-
dicates that the benign clinical behavior and the
critical anatomic localization of brainstem capillary
telangiectasias do not allow stereotactic biopsy on a
regular basis. The earlier case reports relied on his-
tologic examinations of cadaver specimens.

Hereditary hemorrhagic telangiectasia (Rendu-
Osler disease) is not associated with cerebral cap-
illary telangiectasia, but with other forms of cere-
bral vascular malformations (MAHER et al. 2001),
mainly true pial arteriovenous malformations,
dural arteriovenous malformations, and, rarely,
cavernomas.

2.2.2
Clinical Presentation

Capillary telangiectasias are vascular malforma-
tions of unknown origin and unknown clinical sig-
nificance (RIGAMONTI et al. 1991; AwAD et al. 1993).
In vivo diagnosis is only possible with MRI because
these lesions are so small that they are undetectable
by either conventional angiography or CT (BARR et
al. 1996). Furthermore, slow blood flow may also
contribute to the lack of angiographic opacifica-
tion.

Most capillary telangiectasia are incidental find-
ings on examinations performed for other reasons
than brainstem symptoms. In general, the clinical
manifestations related to capillary malformations
are variable, although typically they are regarded
as quiescent lesions occasionally presenting with
headache, confusion, weakness, dizziness, visual

changes, vertigo, tinnitus, or seizures (BARR et al.
1996; LEE et al. 1997).

However, there is evidence of a possible symp-
tomatic subgroup of capillary telangiectasias
(HuDpDLE et al. 1999; SCAGLIONE et al. 2001). One
of our patients (see Fig.2.9) also presented with
symptoms attributable to a vascular malformation
of the brainstem, which best fits into the category
of capillary telangiectasia. Whereas the patients
reported by SCAGLIONE et al. (2001) had only minor
complaints with disputable cause due to capillary
telangiectasias, the patient reported by HUDDLE
et al. (1999) had severe neurologic symptoms and
died presumably due to the ensuing brainstem
dysfunction. Both severely symptomatic patients
showed an extensive T2 signal abnormality of the
affected parts of the brainstem. Furthermore, for
us there might be an association of tinnitus and
pontine capillary telangiectasias. Further observa-
tions will be necessary to establish whether there is
in fact a severely symptomatic, aggressive subform
of capillary telangiectasias.

Up to now, there has been no pertinent hypoth-
esis for a possible pathomechanism for the ensuing
symptoms.

2.2.3
Diagnostic Imaging

The number of observations of presumed brainstem
capillary telangiectasias is limited. There are only
two reports of MRI features in a larger group of
patients (BARR et al. 1996; LEE et al. 1997). These 30
cases seem to have very similar imaging findings.
With two exceptions, all were located in the brain-
stem with a predominance of the mid-pons.

MRI is the imaging modality of choice for the
evaluation of brainstem lesions in general (KUKER
et al. 2000) and is the only tool by which capillary
telangiectasias can be visualized during life.

Capillary telangiectasias are usually first discov-
ered on T1-weighted images after contrast injection
(Fig. 2.19). Depending on slice thickness and indi-
vidual appearance, the characteristic picture is dom-
inated by small radiating venous vessels converging
on a small collecting vein. In other patients, there is
just a fluffy hyperintensity without apparent indi-
vidual vessels. In these cases, the radiating vessels
are so small that even thin section MRI is not able to
discriminate between them. In such conditions, the
vascular malformation appears as a homogenous,
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somewhat irregularly contoured lesion (KUKER et
al. 2000; BARR et al. 1996; LEE et al. 1997).

In contrast to cavernous hemangiomas or other
brain-stem lesions, the contrast enhancement of cap-
illary telangiectasia is only of short duration. In typi-
cal cases, it will not last longer than 20 min. Dynamic
MRI, therefore, will reveal a fast signal increase and a
substantial signal decrease after 20 min. In some pa-
tients, brain-stem metastasis might be a reasonable
differential diagnosis. And, usually, metastatic dis-
ease accumulates contrast agent over time and will
reach a peak enhancement between 15 and 30 min
following administration. Dynamic MRI is an ap-
propriate tool to differentiate between both entities.

A highly suggestive feature of a capillary telangi-
ectasia is the presence of a larger, easily detectable
draining vein (KUKER et al. 2000; BARR et al. 1996).

Because capillary telangiectasias are usually dark
on T2*-weighted images, the use of GRE sequences
for differential diagnosis has been strongly advo-
cated (Fig. 2.20). LEE et al. (1997) reported that most
lesions in their series were not detectable on either
T1- or T2-weighted images, but were consistently
identified as regions of pronounced loss of signal on
the GRE images, which they considered essential for
making the diagnosis. Macroscopic hemorrhage and

Fig. 2.19a-c. Combination of brainstem cavernoma and capillary telangiectasia.
a This T1-weighted transverse image after contrast administration at the level of
the upper pons shows a cavernoma (open arrow) and transparenchymal venous
vessels (arrowhead), belonging to a capillary telangiectasia. b This midline sagit-
tal T1 image after contrast injection shows the venous tributary of the capillary
telangiectasia, a typical sign of capillary malformations. ¢ This T1 image slightly
off the midline demonstrates the draining veins of the capillary telangiectasia
(arrowhead), as well as a second cavernoma (open arrow)

calcifications are rare in capillary telangiectasia,
suggesting that the finding on T2*-weighted images
are probably related to the presence of deoxyhemo-
globin in the slow-flowing blood (AUFFRAY-CALVIER
et al. 1999).

A dark lesion on GRE images, which is not visible
on conventional T2, is usually not a cavernoma but
a capillary malformation. Edema, gliosis, or signs of
previous hemorrhage are usually absent. Follow-up
images have never revealed any change in capillary
malformations.

Curiously, about two thirds of capillary telangi-
ectasias show an enlarged vessel believed to repre-
sent a draining vein. This observation has led some
authors to consider the concept of “transitional mal-
formations” (RIGAMONTI et al. 1991).

DSA is not required for diagnostic workup in
typical cases.

The exact nature of pontine lesions classified as
capillary malformations will remain speculative in
the vast majority of patients. Beside vascular malfor-
mations, the differential diagnosis of an enhancing
pontine lesion might include neoplasm, demyelin-
ating disease, infection, infarction, or, rarely, cen-
tral pontine myelinolysis. The absence of mass ef-
fect or significant T2 prolongation, however, argues




Fig. 2.20a-g. Symptomatic vascular lesion of the brainstem, presumably aggressive cap-
illary telangiectasia. a This T2-weighted image in the sagittal plain shows a hyperintense
lesion of the medulla oblongata from the pons to the foramen magnum. The brainstem is
not expanded or otherwise altered. b This T1-weighted image in the sagittal plain after
injection of contrast agent (Gd-DTPA 0.1 mmol/kg) shows a small vessel in the middle
of the medulla oblongata. There is a faint, diffuse enhancement of the brain parenchyma
in the medulla, corresponding to the signal abnormality in the T2 image. ¢ This sagittal
T1 image after contrast injection slightly beyond the midline shows small vessels in the
border zone of the brainstem lesion. d T1-weighted image of the medulla oblongata be-
fore contrast injection. The image appears normal. e In the same position, there is diffuse
enhancement of the medulla and a small vessel can be seen near to the dorsal surface
of the brainstem. f This T1-weighted transverse slice in a more caudal position shows a
blood vessel in the cerebrospinal-fluid space on the right of the medulla. The absence of a
flow void suggests a draining vein. However, the vertebral arteries are also hyperintense.
g This T2*-weighted image shows a hypointense lesion in the medulla, predominately
on the right. An arteriovenous malformation was ruled out by intraarterial angiography
and the lesion was stable on follow-up magnetic resonance imaging
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Fig. 2.21a-f. Asymptomatic
capillary telangiectasia of the
pons with normal T2 appearance.
a This transverse, thin-section

T2 image of the pons is normal.

b The T1 image of the brain stem
in the coronal view before admin-
istration of contrast agent shows
an abnormal vessel in the pons on
the left, but is otherwise normal.
¢ T1-weighted image in the coro-
nal plain. After contrast adminis-
tration (Gd-DTPA 0.1 mmol/kg),
there is a diffuse enhancement in
the pons, more pronounced on
the left and in the center. d The
T1 image in the sagittal plain
after contrast injection shows the
typical aspect of a large capil-
lary telangiectasia. e Transverse
T1-weighted image after contrast
injection. Even in this 3-mm slice,
the tiny vessels can not be sepa-
rated. f Apart from a more ho-
mogenous enhancing area, there
is a small vessel displaying flow
void on the left border of the pons
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strongly against each of these entities. In particular,
the distinction from neoplasm must be reinforced to
avoid unnecessary biopsy in these patients. A rela-
tively common misinterpretation is that of a pontine
glioma; and again: capillary malformations do not
exhibit a mass effect and do not change over time!
In addition, decreased signal on GRE images is nota
typical feature of pontine gliomas.

Although thought to be typical of the brainstem
(Figs. 2.21 and 2.22), close scrutiny of high quality
MR images disclose similar abnormalities in other
locations as well. Capillary telangiectasias may be
located in the cerebral hemispheres and in the basal
ganglia. This should always be kept in mind prior
to embarking on surgery or biopsy (CASTILLO et al.
2001).

ﬁ -
/_
- |
Fig. 2.22a-f. Asymptomatic pontine capillary telangiectasia with T2-signal abnormality. a Sagittal T2-weighted image.
There is a abnormal structure in the pons with a tree-like appearance. b The thin-section, T2-weighted turbo spin-echo
image shows a signal abnormality on the left side of the pons. ¢ The lesion is also apparent on this T2-weighted FLAIR im-
age. d The T1-weighted image before contrast injection is normal. e After administration of contrast agent (Gd-DTPA, 0.1

mmol/kg), there is an enhancing lesion in the brain stem, corresponding to the area of abnormal T2 signal. f The T1 image
in the coronal plain also shows the typical capillary telangiectasia
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Because of its benign clinical course and the lack
of therapeutic options, invasive diagnostic proce-
dures like biopsy or DSA must be avoided. However,
it is still unclear whether these patients are at in-
creased risk for hemorrhage or the development of
cavernous angiomas (BARR et al. 1996).

2.2.4
Therapy

No therapy is available, nor is it usually required.
It is not even established practice to perform any
follow-up imaging (unless you want to confirm the
diagnosis). If the diagnosis is established, there is
no need for further follow-up.
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@® Most frequent clinical presentations of brain

AVMs are hemorrhage, seizure, chronic head-
ache and focal deficits not related to hemor-
rhage (e.g. steal phenomenon)

Therapeutic strategy for an AVM should be
decided by an experienced, multidisciplinary
team consistent of a neurosurgeon, a neuro-
radiologist and a radiosurgeon

If treatment of an AVM is discussed, complete
elimination of the AVM should be the goal

Partial treatment of an AVM should not be
performed with the intention of decreasing
the bleeding risk since subtotal therapy might
increase the bleeding risk

Partial treatment of an AVM should not be
performed to eliminate or to improve fre-
quency of seizures since that concept is of
unproved efficiency

Factors increasing the risk of hemorrhage are
discussed: associated aneurysms, small AVM
size, deep venous drainage, venous stenosis

Factors decreasing the risk of hemorrhage are
discussed: arterial stenosis, arterial angioec-
tasia with recruitment and enlargement of
leptomeningeal and subependymal anasto-
mosis

Annual bleeding rate of AVM is estimated
2%-4%, but caution is advised since data on
bleeding rate are inhomogenous

The classification of Spetzler and Martin is a
grading system to assess the surgical risk of
complications

The classification of Nataf tries to evaluate the
individual bleeding risk
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Introduction

Arteriovenous malformations of the brain (brain
AVMs) correspond to congenital cerebrovascu-
lar anomalies, also known as intracerebral or pial
AVMs. First of all, it is important to stress the fact
that this is not a neoplastic lesion and therefore not
an “angioma”, which is obviously an inappropri-
ate though commonly used term (ROSENBLUM et
al. 1996).

Clinically, brain AVMs are an increasingly rec-
ognized cause of death and long-term morbidity,
mostly due to intracranial hemorrhage and epilepsy;
however, they may remain silent over a long period
of time, even over an entire lifetime. Anatomically
speaking, they are constituted by a complex, tangled
web of afferent arteries and draining veins linked
by an abnormal intervening capillary bed - the so-
called nidus - which may or not harbor direct arte-
riovenous shunts (CHALLA et al. 1995; ROSENBLUM
et al. 1996; THE ARTERIOVENOUS MALFORMATION
STuDY GROUP 1999), of which two categories must be

recognized: AV malformations (AVMs) and AV fis-

tulas (AVFs) (LAsjAUNIAS and BERENSTEIN 1993a).

1. AVMs are composed of a network of channels
interposed between feeding arteries and drain-
ing veins, without any direct shunt. Two dif-
ferent anatomic types of nidus may be more or
less differentiated: compact nidus, constituting a
tumor-like well-circumscribed network, and dif-
fuse nidus, with sparse, abnormal AV channels
spread within normal brain parenchyma (CHIN
et al. 1992).

2. AVFs are formed by direct communication
betweenanenlargedarteryandveinwithoutinter-
posed nidus. Lack of a capillary bed in the AVM
nidus results in direct arteriovenous communi-
cation, which may be unique or multiple (STAPF
and MoHR 2000). AVFs are much more rare than
AVMs (2%, LASJAUNIAS and BERENSTEIN 1993a)
and are always located on the brain surface. They
may be present within an AVM nidus as a direct
AV shunt surrounded by the network of arterio-
venous channels.

AVMs may be situated in any region of the brain,
lying mostly within the distribution of the middle
cerebral arteries and involving the hemispheric con-
vexities in continuity with the adjacent leptomenin-
ges; however, they can be restricted to the dura or
choroid plexus. They vary in size from cryptic le-
sions, which remain invisible even on angiographic
studies and are discovered on anatomic studies of
surgically removed hematomas, to giant AVMs,
which can involve a whole hemisphere.

Feeding arteries may be one or numerous. They
may be very enlarged or present an almost normal
diameter. High flow may produce either (a) saccu-
lar aneurysm formation, located at the level of the
circle of Willis or the feeding arteries or within the
nidus (CUNHA E SA et al. 1992; OGILvY et al. 2001;
Lasjaunias et al. 1988; MEISEL et al. 2000; REDEKOP
et al. 1998; THOMPSON et al. 1998; TURJMAN et al.
1994), or (b) high-flow angiopathy with progressive
stenosis and eventual occlusion of feeding arteries
(MAWAD et al. 1984).

Draining veins as well may be one or numerous,
deep or cortical. Direct shunting of blood at arterial
pressure causes dilatation and tortuosity in the in-
volved veins. High flow may also produce localized
stenosis, frequently at the level where the veins cross
the dura to reach the sinus (MANSMANN et al. 2000;
Mi1YASAKA et al. 1992) and secondary venous aneu-
rysmal dilatation (NATAF et al. 1997).
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Pathology

3.2.1
Epidemiology

There is very little information in the literature
about the prevalence of AVMs, i.e., the propor-
tion of a population living with the diagnosis of
AVM at a single point in time. Because of the rarity
of the disease and the existence of asymptomatic
patients, establishing a true prevalence rate is dif-
ficult and probably not feasible (STAPF et al. 2000).
Considering unselected populations, AL-SHAHI
and WARLow (2001) found a prevalence of AVMs
in a retrospective study in a region of Scotland of
15 per 100,000 living adults over 16 years of age.
In this series, prevalence is obviously underesti-
mated, since it does not consider asymptomatic
AVMs. Only large post-mortem studies in the gen-
eral population could give a more accurate estima-
tion of the prevalence of both symptomatic and
clinically silent AVM. However, such a series does
not exist. Only few hospital-based post-mortem
studies are available, in which the prevalence of
AVMs was found to be between 400 and 600 per
100,000 (AL-SHAHI and WARLOwW 2001; BERMAN et
al. 2000; JELLINGER 1986). This huge discrepancy
is obviously due to the fact that the prevalence in
living subjects is underestimated, first because of
the lack of diagnosed cases being filed in a regis-
try in retrospective studies, and second because
the entire group of nonsymptomatic AVMs are
not included in the counting because they are not
detected. BERMAN et al. (2000) have provided a
very interesting paper in which they reviewed all
of the relevant original literature. They conclude
that “the estimates for AVM prevalence that are
published in the medical literature are unfounded”.
For these authors, the most reliable estimate for
the occurrence of the disease is the detection rate
for symptomatic lesions: 0.94 per 100,000 persons
per year.

Incidence corresponds to the proportion of a
population newly diagnosed with an AVM. Popu-
lation-based incidence data are also very difficult
to evaluate; only two population-based studies of
AVM incidence are available (BRowN et al. 1996a;
JESSURUN et al. 1993), and both are retrospective.
Over a 10-year-period (between 1980 and 1990) in
the Netherlands Antilles, the annual incidence of

symptomatic AVMs was 1.1 per 100,000 per year
(JESSURUN et al. 1993).

In a second study, using the comprehensive Mayo
Clinic medical records linkage system over a 27 year
period from 1965 to 1972 in Olmsted County (USA),
the incidence of symptomatic AVMs was 1.84 per
100,000 per year (BROWN et al. 1996b). Interestingly,
the incidence rate increased over time, probably
due to the use of more advanced brain imaging mo-
dalities. Obviously, a prospective study would give
a more accurate estimate of AVM incidence and a
better description of the population affected by the
disease, but such a study is currently lacking.

Where other demographic characteristics of pa-
tients with brain AVMs are concerned, mean age at
diagnosisisbetween 30and 40 years (HOFMEISTER et
al. 2000; JESSURUN et al. 1993; THE ARTERIOVENOUS
MALFORMATION STUDY GROUP 1999) and it affects
both sexes in nearly equal proportions (HOFMEISTER
et al. 2000; THE ARTERIOVENOUS MALFORMATION
STUDY GROUP 1999).

Even though brain AVMs are considered to be
a congenital disorder, nonsystematized familial
AVMs are extremely rare and very few familial cases
have been reported in the literature (ABERFELD and
Rao0 1981; HERZIG et al. 2000; KAMIRYO et al. 2000;
YoxovaMma et al. 1991). No genetic predisposition
was found and the occurrence of brain AVMs in two
members of the same family could be purely acci-
dental.

Autopsy data showed that only 12% of AVMs
become symptomatic during life (THE ARTERIO-
VENOUS MALFORMATION STUDY GROUP 1999),
and intracranial hemorrhage is the most common
clinical presentation (AL-SHAHI and WARLOw 2001;
HorMEISTER et al. 2000; THE ARTERIOVENOUS
MALFORMATION STUDY GROUP 1999).

AVMs typically present as solitary lesion. Multi-
ple brain AVMs occur in approximately 0.3%-3.2%
of all cases. Surprisingly enough, WILLINSKY et al.
(1990) reported 11 cases of multiple AVMs among
203 patients (6%). Although multiple AVMs may oc-
cur spontaneously, they are frequently associated
with cutaneous or extracranial vascular anomalies
(SALcMAN et al. 1992), such as Rendu-Osler-Weber
disease and Wyburn-Mason syndrome. However,
the clinical mode of presentation, age and sex of the
patient, and anatomic distribution of the lesions are
the same as those in patients with single arteriove-
nous malformations.

Rendu-Osler-Weber disease - also known as he-
reditary hemorrhagic telangiectasia (HHT) - is a
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rare autosomal dominant angiodysplastic disorder
with a prevalence estimated at between 2 and 40 per
100,000 people (GUTTMACHER et al. 1995). Rendu-
Osler-Weber disease is characterized by multisys-
temic vascular dysplasia and recurrent hemorrhage
of the nose, skin, lung, brain, and gastrointestinal
tract. It includes: (a) multiple capillary telangiecta-
sias of the skin and mucosa, and (b) arteriovenous
malformations and fistulas located in the liver (30%
of the cases) (RaLLs et al. 1992), the lungs (15%-
20%), the brain (28%) or the spine (8%). Epistaxis
is the most frequent symptom, present in 85% of the
patients (GUTTMACHER et al. 1995; PORTEOUS et al.
1992).

The prevalence of brain AVMs in patients pre-
senting with Rendu-Osler-Weber disease is esti-
mated to be between 4% and 13% (PORTEOUS et al.
1992; RoMAN et al. 1978; WILLINSKY et al. 1990).
They have no specific characteristics, especially
regarding location and angioarchitecture. How-
ever, multiple AVMs in this syndrome are more
frequent than in the general population, with a fre-
quency estimated at around 30% (AESCH et al. 1991;
HASEGAWA et al. 1999; JELLINGER 1986; JESSURUN
et al. 1993; MATSUBARA et al. 2000; PUuTMAN et al.
1996; RoMAN et al. 1978; SOBEL and NORMAN 1984;
WILLEMSE et al. 2000; WILLINSKY et al. 1990). A re-
cent study of 196 patients with Rendu-Osler-Weber
disease (WILLEMSE et al. 2000) showed that 12%
had a brain AVM, and 96% of these were low grade
(Spetzler-Martin grade I or II). The risk of bleeding
has been estimated to be lower than in non-Rendu-
Osler-Weber disease brain AVMs, ranging from 0.4
to 0.72 per year (KJELDSEN et al. 1999). For some
families, linkage has been established to a mutated
gene located on chromosome 9 g, which induces ab-
normality in endoglin, a transforming growth fac-
tor beta-binding protein expressed on endothelial
cells (CHEIFETZ et al. 1992; MCALLISTER et al. 1994;
SHOVLIN et al. 1997); other linkage studies have es-
tablished another locus at chromosome 12 q, result-
ing in a mutation in the activin receptor-like kinase
gene (“ALK-1” gene), also predominantly expressed
on endothelial cells and also related to the same
TGF-b receptor system (BERG et al. 1997; JoHNSON
et al. 1996).

The very rare Bonnet-Blanc-Dechaume syndrome
- also called Wyburn-Mason syndrome, neuroreti-
nal angiomatosis, or mesencephalo-oculo-facial
angiomatosis — corresponds to the association of
unilateral retinal angiomatosis and a cutaneous
hemangioma in an ipsilateral trigeminal distribu-

tion with an AVM located in the midbrain (PATEL
and GUuPTA 1990; ROSENBLUM et al. 1996; WILLINSKY
etal. 1990). In the 25 cases reported by THERON et al.
(1974), the lesions involved the optic nerve, then fol-
lowed the optic track as a unique continuous nidus
or as multiple focal AVMs.

3.2.2
Pathology, Genetics, and Hemodynamics

3.2.2.1
Pathology

In macroscopic pathology, brain AVMs are com-
posed of (a) clustered and abnormally muscular-
ized feeding arteries, which may also show changes
such as duplication or destruction of the elastica,
fibrosis of the media, and focal thinning of the
wall; (b) arterialized veins of varying size and
wall thickness; (c) structurally ambiguous ves-
sels formed, solely of fibrous tissue or displaying
both arterial and venous characteristics; and (d)
intervening gliotic neural parenchyma (JELLINGER
1986; MANDYBUR and NAZEK 1990; McCORMICK
1966; ROSENBLUM et al. 1996) (Fig. 3.1). They anas-
tomose with normal cerebral vessels. Critical to
the distinction of the true brain AVM from nor-
mal leptomeningeal vessels that may assume the
appearance of a malformation in neurosurgical
material as a result of artifactual compaction are
the former’s conspicuous mural anomalies. Chief
among these are striking fluctuations in medial
thickness, architectural disarray, or focal disap-
pearance of the media altogether, or its separation
into inner and outer coats by a seemingly aber-
rant elasticlamina. Numerous abnormalities of the
muscular layer were identified, including partially
developed media, two layers of the media separated
by a well-formed internal elastic membrane, total
or partial disarray of the muscle coat, and par-
tial absence of the media (MANDYBUR and NAZEK
1990). Previously described large capillaries proved
to be postcapillary venules by virtue of having a
distinct muscular layer. Mandybur and colleagues
performed serial sectioning, indicating that the
previously described “polypoid projections” of
the media are mostly artifacts, and the concept of
“arterialization of veins in arteriovenous malfor-
mations” could not be substantiated (MANDYBUR
and NAZEK 1990; ROSENBLUM et al. 1996).
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Fig. 3.1. Macroscopic view of a surgically resected brain
AVM depicts enlarged feeding arteries and draining veins
with arteriovenous shunts. Normal brain surrounds the
AVM with partially necrosed areas. (Courtesy of Pr. Mikol,
Neuropathology Department, Lariboisiére, Paris, France)

Ultrastructural pathological features of brain
AVMs were also studied but consist only in the dis-
organization of collagen bundles within nidal ves-
sels’ walls (WoNG et al. 2000).

Embolization results in endothelial cell disrup-
tion with preservation of the underlying subendo-
thelial vessel wall (WonNG et al. 2000). Lesions sub-
jected to embolization with bucrylate or polyvinyl
alcohol (GERMANO et al. 1992; VINTERS et al. 1986)
exhibit a foreign-body response and may undergo
focal necrosis. Entrapped neuropil usually mani-
fests dense astrogliosis, neuronal depopulation, and
ferruginous encrustation of included neuroglial
elements. Within interstices of AVM, oligodendro-
glioma-like regions may be encountered that may
be intrinsic to the underlying misdevelopment pro-
cess or the result of abnormal oligodendroglial ag-
gregation caused by the ischemic contraction of en-
trapped white matter (LOMBARDI et al. 1991; NAZEK
et al. 1988; ROSENBLUM et al. 1996).

3.2.2.2
Genetics

The majority of AVMs are believed to be congeni-
tal, although it is possible that some lesions are ac-
quired. Thus, even though they are developmental
anomalies, it is likely that a combination of con-
genital predisposition and extrinsic factors lead to
their generation (CHALLA et al. 1995; CHALOUPKA

et al. 1998). The vast majority of cases are sporadic,
in which no familial association is observed, and
no specific gene mutations have been reported for
these AVMs.

Although familial brain AVMs are rare, elective
screening of individuals with a family history of
AVM is recommended (ABERFELD and Rao 1981;
AMIN-HANJANI et al. 1998). An exception is the rare
setting of Rendu-Osler-Weber disease, mapped to
the endoglin gene on chromosome 9 g, or the activin
receptor-like kinase gene on chromosome 12 g, both
expressed on endothelial cells and related to the
TGF-beta receptor system. It is presumed that the
genetic defects in this disease result in a signaling-
pathway abnormality, potentially affecting vascular
assembly and remodeling. It is not yet known why
abnormal vascular morphology is limited to focal
AVM lesions and whether more common sporadic
AVMs also reflect similar mechanisms of dysmor-
phogenesis (HADEMENOS et al. 2001).

3.2.2.3
Hemodynamics

The velocity of blood flow is considerably higher
through AVMs than through normal brain paren-
chyma. As a result of the abnormal hemodynamic
condition, feeding arteries and draining veins be-
come progressively dilated and tortuous. The he-
modynamic effects of shunt flow through an AVM
on the surrounding brain have been implicated
in the pathogenesis of pretreatment neurological
deficits. In fact, AVMs could be compared to vas-
cular “sponges”, which consume large volumes of
blood, depriving the brain of normal circulation
(BARNETT et al. 1987; DUCKWILER et al. 1990; JuN-
GREIS et al. 1989; SPETZLER et al. 1992; YOUNG et
al. 1994b). A decrease in the perfusion pressure
may place these neighboring vascular territories
below the lower limit of autoregulation by a com-
bination of arterial hypotension and venous hy-
pertension. Focal neurological deficits have been
attributed to this phenomenon of “cerebral steal”
(FINK 1992; MANCHOLA et al. 1993; MARKS et al.
1991; NorNEs and GrIP 1980); its reported clini-
cal frequency varies widely but is probably much
lower than was previously thought (Mast et al.
1995). Moreover, in the same prospective series,
Mast and colleagues demonstrated that there was
no relation between feeding artery pressure or flow
velocity and the occurrence of focal neurological
deficit.
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3.2.3
Physiopathology and Biology

The pathogenesis of brain AVMs is currently un-
known, but recent work suggests that their genesis
and development may be linked to aberrant vas-
culogenesis or angiogenesis (SHALABY et al. 1995).
Indeed, in embryos, vascular morphogenesis is a
two-stage process: The first stage - vasculogenesis
- corresponds to the differentiation of angioblasts
into endothelial cells to form the primary vascular
plexus. During the second stage - angiogenesis —
this primary vascular plexus undergoes remodeling
and organization including recruitment of perien-
dothelial cell support (HasHIMOTO et al. 2001). In
both processes, blood vessels are established and
remodeled by protein ligands that bind and modu-
late the activity of transmembrane receptor tyrosine
kinases. Recent studies have clarified two main sys-
tems of angiogenesis growth factor and the endothe-
lial cell-specific protein tyrosine kinase (HANAHAN
1997). The high-affinity binding receptors of the
vascular endothelial growth factor (VEGF-RI and
VEGF-R2) appear to mediate various facets of endo-
thelial cell proliferation, migration, adhesion, and
tube formation (URANISHI et al. 2001). A recently
discovered group of cytokines, the angiopoietins 1
and 2, and their receptors Tie-1 and Tie-2, play an
important role at later stages of vascular develop-
ment (SATO et al. 1995).

More precisely, when VEGF binds to VEGF-R2
during embryogenesis, endothelial cells are cre-
ated and caused to proliferate. When VEGF binds
to VEGF-R1, endothelial cells interact and capillary
tubes are formed (FoNg et al. 1995; SHALABY et al.
1995). When angiopoietin-1 binds to Tie-2, perien-
dothelial support cells are recruited and caused to
associate with endothelial cells (PATAN 1998). When
angiopoietin-2 binds to Tie-2, kinase activation in
endothelial cells is blocked and vessel structures be-
come loosened.

Experimental embryos that are deficient in Tie-2
produce the formation of abnormal enlarged vessels
without intervening normal capillaries (SATo et al.
1995), and these abnormal vessels resemble human
brain AVMs. Embryos that are deficient in Tie-1 fail
to establish the structural integrity of vascular en-
dothelial cells, resulting in vascular leakage, edema,
and breakthrough hemorrhage. Targeted disruption
of angiopoietin-1 in the embryo islethal, and associ-
ated vascular defects resemble those in the tie-2-de-
ficient model. Angiopoietin-2 has been shown to be

a naturally occurring antagonist for angiopoietin-1
and Tie-1. Transgenic overexpression of angiopoi-
etin-2 disrupts blood vessel formation in the mouse
embryo (MAISONPIERRE et al. 1997).

Interestingly, it has been proven that endothelial
cell expression of VEGF-R and angiopoietin recep-
tors in endothelial cells is significantly higher in pa-
tients with surgically resected brain AVMs than in
controls (HasHiMmoTo 2001; URANISHI et al. 2001).
The significant up-regulation of VEGF and Tie in
AVMs may indicate some ongoing angiogenesis,
possibly contributing to the slow growth and main-
tenance of the AVM, and could be of potential use in
the therapeutic targeting of these lesions.

However, it is currently difficult to attribute ab-
normal VEGF-R expression to specific pathophysi-
ological features of AVMs. It is likely that biological
alterations reflect not only the specific mechanisms
that triggered lesion genesis but also subsequent
nonspecific changes attributable to flow hemor-
rhage, and other injury responses.

Clinical Presentation

The most frequent clinical presentations of brain
AVMs are hemorrhage, seizure, chronic headache,
and focal deficits not related to hemorrhage (MasT
et al. 1995).

3.3.1
Natural History

Brain AVMs are lesions that are not affected by im-
portant anatomic modifications over time. However,
as was outlined by BERENSTEIN and LASJAUNIAS
(1992), AVMs are dynamic, i.e., they undergo contin-
uous subtle anatomic and hemodynamic changes.
A cerebral AVM becomes clinically evident when
the host’s capacity to compensate effectively has
reached its threshold. Cerebral AVMs are often
symptomatic in young adults, typically before the
age of 40 (HOFMEISTER et al. 2000).

From an anatomic point of view, the natural his-
tory of brain AVMs may rarely include enlargement,
decrease, or regression (MINAKAWA et al. 1989;
CHEN et al. 1991; KrRAPF et al. 2001). Surprisingly,
in a small series of 20 patients followed up by an-
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giography for periods of 5-28 years, Minakawa ob-
served an increase in size of the AVM in 4 patients,
a decrease in 4, and total regression in 4. Enlarge-
ment of brain AVMs is observed in young patients
(under 30years of age), and especially in child-
hood (KRAYENBUHL 1977; MENDELOW et al. 1987;
MINAKAWA et al. 1989).

Spontaneous obliteration of cerebral AVMs is rare;
only 50 cases have been reported in the literature. Fac-
tors predisposingan AVM to regression by thrombosis
are those that affect the venous hemodynamic state of
the AVM: anatomy of the AVM, surgical manipulation
of the lesion, compression of the AVM by surround-
ing mass lesions (CHEN et al. 1991). Most often, the
thrombosis of the AVM nidus will occur secondary to
an intracerebral or subarachnoid hemorrhage. In this
case, the mass effect of the blood clot may alter the
dynamic of the AVM and decrease blood flow, prob-
ably by compression of draining veins to the extent
that thrombosis may occur. Surgical intervention,
including evacuation of a blood clot or placement of
a shunt, has been associated with regression of AVMs
explained by compression of the veins from bleeding
or swelling. Spontaneous regression may also occur
(KraAPF et al. 2001). Several factors appear to be asso-
ciated with spontaneous occlusion of cerebral AVM:
single draining vein (84% of cases of spontaneous oc-
clusion), solitary arterial feeder (30%), small size of
the nidus (<3 cm in 50%) (KRAPF et al. 2001).

3.3.2
Intracranial Hemorrhage

Intracranial hemorrhage is the most common clini-

cal presentation of brain AVM, with a frequency of

between 30% and 82% (MAsST et al. 1995). Identifi-
cation of factors increasing the risk of bleeding of

a brain AVM is very important with regard to the

treatment strategy. However, two difficulties are en-

countered in an analysis of the literature:

e There is a lack of consistency in the terminology
used to describe clinical and radiographic fea-
tures of brain AVMs. Recently, the Joint Writing
Group of the Technology Assessment Committee,
American Society of Interventional and Thera-
peutic Neuroradiology, Joint Section on Cere-
brovascular Neurosurgery, Section of Stroke and
Section of Interventional Neurology of the Ameri-
can Academy of Neurology (OGILVY et al. 2001)
proposed a uniform terminology for clinical and
radiographic description of brain AVMs.

e The identification of factors affecting the bleeding
risk of brain AVMs is difficult, because anatomic
and hemodynamic factors are often not indepen-
dent, and a precise analysis has to be performed
(MANSMANN et al. 2000).

3.3.2.1
Factors Increasing the Risk of Bleeding

Several factors may increase the risk of a first hemor-
rhage in case of brain AVM.

Anatomic Factors

Many factors have been studied to evaluate their in-
fluence on the bleeding rate of brain AVMs (MARKS
etal. 1990; HoupART etal. 1993; SPETZLER et al. 1992;
KADER et al. 1994; TURJMAN et al. 1995a; PoLLOCK
et al. 1996a; NATAF et al. 1997; MANSMANN et al.
2000).

Feeding Vessels

Arterial Aneurysms

The prevalence of arterial aneurysms is estimated
at between 2.7% and 22.7%, with a mean of about
10%.

Several classifications of arterial aneurysms as-
sociated with brain AVMs have been proposed. Ac-
cording to HOUDART et al.(1993), three groups of
aneurysms associated with brain AVMs have to be
defined according to their site: type I, proximally
on a large artery; typeII, distally on a large feed-
ing artery; type IIl, intra- or juxtanidal. CUNHA E
Sa etal. (1992) have proposed another classification:
type I, proximal on ipsilateral major artery feeding
the AVM; type Ia, proximal on major artery related
but contralateral to the AVM; type II, distal on su-
perficial artery feeding the AVM; type III, proximal
or distal on deep artery feeding the AVM; type IV,
on artery unrelated to the AVM. In fact, the most
useful classification of aneurysms associated with
brain AVMs is probably that proposed by the Joint
Writing Group (OGILVY et al. 2001). Aneurysms are
categorized as flow related, non-flow related, nidal,
proximal, and distal. Flow-related aneurysms are lo-
cated on a pathway supplying the brain AVM shunt.
Aneurysms are defined as saccular luminal dilata-
tions of the parent feeding vessel. Nidal is defined
as contiguous with the nidus. Proximal aneurysms
would be located on the vessel or branch points of
the circle of Willis or proximal to it. Distal refers to
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locations beyond the circle of Willis. A similar clas-
sification was recently used in a series dealing with
brain AVMs associated with arterial aneurysms
(REDEKOP et al. 1998). P1oTIN et al. (2001) also de-
fine proximal, distal, and intranidal aneurysms but
do not distinguish between flow-related and non-
flow-related aneurysms.

As outlined by HOUDART et al. (1993), the depic-
tion of intranidal aneurysms is difficult; it is often
performed at the time of superselective angiogra-
phy. Moreover, true arterial intranidal aneurysms
have to be distinguished from pseudoaneurysms,
which are at the point of rupture of the nidus or of
the venous drainage.

The significance of aneurysms associated with
brain AVMs in the occurrence of bleeding is unclear.
PorLock et al. (1996) find no association between
proximal or nidal associated aneurysms and intra-
cranial bleeding. The univariate and multivariate
analysis performed by MANSMANN et al. (2000) in
a large series of patients revealed no association be-
tween aneurysms in the feeders or intranidal aneu-
rysms and intracranial hemorrhage. In other series,
arterial aneurysms and intranidal aneurysms are
associated with a high prevalence of hemorrhage
(MARKs et al. 1990; TURJMAN et al. 1995; THOMPSON
et al. 1998; REDEKOP et al. 1998; P10oTIN et al. 2001).

In the series of CUNHA E Sa et al. (1992) the site
of rupture was the aneurysm in 46% of cases, the
AVM in 33% of cases, and undetermined in 21% of
cases. In other series (BATJER et al. 1986; PIOTIN et
al. 2001), the source of hemorrhage in patients har-
boring brain AVMs and associated aneurysms was
identified as an aneurysm in approximately 80% of
cases.

Thus, we can postulate with BERENSTEIN and
LAsJjAUNIAS (1992) that intranidal aneurysms repre-
sent a weakness of the angioarchitecture and should
influence treatment strategy. This is probably also
true for other associated aneurysms.

A higher percentage of multiple aneurysms has
been reported in the population of patients with
brain AVMs (BATJER et al. 1986; BROWN et al. 1990;
CUNHA E SA et al. 1992; THOMPSON et al. 1998), but
this feature seems not to be associated with a higher
risk of hemorrhage (P10TIN et al. 2001).

Feeders from the External Carotid Artery

Some brain AVMs are fed by branches of external
carotid arteries, and the significance of this ana-
tomic situation is uncertain. Is there an intradural
compartment of the AVM? Or is there a vascular-

ization of the nidus through arterial anastomosis
coming from external branches? Whatever, it seems
that the incidence of bleeding is not increased when
the brain AVM is fed by branches of the external
arteries.

Others

TURJMAN et al. (1995a) have shown an increased risk
of bleeding in case of feeding by perforators and by
the vertebrobasilar system. As outlined by Turjman,
perforators are involved in the supply of deep AVMs,
such as corpus callosum and basal ganglia AVMs,
and it is difficult to evaluate which feature is the
most important for determination of the bleeding
risk.

Regarding feeders coming from the vertebrobasi-
lar system, the discussion is the same as for the loca-
tion of AVMs (see below).

Nidus

Size

A relationship between the size of an AVM and its
tendency to rupture has been suggested. In the se-
ries of GRAF et al. (1983), the risk of hemorrhage at
5 years was 10% for large AVMs (>3.0 cm in diame-
ter) and 52% for small AVMs (< 3 cm in diameter). In
the series of SPETZLER et al. (1992), 82% of patients
with small AVMs (less than 3 cm), 29% of patients
with medium-sized AVMs (3-6 cm), and 12% of pa-
tients with large AVM (greater than 6 cm) presented
with hemorrhage. The same relation between ni-
dus size and bleeding was found by other authors
(IToyamA et al. 1989; KADER et al. 1994; DUONG et
al. 1998). The multivariate analysis performed in the
large series of patients studied by MANSMANN et al.
(2000) also identified AVM size of more than 3 cm
as a factor negatively associated with intracranial
hemorrhage.

However, the absolute risk of spontaneous in-
tracranial hemorrhage from small and large brain
AVMs is still a matter of controversy. In the series
of CRAWFORD et al. (1986), 21% small and 18% large
AVM rebled within 5 years. Small and large AVMs
may have the same risk of bleeding. Large AVMs can
more often present in other ways than hemorrhage
(seizures, progressive deficits, headache), and this
may lead to an overestimation of the rate of bleed-
ing of small AVMs. In this case, age at the time of
presentation would be higher in the group of pa-
tients with hemorrhage than in the group without.
However, age at the time of presentation is the same
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in both groups (KADER et al. 1994), supporting the
idea that small AVMs have a higher risk of hemor-
rhage. Moreover, by measuring the feeding artery
pressure intraoperatively, SPETZLER et al. (1992)
demonstrated that the pressure is higher in small
brain AVMs, which could explain the higher rate of
bleeding of small AVMs (see below).

Hematoma size seems to be inversely related to
the size of the AVM (SPETZLER et al. 1992).

Location

The risk of bleeding of brain AVMs depending on
theirlocationhasnotbeen evaluated systematically.
Some authors suggest that AVMs in deep locations,
such as in the basal ganglia or in the periventricu-
lar or intraventricular space, have an increased
risk of bleeding (MARKS et al. 1990; TURJMANN et
al. 1995). WiLLINSKI et al. (1988) concluded that
hemorrhage is more likely to occur in deep lesions
and posterior fossa AVMs. However, CRAWFORD et
al. (1986) showed that the depth of the AVM had
no influence on the risk of hemorrhage. Moreover,
the high prevalence of hemorrhage in deep-seated
AVMs identified in some series may be partially
explained by the fact that the patients are less likely
to present with focal neurologic deficits or seizure
disorders.

The results published by STAPF et al. (2000) sug-
gest that an arterial border zone location of brain
AVMs is an independent determinant of lower risk
of incident AVM hemorrhage.

Angiogenesis

This factor was defined as transdural anastomosis
or secondarily acquired perilesional angiogenesis
(MANSMANN et al. 2000). When it is combined with
arterial stenosis or dural venous stenosis, this factor
may increase the risk of intracranial hemorrhage.

Venous Drainage

Deep Venous Drainage

Deep venous drainage is associated with a higher
risk of bleeding (MARKsS et al. 1990; M1YASAKA et al.
1992; KADER et al. 1994; NATAF et al. 1997; DUONG et
al. 1998). Superficial and deep venous drainage are
different from an anatomic point of view. The veins
of the central drainage have one final common path-
way which is the vein of Galen and the straight sinus.
On the other hand, superficial veins have more con-
nections and may drain posteriorly via the superior
sagittal sinus and anteriorly via the sylvian vein. The

superficial venous system is probably more flexible
in adaptation to the hemodynamic situation created
by the presence of the AVM.

Venous Stenosis

The presence of a stenosis on the venous drainage of
a brain AVM is associated with an increased risk of
bleeding (M1vASAKA et al. 1992; NATAE et al. 1997),
probably due to proximal venous hypertension.
This factor was also identified in the large series
of patients analyzed by MANSMANN et al. (2000),
but venous stenosis was not statistically associated
with intracranial hemorrhage for cortical AVMs. Ve-
nous dilatation was correlated to an increased risk
of hemorrhagic presentation in dural arteriovenous
fistulas (COGNARD et al. 1995).

The suggested mechanisms for venous stenosis
in AVMs are varied: endovascular proliferation in
reaction to increased venous flow or pressure (Fry
1968), congenital extrinsic anatomic narrowing of
the lumen as it traverses the dura mater or curves
around bone (CRAWFORD et al. 1986; WILLINSKY
et al. 1988), kinking in ectatic veins (NATAF et al.
1997).

Others

The presence of a single draining vein may be associ-
ated with an increased risk of bleeding (M1vAsAkA
et al. 1992; PoLLOCK et al. 1996).

Venous reflux into a sinus or a deep vein seems to
be positively correlated with the risk of hemorrhage
(NATAF et al. 1997), but this feature has seldom been
studied. In contrast, venous recruitment seems to be
protective against bleeding.

Venous ectasia may be intra- or paranidal and the
sign of a previous hemorrhage. Venous ectasia may
also be remote from the nidus. The link between ve-
nous ectasia and bleeding is unclear (NATAF et al.
1997).

Hemodynamic Factors

Feeding Artery Pressures

In a relatively small series of patients, SPETZLER et
al. (1992) evaluated the perfusion pressure of AVM
arterial feeders. The difference between mean arte-
rial blood pressure and the feeding artery pressure
was higher in ruptured than in non-ruptured AVMs.
Moreover, smaller AVMs had significantly higher
feeding artery pressure than larger AVMs and were
associated with larger hematomas. These results
were partially confirmed by KADER et al. (1994), who
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found that patients presenting with hemorrhage had
higher feeding artery pressure than patients in the
nonhemorrhage group. The feeding artery pressure
was only weakly related to the size of the lesion, but
measurements were performed only in medium and
large-sized AVMs.

In a large series of patients, DuoNG et al. (1998)
also found that feeding arterial pressure was posi-
tively correlated with the occurrence of bleeding.

In the study performed by NorBASH et al. (1994),
feeding arterial pressure was not statistically dif-
ferent in the hemorrhage and nonhemorrhage
groups and was not related to the size. A non-sta-
tistically significant trend to decreasing feeding
arterial pressures from AVMs having a central ve-
nous drainage to those having peripheral venous
drainage was observed. Moreover, the feeding arte-
rial pressure was lower when the feeding artery was
longer, and the length of the feeding artery was also
correlated to the type of venous drainage (deep or
superficial).

Draining Vein Pressures

The draining vein pressure did not differ between
patients with hemorrhage and those without (KADER
et al. 1994).

3.3.2.2
Factors Decreasing the Risk of Bleeding

Very few studies have evaluated anatomic factors

decreasing the risk of bleeding of a brain AVM. Two

factors were identified on the arterial side as having

a protective effect against bleeding (MANSMANN et

al. 2000):

1. Arterial stenosis, which is defined as a reduction
in arterial caliber and could be intrinsic (con-
centric narrowing by intraluminal protrusions
related to high-flow angiopathy) or extrinsic
(bony, dural or venous compression)

2. Arterial angioectasia, which is defined as seg-
mental arterial capillary dilatation in the col-
lateral system in the vicinity of the AVMs (with
recruitment and enlargement of leptomeningeal
and subependymal anastomoses) and hemody-
namic enlargement of preexisting feeding arter-
ies.

These two factors probably contribute to the de-
crease of the pressure inside the nidus.

Arteriovenous fistulas, defined as large arterio-
venous communications between the arterial and

venous components of AVMs with high flow velocity
and a visible shunting transition, seem to be also as-
sociated with a lower risk of bleeding (MANSMANN
et al. 2000).

In summary, several factors have been identi-
fied which potentially modify the risk of bleeding of
brain AVMs. However, there is clearly a general bias
in many studies regarding the evaluation of bleeding
rates. Indeed, some anatomic characteristics identi-
fied as increasing the risk of bleeding are also related
to aless frequent nonhemorrhagic presentation such
as epilepsy or focal deficit, e.g., small size of the
AVM, deep location, and deep venous drainage. If a
group of brain AVMs can be only asymptomatic or
hemorrhagic, then the percentage of bleeding in this
group will be 100%, except if asymptomatic AVMs
are detected for any reason by CT or MRI.

3.3.2.3
Annual Rate of Bleeding

The natural history of brain AVMs has been studied

in different series of untreated patients (GRAF et al.

1983; FuLTs and KELLY 1984; CRAWFORD et al. 1986;

BROWN et al. 1988; ITovyaMmA et al. 1989; ONDRA et

al. 1990). There are a number of biases in these dif-

ferent studies:

e Generally, studies were conducted at centers spe-
cializing in the treatment of cerebrovascular dis-
orders, thus creating a recruitment bias.

e The number of patients included in these series is
usually small (50-343 patients).

e In the majority of series, natural history was stud-
ied in the group of patients managed nonsurgi-
cally, and this is a very important recruitment
bias.

e Most studies are retrospective.

For all these reasons, we have to be careful with
the data provided by these series.

GRAF et al. (1983) reported a series of 191 patients
presenting with unruptured or ruptured AVMs.
The average yearly risk of bleeding was estimated
to be between 2% and 3%. CRAWFORD et al. (1986)
reported a series of 217 patients harboring AVMs
who were managed without surgery with a mean fol-
low-up period of 10.4 years. There was 42% risk of
hemorrhage, 29% risk of death, 18% risk of epilepsy,
and 27% risk of having a neurological handicap at
20 years after diagnosis.

BrOwN et al. (1988) reported a series of 168 pa-
tients with unruptured AVMs followed for a mean
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period of 8.2 years. The mean risk of hemorrhage
was estimated to 2.2% per year. The risk of death
from rupture was 29%.

The series of ONDRA et al. (1990) included 166
patients with a mean follow-up of 24 years (ONDRA
etal. 1990). The annual rate of bleeding was 4% per
year and the mortality was 1% per year. The com-
bined rate of major morbidity and mortality was
2.7% per year. Overall, the percentages are rela-
tively close between the different series, with an-
nual rates of bleeding between 2% and 4% (JoMIN
et al. 1993).

The occurrence of a first hemorrhage seems to
be associated with an increased risk of subsequent
hemorrhage (GRAF et al. 1983; IToyama et al. 1989;
MasT et al. 1997). In the series of GRAF et al. (1983),
patients with ruptured AVMs had a 6% risk of re-
bleeding in the first year after hemorrhage and 2%
thereafter. ITovama et al. (1989) found relatively
similar results. The incidence of rebleeding after a
first hemorrhage is 6.9% in the first year, 1.9% per
year after 5 years and 0.9% after 15 years.

Pregnancy does not appear to increase signifi-
cantly the likelihood of hemorrhage from an AVM
(FINNERTY et al. 1999). In a large retrospective
study of 451 women (HorToON et al. 1990), the hem-
orrhage rate for pregnant and nonpregnant women
of childbearing age with an unruptured AVM was
respectively 0.035 per person-year and 0.032 per
person-year. Women with an AVM have a 3.5% risk
of hemorrhage during pregnancy. In this series,
none of the hemorrhages occurred during labor,
vaginal delivery, or Cesarean section. Thus, the
route of delivery should be based on obstetric con-
siderations (HORTON et al. 1990; D1As and SEKHAR
1990).

3.3.24
Severity of the Hemorrhage

On the basis of retrospective analysis, the rupture
of brain AVMs is estimated to be less severe than
that of intracranial aneurysms, with mortality be-
tween 10% and 15% and an overall morbidity of
less than 50% (THE ARTERIOVENOUS MALFORMA-
TION STUDY GROUP 1999). Hemorrhages of brain
AVMs are subarachnoidal (30%), parenchymal
(23%), intraventricular (16%), and in combined
locations in 31% of cases (HARTMANN et al. 1998).
Parenchymal hemorrhages were most likely to re-
sult in a neurological deficit (52%). Overall, in the
series of HARTMANN et al. (1998), 47% of patients

had a good outcome after the bleeding and an ad-
ditional 37% of patients were independent in their
daily life.

In fact, as was shown by HiLLmAN (2001), the
rupture of an AVM is as devastating as that of an
aneurysm. While aneurysm rupture is more lethal
than AVM rupture (21% vs 9%), a good outcome is
obtained less frequently in AVM than in aneurysm
ruptures (49% vs 56%), due to the high incidence of
parenchymal hematoma.

3.3.3
Epilepsy

Seizures are the initial symptom in 16%-53% of pa-
tients, with a mean of 34% (MAST et al. 1995). In the
majority of cases, seizures are focal or focal complex
(Os1pov et al. 1997). Grand mal seizures are encoun-
tered in 27%-35% of cases (OsIpov et al. 1997).

Cortical AVMs are more often associated with
seizures (TURJMAN et al. 1995). In a large number
of cases antiepileptic drugs provide good control of
seizures (Osipov et al. 1997).

3.34
Headache

Chronic headache is the initial symptom in 7%-48%
(mean: 31%) of cases (MAsT et al. 1995). The relation
between headache, migraine, and arteriovenous
malformations is unclear. In a large review of the
literature, FRISHBERG (1997)concluded that “while
most patients with AVM who have headache have
it on the side of the AVM, migraine patients with
strictly unilateral location of headache are very un-
likely to have an AVM”.

There is no feature such as frequency, duration,
or severity suggesting the diagnosis of AVM (THE
ARTERIOVENOUS MALFORMATION STUDY GROUP
1999).

3.3.5
Focal Neurologic Deficits

Focalneurologicdeficitswithouthemorrhagearethe
initial symptom in 1%-40% of patients (MAsT et al.
1995). In fact, this clinical presentation is probably
infrequent (THE ARTERIOVENOUS MALFORMATION
STupYy GROUP 1999). As outlined by MasT et al.
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(1995), focal neurologic deficits encountered in pa-
tients harboring brain AVMs may be progressive,
stable, or reversible. Reversible focal neurologic
deficits are questionable regarding their mecha-
nism, since a post-ictal etiology cannot be ruled
out. The progression of neurologic deficit may have
different explanations: steal phenomenon (CARTER
and GUMERLOCK 1995), venous hypertension, or
mass effect (M1vAsakA et al. 1997). The relevance
of the steal phenomenon is in fact very difficult to
demonstrate in patients presenting with progres-
sive neurologic deficits (MAsT et al. 1995). Indeed,
positron emission tomography studies (FINk 1992;
KAMINAGA et al. 1999) showed a decrease of cere-
bral blood flow in brain tissues surrounding AVMs,
but without increase in parenchymal blood volume
or modifications of glucose and oxygen extraction
fractions.

Mass effect is detected in a relatively high per-
centage of nonhemorrhagic cases (44%, MIYASAKA
et al. 1997). Cortical sulci obliteration and lateral
ventricle displacement are frequently observed.
Mass effect could be related to the size of the AVM
itself or to the presence of large dilated venous sacs
or ectatic veins. White-matter edema is rarely the
cause of mass effect.

Diagnostic Imaging

3.4.1
Goals of Imaging

Imaging has several roles and goals:

1. To establish the diagnosis of brain AVM in vari-
ous clinical situations

2. To make a pretherapeutic evaluation of the AVM
to help in decision-making

3. To treat the AVM as a sole therapy or in associa-
tion with surgery or radiosurgery

4. To perform post-therapeutic evaluation

3.4.2
Imaging Modalities

3.4.2.1
CT Scan

In patients with a sudden-onset of a neurological
deficit, a CT scan is usually the first imaging modal-
ity used, mainly to rule out hemorrhage (DUCREUX
et al. 2001). CT is able to show very early parenchy-
mal, subarachnoid, and intraventricular bleeding.
The diagnosis of brain AVM should be discussed
when the patient is young, if the parenchymal hema-
toma has a lobar topography, and if calcifications or
spontaneously hyperdense serpiginous structures
are visible (Fig. 3.2).

In case of unruptured AVM, non-contrast-en-
hanced CT scans can be normal. However, in some
patients slightly hyperdense serpiginous structures
can be seen (Fig. 3.3). Parenchymatous calcifications
are observed in 20% of cases, related to intravascular
thrombosis or evolution of an old hematoma. Contrast
agent injection is absolutely mandatory to depict the
brain AVM (Figs. 3.4 and 3.5) on CT. Abnormalities of
the parenchymal density are visible in approximately
25% of cases, related to the presence of gliosis or an old
hematoma. Abnormalities of the ventricular system
can be observed: focal dilatation in case of associated
parenchymal atrophy; compression of the ventricular
system in case of mass effect caused by the AVM. Hy-
drocephalus can be observed in case of previous hem-
orrhage or if the ventricular system is compressed by
enlarged draining veins of the AVM.

The role of CT angiography in the diagnostic
workup of brain AVMs is not precisely defined. Aokr
etal. (1998) showed that 3D CT angiography provided
precise anatomic information on nidus and draining
veins but did not demonstrate small feeders.

In patients with alarge hematoma for which emer-
gency evacuation is necessary, CTA may be useful
to detect a brain AVM preoperatively and thus give
the surgeon some idea about the surgical strategy to
be followed. However, small AVMs can be misdiag-
nosed by this technique.

»
-

Fig. 3.2a-f. A 14-year-old girl presenting with sudden headaches and deficit of right lower limb. a CT-scan shows a subcor-
tical frontoparietal hematoma with hypodense structures. b Proton density MR, flow void serpiginous structures anterior
to the hematoma very evocative of brain AVM. ¢ Time of flight (TOF) angio-MR shows feeding arteries and nidus size and
morphology. d Phase contrast (PC) angio-MR shows nidus and draining veins. Combined information from TOF and PC
concerning arterial feeders, nidus, and venous drainage morphology were considered accurate enough to plan treatment.
Embolization was decided on first and was performed 3 months after bleeding. Digital angiography in lateral and AP view
(e, f) was done with the patient under general anesthesia at beginning of embolization. Retrospectively, AVM architecture

was very precisely analyzed on angio-MR
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Fig. 3.3a-f. A 46-year-old man who presented with a parenchymal frontal hematoma in 1976, resulting in a slight residual
right hemiparesis predominating at the level of the lower limb. The patient came to our department in 2000 complaining of
progressive worsening of the deficit, confirmed by repeated clinical examination during the preceding 6 months. Contrast
CT scan shows an AVM of the left medial frontal lobe with calcifications (a) and an aneurysm of the anterior communicat-
ing (Acom) artery (b). Digital angiography shows Acom aneurysm and huge frontoparietal AVM fed by both anterior and
middle cerebral artery branches and deeply involving the white matter (c, d). Acom aneurysm was considered the weakest
point and treated first (e, f). Treatment was difficult due to aneurysm neck size and high flow. Oversized coils were neces-
sary to keep them in the aneurysm cavity. The AVM is still under an embolization protocol with the aim of reducing AVM
volume and flow to improve progressively worsening symptoms
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Fig. 3.4a-j. A 42-year-old woman
presenting with two episodes of
seizures. Pre- and post-contrast CT
scans (a, b) show a right temporal
AVM. A slightly hyperdense struc-
ture is visible before and, strongly
enhanced, after injection. Frontal
and axial T, images perfectly local-
ize the AVM within the white matter
of the right temporal lobe, but deter-
mination of the nidus border is dif-
ficult (c, d). A 3D TOF image does
not show the nidus limits precisely
and affords poor understanding of
the AVM architecture (e). Digital
angiography performed during em-
bolization shows the arterial feed-
ers, nidus size and venous drain-
age much better (f). Superselective
injection during embolization al-
lows a much better understanding
of nidus arteriovenous architecture.
Distal catheterization shows imme-
diate opacification of draining veins
(9). Such arteriovenous anatomy
allows very efficient embolization
with easy gluing of origin of drain-
ing veins (h). Three and 18 months
after second embolization, follow-
up angiography showed complete
occlusion (i, j)
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Fig. 3.5a-d. A 63-year-old woman presenting with common headaches. Post-contrast CT scan shows an abnormal vessel
within the right temporal lobe (a). Axial proton density image shows enlarged flow void vessel (b). Digital angiography
depicts a very small superficial temporal AVM draining into a single, slightly dilated, superficial vein (c, d). AVM is sup-
plied by very short “en passage” feeders. Due to patient’s age, absence of symptoms, and AVM morphology no therapy was
planned

3.4.2.2
MR

Patients presenting with ruptured AVMs are usually
examined in the acute phase by a CT scan. MRI is
currently used in case of unruptured AVM or to find
the underlying lesion in case of lobar hematoma,
generally days or weeks after the bleeding.

Given the different sequences available in MR im-
aging, MRI is able to give three levels of analysis of
the AVM:

e Anatomic analysis using conventional sequences
e Vascular analysis using MR angiography
e Functional analysis using fMRI

Anatomic Analysis

Conventional sequences (T;, T,, T, with gadolinium)
enable a very precise analysis of the brain AVM
(SmiTH et al. 1988b). On T;- and T,-weighted images,
circulating vessels have no signal because of the flow
void phenomenon (Fig. 3.5). On T;-weighted images
with gadolinium, vessels are enhanced.

The size and the anatomic location of the nidus
are precisely delineated by MRI (Figs. 3.4 and 3.6).
SMITH et al. (1988) showed that the size of the nidus
was more precisely shown by MRI than by conven-
tional angiography. Anatomic location was always
better defined by MRI than by angiography. Depic-
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Fig. 3.6a-f. A 27-year-old man presenting with a small deep hematoma with ventricular hemorrhage. Axial proton density
MR image shows a left temporopolar small brain AVM (a) and the hematoma in a remote, more posterior location at the
medial aspect of the left temporal lobe (b). Internal carotid injection shows the temporal AVM with a deep venous drain-
age (c). An intranidal aneurysm or false aneurysm is visible; this must be considered the most likely cause of the bleeding
and should be the first target of embolization. Superselective catheterization of the lenticulostriate artery harboring the
aneurysm allowed gluing of both aneurysm and AVM (d). Final follow-up angiography after four embolizations showed
incomplete obliteration of the AVM with disappearance of any nidus but persistent early venous drainage (e, f)
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tion of arterial feeders and draining veins is often
incomplete with conventional sequences.

MRI is also a good tool to clearly demonstrate
parenchymal lesions caused by the AVM. Because
of the high sensibility to hemosiderin, MR is able to
depict a recent, but also an old hematoma (Fig. 3.7).
However, the presence of a recent hematoma may
mask a small AVM leading to a false-negative MR
(Fig. 3.8). In the absence of hemorrhage, perinidal
abnormalities of signal, particularly hypersignal
on T,-weighted images, can be evidence of perini-
dal ischemic changes or gliosis. Fluid-attenuated
inversion-recovery sequence (FLAIR) seems to
be superior to the conventional T,-weighted fast
spin-echo sequences in the assessment of intral-
esional and perilesional gliosis (EssiG et al. 2000).
More precisely than CT, MR is able to depict either

morphological changes induced by the AVM itself
or its parenchymal or ventricular consequences:
parenchymal atrophy with focal dilatation of the
ventricular system; compression of the ventricular
system in case of mass effect caused by the AVM;
hydrocephalus in case of previous hemorrhage or
if the ventricular system is compressed by enlarged
draining veins of the AVM.

Vascular Analysis

Until recently, only phase-contrast and time-of-
flight techniques were available to study the vascu-
lar system (Fig. 3.2). These have been demonstrated
to be of value in providing three-dimensional
representations of AVM vascular architecture
(MARCHAL et al. 1990). However, these techniques

Fig. 3.7a-i. A 34-year-old man who presented with a first episode of
bleeding in 1985 from a deep brain AVM. The patient was treated with ra-
diosurgery. He presented a new hemorrhage in 1987, with major clinical
consequences (right severe hemiparesis and aphasia). a Axial T, image
performed in 1998 shows deep paraventricular AVM with old hematoma
of left striatum and posterior limb of internal capsule. Three-dimen-
sional TOF angio-MR in sagittal and frontal views (b, c) allows good
delineation of nidus limits and angioarchitecture evaluation. Digital
angiography by internal carotid injection in AP view (d) and vertebral
injection in sagittal view (e) provide the same information about feeders,
nidus shape and architecture, and drainage. Very early phase of verte-
bral injection depicts a small intranidal aneurysm or false aneurysm of
distal thalamo-perforating artery; this was considered a weak point of
the malformation and treated first (f). Superselective catheterization of
posterolateral choroidal arteries performed immediately after thalamo-
perforating artery and aneurysm gluing showed intranidal wedge posi-
tioning of catheter tip (g). Late venous phase of this injection showed
intraventricular hemorrhage. Glue injection was performed immediately
after bleeding was recognized (h). Post-embolization CT scan confirmed
intraventricular hemorrhage but no parenchymal hematoma (i). Exter-
nal ventricular shunting was performed just after embolization. Patient
was awakened 3 days later and showed moderate worsening of initial
symptoms. At 3-month follow-up examination he had completely recov-
ered his initial clinical status
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H
Fig. 3.8a-f. A 42-year-old woman who presented with sudden headaches
and aphasia at 7 months of pregnancy. CT scan showed a left temporal
hematoma. Digital angiography was performed and considered normal
(not available). Pregnancy was carried out to term and cesarean delivery
was performed. She progressively recovered and came to our institution
3 months later. CT-scan and MR were performed at that time. CT scan
showed chronic hypodense hematoma (a). MR T, and T, axial images
showed hyperintense signal within the hematoma due to extracellular
methemoglobin (b, c). Three-dimensional TOF MIP reconstruction was
normal (d). Both axial conventional images and angio-MR were consid-
ered not accurate enough to rule out a small AVM. Digital angiography
depicts a small left temporal micro-AVM (e). Superselective catheteriza-
tion allowed more precise understanding of nidus morphology (f). More
distal catheterization did not obtain wedge positioning of catheter tip
and good control of the flow. Consequently, embolization was not per-
formed and the patient was treated with radiosurgery
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have limited anatomic coverage and are not able
to adequately depict the precise anatomy in a large
number of cases: The correct size of the nidus can-
not be assessed (Fig. 3.4); intranidal aneurysms are
frequently not visible (Fig.3.7); depiction of the
draining veins is inconsistent (Fig. 3.9); small-cal-
iber vessels and regions of slow blood flow cannot
be consistently revealed (Fig. 3.9) (EDELMAN et al.
1989; MARCHAL et al. 1990; NUSSEL et al. 1991).
Moreover, dynamic information is not provided by
these sequences.

Fig. 3.9a-d. A 51-year-old woman who presented with a left
hematoma of the posterior limb of the internal and external
capsule in 1985, with subsequent slight right hemiparesis
and lateral right hemianopia. Digital angiography was per-
formed in 1985 and 1994 and showed a sylvian fissure AVM.
Due to the angioarchitecture, no treatment was decided on
at that time. The patient returned in 1999 and complained
about recurrent episodes of right side hemiparesthesia. Ax-
ial T, images done at that time showed sequelae of a deep
hematoma and abnormal vessels along the wall of the pos-
terior aspect of the lateral ventricle (a). Three-dimensional
TOF angio-MR depicts very small abnormal vessels arising
from left middle and posterior cerebral arteries (b). Left
internal carotid injection shows an AVM extending into the
left sylvian fissure supplied by numerous small “en passage”
feeders coming from the branches of the middle cerebral
artery (c). Venous drainage is very abnormal, with a large
ectatic vein draining into a single small narrowed vein to
the transverse sinus (d). Embolization was considered in-
appropriate due to the arterial feeder anatomy. Patient was
sent to radiosurgery

Multiple overlapping thin-slab acquisition time-
of-flight MR allows greater anatomic coverage and
produces better signal-to-noise ratio and higher
resolution than conventional MR angiography, but
slab boundary artifacts represent a major limitation
(L1u and RuTT 1998; WARREN et al. 2001).

Gadolinium-enhanced MRA techniques are cur-
rently in development which are superior to TOF MR
angiograms but still inferior to DSA images for de-
piction of AVM components because of limitations
in both temporal and spatial resolution (TAKANO et
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al. 1999; GRIFFITHS et al. 2000; WARREN et al. 2001;
FARB et al. 2001).

Functional Analysis

Functional MRI (fMRI) includes perfusion and dif-
fusion imaging and study of brain function.

The role of DWI has to be determined (DUCREUX
et al. 2001). The nidus usually has a low signal with
a large and homogeneous increase of the apparent
diffusion coefficient (ADC). However, to date DWI
does not play a major role in AVMs.

Perfusion MRI is an additional tool, but its role
in brain AVMs is also still unclear. It may be pos-
sible to evaluate hemodynamic characteristics of
different AVMs, but no scientific data are currently
available.

Functional MRI activation has been studied
largely in patients with brain AVMs (LATCHAW et
al. 1995; MALDJIAN et al. 1996; SCHLOSSER et al.
1997; VIKINGSTAD et al. 2000; LAzZAR et al. 2000;
ALkADHI et al. 2000; CARPENTIER et al. 2001).
fMRI activation is a potentially very interesting
tool to depict functional areas of the brain, when a
brain AVM is located in an eloquent area, particu-
larly sensorimotor, visual, and language cortex.
Bold sequences used for the performance of fMRI
activation are based primarily on the detection of
hemodynamic changes in the cortex during the per-
formance of a task. Given the huge hemodynamic
modifications induced by the AVM in the perinidal
parenchyma, there is some doubt regarding fMRI
activation patterns.

In the great majority of cases, no activation is
detected inside the nidus during the performance
of a task. This could be related to the absence of
functional tissue within the nidus, but the detec-
tion of subtle and minor activation within an AVM
could also be obscured by the complex relation-
ships between the BOLD effect and AVM circula-
tory patterns (VIKINGSTAD et al. 2000). Activation
can be observed in the cortical regions adjacent to
AVMs. In the majority of cases where brain AVMs
are located in eloquent areas, a shift of the activated
areas with a frequent interhemispheric transfer is
observed.

A tudy showed a discrepancy between the su-
perselective Wada test and fMRI activation in a
patient with a left frontal brain AVM (LAZAR et al.
2000). An area which was activated during fMRI
was not detected as a language area by the Wada
test.

Thus, fMRI activation has a potential for the
study of brain function in brain AVMs, but larger
series are necessary to evaluate the liability of this
technique.

3.4.2.3
Selective and Superselective Angiography

As shown in Section 3.3.2.1, many anatomic factors
have to be analyzed to evaluate the risk of rupture
of an AVM and to decide which treatment is ap-
propriate. Despite recent developments, CTA and
MRA are currently not sufficient to obtain a pre-
cise description of the AVM from an anatomic and
hemodynamic point of view. Selective angiography
is still always necessary to make a decision regard-
ing the treatment. In summary: the diagnosis of
an AVM nowadays is usually based on CT or MR;
the exact and therapeutically relevant anatomic and
functional information still has to be obtained by
catheter angiography.

Technically, selective angiography has to be per-
formed according to a rigorous protocol. To assess
as precisely as possible the anatomic components
of the AVM, it is important to inject selectively the
internal and external carotid arteries and vertebral
arteries. Analysis of the arterial feeders, nidus,
and venous drainage is obtained by performing
multiple projections (anteroposterior, lateral, and
oblique). Three-dimensional angiography may be
helpful.

However, even excellent angiograms are often in-
adequate for reaching correct therapeutic decisions
(NaksTAaD and NORNES 1994). The exact anatomy of
large feeding arteries may be obscure with selective
injections. Small feeding arteries are sometimes not
visible on selective angiograms. Although the size of
the nidus is generally well evaluated by selective an-
giography, intranidal aneurysms (Fig. 3.7) and di-
rect intranidal AV fistulas are often misdiagnosed.
The venous drainage of the AVM is generally well
studied by selective angiography, but the compart-
ments of the AVM and their venous drainage are of-
ten not depicted because the AVM is injected as a
whole (Fig. 3.4).

For all these reasons, superselective angiog-
raphy often gives a more detailed analysis of the
AVM and may become more important in making
the diagnosis. Superselective angiography is per-
formed by manual injection of each separate arte-
rial feeder. It is usually the first step of emboliza-
tion.
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3.4.3
Imaging Strategy

Imaging strategy is closely related to the clinical
presentation (rupture of the AVM or not) and the
clinical status of the patient.

3.4.3.1
Ruptured AVM

In this situation, the patient has the clinical presen-
tation of a parenchymal hematoma or a subarach-
noid hemorrhage or both. The first examination is
the CT scan, which has a high sensibility to detect
intracranial hemorrhage in the acute phase with a
high specificity.

Contrast-enhanced CT scan and CT angiogra-
phy are becoming more useful. Small AVMs may be
mistaken by CTA and the anatomic data provided
by this technique are often not sufficient to make a
therapeutic decision. In patients with a large space-
occupying hematoma CTA can be performed to try
to indicate to the neurosurgeon whether a brain
AVM is the underlying cause of bleeding, before
emergency surgery is performed.

With the exception of this specific situation, the
next step after the diagnosis of the hemorrhage is se-
lective angiography. In case of isolated subarachnoid
hemorrhage or when a brain hematoma may be re-
lated to a ruptured aneurysm, it has to be performed
emergently. In other cases, the time to perform an-
giography is a matter of debate. When an intrapa-
renchymal hematoma is present it can compress the
AVM, leading in some cases to a false-negative di-
agnosis. For the same reasons, anatomic analysis in
the acute phase may be erroneous. Therefore, selec-
tive angiography should probably be delayed. How-
ever, angiography is often performed at the acute
phase of bleeding to obtain a definite diagnosis
and to have all the information at hand concerning
the AVM in case the patient’s clinical status should
worsen, requiring prompt surgery. Moreover, when
the cause of bleeding is unclear (AVM or associated
aneurysm), angiography is also important to deter-
mine if an associated aneurysm is present, and in
such instances angiographic criteria combined with
CT or MR findings may be helpful to determine the
site of bleeding (Fig. 3.6).

After the acute phase of bleeding, the therapeutic
approach to the AVM will be defined on the basis of
anatomic data provided by MRI and selective angi-
ography (Figs. 3.2 and 3.7).

3.4.3.2
Unruptured AVM

For an unruptured AVM, CT is not indicated; the first
step is MRI and MRA to obtain all the information
needed to make a therapeutic decision. In a great num-
ber of cases, clinical data, MRI, and MRA are sufficient
to make a decision regarding therapeutic options: - in
some cases, it is clear that treatment should be conser-
vative, and in this situation selective angiography is
not needed; in other cases, the AVM has to be treated
and the next step depends on the therapeutic strategy.
If embolization is the first step of treatment, there is no
reason to perform first a selective angiogram and then
superselective angiography and embolization. In this
situation, complete information has to be given to the
patient and selective, superselective angiography and
the first embolization have to be performed at the same
time. If surgery is the modality of choice, selective an-
giography has to be performed first. If radiosurgery is
indicated as the sole treatment, selective angiography
has to be performed immediately before treatment for
stereotactic localization of the AVM.

In some cases, the therapeutic decision is not
clear after MRI and MRA, and selective angiography
is performed to make a decision.

3.4.4
Classification of Brain AVMs

Several systems have been designed to classify
patients with brain AVMs regarding surgical risk
(SPETZLER et al. 1992) and individual hemorrhagic
risk (NATAF et al. 1998).

3.4.4.1
Classification of Spetzler and Martin

The SPETZLER and MARTIN (1986) classification was
established to grade AVMs according to their degree
of surgical difficulty and the risk of surgical mor-
bidity and mortality. To assign an AVM grade, the
size, the venous drainage, and the eloquence of the
adjacent brain are determined from angiography,
computed tomography, and MRI. A numerical value
is assigned for each of the categories:
1. Size of the AVM: small (<3 cm): 1;

medium (3-6 cm): 2; large (>6 cm): 3
2. Eloquence of adjacent brain:

non-eloquent: 0; eloquent: 1
3. Pattern of venous drainage:

superficial only: 0; deep: 1
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The grade of the lesion is obtained by summing
up the points assigned for each category. As previ-
ously outlined, the Spetzler-Martin grading system
is clearly a surgical one and is of little value for in-
terventional neuroradiologists and radiotherapists
(MANSMANN et al. 2000).

3.4.4.2
Classification of Nataf et al.

Based on a retrospective study of 250 consecutive
patients treated by radiotherapy, the classification of
NATAF et al. (1998) was established to evaluate indi-
vidually the risk of hemorrhage. Five angiographic
parameters were considered to be determinants of
the bleeding risk, leading to a four-grade classifica-
tion:

GradeI:  No risk factor
Ia: With venous recruitment
Ib: Without venous recruitment

GradeII:  Venous stenosis or venous reflux
Grade III: Deep venous drainage only
Grade IV: Intra- or juxtanidal aneurysm

In the series mentioned, there were 13% of hemor-
rhages in grade Ia, 38% in grade Ib, 48% in grade II,
and 90% in grades III and IV.

Therapy

3.5.1
Neurosurgery

Neurosurgery may be indicated in emergency to
remove a large life-threatening hematoma. Only
superficial AVMs, more easy to control, may be re-
moved with the hematoma. When surgery of a brain
AVM is difficult, the hematoma may be removed
and the treatment strategy may then be decided
without hurry regarding AVM location, size, and
architecture. Treatment of AVM is then performed
later, after the patient has recovered. Very few papers
report patient outcome after early surgical treat-
ment of intracerebral hemorrhage caused by AVMs
(LAMY et al. 1990; JAFAR and REZAT 1994; PUZZILLI
et al. 1998). The numbers of patients are too small

to allow any firm conclusions. In the largest series
of 24 operated patients there were 53% good results,
25% comatose patients, and 21% deaths (Lamy et
al. 1990).

3.5.1.1
Elective Surgery

In a non-emergent situation surgery is elective, by
the standard microsurgical technique with an op-
erating microscope (OGILVY et al. 2001). Usually,
the arterial feeders are attacked first, followed by
the nidus, and only at the very end of treatment
the draining veins (YAsarRGIL 1988). The goal of
surgery is complete cure, which should be proven
by intraoperative and postoperative angiography.
In case of residual AVM a new surgical approach
should be considered immediately to avoid subse-
quent bleeding that may be favored by subtotal oc-
clusion of the nidus. Radiosurgery or embolization
of postoperative residual AVM may be considered
even if the first carries a risk of bleeding until com-
plete occlusion.

3.5.1.2
Outcome of Direct Surgery

A recently published meta-analysis reviewed all se-
ries of more than 50 patients published since 1990
(25 series, 2452 patients) (CAsTEL and KANTOR
2000). The clinical presentation was hemorrhage
in 57% of cases. Global mortality varied from 0%
to 15%, mean 3.3% (68 of the 2452 patients). It
was below 5% in 81% of the reported cases. Post-
operative global morbidity was 1.5%-18.7%, mean
8.6%. HAMILTON and SPETZLER (1994) made a pro-
spective study of 120 consecutive patients who un-
derwent complete microsurgical excision of their
AVM, with or without previous embolization, to
evaluate correlation between the Spetzler-Martin
grade and clinical complications. Permanent ma-
jor morbidities were 0% for grades I-III, 21.9% for
grade IV, and 16.7% for grade V. Deficit related
to surgery and evaluated 6 weeks after operation
was 0% in grade I, 4.2% in grade II, 2.8% in grade
III, 31% in grade IV, and 50% in grade V. Mor-
tality directly related to surgery was 0%. Risk of
surgery is quite well estimated by the Spetzler-
Martin grading system, with a favorable outcome
in 92%-100% grade I, 95% grade II, 88% grade III,
73% grade IV, and 57% grade V (SPETZLER and
MARTIN 1986; HEROS et al. 1990). Series in which
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patients were examined before surgery, postopera-
tively, and over the long term by independent neu-
rologists showed less good results: 124 prospective
patients were studied by HARTMANN et al. (2000).
Postoperatively, 41% of the patients had new neu-
rological deficits, 15% disabling and 26% non-
disabling. At long-term follow up 38% of patients
had surgery-related deficits, 6% disabling and 32%
non-disabling. MORGAN et al. (1993) reported a
series of 112 patients with 44 small (<2 cm), 43
medium, and 25 large (>4 cm) AVMs. There was
3.6% mortality and 18% morbidity. Comparing
their results with others, the authors stressed the
considerable variation of results published in the
literature, i.e., 0%-12.5% mortality and 3%-30%
morbidity. This variation may be explained by se-
lection criteria for surgery as well as by methods
of analysis. One example highlighted by Morgan
was the 1.5% mortality in the series of Davis and
SyMoN (1985), which would have been 10% if seven
patients who died postoperatively and who had a
poor neurological grade on admission had been
included. In the series of Morgan the major cause
of mortality and severe morbidity were neurologi-
cal deficits unrelated to hemorrhage or edema,
normal pressure perfusion breakthrough, and
intraoperative hemorrhage. BATJER et al. (1989a)
defined hyperemic complications as “unexpected
brain swelling or hemorrhage unrelated to tech-
nical error or concealed ventricular hemorrhage,
CT evidence of edema associated with neurologi-
cal deficits not related to inadvertent proximal
vascular occlusion or intraoperative brain retrac-
tion, or hemorrhage after angiographically proven
complete AVM resection”. They reported 13 cases
(21%) in 62 patients operated on (seven dead or
severely disabled). SPETZLER et al. (1987), as well
as ANDREWS and WiLsoN (1987), considered this
complication to be sufficiently frequent in large
AVMs that they proposed performing staged sur-
gical resection. Another series confirmed the cor-
relation between size, deep venous drainage, and
the Spetzler-Martin scale (SCHALLER et al. 1998).
In this series, 150 operated patients presented with
15.3% surgical morbidity and early new deficits in
39.3%, permanent new deficits in 10.6%, being sig-
nificant in 7.3%. There was statistical evidence of a
trend to risk of poor surgical outcome across three
categories: non-eloquent, less eloquent (ex: visual
cortex), and highly eloquent (ex: brainstem, basal
ganglia, precentral cortex). The authors empha-
sized that “eloquence of Spetzler-Martin classifi-

cation should be divided in two categories of less
eloquent and highly eloquent, which is important
for risk analysis of the treatment of asymptomatic
and deep-seated AVMs and for future trials com-
paring various treatment modalities”.

Small superficial AVMs may be operated on with
avery low morbidity (1.5%-9.7%) (P1x and MARGAN
2000; SCHALLER et al. 1998; SisiT et al. 1993). In
contrast, morbidity of deep-seated lesions is much
higher, at 9% in 22 patients (LAwWTON et al. 1995),
17% in 18 patients (DE OLIVEIRA et al. 1997), 20%
in 22 patients (SASAKI et al. 1998), and 25% in 16 pa-
tients (U et al. 1992). LawToN et al. (1995) empha-
sized the role of preoperative embolization. SASAKI
et al. (1998) did not report any cases of surgical
treatment of deep-seated lesion since 1990 and ad-
vised a multimodality approach. Surgery of poste-
rior fossa AVMs is supposed to be more dangerous.
In the series of DRAKE et al. (1986), 8 (19.5%) of 41
patients operated on died. In the series of 30 patients
of BATJER et al. (1986), mortality was 7% and perma-
nent morbidity was 13%.

Surgery may be helped by two imaging facilities:
In 8%-19% intraoperative angiography showed re-
sidual AVMs not suspected during surgery (MUNSHI
et al. 1999; PIETILA et al. 1998). Nevertheless, the
risk of cerebral angiography performed under dif-
ficult conditions during brain surgery should be
taken into account. Computer-assisted resection
for nidus definition and depiction was described
(Muackevic and STEIGER 1999). It may allow a better
understanding of AVMs and their relationship with
adjacent brain structures as well as a better surgical
approach.

Many papers have described the risk of recur-
rence of cerebral AVMs after complete AVM oc-
clusion confirmed by postoperative angiography
(SANoO et al. 1978; KADER et al. 1996; LANZINO et
al. 1997; Fox 1997; PATIL 1997; FREUDENSTEIN et
al. 2001). KonpzIOLKA et al. (1992) reported two
recurrences in 70 patients who had undergone
complete AVM resection, and 2 patients presented
3 years later with recurrent hemorrhage. True re-
growth of brain AVM can be considered only in
children. Postoperative vasospasm, thrombosis
of arteries and veins, and, above all, delayed re-
cruitment of collateral arteries are the more likely
explanations for the so-called recurrences. This
emphasizes the role of delayed postoperative an-
giography, which should be performed 6 months
to 1 year after surgery to assess a definitively com-
plete cure.
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3.5.2
Radiosurgery

The concept of radiosurgery is to obtain a progres-
sive obliteration of nidal vessels by focusing a high
radiation dose. It has proven to be equally safe and
effective whatever the device used, gamma knife,
cyclotron, or linear accelerator (CoLoMBoO et al.
1989; KJELLBERG 1989; STEINER 1988; LUNSFORD et
al. 1991). NATAF et al. (2001a) recently reported a
series of 705 patients treated by radiosurgery alone
or in combination with embolization or surgery. The
overall complete obliteration rate (OR) was 55%. The
OR was correlated to size: 77% for nidus <15 mm,
62% for nidus between 15 mm and 25 mm, 44% for
nidus >25 mm; dose at reference isodose; minimal
dose; and morphological parameters: presence of
meningeal feeders, AV fistulas, plexiform angioar-
chitecture, arterial steal, arterial recruitment, deep
exclusive drainage, venous ectasia, confluence or re-
flux. Presence of a dural component with meningeal
feeders decreased the OR from 58% to 33%. Embo-
lization was reported to be a “confusion factor not
associated with OR”. At multivariate analysis only
minimal dose and complete coverage of the AVM
were correlated to OR. Mortality in that series was
1.6%, mainly due to recurrent bleeding, which oc-
curred in 6.5% of the cases. Rate of recurrent bleed-
ing was 2.98%/year/patient. Neurological deficits re-
lated to radiosurgery and not related to hemorrhage
were observed in 5.37% of the cases and were perma-
nent in 1.46% of the cases. This series summarizes
well the current results of radiosurgery and major
issues concerning rate of obliteration, factors related
to success or failure, and complication rate.

A meta-analysis of the literature is difficult to per-
form because of: (a) the different techniques used,
e.g., most teams nowadays use a high single dose at
least for small AVMs, but the minimum target dose,
treated volume, and target definition may vary from
one team to another; (b) very different patient selec-
tion with various AVM sizes, locations (lobar, deep,
brain stem, choroidal or ventricular), and symptoms
(bleeding or not); (c) different patient follow-up strat-
egy for evaluation of obliteration rate: up to 2 years,
3 years or more, on angiography or MR, systematic
or not. NATAF et al. (2001a) highlighted the fact that
the rate of patients followed is very variable from
one series to another: 55.6% for KJELLBERG (1986),
42%-64% for STEINER et al. (1992, 1993), 51.5% for
CoLoMBo et al. (1994), and 20.3% for LUNSFORD et
al. (1991).

3.5.2.1
Factors Influencing the Obliteration Rate After
Radiosurgery

An evaluation of overall obliteration rate (OR) in

the recent literature shows very different results,

OR being 22% (KJELLBERG 1986), 80% (LUNSFORD

et al. 1991), 79%-86.5% (STEINER et al. 1992, 1993),

88.9% (AOKI et al. 1996), or 64% (SCHLIENGER et al.

2000). These differences are explained mainly by

selection criteria.

e AVM volume: the AVM volume is certainly the
main factor determining AVM cure (BETTI and
MUNARI 1992; LUNSFORD 1993; CoLoMBO et al.
1994). FRIEDMAN et al. (1995) reported an OR of
70% in 37 of 57 patients with small AVMs. OR was
90% at 2 years for AVMs <2.5cm (CoLOMBO et
al. 1994), 82% for AVMs <2.2 cm (KONDZIOLKA
et al. 1993), and 94% for AVMs <2 cm (BETTI
and MUNARI 1992). PoLLock et al. (1996b) docu-
mented angiographic obliteration of only 27 (42%)
of 65 Spetzler-Martin grade I and IT AVMs. In the
series of STEINBERG et al. (1993), the OR was 94%
at 2 years and 100% at 3 years for AVMs with a
volume <4 cc (20 mm diameter), 75% at 2 years
and 95% at 3 years for volumes between 4 cc and
25 cc, and 42% at 2 years and 73% at 3 years for
volumes >25 cc. Results concerning treatment of
large AVMs were specifically studied (PAN et al.
2000; FRIEDMAN et al. 1996; YAMAMOTO et al. 1995;
NATAF et al. 2001b). PAN et al. (2000) reviewed 240
treated AVMs, classified as small (<3 cc), medium
(3-10 cc), and large (>10 cc). Evaluated using the
Kaplan-Meier method, the actual complete OR
was 75% at 40 months. Complete ORs for small,
medium, and large AVMs were 92%, 80%, and
50%, respectively. In the group of large AVMs the
OR was 77% for nidus of 10-15 cc and 25% for
nidus >15 cc. The latency for complete oblitera-
tion was significantly longer for large AVMs. There
was no significant correlation between AVM size
and the occurrence of neurological complications.
Friedman et al. (1996) reported an OR of 69% for
AVMs larger than 10 cc. In the series of Nataf, in
112 patients with an AVM > 10 cc the OR was 39%.
MryawackI et al. (1999) reported an OR of 23% for
AVMs > 14 cc. None of the AVMs which received a
minimal dose below 14 Gy were cured, but induced
radionecrosis necessitated surgical excisionin 22%
of patients who received more than 16 Gy.

e Target determination: the main factor associ-
ated with successful radiosurgery and rapid
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decrease of bleeding risk is irradiation of
the entire nidus (GArLLINA et al. 1998). In
the series of Colombo, among 180 patients
who underwent radiosurgery, 153 (85%) were
treated as usual with the entire nidus receiv-
ing the prescribed radiation dose, while for 27
(15%) only part of the nidus was covered with
a dose adequate for obliteration (CoLoMBO et
al. 1994). In totally irradiated cases, bleeding
risk decreased from 4.8% in the first 6 months
to 0% after 12 months. In partially irradiated
cases, bleeding risk decreased to 10%-12% from
6 to 18 months and 5.5% from 18 to 24 months
after treatment. Overall incidence of bleeding
was 5% in the 153 patients with total irradiation
and 26% in the 27 patients with partial irradia-
tion. Inadequate nidus definition is known to be
the major cause of treatment failure (Kwon Y
et al. 2000; GALLINA et al. 1998; PoLLOCK et al.
1998). Stereotactic angiography is known to be
not completely accurate in evaluation of nidus
shape and size. The combined use of CT scan
or MR and stereotactic angiography for target
determination were evaluated. BLAT et al. (1993)
showed that determination of nidus diameter
and isocenter may be different depending on
whether enhanced stereotactic CT scan or ste-
reotactic angiography is used. MR images and
CT scan were said to be “superior” to angiogra-
phy in determining different structures of the
AVM (SMITH 1988a). Stereotactic MR angiogra-
phy was compared with stereotactic angiogra-
phy in 28 cases (KoNDzIOLKA et al. 1994): in 24
cases the two techniques were similar, in three
cases MR was shown to be “superior”, and in
one case angiography determined nidus shape
better. In 45 patients who underwent repeated
radiosurgery for residual nidus, incomplete
original angiographic definition of AVM nidus
was the most frequent definite cause of initial
radiosurgery failure (26/45 cases, 58%) (YAMA-
MmoTo et al. 1995). The authors claimed that the
risk of poor nidus shape evaluation is reduced
when stereotactic MR images are included in
the dose-planning database. However, stereo-
tactic angiography is still the best examination
for delineating small AVMs. The combination of
different imaging modalities such as 3D angiog-
raphy, MR cross-sections, and angio-MR per-
formed with three-dimensional acquisition will
probably allow much better delineation of nidus
shape, feeders, nidus and veins.

3.5.2.2
Angioarchitecture and Hemodynamics

A small number of draining veins was correlated
with better OR (PoLLocK et al. 1998). In the same
study, presence of direct AV fistula was a negative
predictor of successful radiosurgery. The same
conclusion that high-flow AV shunt decreases the
chance for complete cure was shown in other series
(NATAF et al. 2001a; KwoN OK et al. 2000). Prera-
diosurgical embolization was a negative predictor of
success in several series (PoLLOCK et al. 1998; KwoN
OK et al. 2000). Recanalization of compartments of
the nidus previously presumed to be occluded by
embolization was responsible for nidus recurrence.
Failure of radiosurgery was then attributed to failure
of embolization. Such recanalization is not surpris-
ing, in view of the technique used for presurgical
embolization at that time. Great strides have been
made in the embolization technique for brain AVMs
with the development of intranidal embolization us-
ing permanent liquid embolic agents (see Sect. 3.5.3
on embolization) have completely modified the goal
and results of embolization. Consequently, series
reporting a bad influence of preradiosurgical em-
bolization should not be considered today in treat-
ment decision-making because results of particle
injection in pedicle feeders and intranidal definitive
gluing cannot be compared.

e AVM location: hemispheric location of the AVM
was correlated to better OR (PoLLOCK et al. 1998).
There is more risk of clinical complications with
radiosurgery of brain-stem AVMs than of superfi-
cial AVMs (KARLSSON et al. 1996). A recent series
reported the results in 45 patients with brain-stem
AV Ms (REGIs et al. 2001). The overall OR was 82%.
Complications were neurological deficit in three
patients (two permanent) and recurrent hemor-
rhage in two. Choroidal and cisternal AVMs seem
to be less radiosensitive, with an OR of 47.6%
(NATAF et al. 2001d).

3.5.2.3
Rate of Complications

The American Stroke Association estimated that
there is a 5%-7% risk of treatment-related compli-
cations with radiosurgery and, in addition, a 3%-4%
risk per year of hemorrhage prior to obliteration.
Over a 3 year period the patient has a 14%-19% risk
of complications or hemorrhage (THE ARTERIOVE-
NOUS MALFORMATION STUDY GROUP 1999).
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e The rate of rebleeding (RR) is probably increased
during the first 3 years after radiosurgery. In
the large series of NATAF et al. (2001a), bleeding
recurred in 6.5% of the cases and was responsible
for a mortality of 1.6%. The RR was 2.98%/year/
patient. STEINER et al. (1992) reported an actuarial
RR of 1.9%-6.5% up to 60 months after radiosur-
gery. The overall RR was even higher in another
series with 12.5% (BETTI et al. 1989). It was 7.7%
during the first 8 months after radiosurgery in
grade Iand II AVMs (PoLrLock et al. 1994), 6.6% in
AVMs <10 cc (YaAMAMOTO et al. 1995), and 9.2%
in AVMs >10 cc (PAN et al. 2000). Hemorrhage
occurring in the latency period before complete
obliteration of the AVM is responsible for a high
rate of severe clinical complications. The rate of
death after hemorrhage was 50% (YAMAMOTO et
al. 1995) and 40% in patients with grade I and II
(PoLLOCK et al. 1994).

e Neurologic deficits related to radiosurgery and
not related to hemorrhage were observed in
5.37% of the cases and were permanent in 1.46%
(NATAF et al. 2001a). In a series of 240 patients,
the rate of permanent deficit was 3.9% in AVMs
>10 cc, 3.8% in AVMs between 10 and 3 cc, and
2.4% in AVMs <3 cc (PAN et al. 2000). Brain
parenchyma reactions due to radiosurgery, so-
called radionecrosis (RN), have been known
since 1930 (FiscHER and Er 1930). RN was clas-
sified as acute, subacute, or late (JELLINGER
1977). According to this series, there was a cor-
relation between dose of radiosurgery and delay
of RN appearance. MR parenchymal lesions
associated with RN may be classified into four
grades (NATAF et al. 1997): grade I, no anoma-
lies; grade II, hypersignal (HyperS) T,; grade III,
associated homogeneous contrast (gadolinium)
enhancement on T;; grade IV, central hyposig-
nal T, and heterogeneous peripheral contrast
enhancement, rim of hypoS T; and T, (hemosid-
erin). In the series of NATAF et al. (2001c), the
size of the AVM was the only factor correlated
to the appearance of these parenchymal lesions.
Presence of a grade-IV MR lesion was the only
factor correlated to neurologic deficit. On the
other hand, the appearance of T, hyperinten-
sity was correlated to radiosurgery efficacy and
achieved 72% sensitivity in predicting success-
ful treatment response (MOBIN et al. 1999). The
formation of cystic lesions has been described in
the long-term MR follow-up of irradiated AVMs
(YaAMmaMoOTO et al. 1998).

3.5.24
Re-irradiation after Radiosurgery Failure

In the series of PoLLoCK et al. (1996), 21% of the
210 AVMs irradiated underwent re-irradiation.
KARLSSON et al. (1998) reported the most important
series about re-irradiation including 115 patients
previously irradiated from 1976 to 1994. The mean
delay between the two radiosurgical treatments was
3.6 years. The OR was 65%, the rate of clinical com-
plications 14%. The authors concluded that the OR
following gamma-knife surgery for previously ir-
radiated AVM is similar to that after primary sur-
gery, but that complication rate increases with the
amount of radiation previously given. Very similar
results were shown in a series of 39 patients who were
re-irradiated (SCHLIENGER et al. 2001). The OR was
60.7% and the rate of complications was 14.7%.

3.5.2.5
Risk of Recurrence

AVMs may reappear after having been completely
occluded after radiosurgery (YaAmamoTo et al.
1992). In the series of LINDQUIST et al. (2000), cov-
ering 48 patients who underwent angiograms more
than 4 years after their AVM had been proven to
be occluded, 10 (21%) patients developed clinical
symptoms attributable to the AVM. There was evi-
dence of residual AVM nidus in four cases. Three of
the recurrent AVMs were revealed by hemorrhage.
It is well known that the risk of recurrence after ra-
diosurgery and surgery is higher in young patients.
KADER et al. (1996) reported a 3.5% rate of hemor-
rhage in 141 patients less than 18 years of age who
were thought to have been cured by surgery. The
imaging strategy for follow-up varies greatly from
one center to another. Most authors consider that
irradiated AVMs must be followed up with MR and
MRA, but that only angiograms can assess a com-
plete cure. A recent series showed that important
AVM changes seen on early angiograms are highly
predictive of radiosurgical success (OPPENHEIM et
al. 1999). Nevertheless, we think that repeated an-
giograms increase the overall morbidity and cost
of the radiosurgery, and that the information pro-
vided by these early repeated angiograms does not
justify their practice. We advise the performance
of MR each year after radiosurgery to follow AVM
changes on MRA and parenchymal anomalies on
cross-sections. Final angiography should be per-
formed 3 years after radiosurgery to evaluate the
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final efficacy of the treatment. In case of complete
AVM obliteration, another follow-up angiogram
should be performed several years later in children
or young adults to monitor the long-term efficacy
of radiosurgery.

3.5.3
Endovascular Embolization

3.5.3.1
General Considerations

Endovascular treatment of brain AVMs is still con-

troversial for several reasons:

e The goal of the treatment itself, which can be
regarded as an invasive technique to prevent a
likely risk of bleeding in patients presenting few
or no symptoms

e The availability of alternative therapeutic options

e The variety of techniques, embolic agents, and
even basic treatment concepts from one team to
another and then from one publication to another,
making evaluation of the results extremely dif-
ficult

e The lack of uniformity of interventional training
and very different levels of specialization

e The absence of large series and accurate evalu-
ation of clinical and angiographic results, and
clinical complications

Fundamental rules must be followed:

e Therapeutic decisions should always be taken by a
multidisciplinary team of neurologists, neurosur-
geons, radiotherapists, and neuroradiologists.

e Embolization must be performed as one step in
the global therapeutic approach and as an associ-
ated technique.

e Specialists must determine the goal of the treat-
ment concerning:

m The angiographic result: complete occlusion or
targeted and partial occlusion.

m Clinical results: prevention of bleeding or
improvement of clinical symptoms (intractable
seizures, neurologic deficit, headaches).

e The strategy, goal of treatment, and practical
organization of the different steps and procedures
should be explained in detail to the patient and, if
possible, to his or her relatives.

e The neurointervention itself should be performed
by a qualified neuroradiologist, a neuroanesthe-
siologist, and a technical team, starting with the

pre-procedural planning, continuing through the
procedural organization, and including post-pro-
cedural care. Medical treatment necessitated by
the embolization before, during, and after the
procedure should be decided on by the neurora-
diologist.

e The patient should be monitored within an inten-
sive care unit for 24 h after the procedure. A neu-
rosurgeon must be available to provide shunting
if necessary, or emergent surgery for hematoma
evacuation.

e The anesthetic procedure: most embolizations
today are performed with the patient under gen-
eral anesthesia with endotracheal intubation.
There are at least two reasons for this tendency:
m The duration of the procedure (2-4 h) with no
possibility of movement makes embolization very
uncomfortable and painful for the patient when
local anesthesia is used.

m Total immobility of the head is mandatory to
allow safe catheterization and embolic agent
injection under road-mapping.

Some teams are still performing brain AVM em-
bolization using local anesthesia, mainly because
this allows clinical testing during selective catheter-
ization with the superselective Amytal test to predict
neurologic dysfunction before embolization. Intra-
arterial injection of Amytal (amobarbitol) was de-
scribed by Wapa and RAsMUSSEN (1960) to evaluate
brain function within the vascular distribution of the
injected artery. This technique is still performed for
presurgical evaluation in patients with intractable
seizures to determine which cerebral hemisphere is
dominant. However, fMRI is progressively replacing
the Wada test in this indication (BINDER et al. 1996).
Superselective Amytal injection prior to emboliza-
tion was described and used in large series of pa-
tients (PURDY et al. 1991b; RaucH et al. 1992a,b). In
their original paper concerning the method, RaucH
et al. (1992a) concluded that the injection of 30 mg
Amytal into a vessel can produce transient neuro-
logic deficits if normal brain tissue is supplied by the
vessel; that the test is safe, with no long-term adverse
effect; and that EEG testing is mandatory, because
in 50% of the cases no clinical symptoms were as-
sociated with EEG disturbances. In the second paper
concerning the clinical use in brain AVMs on 30 pa-
tients who underwent 147 embolizations, the authors
reported the following: none of the patients with a
negative Amytal test had clinical or EEG changes;
the test was positive in 20% of cases; in the few cases
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where patients were embolized despite a positive test
the rate of neurologic complications was very high
(40%); using fractionated embolization with mul-
tiple procedures, the rate of clinical complications
was significantly higher (8%) in cases where a se-
ries of embolizations were performed after a single
Amytal test as compared with a single embolization
performed after an Amytal test. This means that the
Amytal test performed during the initial procedure
cannot be considered an accurate method for pre-
dicting the risk of further procedures.

For many years the Amytal test was considered
to be mandatory before brain AVM embolization.
DEBRUN et al. (1997) still claimed that “Amytal test-
ing continues to have extremely important medico-
legal implications, and most experts who would be
asked to review a case of severe complications oc-
curring during an embolization of brain AVM with
acrylate glue would criticize the interventionalist
for not having performed the Amytal test”. How-
ever, the recently published recommendations for
the management of brain AVMs (OGILVY et al. 2001)
concluded that there was no evidence that either
general anesthesia or intravenous sedation is asso-
ciated with a lower rate of complications (level IV
evidence).

In our own experience, all the patients underwent
embolization under general anesthesia, and in al-
most all French centers the Amytal test has not been
performed for many years. The main reason is that
principle of brain AVM embolization has been com-
pletely modified in the past 10 years owing to the
great strides made in catheter and guidewire capa-
bilities. Our current technique is intranidal wedged
injection. The tip of the catheter is placed in the
most distal arterioles and the glue is injected within
the nidus itself, so that no normal brain is threat-
ened. Obviously, there is still some risk of normal
artery occlusion and consequent neurologic deficit.
This may be due either to reflux of glue along the tip
of the catheter or to opening of the arterio-arterial
anastomosis within the nidus and reflux in normal
arteries. However, an Amytal test would not be able
to predict these inadvertent embolizations.

Bladder catheters help with fluid management as
well as patient comfort at the end of the procedure.
Careful management of coagulation is required to
prevent thromboembolic complications during the
procedure. In our teams, intravenous heparin is
given with the aim of obtaining activated clotting
time at twice the normal value throughout the pro-
cedure. In comparison, during endovascular treat-

ment of intracranial aneurysms the anticoagulation
therapy aims at keeping the ACT at four to six times
above the normal value. The risk of embolic compli-
cations is indeed much less important in treatment
of brain AVMs due to the high-flow arteriovenous
shunt that protects against clot formation and distal
artery occlusion. Heparin is stopped at the end of
the procedure, and the femoral sheath is removed
immediately thereafter.

Hypertension may be induced during the proce-
dure to help distal catheter progression and nidus
approach (P1cARD et al. 2001). However, recent tre-
mendous advances in catheter technology now pro-
vide considerable capabilities for catheterization of
very distal and tortuous arteries, and hypertension is
much less induced. In contrast, profound deliberate
systemic hypotension during glue injection has been
proposed (OGILVY et al. 2001) to slow the flow within
the pedicle and provide more controlled glue depo-
sition in arterial, nidal, and venous compartments
of the AVM. Hypotension can be provoked by either
vasoactive agents, general anesthetic, or - in some
rare instances - adenosine-induced cardiac pause
(P1LE-SPEELMAN et al. 1999). This technique is used
today only in case of high-flow direct fistulas, where
glue injection is very tricky and risky. Otherwise, it is
seldom useful due to improvements in the technique
of glue injection and choice of concentration.

3.5.3.2
Technique

The first embolization was performed by LUESSEN-
Hop and SPENCE (1960) using Silastic spheres. The
later advances include transfemoral embolization of
brain AVMs (KRICHEFF et al. 1972), use of detachable
balloons (SERBINENKO 1974; DEBRUN et al. 1978), and
the calibrated-leak balloon (KERBER 1976; PEVSNER
1977). At the beginning of the 1990s, many authors
reported results of preoperative embolization with
polyvinyl alcohol (PVA) particles (PURDY et al. 1990;
Fox et al. 1990; ScHuMACHER and HoOrRTON 1991;
NAKSTAD et al. 1992). Nevertheless, there are many
drawbacks related to PVA embolization: PVA par-
ticles do not afford long-term occlusion of emboli-
zed arteries and nidus and recanalization is more
frequent; migration of particles in normal adjacent
branches is much more likely because catheteriza-
tion is less distal; because very different arteriove-
nous shunt size may be observed within the nidus
with direct fistula, most of the particles may reach
the venous side in some instances and produce ei-
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ther no embolization efficacy or, on the contrary,
inadvertent venous occlusion. We feel that this kind
of embolization should no longer be performed be-
cause it carries more risk and is much less efficient
than glue embolization. Microcoils were also used to
treat brain AVMs in order to increase the effective-
ness of occlusion by PVA (NAKSTAD et al. 1992). Such
embolization consists in a proximal occlusion of the
feeding arteries which, in the long term, favors the
recruitment of arterio-arterial anastomosis. There-
fore, the treatment is not efficient to reduce the nidus
because occlusion is too proximal and the nidus size
remains the same even if the AVM is fed by collateral
channels. Furthermore, coil occlusion shuts the door
to further embolization, which cannot be performed
through an arterio-arterial anastomosis. For these
reasons, coil occlusion should be performed only in
case of direct AV fistulas in which the AV junction
itself may be occluded by the coils. Other agents have
been used for brain AVM treatment, such as silk su-
tures (DEVEIKIS et al. 1994), pure ethanol (YAKEs et
al. 1997), or Ethibloc. Their efficacy and safety have
never been assessed in large series and their use has
been more or less abandoned. Cyanoacrylates were
first used at the end of the 1970s for preoperative
embolization (DEBRUN et al. 1982; PICARD et al. 1984;
VINUELA et al. 1984, 1986, 1991; WALLACE et al. 1995;
JAFAR et al. 1993); the results were compared with
those obtained with PVA for that indication. Due
to the great strides made in catheter and guidewire
technology, the technique and goal of embolization
progressively switched from proximal feeding artery
occlusion as the preoperative goal to intranidal oc-
clusion for definitive treatment.

Intranidal Embolization with Cyanoacrylates

Principles

The concept of embolization with cyanoacrylates
is to occlude the nidus and the draining veins. The
arteries should be occluded only at the level of very
distal arterioles. The principle of intranidal embo-
lization consists in placing the catheter in a wedge
position in those very small arterioles close to the
origin of the draining veins. The catheterization has
to be as distal as possible (Figs. 3.4 and 3.10). In this
position the injection of contrast medium during a
run or under subtracted fluoroscopy showed a stag-
nation of the contrast medium in the pedicle, from
the tip of the catheter to the nidus or vein. Arterial
flow is almost completely stopped by the catheter.
Following a pre-embolization test injection a reflux

of contrast along the tip of the catheter within the
distal artery should be carefully looked for. This
often predicts a very rapid reflux of glue along the
catheter and risk of gluing normal adjacent arteries
or gluing the catheter. When a wedge position is
obtained, the glue may progress slowly without arte-
rial flow contamination and finally reach the origin
of the veins, or enter another part of the nidus, and
even reflux into other feeding arteries through the
nidus. The progression of the glue has to be followed
under subtracted fluoroscopy. Biplane equipment is
mandatory to follow this progression in two different
projections. Two major issues should be addressed
prior to gluing: what is the course of the feeding
artery (which is revealed by the catheter), and where
is the origin of the draining vein? Indeed, before
injecting the glue the operator should understand
the anatomy perfectly and be able to determine as
soon as possible when the glue begins to reflux along
the tip of the catheter, and when the glue penetrates
the origin of the draining vein, in order to predict
to what point the glue has to be pushed. These two
arterial and venous limits of gluing should be de-
cided prior to the injection. It is mandatory to find
the best projections to separate: (a) the course of
the feeding arteries from the nidus and the veins
and avoid overlapping of the structures which need
to be occluded (nidus and veins) and the one which
should not (feeding artery), and (b) the nidus from
the vein (Figs. 3.4, 3.6 and 3.10). Biplane equipment
makes it possible to follow the injection and progres-
sion of glue by looking alternately at the two screens.
As soon as the injection begins the operator should
carefully look at the distal tip of the catheter to see
the slow progression of the glue. The injection must
be very slow when glue comes out of the catheter
to avoid the formation of multiple little drops of
glue exiting too rapidly and spreading quickly in
the veins. In contrast, the first kernel of glue should
be pushed very gently from the tip of the catheter to
the distal artery and nidus. The penetration of the
glue in the origin of the draining vein is recognized
by an enlargement of this kernel (Fig. 3.4). The in-
jection must be stopped for a few seconds and then
resumed. If the glue again progresses in the vein or
enters another vein, the injection is stopped again
for 4-5s and then resumed. Here again, the opera-
tor should decide before performing the injection
whether the goal of the injection is to occlude the
vein completely or just to reach its origin, keeping it
patent. In case of large AVMs with multiple feeders,
the aim of each injection from the first to the last
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Fig.3.10a-k. A 32-year-old man presenting with seizures. [> >
Left internal carotid (a, c), internal carotid (b, d), and verte-
bral (e) injections show a right compact parietal AVM fed by
parietal distal branches of anterior, middle, and posterior
cerebral arteries. Determination of size of the nidus itself
and nidus limits is difficult due to the presence of multiple,
very dilated draining veins. First and second superselective
catheterization during first embolization showed favorable
angioarchitecture with very good access to the origin of
the draining veins (f,g). A 20% mixture of Histoacryl and
Lipiodol was injected in both cases. Gluing of the origin of
the draining vein obtained after the first injection is visible
(g). Cast of glue at the end of the two sessions of emboliza-
tion delineates the exact size of the nidus itself and origin
of veins (h). Right internal carotid injection in lateral (i)
and AP (j) views and right vertebral injection (k) performed
3 months later confirm complete cure
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Fig.3.11a-f. A 27-year-old man presenting with a frontal AVM
revealed by seizures. Axial T image precisely localizes the frontal
AVM at the surface of the cortex and extending partially within
the white matter (a). Poor understanding of AVM architecture,
nidus shape and limits, and determination of venous compart-
ment are obtained with this axial image. Right internal carotid
injection in the early arterial (b) and venous phase (c) shows type
of arteriovenous shunt better, with a compact nidus and a single
dilated vein. During the second embolization the microcatheter
broke during retrieval at the end of glue injection (d), outside of
the patient, approximately 20 cm from the hub. It was cut at the
level of the skin of the groin. Patient was treated for 2 weeks with
low-molecular-weight heparin and for 3 months with aspirin.
This technical complication had no clinical consequences. Four
embolizations resulted in incomplete occlusion with residual ni-
dus draining into a small collateral vein which was visible on
pre-treatment angiography (e, f). Radiosurgery was performed
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procedure should be the occlusion of the draining
veins (Figs. 3.10 and 3.11). In case of a small AVM,
with only one draining vein, the operator should
decide before injecting whether the goal is to oc-
clude all the nidus and the draining vein in one
shot or to occlude just one part of the nidus, to
enter the origin of the vein with glue but keep the
vein patent. In the first strategy the operator has to
foresee, during the injection, whether it will be pos-
sible or not to occlude all the nidus before deciding
to completely occlude the vein. In the last strategy,
the injection has to be stopped as soon as the glue
penetrates the vein. Within a few minutes the kernel
of glue will progressively laminate the walls of the
vein, producing a reduction of the flow (Fig. 3.10).
At the end of the injection the operator must as-
pirate back the glue with the syringe, then rapidly
pull the microcatheter into the guiding catheter to
avoid inadvertent migration of some drops of glue
in the normal circulation. Before the development of
the glide microcatheter, both the microcatheter and
the guiding catheter were abruptly pulled out of the
femoral sheath to avoid rupture of the microcatheter
body or gluing tip. Very smooth microcatheters can
be pulled out alone and the guiding catheter can be
left in place.

The technique of intranidal embolization with
Histoacryl requires tremendous experience on the
part of the operator, because the injection is fast
(from a few seconds to 1-2 min) and clinical conse-
quences or improper gluing are disastrous.

Material

A 5- or 6-F guiding catheter is placed through the
femoral sheet into the internal carotid or vertebral
artery. The tip of the catheter should be placed high
enough to facilitate microcatheterization by allow-
ing the possibility of pushing more on the micro-
catheter and guidewires. However, too distal cath-
eterization may induce a spasm of the artery which
may decrease the flow and may, on the contrary,
render the microcatheterization more difficult. Ni-
modipine may be injected in the guiding catheter
to treat vasospasm induced by the guiding catheter.
Two milligrams of nimodipine (10 cc) may be slowly
injected two or three times. Nimodipine has very
little effect on the systemic blood pressure. Its ef-
ficacy lasts throughout the procedure.

Types of Catheters

Microcatheterization is performed today with two
different types of catheters:

e The true flow-guided catheter (Magic 1.8, 1.5-
or 1.2-F, Balt Extrusion, Montmorency, France;
Elite 1.8, 1.5-F, Target therapeutic, Fremont,
Calif., USA). Diluted contrast medium is injected
through the catheter under subtracted fluoros-
copy to select the desired pedicle. Although
these catheters are supposed to navigate with the
flow, they frequently enter normal, not dilated,
branches instead of being aspirated by the flow
into dilated arteries feeding the AVM. Catheter-
ization of the desired branch is then performed
by flushing pure saline or a mixture of saline and
contrast medium within the microcatheter with a
different pressure. That way, the tip of the cath-
eter tends to go back (depending on the pressure
produced on the syringe) and to vibrate. This
makes it possible to guide the tip (which was pre-
viously shaped as a small curve) from one artery
to another. If the catheter fails to progress one can
use a microguidewire in the flow-guided catheter
to provide more stiffness and increase “pushabil-
ity”. The wire is pushed almost up to the tip of
the catheter, but extreme caution should be used
to keep the guidewire from extending beyond the
tip of the catheter. The catheter and guidewire are
then pushed together and the guidewire is very
quickly removed. The catheter usually progresses
in the last step when the wire is pulled back. This
procedure is repeated until no more progression
of the tip is achieved.

e The intermediate-flow-guided/over-the-wire
catheter (Ultraflow and Marathonl.8- or 1.5-F,
Microtherapeutics, Irvine, Calif., USA). These
catheters do not navigate without a guidewire.
The very floppy guidewire is placed within the
catheter almost at its tip. Both catheter and guide-
wire are pushed simultaneously, making distal
catheterization very easy and fast. The guidewire
may be pushed outside the tip of the catheter into
the desired branch of a bifurcation or in order to
navigate into distal acute curves. The catheter pro-
gresses very easily with the guidewire. In contrast,
a true flow-guided catheter does not navigate over
the wire when the wire is pushed outside its tip.
Thus, these new catheters behave as intermediate-
flow-guided/over-the-wire catheters. The disad-
vantage is that they are more rigid because of the
guidewire than true flow-guided catheters. They
may modify the course of the catheterized artery,
and they may induce spasm or arterial damage
during abrupt removal. The chance of very distal
catheterization may be higher.
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Concentration of the Glue Mixture

Superselective angiography precedes each emboli-
zation. Since 1988, NBCA (N-butyl cyanoacrylate)
has replaced IBCA (I-butyl cyanoacrylate). Histo-
acryl (B. Braun, Melsungen, Germany) was the only
glue available in Europe for many years. This glue is
still not approved by the European Community for
the indication of intracranial arterial embolization.
Nevertheless, it was used for more than 10 years in
thousands of patients and is considered by all the
experts to be safe. A new glue has recently been ap-
proved by the Food and Drug Administration in the
USA (Trufill n-BCA Liquid embolic system, Cordis,
Miami) and another one in Europe (Glubran, GEM,
Viareggio, Italy).

Histoacryl is mixed with Lipiodol (Guerbet, Aul-
nay sous Bois, France) in concentrations varying
from 17% to 100%. Tantalum powder (Nycomed In-
genor, Paris, France) was previously used as a con-
trast agent to enhance the visibility of the mixture.
Due to tremendous new improvements made in an-
giography rooms, however, the mixture is now very
well visible under subtracted fluoroscopy. The best
concentration of glue/Lipiodol is very difficult to
determine and the choice depends on the operator’s
experience and knowledge of glue embolization in
brain AVMs. The choice is purely subjective and is
made on the basis of the pre-embolization super-
selective angiograph. In case of a wedge position
within the nidus without very early venous drainage,
a dilution of 17% (1 cc Histoacryl in 4.5 cc Lipiodol)
allows very slow and long injection and progression
within the nidus without a major risk of gluing the
catheter. This concentration may be increased from
17% to 20%, 25%, or 33% (respectively, 1 cc Histoac-
rylin 4 cc, 3 cc, or 2 cc Lipiodol). Various situations
call for the use of these more concentrated mixtures
- when the origin of a vein which should not be oc-
cluded is very close to the catheter tip (Fig. 3.4), for
instance, or when the “security distance” from the
tip of the catheter to normal arteries is short and re-
flux along the tip of the catheter must be perfectly
controlled. This is particularly true during emboli-
zation of perforating arteries (lenticulostriate, an-
terior choroidal, posterolateral and posteromedian
choroidal, thalamo-perforating arteries). They are
also necessary when a direct arteriovenous fistula
without interposed arterioles induces a risk of not
being able to control the glue, some drops of which
may flow through the shunt into the venous system.
Highly concentrated mixtures are rarely used: 50%
(1 cc Histoacryl in 1 cc Lipiodol), - 66% (1 cc His-

toacryl in 0.5 cc Lipiodol), and pure Histoacryl is
extremely rare. These concentrations are used only
in large-caliber direct fistulas in which the catheter
tends to be aspirated into the vein. In this situation
the tip of the catheter has to be pulled back into the
arterial side of the shunt. The glue should be in-
jected as slowly as possible to obtain the formation
of a kernel stuck at the tip of the catheter, which can
be progressively inflated to obtain slow occlusion of
the shunt from the artery to the vein. The operator
should not give slack to the catheter, which might
be aspirated by the kernel in the flow and reach the
vein. Although the glue is very concentrated, there is
arisk the column of glue will detach prior to polym-
erization and rapidly migrate into the distal veins,
sinus, or extracranial veins. This is why it is neces-
sary to wait several seconds for glue polymerization
before pulling the catheter.

3.5.3.3
Complications

Technical Complications

Gluing the Tip of the Catheter

In some instances the catheter may be stuck within
the nidus during its rapid removal at the end of
gluing (Fig. 3.11). A Magic catheter may rupture at
the level of one of the distal junctions, or the body
of the catheter may not rupture but elongate. No
endovascular mechanical maneuver to retrieve the
catheter should be done. Neurosurgery aimed at re-
moving the catheter tip should be proscribed as not
useful and dangerous. Clinical complications due to
the presence of a broken catheter within intracranial
arteries, the internal carotid or vertebral artery, or
the aorta are very rare. In such instances we recom-
mend anticoagulation treatment for the patient for
1 week with low-molecular-weight heparin and for
3 months with aspirin. In case of distal rupture the
risk is related to progressive migration of the bro-
ken distal portion into intracranial distal arteries.
When the catheter is not ruptured, it may be cut at
the level of the skin and left in the iliac artery. With
more resistant catheters the risk of tearing the nidus
when pulling back the catheter is probably higher.
The catheter does not rupture, and even very elastic
catheters may stretch the feeding artery and damage
the nidus with eventual bleeding. Different steps
must be followed to minimize the risk of gluing
the catheter (DEBRUN et al. 1997): wedge position
on preembolization angiography with no reflux of
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contrast on catheter tip; good projection of work
to separate the tip of the catheter from nidus and
vein on subtracted fluoroscopy; removal of any loop
in the microcatheter before injection of glue; use
of diluted mixture (17%-33%); aspiration with the
syringe before pulling the catheter.

Catheter Rupture

During difficult distal and tortuous navigation the
catheter may be perforated by the guidewire due to
repeated “push and pull” maneuvers in acute curves.
The major problem is to depict this rupture dur-
ing superselective preembolization angiography or
during contrast medium injection before injecting
the glue. In such cases, the contrast medium opaci-
fies the parent artery at the same time as the distal
artery downstream of the catheter tip. The operator
can sometimes feel less resistance during injection.
The risk of injecting glue through the perforation
of the catheter within the parent artery is extreme,
and clinical consequences related to occlusion of
major vessels may be disastrous. In any case where
the operator suspects a likely perforation, he should
remove the catheter and not inject glue.

Polymerization Within the Catheter

Prior to injection of glue, the dead space of the cath-
eter and hub must be filled with 5% dextrose solu-
tion to avoid polymerization of the glue within the
catheter. In some cases, however, this unexplained
rapid polymerization may happen. The main rea-
son is probably poor quality control of Histoacryl
or Lipiodol. The operator should always push the
glue slowly through the microcatheter and follow
its progression at the level of its distal tip. If the
glue does not exit the tip of the catheter, and even
if there is no increased resistance to pressure on the
syringe, the operator should never increase the in-
jection pressure. The major risk is catheter rupture
and major artery occlusion or embolization of distal
normal arteries.

Clinical Complications

The major risk of brain AVM embolization is acute
postembolization hemorrhage (APEH). APEH is
both the most frequent and the most neurologically
devastating complication of embolization. Ischemic
complications due to inadvertent embolization of
normal arteries feeding adjacent brain parenchyma
is much more rare and is associated with a better
neurologic outcome.

APEH may be due to multiple causes and can be
more or less predictable. Many groups have studied
retrospectively the angioarchitectural character-
istics correlated with hemorrhagic presentation of
brain AVMs (KADER et al. 1994; MARKS et al. 1990;
NATAF et al. 1997; TURJMAN et al. 1995; THOMPSON et
al. 1998; MEISEL et al. 2000; P10TIN et al. 2001). Vari-
ous architectural and hemodynamic factors may
increase the risk of APEH. Other studies addressed
the cerebral hemodynamic of brain AVM before,
during, and after embolization to provide a theo-
retical basis for a possible physiopathology of APEH
(NorNESs and GrRIP 1980; BARNET et al. 1987; HANDA
etal. 1993; AL-RoDHAN et al. 1993; YOUNG et al. 1994;
SoRrRIMACHI et al. 1995; YOUNG et al. 1996; Gao et al.
1997; KAMINAGA et al. 1999; MAssouD et al. 2000).
The different causes of APEH are occlusion of the
draining vein with glue, delayed venous thrombo-
sis, normal perfusion pressure breakthrough, in-
tranidal aneurysm rupture, and vessel wall tearing
during microcatheter retrieval. The only causes of
APEH that may be accurately recognized are occlu-
sion of the draining vein with glue or delayed venous
occlusion. In others instances the cause is only puta-
tive (Fig. 3.7).

Occlusion of the Draining Vein with Glue and
Delayed Venous Thrombosis

These complications involve the so-called occlusive
hyperemia syndrome. This term was introduced by
AL-RODHAN et al. (1993) to describe another mecha-
nism of APEH related to impaired venous drainage
due to AVM resection or embolization. Secondary to
embolization, impaired venous drainage can result
from gluing of the draining vein; delayed venous
thrombosis may be due to occlusion of substan-
tial arteries and nidus. Progressive and extensive
thrombosis of the residual nidus and draining vein
has been described (VINUELA et al. 1983b; PURDY et
al. 1991a; DUCKWILER et al. 1992; PICARD et al. 2001).
PURDY et al. (1991a) reported three hemorrhages in
the week after embolization with PVA foam par-
ticles and platinum microcoils. They believed that
hemorrhages were related to venous thrombosis
due to stasis caused by substantial obliteration of
AVM, which slowed the flow in the enlarged venous
channel, rather than by direct occlusion of the vein
by embolic material. Nevertheless, inadvertent em-
bolization with sudden complete occlusion of the
veins is probably the most frequent cause of APEH.
DERUTY et al. (1996) reported 5 cases of APEH in 40
patients (12.5%) in the week after embolization. In
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four of these five cases occlusion of the main venous
drainage was demonstrated. Continued inflow into
the malformation with impaired outflow is a very
high risk situation for rupture and hemorrhage. Par-
tial occlusion of the draining vein with glue, associ-
ated with decreased arterial flow, may favor further
complete venous thrombosis and hemorrhage. The
time course of the complications may indicate the
etiology of the problem: Inadvertent venous occlu-
sion causes immediate or early postprocedural com-
plications, while delayed venous thrombosis causes
delayed complications.

Normal Perfusion Pressure Breakthrough

This concept of normal perfusion pressure break-
through (NPPB) was first described by SPETZLER et
al. (1978), who assessed that the normal brain paren-
chyma surrounding brain AVMs is subjected to the
chronic vascular steal phenomenon by the AVM and
disturbed vascular autoregulation. The acute reduc-
tion of flow after resection of an AVM reestablishes
a normal flow in the surrounding brain; the lack of
autoregulation results in disruption of local capil-
lary beds and produces subsequent brain edema or
hemorrhage. There is experimental evidence for the
theory that vasomotor regulation can be seriously
impaired due to the long period of arteriole inactiv-
ity (NorNEs and Grip 1980). With intraoperative
measurements of cerebral vascular reactivity to CO,
in the cortex surrounding the AVM, BARNETT et
al. (1987) showed that impaired reactivity was as-
sociated with APEH. FoLkow et al. (1971) showed
an adaptive structural change of the resistance ves-
sels in chronically hypotensive beds with reduc-
tion of the media and greatly increased lumina.
The maximal contractile strength and steepness of
the resistance curve were decreased. The hemody-
namics of AVMs and surrounding brain have been
debated for years. Pre- and postoperative cerebral
blood flow was studied using various techniques:
thermodilution (BARNETT et al. 1987; SPETZLER et
al. 1987), -xenon CT scan (SPETZLER et al. 1987),
single photon emission computerized tomography
(BATJER et al. 1988; TAKEUCHI et al. 1987; HACEIN-
BEY et al. 1995), and positron emission tomography
(KaMINAGA et al. 1999). Intraoperative vascular
pressure measurements were performed with either
direct puncture (BARNETT et al. 1987; HASSLER and
STEINMETZ 1987; SPETZLER et al. 1987; YOUNG et
al. 1994) or Doppler ultrasonography. They showed
that the pressure is reduced in the pedicle feeding
the AVM and that obliteration markedly elevates

the pressure after AVM occlusion. Similar changes
were measured during catheterization and embo-
lization (HANDA et al. 1993; JUNGREIS et al. 1989;
SORIMACHI et al. 1995). YOUNG et al. (1994) showed
that the transnidal pressure gradients were lower
in larger AVMs. In the experience of SORIMACHI
et al. (1995), the pressure was higher in pedicles
feeding both the AVM and normal adjacent brain.
This is due to the fact that brain-supplying arteries
have a higher resistance than AVM-feeding vessels.
The authors concluded that the lower the feeder
pressure, the more likely complications are to oc-
cur, due to tremendous postembolization hemody-
namic alterations. In contrast, DUCKWILER et al.
(1990), who performed pressure measurements in
more than 250 pedicles in 100 patients, did not find
any direct correlation between pressure changes
and risk of hemorrhage. The observation of pres-
sure gradients >40 mmHg between feeding arteries
and cervical arteries was highly suggestive of the
presence of direct fistula associated with the AVM
nidus. The hemodynamic changes expected from
obliteration of different-sized AVM shunt flows were
estimated using a computational model (Gao et al.
1997). Three important issues became evident. First,
the nonlinearity of the arterial pressure increase
that occurs with gradual occlusion of the shunt at
the feeding artery level can be expressed as the per-
centage of occlusion at half maximal pressure (% of
flow reduction to increased feeding artery pressure
from baseline pretreatment level to a level mid-way
to the final vascular pressure expected with com-
plete occlusion of the shunt flow). The percentage
of occlusion at half maximal pressure increase was
92% for a large and 71% for a medium AVM model.
This suggests that there might be a higher risk of
increased pressure gradients (a) during final stages
of embolization, (b) in the presence of a small AVM
remnant post embolization or surgery, (c) during
the final stage of radiosurgery. Second, pressure
changes are relatively minor near the circle of Wil-
lis and much more profound approaching the nidus
as the flow shunt is decreased. Third, at a fixed flow
there is a buffering effect of direct fistula, such that
higher-flow fistulas are exposed to smaller varia-
tions in intravascular pressure during manipulation
of systemic arterial pressure. This means that the
pressure changes to be expected in distal vascular
structures close to the nidus will be proportionally
less than changes in systemic pressure; the degree
of proportionality depending on the magnitude of
AVM shunt flow.
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Intranidal Aneurysm Rupture

An APEH may happen due to the rupture of an in-
tranidal aneurysm or false aneurysm after partial
occlusion of the AVM. The likely increase in blood
pressure in the feeding artery and part of the nidus
not embolized is probably responsible for the APEH
in some cases. This is why it is mandatory to analyze
precisely the angioarchitecture of the nidus before
deciding on the embolization strategy. First embo-
lizations should focus on the weakest compartment
of the AVM. Small false aneurysms must be system-
atically researched on selective and superselective
angiography and compared with CT scan and MRI
(Figs. 3.6 and 3.7).

Tearing of Vessel Wall During Microcatheter
Retrieval

Arteries may be damaged during microcatheter re-
trieval. Several conditions may favor the tearing and
bleeding of vessel walls: very distal and tortuous
catheterization, vasospasm of the catheterized ped-
icle, reflux of glue along the tip of the catheter, very
small arterial feeders, choroidal feeders, looping of
the catheter within artery. Such arterial damage is
very rarely encountered with floppy flow-guided
catheters. The safety of the use of intermediate cath-
eters (good gliding properties but more rigid) has to
be evaluated.

Frequency of Acute Postembolization Hemorrhage

In the very early period of brain AVM embolization,
procedures involved injection of Silastic spheres or
silicone rubber. Kvam et al. (1980) were the first
to report on postembolization hemorrhage. At the
same time they made the excellent suggestion of
staging the embolization in several steps to avoid
abrupt dramatic changes in blood pressure. This
recommendation should be kept in mind by all in-
terventional neuroradiologists as the main way to
decrease the rate of bleeding. PICARD et al. (2001)
did a recent review of the literature and presented
the largest series ever published on APEH. In 18
series of brain AVM embolizations in which cases
of spontaneous APEH were reported there were 58
(4.8%) APEHs among 1206 patients. These series in-
volved very different embolization techniques and
embolic materials (pellets, IBCA, silk suture, PVA,
NBCA). Considering only series with glue emboli-
zation, there were 31 (8.2%) APEH in 379 patients
(BANK et al. 1981; DEBRUN et al. 1982, 1997; DERUTY
et al. 1996; FOURNIER et al. 1991; JAFAR et al. 1993;
LAWTON et al. 1995; MERLAND et al. 1986; WALLACE

et al. 1995). However, these publication are very in-
homogeneous and almost obsolete in view of the
tremendous changes in embolization techniques
and devices seen in recent years. DEBRUN et al.
(1997) reported a risk of 3.9% APEH per emboliza-
tion (6/152) and 11% per patient. In a series of 283
patients, the risk of post-embolization subarachnoid
hemorrhage and intraparenchymal hematoma was,
respectively, 3.1% and 2.1% (VINUELA 1992). The
most recent publication from PICARD et al. (2001)
gives probably the most up-to-date rate of hemor-
rhagic complications using the intranidal injection
technique as described above. They report a series
of 564 patients with brain AVMs; 492 (87%) were
treated with intranidal injection in a total of 1569
procedures, with a mean embolization of three ped-
icles per procedure. The rate of APEH was 1% per
embolization (15/1569) and 3% per patient (15/492).
Of these 15 patients, only three had previously bled
prior to treatment. Four patients were asymptomatic
after hemorrhage (incidental discovery on system-
atic third-day CT scan), seven had excellent or good
outcomes, two had fair outcomes, and two died. Se-
vere morbidity and mortality combined was 0.8%
(4/492 patients).

Basic Rules for Avoiding APEH

Several recommendations for minimizing the risk of
APEH may be highlighted: Treatment should always
be staged, except for grade I AVMs, in which all the
feeders as well as the origins of draining veins can be
occluded in one session. When the vein has to be pre-
served, the venous passage should be controlled by
pausing for a few seconds when the glue reaches the
vein before continuing to fill the nidus. Reflux along
the tip of the catheter should be avoided. First em-
bolizations should focus on weak points (intranidal
aneurysms). Floppy flow-guided catheters should be
used in tortuous thin arteries.

Management of APEH

Like spontaneous hemorrhage, APEH may present
with either no symptoms (incidental discovery on
systematic post-embolization CT scan), headaches,
or more aggressive symptoms with neurologic defi-
cit or coma. APEH may occur during the proce-
dure or within the following days. Prompt surgical
evacuation of the hematoma is mandatory in case of
mass effect and risk of herniation (JAFAR and REZAI
1994). Some angiographic features may predict an
increased risk of APEH: (a) occlusion or very slow
flow of one of the major draining veins, (b) stagna-
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tion of contrast within the nidus, (c) almost com-
plete occlusion of a small AVM with persistent tiny
residual nidus, (d) occlusion of a large direct fistula
within a nidus. In these instances it is necessary
to treat the patient with antihypertensive drugs for
several days after the procedure in the intensive care
unit. The ability of induced systemic hypotension to
prevent nidus rupture was analyzed by MassoubD
et al. (2000), using a theoretical model. The authors
distinguished five hypothetical mechanisms for ni-
dus hemorrhage: intranidal rerouting of blood pres-
sure due to occlusion of direct fistula, extranidal
rerouting of blood pressure (NPPB), occlusion of a
draining vein, delayed thrombosis of draining veins,
and excessively high injection pressure during su-
perselective catheterization. These different mecha-
nisms had the same capacity to generate surges in
intranidal hemodynamic parameters, resulting in
nidus rupture. Using their theoretical model, the
authors showed that inducing systemic hypotension
reduced the risk of hemorrhage whatever the mecha-
nism involved.

3.5.3.4
Particular Instances

AVM and Aneurysms

The association of brain AVMs and aneurysms has
been discussed for many years in numerous papers.
However, management of these cases is still con-
troversial. The incidence of aneurysms associated
with brain AVM reported in the literature ranges
from 2.7% to 58% (BATJER et al. 1986; BROWN et
al. 1990; CuNHA E SA et al. 1992; DERUTY et al.
1990; NAKAHARA et al. 1999; REDEKOP et al. 1998;
THOMPSON et al. 1998; TURJMAN et al. 1994). This
great discrepancies is due to the lack of uniformity
inaneurysm classifications. In the series of TURJMAN
et al. (1995b), 58 of 100 consecutive patients pre-
senting with brain AVM had associated aneurysms.
They were classified as intranidal aneurysms (INA)
in 25 cases and feeding artery aneurysms (FAA) in
38 cases. Many systems have been proposed to clas-
sify aneurysms associated with brain AVM, but a
widely accepted system of classification based on
their anatomic and pathophysiological relationship
to the AVM has yet to be developed and validated.
According to Redekop and coworkers, aneurysms
may be classified as intranidal or flow related when
located along the course of arteries that eventually
supply the nidus. These aneurysms were classified
as proximal, if located at the usual topography of

typical aneurysms, or as distal, if above the MCA
bifurcation, anterior communicating, or first seg-
ment of posterior cerebral arteries. They are unre-
lated to AVM if occurring on arteries not supplying
the AVM. Due to the absence of any reliable fac-
tors to assess whether the aneurysm is flow related
or not, PI10TIN et al. (2001) simply classified aneu-
rysms (except for intranidal aneurysms) depending
on their location as proximal or distal. Basically, it
is necessary to differentiate between feeding artery
aneurysms (FAA) and intranidal aneurysms (INA).

Feeding Artery Aneurysms

Three major papers reported the rate of FAA. The
numbers of patients exhibiting FAA were 45 of
600 (7.5%) (THOMPSON et al. 1998), 71 of 632 (12%)
(REDEKOP et al. 1998), and 30 of 270 (11%) (P10TIN et
al. 2001). Among the 45 patients of THOMPSON et al.
(1998), 23 (51%) presented with bleeding. Bleeding
occurred from the AVM in 15, from the aneurysm
in 5, and the source of bleeding could not be deter-
mined in three. Among the 71 patients of REDEKOP
et al. (1998), 15 (21%) presented with bleeding from
the AVM and 12 (17%) from the aneurysm. Among
the 30 patients of P1oTIN et al. (2001), 15 (50%) pre-
sented with bleeding, which occurred from the AVM
in three and from aneurysm in 12. In this last series,
only 66 of the 240 patients (27.5%) without aneurysm
bled. The coexistence of AVM and aneurysms cor-
related significantly with intracranial hemorrhage
at presentation. Similarly, CUNHA E Sa et al. (1992)
identified the source of hemorrhage as the aneurysm
in 18 (46%) of 39 patients and as the AVM in 13 (33%).
According to BATJER et al. (1986), there were 9 (41%)
of 22 patients with hemorrhage and the aneurysm
was thought to be responsible for it in 7 (78%) of
these cases. Thus it is now obvious that in patients
with both AVM and aneurysm either one may be the
source of hemorrhage. However, MEISEL et al. (2000)
reported opposite results in a large series of 662 pa-
tients with brain AVMs, in which 305 (46%) of them
had either FAA or INA. Pretreatment hemorrhage
occurred in 54.8% of the patients with aneurysms
(56.8% in case of only FAA and 44% in case of FAA
and INA). The bleeding rate among patients without
aneurysm was 55%, suggesting that FAA are not the
primary source of bleeding. The therapeutic strat-
egy of the authors was based on a hypothesis stated
in 1998 (LAsjaUNIAs et al. 1988) and consisted of
targeting the embolization on AVM compartments
harboring INA or compartments fed by arteries har-
boring FAA. Partial targeted embolization was per-
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formed in 450 (68%) of the 662 patients; 138 (30.7%)
of them had at least one FAA. Follow-up of 83 pa-
tients with 149 FAAs showed 100% FAA shrinkage
in 12 cases (8.1%), and more than 50% in 33 of the
149 FAAs (22%). No shrinkage was observed in 40 of
the 102 (39%) FAAs with AVM occlusion of less than
50% and in 26 of 47 (55.3%) FAA with AVM occlu-
sion of more than 50%. The authors concluded that
because the FAAs shrink and do not rupture during
targeted AVM treatment they should be considered
as indicators of high-flow angiopathic changes and
that there is no evidence that they should be treated
prior to AVM treatment.

Because there is no consensus concerning treat-
ment of AVM and associated aneurysms, we propose
the following practical strategy:

e In case of subarachnoid hemorrhage or parenchy-
mal hematoma obviously related to FAA rupture,
the aneurysm should be treated in emergency.

m If the aneurysm is proximal on the arterial
feeder it should be treated with coils as a regu-
lar aneurysm (Fig. 3.3). Treatment of these aneu-
rysms may be very tricky because of a large neck,
high arterial flow, and very dysplastic, enlarged
feeders. The remodeling technique described by
MORET et al. (1997) may be very useful in these
instances to ease coiling, control possible perop-
erative rupture, and perform dense packing of the
neck. All pre-, per-, and postoperative care should
be exactly the same as for regular aneurysms not
associated with brain AVM, except for anticoagu-
lation, which may be less strong due to less risk of
thromboembolic complications.

m If the aneurysm is distal on the arterial feeder
treatment may be performed either with coils or
with glue. Intra-aneurysmal glue injection was
described for treatment of distal aneurysms with-
out associated brain AVM (COGNARD et al. 1999).
This technique may aim at occluding both the
aneurysmand feedingarteryor only theaneurysm,
preserving the patency of the parent artery. There
are several advantages to aneurysm glue occlusion
compared with coiling: very distal catheterization
is much easier and safer with a flow-guided cath-
eter than with a catheter for coil delivery, and the
risk of aneurysm rupture during embolization is
very low, primarily because the glue is injected
very slowly into the aneurysm and secondarily
because no manipulation is required as it is for
coiling. The major drawback of this technique is
parent artery occlusion, which hinders further
AVM embolization. We advocate the use of this

technique only in cases of very distally located
aneurysm in which occlusion of the parent vessel
is not critical. To allow simultaneous treatment of
both the aneurysm and the AVM, the treatment
can be achieved by intranidal glue injection until
there is a reflux along the tip of the catheter into
the arterial feeder and aneurysmal sac.

e In cases where the hemorrhage is clearly due to
AVM rupture the treatment is aimed primarily at
the AVM. The first embolization procedure may be
performed after the acute phase, as for ruptured
brain AVM not associated with aneurysms.

e In case the subarachnoid hemorrhage or paren-
chymal hematoma cannot be obviously ascribed
to FAA or AVM rupture, the aneurysm should
be treated in emergency (Pucheu). The treatment
should indeed focus on the lesion presenting the
more important risk of rebleeding and likely more
severe clinical consequences.

e In cases withouthemorrhage, indications for treat-
ing first the aneurysm or the AVM are highly con-
troversial. FAA may be regarded as a risk factor
of bleeding that should be treated first, owing to
the severe clinical consequences, or as high-flow
angiopathic changes that may disappear after
AVM occlusion. Two options may be proposed:

m AVM nidus-staged, stepwise embolization. If
this option is considered, the first embolization
procedure should be targeted at compartments of
the nidus fed by arteries harboring the aneurysm.
Cases in which the aneurysm has not shrunk at
follow-up, despite complete occlusion of the AVM,
could be treated with coils. At this point, the treat-
ment decision is as difficult to make as for unrup-
tured regular aneurysm and depends basically on
the aneurysm size.

m Selective aneurysm treatment to be performed
first (Fig. 3.3), the rationale for this option being
that the morbidity and mortality associated with
aneurysm hemorrhage are greater than those
associated with AVM, and that the presence of
the AVM downstream of the aneurysm protects
against thromboembolic complications which
could occur during aneurysm treatment, render-
ing the coiling very safe.

In fact, it is not possible to elaborate a strategy
of treatment based on a theoretical approach and
treatment planning should be determined in each
individual depending on many factors such as an-
eurysm location, size, neck, and morphology and
nidus size and architecture.
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e Intranidal aneurysms (INA) are located within
or in the immediate vicinity of the AVM nidus.
They should be differentiated from “false or
pseudoaneurysms” observed after an AVM rup-
ture (Figs. 3.12-3.14). These pseudoaneurysms are
supposed to correspond to an unclotted portion of
the hematoma still communicating with the vessel
lumen. Pseudoaneurysms should be suspected in
the presence of a vascular cavity, usually of irreg-
ular shape, within or at the periphery of the hema-
toma (Fig. 3.6). Nevertheless, it is impossible to
determine accurately in the case of AVM rupture
whether the lesion is a true or a false aneurysm.
GARCIA-MONACO et al. (1993) reported 15 cases of
pseudoaneurysm in a population of 189 patients
with brain AVMs. Eight of the nine cases not
treated by embolization or surgery had resolved
at follow-up angiography. None of the pseudoan-
eurysms was confirmed histologically. MARKS et
al. (1992) reported 15 patients with INA detected
after AVM rupture. In two of the three patients
operated on the aneurysms were located in the
pathological specimens. Histological evaluation
demonstrated these aneurysms to be thin-walled
vascular structures rather than pseudoaneurysms
due to AVM rupture. In fact, the acquired nature
of a pseudoaneurysm secondary to AVM rupture
can be asserted only when comparison with avail-
able pre-hemorrhage angiography confirms the
aneurysm as a new angioarchitectural feature.
However, even though it is almost impossible to
differentiate between INA and pseudoaneurysms,
both lesions should be considered risk factors for
acute rebleeding. That risk was 11% in a small
series of supposed pseudoaneurysms (GARCIA-
MonaAco et al. 1993) and 11% in a large series of
INA (MEISEL et al. 2000). The therapeutic plan-
ning concerning INA may be the following:

m Where a pseudoaneurysm or a false aneurysm
is responsible for the hemorrhage, the first step
of embolization must be performed in the acute
phase and should focus on aneurysm occlusion
(Figs. 3.12 and 3.13). Superselective angiography
performed with the flow-guided catheter must
be carried out to discover which feeding artery
is supplying the compartment of the nidus har-
boring the INA (Fig. 3.6). Catheter progression
within the desired vessel should be performed
as usual but with minimal injection of contrast
material (GARCIA-MONACO et al. 1993). Overinjec-
tion of fluid may exert a significant strain on the
false aneurysm and increase the risk of rupture.

A wedge position of the tip of the catheter may
produce rebleeding as well, because the injection
force is directly transmitted to the pseudoaneu-
rysm (LASJAUNIAS et al. 1988). Glue embolization
is performed as usual, with the aim of occluding
the nidus and aneurysm at the same shot.

m In case of unruptured AVM associated with INA
or ruptured AVM with INA not responsible for the
bleeding, there is no need to perform the treat-
ment in the acute phase. The first embolization
procedure should be performed several weeks
after bleeding and must be targeted at the com-
partment of the AVM harboring the INA.

Direct Arteriovenous Fistulas

Direct communication between arteries and veins
without interposed nidus may be observed. Two
types of direct AVF must be distinguished, pial AVF
and AVF within a brain AVM nidus.

The two major types of pial AVF are vein of Galen
aneurysmal malformations (VGAMs) located in the
subarachnoid space, and direct AVF (brain AVFs)
between cortical arteries and pial veins located in
the subpial space (LasjaUNIAS and BERENSTEIN
1993b). VGAMs are encountered mainly in neonates
and children and correspond to a separated entity
with specific embryology, physiopathology, clini-
cal presentation, and treatment strategy. Therefore,
they will not be treated in this chapter. Brain AVFs
may present in children with systemic manifestation
due to high-flow shunt with congestive heart failure
or failure to thrive. They may also present in adults
with the same symptoms as brain AVMs. Because
they are very rare, there is no large series published
in the literature concerning their rate of bleeding
and rebleeding and specific treatment. Nevertheless,
treatment consists of occluding the arteriovenous
shunt itself. This may be attained by glue injection
or parent artery coil occlusion. The best therapeutic
option is shunt gluing, because it allows complete
occlusion of the AV communication from the arte-
rial side to the origin of the vein. Catheterization is
often easy with regard to the dilatation of the feed-
ing vessel, even though the shunt is very distal. The
tip of the catheter is aspirated in the venous system
and has to be pulled back in the arterial side if pos-
sible, in a curve of the feeding artery, to obtain bet-
ter control of the glue injection. The operator should
not give too much slack to the catheter, which could,
under these conditions, progress during the injec-
tion of glue into the veins and result in total absence
of control of glue deposition, with no arterial em-
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Fig. 3.12a-e. A 30-year-old man presenting with a Hunt
and Hess grade I intraventricular hemorrhage within the
left ventricular horn. Two- (a) and three-dimensional (b,
c) left vertebral artery injections show a small AVM of the
inferomedial temporal lobe with a large false aneurysm.
Embolization was performed in the acute phase due to
the high risk of rebleeding. Superselective injection gives
a more precise picture of the angioanatomy, with the false
aneurysm located on the arterial side of the nidus (d). Glue
injection achieved complete obliteration of both aneurysm
and nidus (e)
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Fig. 3.13a-i. A 23-year-old man presenting with sudden
headaches and vomiting but no neurologic deficit or con-
sciousness disturbance. CT scan shows right cerebellar he-
matoma with intraventricular rupture and moderate ven-
tricular dilatation (a). Left vertebral artery injection in AP
(b) and lateral (c) views show an AVM of the right cerebellar > D>
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hemisphere with compact nidus fed by the superior cerebellar artery. Early arterial phase shows a round intranidal structure
which may correspond to either an intranidal aneurysm or a false aneurysm, as well as the origin of the draining vein (d).
Selective catheterization during embolization reveals that this round structure is located on the arterial side of the shunt
and likely corresponds to a false aneurysm (e). Control angiograph obtained at the end of the first embolization shows
efficient gluing of that structure (f,g). Follow-up angiography performed 3 months after the third embolization showed
complete occlusion of the AVM (h, i)
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Fig. 3.14a-d. A 43-year-old man presenting with a frontal hematoma with no neurologic deficit, only headaches and apraxia.
Digital angiography in AP (a) and sagittal (b) projections performed 2 days after the hematoma occurred showed a small
frontal superficial AVM fed by very small branches arising from the “en passage” posteromedial frontal artery. A small
aneurysm is visible in the medial aspect of the nidus. Due to the unfavorable angioarchitecture no embolization was per-
formed. Due to the large size of the hematoma and very small size of the AVM, surgery was not considered in the acute
phase considering the likely difficulty of finding the AVM. At follow-up 2 months later, angiography in AP (c) and sagit-
tal (d) projections showed disappearance of the aneurysm. Such spontaneous aneurysm regression is consistent with the

diagnosis of false aneurysm

bolization but venous occlusion and consequent
bleeding. The injection of a concentrated mixture
of glue and Lipiodol has to be as slow as possible to
avoid formation of small drops of glue flowing into
the veins. After progressive inflation of the kernel
of glue from the artery to the foot of the vein, the
operator should stop the injection and wait several
seconds for glue polymerization before withdrawing

the catheter. Removal of the catheter too early may
result in more or less fast progression of the kernel of
glue to the veins. This technique, however, requires
experience with glue injection and may be danger-
ousifuncontrolled. Thisis whyin someinstances the
shunt may be occluded with coils. A floppy catheter
with a very small diameter should be used to avoid
arterial damage (Fig. 3.15). Small three-dimensional
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Fig.3.15a-e. A 35-year-old woman who presented in an
acute coma due to a subdural and parenchymal occipital
hematoma. Emergency surgery was performed following
diagnostic angiography, which disclosed a pial AV fistula.
The patient rebled during surgery, which made it possible
only to evacuate the hematomas, but fistula occlusion could
not be done. Embolization was performed the following day.
Internal carotid injection showed the direct fistula between
the temporo-occipital artery and a dysplastic dilated corti-
cal vein (a,b). Because the operator did not feel confident
about treating the direct high-flow AV fistula with glue, em-
bolization with coils was performed; a poor packing of coils
was achieved (c) but there was immediate occlusion of the
shunt (d). Three-month follow-up angiography confirmed
the complete occlusion (e)

soft coils should be used to perform dense packing
on a short arterial segment and avoid occlusion of
normal adjacent arteries.

Intranidal Direct Fistulas

The angioarchitecture of brain AVM may sometimes
associate usual nidus and direct fistulas. True AVFs
are recognized when the tip of the catheter reaches
the origin of the vein during superselective catheter-
ization (Fig. 3.16). In contrast, very rapid opacifica-
tion of the foot of the vein after opacification of a
very short arterial segment should not be considered

as an AVF but as a very distal intranidal catheter-
ization (Figs. 3.4 and 3.10). When a true AVF is en-
countered within a brain AVM nidus the problem
is to determine which compartment should be the
first target of the treatment. The abrupt occlusion of
an intranidal fistula may result in rerouting of sig-
nificantly high shunting blood flow through delicate
plexiform portions of the nidus and subsequent im-
mediate rupture (Fig. 3.16). The hypothesis that par-
tial nidus embolization causes upstream pressure el-
evation in arterial feeders and that pressure increase
is transmitted to persistently unobliterated portions
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Fig. 3.16a-i. A 57-year-old man who presented with a frontal hema-
toma (grade II, Hunt and Hess). Left internal carotid angiography in
lateral (a, b) and AP (c, d) views done on day 2 after bleeding showed
a large brain AVM with very dilated feeding arteries and draining
veins. Such dilatation of the feeding arteries indicates the presence of
direct AV fistula shunts within the nidus. Superselective catheteriza-
tion was performed, showing multiple direct fistulas but no true nidus
(e). Injection of glue in these very high flow shunts was considered too
hazardous. Catheterization of the origin of the feeding vessels with
a nondetachable balloon catheter allowed much better control of the
glue injection by balloon inflation (f). Two injections were performed,
which occluded several direct shunts (g, h). The patient awoke from
anesthesia in the same clinical status as before treatment. Three hours
later he became hemiplegic, then comatose. CT scan showed a wide,
deep, left hematoma with ventricular rupture (i). The patient died
several hours later. Dramatic modification of the hemodynamics due
to sudden occlusion of several fistulas with increased pressure in
residual feeders and shunts is the most likely explanation for such
bleeding. Nevertheless, although the nidus should theoretically be
considered the first target in case of direct AV fistula, recognition
and catheterization of the nidus itself is almost impossible because

of the nidus producing a risk of nidus rupture was
evaluated with a theoretical model (MAssouUD et al.
2000). Intranidal rerouting of blood pressure due to
occlusion of a direct fistula generated surges in intra-
nidal hemodynamic parameters, resulting in nidus
rupture. In the same way, a computational model
analysis showed that direct fistulas have a buffering
effect, so that their abrupt occlusion may produce
an increased pressure gradient in the nonembolized
arteries and related nidus (Gao etal. 1997). Thereis a
theoretically higher risk of occluding a direct fistula
before nidus occlusion, and the strategy might be
to focus in the first embolization procedure on the
nidus and keep the direct AVF open until the end
of the treatment. The other reason for this strategy
is that, by definition, direct AVFs give access to the
vein, and if a direct AVF is embolized at the end of
nidus embolization it may allow venous gluing and
complete cure of the AVM. In contrast, if the AVF
is treated first there is an important risk of inad-
vertent venous gluing and occlusion with a major
risk of nidus rupture. The major drawback of this
strategy is that it is sometimes almost impossible to
understand the angioarchitecture of the nidus when
a direct AVF is associated with it. The occlusion of a
direct AVF first rapidly clarifies the angioarchitec-
ture of the nidus. Besides, because pedicles feeding
AVFs are larger and have a higher flow, flow-guided
catheters are systematically aspirated by the direct
AVF and feeders of the nidus itself are almost impos-
sible to catheterize.

the catheter is systematically aspirated through the direct fistula

3.5.3.5
Goals and Results

Goals

The goal of treating brain AVMs is first to elimi-
nate the risk of hemorrhage and then to completely
eliminate the AVM. Complete cure must be defined
as complete disappearance of the nidus and absence
of early venous drainage (Figs. 3.4, 3.10, 3.12, 3.13
and 3.15). To attain that goal a multidisciplinary
strategy must be decided on by the neuroradiologist,
neurosurgeon, and the radiotherapist. If emboliza-
tion is considered as the first step of the therapeutic
strategy, its goal is to occlude the AVM or to decrease
its size as much as possible, because occlusion and
complication rates after radiosurgery are closely re-
lated to the size of the residual AVM. Embolization
should aim obtaining a single residual nidus and
avoid spreading the AVM in multiple separated re-
sidual nidus compartments (Fig. 3.11). For this rea-
son, each embolization should be targeted at specific
compartments of the nidus to try to occlude the
AVM from the periphery to the center. We consider
the embolization completed when further catheter-
ization and glue injection is no more possible (too
thin or tortuous pedicles, or pedicles feeding the
AVM through arterio-arterial anastomosis). At that
time, depending on the final result of embolization,
radiosurgery or surgery is performed to obtain com-
plete occlusion of the AVM.
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In some instances, complete cure is deemed
impossible despite a combined technique. Partial
treatment can yet be indicated in some cases: (a) to
cure a weak point of the AVM such as a false aneu-
rysm, intranidal aneurysms, or large feeding artery
aneurysms (Fig. 3.6); (b) to improve the clinical
symptoms in case of a large AVM presenting with
progressive neurologic deficits (Fox 1997).

The efficacy of partial embolization to improve
the condition of patients with intractable seizures
hasneverbeen proved,and such embolization should
not be performed owing to the risk induced by re-
peated embolization with no evidence of benefits. In
the same way, the efficacy of partial embolization to
reduce the risk of bleeding has not been proved. On
the contrary, the computational model from Gao et
al. (1997) suggests that there might be a higher risk
of increased pressure gradients and subsequent risk
of bleeding during final stages of embolization. Par-
tial embolization with the aim of reducing the risk
of bleeding should therefore not be performed.

Results

Several factors make it impossible to accurately
evaluate the results of brain AVM embolization: (a)
the tremendous variety of embolic agents used; (b)
considering only glue embolization, the extreme
variety of techniques used (pedicle vs intranidal
embolization) and the very rapid evolution of cath-
eter technology and changes in operator experience
and skill, along with technological improvement;
(c) the very different methods of patient selection
(nonsurgical brain AVMs with series reporting only
grade III-V AVM, vs series in which embolization is
indicated as the first treatment step before surgery
or radiosurgery); (d) the different goals of treatment
(presurgical embolization aimed at reducing the
flow, vs curative embolization aimed at definitely
occluding the AVM). Neurosurgeons are right when
they claim that no large series with good methodol-
ogy can accurately evaluate the results of current
brain AVM embolization. In a meta-analysis, Friz-
zel and co-workers reviewed the past 35 years of
brain AVM embolization (32 series, 1246 patients)
(FrizzEL and FIsHER 1995). This study having been
published in 1995, all the reviewed papers concerned
almost obsolete embolization techniques and cer-
tainly do not reflect the current embolization tech-
niques and results. Embolization resulted in AVM
cure in only 5%. Permanent morbidity was 9% and
mortality 2%-1%. Ten years ago, complete occlusion

of a brain AVM was supposed to be possible only in
case of a small single pedicle AVM (PELz et al. 1988;
BERTHELSEN et al. 1990). In addition, these authors
reported a case of complete obliterated AVM with a
later recanalization, suggesting what is still in the
mind of many neurosurgeons - that glue emboliza-
tion does not provide long-term occlusion of brain
AVMs. More recent, though still obsolete, series
reported cure rates of 10%-20% including large le-
sions (BERENSTEIN and CHoOI 1988; GRzYSKA et al.
1993; Guo et al. 1993). A cure rate of 70% has been
reported for small lesions (BERENSTEIN and CHOI
1988). Three small series reported much better re-
sults with cure rates of more than 50% (SAMSON et
al. 1981; NAKSTAD et al. 1992; WiLMs et al. 1993).
Nevertheless, these results are quite surprising with
regard to the embolization material used and no de-
tails are available concerning AVM characteristics.
WikHOLM et al. (1996) reported, for 150 patients
treated, a cure rate of 13% with a mortality of 1.3%
and severe morbidity of 6.7%. However, in this series
the referred patients were selected by the neurosur-
geons, creating a recruitment bias favoring left side
and eloquent-located AVMs as well as high Spetzler-
Martin grades (85% of the AVMs were grades III-V).
Much better but still unpublished results include
an obliteration rate by embolization alone of 33%
(138/419 patients) (PICARD et al. 1999).

The long-term stability of nidus occlusion with
glue has been a matter of debate for many years;
some authors have raised questions about the dan-
ger of revascularization. This concern was based
on two different observations: (a) that revascular-
ization of a nidus may occur after incomplete oc-
clusion of large brain AVM (VINTERS et al. 1986;
VINUELA et al. 1986); (b) the long-term resorption
of cyanoacrylate cast (Rao et al. 1989). The first
finding of revascularization of the nidus due to de-
velopment of extensive collaterals after incomplete
occlusion of large brain AVM has been correlated to
the proximity of the deposition of the embolic ma-
terial (VINUELA et al. 1986; FOURNIER et al. 1990).
This phenomenon is well recognized today as being
secondary to too proximal occlusion of the feeding
vessel without intranidal gluing. The proximal oc-
clusion favors extensive collateral recruitment to
supply the nidus, which may be misinterpreted as
recanalization due to poor long-term efficacy of the
glue itself (Fig. 3.17). However, it is certain today
that when complete occlusion is obtained by intra-
nidal injection the result is permanent (WIKHOLM et
al. 1995). However, complete disappearance of any
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Fig. 3.17a-g. An 18-year-old woman presenting with a 3-year history of intractable seizures despite adapted therapy. Right
internal carotid injection in lateral (a,b) and AP (c,d) views show a large frontoparietal medial AVM, fed mainly by frontal
branches of the anterior cerebral artery, as well as by a leptomeningeal anastomosis arising from distal branches of middle
cerebral arteries. Final angiography obtained after four procedures shows important nidus remnant due to too proximal
embolization of feeding pedicles from the anterior cerebral artery branches and opacification of the distal aspect of these
embolized arteries by the pial anastomosis from middle cerebral artery branches (e-g). Embolization through these anas-
tomoses should never be performed in view of the certain subsequent neurologic deficit
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Fig. 3.18a-g. A 28-
year-old who presented
with a huge cerebellar
hematoma with head-
aches, diplopia, and
consciousness distur-
bances but no deficit
(a). Right vertebral
injection shows a ver-
mian AVM fed by both
superior cerebellar ar-
teries with a compact
nidus draining into a
single vermian vein
presenting extensive
ectasia, probably cor-
responding to the rup-
ture site (b, c). Control
angiography obtained
at the end of the two
sessions of emboliza-
tion showed the cast of
Histoacryl (d,e) and
complete occlusion of
the AVM (f). Follow-
up angiography at 3
months showed a re-
sidual nidus and early
venous drainage (g).
The patient was treated
with radiosurgery

y
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nidus and draining vein immediately after emboli-
zation does not always predict definitive occlusion,
which can be ascertained only on angiography at
several months’ follow-up (Fig. 3.18). The second
observation, concerning resorption of the glue at
follow-up angiography (Rao et al. 1989) is a con-
stant phenomenon (Fig. 3.19). Long-term follow-up
of embolized brain AVM, whatever the result (cured
or not cured), always shows a progressive disap-
pearance of the cast of glue. The reason why the glue
is less and less visible over years is still not clear.

A chronic inflammatory response with varying de-
grees of collagenization, fibrosis, and mild lympho-
histiocytic infiltrates with an indistinct layer of nor-
mal vessel walls were observed on light microscopy
(KisH et al. 1983; VINTERS et al. 1985). The giant cell
reaction is confined to the vessel lumen, without any
reaction in the media or adventitia (FREENY et al.
1979; VINTERS et al. 1986). The most likely mecha-
nism to explain the progressive decreased density of
the cast is intracellular phagocytosis of bucrylates
or Lipiodol.

Fig. 3.19a-d. Large parietal AVM. Cast of glue obtained after two embolizations, AP and lateral view (a, b). The patient was
lost to follow-up for 3 years. Nonsubtracted images obtained at the beginning of the third procedure of embolization show
almost complete resorption of the cast of glue (c,d)
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3.5.3.6

Intranidal Embolization with Nonadhesive Liquid
Embolic Agents

(*Modified by Prof. I. Wanke)

A nonadhesive liquid polymer was developed (Onyx,
Micro Therapeutics, Inc., Irvine, Calif.) (TAKI et
al. 1990; MUrAYAMA et al. 1998). Onyx is made
of a mixture of ethylene-vinyl alcohol copolymer
(EVOH) and dimethyl sulfoxide (DMSO). EVOH is
a copolymer of polyethylene and polyvinyl alcohol.
Polyethylene was used for artificial joint implanta-
tion and polyvinyl alcohol constituted the particles
of PVA used for embolization. The EVOH is dis-
solved in the DMSO at three different concentra-
tions: 6% (with 6% copolymer and 94% solvent,
Onyx 18), 6.5% (Onyx 20), and - 8% (Onyx 34).
A low concentration (6%) is less viscous and can
allow more distal nidal penetration. The mixture
is made opaque with tantalum powder. Onyx is
supplied in prepared vials that must be kept on a
specific shaker for at least 20 min prior to its injec-
tion to avoid tantalum settlement and poor opacity.
Only catheters compatible with DMSO can be used
(Ultraflow, Marathon, Echelon, Micro Therapeutics,
Inc., Irvine, Calif.). The main advantage of a non-
adhesive liquid is that it theoretically eliminates
the risk of gluing the catheter and makes it possible
to perform a more durable injection, with a larger
amount of agent delivered in a single injection. TAKI
et al. (1990) first described the use of Onyx in ce-
rebral AVM (GorTo et al. 1991; TERADA et al. 1991;
YAMASHITA et al. 1994; MURAYAMA et al. 1999).
Onyx was used in 23 patients, achieving an average
of 63% volume reduction after a total of 129 arterial
feeder embolizations (JAHAN et al. 2001). Morbidity
was 4% permanent deficits and no death. No com-
plete cure was obtained. Eleven patients were subse-
quently operated on. Histopathologic study showed
inflammatory changes as well as angionecrosis of
embolized vessels in two cases.

Onyx as non-adhesive liquid embolic has now
become a widely used material to treat AV-malfor-
mations and also pial and dural AV-fistulas. With
knowledge of the morphologic characteristics of
AVMs that are suitable for a treatment with Onyx,
high occlusion rates and low complication rates in
treating a small number of feeders are feasible. Su-
perselective intranidal or perinidal catheter posi-
tions and slow, controlled injections that protect the
draining veins make the therapy safe even in com-
plex AVMs and critical locations. Complete oblit-

eration can be achieved in small and medium sized
AVMs without additional surgery or radiotherapy
(Figs. 3.20 and 3.21) and to a lesser extent also in
large AVM (Fig. 3.22). Although there is a learning
curve the number of complete AVM obliterations
is higher than after embolisation with glue. A great
advantage is that large AVMs can be adequately re-
duced in size for additional surgical or radiosurgical
treatment (Fig. 3.23). Preoperative use of Onyxin ce-
rebral AVM treatment allows profound occlusion by
targeted embolization and provides a basis for safe
neurosurgical resection (WEBER et al. 2007). From a
neurosurgical point of view, Onyx is suitable for pre-
operative embolization of AVMs, because the nidus
intraoperatively remains elastic and formable and
can be dissected from the surrounding brain tissue
quite well by microsurgical technique (DUFFNER et
al. 2002; AKIN et al. 2003).

In 47 patients Weber and coworkers could achieve
a mean nidus reduction of 84% using Onyx. During
the procedure five vessel perforations occurred and
four microcatheters were stuck, but without clinical
sequelae in those patients. In two patients delayed
bleeding after intervention occurred but again with
good clinical outcome. In 44 patients treated with
Onyx for an AVM, van Roorj et al. (2007) had a mor-
bidity rate of 4.6% and a mortality rate of 2.3%. They
achieved a mean nidus reduction of 75% and a total
obliteration in 16% of the cases. Theses numbers do
reflect the possibility to occlude a high proportion of
the nidus with Onyx.

These numbers also demonstrate that complica-
tions might occur using Onyx but do not have to
lead to serious clinical sequelae. Vessel perforation
is observed more often with the use of Onyx since an
intranidal microcatheter position is desired due to
the nature of the material that it does not flow with
the blood stream like glue. Extremely flexible mi-
crocatheters, compatible with the use of Onyx, are
able to easily reach the AVM nidus, in other words
superselective microcatheter position in pathologic
nidus vessels is performed. Probably due to this rea-
son vessel perforation, either with the microcatheter
or just during injection of contrast agent through
the microcatheter, occurs more often but is gener-
ally without any consequence for the patient. If a de-
layed bleeding occurs clinical sequelae are generally
worse since obviously hemodynamic changes were
present.

In patients with a high flow fistula associated
with an AV-malformation the use of a microballoon
proximally is extremely helpful to block the arterial
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Fig. 3.20a-e. Brain AVM with a high flow fistulous compartment (arrow). Elimination of the fistula (arrowhead) with coils
and Onyx could be achieved during proximal flow interruption using a microballoon (Hyperglide, MTI)
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Fig. 3.21a-d. Temporal small brain AVM with superficial
venous drainage in a patient with seizures. Complete oblit-
eration with Onyx could be achieved; the Onyx cast dem-
onstrates penetration of Onyx into the proximal part of the
vein (arrow)

flow and to achieve stasis to be able to inject Onyx or
a combination of coils and Onyx (Fig. 3.24).

Onyx has some advantages and some drawbacks
to its use in AVMs:

Advantages

The major advantage to the use of Onyx compared
with cyanoacrylates is the ease of injection. The
catheter should be placed in the same wedge situ-
ation as for intranidal glue injection. The injection
should be very slow, as well. It may be stopped for

a few seconds or minutes to wait for precipitation
of Onyx in order to avoid reflux, and then resumed.
Control angiography may be performed during
Onyx injection for a better understanding of mate-
rial progression and of nidus and vein occlusion.
Onyx always behaves as a column, and the formation
of small drops flowing into the vein that may be seen
when glue is injected too fast normally do not occur.
In a brain AVM associated with a high flow fistula
passover of Onyx into the venous system might oc-
cur. In such a condition, high concentration Onyx
(Onyx 34) should be used sometimes necessarily in
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Fig.3.22a-e. Small infratentorial brain AVM with two as-
sociated aneurysms along the PICA in a patient with SAH.
Complete endovascular cure could be performed while coil-
ing the proximal aneurysm and embolising the AVM with
Onyx through the superior cerebellar artery. Note: after
AVM-treatment the more distal aneurysm disappeared




108  C.Cognard, L. Spelle, and L. Pierot




Pial Arteriovenous Malformations

109

Fig. 3.23a-h. Large occipital brain AVM in a patient with
longstanding migraine and learning problems. This AVM
(Spetzler gradeIV) could be completely obliterated with
Onyx in two sessions. 3 month control showed stable oc-
clusion of the AVM, the migraine was completely gone

association with proximal flow reduction, e.g. with
adjunct microballoon. The injection may last for
several minutes or even tens of minutes. The total
amount of Onyx injected at one time in one single
pedicle may therefore be much more than with glue.
It reduces the number of catheters used and the total
number of procedures needed to achieve a complete
cure of the AVM. The other major advantage is that
because injection is more prolonged and the deci-
sion to stop or continue the injection does not have
to be made immediately, as it does for glue injection,
the training of young neuroradiologists to perform
Onyx injection is much easier than the mastering
of glue injection.

Disadvantages

The toxicity of DMSO has been discussed in a few
reports (CHALOUPKA et al. 1994; SAMPEI et al. 1996;
MURAYAMA et al. 1998; CHALOUPKA et al. 1999). The
first paper of Chaloupka and coworkers emphasized
the risk of severe vasospasm after injection of 0.8 ml
EVOH and DMSO in the swine rete mirabile with
subsequent infarction. Injection of 0.5 ml resulted in
delayed (7-14 days) subarachnoid hemorrhage with
angionecrosis on histology and arterial microaneu-
rysms. Two other studies reexamined this toxicity

Study Date:25.0
Study Time: 1

and concluded that the two major points are contact
time with the arterial wall and volume of injection
(MURAYAMA et al. 1998; CHALOUPKA et al. 1999).
Finally, it has been proved that injection of 0.3 ml for
40 s produced neither vasospasm nor angionecrosis.
The protocol of injection is as follows: Prior to injec-
tion the microcatheter is flushed with 5 ml normal
saline. Then 0.25 ml DMSO is injected over more
than 40 s for dead space catheter filling. Onyx is then
injected slowly (JAHAN et al. 2001). Nevertheless,
despite the fact that this protocol was used in all the
23 patients treated, histology showed angionecrosis
of many vessels in two of four patients operated on
1 day after embolization. Consequently, there is still
some question of a likely toxicity of DMSO. One is-
sue may be that because of the wedge position of the
catheter, there might be a stagnation of DMSO in the
pedicle and nidus, with prolonged contact of DMSO
with the vessel wall and risk of necrosis.

At the beginning of injection there is frequently a
reflux of Onyx along the tip of the catheter. The in-
jection must be stopped and resumed a few seconds
or minutes later until a progression within the nidus
is observed. As soon as it has precipitated around
the tip of the catheter, Onyx tends to open different
compartments of the nidus and the injection may be
prolonged. This technique carries two risks: the oc-
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Fig. 3.24a-d. Temporo-frontal brain AVM (Spetzler grade III) in a very eloquent area in a 36-year-old patient with a hem-
orrhage a year ago clinically associated with transient speech problems. Preoperative tremendous nidal reduction could
be achieved in two sessions using Onyx. After resection of the residual nidus the patient was neurologically intact without
any speech problems

clusion of an adjacent normal branch due to reflux
of Onyx in the feeding pedicle; gluing of the tip of
the catheter because of a very prolonged injection.
Although Onyx is not adhesive, catheter withdrawal
may be difficult and result in either gluing or break-
ing of the catheter, or stretching and rupture of the
AVM and artery. Attachment of the catheter is due to
physically clutching the microcatheter, if that con-
dition occurs it is important to withdraw the cath-
eter very slowly under continuous gentle pulling. In
the posterior circulation this may result in very low

heart frequency until asystolie. Pushing back the
microcatheter will immediately recover heart beat
and the manoeuvre should be redone. But in gen-
eral, very prolonged injection with serious reflux
more than 1.5 cm along the catheter tip should be
unconditionally avoided.

One of the major advantages of Onyx is that a
large volume may be introduced in one single cathe-
ter injection. However, there is a risk of hemorrhage.
The operator may be temped to occlude a very large
portion of the nidus in one procedure. Many years

>
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ago it was proven that staged embolization aimed at
reducing the nidus in several sessions is mandatory
to progressively modify the flow dynamics. Very
sudden and large-scale occlusion of the nidus surely
increases the risk of postprocedural hemorrhage, as
discussed above.

There are still two situations in which Onyx
should not be used today: direct fistula, in which
the Onyx cannot occlude solely a high-flow large
shunt because it is not adhesive, and a feeding ped-
icle “en passage”, in which reflux on the tip of the

catheter is not allowed due to major risk of normal
vessel occlusion like in any other liquid embolic
material. But if the “en passage-vessel” could be
catheterized far enough slowly injection of Onyx
might be possible and other compartments of the
nidus could be reached from this position. A very
important point is that one should be aware of the
amount of reflux. To avoid extensive amount of re-
flux the concept is to wait and plug the “way back”
which can take some minutes but time investment
is justified.
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3.5.4
Therapeutic Strategy

It is extremely difficult to establish a therapeutic

algorithm for brain AVM. The indication for treat-

ment basically depends on:

e Clinical presentation (hemorrhage or not)

e Patient age

e Natural risk, roughly evaluated by the presence
or not of likely risk factors of bleeding (associated
aneurysm or false aneurysm, venous stenosis or
ectasia)

e AVM size, location (superficial or deep, eloquent
or not) and angioarchitecture (compact or dif-
fuse)

The goal of treatment may be:

e Definitive complete obliteration to protect from
hemorrhage

e Partially targeted treatment (embolization) to
eliminate risk factors of bleeding/rebleeding
(feeding artery aneurysms, intranidal aneurysms,
false aneurysms)

e Partial treatment in case of AVM presenting with
worsening neurologic deficits (although the effi-
cacy of such treatment is yet to be proven)

Partial treatment should not be performed to:

e Decrease bleeding risk, because even subtotal
therapy does not confer protection from hemor-
rhage

e Improve seizures, because of treatment-induced
risks and unproved efficiency

The indication for treatment, goal of treatment,
and therapeutic strategy should be decided on by an
experienced multidisciplinary team in agreement
with the patient, who has been precisely informed of
natural and therapeutic risks. Multimodality treat-
ment is frequently performed - either as a planned
maneuver, typically with embolization followed by
radiosurgery or surgery, or as an unplanned maneu-
ver when one modality fails and a second modality
is required for complete obliteration. Goals of the
different modalities should be clear at the outset. In
our experience, embolization is the first-intention
approach in the vast majority of the patients, fol-
lowed by either surgery or radiosurgery. Neverthe-
less, because of the extreme variability of resources
available in any one area of the country or world, as
well as very different skills and experience on the
part of neurosurgeons and interventional neurora-

diologists, it is impossible to draft any recommen-
dations about strategy itself. Because there is almost
never a need for brain AVM treatment in emergency
(as opposed to aneurysm treatment), patients with
brain AVMs should be sent to very specialized and
experienced centers that can afford the most up-to-
date multimodality therapy.
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KEY POINTS

Dural arteriovenous malformations (DAVM) are

abnormal shunts between the arterial and the

venous side of the vascular tree that are located
within the dura, most frequently within the wall
of or immediately around the venous sinuses.

® DAVM arerare, most of them are acquired and
may develop by opening of existing micros-
hunts within the dura or by angiogenesis
leading to the development of new shunts.

® DAVMsarefrequentlyassociated with stenosis
or occlusion of the draining dural sinuses.

® The etiology and pathogenesis of the DAVM
is still not fully understood. Venous throm-
bosis has been proposed as the most probable
pathogenetic mechanism.

® DAVMs may occur anywhere within the cra-
nium or the spinal canal. In adults, DAVMs
mostly present in middle-aged or older
patients with a mean age of 50-60 years.
Spinal DAVMs commonly present after the
fourth decade.

@ Classification is mainly based on venous
drainage with those DAVMs draining into a
cortical vein classified as dangerous. In many
patients CT and/or MRI can already confirm
the diagnosis of a DAVM.

@® Digital subtraction angiography (DSA) is
absolutely mandatory for classification and
treatment planning. Endovascular treatment
can be done via the transarterial way or trans-
venous approach.

@ Treatment indication depends on clinical
symptoms and angiographic classification.
® The endovascular approach sometimes
fails and a complex neurosurgical approach

becomes necessary.
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Pathology

411
Definition

Dural arteriovenous malformations (DAVMs), first
described by SacHs and ToNNIs (AMINOEE 1973),
are defined as abnormal connections (“shunts”) be-
tween the arterial and the venous side of the vascular
tree located on the surface of the dura mater. Arte-
rial supply is provided by meningeal branches, and
either dural sinuses or meningeal or subarachnoid
veins drain the lesions. By definition, DAVMs are lo-
cated within the dura, most frequently on the wall of
or immediately around the venous sinuses (Fig. 4.1a).
The currently used terminology is not uniform. The
term malformation is used to express the frequent
“spontaneous” etiology of these lesions and to de-
scribe similarities with brain or spine arteriovenous
malformations (AVM). However, this term involves
the developmental origin of the lesion, which is prob-
ably not the case with DAVM. While some of them are
connatal, the majority seem to be acquired. To avoid
confusion, many authors use the term dural arterio-
venous fistula (DAVF). This may be more appropriate
concerning etiology, but it implies a single type of
morphology (fistula) and therefore is less adequate in
this regard. As of today, both terms are used in the
literature without indicating either a certain etiologic
origin or a particular angioarchitecture of the lesion.
In this chapter, the term DAVM will be used as the
general name of the pathology.

4.1.2
Etiology and Pathogenesis

DAVMs are relatively rare lesions, constituting ap-
proximately 10%-15% of all intracranial vascular
malformations (NEwTON and CRONQVIST 1969).
Originally, these lesions were thought to be congeni-
tal (AMINOFF 1973). Coincidence with other vascular
anomalies, such as aneurysms (KAECH et al. 1987;
MURALI et al. 1999; FRIEDMAN et al. 2000; SUZUKI et
al. 2000), intradural arteriovenous fistulae (RATLIFF
and VOORHIES 1999), brain arteriovenous AVM
(LasjauNiAs and BERENSTEIN 1987; YAMADA et al.
1993) and others (HiEsHIMA et al. 1977; YAMADA et
al. 1993) has also been reported, indicating a con-
genital origin of the lesions.

However, many DAVMs have been proved to be
acquired. It is hypothesized that DAVMs develop ei-
ther: (1) by opening of existing microshunts within
the dura, or (2) by angioneogenesis, leading to the
development of new shunts. The triggering factor
for the development of DAVM is thought to be a
change in the normal arteriovenous pressure gradi-
ent within the dura. Either elevation of the arterial
pressure (arterial hypertension) or increase of the
venous pressure (venous obstruction) may dilate
existing arteriovenous communications, leading
to hemodynamically significant shunts. While the
predisposing factor for the development of a perma-
nent DAVM remains unknown, several events may
increase the venous pressure and serve as a trigger.
These include developmental anomalies of the ve-
nous system, venous thrombosis, head trauma, or
transcranial surgery (WATANABE et al. 1984). It is
presumed that head trauma caused by either sur-
gery or injury may induce venous thrombosis or at
least alteration of the venous outflow, subsequently
resulting in changes of the arteriovenous pressure
gradient (LASJAUNIAS and BERENSTEIN 1987). The
frequent coincidence of DAVMs with previous major
surgery (other than transcranial) and child delivery
suggests that increased systemic thrombotic activ-
ity may also serve as a trigger. DAVMs occurring in
association with pregnancy and the menopausal pe-
riod suggest that hormonal changes may also play a
role, potentially by inducing increased angiogenesis
(DyiNDJAN and MERLAND 1978).

4.1.2.1
Venous Occlusive Disease

DAVMs are frequently associated with stenosis or
occlusion of the draining dural sinuses (DJINDJAN
and MERLAND 1978). In 1979, HOUSER et al. reported
two cases of DAVM that developed years after docu-
mented sinus thrombosis. Later, CHAUDHARY et al.
(1982) demonstrated the development of DAVM in
patients following head trauma. They proposed that
sinus thrombosis might be the primary factor leading
to the development of a DAVM. During the normal
recanalization process, arteries within the sinus wall
penetrate the intraluminal organizing thrombus, es-
tablishing a communication between mural arteries
and the lumen of the sinus. A number of publications
have since reported an association between sinus
thrombosis or sinus occlusive disease and DAVM (Al-
MEFTY et al. 1986; CONVERS et al. 1986; BARNWELL et
al. 1991a,b; PIEROT et al. 1993; COGNARD et al. 1998).
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Fig. 4.1a-e. Pathomorphology of dural arteriovenous mal-
formations. a Selective digital subtraction angiography
(DSA) of a dural arteriovenous malformation (DAVM)
(asterisk) involving the sigmoid sinus on the left. Left oc-
cipital artery injection (arrow), anteroposterior (AP) view.
The DAVM is drained by the ipsilateral jugular vein (broken
arrow). b Macroscopic image of the same DAVM taken dur-
ing autopsy. The sigmoid sinus on the left is opened (arrow).
Spongy, fibrous material (broken arrow) fills the lumen of the
involved segment of the sinus. ¢ Lumen of the sigmoid sinus
following removal of the fibrous material. d Microscopic
section of the spongy tissue removed from the sinus, dem-
onstrating multiple cross sections of thin-walled sinusoidal
vascular structures (arrows) within fibrous proliferating
tissue (hematoxylin-eosin stain, +40). e Cross section of a
large vessel with irregular elastic laminae (arrowheads). The
lumen is filled with organizing thrombus, containing cross
sections of newly formed blood vessels (arrows) representing
neovascularization

Significant controversy exists, however, as to whether
thrombosis is the cause or the result of DAVM.
Some observations suggest that dural sinus
thrombosis is the primary factor leading to the
development of DAVM. This hypothesis seems to
be substantiated by findings related to increased
thrombotic activity in some patients. Prothrombin
gene mutation was found in a patient who developed

sinus thrombosis and later DAVM (SINGH et al.
2001). The most frequent cause of venous thrombotic
disease, resistance to activated protein C (APCR),
was detected with significantly higher prevalence
in patients with DAVM as compared with normal
controls. In addition, factor V Leyden was found in
these patients as a result of a mutation in factor V
gene (KRAUS et al. 1998, 2000).




124

I. Szikora

On the other hand, several studies have reported
nonthrombotic occlusion of the dural sinuses as the
primary cause in the pathogenetic process. Occlu-
sion of the sinuses due to the direct compression of
tumors (ARNAUTOVIC et al. 1998) or due to the surgi-
cal sacrifice of the sinus during tumor removal may
equally result in development of DAVM as late as
up to 7 years following surgery (SAKAKI et al. 1996).
These latter findings suggest that venous congestion
and hypertension, rather than sinus thrombosis, lead
to dural AV shunts. To check this assumption a num-
ber of animal experiments were recently carried out.
In rats, surgically induced venous hypertension by
artificial carotid-jugular fistula and proximal jugu-
lar vein ligation resulted in development of arteriove-
nous malformations, one of them located on a dural
sinus (TERADA et al. 1994). A combination of signifi-
cant (three- to sixfold) increase of the venous pres-
sure (by ligation of the draining vein of the transverse
sinus) and artificially induced superior sagittal sinus
thrombosis resulted in arteriovenous fistulae that de-
veloped within the dura near the thrombosed section
of the sinus. However, a direct connection between
the fistula and the thrombus was found in only half
of the cases (HERMAN et al. 1995). In another series
of experiments, superior sagittal sinus thrombosis
was induced in all animals, with or without venous
hypertension. Angiogenic activity of the dura mater
adjacent to the thrombosed section of the sinus was
tested and found to be positively correlated with ve-
nous hypertension but was not correlated with sinus
thrombosis. Development of dural AV fistulae corre-
lated positively with both venous hypertension and
increased angiogenic activity, suggesting that venous
hypertension is the primary etiologic factor in the de-
velopment of DAVM (LAWTON et al. 1997). Evidence
of increased angiogenic activity was also found in as-
sociation with DAVM in human beings. Surgically ex-
cised specimens were studied that had been removed
from patients harboring DAVMs associated with si-
nus thrombosis. The subendothelial and medial layer
of the sinus wall, as well as the wall of proliferating
vessels and connective tissue around the involved si-
nuses expressed basic fibroblast growth factor (bFGF)
on immunohistochemical staining. The endothelium
of the sinus expressed vascular endothelial growth
factor (VEGF) (URANISHI et al. 1999).

Although this study proves the role of increased
vasogenic activity in the development of human
DAVM, it does not provide information regarding
the cause of such increased activity. As DAVMs, par-
ticularly those involving the cavernous sinus, have

a high incidence in women of menopausal age, the
potential role of hormonal changes has also been in-
vestigated, but it remains unclear. Sudden decrease
of blood estradiol levels was implicated as a precipi-
tating factor in cavernous sinus DAVM in women
(KurATA et al. 1999). In contrast, ovariectomy with
or without estrogen therapy did not induce an in-
creased rate of DAVM formation in experimental
rats (TERADA et al. 1998).

4.1.2.2
Histopathology

Mosthistopathological studies demonstrate thicken-
ing of the dura and intensive vascular proliferation
within and around the wall of the involved sinus. In
some cases, a spongy mass of fibrous tissue can be
found inside the lumen of the sinus. This mass con-
tains numerous irregular vascular spaces (GRAEB
and DoLmAaN 1986) (Fig. 4.1). Increasing evidence
suggests that the primary arteriovenous shunt exists
within the wall of the sinus, with secondary shunting
between the venous side of the proliferating vascular
network and the lumen of the sinus. In several stud-
ies a mass of dilated small dural vessels was found in
subendothelial location within the sinus wall. Mul-
tiple microshunts were seen connecting those dural
arteries and veins with each other (N1sHIjIMA et al.
1992; MomoJ1 et al. 1997). One study demonstrated
arteriovenous connections within the sinus wall
via small abnormal vessels of approximately 30 pm
in diameter (“crack-like vessels”). Histologically,
these vessels were proven to be veins (HAMADA et
al. 1997). Larger openings (approximately 200 pm)
provided connection between intramural veins and
the lumen of the sinus (Momoj1 et al. 1997). On
the other hand, signs of organized thrombus and
neovascularization were confirmed in only a few of
the studied cases (SAKAKI et al. 1996). The location
of the arteriovenous shunts within the dura and the
sinus wall may explain why some DAVMs drain into
major dural sinuses, others into meningeal veins,
yet others directly into subarachnoid veins adjacent
to sinuses.

4.1.2.3
Pathogenesis

The etiology and pathogenesis of DAVM is still not
fully understood. It is now generally accepted that
DAV Ms are acquired lesions. It has been postulated
that even DAVMs presenting in infants are not con-
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genital, but rather connatal, and develop during
the fetal period in response to venous obstruction
(LasjauNias and BERENSTEIN 1987). Increasing evi-
dence suggests that the primary pathogenetic factor
is venous hypertension related to either thrombotic
or nonthrombotic reduction of venous outflow. Sig-
nificant increase of venous pressure may lead to
opening of existing microshunts within the dura.
Such microshunts have been proposed previously by
KEeRBER and NEwTON (1973) intracranially and by
MANELFE et al. (1972) intraspinally. Alternatively,
venous hypertension results in cerebral hypoperfu-
sion and ischemia. This may secondarily produce
sprouting vasogenesis and the development of ar-
teriovenous shunts within the adjacent meninges
(LawToN et al. 1997). Sinus thrombosis maybe one
of the primary factors leading to venous hyperten-
sion and initiating the vicious circle that leads to
a DAVM. In those cases predisposing factors for
venous thrombosis, such as hypercoagulopathy,
trauma, or surgery, may play an etiologic role. Al-
ternatively, sinus thrombosis may occur secondary
to DAVM by several mechanisms. The growing mass
of proliferating vessels within the sinus wall may
gradually narrow its lumen, leading to either steno-
sis or occlusion of the sinus.

Fast and/or turbulent arterial flow within the si-
nus due to existing DAVM may result in intimal in-
jury, secondary hyperplasia, and sinus stenosis or
occlusion. In some cases the two mechanisms may
be involved simultaneously. In a case reported by
Wakamorto et al (1999), angiographically proven si-
nus thrombosis resulted in venous infarction without
an arteriovenous shunt. A DAVM developed 4 months
later (presumably as a result of sinus thrombosis), at
which time the sinus has already recanalized. The
DAVM persisted and resulted in rethrombosis of the
sinus within another year (WAKAMOTO et al. 1999).

Venous thrombosis has been proposed as the
most probable pathogenetic mechanism for spinal
DAVMs, although minor venous anomalies have
also been recognized in such patients that may serve
as predisposing factors (McCUTCHEON et al. 1996).

The behavior of sinus thrombosis may impact the
natural history of an individual lesion. Cessation of
venous hypertension by complete recanalization of
the thrombosed sinus will interrupt the vicious cir-
cle and may lead to spontaneous cure of the disease.
Progressive thrombosis or occlusion of the venous
outflow channels may further increase venous hy-
pertension, however, leading to an aggressive clini-
cal course (LAWTON et al. 1997).

Fig. 4.2a,b. Morphological characteristics of the arteriovenous shunt within dural arteriovenous malformations (DAVMs).
a Plexiform nidus. DSA, superselective injection of the middle meningeal artery (arrow) supplying a DAVM involving the
left sigmoid sinus (broken arrow), anteroposterior view. Arteriovenous shunt is established via a meshwork of small vessels
(small arrows). The ipsilateral sigmoid sinus is occluded. Note reflux into the transverse sinuses and the superior sagittal
sinus (arrowheads). b Direct arteriovenous fistula. Digital subtraction angiography, superselective injection of a middle
meningeal artery feeder (arrow) draining directly (asterisk) into an extremely enlarged transverse sinus (broken arrow).

Lateral view
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41.3
Morphology

DAVMs consist of arterial feeders and draining ve-
nous structures with or without an intervening mesh
of small vessels. Arterial supply is primarily pro-
vided by periosteal and meningeal arteries, but in
large DAVMs enlarged collaterals from cutaneous
or even subarachnoid branches may also contribute.
The feeding pedicles are connected with the draining
venous structure through a tangle of small abnor-
mal vascular channels (nidus, Fig. 4.2a) or via sin-
gle or multiple holes between those vessels (fistulae,
Fig. 4.2b). This later corresponds to the thick, fibrous
sections of the dura that is rich in vascular channels,
as seen on pathological specimens (Fig. 4.1d). The
shunt is drained either by one of the dural sinuses,
or by meningeal or subarachnoid veins, or both. Sin-
gle or multiple narrowing or occlusion of the dural
sinus system frequently results in rerouting of the
venous outflow. In some DAVMs with meningeal or
subarachnoid venous drainage enlarged varices or
venous lakes are seen on the venous side. Arterial
aneurysms may develop on the feeding pedicles or
elsewhere on the cerebral arteries.

Concerning spinal DAVM, KeNpALL and LOGUE
(1977) introduced the concept that the majority of
spinal intradural AVMs are actually enlarged ar-
terialized draining veins of dural AVMs. This has
been confirmed by microangiography studies of
surgically removed specimens demonstrating dural
branches of the radiculomedullary arteries that feed
anetwork of small vessels within the dura. This net-
work is connected directly (without a capillary bed)
to the draining vein, usually an enlarged intradu-
ral, perimedullary vein (McCUTCHEON et al. 1996).
Spinal DAVMs may also drain into periosteal and
epidural veins (BORDEN et al. 1995; MCCUTCHEON
et al. 1996).

41.4
Location

DAVMs may occur anywhere within the cranium or
in the spinal column. Intracranial DAVMs are located
either in the anterior cranial fossa on or around the
ethmoid groove (Fig. 4.3, 1), in the middle cranial
fossa at the cavernous sinuses (Fig.4.3,2), in the
posterior fossa at the transverse (Fig. 4.3,3) or the
sigmoid (Fig. 4.3,4) sinuses, at the confluens sin-
uum (Fig. 4.3,5), or around the foramen magnum

Fig. 4.3. Typical locations of intracranial dural arterial mal-
formations. 1, anterior fossa; 2, cavernous sinus; 3, trans-
verse sinus; 4, sigmoid sinus; 5, confluens sinuum; 6, fora-
men magnum; 7, tentorial incisura; 8, base of the tentorium;
9, straight sinus and vein of Galen

(Fig. 4.3, 6). DAVMs are found on the base (Fig. 4.3, 7)
and at the free margin of the tentorium (Fig. 4.3, 8).
Lesions of the straight sinus or the vein of Galen are
rare (Fig.4.3,9) (HALBACH et al. 1989a-c). Finally,
DAVMs are found on the dura of the convexity and
at the superior sagittal sinus (not demonstrated in
Fig. 4.3). In a meta-analysis of 258 published cases,
Lucas etal. (1997) found 26% on the cavernous sinus,
25% on the transverse and sigmoid sinuses, 26% at
the tentorial incisura, 11% on the convexity and supe-
rior sagittal sinus, 9% in the anterior fossa, and 4% in
the middle fossa outside the cavernous sinus (Lucas
etal. 1997). Multiple lesions are found in 7%-8% of all
cases (BARNWELL et al. 1991a; FujiTa et al. 2001; VAN
Dyk et al. 2002). DAVMs of the anterior fossa may
drain into frontal veins and the olfactory vein; lesions
of the cavernous sinus drain either into the superior
ophthalmic vein, the contralateral cavernous sinus,
the inferior petrosal sinus(es) or into temporal sub-
arachnoid veins. Venous drainage for transverse and
sigmoid sinus DAV Ms may be provided by one or both
transvers and sigmoid sinuses towards the internal
jugular vein(s) and/or temporal subarachnoid veins,
mainly the vein of Labbé. Lesions at the confluens
sinuum drain into both or either one of the transverse
sinuses, into the superior sagittal sinusin aretrograde
fashion or into occipital or temporal subarachnoid
veins. DAVMs of the tentorium are connected with
either the superior petrosal sinus, the petrous vein,
tentorial veins, or the basal vein of Rosenthal. Shunts
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located around the tentorial incisura may drain into
lateral mesencephalic veins and into spinal epidural
veins. Lesions located around the foramen magnum
and on the clivus drain into the clival venous plexus
and towards spinal epidural veins (LAsjAUNIAS and
BERENSTEIN 1987) (Table 4.1).

Spinal DAVMs are considered the most common
spinal vascular malformations, constituting 80% of
all spinal AVMs (ANsoN and SPETZLER 1992; LEE et
al. 1998). The majority of these lesions are located in
the thoracolumbar region.

4.1.5
Hemodynamics

The rate of flow through a DAVM is related to the size
of the draining venous system. Direct fistulae on pat-
ent sinuses may have exceedingly high flow; others,
particularly those with small venous channels, such
as many cavernous sinus and spinal dural fistulae
demonstrate slow flow. In theory, both the arterial
steal phenomenon and increased venous pressure
canbeimplicated ashemodynamic effects of DAVMs.
Clinically, elevated venous pressure seems to be the
single most important hemodynamic effect that is
related to the venous outflow pattern and largely
independent from the flow rate. Reduced regional
cerebral blood flow (rCBF) and increased regional
cerebral blood volume (rCBV) were demonstrated by

Table 4.1. Venous drainage pathways of intracranial dural
arteriovenous malformations in different locations

Location Potential venous drainage pathway

Anterior fossa Olfactory vein, frontal veins

Contralateral cavernous sinus,
ophthalmic veins, inferior petrosal
sinus, temporal veins

Cavernous sinus

Transverse,
sigmoid sinus

Sigmoid sinus, jugular vein,straight
sinus, superior sagittal sinus,
temporal occipital veins

Confluens sinuum Superior sagittal sinus, transverse
sinuses, straight sinus, occipital
veins, temporal veins

Tentorium Superior petrosal sinus, petrous vein,
tentorial veins, vein of Rosenthal,
lateral mesencephalic vein, spinal

perimedullary veins

Foramen magnum Clival venous plexus,
spinal perimedullary veins

single photon emission computerized tomography
(SPECT) and positron emission tomography (PET),
indicating venous congestion and impaired cerebral
perfusion in cases with retrograde cortical venous
drainage and sinus occlusion. These hemodynamic
effects were not related to the flow rate of the fistula
(TanIMoTO et al. 1984; KAwWAGUCHI et al. 2000).

Clinical Presentation

4.2.1
Signs and Symptoms

Intracranial DAVMs are rare in infancy and child-
hood (BOET et al. 2001; KINCAID et al. 2001). In adults
they present mostly in middle-aged or elderly patients
with a mean age of 50-60 years. Spinal DAVMs com-
monly present after the 4th decade. Men and women
are equally affected except for cavernous sinus fis-
tulae, which have a significantly higher incidence in
women (85% of all lesions) (COGNARD et al. 1995).
Clinical signs and symptoms most commonly asso-
ciated with DAVM include pulsatile tinnitus, objec-
tive bruit, cranial nerve palsies, ocular symptoms
including proptosis and chemosis (“red eye”), optic
nerve atrophy, papilledema, headaches, nausea and/
or vomiting as signs of elevated intracranial pres-
sure (ICP), epileptic seizures, focal neurological defi-
cit, and intracranial hemorrhage. High-flow fistulae
that typically present in infants and children may
lead to heart failure. Hydrocephalus may also develop
mostly in children with fast-flow lesions. Symptoms
are strongly related to the location and hemodynamic
pattern of the lesion. Table 4.2 summarizes the most
typical symptoms of each DAVM location. Potential
pathomechanisms include venous congestion, perfu-
sion deficit due to venous hypertension, mass effect,
and arterial steal phenomenon (LASJAUNIAS et al.
1986). As a general rule, involvement of leptomen-
ingeal veins in venous drainage is associated with
increased incidence of hemorrhagic and nonhemor-
rhagic neurological complications and therefore is
considered an indicator of aggressive clinical course
(see below). This is thought to be related to high pres-
sure within subarachnoid veins, leading to venous
rupture and subarachnoid hemorrhage (SAH), and/or
venous ischemia, resulting in venous infarction and
subsequent parenchymal hemorrhage.
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Table 4.2. Characteristic signs and symptoms associated with dural arteriovenous malformations in different locations

ICH | Bruit | Pulsatile | Ocular | “Red eye” | Nonocular | Headache | Seizures | Papilledema | Neurological
tinnitus | palsy cranial
+ +

Anterior fossa

Cavernous + + + +
sinus

Transverse- + + +
sigmoid
sinuses

Confluens + + +
sinuum

Tentorium +

Straight sinus +
and vein of
Galen

Foramen F F
magnum

Convexity +

Superior
sagittal sinus

Spinal

nerve

+ +
+ + +
+ + +

+ + + +

+ + +

+ + +
+

+

Dural AVMs in the anterior fossa frequently
present with intradural bleeding, likely caused by
the obligate leptomeningeal venous drainage in this
condition (Fig. 4.4).

Cavernous sinus DAVMs have a characteristic
clinical presentation including proptosis, chemosis
(Fig. 4.5a,b), ocular movement disorder due to sixth
and/or third nerve palsy, leading to double vision,
retinal hemorrhages, reduced vision, pulsatile tin-
nitus, and bruit. Most of those symptoms are related
to venous overload of the primary draining veins,
namely the superior ophthalmic vein (SOV) and
the inferior petrosal sinus (Fig. 4.5¢,d). Congestion
in the SOV results in chemosis, proptosis, and reti-
nal hemorrhage and is probably involved in visual
loss due to hypoperfusion of the optic nerve and the
retina. Fast arterialized flow within the SOV leads
to bruit that can be detected over the eye. Involve-
ment of the inferior petrosal sinus, if present, pro-
duces pulsatile tinnitus. Cranial nerve paresis lead-
ing to ocular movement disorder can be explained
by mass effect within the cavernous sinus and the
orbit, although arterial steal phenomenon has also
been mentioned as a potential cause (LASJAUNIAS et
al. 1986). Thrombosis of the major venous outlets of
the cavernous sinus may occur, further aggravating
symptoms. Rerouting of the venous flow toward the

contralateral cavernous sinus results in contralat-
eral eye symptoms (Fig. 4.5e). Venous drainage via
temporal veins maybe associated with neurologi-
cal symptoms and in rare cases with hemorrhage
(Fig. 4.51,1).

Transverse and sigmoid sinus DAVMs typically
present with pulsatile bruit that is easily explained
by fast flow within the sigmoid sinus and jugular
vein close to the middle ear (Fig. 4.6a). The fre-
quent association of either contra- or ipsilateral oc-
clusion of the transverse or sigmoid sinuses leads
to rerouting of venous flow towards the contralat-
eral transverse sinus, the superior sagittal sinus
and/or into leptomeningeal veins. This may result
in elevated venous and intracranial pressure and
subsequent papilledema, neurological symptoms,
seizures, and optic nerve atrophy (Fig. 4.6b). High-
flow fistulae typically involve this region in infants
and children. The resulting extreme enlargement
of the sinus may cause mass effect, chronic venous
hypertension, and communicating hydrocephalus
(Fig. 4.6¢).

Similarly, DAVMs involving the confluens sinuum
tend to be large, with exceedingly high flow and with
reflux into the straight and superior sagittal sinus,
producing frequent hemorrhagic and nonhemor-
rhagic neurological complications (Fig. 4.7).
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Fig. 4.4a-c. DAVM located in the anterior fossa. a Right internal ca-
rotid artery injection. Digital subtraction angiography, lateral view,
demonstrating dural arteriovenous malformation (DAVM) fed by an
ethmoidal branch of the ophthalmic artery (arrow) and drained by
a frontal vein (open arrow). b Right external carotid artery injection
of the same DAVM demonstrating arterial supply from ethmoidal
branches of the distal internal maxillary artery and venous drainage
via the cavernous sinus (small open arrow) and the inferior petro-
sal sinus (small broken arrow). ¢ Computer tomography of the same
patient demonstrating parenchymal hemorrhage (arrow) within the

right frontal lobe

DAVMslocated on the tentorium frequently bleed;
this is thought to be related to the typical leptomen-
ingeal venous drainage of this region (Fig. 4.8).

Lesions in the posterior fossa, and particularly
that of the clivus and the foramen magnum, may
have a very special clinical presentation. As some of
them tend to drain into spinal perimedullary veins,
they typically produce spinal venous hypertension.
The resulting hypoperfusion of the spinal cord re-
sults in myelopathy and subsequent neurological
deficit (WoIMANT et al. 1982; COGNARD et al. 1995;
BRUNEREAU et al. 1996; RicoLF1 et al. 1999; SLABA et
al. 2000; REINGES et al. 2001). Most patients present
with a long history of slowly progressing and fluc-

tuating symptoms (Fig. 4.9). Hemorrhage has also
been reported in cases of spinal epidural drainage
(CoGNARD et al. 1995).

Arteriovenous malformations of the superior sag-
ittal sinus produce a complex neurological picture.
These lesions tend to be morphologically complex
with multiple arterial feeders and high flow. Subse-
quently, the venous overload is significant, resulting
in highly elevated intracranial pressure, headache,
papilledema, visual disturbances, progressive de-
mentia, neurological deficits, and seizures. Sinus
thrombosis is frequently associated, leading to bi-
zarre venous flow patterns. Occlusion of the supe-
rior sagittal sinus itself leads to retrograde venous
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Fig. 4.5a-i. Clinical and radiomorphological characteristics of cavernous sinus (CS) dural arteriovenous malformation
(DAVM). a Typical ocular signs of CS DAVM on the right, including moderate exophthalmos, chemosis, and conjunctival
hyperemia (“red eye”). b Resolution of the ocular signs following successful treatment of the lesion. ¢ Typical angiographic
appearance of CS DAVM (arrow) with exclusive venous drainage via the superior ophthalmic vein (SOV) (open arrow).
Digital subtraction angiography (DSA), internal carotid artery (ICA) injection, lateral view. d Venous drainage of a CS
(arrow) DAVM via the inferior petrosal sinus (broken arrow). Note that the SOV is not opacified. DSA, ICA injection, lateral
view. e CS DAVM drained via the intercavernous sinus and the contralateral SOV (open arrow). DSA, common carotid ar-
tery (CCA) injection, anteroposterior view. f Cortical venous drainage of a CS DAVM (arrow) via the Sylvian vein (curved
arrow) and multiple frontal cortical veins (arrowheads) towards the superior sagittal sinus (small arrow) and via the basal [> [>
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drainage via subependymal veins. These patients
typically present with headache and progressive
dementia (JAILLARD et al. 1999). Occlusion of the
transverse sinuses will reroute venous flow into cor-
tical veins and into the straight sinus. Blood may
eventually exit the cranium via the superior oph-
thalmic vein (producing exophthalmos and bruit)
and via perimesencephalic veins towards the spi-
nal perimedullary venous system. Ectatic draining
veins may produce a mass effect on the brain stem or
the spinal cord, further complicating the neurologi-
cal course (Fig. 4.10).

vein of Rosenthal towards the straight sinus (broken arrow).
g Contrast-enhanced CT scan of the patient demonstrated in
(), exhibiting an enlarged SOV that intensely enhances with
contrast material (open arrow). h Magnetic resonance im-
age (MRI) of the same patient: T,-weighted (T,-W) coronal
section following contrast administration demonstrates an
enlarged CS (arrow). i Noncontrast CT scan of the patient
demonstrated in (f) depicting left temporal lobe hemorrhage
(asterisk)

Arteriovenous shunts on the dura of the convexity
commonly present with hemorrhage due to the obli-
gate leptomeningeal venous drainage (Fig. 4.11).

Spinal DAVMs are rare. These lesions produce
slowly progressing symptoms of spinal myelopathy,
including weakness, gait disturbances, sensory defi-
cit of the lower extremities, and sphincter dysfunc-
tion, thoughttobearesultofthe venoushypertension
and resulting hypoperfusion. Symptoms typically
develop in a slow and fluctuating fashion, frequently
delaying the diagnosis significantly (STECKER et al.
1996; KaTaoka et al. 2001) (Fig. 4.12).
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Fig. 4.6a-c. Angiographic features of dural arteriovenous malformations (DAVMs) involving the transverse and sigmoid
sinuses. a Digital subtraction angiography (DSA), external carotid artery (ECA) injection, lateral view, demonstrating a
sigmoid sinus (SS) DAVM (asterisk). Venous drainage is antegrade via SS (large arrow). Multiple feeding pedicles of the
middle meningeal (small arrow), the occipital (arrow), the ascending pharyngeal (broken arrow), and the retroauricular
(arrowhead) arteries are delineated. b DSA of an SS DAVM (asterisk) with ECA injection in anteroposterior view. The SS is
occluded (arrow). Venous drainage is retrograde. Note severe stenosis of the ipsi- (curved arrow) and contralateral (small
arrow) transverse sinuses (TS) and reflux into the superior sagittal sinus (SSS) (broken arrow). ¢ DSA in lateral view, ECA
injection delineating an extensive DAVM draining into an ectatic transverse sinus (asterisk). Patient is a 10-month-old baby.
Prominent feeders arise from the middle meningeal (small arrow) and the occipital (arrow) arteries

Fig.4.7a-c. Dural arteriovenous malformation involving the confluens
sinuum. a The medial segment of the transverse sinus is extremely en-
larged (broken arrow). The sinus ectasia involves the confluens sinuum.
The sigmoid sinus on the left is occluded (asterisk). Note reflux into the su-
perior sagittal sinus (arrow) and retrograde flow within the contralateral
transverse sinus (small arrow). b T,-W MRI demonstrates dilatation of the
transverse sinus with mass effect. ¢ T,-W MRI depicting multiple areas of
mixed signal intensity within the cerebellum (arrowheads) corresponding
to repeated small hemorrhages due to significant venous hypertension and
perfusion deficit
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Fig. 4.8a-e. Radiomorphological characteristics of dural
arteriovenous malformations (DAVMs) involving the tento-
rium. a,b Digital subtraction angiography (DSA), external
carotid artery (ECA) (a) and internal carotid artery (ICA)
(b) injection, lateral view. The DAVM (asterisk) is located in
the tentorial incisura and drains directly into an enlarged
leptomeningeal vein (open arrow) towards the straight sinus.
Arterial supply is provided by multiple ECA branches (small
arrows) and the tentorial marginal branch of the ICA (arrow).
T,-W sagittal (c) and T,-W axial (d) MRI scan demonstrating
location of the same DAVM (asterisk), the draining vein, and
its dilated segment (open arrow) within the tentorial incisura
with mass effect on the cerebellum. e Noncontrast CT scan of
the same patient demonstrates perifocal hemorrhage around
the dilated draining vein (broken arrow)
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Fig. 4.9a-f. Dural arteriovenous malformation (DAVM) of the posterior fossa with spinal perimedullary drainage. a,b Com-
mon carotid injection, lateral view. Multiple external carotid artery (ECA) branches (arrows) and the tentorial marginal
branch of the internal carotid artery (ICA) (small curved arrow) feed an arteriovenous connection with a venous varix (open
arrow). Narrow, irregular vein drains the DAVM towards the transverse sinus (large arrow) and pontomesencephalic veins
into anterior and posterior intradural spinal veins (small open arrows). ¢,d Noncontrast, T,-W axial (c) and sagittal (d) MRI
images demonstrating hyperintense signal within the medulla, representing venous ischemia (arrow). e,f Post-treatment
ECA (e) and ICA (f) angiograms demonstrating complete occlusion of the malformation following embolization from all
feeders with diluted cyanoacrylate glue (Histoacryl)
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Fig. 4.10a-f. Dural arteriovenous malformation of the superior sagittal sinus with significant venous occlusive disease. a,b
Digital subtraction angiography with selective external carotid artery (ECA) and internal carotid artery (ICA) injections
in lateral view demonstrates intense filling of the superior sagittal sinus (broken arrow) in the arterial phase from mul-
tiple ECA feeders including transosseal branches of the superficial temporal and branches of the middle meningeal artery
(small arrows in a), from the anterior meningeal artery (small arrow in b) and from subarachnoid branches of the anterior
cerebral artery (small curved arrow). ¢,d Left ICA injection, late venous phase, lateral (c) and anteroposterior (d) views.
Both transverse sinuses are occluded. Anteriorly, venous drainage is provided by a large frontal cortical vein (small arrow)
and the sylvian vein into cavernous sinus. An extremely dilated superior ophthalmic vein (SOV) (broken arrow) drains the
cavernous sinus. Posteriorly, retrograde flow is seen within the straight sinus and the vein of Rosenthal draining into a
large pontomesencephalic vein (small curved arrows) and spinal perimedullary veins. e,f MRI study, T,-W sagittal sections
depicting the giant SOV (broken arrow) producing exophthalmos and the large pontomesencephalic vein with severe mass
effect on the brain stem and the spinal cord (arrowheads)
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Fig. 4.11a-d. Dural arteriovenous malformation of the convexity. a,b Direct communication (asterisk) between the
middle meningeal artery (arrow) and a tortuous leptomeningeal vein of the frontal convexity (large arrow) close to the
superior sagittal sinus (open arrow). ¢ Time of flight (TOF) magnetic resonance angiography (MRA), maximum intensity
projection (MIP), delineates the feeding pedicle (small arrow) and arteriovenous shunt (asterisk). d T,-W MRI demon-
strates cross sections of multiple large vessels by signal void within the subarachnoid space corresponding to enlarged
veins (small arrows). A small intraparenchymal hemorrhage is seen within the frontal parasagittal parenchyma (broken
arrow)
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Fig. 4.12a,b. Spinal dural arteriovenous malfor-
mation (DAVM). a Digital subtraction angiog-
raphy, selective injection of an L.IV segmental
artery on the left (arrow) demonstrates a DAVM
involving the nerve root sheath (curved arrow),
draining into a perimedullary vein (open arrow)
and into dilated spinal intradural veins (broken
arrow). b Sagittal T;-W MRI study demonstrates
large intradural vessels within the L.I-IV seg-
ments (broken arrow), typical of spinal DAVM.
Contrast enhancement at the lower thoracic level
is due to previous surgery

4.2.2
Natural History and Classification

DAVMs are dynamic lesions with a highly vari-
able clinical course that extends from spontane-
ous cure to fatal hemorrhage. The clinical pre-
sentation of DAVMs has been classified as either
benign or aggressive. Lesions producing ocular
symptoms, pulsatile tinnitus, bruit, and/or local
cranial nerve deficits only are considered benign.
Those associated with intracranial hemorrhage or
nonhemorrhagic neurological deficit are classified
as aggressive. While symptomatology is influenced
by location, the natural history is dominated by
the venous flow pattern. Growing evidence sug-
gests that retrograde venous drainage and venous
drainage into leptomeningeal veins is associated
with more severe clinical presentation and a more
aggressive natural history. Careful analysis of the
hemodynamics as demonstrated by angiography
is therefore a prerequisite to proper therapeutic
decision-making. During the past several decades,
several classification systems have been developed
based on the venous flow pattern.

DjiNDJAN and MERLAND (1978) recognized the
significance of retrograde venous drainage early on

and created a classification system as demonstrated
in Table 4.3 and Figures 4.13, 4.14. In this system,
grade 1 lesions drain into the involved sinus in ei-
ther an ante- or a retrograde fashion (Fig. 4.13a-c).
Grade 2 lesions drain into sinuses, too, but have re-
fluxinto cerebral veins (Fig. 4.13d, e). Grade 3 lesions
are characterized by exclusive drainage into cortical
veins (Fig. 4.13e-g,j), and grade 4 DAVMs drain into
or towards large venous lakes (Fig. 4.13h).
COGNARD et al. (1995) retrospectively analyzed
a series of 205 patients with DAVMs and modified
Djindjan and Merland’s classification based on fur-
ther details of the venous pathway that he found to
significantly influence the clinical course (Table 4.3,
Figs. 4.13, 4.14). In his system, type I lesions drain
into dural sinuses in an antegrade direction only
(Fig. 4.13a). Type II is characterized by dispropor-
tionately high arterial load and insufficient ante-
grade venous drainage, resulting in retrograde flow.
This category is further divided into three sub-
groups, including Il/a with retrograde flow within
the sinuses only (Fig. 4.13b, c), II/b with antegrade
flow within the sinus and reflux into cortical veins
(Fig. 4.13d), and II/a+b with retrograde flow within
both the sinus and cortical veins (Fig. 4.13e). Type
IIT lesions drain exclusively into cortical veins
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Table 4.3. Classification of intracranial dural arteriovenous malformations (DAVMs) in relation to venous drainage
pattern

Venous drainage pattern: intracranial DAVM See Classification
Fi 4.13
Site of shunt Venous outflow L Djindjan  Cognard Borden
Dural sinus/meningeal vein Sinus, antegrade A 1 1 1
Dural sinus/meningeal vein Sinus, ante/retrograde B 1 2/A 1
Dural sinus/meningeal vein Sinus, retrograde C 1 2/A 1
with sinus occlusion
Dural sinus/meningeal vein Sinus antegrade D 2 2/B 2
+ reflux into subarachnoid vein
Dural sinus/meningeal vein Sinus ante/retrograde E 2 2/A+B 2
+ reflux into subarachnoid vein
Subarachnoid vein Subarachnoid vein F 3 3 3
Isolated sinus with reflux Subarachnoid vein G 3 3 3
into subarachnoid vein
Venous lake Subarachnoid vein H 4 4
Spinal perimedullary vein Subarachnoid vein ] 3 5 3

g h

Fig. 4.13a-i. Venous drainage patterns of intracranial dural arteriovenous malformations (DAVMs). a-c DAVM shunting
into a dural sinus with antegrade (a), ante- and retrograde (b), and exclusively retrograde flow (due to sinus occlusion, (c)
within the sinus system. d,e DAVM shunting into a dural sinus with retrograde flow in leptomeningeal veins due to venous
overload of the sinus, with (e) or without (d) retrograde flow inside the sinus itself. f DAVM shunting directly into a lepto-
meningeal vein. g Isolated sinus due to sinus occlusion with retrograde leptomeningeal venous drainage. h DAVM draining
into venous ectasia. i Intracranial DAVM draining into spinal perimedullary veins
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Fig.4.14a-f. Examples of intracranial dural arteriovenous malfor-
mations (DAVMs) with different venous drainage patterns. a DAVM
(asterisk) of the sigmoid sinus (SS), shunting into the sinus (arrow)
with antegrade flow only. Digital subtraction angiography (DSA), exter-
nal carotid artery (ECA) injection, anteroposterior (AP) view. b DAVM
(asterisk) of the sigmoid-transverse sinus with retrograde flow (arrow)
and reflux into the superior sagittal sinus (SSS). DSA, ECA injection, AP
view. ¢ DAVM of the frontal convexity (asterisk) draining into a dilated
cortical vein (arrow). DSA, Right ECA injection, AP view. d DAVM of
the SS (asterisk) on the left with retrograde flow within multiple cortical
veins (arrows) draining into the SSS (arrow). DSA, left ECA injection,
AP view. e DAVM at the tentorial incisura (asterisk) draining into a
venous varix (arrow). DSA with ECA injection, lateral view. f DAVM
on the clivus draining into spinal perimedullary veins (arrow). DSA,
internal carotid artery injection, lateral view
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(Fig. 4.13f). Type IV lesions drain into cortical veins
with venous ectasia (Fig. 4.13h). Finally, Cognard
added another entity, lesions that drain into spinal
perimedullary veins, classified as type V (Fig. 4.13j).
In his analysis of 205 patients, Cognard found an
aggressive clinical course in one of 84 patients with
typeI fistulae, 45% in type II, 76% in type III, 96% in
type IV, and in 100% in type V. In addition, hemor-
rhage, as the most severe complication, was related
strictly to cortical venous drainage. No hemorrhage
was found in types I and II/a, 20% in type II/b, 6%
in type II/a+b, 40% in type III, and 66% in type IV.
Five of 12 patients with spinal venous drainage had
hemorrhage, and in all of them the spinal drainage
was directed into the epidural space in the cervical
region. The significant difference between type III
and IV demonstrates that venous ectasia is associ-
ated with a particularly high likelihood of hemor-
rhage. Histopathological signs of venous wall de-
generation have been found in such venous pouches
(HaMmADA et al. 2000). This classification system,
although somewhat complicated, has a high predic-
tive value regarding aggressive clinical course and
particularly concerning hemorrhage.

Finally, BORDEN et al. (1995) created a simpli-
fied system by combining the previous two and
including spinal DAVMs in the same classifica-
tion (Tables 4.3 and 4.4, Figs. 4.13-4.15). This sys-

tem focuses on aggressivity of the clinical course,
which, hemorrhagic or not, requires treatment. All
malformations draining into dural sinuses or men-
ingeal or spinal epidural veins with normal (an-
tegrade) flow within the subarachnoid/leptomen-
ingeal veins are considered type I (Fig. 4.13a-c).
Those that drain into sinuses or meningeal or epi-
dural veins resulting in reversed flow within nor-
mal veins draining into those sinuses are classified
as type II (Fig. 4.13d,e,g). Lesions draining directly
into subarachnoid veins (brain or spine) belong to
type III (Fig. 4.13f,j). Type I lesions in an intracra-
nial location have a benign course, but those lo-
cated spinally may present with medullopathy or
epidural hemorrhage. Type II lesions, either spinal
or cranial, present with hemorrhage or neurologi-
cal symptoms due to venous hypertension. Type III
lesions typically present with hemorrhage intracra-
nially and with spinal medullopathy.

In an attempt to validate the classifications de-
scribed above, Davigs et al. (1996) applied both
systems retrospectively to 102 patients harboring
DAV Ms. By definition, Cognard typesIand II/a were
considered as Borden type I, Cognard II/b and II/
a+b as Borden I and Cognard III, IV, and V as Bor-
den III (Table 4.3.). Of the 102 patients, 31 (30%) had
an aggressive presentation: 16 had hemorrhage and
15 had nonhemorrhagic neurological symptoms.

Fig. 4.15a-c. Venous drainage patterns of spinal dural arteriovenous malformations. (NR, nerve root; RA, radicular artery;
DM, dura mater; M, medulla). Meningeal branch of the radicular artery feeds arteriovenous shunt located on the dura (small
arrow). a Venous drainage by epidural veins (arrow). b Venous drainage via epidural veins and a perimedullary vein (arrow)
into the coronal venous plexus (arrowheads). ¢ Exclusive venous drainage by perimedullary vein (arrow) and the coronal

venous plexus (arrowheads)




Dural Arteriovenous Malformations

141

Aggressive presentation correlated well with both
Borden and Cognard grades: Either hemorrhagic or
nonhemorrhagic aggressive symptoms were found
in 2% of Borden I, 39% of Borden II, and 79% of Bor-
den III cases. In the Borden I group Cognard type
II/a patients had more nonhemorrhagic symptoms
(7%) than those with Cognard type I lesions (0%).
In the Borden III group, the incidence of hemor-
rhagic presentation correlated positively with Cog-
nard grades, demonstrating 38% incidence in type
I11, 50% in type IV, and 75% in type V. While the
Borden classification reliably predicts aggressive
clinical presentation, the Cognard system provides
more precise correlation between hemorrhage and
venous drainage.

In addition, the clinical presentation was ana-
lyzed in relation to location of the lesions by sev-
eral authors. In a meta-analysis of 100 benign and
277 aggressive DAVM cases, AwaD and colleagues
(1990) found no correlation between aggressive pre-
sentation and flow rate. Although the lowest rate of
aggressive behavior was found in transverse and
cavernous sinus locations and the highest in tento-
rial DAVMs, no location was immune to an aggres-
sive neurological course. Leptomeningeal venous
drainage, venous dilatations, and galenic drainage
were found to significantly correlate with aggressive
symptoms. No aggressive symptoms were found in
association with lesions involving the cavernous si-
nus, while there were aggressive symptoms in 27%
of transverse sinus DAVMSs, in 100% of those at the
confluens sinuum, in 65% at the superior sagittal
sinus, in 92% at the tentorium, and in 88% in the
anterior fossa (COGNARD et al. 1995). Analysis of the
venous drainage pattern demonstrated that high
incidence of aggressive symptoms in certain loca-
tions was related to the specific venous pattern in
each location rather than to the location itself. All
fistulae in the anterior cranial fossa were classified
as Borden type III, while 78% of them on the tento-
rium, 13% on the transverse sinus, and none on the
cavernous sinus belonged into this clinically aggres-
sive group (DAVIES et al. 1996). Multiple DAVM loca-
tion was found to correlate significantly with lepto-
meningeal venous drainage (84%) and subsequently
with aggressive presentation. These patients had a
three times higher incidence of hemorrhage than
those with a single DAVM (vaN Dijk et al. 2002). In
general, location has a significant impact on the ve-
nous drainage pattern but the clinical presentation
is determined by the venous drainage itself, and not
by the location.

While the above-cited studies provide good
correlation between venous morphology and
clinical symptomatology at the time of the initial
presentation, this is of limited value regarding
the natural history and the prognosis of the dis-
ease. Some DAVMs may disappear without treat-
ment (BiTon and SAKAKI 1979; CHAUDHARY et al.
1982; LASJAUNIAS et al. 1984; MEDER et al. 1995;
LuciaNtI et al. 2001); others may lead to death. As
treatment is complicated and carries certain risks,
proper selection of patients requiring treatment
necessitates reliable prognosis of each particular
case. Davies and colleagues (1997a,b) analyzed
the clinical course of 55 Borden grade I (benign)
and 46 Borden grade II-III intracranial DAVM
patients for 133 patient years and for 344 patient
months, respectively, following presentation. Of 26
Borden I patients, 21 improved and five remained
stable without treatment. In contrast, four of the
29 Borden III patients treated conservatively died
within the follow-up period. This group had a
19%/year incidence of hemorrhage, 11%/year of
nonhemorrhagic complications, and a 19%/year
mortality. Although the number of observed cases
is small, this study supports the concept that the
type of venous drainage not only determines the
first clinical presentation but also reliably predicts
the natural history, and therefore may serve as a
basis for therapeutic decision-making.

Diagnostic Imaging

Although plain X-ray films may occasionally dem-
onstrate prominent vascular impressions on the
skull, the contribution of conventional radiogra-
phy to the imaging diagnosis of DAVM is limited.
Although myelography depicts enlarged intradural
vessels by negative contrast, this does not justify
using this technique for the demonstration of spinal
DAVM (CHEN et al. 1995). Cross-sectional imaging
techniques such as computed tomography (CT) and
magnetic resonance imaging (MRI) demonstrate
consequences of the dural arteriovenous shunt on
the brain and the cerebrospinal fluid (CSF) spaces.
Less invasive or noninvasive angiographic tech-
niques such as CT angiography (CTA) or MR angi-
ography (MRA) are capable of depicting the vascular
pathology itself. Catheter angiography is required




142

I. Szikora

for the accurate localization of the shunt and evalu-
ation of the hemodynamic pattern.

4.3.1
Computer Tomography

Computer tomography (CT) scan without contrast
demonstrates changes secondary to DAVMs. These
include hydrocephalus, cortical atrophy, and hem-
orrhage (Figs. 4.4, 4.5, 4.8, 4.16) that can be either
subarachnoid (KaGcawa et al. 2001), subdural, pa-
renchymal (SoLis et al. 1977), or intraventricular
(KawagucHI et al. 1999b). Noncontrast CT scan may
raise the suspicion of sinus thrombosis by hyperden-
sity within the involved sinus. Contrast-enhanced

CT delineates enlarged draining veins as serpentine
enhancing structures. This is particularly charac-
teristic in cavernous sinus DAVM with superior oph-
thalmic vein (SOV) drainage in which the enlarged
SOV is well demonstrated as tubular enhancement
within the orbit that also exhibits signs of associated
exophthalmus (Fig. 4.5g). If coupled with typical
clinical symptoms, these signs on CT may provide
the diagnosis of a cavernous sinus arteriovenous
shunt; however, differentiation between direct ca-
rotid cavernous fistula and a cavernous sinus DAVM
is not possible based on CT scan. Enlarged drain-
ing veins are delineated in cases of DAVM in other
locations with either direct leptomeningeal venous
drainage or reflux into leptomeningeal veins due to
venous overload of the sinuses. Mass effect from ve-

Fig.4.16a-c. Typical signs of intracranial du-
ral arteriovenous malformation (DAVM) by CT.
a Ectatic venous structure and hydrocephalus.
b Multiple enhancing vascular structures follow-
ing contrast administration, representing drain-
ing veins. ¢ Dilated subarachnoid spaces due to
cortical atrophy
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nous varices is well depicted (Fig. 4.16a,b). In cases
of DAVM with antegrade sinus drainage, CT scan is
usually normal (CHIRAS et al. 1982). The use of mul-
tislice CT (KLINGEBIEL et al. 2001) and CT angiogra-
phy (CTA) (ALBERICO et al. 1999) has been proposed
for the less invasive evaluation of cerebral vascular
malformation. DAVMs, particularly those with large
and complex nidi, are likely to be detected by CTA.
However, the dynamic evaluation of the lesion nec-
essary for making a therapeutic decision may not be
possible by CT/CTA techniques. Computed tomog-
raphy with contrast is useful in demonstrating sinus
thrombosis as lack of contrast enhancement within
the involved sinus(es) in association with DAVM. CT
scanning has been applied to evaluate the results fol-
lowing embolization of spinal DAVM, but it cannot
be successfully used for the initial diagnostic imag-
ing of such lesions (COGNARD et al. 1996).

4.3.2
Magnetic Resonance Imaging

Unlike pial AVMs, the nidus of a DAVM is usu-
ally not demonstrated by spin echo (SE) MRI. This
is because the nidus of a DAVM is located within
a thin sheet of the dura that is difficult to detect
by cross-sectional imaging. MRI depicts indirect
signs of DAVM. Similar to CT, hydrocephalus, cor-
tical atrophy, and mass effect from enlarged venous
structures are easily demonstrated (Figs. 4.7b, 4.8d,
4.10e). Large draining veins are well delineated by
flow void on spin echo images either intraorbital or
intracranial (Fig. 4.10e,f). High velocity signal loss
can be seen within the cavernous sinus as a sign
of arterial flow, indicating DAVM (HIRABUKI et al.
1988). When the venous flow is diverted towards the
subependymal veins and midline venous structures,
multiple cross sections of enlarged medullary veins
may be seen within the white matter as small foci
of flow void. Although the nidus itself is usually
not delineated, the presence of dilated pial vessels
(draining veins) without an AVM nidus is suggestive
of DAVM with venous occlusive disease and venous
congestion (Fig. 4.11d). This is found in over two
thirds of patients with venous reflux (DE MARcoO et
al. 1990; WILLINSKY et al. 1994). Venous ischemia
is indicated by high signal intensity on T,-weighted
(T,-W) images that typically does not correspond
to arterial distribution (Figs. 4.10c, d, 4.17f). High
signal intensity areas may enhance with gadolinium,
indicating disruption of the blood-brain barrier due

to venous hypoperfusion (WILLINSKY et al. 1994;
KawacgucHI et al. 2001). Bithalamic T, hyperintensi-
ties have been described as a result of reversible ve-
nous ischemia (GREENOUGH et al. 1999). Intradural
hemorrhage, either subdural or parenchymal, due to
DAVM is easily detected by MRI as mixed signal in-
tensity on SE images (Figs. 4.7c, 4.8c, 4.11/d). Dural
sinus thrombosis that is frequently associated with
DAVM might be demonstrated as lack of signal loss
within the involved segment of the sinus on SE im-
ages. This can be confirmed by the lack of contrast
enhancement and lack of visualization of the oc-
cluded sinus by venous MRA. However, correct as-
sessment of venous occlusive disease by MRI might
be difficult. Parenchymal hemorrhage is commonly
associated with venous infarction. SE MRI in cases
of DAVM with antegrade sinus drainage might be
normal (DE MARco et al. 1990).

Magnetic resonance angiography improves the
delineation of the site of the shunt and feeding and
draining pedicles. Either two- and three-dimen-
sional phase contrast (PC) or time of flight (TOF)
MRA may demonstrate the nidus. Phase-contrast
MRA may demonstrate flow reversal in sinuses or
draining veins (CELLERINI et al. 1999). Stenosis or
occlusion of sinuses and dilated cortical veins, how-
ever, might be missed by either PC or TOF MRA
(CHEN et al. 1992; CELLERINI et al. 1999) (Figs. 4.11c,
4.17d). First-pass, gadolinium-enhanced fast MRA
significantly improves delineation of the nidus, feed-
ing pedicle, and draining veins (FARB et al. 2001).

An intracranial DAVM draining into the spinal
venous system produces spinal venous ischemia,
indicated by enlargement and increased T, signal
intensity of the cervical spinal cord (Fig.4.9¢,d).
Diffuse gadolinium contrast enhancement of the
cervical medulla has also been reported (Bousson
et al. 1999). Enlarged intradural draining veins may
or may not be depicted by MRI of the cervical spine.
Clinical evidence of myelopathy with cervical spi-
nal cord signal changes should raise the suspicion of
such DAVM and prompt intracranial vascular stud-
ies (MRA, DSA) (ERNST et al. 1997; CHEN et al. 1998;
Bousson et al. 1999).

Most spinal DAVMs generate spinal venous hy-
pertension leading to myelopathy that, if untreated,
results in permanent disabling neurological defi-
cit. Symptoms commonly develop in a slow and
fluctuating manner, making the clinical diagnosis
extremely difficult. Proper imaging is of utmost
importance to establish the diagnosis before per-
manent damage to the spinal cord occurs. Yet the
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Fig. 4.17a-f. Typical signs of intracranial dural arteriovenous malformation (DAVM) by MRI. a-d DAVM of the tentorial
incisura. Digital subtraction angiography (DSA) with left external carotid artery (ECA) injection (a) demonstrates the
DAVM draining into a venous lake (arrow). The dilated draining vein is demonstrated by flow void on T,-W MRI (arrow
in b) and by flow enhancement on the source image of time-of-flight magnetic resononce angiography (MRA) (arrow in c).
Maximum intensity projection reconstructed MRA delineates the draining vein (arrow in d). e-f DAVM of the superior
sagittal sinus with occlusion of both transverse sinuses. Sinus occlusion is demonstrated by DSA (arrow) in (e). An ischemic
area of increased T, signal intensity (arrow in f) is seen as a result of venous hypertension. Figure 4.10 demonstrates further

details of the case

A

average time from the onset of symptoms until di-
agnosis was found to be 27 months in a large study
of 66 patients with spinal DAVM (GILBERTSON et al.
1995). As localization of the lesion by clinical signs
is often difficult or impossible and spinal catheter
angiography is highly invasive, MRI and MRA play
an outstanding role as noninvasive tools in the di-
agnosis of spinal DAVM. The most common signs
of spinal DAVM are related to venous ischemia and
include hyperintense T, signal, enlargement, and
gadolinium enhancement of the spinal cord. These
signs have been reported in 94%-100%, 45%-65%
and 60%-88% of patients, respectively. Intradural,
serpentine structures visualized by flow void and
contrast enhancement are typical direct signs of
the vascular dural arteriovenous shunts, represent-
ing enlarged veins of the coronal venous plexus that
drains the lesion (Fig. 4.12). These vessel-like linear
areas, located mostly on the dorsal surface of the
cord, are present in 45%-82% of cases (TERWEY et
al. 1989; GILBERTSON et al. 1995; WILLINSKY et al.
1995). Changes most commonly associated with spi-
nal DAVM are therefore nonspecific, and enlarged
vessels lead the diagnosis in the correct direction in
only one half to three quarter of the cases. More re-
cently, hypointense T, signal changes were found on
the periphery of the medulla in a consecutive series
of 11 cases of spinal DAVM. This is thought to be
a sign of venous myelopathy, specific to venous hy-
pertension and arteriovenous shunt. These findings
and their explanation need to be confirmed in larger
studies (HursT and GRossMAN 2000). Presently,
magnetic resonance angiography is increasingly
being used to confirm the diagnosis of DAVM based
on direct signs and to localize the fistula prior to
selective angiography. Both TOF and PC MRA were
tested in demonstrating spinal DAVM (GELBERT et
al. 1992; BOWEN et al. 1995; MAscALCHI et al. 1995,
1997, 1999, 2001; BowEN and PATTANY 1997, 1998,
2000; BINKERT et al. 1999; SHIGEMATSU et al. 2000)
and were found to improve the specificity of MRI.
However, most MRA techniques applied until re-

cently demonstrate enlarged intradural vessels but
arenot capable of delineating the feeding pedicleand
draining vein, and therefore do not contribute to the
localization of the fistula itself. Contrast-enhanced
TOF and PC sequences (BOWEN and PATTANY 1997,
1998) and phase display of 2D PC MRA (MASCALCHI
et al. 1999) have been found useful in some cases
in delineating the fistula site. Rapidly repeated 3D
angiographic sequences immediately following
administration of gadolinium contrast agent and
detection of the first pass of gadolinium improved
visualization of the draining vein within the neu-
ral foramen (BINKERT et al. 1999; SHIGEMATSU et
al. 2000). Most recently, FARB and colleagues (2002)
applied automatic triggering of a fast, three-dimen-
sional MR angiographic sequence by detection of
the first pass of gadolinium within the aorta. This
technique allowed accurate delineation of the feed-
ing pedicle, and the draining vein and determina-
tion of the foraminal level of the fistula in all nine of
their cases. With the most recent advances in MRA
technology, MRI and MRA studies should be the
primary tools in the diagnostic workup for spinal
DAVM with an attempt to delineate the level and site
of the fistula (LUETMER et al. 2005). Selective angi-
ography is still required, focusing on the level pre-
viously determined by MRA. The goal of catheter
angiography is to evaluate small anatomical details,
such as the origin of radicular arteries supplying the
anterior spinal artery, and to perform endovascular
therapy if possible. Extensive angiographic workup
of the entire spine should be avoided (Fig. 4.18a-e).

Magnetic resonance techniques are also used
for follow-up after treatment. Gradual disappear-
ance of intramedullary high signal, cord enlarge-
ment, and contrast enhancement by MRI within
1-23 months following treatment (WILLINSKY et al.
1995; HorikosHI et al. 2000), as well as lack of en-
larged perimedullary vessels by MRA (MASCALCHI
et al. 2001), confirms the result of either surgical or
endovascular disconnection of the arteriovenous
shunt (Fig. 4.181,g).
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Fig.4.18a-g. Spinal dural arteriovenous fistula. a,b T,-W MRI of the thoracic spine demonstrating hyperintense signal
within the spinal cord (arrows) as sign of perfusion deficit due to venous hypertension and serpentineous signal voids cor-
responding to dilated perimedullary veins (arrowheads). c Digital subtraction angiography (DSA), selective injection of the
Th. VIIL intercostal artery, demonstrating a dural branch of the radicular artery (vertical arrow), dural AV fistula (asterisk)
and the draining perimedullary vein (horizontal arrow). d DSA, selective injection of the Th. IX. interecostal artery on the
left demonstrating a radiculomedullary artery (arrow), supplying the anterior spinal artery (open arrow). e Microcatheter
injection of the fistula prior to embolization with cyanoacrylate glue. f Control injection of the same segmental branch
following embolization demonstrates complete occlusion of the fistula. g T,-W MRI of the thoracis spine 3 months later
demonstrates normal signal intensity within the spinal cord and lack of dilated veins
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Table 4.4. Classification of spinal dural arteriovenous malformations (DAVMs) in relation to venous

drainage pattern

Venous drainage pattern:
Spinal DAVM

Site of shunt

Venous outflow

Classification

Borden

Nerve root sleeve dura  Periosteal epidural veins 1
Nerve root sleeve dura  Epidural veins with reflux into perimedullary veins 2
Nerve root sleeve dura  Perimedullary veins 3

4.3.3
Angiography

Noninvasive or minimally invasive imaging tech-
niques including CT, MRI, and MRA, coupled with
careful analysis of the clinical history, enable the
diagnosis of a DAVM with relatively high confidence
in many cases. Borden type I lesions, however, may
not produce any pathological changes on CT and
MRI. Moreover, analysis of the hemodynamic pat-
tern requires temporal resolution not provided by
MRA. Details of the venous circulation and asso-
ciated venous occlusive disease may not be prop-
erly visualized by MR/CT techniques (CHEN et al.
1992; KALLMES et al. 1998; CELLERINI et al. 1999).
As these details are critical in evaluating the risks
associated with the individual pathology, selective
angiography remains necessary for therapeutic de-
cision-making.

Proper angiographic evaluation of patients with
intracranial DAVM requires analysis of all potential
sources of arterial supply as well as draining veins
and venous structures. The rich vascular supply of
the dura provides anastomotic connections between
different territories, and even the falx or the tento-
rium does not provide a barrier between the two
hemispheres or the infra- and supratentorial com-
partments (LASJAUNIAS and BERENSTEIN 1987).
Selective injections of all arteries that potentially
supply a certain anatomical location are therefore
indispensable for proper angiographic evaluation
(Table 4.5) (DyiNDJAN and MERLAND 1978). While
analysis of the arterial supply is important in dis-
closing the diagnosis, thorough study and under-
standing of the venous outlet is critical in order to
establish the proper prognosis. This will allow ap-
propriate indication of treatment and selection of
the adequate therapeutic modality.

Anterior fossa DAVMs are fed by branches of ei-
ther ophthalmic artery (OphA), distal branches of
the internal maxillary artery (IMA), and the middle
meningeal artery (MMA) (Fig. 4.4a,b). In cavernous
sinus DAVM, the most common arterial supply arises
from cavernous branches of the ipsi- and contralat-
eral internal carotid arteries (ICA), distal branches of
the IMA, cavernous branches of the (MMA), and the
anterior division of the ascending pharyngeal artery
(APA) (Figs. 4.5, 4.20). Transverse, sigmoid sinus,
and confluens sinuum DAV Ms receive blood from the
tentorial branch of the ipsi- and sometimes contralat-
eral ICA, the MMA, the posterior auricular (PA), the
occipital (OA), and the posterior meningeal branches
of the vertebral (VA) arteries. High-flow DAVMs in
these locations may recruit a blood supply from
large branches of the subclavian artery such as the
ascending cervical artery (Fig. 4.6). Lesions involv-
ing the tentorium are supplied by tentorial branches
of the ICA bilaterally, by the neuromeningeal trunk
of the APA on either side, and by the posterior di-
vision of the MMA, OA, and meningeal branches of
the VA (Fig. 4.8). The blood supply to DAVMs around
the foramen magnum may be recruited from tento-
rial branches of the ICA, posterior division of the
MMA, neuromeningeal trunk of the APA, OA, and
VA (Fig. 4.9). Superior sagittal sinus DAVMs have
complex supply involving branches of the anterior
(from OphA), middle, and posterior (from VA) men-
ingeal arteries, and meningeal branches of the OAs.
These usually high-flow lesions recruit arterial feed-
ers from transosseal and subcutaneous sources such
as the superficial temporal arteries (STA) and from
pial arteries, such as branches of the anterior cerebral
arteries. Blood supply is typically bilateral (Fig. 4.10).
Dural shunts located on the convexity in the middle
cranial fossa are supplied mostly by MMA branches
(Fig. 4.11). The differential diagnosis of slowly pro-
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Table 4.5. Expected feeding pedicles, recommended selective injections, and projections for intracranial dural arteriove-
nous malformations (DAVMs) in different locations

Location of DAVM  Expected arterial supply Selective injections recommended

Branches Ipsilateral Contralateral  Arteries projection Ipsilateral Contralateral

AP Lateral AP Lateral

Anterior fossa OphA + + ICA + + +
IMA + + ECA
MMA aF VA
Cavernous sinus ICA + + ICA
IMA AF AF ECA AF + AF
MMA aF aF VA
APA + +
Transverse and ICA + ICA
sigmoid sinuses MMA + ECA
APA 1 VA 3 + 1 +
PA aF
OA aF aF
VA aF aF
Confluens sinuum ICA 4k -+ ICA
MMA + + ECA
APA + 4F VA + + + +
PA AF AF
OA 1 1
VA aF aF
Tentorium ICA 4 4 ICA 4 4 +
MMA + ECA + + +
APA F aF VA
OA +
VA 4F 4F
Foramen magnum ICA AF ICA
MMA 3 ECA 1 + 3
APA aF aF VA aF aF aF
OA aF aF
VA aF aF
Convexity OphA A A ICA
MMA + ECA
OA + + VA + + +
VA 4F AF
Superior sagittal ICA + + ICA + + + +
sinus OphA + + ECA + + +
IMA aF aF VA
MMA aF aF
APA aF aF
OA Ak AF
VA + +
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gressing myelopathy should include spinal DAVM
that leads to spinal venous hypertension and hypo-
perfusion. Usually, MRI discloses spinal cord isch-
emia and enlarged intradural vessels. Spinal angiog-
raphy is used to demonstrate the feeding pedicle and
the draining vein of the fistula. Unless MR A provides
accurate information on the foraminal level, selec-
tive injections of all segmental arteries potentially
providing blood supply to the involved region of the
spinal column must be studied, until the fistula is
found. Spinal cord ischemia might be remote from
the fistula site, which may make angiographic evalu-
ation of the entire spine necessary, particularly if ve-
nous stasis is seen in spinal veins (WILLINSKY et al.
1990). If arteriovenous shunt within the spine cannot
be demonstrated, a DAVM within the posterior fossa
must be suspected that drains into spinal perimedul-
lary veins, and appropriate injections must be per-
formed (Fig. 4.9).

Expected feeding pedicles and recommended
injections and projections are listed in Table 4.5.
Because of the many anatomical variants and the
dynamic nature of the disease, however, strict rules
cannot be established and the angiographer should
use the bestindividual judgment to explore all poten-
tial feeders. Long series with delayed images are nec-
essary to study the venous drainage of the lesion. In
addition to studying the venous outlet of the fistula
itself, the venous drainage of the brain parenchyma
mustbe demonstrated. Allmajor dural sinuses should
be studied to disclose venous occlusive disease and to
demonstrate patency and direction of flow within the
major venous channels draining the brain.

Therapy

4.4.1
Indications

Currently available therapeutic options include no
treatment, conservative treatment, palliative or de-
finitive endovascular treatment, surgery, a combi-
nation of endovascular treatment and surgery, and
radiosurgery. As detailed in Sections 4.2.2 and 4.2.3,
the natural history of DAVM may vary from sponta-
neous cure (MAGIDSON and WEINBERG 1976; BiToH
and SAKAKI 1979; ENDoO et al. 1979; LUCIANI et al.
2001) (Fig. 4.18) to fatal hemorrhage (Awap et al.

1990). With this large spectrum, not the diagno-
sis, but rather the expected prognosis of the disease
should indicate treatment. This makes proper clas-
sification of patients by angiography mandatory.

In a recent study by DaviEs et al. 1997a, 21 of 26
patients with Borden type I DAVMs experienced
resolution or improvement of their symptoms with-
out any treatment, and the other five remained
unchanged. Owing to the low risk implied by the
natural history of this type, and considering that
malignant transformation following incomplete
treatment may occur (WATANABE et al. 1984, 2000),
this group of patients should be observed or treated
conservatively if symptoms are tolerated. Palliative
or (if possible without high risk) definitive endovas-
cular treatment should be offered for those whose
symptoms (for instance pulsatile tinnitus) result in
significant impairment of their quality of life. Simi-
larly, progressive decrease of visual acuity or immi-
nent loss of vision may prompt endovascular inter-
vention in cases of cavernous sinus DAVM.

Spontaneous transformation of a benign (Bor-
denI) DAVM to a malignant (Borden II-III) one has
been reported (COGNARD et al. 1997). Patients with
high-flow Borden I DAVM, particularly those in the
subgroup of Cognard II/a, may develop malignant
elevation of ICP. Subsequently, patients with con-
servative or incomplete treatment should be closely
observed and treated if necessary (COGNARD et al.
1995; DAVIES et al. 1997a,b).

On the other hand, the high risk of DAVM with
leptomeningeal venous drainage (Borden I-II) has
been well documented (AwAD et al. 1990; BORDEN
et al. 1995; COGNARD et al. 1995; DAVIES et al. 1996).
Four of 14 patients died, representing a 19% yearly
mortality (DAvIEs et al. 1997a,b). The malignant
course of the disease in this group requires aggres-
sive therapy leading to permanent elimination of
factors posing a high risk. The treatment modality
should be chosen by a team of experienced neuro-
interventionists and neurosurgeons based on the
individual pathology.

4.4.2
Conservative Treatment

Conservative treatment is offered to patients with
Borden I fistula, who generally have their lesion on
the cavernous sinus or on the transverse/sigmoid
sinuses. These two are the most benign and the most
common location of intracranial DAVMs. In a ret-
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rospective study by COGNARD et al. (1995), 69% of
transverse sinus and 87% of cavernous sinus lesions
had no leptomeningeal venous drainage (Borden I)
and these two locations corresponded to 66% of all
DAVMs studied.

Conservative treatment has two components.
Manual vascular compression is utilized to facilitate
spontaneous closure of the fistula. Medical treat-
ment is used to control ocular symptoms if present.

In case of benign transverse sinus fistulae, the
pulsating occipital artery can be compressed over
the mastoid by the patient for up to 30 min per treat-
ment. This may reduce flow and induce spontane-
ous thrombosis with a reported frequency of 27%
(HALBACH et al. 1987). Patients harboring DAVMs
on the cavernous sinus might be treated similarly.
In these cases, the common carotid artery - jugular
vein complex is compressed (Matas maneuver) on
the side of the fistula. As this manipulation carries
some risks, patients with atherosclerotic carotid dis-
ease should not be treated. Patients in this group are
instructed to compress their carotid bifurcation with
their contralateral hand, so that if cerebral ischemia
occurs the resulting motor weakness will automati-
cally interrupt the procedure. The suspected mech-
anism is simultaneous decrease of the arterial and
increase of the venous pressure, promoting throm-
bosis of the arteriovenous connection. HALBACH et
al. (1987) reported a 33% rate of success with manual

compressions of 10-30 s four to six times in each
hour during the day for up to 6 weeks (VALAVANIS
1993). As the incidence of spontaneous thrombosis
(Fig. 4.19) is unknown, the efficacy of the treatment
cannot be established.

In cavernous sinus DAVM the ocular symptoms
require ophthalmological and medical therapy,
including control of the (frequently elevated) in-
traocular pressure and protective treatment of the
conjunctiva in cases of extensive chemosis. Mild
diuresis utilizing furosemide (e.g. Lasix), 5-10 mg/
day usually provides significant relief of the external
ocular symptoms. Visual acuity, fundus, and intra-
ocular pressure should be periodically checked in
patients under conservative treatment.

In our practice we initially propose observation
only to patients with benign DAVM (regardless of
location). Compression therapy is recommended to
patients presenting with significant ocular symp-
toms and those complaining of poorly tolerated
tinnitus. Additional medical and ophthalmological
therapy is applied if necessary. Patients are followed
in cooperation with the ophthalmologist. Spontane-
ous closure of cavernous sinus DAVM is frequently
preceded by transient worsening of the symptoms,
including retinal hemorrhages and reduced vision.
Central retinal vein thrombosis has been implicated
as the underlying pathomechanism (Mik1 et al. 1988;
Suzuki et al. 1989). If the ocular symptoms progress

Fig. 4.19a,b. Spontaneous cure of dural arteriovenous malformation (DAVM). a Common carotid artery digital subtraction
angiography in lateral view demonstrates cavernous sinus (CS) DAVM (arrow) that drains into the superior ophthalamic
vein (small arrow). b Follow-up angiography 2 months later demonstrates complete obliteration of the DAVM. No treatment
was performed
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to an imminent loss of vision we consider repeat an-
giography and embolization. Significant change of
the symptoms, including improvement such as ces-
sation of tinnitus, mayindicate spontaneous closure.
However, this should raise the suspicion of a change
in the venous drainage pattern and prompt repeat
studies before the patient is considered cured.

4.4.3
Endovascular Treatment

The goal of aggressive treatment of a DAVM can
be: (a) cure of the lesion, (b) conversion of a high-
risk fistula to a low-risk one, and (c) palliation of
symptoms caused by a low-risk lesion. As previously
shown, the pathological entity of DAVM seems to
be located within the wall of dural sinuses, veins,
or leptomeningeal veins. The pathophysiological ef-
fect of the shunt is exercised on the venous system.
Complete and permanent cure can be achieved only
by closing all pathological connections between the
arterial and venous side of the lesion. Theoretically,
this can be obtained by: (a) approaching the site of
shunt through the feeding arteries and plugging the
arteriovenous communication with an embolic ma-
terial, or (b) sealing the lumen of the draining venous
structure off from the arteriovenous shunt (that ex-
ists inside its wall) by packing the entire section of
that venous structure with an embolic material.

4.4.3.1
Transarterial Embolization

Considering the multiplicity of the arterial feeders
that drain into a single venous channel and the mul-
tiple microshunts that exist inside the wall of the
vein between arteriolae and venulae (NISHIJIMA et
al. 1992; HAMADA et al. 1997; Momoj1 et al. 1997),
complete closure is often difficult or impossible to
achieve from the arterial side. Embolic material in-
jected from the feeding arteries is very likely to get
wedged proximal to the shunt. Transarterial embo-
lization therefore rarely results in complete cure of
DAVMs and should be reserved for those cases in
which the fistula cannot be reached via the transve-
nous route (goal a), for the palliation of symptoms in
case of low-risk DAVMs (goal ¢), or as a preoperative
measure to facilitate surgery (goal a).

Technically, solid - i.e., polyvinyl alcohol particles
(PVA), platinum coils - and liquid embolics are used
that are delivered through microcatheters coaxi-
ally introduced into a distal superselective position

within the feeding pedicles. Dangerous anastomoses
should always be considered prior to transarterial
embolization. Potential connections between the
IMA and the OphA, the MMA and the OphA and
ICA, between the anterior division of the APA and
the ICA, the posterior division of the APA and the
VA, the OA and the VA must always be kept in mind,
even if not visualized by superselective injection.
The blood supply to cranial nerves should be con-
sidered when embolizing from the MMA and APA
(LasjauNiAs and BERENSTEIN 1987). Inadvertent
injection of the embolic material into cerebral arter-
ies via dangerous anastomotic channels will result in
stroke. Application of particles as an embolic agent
carries little risk of stroke, as these particles are un-
likely to reach intracerebral vessels via small-caliber
anastomoses. Intra-arterially delivered microcoils
will stay at the site of delivery and therefore carry no
risk of intracerebral embolization (NAKSTAD et al.
1992). This material will, however, produce proximal
occlusion of the feeding pedicles, which will result in
collateral blood supply to the shunt.

In our experience, using transarterial emboliza-
tion with particles in cavernous sinus DAVM may
facilitate spontaneous occlusion of the fistula by de-
creasing the arterial load towards the draining vein.
We apply this technique in cases where treatment is
necessitated by progressive symptoms and the le-
sion is not reachable via the venous route. Transient
worsening of the ocular symptoms may occur after
partial transarterial embolization and can be at-
tributed to progressive thrombosis of the superior
ophthalmic vein (SERGOTT et al. 1987; NaGyY et al.
1995) or the central retinal vein (HAsHIMOTO et al.
1989). This requires aggressive dehydration includ-
ing the administration of furosemide, mannitol,
and steroids. In most cases this is followed by grad-
ual improvement and (probably spontaneous) cure
(SERGOTT et al. 1987). During this period, patients
need to be carefully followed, their ocular status and
visual acuity regularly checked. In case of progres-
sive loss of vision a more effective treatment modal-
ity must be considered.

Multiple ECA feeders can be embolized with
small PVA particles (50-250 pm). Generally, the
smaller the particles, the better the result that can
be expected. In the presence of dangerous anasto-
moses, larger particles should be selected to avoid
complications. Catheterization of small cavernous
branches of the ICA is usually difficult, frequently
impossible. Embolization with small particles from
a narrow, short meningeal branch might be dan-
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gerous even if technically feasible (HALBACH et al.
1989a). In such cases microcoils can be placed to
reduce flow via ICA branches followed by extensive
embolization through ECA feeders (Fig. 4.20).

Particulate embolization can also be applied pre-
operatively for lesions requiring extensive surgery.
As fast recanalization is expected, surgery should
follow embolization with little delay.

In case of high-risk (Borden II-III) DAVMs,
particulate embolization as a sole treatment does
not provide safe and permanent prevention from
subsequent bleeding. If transarterial embolization
is considered in such cases because neither sur-
gery nor transvenous embolization is feasible or
recommended, liquid embolics should be chosen
(Fig. 4.21). Cyanoacrylate glue mixed with Lipiodol

Fig. 4.20a-d. Endovascular treatment of dural arteriovenous malformation (DAVM) by transarterial embolization. a,b
Digital subtraction angiography (DSA) with selective external carotid artery (ECA) (a) and internal carotid artery (ICA)
(b) injections demonstrate cavernous sinus DAVM (broken arrow) draining into the superior ophthalmic vein (open ar-
row), fed by distal internal maxillary (small arrow), middle meningeal (small curved arrow), ascending pharyngeal (arrow)
branches and a prominent dural pedicle of the meningohypophyseal branch of the ICA. ¢,d Complete obliteration of the
DAVM following transarterial embolization of the ECA branches using polyvinyl alcohol particles and occlusion of the
meningohypophyseal pedicle by deposition of a small detachable microcoil within its lumen (arrow)
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is most commonly employed as a liquid embolic
agent. The glue, N-butyl-cyanoacrylate, polymerizes
quickly in an ionic environment such as blood. Lipi-
odol, a radiopaque oil, is added to provide radiopac-
ity and to regulate solidification time (CROMWELL
and KErRBER 1979; KERBER et al. 1979; BANK et al.
1981). Most DAVMs have relatively small-caliber
feeders and a meshwork of fine arteries within the
nidus. For effective embolization, the microcatheter
must be placed in a very distal position (Fig. 4.21c)
and the glue needs to be highly diluted with Lipi-
odol (L1u et al. 2000; Iizuka et al. 2001). Depend-
ing on the arteriovenous transit time, a glue-to-oil
ratio of 1:3-1:7 is frequently used. The best result of
transarterial embolization with glue is achieved if
the radiopaque glue reaches the venous site of the le-
sion without producing occlusion of major draining
veins (Fig. 4.21d,e). In case of direct arteriovenous
communication, much lower dilution or even un-
diluted glue needs to be applied to avoid undesired
venous occlusion or pulmonary embolism. Both
potential dangerous anastomoses and cranial nerve
blood supply must be seriously considered if diluted
glue is used, since the risk of stroke or cranial nerve
ischemia is significantly higher than if particles are
used. Reflux of glue proximal to the microcatheter
tip may also lead to inadvertent embolization of nor-
mal arteries.

Because transvenous embolization is not feasible
for spinal lesions, transarterial embolization with
glue is the treatment of choice for a spinal DAVM
with an arterial feeder that allows safe and distal
catheterization and does not supply the anterior
spinal artery. Glue should be pushed until it reaches
the draining vein (Fig. 4.18) (COGNARD et al. 1996;
SoNG et al. 2001). Clinical outcome seems to depen-
dent on the severity of the symptoms at the time of
treatment (NAGATA et al. 2006).

4.4.3.2
Transvenous Embolization

While it is difficult to obliterate multiple arterio-
venous connections via the feeding arteries, this
can be easily achieved by packing the lumen of the
single venous channel of the lesion. Although this
might induce transient pressure elevation inside
the nidus, rupture and bleeding does not occur,
as the nidus is located within the dura and is sur-
rounded by thick walls, reinforced by connective
tissue proliferation (HOUDART et al. 1993). In con-
trast to brain AVMs, venous occlusion is feasible

and highly effective for DAVMs (HALBACH et al.
1989b-d). Permanent and complete sacrifice of
a dural sinus is feasible without causing venous
infarction if the involved section does not drain
the brain tissue. Venous embolization therefore
requires thorough study of the venous circulation.
Venous drainage of both the anterior and posterior
circulation needs to be investigated on both sides.
Long angiographic series must be obtained. Drain-
age of the malformation is seen in the late arterial
phase. Venous drainage of the brain tissue can be
observed on late venous phase images, frequently
with long delay representing venous congestion.
Visualization of the same venous structure (sinus
or cortical vein) in both the early and late phases
demonstrates participation of the involved seg-
ment in normal venous flow. Occlusion of a ve-
nous segment draining brain tissue may result in
venous infarction and should not be performed. If
the venous flow cannot be properly clarified, the
normal venous routes can be studied during tem-
porary test occlusion of the involved sinus using
detachable balloons (URTASUN et al. 1996; Roy and
RAYMOND 1997).

The venous approach to intracranial DAVMs is
variable. A simultaneous transfemoral arterial cath-
eterization of one of the main feeding arteries is nec-
essary. This will provide the possibility of generating
aroad map of the venous system using the late phase
of the arterial injection. It will also allow for control
arterial injections during the procedure. The trans-
femoral approach via the femoral vein provides the
most convenient access to the intracranial sinuses.
Usually 5- or 6-French (F) guiding catheters are
used, except if balloon test occlusion or permanent
balloon occlusion is entertained that requires 8-F
guides. Catheter navigation into the internal jugular
veins, however, might be difficult or impossible. In
such cases, direct retrograde puncture of the inter-
nal jugular vein should be considered (URTASUN et
al. 1996). If even this maneuver does not allow access
to the involved segment of the dural sinuses, a more
distal direct venous puncture can be obtained, de-
pending on the individual anatomy as demonstrated
by angiography. As an example, microcatheters can
be introduced into the superior ophthalmic vein
and the cavernous sinus via the facial vein on some
occasions. Finally, direct puncture of the superior
sagittal sinus and transverse/sigmoid sinuses can be
obtained via surgically created burr holes (UrTASUN
et al. 1996) or intraoperatively, through a small cra-
niotomy (ENDoO et al. 1998).
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Fig. 4.21a-e. Transarterial cyanoacrylate glue embolization of a Borden
type IIL. occipital dural arteriovenous malformation (DAVM). a Digital
subtraction angiography, arterial phase, external carotid artery (ECA)
injection, posteroanterior (PA) view demonstrates prominent middle
meningeal (arrow) and occipital artery (broken arrow) branches supply-
ing a direct fistula draining into a venous lake (open arrow). b Same injec-
tion, venous phase, demonstrating occlusion of the ipsilateral transverse
sinus (arrow), drainage of the venous lake by multiple dural and cortical
veins (arroheads), antegrade flow within the the ipsilateral sigmoid sinus
(open arrow) and reflux into the superior sgittal sinus and contralateral
transverse sinus (dashed arrows). c Superselectiv microcatheter injection
into the fistula, PA view (arrow indicates the shadow of the microcath-
eter, and open arrow the venous lake). d Cast of diluted cyanoacrylate
glue penetrating into the venous lake following multiple injections via
the middle meningeal and occipital feeders (arrow indicates the middle
meningeal branch and open arrow the venous lake). e Postembolization
ECA injection, PA view demonstrates complete closure of the fistula
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Occlusion or thrombosis of the major sinuses
that frequently complicates DAVM may make
transvenous access challenging. However, distal
catheterization of the internal jugular vein gen-
erally makes introduction of microcatheters pos-
sible through occluded segments of the sigmoid
or transverse sinus (GOBIN et al. 1993; NAITO et
al. 2001). Alternately, access can be gained via the
contralateral transverse sinus and the confluens
sinuum. The ipsilateral inferior petrosal sinus pro-
vides the most convenient access to the cavernous
sinus (Fig. 4.22). Even if not visualized on arterio-
grams, its entrance can usually be found with some
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manipulation of the guidewire within the jugular
vein (HALBACH et al. 1989b). With the help of mi-
cro-guidewires, hydrophilic microcatheters can
than be easily navigated into the cavernous sinus.
A phlebogram using a large volume of contrast
medium may help in identifying a remnant of the
inferior petrosal sinus (BENNDORF et al. 2000). If
the ipsilateral inferior petrosal sinus is not found,
the cavernous sinus might be catheterized with mi-
crocatheters introduced via the contralateral infe-

rior petrosal sinus into the contralateral cavernous
sinus and crossing the midline via intercavernous
veins (HALBACH et al. 1989b).

Fig.4.22a-d. Endovascular treatment of cavernous sinus dural arteriovenous malformation (DAVM) with transvenous embo-
lization. a Digital subtraction angiography (DSA) with internal carotid artery (ICA) injection, lateral view demonstrates DAVM
of the posterior cavernous sinus (CS) (open arrow) draining via the inferior petrosal sinus (IPS) (arrow). b Late venous phase of
an ICA injection in an oblique view demonstrates bilateral superior petrosal sinus drainage (arrows). ¢ Superselective injection
of the ipsilateral CS (open arrow) following transfemoral catheterization of the ipsilateral internal jugular vein and introduction
of a microcatheter via the IPS. Bilateral IPS drainage is well seen. d Complete obliteration of the DAVM is demonstrated by ICA
injection in lateral view following the deposition of several detachable microcoils within the posterior CS (broken arrow)
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If none of the above avenues are feasible, for cav-
ernous sinus DAVM the superior ophthalmic vein
offers an excellent approach (Fig. 4.23a, b) (LABBE
etal. 1987; HANNEKEN et al. 1989; MILLER et al. 1995;
QuINONES et al. 1997; KLINK et al. 2001). Through
a small incision in the upper sulcus of the superior
eyelid the orbital septum is opened and the superior
ophthalmic vein is exposed within the retroseptal
orbital fat (Fig. 4.23c). Once identified, the superior
ophthalmic vein is incised between ligatures and a
microcatheter is introduced under fluoroscopy into
the cavernous sinus. Either microballoons or mi-
crocoils can be used to occlude the fistula (Fig. 23d,
e). In case of normal drainage of the sylvian vein
into the same cavernous sinus, the compartment
receiving the shunt should be selectively occluded
(NAKAMURA et al. 1998). Either the superior oph-
thalmic vein is permanently ligated or the incision
is closed with microsutures at the end of the pro-
cedure (MILLER et al. 1995). Direct puncture of the
superior ophthalmic vein has also been reported
(BENNDORE et al. 2001). In case of DAVM involving
subarachnoid veins that drain into sinuses, selective
transvenous retrograde catheterization of the vein
itself can be attempted. If successful, the vein itself
can be occluded with microcoils, and patency of the
sinus (which in this case is normal) can be spared
(M1roNoOV 1998). The draining vein can be occluded
from a transarterial approach, too, if enlarged arte-
rial feeders and the arteriovenous connection allow
the microcatheter to pass the fistula (FUukar et al.
2001).

Once transvenous access to the fistula site has
been secured, the involved venous segment can be
occluded using detachable balloons, microcoils,
detachable microcoils, or glue. The segment that
carries the malformation and any cortical veins
that drain into the same sinus must be identified
with extreme care. The entire section with fistulous
connections must be tightly packed. Failure to oc-
clude all arteriovenous connections may convert
an originally benign venous pattern to a more ag-
gressive one by blocking its antegrade outlet and
forcing high-pressure arterial blood into the ret-
rograde direction or, more malignantly (DAVIES et
al. 1997a,b), into cortical veins. On the other hand,
closure of the entrance of normal subarachnoid
veins may lead to venous infarction and hemor-
rhage. The use of detachable microballoons allows
precise analysis of the venous circulation by tem-
porary test occlusion prior to permanent closure
(URTASUN et al. 1996; Roy and RAYMOND 1997).

The disadvantage of using balloons is that they re-
quire a large (8-F) guiding catheter. Furthermore,
any space remaining unpacked between balloons
within the sinus will become an isolated sinus. If
that segment carries residual arterial feeders as well
as cortical veins, a high-grade fistula (Borden III)
has been created. Alternatively, detachable and free
pushable microcoils are being used to pack dural
sinuses (Fig. 4.24). Detachable coils can be deliv-
ered with more accuracy, in relation to any vascu-
lar structure (normal veins) that needs to be spared
(Fig. 4.24f). One or more detachable coils can be
placed at the end of the involved segment that is
distal in relation to the tip of the guiding catheter.
Once the distal edge of the occlusion is secured, the
rest of the sinus is packed with free pushable coils,
proceeding proximally. The disadvantage of using
coils is that usually a large number of expensive
microcoils and a lengthy procedure are required to
achieve complete occlusion. To reduce the number
of coils, glue can be injected in combination with
coils once the flow has been significantly reduced,
or flow can be diminished by manual compression
of the eyeball in case of cavernous sinus DAVM
(Roy and RaymMoND 1997). To facilitate transve-
nous occlusion of DAVM, transarterial emboliza-
tion may be obtained prior to venous occlusion to
reduce arterial load.

In studies analyzing results of transvenous embo-
lization in series of 20-24 patients with nonselected
DAVM, anatomical cure of 71%-88%, significant
flowreduction of 12%, clinical cure in 83%-96%, and
clinical improvement of 13% are reported (URTASUN
et al. 1996; Roy and RAYMOND 1997). Patients in se-
ries of 10-13 with cavernous sinus DAVM treated via
the superior ophthalmic vein approach experienced
a 92%-100% clinical and anatomical cure rate and
15% transient worsening of the ocular symptoms
(MiILLER et al. 1995; QUINONES et al. 1997).

Other transient complications including cranial
nerve palsies and hearing loss (Roy and RAYMOND
1997; O1sHI et al. 1999), as well as subdural hema-
toma associated with direct sinus puncture through
a burr hole and perforation of sinus wall (URTASUN
et al. 1996), are reported with low incidence (IRIE
et al. 2001). Recurrence of DAVM at another loca-
tion following transvenous obliteration of cavern-
ous sinus lesions occurs (NAKAGAWA et al. 1992;
KawAGuUcHI et al. 1999a; KuBoTaA et al. 1999). It is
unclear whether this is related to a permanent eleva-
tion of venous pressure, increased release of angio-
genetic factors, or increased thrombogenic activity.
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Fig. 4.23a-e. Transvenous embolization of a cav-
ernous sinus DAVM via the superior ophthalmic
vein (SOV) approach. a T,-weighted MRI demon-
strating dilated SOV on the left. b Digital subtrac-
tion angiography (DSA), left internal carotid artery
(ICA, arrow) injection, lateral view deomstrating
early filling of the cavernous sinus (asterisk) exclu-
sively drained by the SOV (broken arrow). Note that
no other venous outflow is visualized and none of
the arterial feeders is reachable. ¢ Surgical exposure
of the superior ophthalmic vein (arrow) through
an incision of the upper eyelid. d Microcatheter
(arrow) introduced into the cavernous sinus via
the SOV and the involved segment of the cavern-
ous sinus is packed with microcoils (open arrow).
e Postembolization DSA, ICA injection, lateral view
demonstrates complete closure of the fistula
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Fig. 4.24a-f. Endovascular treatment of sigmoid sinus dural arteriovenous malformation (DAVM) with trans-
venous embolization. a Digital subtraction angiography (DSA) with left external carotid artery (ECA) injection
demonstrates DAVM involving the sigmoid sinus (SS) (asterisk) on the left with antegrade (small arrow) and
retrograde (arrow) flow within the sinus. b Left internal carotid artery (ICA) injection, anteroposterior view,
late phase demonstrates “functional occlusion” of the SS on the left: arterial pressure from the DAVM prevents
venous drainage of the brain parenchyma. ¢ Lateral view of the ICA injection in the late phase demonstrates
a prominent ipsilateral vein of Labbé (open arrow) that drains into the sinus in a retrograde fashion. d DSA,
ECA injection following extensive transarterial embolization reduction of shunt flow and antegrade venous
drainage only. The patient continued complaining of intolerable pulsatile tinnitus. e Complete occlusion of
the DAVM following endovascular packing of the SS with several microcoils (broken arrow). DSA, left ECA
injection, lateral view. f ICA injection confirms patency of the vein of Labbé (arrow) following sinus and
DAVM occlusion
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Combined surgical-endovascular approaches for
sinus occlusion have been reported by several authors.
Sections of sinuses isolated by complete sinus throm-
bosis can be packed with coils through a small cra-
niotomy (ENDO et al. 1998). During such procedures,
direct measurements demonstrated 30%-60% of sys-
temic blood pressure and purely arterial blood gas lev-
els within the involved sinuses prior to treatment. If
surgically exposed, the involved segment of the sinus
canbeisolated by surgical clamping, the subarachnoid
veins draining into this segment ligated, and the sinus
injected with glue (HALBACH et al. 1989d). The disad-
vantage of these combinations is that they require in-
traoperative angiographic facilities that are not always
available, and even if they are, the quality may not be
that of a dedicated endovascular laboratory. With cur-
rently used techniques endovascular access to intra-
cranial sinuses can be gained with a high success rate.
If this is not feasible, surgical treatment of the disease
(with preoperative embolization if necessary) seems
more reasonable than endovascular techniques ap-
plied in a surgical environment. This latter combina-
tion should be reserved for cases where neither embo-
lization nor surgery can be safely employed.

4.4.3.3
Sinus Recanalization

Although the relationship between sinus throm-
bosis and DAVM is not yet fully understood, the
etiologic role of thrombosis has been raised. If the
occlusion or thrombosis of a dural sinus is the pri-
mary cause of a DAVM, then recanalization of that
sinus would be a highly reasonable approach to
treatment. Revascularization of thrombosed sinu-
ses using local fibrinolysis with selective infusion
of urokinase has been employed in cases of DAVM
associated with symptomatic sinus thrombosis
(BARNWELL et al. 1991a,b; SMITH et al. 1994). More
recently, mechanical recanalization of an occluded
sigmoid sinus has been attempted using balloon an-
gioplasty and stent placement. Balloon angioplasty
resulted in conversion of the fistula from Borden
IT to Borden I by reestablishing antegrade venous
drainage through the sigmoid sinus. Rethrombo-
sis of the sinus occurred and a second procedure
was performed, resulting in complete obliteration of
the DAVM, normal antegrade flow within the sinus,
and clinical improvement of the patient (MURPHY
et al. 2000). L1EBIG and colleagues (2005) treated
four patients with transvenous angioplasty and stent
placement within the involved transverse-sigmoid

sinuses resulting in permanent occlusion of the fi-
stula. LEVRIER et al. (2006) treated 10 cases with this
technique and achieved complete occlusion in four,
flow reduction in four and clinical improvement in
another two patients who refused follow-up angio-
graphy (LEVRIER et al. 2006). This might be related
to the normalization of the venous pressure and may
confirm the role of venous hypertension in the pa-
thogenesis of DAVM. Reconstruction of an occluded
venous channel certainly seems more physiological
than what has been widely practiced: artificial oc-
clusion of what was not yet (completely) occluded.
What needs to be kept in mind on the other hand
is, that the recanalization procedure applying syste-
matic use of antiaggregants in association with stent
placement may significantly deteriorate the sequela
of bleeding that may occur as a result of a high-grade
DAVM. Further experience needs to be collected to
clarify current controversies.

4.4.4
Surgical Treatment

The goal of surgical treatment is permanent cure of
the DAVM (goal a). For DAVMs that drain directly
into leptomeningeal veins, simple interruption of
that vein at the level of the dural entry results in
complete elimination of the DAVM (THOMPSON et al.
1994; HoH et al. 1998; CoLLICE et al. 2000). For spinal
DAV Ms surgical disconnection of the draining vein
at the dural level is the obligate treatment.

Lesions draining into sinuses are more complex
and require extended surgery. The surrounding
dura that contains the multiple arteriovenous shunts
needs to be cut off the sinus (“skeletonization”) and/
or the diseased segment of the sinus needs to be re-
moved or occluded (SUNDT and PIEPGRAS 1983).
With proper preoperative angiographic analysis, the
most appropriate surgical technique can be selected
(CoLLICE et al. 2000).

Skeletonization, or removal of the sinus, requires
extensive exploration of the dura and may be as-
sociated with significant blood loss and morbidity.
Preoperative transarterial embolization is therefore
recommended if that type of surgery is required.
Such a combination is usually associated with ex-
cellent results: an anatomical cure rate of 100%, with
0% permanent procedure-related morbidity and no
mortality, is reported by several studies in series
consisting of 17-34 patients with high-risk intracra-
nial DAVM (GorTo et al. 1999; CoLLICE et al. 2000).
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Preoperative embolization should concentrate
on reduction of blood flow towards the nidus of the
lesion. This is best achieved using liquid embolics;
however, temporary results can be obtained with
particles, too, which is associated with fewer risks. It
should be kept in mind that superficial arterial feed-
ers, such as those arising from the occipital artery,
can be relatively easily handled during surgery, while
blood supply from the tentorial branch of the ICA
creates more difficulties for the surgeon. Transos-
seous blood supply and venous drainage results in
significant blood loss that is difficult to control surgi-
cally. Surgery should follow preoperative emboliza-
tion within a few days to avoid recanalization.

The treatment of spinal DAVM by surgery is easy,
safe, and effective and requires interruption of the
draining vein at its dural entrance only (ANsoN and
SPETZLER 1992). Therefore, embolization of spinal
DAVM should be offered only if the feeding pedicle
provides a safe approach to a position close to the fis-
tula site and it does not give rise to radiculomedullary
branches supplying the anterior spinal artery. If there
is a risk of reflux into the anterior spinal artery, sur-
gery is significantly safer and should be performed.

4.4.5
Stereotactic Irradiation (Radiosurgery)

Several authors investigated stereotactic irradiation
as a treatment modality for intracranial DAVM. Tar-
geting of the lesions may require stereotactic an-
giography and image fusion with MRI (Guo et al.
1998). Maximum target doses of 22-30 Gy are used,
delivered by gamma knife. In some series, treat-
ment embolization was applied either to alleviate
symptoms or in an attempt to block leptomeningeal
venous drainage and subsequently reduce the risk
of hemorrhage during the latency period of gamma
knife radiosurgery (LINK et al. 1996; PoLLOCK et al.
1999). In a series of 18-29 patients treated, rates of
72%-86% for angiographically complete occlusion
and 15% for recurrence of symptoms are reported
within a follow-up of 12-36 months, without signifi-
cant complication and no bleeding after irradiation
(Link et al. 1996; Guo et al. 1998; PoLLoCK et al.
1999). In arecent series of 49 patients reported by the
Karolinska group, complete occlusion was detected
by angiography in 68% and partial obliteration in
another 24% of the cases. This was associated with
two radiation induced complications and two hem-
orrhagic events in the 2 years following treatment

(SODERMAN et al. 2006). While these numbers are
promising, considering the benign nature and pro-
pensity for spontaneous resolution of many DAV Ms,
it is difficult to draw a conclusion regarding the
efficacy of this treatment modality. Radiosurgery is
reported in a number of cavernous sinus DAVMs.
Many cavernous sinus lesions do not necessitate
treatment, and those that do require fast resolution
of ocular symptoms cannot be achieved by irradia-
tion. In view of the natural history of DAVM (as pres-
ently known), we believe that radiosurgery should be
reserved for cases in which treatment is necessary
and no other alternative is feasible.

4.4.6
Management Strategy and Choice of Treatment

Indication for treatment should be based primar-
ily on angiographic assessment of venous drainage
and secondarily on clinical presentation. Patients
without leptomeningeal drainage (Borden I) do not
need to be treated if symptoms are well tolerated
and do not cause an imminent visual loss. Medical
and ophthalmological treatment should be applied
as needed. If symptoms are not tolerated, treatment
should be offered. Although complete closure of the
shunt is desirable, palliative therapy is acceptable
considering the low risk of the disease in this group.
Within the Borden I category, Cognard type Il/a le-
sions require closer follow-up. If signs of elevated ICP
are detected aggressive treatment is recommended to
avoid complications. All Borden type II and III pa-
tients require definitive closure of the arteriovenous
shunt because of the high risk of bleeding or neuro-
logical deterioration in these cases (Fig. 4.25).

If treatment is decided on, medical conditions,
location, arterial and venous anatomy need to be
taken into consideration in order to select the best
operative technique. In a recent meta-analysis of
258 reported cases, results of endovascular, surgi-
cal, and combined endovascular and surgical proce-
dures, as well as surgical feeding artery ligation, were
compared. Treatment was considered successful if
complete angiographic occlusion was achieved. Not
surprisingly, proximal occlusion of the feeding ar-
tery was found highly ineffective. For transverse-sig-
moid sinus DAVMs, combined endovascular-surgical
treatment (including all potential endovascular and
surgical techniques) was more effective than all the
other techniques together, demonstrating a success
rate of 68%. Embolization alone was effective in 41%




Dural Arteriovenous Malformations

Borden

Cognard

Il/a /b | |Il/a+b

gelo

.

v

observation

elevated
ICP

stable
patient

/

‘ symptoms tolerated | | symptoms not tolerated |

definitive treatment

/N

no conservative
treatment treatment

palliative
treatment

definitive

treatment

Fig. 4.25. Management strategy and indications for treatment

only. Similarly, DAVMs of the tentorial incisura were
obliterated by the combined approach in 89%, while
surgery alone demonstrated 78% and embolization
alone 31% success. All cavernous sinus DAVMs were
treated endovascularly. The venous approach was ef-
fective in 78%), arterial embolization in 62% only. An-
terior fossa DAVMs were treated by surgery only, with
a success rate of 95%. The number of cases located
on the superior sagittal sinus or on the convexity was
too low to draw a statistical conclusion (Lucas et al.
1997). These conclusions were later confirmed by and
updated from the same authors (Lucas et al. 2005)
Asshownbythesereports, cavernous sinus DAVM
is a disease which should primarily be treated endo-
vascularly, while anterior fossa lesions are generally
better treated by surgery. Curative embolization
can be carried out in many spinal DAVMs, but if the
feeding pedicle is too small to safely reach the fistula
site or it shares a common origin with a radiculom-
edullary artery, surgery should be considered. Selec-
tion of the most appropriate technique for all other
locations requires careful individual analysis of the
anatomy in close cooperation between the neuro-
surgeon and the neurointerventionist. Not only the
decision-making but also the operation itself may
require collaboration of the two parties. The per-
sonal experience of both surgeon and endovascular
therapist will greatly influence the choice of tech-

nique. If an endovascular procedure is selected, the
benefits and disadvantages of both the venous and
the arterial approach should be carefully analyzed.
For cavernous sinus DAVM, transarterial emboliza-
tion may be applied as a palliative treatment that
in some case may also facilitate spontaneous cure.
In case of complex arterial supply involving men-
ingeal branches of the ICAs, the venous approach
is preferred. For other locations, venous occlusion
should be considered first, with or without previous
arterial embolization. For permanent arterial occlu-
sion a liquid embolic material must be employed. If
complete occlusion of the sinus or meningeal vein is
not feasible, surgery always needs to be taken into
consideration. Preoperative transarterial emboliza-
tion provides effective help for the surgical treat-
ment while preoperative venous embolization may
not be necessary. Stereotactic radiosurgery should
be offered to those patients who need to be treated
and are not candidates for either embolization or
surgery. Although DAVMs present one of the most
challenging groups of cerebrovascular disease for
surgeons and radiologists, with state-of-the-art
imaging techniques, thorough analysis, and under-
standing of the pathology, and with the joint effort
of an experienced neurosurgical-neuroendovascu-
lar team, most patients can be successfully man-
aged, either conservatively or aggressively.
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KEY POINTS:

® Risk factors leading to development of an
aneurysm and a SAH comprise older age, ath-
erosclerosis, hypertension, smoking, heavy
alcohol consumption, the female gender, and
Finish or Japanese decent

@ ISAT changed the concept of aneurysm man-
agement in a lot of countries and also of
unruptured aneurysms

@ Patients with coiled ruptured aneurysms need
ventricular drainage to a significantly lesser
extent and have significantly less seizures

® Rebleeding rate in coiled aneurysms is very
low; it would take at least 40 more years to
outweigh the clinical benefits in patients with
coiled aneurysms

@ The first treatment option in ruptured aneu-
rysms should be via the endovascular route if
judged feasible by the neurointerventionalist

® Wide necked aneurysms are less prone to rup-
ture compared to small necked aneurysms

@ First degree relatives of patients with SAH
have a much higher risk of harbouring an
aneurysm compared to the normal popula-
tion

® Multiple aneurysms occur in about 20%-30%
of patients with an aneurysm

@ Paraophthalmic aneurysms are very difficult
aneurysms to treat due to their configura-
tion with generally a wide neck and due to
the difficulty to obtain a stable microcatheter
position

@ Neurovascular stents might help to repair the
aneurysm bearing vessel segment with long
lasting results, reflecting a more causative
treatment than selective aneurysm occlusion

@ Despite all the tremendous developments in
techniques to treat aneurysms, treatment of
the SAH itself and the sequelae is still less
than desired and further research is urgently
necessary to solve the problem of delayed
ischemia

Intracranial aneurysms do not fall precisely into the
category of true vascular malformations; they are
usually acquired. However, we included them be-
cause any neuroradiologist with an interest in vas-
cular malformations and/or endovascular therapy
clearly expects this entity to be covered extensively

in a book such as this. Instead of using modern
methods of communicating data (coloured boxes
and tables), we have used the traditional form of
writing with reiteration, mixing facts with opinions
and illustrating as much as possible with radiologi-
cal images. It is our hope that many people will
read the chapter from beginning to end, and that
redundancy and images will help to memorize new
information.

Pathology

5.1.1
Classification

Classification of intracranial aneurysms may be
based on morphology, size, location and etiology.
The majority of intracranial aneurysms are true an-
eurysms containing all layers or components of the
normal vessel wall. In contrast, in false aneurysms
or pseudoaneurysms, the vascular lumen does not
enlarge, although the external diameter of the ab-
normal segment may be increased. These aneurysms
are rare within the skull.

Usually, intracranial aneurysms are divided
into three basic types: saccular, fusiform and dis-
secting. They can arise as solitary (70%-75%) or
multiple (25%-30%) vascular lesions, usually lo-
cated at the Circle of Willis. While traumatic, in-
fectious or tumor-associated aneurysms are rare,
most of them develop spontaneously. However, the
pathogenetic criteria for the development of spon-
taneous aneurysms are only partially understood.
Endogenous factors like elevated arterial blood
pressure, special anatomical relationships given
by the Circle of Willis, altered flow conditions, and
exogenous factors like cigarette smoking, heavy
alcohol consumption and use of anticoagulant or
contraceptive medications have all been found to
be associated with the occurrence of cerebral an-
eurysms (JUverLa et al. 2001; LONGSTRETH et al.
1985; STEHBENS 1989; TEUNISSEN et al. 1996; WEIR
et al. 1998). The most common causes for the de-
velopment of an aneurysm are hemodynamically
induced vascular injuries, atherosclerosis, un-
derlying vasculopathy and high flow states. More
uncommon etiologies are trauma, infection, drug
abuse and neoplasms.
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5.1.2
Saccular Aneurysms

Saccular aneurysms are berry-like vessel outpouch-
ings mostly arising from arterial bifurcations and
account for 66%-98% of intracranial aneurysms
(YoNG-ZHONG and VAN ALPHEN 1990). The vast ma-
jority of aneurysms (85%) are located in the anterior
and only 15% are located in the posterior circulation
(KasseLL and TORNER 1983).

The majority of saccular aneurysms are not con-
sidered to be congenital, but develop during life.
Cerebral aneurysms are rare in children and almost
never occur in neonates (HEISKANEN 1989). If a
neonate or young baby suffers from an aneurysmal
hemorrhage, a connective tissue disease is usually
the underlying cause. In adults the role of acquired
changes in the arterial wall is likely because there
are general risk factors for subarachnoid hemor-
rhage (SAH) and responsible for the development of
aneurysms like hypertension, smoking and alcohol
abuse (TEUNISSEN et al. 1996). These factors might
contribute to general thickening of the intimal layer
in the arterial wall, distal and proximal to branch-
ing sites. These “intimal pads” are probably the ear-
liest stages of aneurysm formation. Within these
pads, the intimal layer is inelastic and therefore
causes increased strain of the more elastic portions

a

LN

of the vessel wall (CRoMPTON 1966). Abnormali-
ties in structural proteins of the extracellular ma-
trix additionally contribute to aneurysm formation
(CHYATTE et al. 1990). However, it is not known why
only some adults develop aneurysms at arterial bi-
furcations and most do not. The popular theory of a
congenital defect in the tunica media of the muscle
layer as a weak spot through which the inner layer of
thearterial wall would bulge hashad doubt cast upon
it by a number of contradicting observations. Gaps
in the muscle layer are equally present in patients
with and without aneurysms (STEHBENS 1989). If the
aneurysm has formed, any defect in the muscle layer
is not located at the neck, but somewhere in the an-
eurysmal wall of the sac (STEHBENS 1989).

The most plausible pathogenetic theory is that
they are acquired due to hemodynamic stress on
the relatively unsupported bifurcations of cerebral
arteries (TIMPERMAN et al. 1995). This is supported
by the clinical observation that many patients with
an anterior communicating artery (Acom) aneu-
rysm do have one hypoplastic or absent Al segment
and thus an increased hemodynamic stress on the
AcomA. Other factors than hemodynamics and
structural alterations of the vessel wall contributing
to the development of saccular aneurysms may be
genetic, infection, trauma, neoplasms, radiation or
idiopathic.

Fig.5.1. a Aneurysm of the basilar artery in a newborn (ap view). b Aneurysmography revealed a large bilobulated aneu-

rysm (ap view)

db
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5.1.3
Dissecting Aneurysms

Spontaneous arterial dissection has been well rec-
ognized at the cervical portion of the carotid artery
and extracranial vertebral artery as an important
cause of ischemic stroke in young adults. In con-
trast, intracranial or intradural dissections more

often cause subarachnoid hemorrhage instead of
stroke. The true prevalence of intracranial dissec-
tions is unknown. SAsAKI et al. (1991) described
dissecting aneurysms accounting for 4.5% of the
autopsy cases of SAH. In contrast to saccular an-
eurysms dissecting aneurysms occur much more
often in the vertebrobasilar system and more of-
ten in man than in woman (YAMAURA et al. 2000).

Fig. 5.2a-f. Dissection of the right internal carotid artery with extracranial enlarging pseudoa-
neurysm. a Contrast-enhanced MR angiography demonstrating the aneurysm at the extracra-
nial ICA. b Conventional DSA, oblique view. ¢ CT angiography, sagittal reformation reveals the
small aneurysm neck. d Conventional DSA before and (e, f) after endovascular coil emboliza-
tion demonstrating aneurysm occlusion with preservation of the internal carotid artery




Intracranial Aneurysms

171

Dissecting aneurysms of the extracranial carotid
and vertebral arteries are often traumatic in origin.
However, they may also be caused by fibromuscular
dysplasia, atherosclerosis, infection, arthritis, heri-
table connective tissue disorders and chiropractic
manoeuvres, or may occur spontaneously. Dissect-
ing aneurysms are usually aneurysms consisting of
a false lumen within an injured arterial wall. An
intimal tear is followed by an intramural hemor-
rhage between the media and adventitia (SCHIEVINK
2001). The majority of dissecting aneurysms in su-
praaortal vessels are found at extracranial segments.
However, if dissections occur intracranially, e.g. at
the intradural portion of the vertebral or carotid
artery, these can cause subarachnoid hemorrhage,
often only revealed in lumbar puncture. Magnetic
resonance imaging is the diagnostic modality of
choice, since the intramural hematoma can be di-
rectly visualized. Angiography may reveal luminal
dilatation followed by tapering of the vessel (string
sign). If later on, after the dissection, formation of
an intracranial aneurysm occurred, it often pres-
ents with a devastating subarachnoid hemorrhage
(ALBUQUERQUE et al. 2005).

In contrast to intracranial dissecting aneurysms,
the major clinical concern of extracranial dissec-
tions are distal embolization or subsequent arterial
occlusion. Rupture of an extracranial dissecting an-
eurysm is rare (SCHIEVINK 2001). The therapeutic
gold standard is anticoagulation and this usually
leads to a good outcome. Surgical or endovascular
therapy is generally reserved for those patients who
do not respond to medical therapy or those with
enlarging lesions. The major clinical feature of in-
tracranial arterial dissection is SAH due to rupture
(58%). Ischemic infarction due to stenosis or occlu-
sion by the intramural hematoma or by remote em-
bolism occurs in around 42% of patients (YAMAURA
etal. 2000). Intracranially, there is some difficulty in
differentiating dissection from stenotic lesions. Iso-
lated unusual locations of arterial stenosis as well as
the presence of smooth rather than irregular nar-
rowing should help to differentiate dissection from
vasospasm due to SAH. The optimal treatment of in-
tracranial dissection has not been determined. Dis-
sections that result in a complete stroke are beyond
treatment; however, those within a certain time win-
dow might be candidates for recanalization therapy.
In patients with SAH due to dissecting aneurysms,
endovascular therapy with stents to remodel the lu-
men will probably be the future type of therapy. In
contrast to extracranial dissections, the intramural

hematoma in most intracranial dissections forms
between the internal elastic lamina and the media
(EnDo et al. 1993). Intracranial dissections may not
be explained solely by a defect in the media. Rather,
they originate at intimal alterations due to defects
of the elastic tissue. The absence of external elastica
may allow rupture into the subarachnoid space. An-
eurysmal dilatation might occur if the underlying
media is also abnormal (ENDoO et al. 1993).

5.1.4
Fusiform Aneurysms

Fusiform aneurysms are dilated, tortuous and elon-
gated arterial segments. The term dolichoectasia
describes a giant ectatic vessel of this type of aneu-
rysms. Fusiform aneurysms are characterized by the
absence of a defined neck, circumferential involve-
ment of the parent artery and a longish course. The
aneurysm can be partially thrombosed.

The spectrum of fusiform aneurysms may arise
from congenital, acquired, or iatrogenic defects in
the vessel wall, with or without atherosclerosis, and
hypertension, or may develop after intimal tear from
dissection (ANsoNetal. 1996; GoBIN etal. 1996). Fusi-
form aneurysms can occur in any location; however,
they most frequently occur in the distal vertebral ar-
tery, basilar artery, PI segment of the posterior cere-
bral artery and the supraclinoid internal carotid ar-
tery. Hemorrhage from these aneurysms is unusual,
although not impossible. Presenting symptoms such
as cranial neuropathy, brain stem compression and
cerebral ischemia are mainly due to mass effect
and distal embolization. FLEMMING et al. (2005)
analysed a cohort of 159 patients (thereof 74% male)
with vertebrobasilar nonsaccular aneurysms and
described symptoms in 40% as aneurysm unrelated,
in 22% due to mass effect and in 28% due to cere-
bral ischemia or transient neurological deficit. Only
3% presented with hemorrhage. A distinct subgroup
of fusiform aneurysms are serpentine aneurysms:
large and partially thrombosed tortuous aneurysms
with a central parent channel, eccentrically located
within the intraluminal clot. This channel is not en-
dothelialized and does not contain elastic lamina or
media. The clot may become organized or calcined
over time. The etiology of serpentine aneurysms is
still totally unclear. They may develop from a degen-
erative form of atherosclerosis, infection, or may be
congenital (MAwAD and KLuczNIK 1995). They oc-
cur most commonly in the internal carotid artery,
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Fig. 5.3a-d. Fusiform basilar aneurysm causing massive brain stem compression in a 54-year-old man with hemiparesis
and dysarthria. Stent deployment (Leo, Balt) and coiling was performed, 3 month later patient was able to walk

the middle cerebral artery and posterior cerebral ar-
tery. Typically, they present with symptoms of mass
effect. Subarachnoid or intracerebral hemorrhage is
rare. MRI may reveal different stages of hemoglo-
bin degradation within the thrombosed part of the
aneurysms. Fusiform aneurysms are usually not
suitable for endovascular obliteration because they
do not have a circumscribed neck. In selected cases,
endovascular parent vessel occlusion with or with-
out surgical bypass may be a therapeutic option,
particularly if mass effect is the leading symptom.
The aneurysm may subsequently shrink in size or
completely resolve (MawaD and KLUCzNIK 1995).

5.1.5
Infectious Aneurysms

The first infectious intracranial aneurysm was
probably described by CHURCH in 1869 when he
established a relationship between an intracranial
aneurysm and infectious endocarditis. The term “in-
fectious aneurysm” should be preferred; “bacterial”
or “mycotic” should be used only if bacteria or fungi
are demonstrated as the causative organisms. The
frequently used term “mycotic” is misleading in the
vast majority of patients because bacterial infection
represents the most common cause for infectious
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cerebral aneurysms. The pathogenesis of infectious
aneurysm formation has been well characterized
in animal models. After septic emboli arise, poly-
morphonuclear leucocytes infiltrate the vessel wall
from toward the internal elastic membrane. Most
of them concentrate within Virchow-Robin spaces.
Infectious intracranial aneurysms account for 2%-
3% of all intracranial aneurysms. They commonly
result from embolization of cardiac vegetations in
endocarditis, with Streptococcus as the most fre-
quent organism, followed by Staphylococcus and
Enterococcus. Infected tissue debris entering the
blood stream may embolize in cerebral artery walls
leading to aneurysmal dilatation. The risk of aneu-
rysm formation due to endocarditis is 5%. While

Fig. 5.4a-c. Infectious aneurysm of the right
posterior cerebral artery. T2-weighted image
(a), FLAIR image (b) with subarachnoid blood

around the aneurysm and DSA (c)

there is decreasing overall incidence of infectious
cerebral aneurysms, the incidence of infectious an-
eurysms increased in drug abusers and immuno-
compromised patients. Pathologically, damage of
the intimal layer is characteristic in bacterial cere-
bral aneurysms. Subendothelial inflammation and
necrosis of the media and internal elastic lamina
results in weakening of the vessel wall, leading to
aneurysm formation. Aneurysms associated with
infective endocarditis are often irregularly shaped,
fusiform, frequently multiple and peripheral and in
the majority of patients located at distal branches of
the middle cerebral artery. The time interval from
septic embolism to aneurysmal dilatation can be as
short as 24 h. Another pathomechanism for the de-
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velopment of infectious aneurysms are local infec-
tions like meningitis, cavernous sinusitis and orbital
cellulitis. Aneurysm characteristics and prognosis
differ obviously in this patient group. Infectious
aneurysms due to meningitis tend to occur in the
vertebrobasilar territory and are more prone for fa-
tal SAH even under medical treatment than infec-
tious aneurysms due to endocarditis (KANNOTH et
al. 2007).

True mycotic aneurysms are rare. The under-
lying condition is often a craniofacial infection
with aspergillus, phycomycetes or Candida endo-
carditis. In contrast to bacterial etiology the time
course of mycotic aneurysms is longer, sometimes
taking months to develop. Mycotic aneurysms are
typically proximal in location (carotid or basilar ar-
tery) and fusiform (LAU et al. 1991). Rupture of such
aneurysms may lead to massive SAH in the basal
cisterns, indistinguishable from SAH of saccular
aneurysms. Aspergillosis is difficult to diagnose,
but should be considered particularly in patients
undergoing long-term treatment with steroids, im-
munosuppressive agents and antibiotics, or in HIV-
infected patients.

The course of infectious aneurysms is unpre-
dictable. Under antibiotic or antimycotic therapy
they may shrink, or completely disappear. How-
ever, enlargement during treatment has also been
reported (BRUST et al. 1990). Septic aneurysms can
be obliterated surgically or by endovascular treat-
ment (CHAPOT et al. 2002; PHUONG et al. 2002;
STEINBERG et al. 1992). The theoretical assumption
that implantation of foreign material - like plati-
num coils - into an infectious lesion might worsen
the problem is not true for infectious intracranial
aneurysms. Mortality due to rupture of bacterial
cerebral aneurysms is reported to be up to 60%
(BARROW and PRATS 1990; BOHMFALK et al. 1978;
CLARE and BARROW 1992).

There is no scientific opinion about screening
high risk patients for infectious aneurysms, e.g.
those with a bacterial endocarditis. However, this
may be a field of collaboration between cardiologists
and neuroradiologists.

5.1.6
Traumatic Aneurysms

Traumatic aneurysms result from a direct injury to
the arterial wall or to acceleration-induced shear.
Cervical, cerebral or meningeal arteries can be af-

fected. Traumatic aneurysms may develop within
hours after trauma and the majority are false an-
eurysms. More than 50% of traumatic aneurysms
are associated with a skull fracture (HoLMES and
HARBAUGH 1993). Traumatic aneurysms tend to
develop on the longitudinal aspect of the injured
vessel. The majority of intracranial traumatic an-
eurysms are located at the distal middle cerebral
artery (MCA) or at anterior cerebral artery (ACA)
branches. Angiography typically demonstrates ir-
regular aneurysms, absence of a true neck, and a pe-
ripheral location (AMIRJAMSHIDI et al. 1996). They
may shrink, thrombose, enlarge or rupture. If there
is no spontaneous healing, fatal subarachnoid or
intraparenchymal hemorrhage may occur in up to
60% with an associated mortality of 50% (HoLMES
and HARBAUGH 1993).

5.1.7
Inflammatory Aneurysms

Inflammatory transmural angiitis in systemic lu-
pus erythematosus, polyarteritis nodosa, or gi-
ant cell arteritis causes focal fibrinoid necrosis
and elastic tissue disruption. Subacute or chronic
changes usually produce ectasia and may facilitate
aneurysm formation. Aneurysms in acute arteritis
tend to be multiple, peripheral and non side-wall in
configuration.

5.1.8
Neoplastic and Radiation-Induced Aneurysms

Oncotic aneurysms may arise from cerebral emboli-
zation of neoplastic cells with infiltration of the ves-
sel wall and subsequent aneurysm formation. Thus,
the underlying pathomechanism is quite similar to
infectious aneurysms. Subarachnoid or intraparen-
chymal hemorrhage may result. Neoplastic aneu-
rysms have been reported with cardiac myxoma,
choriocarcinoma, bronchogenic and undifferenti-
ated carcinomas. Treatment consists of resection of
the involved segment, if possible, and evacuation of
the symptomaticlesion (WEIR et al. 1978) Formation
of fusiform aneurysms following radiation and ra-
dioactive intrathecal gold therapy has been reported
after treatment of germinoma and medulloblastoma.
These aneurysms are located in the midline of the
parasellar region, and tend to enlarge and rupture
(BENsoN and SUNG 1989).
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5.1.9
Aneurysms Associated with
Arteriovenous Malformations

There is an increased incidence, or better, an in-
creased amount of visible aneurysms associated
with arteriovenous malformations. The incidence of
these aneurysms in AVMs is up to 25% (BRowN RD
et al. 1990; STAPE et al. 2002). Approximately 50% of
these aneurysms are located on a feeding artery, 25%
within the nidus. Stapfand colleagues analysed their
extensive AVM database and figured out that feed-
ing artery aneurysms are an important independent
determinant for an increased risk of hemorrhage
in AVM. Flow-related aneurysms probably develop
due to hemodynamic stress caused by increased flow
and pressure, with subsequent dilatation and patho-
logic changes in feeding arteries. AVM-associated
aneurysms contribute to an increased risk of hemor-
rhage. A 7% risk of hemorrhage for these combined
lesions is estimated compared to a 1.7%-3% risk
for AVMs without associated aneurysms (TURJMAN
et al. 1994). In case of rupture the hemorrhage is
more often located intraparenchymally than sub-
arachnoidally (BRowN RD et al. 1990).
Management of these combined lesions is still dis-
cussed controversially. However, these aneurysms
should be treated - preferentially by the endovascu-
lar route - in order to eliminate bleeding risk due
to the aneurysm. In fact, elimination of the AVM

Fig.5.5. Distal small aneurysm of the anterior inferior cer-
ebellar artery (AICA) associated with a high-flow arterious-
venous malformation

with subsequent change in hemodynamics might
place the aneurysm at risk. In accordance with our
opinion, other authors also advocate to treat the an-
eurysm before eliminating the AVM (NAKAHARA et
al. 1999; THOMPSON et al. 1998). On the other hand,
proximal asymptomatic aneurysms may regress af-
ter removal of the AVM. If this is not the case, an
interval of 3 months after AVM treatment might be
justified before considering a further therapy for a
proximal aneurysm. However, aneurysms located
in the posterior circulation associated with an AVM
are at higher risk of rupture and therefore should
be treated as soon as possible even if they had not
ruptured before.

5.1.10
Distribution

Most arterial aneurysms arise at the bifurcation of
major arteries, and this is also true for the intracra-
nial location. Around 85% of all intracranial aneu-
rysms originate from the anterior circulation. The
most common location (30%-35%) is the anterior
communicating artery (Acom). However, many of
these so-called Acom aneurysms do have their ori-
gin at the A1/A2 junction of the anterior cerebral ar-
tery and do not involve the anterior communicating
artery. Internal carotid and posterior communicat-
ing artery aneurysms account for 30% and middle
cerebral artery (MCA) bifurcation aneurysms for
20%. Around 15% of intracranial aneurysms arise
at the vertebrobasilar circulation. Half of them de-
velop at the basilar tip (with various degrees of in-
volvement of the PI segments) and the other 50%
from other posterior fossa vessels. Aneurysms of the
anterior inferior cerebellar artery (AICA) and ver-
tebral artery (VA) aneurysms without involvement
of the VA-PICA junction or the vertebrobasilar site
are extremely rare.

5.1.11
Familial Occurrence

The prevalence of intracranial aneurysms among
first-degree relatives of patients with cerebral an-
eurysms is higher than in the general population.
The risk for a first-degree relative harbouring
an aneurysm is about three to four times higher
than for someone from the general population
(RAAYMAKERS 1999, 2000; RONKAINEN et al. 1997).
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In other words, the incidence of intracranial aneu-
rysms is between 8% and 9% in persons with two or
more relatives who have had an aneurysm or a SAH
(RAAYMAKERS et al. 1998b; RONKAINEN et al. 1997).
This was confirmed by OkamorTo et al. (2003). They
found that the SAH risk was elevated when: (1) any
first degree relative had a positive episode of SAH,
(2) a mother or father had a relative with a positive
episode of SAH (an effect much greater in magnitude
in a positive maternal rather than paternal history),
(3) any first-degree relative less than 50 years of age
had had a SAH. Kojima et al. (1998) confirmed that
asymptomatic aneurysms were more likely to rup-
ture among family members with aneurysmal SAH
than among those without. Familial aneurysms are
generally larger at time of rupture and more likely
to be multiple than sporadic aneurysms (RUIGROK
et al. 2004). According to the group around Leblanc
(LEBLANC 1996; LozaNo and LEBLANC 1987) cere-
bral aneurysms in patients with a positive family

Fig. 5.6a-d. Various locations of an-
eurysms. a Vertebrobasilar junction
aneurysm. b True PICA aneurysm.
cBasilar trunk aneurysm. d Basilar
trunk aneurysm between origin of su-
perior cerebellar artery and posterior
cerebral artery, so-called superior cer-
ebellar artery aneurysm

>>

history might result from a mesenchymal defect af-
fecting the cerebral vessel wall produced by a lesion
of chromosome 16. OkaMoToO et al. (2003) found an
urgent need for early prevention of SAH by screen-
ing individuals with any positive family history of
SAH of a first-degree relative.

Various hereditary connective tissue disorders
have been associated with formation of aneurysms,
most likely as a result of the weakening of the ves-
sel wall. Intracranial aneurysms may develop in
10%-15% of patients with polycystic kidney dis-
ease, an autosomal dominant disorder. Although
Marfan syndrome was previously identified as a
risk factor for aneurysms, a recent study did not
find any significant relationship (Conway et al.
1999). Coarctation of the aorta, fibromuscular dys-
plasia and pheochromocytoma are associated with
intracranial aneurysms, most likely because of the
elevated blood pressure that occurs in these condi-
tions.
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Fig.5.6e-l. Various locations of an-
eurysms (continued). e Small basilar
trunk aneurysm and aneurysm at the
P1 segment. fBasilar tip aneurysm.
g Acom aneurysm. hICA aneurysm
at the origin of the Pcom artery, so-
called Pcom aneurysm. i Aneurysm at
the bifurcation of the pericallosal and
callosomarginal artery, so-called peri-
callosal aneurysm. j MCA bifurcation
aneurysm. k ICA aneurysm at the ori-
gin of the ophthalmic artery, so-called
paraophthalmic aneurysm. | Distal ca-
rotid bifurcation aneurysm

There are some presumptions on neurofibroma-
tosis type 1 (NF]) and intracranial aneurysms. In a
recent study, CoNwAY et al. (2001) concluded from
their own data and an extensive analysis of the lit-
erature that an association between NFl and intra-
cranial aneurysms has never been identified in large
clinical studies of NFI patients and that there is no
evidence for any association between NFl and intra-
cranial aneurysms.

Clinical Presentation

Most intracranial aneurysms remain undetected
until the time of rupture. SAH, a medical emer-
gency, is by far the most common initial clinical
presentation. A history of abrupt onset of a severe
headache of atypical quality (“the worst headache in
my life”) is typical of SAH. Headache onset may or
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may not be associated with brief loss of conscious-
ness, nausea and vomiting, focal neurologic deficits
or meningism. Despite the characteristic history,
SAH is frequently misdiagnosed. Nearly half of the
patients present with milder symptoms caused by
a warning leak before severe rupture of the aneu-
rysm (OSTERGAARD 1991). Another problem - from
a clinical point of view - is the so-called thunderclap
headache which is caused by a SAH in only 10%-
20%. Other findings in these patients are: cerebral
infarction, meningitis, intracerebral hemorrhage,
cerebral edema or even nothing. From a purely clini-
cal standpoint it can sometimes be difficult to decide
whether a thunderclap headache was related to the
SAH/warning leak complex or not. There is no clear
evidence what to do in a situation like this; our rec-
ommendation is to perform a CSF examination and
a MRI plus MRA. LANDTBLOM et al. (2002) figured
out that it is clearly not justified to do an invasive
angiogram in these patients.

5.2.1
Epidemiology

Although the pathogenesis and etiology of cerebral
aneurysms has been studied extensively, both are

a

Fig.5.7. Seven years after clipping an Pcom aneurysm on
the right side a de novo aneurysm at the distal carotid bi-
furcation was found on the left side, primarily seen on MRI
performed because of headache

still poorly understood. Endogenous factors like el-
evated blood pressure, the special anatomy of the
Circle of Willis or the effect of hemodynamic factors,
particularly originating at vessel bifurcations, are
all known to be involved in the growth and rupture
of an aneurysm. Arteriosclerosis and inflammatory
reactions, however, might also have an impact. Ex-
ogenous factors like cigarette smoking, heavy alco-
hol consumption or certain medications are thought
to be risk factors in the pathogenesis of an aneurysm
or at least increase the risk of rupture. Furthermore,
a genetic component is discussed. First degree rela-
tives of patients with an aneurysmal SAH have a sig-
nificant higher risk to harbour a cerebral aneurysm
compared with the normal population.

5.2.2
Incidence and Risk of Rupture

Intracranial aneurysms are common. Autopsy stud-
ies have shown that the overall frequency in the gen-
eral population ranges from 0.4% to 10% (CHASON
and HINDMAN 1958; HouseEPIAN and PooL 1958; IN-
AGAWA and HIRANO 1990; McCorMICK and ACOSTA-
Rua 1970). Aneurysms increase in frequency with
age beyond the third decade, are approximately 1.6
times more common in women and are associated
with a number of genetic conditions (WARDLAW and
WHITE 2000). Elevated arterial blood pressure (hy-
pertension) and endovascular flow conditions seem
to be important for the development, growth and
rupture risk of cerebral aneurysms. There is also a
strong correlation between the presence of multiple
aneurysms and hypertension: Patients with multiple
aneurysms present significantly more often with hy-
pertension than patients with solitary aneurysms
or the normal population. Other risk factors not
only for the development but also for rupture of
aneurysms are smoking, heavy alcohol consump-
tion (> 150 mg/week), and arteriosclerosis (for more
details see Sect. 5.1.11). RINKEL et al. (1998) analysed
23 studies with 56,304 patients published between
1955 and 1996 and found a prevalence of 2.3% for
intracranial aneurysms in adults without a risk fac-
tor for SAH and an overall annual risk of rupture
of 1.9%. They included retrospective and prospec-
tive autopsy and angiographic studies and found
a higher incidence in the prospective arm of their
analysis.

It might be reasonable to assume that the average
prevalence is around 2%. Based on this number, in
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neurologic deficits

the German population approximately 1.5-2 mil-
lion people are assumed to harbour an intracranial
aneurysm. The same group around Rinkel released
an update including 14 new series published since
1996 until 2005 with a mean follow-up of 5.6 years
(26,122 patient-years). Those patients who had a sig-
nificantly increased association with an increased
risk of rupture were older than 60 years, female, and
of Japanese or Finnish descent. Smoking turned out
to be a risk factor, but it was not statistically signifi-
cant.

Aneurysm characteristics related to an increased
risk of ruptured were located in the posterior loca-
tion, size > 5 mm and symptoms caused by the an-

Fig. 5.8a-c. Basilar trunk aneurysm in a newborn
after bleeding (a) (FLAIR) resulting in acute hy-
drocephalus, before (b) and after (c) endovascular
treatment with selective occlusion of the aneu-
rysm. The baby‘s outcome was excellent with no

eurysm other than SAH. The risk of rupture was in
close relationship to the follow-up period, and was
1.2% for follow-up in the first 5 years, 0.6% for fol-
low-up between 5 and 10 years, and 1.3% for a follow-
up after more than 10 years (WERMER et al. 2007).
The fact that there is a higher risk of rupture for
the Japanese population is confirmed by a systematic
review by MoRITA et al. (2005) (3801 patient years)
with an annual rupture rate of 2.7%. In this series,
again aneurysms in the posterior circulation, with
large size and aneurysms associated with symp-
toms, had a significantly higher risk for rupture.
WEIR et al. (2003) performed an interesting study
on geometry characteristics of aneurysms related
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to rupture risk and concluded that the aspect ratio
should be considered since aneurysms with a small
neck have a higher risk to rupture than aneurysms
with a wide neck.

The incidence of SAH in the Western hemisphere
is around 6-10 per 100,000 people per year, peak-
ing in the sixth decade with risk for SAH increas-
ing linearly with age. The incidence of SAH in some
other countries like Finland or Japan is known to be
higher - about 15/100,000 per year - although the
prevalence of intracranial aneurysms in Finland is
similar to other countries; comparable Japanese data
regarding prevalence of intracranial aneurysms are
lacking. SAH accounts for a quarter of cerebrovas-
cular deaths.

The high morbidity and mortality in patients
with ruptured aneurysms prompted interest in re-
pair of aneurysms that are diagnosed before they
have ruptured. Following publication of the initial
results of the International Study of Unruptured
Intracranial Aneurysms (ISUIA 1998), enthusiasm
for this strategy was markedly reduced. In this
study patients were classified in those with no his-
tory and those with history of SAH. The risk posed
by unruptured aneurysms was reported lower than
had been previously expected and also morbidity
and mortality to treat aneurysms were higher than
had previously been reported. The updated results
of the same group analysed 6544 patients years of
prospective follow up of untreated aneurysms, 1692
had no treatment, 1917 had surgical repair and 451
had their unruptured aneurysm coiled. The cut off

size of an aneurysm in the anterior circulation (not
including Pcom aneurysms) with a 5 year cumula-
tive rupture risk of 0% was lowered down to 7 mm
(ISUIA 2003). But the current data do not support
decision making to treat or not to treat on aneurysm
size alone but should include evaluation of all poten-
tial risk factors!

5.2.3
Natural History of Ruptured Aneurysms and
Patient Outcome

The peak incidence of rebleeding after the initial
rupture is during the first day. Early rebleeding
within hours after the onset of initial hemorrhage
occurs in about 15% of patients (FujIr et al. 1996).
As many as 20% of patients may rebleed within the
first 2 weeks, one third in the first month, and 50%
will rebleed within 6 months, if the aneurysm is not
treated. Mortality of recurrent SAH is up to 50%
(WEAVER and FISHER 1994). In patients surviving
the first day, the risk of rebleeding is evenly dis-
tributed over the next 4 weeks with a second peak
early in the third week (HijpRA et al. 1987). Be-
tween 4 weeks and 6 months after SAH, the risk of
rebleeding gradually decreases from initially 1%-
2% per day to a constant level of approximately 3%
a year (WINN et al. 1977). Of patients who survive
the hemorrhage, approximately one third remain
dependent. However, even recovery to an indepen-
dent state does not necessarily mean that outcome

Fig.5.9a,b. Typical perimes-
encephalic hemorrhage on
CT scan
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is good. Various series have shown that the sequelae
of SAH have a great impact on neuropsychologi-
cal performance and cognition independent of the
treatment modality (BENDEL et al. 2006; HAUG et
al. 2007; POWELL et al. 2004; EGGE et al. 2005). Only
a small minority of patients with SAH has a truly
good outcome; around 20% of them do not have a
reduction of quality of life.

5.2.4
Pathophysiology of Aneurysm Rupture

There may be a small number of SAH presenting as
“warningleak” or sentinel hemorrhage, usually only
associated with a sudden severe headache (HUGHES
1992). In general, there is a correlation between the
extent of SAH and the clinical grade, incidence of va-
sospasm, and other complications such as cerebral
ischemia, increased intracranial pressure, and hy-
drocephalus. With increased severity of SAH there
are increasing changes in physiologic parameters
such as reduced cerebral blood flow (due to reduced
cerebral autoregulation), hypovolemia, hyponatre-
mia, hypermetabolism and cardiac arrhythmia. If
intracerebral pressure is increased up to diastolic
blood pressure cerebral blood flow persists during
systole (NORNEs 1973). Stopping of a SAH is caused
by a combination of tamponade due to reduced
transmural pressure gradient across the arterial
wall and coagulation.

5.2.5
Other Causes of SAH

5.2.5.1
Perimesencephalic Non-aneurysmal Hemorrhage

Perimesencephalic hemorrhage constitutes ap-
proximately 10% of all SAH. Mean age at onset is
50 years with a preponderance in males. The sub-
arachnoid blood is confined to the perimesence-
phalic cisterns. The centre of the bleeding is an-
terior to the midbrain (ScHwWARTZ and SOLOMON
1996). Usually there is no subarachnoid blood in
the sylvian fissure or the anterior interhemispheric
fissure. There might be some sedimented blood in
the occipital horns of the lateral ventricles, but mas-
sive intraventricular hemorrhage or intracerebral
hemorrhage is not a feature of this benign perimes-
encephalic hemorrhage. Conventional angiography
is the next step to rule out an aneurysm, although
this is hardly found. In the presence of the typical
CT pattern the yield of repeated angiography is low,
and some investigators have abandoned it. Some
of them even consider CT angiography sufficient
to rule out an aneurysm. From a clinical percep-
tion, perimesencephalic non-aneurysmal hemor-
rhage is barely distinguishable from aneurysmal
hemorrhage. The onset of headache is often more
gradual than in true aneurysmal hemorrhage (LINN
et al. 1998), but this is a poor diagnostic hint. Focal
symptoms or loss of consciousness are exceptional
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Fig. 5.10a,b. Frontal dural AV-fistula with cortical drainage
and left frontal intraparenchymal hemorrhage
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and do occur only transient. Usually, these patients
are clinically Hunt and Hess grade I. Seizures were
never reported in perimesencephalic hemorrhage.
Apart from their headache the patients are in a very
good clinical condition. The clinical course is typi-
cally uneventful. Rebleeding, acute hydrocephalus,
or secondary cerebral ischemia due to vasospasm
do not typically occur in this entity. Rebleeds after
the hospital period have not been reported and the
quality of life in the long-term is excellent. The time
of convalescence is usually short and the outcome
is good or excellent with almost all patients (94%)
able to return to their previous work and activities
(BrILSTRA et al. 1997). In summary, this is really a
benign variant of SAH, but clearly requires a diag-
nostic work-up like a typical SAH in order not to
overlook the rare aneurysmal-caused perimesence-
phalic SAH and other causes.

5.2.5.2
Dural Arteriovenous Fistulae

Hemorrhage from a basal dural arteriovenous fistu-
lae might be not distinguishable from aneurysmal
SAH. The risk of hemorrhage in dural arteriovenous
fistulae depends on the pattern of venous drainage
(CoGNARD et al. 1995). A cortical venous drainage is
associated with a relatively high risk of hemorrhage,
drainage into the main sinus is associated with a
very low risk of bleeding. After a first rupture has
occurred, the risk of rebleeding is very high.

5.2.5.3
Cervical AVMs

Intracranial SAH is the presenting symptom of a
spinal AVM in about 10% of patients. In more than
50% of these patients, the first hemorrhage occurs
before the age of 20 (KANDEL 1980). Clinically, a
severe pain in the lower part of the neck radiating
to the shoulders and arms may indicate the cervical
source of bleeding. MRI should be the first imaging
modality to localize the source of bleeding, followed
by selective spinal angiography. However, it is diffi-
cult to establish the spinal source of hemorrhage. In
many patients CT reveals an intracranial SAH and
the four-vessel angiogram is negative. In an ideal
setting cervical vessels are additionally injected, but
it is clearly not routine to do a spinal angiogram in
this subgroup of patients. However, in all SAH pa-
tients with a negative angiogram a spinal MR should
be performed to rule out a vascular malformation
(Fig 5.12) which can of course occur at any location
of the spinal cord (LAVoOIE et al. 2007).

5.2.5.4
Saccular Aneurysms of Spinal Arteries

Saccular aneurysms of spinal arteries are rare. The
clinical features of spinal SAH are usually associ-
ated with those of a transverse spinal cord lesion but
may mimic SAH due to an intracranial aneurysm
(MOHSENIPOUR et al. 1994, KocAx et al. 2006).

Fig. 5.11a,b. Infratentorial dural AV-fistula and subarach-
noid hemorrhage
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5.2.5.5
Cardiac Myxoma

Cardiac myxoma may be a very rare cause of SAH.
In exceptional cases it may metastasize into an in-
tracranial artery, infiltrate the vessel wall and ini-
tiate aneurysm formation, even more than 1 year
after excision of the primary tumour (FUurRuUYA et
al. 1995).

5.2.5.6
Sickle Cell Disease

SAH in sickle cell anemia is characterized by multi-
ple hemorrhages, often distally and in unusual loca-
tions. CT scan demonstrates blood in the superficial
cortical sulci. Angiography reveals multiple distal
branch occlusions and a collateral circulation via
leptomeningeal vessels. SAH is attributed to rupture
of these leptomeningeal collaterals, the outcome is
usually poor (CAREY et al. 1990). Approximately
30% of patients with sickle cell disease and SAH
are children. Some patients with sickle cell disease
harbour intracranial aneurysms which maybe an-
other cause for SAH (VICARI et al. 2004).

5.2.5.7
Cocaine Abuse

SAH related to the abuse of cocaine is associated
with an underlying aneurysm in 70% of patients
using hydrochloride (“crack”) vs 30%-40% of
patients using the alkaloid form (LEVINE et al.
1990, 1991). The pattern of SAH on CT may be the
same as that of a ruptured saccular aneurysm.
Rebleeding frequently occurs and the outcome is
often poor. Cocaine use is associated with a 2.8-
fold higher risk for development of vasospasm
and with a 3.3-fold greater risk for poor outcome
and this finding is independent of Hunt and Hess
grade and incidence of vasospasm (HOWINGTON
et al. 2003). The vasoactive properties of the drug
appear to aggravate the already tenuous situation
of SAH and increase both the occurrence and in-
fluence of vasospasm. The association between
cocaine use and the formation and rupture of an-
eurysms is thought to be due to increased turbu-
lence of blood flow and repeated, transient bouts
of hypertension. Among cocaine users, aneurysms
have been found in significantly younger patients
and in vessels with a smaller diameter (NANDA
et al. 2000).

5.2.5.8
Anticoagulants

Anticoagulant drugs are rarely the sole cause of
SAH (MATTLE et al. 1989). If SAH occurs in a pa-
tient under anticoagulation therapy the outcome
is poor.

5.2.5.9
Sinus-Venous Thrombosis

It is well known that sino-venous thrombosis can
cause atypical intracerebral hemorrhage (PRADHAN
et al. 2007; WANG et al. 2007; SPITZER et al. 2005;
OPPENHEIM et al. 2005). Under rare circumstances,
however, thrombosis of the superior sagittal sinus
can cause pure subarachnoid hemorrhage without
intraaxial bleeding. Mostly, SAH is then located at
the Sylvian fissure, probably due to dilated Sylvian
veins, and in the parietal sulci.

5.2.6
Complications of SAH

Hydrocephalus, rebleeding from aneurysmal rerup-
ture and cerebral vasospasm with ischemia are the
three major complications following SAH.

5.2.6.1
Hydrocephalus

Acute hydrocephalus within the first 24 h of hem-
orrhage may develop due to blood within the basal
cisterns or in the ventricular system causing ob-
struction of CSF flow. Clinically, slow pupillary
responses to light and deviation of the eyes are
characteristic for acute hydrocephalus. If con-
firmed by CT, early ventricular drainage is indi-
cated and can dramatically improve the clinical
status of the patient. NowaK et al. (1994) reported
the use of a ventricular drainage as an early test to
evaluate neurologic viability. They chose surgical
candidates in whom neurologic improvement oc-
curred after CSF drainage. Thereby, ventriculos-
tomy might not only serve as a therapeutic device
butalso as an indicator which severe-grade patients
should be treated more aggressively (ARNOLD et al.
1994; NowaKk et al. 1994). However, caution dur-
ing placement of a ventricular drain is important,
since sudden drainage may precede aneurysm re-
rupture, mainly because the transmural pressure
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Fig.5.12a,b. A 9-year-old boy with acute headache and initially misdiagnosed as meningitis. Lumbar puncture revealed
SAH due to a ruptured cervical AVM

along the aneurysm wall may exceed the intraven-
tricular pressure. Large amounts of intraventricu-
lar blood are often associated with a poor clinical
condition. Hydrocephalus may also develop over
days or weeks following SAH, clinically often pre-
senting with gait disturbance, impaired intellectual
function, and progressive lethargy. In these cases,
ventriculoperitoneal or ventriculo-atrial shunting
is commonly indicated.

The possibility to eliminate major parts of the
subarachnoid blood by intraoperative lavage and
thereby decreasing the incidence of vasospasm and
hydrocephalus is widely considered as an advantage
of the neurosurgical approach compared to the en-
dovascular route. However, in a retrospective study
comparing 100 matched patients who had suffered
SAH, the therapeutic procedure, either clipping or
coil embolization, did not significantly affect the
development of chronic hydrocephalus (SETHI et al.
2000). If the initial CT already reveals early signs
of hydrocephalus, the ventricular drainage should
be placed before endovascular treatment starts.
This concept avoids a neurosurgical approach af-
ter having the patient on heparin and/or aspirin
(which in many institutions is the case during or
after coiling). In addition, a ventricular drainage is
extremely helpful and can be life-saving in the rare
event of aneurysm rupture during the endovascular
procedure.

5.2.6.2
Rebleeding

Rebleeding is a frequent and sometimes devastating
neurologic complication of SAH and is postulated to
be due to breakdown of perianeurysmal clot. Early
rebleeding in the first hours after admission for the
initial hemorrhage with clinical deterioration oc-
curs in up to 18% of patients (Fujir et al. 1996). Since
these early rebleedings commonly occur before the
first CT scan is obtained, the true frequency of early
rebleeding is definitely underestimated. As many as
20% of patients may rebleed within the first 2 weeks,
one third in the first month, and 50% will rebleed
within 6 months, if the aneurysm is not treated. The
peak incidence of rebleeding is during the first day.
There is a secondary peak 1 week after SAH. Mortal-
ity of recurrent SAH is 50% (WEAVER and FISHER
1994). Between 4 weeks and 6 months after SAH, the
risk of rebleeding gradually decreases from initially
1%-2% a day to a constant level of approximately 3%
a year (WINN et al. 1977).

The Cooperative Aneurysm Study reported that
women have a 2.2 times higher recurrence rate of
hemorrhage than men. Recurrent hemorrhage was
also more frequently associated with a poorer neu-
rologic grade at presentation and increased systolic
blood pressure (TORNER et al. 1981). Clinically, re-
current hemorrhage may present with new neuro-
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logic deficits, increasing headache, vomiting and a
decreased level of consciousness. Seizures might
occur as a result, but not as the cause of bleeding.
Clot formation and tissue damage stimulate fibri-
nolytic activity in the CSF, increasing the potential
risk of rebleeding. This observation justified the ra-
tionale for the use of antifibrinolytic drugs such as
aminocaproic acid and tranexamic acid to prevent
rebleeding. A randomized placebo-controlled trial,
a non-randomized trial and other reports assess-
ing the efficacy of antifibrinolytic therapy showed
a significantly decreased incidence of rebleeding.
However, mortality was not altered, but this thera-
peutic approach was associated with an increased
risk of delayed cerebral ischemia, embolism, and
deep venous thrombosis (VERMEULEN et al. 1984;
Roos et al. 2000). The ISAT study revealed aneu-
rysmal rebleeding before treatment in 23 neuro-
surgical patients - 16 of them died - and in only
14 patients randomized for coiling. The reason for
this significant difference was probably that the de-
lay between initial bleeding and surgery is longer
than the interval between the bleeding and coil-
ing (MOLYNEUX et al. 2002). Again, this indicates
strongly that early rebleeding is a significant prog-
nostic factor and any therapeutic delay might turn
into a problem for the patient. However, we are not
voting for immediate angiography and subsequent
endovascular therapy for all SAH patients. Usually,
we provide this service during the day until 10.00 p.
m. Patients admitted later get their diagnostic an-
giogram and endovascular therapy early in the
next morning.

5.2.6.3
Hematoma

Intracerebral hematoma (ICH) occurs in up to 30%
of patients with aneurysmal rupture (VAN GIJN
and vAN DONGEN 1982). The outcome is clearly
worse than with SAH alone. If a space occupying
life threatening hematoma is present, immediate
evacuation of the hematoma is mandatory, eventu-
ally in combination with clipping of the aneurysm,
if it can be identified. In this setting, CT angiog-
raphy might serve as valuable and fast imaging
modality to disclose the aneurysm prior to surgi-
cal intervention. Immediate surgical evacuation is
also indicated in acute subdural hematoma (SDH),
which is usually associated with recurrent aneu-
rysmal rupture. However, SDH can also occur with
the initial SAH or can be the only extravascular

space involved after aneurysmal rupture. There is
an ongoing debate about endovascular therapy in
patients with ICH due to aneurysm rupture. If the
hematoma is acute life threatening, it is no question
that surgical evacuation needs to be done as soon as
possible. However, it is a well known clinical experi-
ence that during hematoma evacuation - due to the
decrease of tissue pressure - the risk of aneurysm
rerupture increases. Having this in mind it might be
advantageous to coil the aneurysm first — in order
to prevent rebleeding — before surgical evacuation
of the hematoma in those patients with a stable
clinical condition.

5.2.6.4
Vasospasm

Vasospasm is a major cause of morbidity and mor-
tality in patients after SAH and is often associated
with delayed cerebral ischemia. However, many
patients are asymptomatic despite various degrees
of angiographically visible vasospasms. Although
vasospasm is noted angiographically in 70% after
SAH, it becomes symptomatic only in about half of
those patients (BILLER et al. 1988). This difference
probably reflects the different collateral circula-
tion and different degrees of vasospasm. Unlike
rebleeding, the clinical presentation of vasospasm
develops slowly over hours up to days. Delayed
cerebral ischemia occurs usually first on the third
day after hemorrhage, peaks between day 4 and
12, and may persist as long as 3 weeks after SAH
(BILLER et al. 1988). Vasospasm is best detected
on angiograms. However, transcranial Doppler ul-
trasound is the method of choice to monitor blood
flow velocities in patients after SAH. The role of
CTA and MRA has not been determined in this
subgroup of patients. A couple of studies revealed
that CT perfusion is feasible in detecting vaso-
spasm and might even predict outcome. However,
all these series are based on small patient groups
(KaNazAwaA et al. 2007; LasLo et al. 2006, 2007;
HARRIGAN et al. 2005; SVIRI et al. 2006). In order
to assess vasospasms - specifically important in
intubated patients - serial CT examinations have
to be done and it remains questionable at what
time intervals these should be performed. MRI
as another tool to evaluate cerebral vasospasms
seems applicable as well (HERTEL et al. 2005;
RORDORF et al. 1999) but has even more logistic
problems and again patient numbers in these se-
ries are very small.
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5.2.6.5
Cerebral Ischemia and Infarction

In some patients, aneurysmal rupture leads to a pro-
longed period of global cerebral ischemia at the time
of hemorrhage, probably as a result of increased in-
tracranial pressure to a level above that in arterial
vessels (GROTE and HassLER 1988). Clinically, these
patients present with progressive dysfunction of the
brainstem. Outcome is generally fatal. CT might re-
veal no other abnormality than subarachnoid blood.
This entity is quite distinct from delayed cerebral
ischemia, which is focal or multifocal. A major factor
for this condition of global cerebral ischemia is vaso-
spasm that in some patients occur immediately after
aneurysmal rupture. From our experience aneurysm
rupture during endovascular therapy has more or less
no consequence in those patients without immediate
severe vasospasm. Morbidity and mortality of acute
aneurysm rupture is probably most strongly associ-
ated with the amount and the length of acute vaso-
spasms. Delayed cerebral ischemia usually occurs in
the first or second week after SAH in up to one third
of patients. Despite intensive research, the patho-
genesis has not been entirely elucidated. Release of
yet unidentified factors into the subarachnoid space
are considered to induce vasospasm and subsequent
cerebral ischemia. There is widespread postulation
of a close relationship between the amount of sub-
arachnoid blood clots and the degree of vasospasm
and delayed cerebral ischemia (FISHER et al. 1980).
However, there are several arguments against these
assumptions. Subarachnoid blood is not a predictor
of vasospasm per se, since vasospasm and delayed
cerebral ischemia rarely occur in patients with SAH
after rupture of an AVM or perimesencephalic SAH.
Furthermore, the site of delayed cerebral ischemia
does not always correspond with the distribution
of subarachnoid blood (Hop et al. 1999). The fact
that many patients with angiographically visible va-
sospasms never develop cerebral ischemia suggests
additional factors determining whether and where
secondary cerebral ischemia occurs. There is ad-
ditional evidence that it is not simply the amount
of blood that determines the severity of vasospasm.
Since there is no way to remove subarachnoidal clot
during coiling one would expect a lower incidence of
vasospasm after clipping. But this effect has not been
observed (DE OLIVEIRA et al. 2007; HoH et al. 2004).
So far, there are slight tendencies towards a lower fre-
quency of vasospasm after coiling (YALAMANCHILI
et al. 1998; HOHLRIEDER et al. 2002).

5.2.7
Unruptured Aneurysms

Asymptomatic aneurysms may be defined as ad-
ditional aneurysms found in patients with another
symptomatic aneurysm, which are not responsi-
ble for the clinical symptoms or those aneurysms
found in patients investigated because they are at
risk of harbouring an aneurysm. Incidental aneu-
rysms may be defined as those found unexpectedly
in patients undergoing investigation for any other
suspected pathology or unrelated clinical symp-
toms. Depending on the location of an unruptured
aneurysm it can be completely asymptomatic. On
the other hand, unruptured aneurysms can cause
neurologic symptoms while touching or transmit-
ting pulsation to cranial nerves or other cerebral
structures. Symptoms can be pain, cranial nerve
palsies, visual disturbances, dysesthesia, vertigo
and seizures. In case of thromboembolism, mainly
out of large or giant aneurysms, but also occurring
in small aneurysms in any location, symptoms due
to transient ischemia or permanent infarction do
appear. Ischemic events can occur distal to both
smallandlargeunrupturedintracranialaneurysms
(predominantly in the anterior circulation). In a
series of 269 patients harbouring unruptured an-
eurysms ischemic strokes or transient ischemic at-

Fig. 5.13. CT reveals massive basal subarachnoid
hemorrhage and dilated temporal horns of the lat-
eral ventricles
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tacks (TIAs) attributable to embolization from the
aneurysmal sac were observed in 3.3% (QURESHI
et al. 2000a). Symptomatic unruptured aneurysms
are usually larger than incidental aneurysms and
are often discovered near to the skull base where
they are more likely to affect cranial nerves. The
most frequent affected cranial nerves are the ocu-

Fig. 5.14. Right temporal lobe intracerebral hem-
orrhage due to a ruptured MCA aneurysm. Beside
basal subarachnoid hemorrhage CT reveals brain
edema, compression of the basal cisterns and the
cerebral peduncle

Fig. 5.15a-c. Different grades of vasospasm after SAH. a Moderate vasospasm
of the basilar artery and severe vasospasm of both P1 segments of the posterior
cerebral artery. b,c Severe vasospasm of the intradural ICA (sagittal view) and
proximal MCA and ACA (ap view)

lomotor nerve and the optic nerve. Given the high
mortality and morbidity associated with aneurysm
rupture, it is crucial to determine the likelihood
of rupture to decide whether to treat an aneurysm
or not. The findings of the International Study of
Unruptured Intracranial Aneurysms (WIEBERS et
al. 1998) were published in 1998 and in 2003. Up
to now, the ISUIA is the largest evaluation of the
risk of aneurysmal rupture. Examination of 2621
patient records at 53 medical centres over 7.5 years
yielded an average annual rupture rate below those
of previous estimates. Aneurysms less than 10 mm
in diameter had an average annual rupture rate of
0.05% in patients with no history of SAH; however,
the rupture rate was ten times higher for aneu-
rysms of a similar size in patients with a history
of SAH. The annual rupture rate for larger aneu-
rysms approached 1%. However, there was a lot
of criticism to that study. The authors included a
large number of patients with aneurysms of the
cavernous portion of the ICA. These aneurysms are
usually large or giant, but due to their anatomical
location they almost never cause a subarachnoid
hemorrhage. Including a fairly high number of
large aneurysms with almost no risk of SAH in a
study cohort clearly leads to an overestimation of
the critical aneurysm size. And it is a well accepted
due to clinical experience that the majority of rup-
tured aneurysms are far below the ISUIA value
of 10 mm; in our patient population the average
aneurysms size in patients with SAH was between
4mm and 7 mm. Recently, the ISUIA group did
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redefine the critical aneurysm size from 10 mm
down to 7 mm, indicating that the clinical impres-
sion and the evidence-based data are coming closer
together (WIEBERS et al. 2003). Nevertheless, all
these results still do not explain why the majority
of ruptured aneurysms are below the size of 7 mm!
In our opinion there are at least two major draw-
backs in the ISUIA study. First, the criteria for or
against treatment of an aneurysm remain unclear.
Assuming that the majority of patients were seen
and advised by experts, factors like multi-lobular-
ity or hypoplastic vessel segments might have had
a major impact on treatment decisions and thus
heavily biased the results. To come to the point:
maybe ISUIA just demonstrated that the involved

Fig.5.16. a Giant ICA aneu-
rysm inducing optic nerve
compression in a 10-year-old
boy with visual deficit on the
right eye. b Brain stem aneu-
rysm between origin of the
superior cerebellar artery
and posterior cerebral artery
resulting in right sided ocu-
lomotor palsy. ¢,d Pcom an-
eurysm (c DSA, lateral view)
in a 46-year-old-patient with
oculomotor palsy; note the
close relationship of the an-
eurysm and the oculomotor
nerve (arrow) but without vis-
ible contact (d, sagittal recon-
struction of CISS sequence)

physicians were excellent in predicting which an-
eurysms were dangerous and which not - totally
independent of the size. The second problem is
the under-representation of Acom aneurysms and
again the over-representation of those aneurysms
located at the cavernous part of the ICA. Usually
Acom aneurysms account for around 30% of all
intracranial aneurysms, in the ISUIA study only
10% were located at that site. It may be that these
aneurysms just develop, grow up to 4 mm and
rupture. The cavernosal aneurysms are usually
large and never - or at least rarely - cause a SAH
(KupersMITH et al. 2002). This way the bias of
these aneurysms is that they increase the average
size of non-ruptured aneurysms.
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Imaging

5.3.1
Computed Tomography

If SAH is suspected clinically, CT of the brain is the
initial diagnostic imaging modality of choice and
clearly the gold standard to identify, localize and
quantify subarachnoid hemorrhage. Typically, the
subarachnoid blood appears hyperdense on an un-
enhanced CT. The pattern of SAH can suggest the
location of the underlying aneurysm (vaN GIyN and
VAN DONGEN 1982). Intraparenchymal hemorrhage
occurs with aneurysms of the posterior communicat-
ingartery and middle cerebral artery more frequently
than with other locations. Interhemispheric or intra-
ventricular hemorrhage, occurring in autopsy stud-
ies in about 50% of patients, is characteristic of Acom
or distal anterior cerebral artery aneurysms. Rup-
tured PICA aneurysms almost always coexist with
hydrocephalus and intraventricular hemorrhage in
the fourth ventricle, which be can also seen on CT.
Intracerebral hemorrhage is also more common in
patients who rebled, since the first bleeding may lead
to fibrosis of the surrounding subarachnoid space

Fig.5.17. a Massive subarachnoid and intraven-
tricular hemorrhage. Even without any vessel visu-
alization the pattern of hemorrhage on CT already
suggests that the underlying cause will be an aneu-
rysm of the anterior cerebral artery complex. b DSA
reveals a typical Acom aneurysm filling from the

right. The left A1 segment was hypoplastic

and adhesion of the aneurysm to the brain. Subdu-
ral hematoma occurs in about 5% of patients, but is
rarely the only location of bleeding. Small amounts
of SAH may be overlooked, CT thus should be care-
fully read. However, even if the CT scan is really
normal (no mis-reading!), aneurysmal SAH cannot
be ruled out. The sensitivity of CT for detecting SAH
depends on the volume of the extravasated blood,
the hematocrit, and the time elapsed after the acute
event. Using modern CT scanners and performed
within 24 h after the ictus CT detects SAH in up to
95%. However, due to dilution by CSF the density of
the hemorrhage decreases rapidly over time, thus
after only a few days it may be impossible to dem-
onstrate subarachnoid blood on CT (VAN DER WEE
et al. 1995). Sensitivity of CT decreases to 80% at
day 3, to 70% at day 5, to 50% at 1 week, and to 30%
at 2 weeks (ADAMs et al. 1983). CT may also help
to distinguish aneurysmal from traumatic SAH. In
traumatic SAH the subarachnoid blood is usually
located on the brain convexity. In patients with basal
contusions there might be a pattern of hemorrhage
resembling aneurysmal SAH due to a rupture of an
aneurysm at the anterior part of the Circle of Wil-
lis. The same might be the case for hemorrhage into
the Sylvian fissure. In these patients, in whom it is
impossible to exclude aneurysmal hemorrhage or in
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Fig.5.18a,b. Sometimes it is more difficult to localize an aneurysm based on the bleeding pattern. a CT re-
veals frontal intracerebral hemorrhage, subarachnoid, and intraventricular hemorrhage. b DSA: the bleeding

source in this patient was a MCA aneurysm

K

Fig.5.19a,b. Severe hypoxia and brain edema mimicking basal SAH on CT

whom the trauma might be a consequence of the
initial aneurysm rupture, conventional angiography
should be performed. In patients with Sylvian fissure
hemorrhages (and without angiographically visible
aneurysm) any imaging modality should be used to
rule out sinovenous thrombosis. Very rarely, mas-
sive brain edema and meningitis may mimic SAH on
brain CT and may lead to a false positive diagnosis
of SAH. However, if CT is negative despite a convinc-

ing history of sudden headache, lumbar puncture is
still the next diagnostic step to rule out SAH, if there
is no contraindication such as bleeding disorder or
space-occupying intracranial lesion (MACDONALD
and MENDELOW 1988). Lumbar puncture should not
be performed before 6 h after onset of headache, pref-
erably 12h between onset of headache and spinal
tap have elapsed. After this interval sufficient lysis
of erythrocytes occurred to form bilirubin and oxy-
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hemoglobin. These pigments give the CSF the “typi-
cal” xanthochrome yellowish tinge after centrifuga-
tion, an essential feature in the differentiation from
traumatic SAH. This xanthochromia is invariably
detectable until at least 2 weeks, usually 3 (in 70%
of patients) to 7 weeks after SAH (VERMEULEN et
al. 1989). Identification of factors predictive of out-
come or specific complications is important in the
management of SAH. The risk of a given patient to
suffer from vasospasm can be estimated by the loca-
tion, thickness, and density of subarachnoid blood
on CT. FIsHER et al. (1980) provided a description
of 47 patients in whom the amount and distribution
of subarachnoid blood after aneurysmal rupture on
the initial CT was correlated with subsequent occur-
rence of vasospasm demonstrated by angiography.
Two of 18 patients (11%) developed vasospasm when
no or diffuse thin SAH was present on CT, whereas
none did with only intraventricular or intracere-
bral hemorrhage. Of 24 patients with diffuse, thick
SAH, 23 (96%) developed severe symptomatic vaso-
spasm (FISHER et al. 1980). Since then, the CT-based
Fisher classification of quantifying local amounts
of subarachnoid blood as a powerful predictor for
the occurrence of vasospasms and delayed cerebral
ischemia has been confirmed by several clinical and
experimental studies (GROSSET et al. 1992; FINDLAY
et al. 1995; JARUs-DzIEDZIC et al. 2000; SUZUKI et
al. 1980). However, the predictive value of the Fisher
grading system is not perfect. Never assume that a
patient will not develop vasospasm just because he
has a low Fisher score! All patients with SAH have to
be carefully monitored during the first 2 weeks after
the hemorrhage, regardless of their initial CT score.
Hijpra et al. (1990) suggested a new grading system
for the amount of subarachnoid blood estimating
separately 10 subarachnoid cisterns and fissures and
scoring on a scale of 0 to 3, as follows: 0 = no blood, 1

Table 5.1. Fisher’s grading scale for SAH

Group Subarachnoid blood Risk of vasospasm

1 No blood Low

2 Diffuse or vertical layers Only moderate
<1 mm

3 Localized clot and/or vertical High

layer >1 mm

4 Intracerebral or intraventric-
ular clot with only diffuse or
no SAH

= small amount of blood, 2 = moderately filled with
blood, and 3 = completely filled with blood. The total
SAH score is then calculated by adding the scores
of the ten subarachnoid compartments (total score
0-30) (HiypRraA et al. 1990). Despite the excellent idea
to use a more detailed scoring system to estimate the
risk of vasospasm, it was not well accepted by the
clinical community and does not play a relevant role
in daily practice. Aneurysmal rupture is followed
by intraventricular spread of blood in up to 50%
(LE Roux and WINN 1998). Solely primary intraven-
tricular hemorrhage is usually associated with good
outcome. The outcome is particularly better than in
patients with a comparable volume of subarachnoid
blood, indicating that the subarachnoid blood com-
ponent is by far the most important determinant for
clinical outcome (Roos et al. 1995).

In a study analyzing 219 patients with ruptured
aneurysms, MAYFRANK et al. (2001) reported in-
creased mortality and unfavourable outcome in
patients with additional moderate and severe intra-
ventricular hemorrhage, indicating that severity of
intraventricular hemorrhage is an independent pre-
dictor of mortality and functional outcome.

5.3.1.1
CT Angiography

Selective catheter angiography is still the standard
method for diagnostic work-up of intracranial an-
eurysms (see below). Although the risk of perma-
nent neurologic complications in patients undergo-
ing DSA for suspected cerebral aneurysms is low,
this method remains time consuming and invasive.
To identify patients with unruptured aneurysms
among those with thunderclap headache, an accu-
rate noninvasive vascular imaging technique would
be of considerable interest. Sensitivity of single-slice
CT angiography in the investigation of intracranial
aneurysms has been reported to range from 67%
to 100% (LIANG et al. 1995; VIEco et al. 1995) with
an accuracy of approximately 90% and an interob-
server agreement ranging from 75% to 84% (WHITE
etal. 2000). Nevertheless, this technique has demon-
strated a limited sensitivity for aneurysms smaller
than 3 mm (25%-64% compared with 92%-100%
for aneurysms > 3 mm) (KoRroai et al. 1999; WHITE
et al. 2000). Moreover, CTA still has pitfalls if the
aneurysm is located at a site where adjacent bone or
considerable vessel overlap exist, such as the para-
clinoid and terminal ICA segments or at the MCA
bifurcation.
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Fig. 5.20. Acutely ruptured fusiform posterior cerebral artery aneurysm before and after endovascular treatment. Overlay
of 3D vessel anatomy on cross-sectional CT-like images showing extensive SAH

The implementation of multidetector row tech-
nology led to a major step forward in the field of CT
angiography, notably for small vessels and for intra-
cranial aneurysms. This technique offers areduction
in acquisition time despite the use of pitch values
inferior to unity. The improvement of image quality
and spatial resolution ends up in better diagnostic
results for intracranial aneurysms. WINTERMARK et
al. (2003) found sensitivity, specificity and accuracy
values of multi-row CTA of 99%, 95.2% and 98.3%,
respectively. The positive and negative predictive
values on a per patient basis were 99% and 95.2%,
respectively. In aneurysms smaller than 2 mm sen-
sitivity was 50%j; in aneurysms larger than 2 mm
sensitivity was 95.8%. The interobserver agreement
was 98%. Multi-row CT technology will clearly make
life easier at emergency departments. Patients with a
first-time headache and a negative unenhanced CT
scan will get a quick and reliable CTA. To optimise
treatment planning and work-flow CTA may also

be used to stratify patients into endovascular and
surgical treatment groups. However, whether CTA
really will allow us to figure out which therapeutic
modality is best suited still has to be determined.
In our opinion there are drawbacks when describ-
ing the anatomy of the neck and the true relation-
ship of tiny vessels originating near to the entrance
of the aneurysm or adjacent to the aneurysm dome.
Furthermore, CTA requires iodine contrast agent
and is associated with radiation exposure, which is
a significant drawback in using CTA for community
screening, particularly if this needs to be performed
several times during an individual patient’s lifetime.
However, CTA clearly plays a role in the pre-thera-
peutic phase in large and giant aneurysms. In these
patients it is often difficult to visualize the exact
anatomy of the neck and the relationship to adja-
cent bony structures, such as in the paraophthal-
mic region with conventional DSA alone. Moreover,
CTA is very helpful in the pretherapeutic planning
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Fig.5.21. Aneurysm rupture during coiling of an acutely ruptured basilar tip aneurysm. Angio-CT (Flat-detector) before

and after coil embolization compared to conventional CT

of partially calcified and thrombosed aneurysms
and might help to determine the best treatment
modality. In patients with large, space-occupying
hematomas CTA is sufficient to rule out an underly-
ing aneurysm. In this specific situation DSA is prob-
ably not indicated any more. Comparing CTA with
the non-invasive competitor MRA there are pros
and cons for both methods. Patients with typical
contraindications for MRA, such as ferromagnetic
clips (KLuczNIK et al. 1993) or pacemakers, or pa-
tients on life-support devices and claustrophobia
are usually candidates for CTA. CTA is more or less
independent of flow rate, the images will be diag-
nostic even in patients with a low cardiac output,
whereas in MRA this may lead to saturation effects.
Flow-related artefacts seen in larger aneurysms on
MRA are not seen with CTA. Additionally, CTA may
depict aneurysm wall calcifications, for example at
the neck, which might cause difficulties during clip-
ping (SCHWARTZ et al. 1994). CTA is more likely to

be useful in patients after aneurysm clipping: there
are reconstruction algorithms available allowing to
reduce clip-related artefacts to a minimum and thus
enabling us to decide whether the aneurysm is com-
pletely clipped or not (BRowN JH et al. 1999; ViEco
et al. 1996, WALLACE et al. 2007). There are promis-
ing preliminary so far unpublished observations us-
ing angiographic computed tomography in repaired
aneurysms since this technique might also reduce
metallic artefacts. On MRA, however, even the stan-
dard non-magnetic clips cause severe field distur-
bances. Therefore, MRA is not a diagnostic tool for
these patients. However, technical developments are
on-going. GONNER et al. (2002) recently described an
MRA technique with ultrashort echo times reducing
clip artefacts significantly. The images are still not
diagnostic, but progress is still going on.

Patients treated with endovascular methods need
angiographic follow-up. But coil artefacts preclude
the use of CTA in these patients. MRA is clearly an
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Fig.5.22. Basilar stem aneurysm treated with Neuroform stent and coils. Angiographic FD-CT nicely shows the stent and
the adjacent coil basket

excellent tool for patients with previously coiled
aneurysms. In this patient group we rely on time-
of-flight MRA (TOF-MRA) as method of choice
(BRUNEREAU et al. 1999; KAHARA et al. 1999; WEBER
et al. 2001). Contrast-enhanced MRA may be nec-
essary as an adjunct method to examine large and
giant aneurysms with low flow. Recanalisation in
these aneurysms can be overlooked with TOF-MRA.
According to our experience TOF-MRA solely as fol-
low-up tool is sufficient for aneurysms smaller than
10 mm.

5.3.2
Magnetic Resonance Imaging

Magnetic resonance imaging and MR angiography
are increasingly used in the diagnostic work-up of
patients with cerebral aneurysms. However, MRI is
less suitable than CT in patients with acute SAH
because they are often restless and need extensive
monitoring. It is used in patients with a negative
angiogram to detect other causes of SAH, such as
a thrombosed aneurysm or spinal vascular malfor-
mation and it will increasingly be used in screening
programs and as a follow-up tool after endovascu-
lar therapy. Conventional MRI sequences are less
sensitive to SAH than CT scanning. Since SAH is
mostly arterial in origin, the predominant form of
hemoglobin is Oxy-Hb. Immediately after the ex-
travasation of blood into the subarachnoid space,
there is a shortening of T1 due to the increase in

hydration layer water owing to the higher protein
content of CSF. This results in an increased signal
on T1-weighted and proton-density images. Fluid-
attenuation inversion recovery (FLAIR) sequences
are more sensitive. The signal from CSF is almost
completely reduced while producing a heavy T2-
weighting. On FLAIR images SAH appears hyper-
intense compared to CSF and the surrounding brain
(NogucHI et al. 1995). Currently, it is widely ac-
cepted that even subtle amounts of subarachnoid
blood can be detected by MR when using FLAIR or
proton-density weighted MR sequences (WIESMANN
et al. 2002). False-positive FLAIR results which may
be caused by flow-related enhancement within the
CSF may occur. However, this problem could be
overcome with the interpretation of proton-density
weighted sequences. Even hyperacute SAH can be
detected with MR. Compared with CSF the hyper-
acute blood has a slightly lower signal intensity on
T2*-weighted gradient-echo images and increased
signal intensity on T2-weighted spin-echo images
(RuMBOLDT et al. 2003).

5.3.2.1
Magnetic Resonance Angiography

MR angiography provides a fast, accurate and
non-invasive evaluation of intracranial aneurysms
without the risk of conventional angiography. The
TOF-MRA technique has an excellent spatial resolu-
tion and sufficient field of view, covering all relevant
intradural arteries and can be performed within a
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reasonable acquisition time. However, MRA has not
yet replaced catheter angiography. The accuracy of
MRA depends on how the images are processed
and reviewed. Using maximum intensity projec-
tion alone sensitivity for identification of at least
one aneurysm per patient was 75%, increasing to
95% when axial source and spin-echo images were
reviewed as well (Ross et al. 1990). Aneurysm size
is a crucial factor for sensitivity. MRA studies con-
sistently indicate sensitivity rates of more than 95%
for aneurysms larger than 6 mm, but much less for
smaller aneurysms (ATLAS et al. 1997). For aneu-
rysms smaller than 5 mm, which constitute as many
as a third of aneurysms in asymptomatic patients
(Kojima et al. 1998), detection rates of 56% and
less have been reported (Koroat et al. 1996). How-
ever, these aneurysms should not be ignored even if
their rupture risk seems to be low (WIEBERS et al.
2003). In our experience, in most patients MRA can
detect aneurysms as small as 3 mm; the problem in
detecting lesions below this size is well known. The
results of ATLAS et al. (1997) and Koroar et al. (1996)
reported problems in the identification of untreated
aneurysms smaller than 3 mm in size. Therefore,
TOF-MRA might not be reliable in patients with an
aneurysm initially smaller than or equal to 3 mm.
This should be taken into account for all screening
programs, but also for those follow-up examinations
(after coiling), when the initial size of the aneurysm
was around 3 mm. In a study comparing 3D TOF-
MRA with intraarterial DSA, Adams and colleagues
examined 29 patients harbouring 42 intracerebral
aneurysms. MR data were examined in different
forms, i.e. axial source data, maximum intensity
projection images, multiplanar reconstructions,
and 3D isosurface images. Three aneurysms were
not detected by MRA. These aneurysms were either
smaller than 3 mm or in anatomically difficult loca-
tions (MCA bifurcation) or obscured by an adjacent
hematoma. Time-of-flight techniques may obscure
some anatomical details due to flow disturbances.
The authors conclude that MRA is inferior to intra-
arterial DSA for pre-treatment assessment of intra-
cranial aneurysms; however, MRA can provide com-
plementary information to DSA such as intramural
thrombus. If MRA is used analysis of both axial
source data and reconstructed images is mandatory
(Apams et al. 2000). The study by RONKAINEN et
al. (1997) illustrates the current problems of non-
invasive aneurysm imaging. Screening 85 families
of patients with SAH using MRA, RONKAINEN et al.
(1997) found 58 aneurysms in 45 of 438 screened pa-

tients. Conventional angiography was performed in
43 of these 45 patients, revealing that seven of these
43 did not have an aneurysm (MRA false positive),
and the remaining 36 actually had 60 aneurysms
(13 of which had been missed on MRA false nega-
tive). The true positive rate for MRA was 78%, the
false positive rate was 15% and the false negative
rate was 22%. Positive predictive value was 87%,
but since 395 subjects did not undergo conventional
angiography, the true negative rate and negative
predictive value cannot be calculated for the whole
study. OKAHARA et al. (2002) compared MRA with
DSA in 133 patients with aneurysms. This study is
of particular interest because the authors mainly
focussed on evaluation of the images by a neuro-
radiologists, a neurosurgeon, a general radiologist
and a resident in neuroradiology. This study clearly
has more clinical impact than many others done
before. The diagnosis is not made by the technique
- not surprising, but never mentioned with such evi-
dence - but is dependent on the skills of the reader.
The results were as follows: 79% of aneurysms were
detected by the neuroradiologist, 73% by the neuro-
surgeon, 63% by the general radiologist and 60% by
the resident in neuroradiology. Again, 3 mm was a
crucial size of aneurysms: below that size, it seems
to be very difficult to get reliable results. Despite all
these mentioned limitations - and we have given
details about these studies, because the scientific
community is still discussing this problem without
an evidence based solution - MRA is increasingly
used for screening of aneurysms (Kojima et al. 1998;
BossuyT et al. 2005), especially in families of SAH
patients. However, another excellent indication for
MRA is clearly follow-up in patients who had endo-
vascular aneurysm treatment before. It is increas-
ingly accepted that MRA techniques in this patient
subgroup are sufficient enough to detect those an-
eurysm recanalizations that require retreatment. In
addition to TOF techniques contrast-enhanced MR
angiography is a complementary tool to visualize
supraaortal and intracranial arteries. The spatial
resolution is still lower than with TOF, acquisition
time is much shorter (down to 12 s for a 3D data
set) and the FOV covers the whole area from the
aortic arch to the circle of Willis. Only few studies
have directly compared enhanced vs non-enhanced
MR-angiography. A benefit of this technique is
certainly demonstrated for large resp. giant aneu-
rysms (COTTIER et al. 2003). Although comparable
sensitivity and specificity rates are described most
authors conclude that TOF-MRA is sufficient in
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Fig.5.23. a,b 3D CTA of bilateral MCA aneurysm and a
small vertebral aneurysm. c-e DSA (ap view), aneurysmog-
raphy and 3D CTA of a large MCA aneurysm demonstrat-
ing that one major MCA branch is originating very close to
the neck of the aneurysm. f,g Fusiform MCA aneurysm:
3D CTA and DSA match perfectly. h-j Broad-based basilar
artery aneurysm encroaching both P1 segments demon-
strated on 3D CTA as well as on DSA. k-m Ruptured Pcom
aneurysm (arrow)
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Fig. 5.24. a Flair sequence with some artefact after clipping of a MCA aneurysm on the left side. b Axial
source image of the TOF-MRA reveals signal loss at the course of the MCA and next to the basilar artery
after coiling of a left superior cerebellar artery aneurysm. ¢,d There is no flow signal on the 3D recon-
struction images of the TOF-MRA as well as of the contrast-enhanced MRA. e DSA of an incompletely
clipped MCA aneurysm. f Due to the artefacts caused by the clip 3D CTA is not useful in evaluating
residual aneurysm after clipping
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Fig. 5.25a,b. Flair sequence demonstrating blood in the subarachnoid space around the brain stem and
predominantly on the occipital surface and in the ventricles as well as acute hydrocephalus after rupture
of a left vertebral aneurysm

Fig.5.26. a Time-of-flight MR angiography of normal in-
tracranial vessels. b Contrast-enhanced MRA technique
with a large field-of-view covering all vessels from the aortic
arch to the circle of Willis
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Fig.5.27. TOF-MRA of a small Acom aneurysm

Fig.5.28. TOF-MRA of an ICA/Pcom aneurysm. MRA even
reveals that the aneurysm has a small neck and is suitable
for endovascular therapy

detecting recurrent aneurysm after endovascular
treatment which need retreatment (PIEROT et al.
2006; WALLACE et al. 2007).

The advantage of higher field strengths in MRA (3
or 7 Tesla) is promising. Already with 3 Tesla more
distal arteries and smaller vessels can be visualized
and 7 Tesla might additionally bring new insights
into in vivo imaging of the vessel wall.

Present indications for MRA in the evaluation of
cerebral aneurysms in general include:

e Incidental findings on CT or MRI suspicious for
an aneurysm

e Evaluation of specific clinical symptoms (i.e.,
third cranial nerve palsy) or non-specific symp-
toms in whom an aneurysm might explain the
clinical presentation (thunderclap headache)

e Contraindications for conventional angiography

e Non-invasive follow-up of patients with known
aneurysms or endovascular treated aneurysms

e Screening in “high risk” patients (first degree
relatives of patients with SAH or multiple aneu-
rysms, patients with polycystic kidney disease or
with connective tissue disease)

5.3.3
Cerebral Angiography

Owing to its excellent spatial resolution, conven-
tional cerebral angiography is still the gold standard
for the detection of a cerebral aneurysm. Currently,
this is performed during the first available moment
after presentation of the patient at the hospital after
SAH. Considering that the risk of rehemorrhage is
highest in the first 24 h (4%), an early angiogram
is crucial for any therapeutic decision and for the
patient’s outcome. Cerebral angiography can local-
ize the lesion, reveal aneurysm shape and geometry,
determine the presence of multiple aneurysms, de-
fine vascular anatomy and collateral situation, and
assess the presence and degree of vasospasm. Due
to the frequency of multiple aneurysms a complete
four-vessel angiography is essential. However, in the
case of a space occupying hematoma angiography
of the most likely affected vessel is recommended.
Anteroposterior, lateral, and oblique views are sys-
tematically performed with crosscompression to
demonstrate the Acom, if necessary. Additional
views may be necessary to optimize demonstration
of the aneurysm neck. If no aneurysm is found, se-
lective catheterization of both external carotid ar-
teries is performed to exclude a dural arteriovenous
fistula. The potential for collateral circulation from
the vertebrobasilar system maybe evaluated when
the vertebral artery is injected during carotid artery
compression (Allcock test) demonstrating patency,
size and collateral potential of the PI segment of the
PCA and the posterior communicating artery ipsi-
lateral to the carotid artery compressed. As a pre-
requisite to angiography, survey of renal function
and coagulation factors is required in all patients.
Digital subtraction angiography technique is neces-
sary; biplane angiography facilitates the diagnostic
workup and is useful for safe and fast therapeutic
interventions. It shortens examination time and
increases the safety during aneurysm obliteration.
High-quality fluoroscopy and roadmapping are es-
sential to perform intracranial interventions. Newer
developments include CT-like tissue imaging with
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b
Fig.5.29a-f. MCA aneurysm with a small branch arising from the sac. More homogenous signal of the an-
eurysm was seen with 7 Tesla (b); b, c 3D Time of flight MRA demonstrating a paraophthalmic aneurysm on
1.5 T and 7 T, distal vessel depiction is nicely demonstrated on 7 T MRA; e,f paraophthalmic aneurysm on
DSA and well demonstrated on non-enhanced MPR age sequence imaged with 7 T
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Fig. 5.30a-c. Giant basilar stem aneurysm, recurrent aneurysm could have been missed on TOF-MRA, but is delineated
on contrast-enhanced MRA

Fig.5.31. a Paraophthalmic aneu-
rysm. b On 3D rotational DSA the oph-
thalmic artery is assumed to originate
from the aneurysm, but after complete
occlusion of the aneurysm this vessel
remained patent (c)
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Fig.5.32. a ICA aneurysm.
b Aneurysmography: selec-
tive angiography with the tip
of the microcatheter placed
within the aneurysm

the DSA (flat panel) equipment. The first obvious
advantage may be the detection of intraprocedural
SAH, e.g. to visualize the extent of the SAH and po-
tential intracerebral components of the bleeding.

5.3.3.1
3D Rotational Angiography

The precise visualization of the aneurysm neck,
the shape and the size of the aneurysm, and its re-
lationship to parent vessels are important factors
for endovascular therapy. Rotational angiography
in a 2D or 3D mode is available on most new gen-
eration neurointerventional angio suites and rep-
resents a valuable supplement to standard biplane
DSA series. Using rotational angiography, multiple
oblique views are obtained as the source for 3D re-
construction. Data acquisition usually consists of
a rotational mask followed by a second run during
contrast injection while the patients’s head is placed
in the isocenter (FAHRIG et al. 1997). Rotational an-
giography helps to define the aneurysm neck, find
the appropriate working position and perform ac-
curate measurements. Three-dimensional angiog-
raphy thereby improves planning of surgical and
interventional procedures, especially in complex an-
eurysms (ANXIONNAT et al. 2001). However, even the
highest standard 3D DSA techniques cannot always
precisely describe the exact anatomy of the neck and
the exact relationship of tiny adjacent vessels to the
aneurysm dome and neck. As an interventionalist
you still have to rely on your experience and - in rare
cases — on superselective catheterization of the an-

Fig.5.33. Aneurysmography of a small
Acom aneurysm

eurysm itself. And sometimes you have to combine it
with temporary coil placement without subsequent
detachment. Stroke complication rate for diagnos-
tic angiography at our institution is less than 0.5%,
comparable to other major interventional centers
across Europe and the US (HEISERMAN et al. 1994).
Thus the risk:benefit ratio still justifies conventional
angiography in the diagnostic management of an-
eurysms. Other complications may include allergic
reaction to contrast agent, renal failure, and bleed-
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ing at the puncture site. In fact, the incidence of
allergic reaction seems to be very low and bleeding
complications at the puncture site decreased due
to application of specific devices allowing a “surgi-
cal” closure of the puncture site. Aneurysm rup-
ture during angiography is reported in less than 3%
of patients investigated with SAH. “Less than 3%”
is correct, but for us it sounds higher than reality
shows. In our institution, and now studying about
200 patients per year with intracranial aneurysms,
we have seen only one single aneurysm rupture dur-
ing diagnostic angiography in the last 10 years. The
risk of aneurysm rupture may be increased by using
apowerinjector to perform the series. Another cause
of increased risk of aneurysm rupture, however, may
be due to superselective aneurysmography. Superse-
lective angiography with the tip of the microcatheter
placed within the aneurysm and gentle injection of
contrast may be helpful in demonstrating morpho-
logical details of the entire aneurysm, especially
concerning the identification of vessels arising from
the aneurysm. GAILLOUD et al. (1997) reported a
posterior perforating artery originating from the
dome of a basilar tip aneurysm identified only by
selective aneurysmography.

5.3.4
Patients with SAH of Unidentifiable Cause

If the initial angiography is negative despite aneu-
rysmal pattern ofhemorrhage, repeated angiography
within 2-3 weeks is indicated. Cranial or spinal MRI
may be indicated to exclude other sources of hemor-
rhage. The risk of rebleeding is up to 10% (CANHAO
et al. 1995). There might be several explanations for
the missing radiological detection of an aneurysm:
apart from technical limitations such as insuffi-
cient projections, vasospasm, aneurysm thrombo-
sis or obliteration of the aneurysm by pressure of
adjacent hematoma might contribute to the failing
radiological demonstration. If a second angiogram
also fails to reveal the suspected aneurysm, a third
angiography depending on the patient’s age might
be indicated after an interval of several months and
may then demonstrate the aneurysm (RINKEL et al.
1991). If cerebral angiography is negative in a pattern
of perimesencephalic hemorrhage the diagnosis of
non-aneurysmal hemorrhage should be established
and no repeat studies are needed.

5.3.4.1
Screening

Screening for a cerebral aneurysm is indicated in
patients in whom the risk of harbouring an aneu-
rysm is higher compared to the normal population.
The natural history, however, is not clearly defined.
Screening has been recommended for first-degree
relatives of a family member with two or more
aneurysms and for patients with autosomal domi-
nant polycystic kidney disease (SCHIEVINK 1997;
SCHIEVINK et al. 1997). In identical twins with one
suffering SAH, the risk of harbouring an aneurysm
is increased in the other and screening is also in-
dicated.

5.3.5
Transcranial Ultrasound

Transcranial Doppler sonography (TCD) has proved
to be a suitable non-invasive technique for measur-
ing cerebral blood flow velocity in large cerebral
arteries. The technique of TCD can be combined
with duplex imaging and with colour coding. Co-
lour TCD ultrasound became available in the early
1990s, with some success at identification of aneu-
rysms (BECKER et al. 1992). A recently developed
technology of colour coded Doppler, i.e. colour Dop-
pler energy or power Doppler, showed a significant
greater sensitivity to flowing blood than standard
colour flow imaging (WARDLAW and CANNON 1996).
However, in the detection of cerebral aneurysms,
power TCD is less sensitive than other non-invasive
techniques such as CTA and MRA. Especially in
small aneurysms of less than 6 mm sensitivity is
very poor (0.35), the internal carotid artery is the
most difficult segment to interpret on ultrasound
(GRIEWING et al. 1998; WHITE et al. 2001). Addi-
tionally, insonation of the MCA is inadequate or
even impossible in 5%-20% of all patients because
of insufficient ultrasound transmission through the
skull (WHITE et al. 2001). Although the technique
is quick, safe, inexpensive and non-invasive, it is
highly dependent on the skills of the operator. At
the moment, TCD for the detection of cerebral an-
eurysms is only of scientific interest and cannot be
recommended for routine use. In fact, it does not
play any role in the diagnostic work-up of SAH pa-
tients or in screening.
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Therapy

5.4.1
General Considerations

The primary treatment goal of cerebral aneurysms
is prevention of rupture. Surgical clipping has been
the treatment modality of choice for both ruptured
and unruptured cerebral aneurysms for decades.
Just over 20 years ago endovascular treatment was
mainly restricted to those patients with aneurysms
unsuitable for clipping due to the size or location,
or in whom surgical clipping was contraindicated

Fig. 5.34a-c. Patient after SAH with a basilar
tip aneurysm seen on CTA in an outside hos-
pital. a Initial DSA did show vasospasm of the
P1 segment and the superior cerebellar artery
on both sides. In addition, some irregularity
at the tip of the basilar artery was noted but
no real aneurysm. b Repeated DSA 2 months
later showed a small basilar tip aneurysm suit-
able for endovascular treatment. ¢ The patient
was scheduled for embolization 10 days later
but the aneurysm again was not visible. The
patient was referred to surgery

because of the general medical condition. Since
the introduction of controlled detachable coils for
packing of aneurysms (GUGLIELMI et al. 1991a,b),
endovascular embolization is increasingly used.
Numerous observational studies have published
complications rates, occlusion rates and short-term
follow-up results. These have been summarized up
to March 1997 in a systematic review of 48 eligible
studies of 1383 patients with ruptured and unrup-
tured aneurysms (BRILSTRA et al. 1999). Permanent
procedural complications occurred in 3.7% of 1256
patients. More than 90% occlusion of the aneurysm
was achieved in around 90% of patients. The most
frequent procedural complication was cerebral isch-
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emia, the second most frequent complication was
aneurysm perforation, which occurred in about 2%
of patients. Rerupture of angiographically success-
ful coiled aneurysms may occur, long-term rates of
rebleeding after endovascular coiling still need to be
established. In 2002 the first results of the ISAT study
were published; the clear benefit of the endovascu-
lar treated patients did definitely change treatment
strategies for patients with intracranial aneurysms
in a lot of centers (MOLYNEUX et al. 2002). The en-
dovascular approach will become the first line treat-
ment option, whenever this option is available. ISAT
represents a landmark in the evolution of aneurysm
treatment and, therefore, a more detailed discus-
sion of these results seems justified. A recently pub-
lished evidence-based review (QURESHI et al. 2007)
provides an objective comparison on clipping and
coiling in ruptured and unruptured aneurysms
analysing single-center studies, multicenter studies
with and without independent outcome ascertain-
ment, and randomised clinical trials. The authors
found that outcome at discharge, at 2-6 months, and
at 1year, and later survival, were all better after
endovascular treatment than after surgery. Their
results suggest that the higher rates of incomplete
obliteration and the need of retreatment in patients
after endovascular treatment do not affect patient’s
clinical outcome. Observational studies confirmed
better discharge outcome and lower costs for pa-
tients treated for an unruptured aneurysm, no dif-
ference concerning outcome and rebleeding rate was
revealed after 1 year in this patient group, but only a
few data were available for the latter comparison.

5.4.2
The ISAT Study

ISAT was a randomised, prospective, international,
controlled trial of endovascular coiling vs surgical
clipping for a selected group of patients with rup-
tured intracranial aneurysms deemed suitable for
both types of therapy. Most patients were treated at
high-volume centres in the United Kingdom, with
the remainders from other European countries, Aus-
tralia, Canada, and the United States. The primary
endpoint was patient outcome, defined as a modi-
fied Rankin scale of 3-6 (dependent or deceased)
at 1year. The primary hypothesis was that endo-
vascular treatment would reduce the proportion of
patients dependent or deceased by 25% at 1 year.
A total of 9559 patients with SAH were screened

and around one quarter (n=2143) were randomly as-
signed to both treatment groups. Those patients who
were screened but not randomized were treated sur-
gically in 39%, endovascularly in 29% or by an un-
recorded therapy (11%). Most randomized patients
had aneurysmslocated at the AcomA or intracranial
ICA. A total of 94% of randomised patients were in
good condition (WENS grades I-III). The study was
prematurely stopped after the results of a planned
interim analysis were available: at 1 year, 23.7% of
the patients allocated to endovascular treatment
were dependent or dead, as compared with 30.6%
of patients in the surgical group. Later on, the study
group reported the revised outcome results with an
even greater absolute risk reduction of 8.7% and a
relative risk reduction of 26.8% for patients after
coiling compared to patients after clipping (KERR
and MoLYNEUX 2003). In addition, patients after
coiling experienced significantly less seizures and
needed to a significant lesser extent a CSF drain-
age. The results of the ISAT study were not read-
ily accepted, particularly not in the neurosurgical
community. We strongly recommend reading the
statement written by the Executive Committee of the
American Society of Interventional and Therapeutic
Neuroradiology and the American Society of Neu-
roradiology (DERDEYN et al. 2003). The authors an-
swer a lot of frequently asked questions about ISAT.
A major issue is the durability of aneurysm occlu-
sion after coiling. It is true that long-term durability
of endovascular therapy remains to be determined.
The present data, however, suggest that it is very un-
likely thatlate aneurysm rebleeding after coiling will
occur at a rate that would significantly affect the dif-
ference in outcome between surgery and coiling. The
ISAT data indicate a risk of rebleeding after 1 year of
2 per 1276 (0.16%) patient-years of follow-up. Thus
it would take more than 40 years to overcome the
benefit seen at 1 year with endovascular treatment.
Another major issue was the doubt about the compe-
tence of British neurosurgeons. However, they were
very experienced - just looking at the numbers of
patients they treated - and their results pretty much
matched the results of the tirilazad study, a prospec-
tive multicenter study, mainly involving US neuro-
surgeons (HALEY et al. 1997; LANzINO and KASSELL
1999). In this study, in the 3 month follow-up, 9.2%
of the grades I-III patients had died. In ISAT 8.3%
of the surgically randomised patients were dead at
2 months, increasing to 10.1% at 1 year. Incidentally,
similar data were reported from the European and
Australian arm of the tirilazad study (LANzINO et al.
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Fig. 5.35a,b. Giant vertebral aneurysm in a 9-year-old boy with nausea and vomiting due to brain stem com-
pression. a DSA ap view. b Axial contrast-enhanced CCT)

1999a). The low randomization rate is another point
of criticism: randomization rates were less than
40% in NASCET and less than 4% in ACAS. ISAT
is within the range of randomization rates given by
other large studies. There is absolutely no indica-
tion that randomisation rate could affect the final
result. Beside these frequently asked questions there
are a number of important implications of ISAT:
ISAT will significantly change our policy for patients
with an unruptured aneurysm. We look ahead for
those metaanalyses based on the treatment results
of ISAT. Since ISAT it is mandatory that all patients
should be seen by a neurointerventionalist to decide
whether the aneurysm is suitable for coiling or not.
If one treatment is recommended over another, the
reasons for this decision should be documented as
in accordance with the usual standards for informed
consent. Furthermore, the ISAT data add support
for the treatment of patients with aneurysmal SAH
in high-volume centers that offer both surgery and
endovascular therapy.

5.4.3
Treatment of Unruptured Aneurysms

This is still a controversial topic and up to now there
is still no agreement about indications. First of all,
the easiest parts: there are two groups of unruptured

aneurysms, asymptomatic aneurysms detected in-
cidentally and those causing clinical symptoms due
to compression of nerval structures or emboli aris-
ing from the non-ruptured sac. The former group
also includes those aneurysms detected during an-
giography in patients with SAH with an aneurysm
in another location. The management of unruptured
aneurysms remains controversial and depends on a
full understanding of their natural history balanced
against the risks of treatment and long-term protec-
tion afforded. Aneurysm prevalence in the general
population shows wide variation. However, in those
with a family history of SAH, the prevalence of un-
ruptured aneurysms has been reported from 10% to
13% (KojiMma et al. 1998). And, detection of aneu-
rysms during life is increasing due to increased use
of accurate imaging methods and due to screening
programs introduced, e.g. in Japan. In summary,
unruptured aneurysms will be identified with regu-
larity in most units involved in neuroimaging and
the management of these patients is a universal
problem. Unfortunately, unruptured aneurysms are
a heterogeneous entity, both in terms of morphology
and behaviour, e.g. tendency to rupture. This is in
part reflected in the extreme variation in reported
5 year cumulative rupture rate in the literature be-
tween 0.05% and 5% (WIEBERS et al. 1998; WIEBERS
etal. 1981). Aneurysm size seems to be an important
factor to predict the risk of rupture: ISUIA part one




208

I. Wanke, A. Dérfler, and M. Forsting

tried to teach us that 10 mm is a critical size. Smaller
aneurysms (without a history of SAH from another
aneurysm) had a 5 year cumulative rupture risk of
0.05%. There was a lot of criticism about this study,
mainly because the daily experience of nearly all
physicians treating aneurysmal SAH patients is that
the vast majority of ruptured aneurysms are less
than 7 mm in size. The second part of the ISUIA
study - published in July 2003 - came out with a
slightly different result: the critical size of the aneu-
rysm was downsized to 7 mm and there were certain
locations with an increased risk of rupture per se:
Posterior circulation aneurysms and those aneu-
rysms arising from the posterior communicating
artery (WIEBERS et al. 2003). Other studies found
the incidence of rupture of all coincidental aneu-
rysms to be between 1% and 3.2% per year, with
hypertension and aneurysm multiplicity being spe-
cificrisk factors (WINN et al. 1983; Yasu1 et al. 1997).
Other factors for a higher probability of rupture
include multilobular aneurysm morphology
(HADEMENOS et al. 1998), posterior location
(HADEMENOS etal.1998; RINKEL etal. 1998; WIEBERS
et al. 2003), symptoms related to symptoms other
than SAH caused by the aneurysm, and female sex,
heavy alcohol consumption, smoking and hyperten-
sion (WERMER et al. 2007). A striking observation
in many studies on unruptured aneurysms is that
Acom aneurysms are generally underrepresented.
One possible explanation is that these aneurysms
have a different natural history; they may form and
subsequently rupture rapidly so that the opportu-
nity to detect these as unruptured lesions is limited.
If this explanation is true, the ISUIA findings (see
Table 5.2) have to be interpreted with much more
care than previously done. The early and late out-
come after surgery of unruptured aneurysms is well
documented in the literature. A meta-analysis by
RAAYMAKERS et al. (1998) of 61 studies on 2460 pa-
tients with 2568 clipped aneurysms showed a per-
manent morbidity of 10.9% and mortality of 2.6%
with the best results in small and anterior circula-

Table 5.2. 5-Year cumulative rupture rates of intracranial
aneurysms (WIEBERS et al. 2003)

Size/location <7mm 7-12mm 13-24mm >25
ICA/AcomA/ 0% 2.6% 14.5% 40%
ACA/MCA

PcomA/Posterior 2.5% 14.5% 18.4% 50%

circulation

tion aneurysms. A study by JoHNSTON et al. (1999a)
compared the clinical outcomes of patients who had
unruptured aneurysms treated by surgery and en-
dovascular therapy. Morbidity was significantly
higher in the surgical group (18.5%) than in the
endovascular group (10.6%). Mortality was 2.3% af-
ter surgery and 0.4% after coiling. A further study
by the same authors showed improved clinical out-
comes, shorter hospital stay, shorter recovery pe-
riod, reduced costs and reduced long term symp-
toms in those patients treated with coil embolization
(JorNsTON et al. 2000). Technical feasibility of over
90% in our patient group and in those of other au-
thors with a high occlusion rate justify comparison
with neurosurgical data on unruptured aneurysms
(MURAYAMA et al. 1999; WANKE et al. 2002). We had
amorbidity of 4.8%, mortality was zero. MURAYAMA
et al. (1999) reported a morbidity of 4.3% in a total
of 109 patients after endovascular treatment of un-
ruptured aneurysms, with no morbidity in the last
65 patients. Comparisons between surgical and en-
dovascular treatment of unruptured aneurysms
demonstrated that the costs treating an unruptured
aneurysm are significantly lower than treating pa-
tients with SAH regarding length of hospital stay
and sequelae of morbidity (JoHNSTON et al. 1999a,b,
2000; MURAYAMA et al. 1999; WARDLAW and WHITE
2000; WIEBERS et al. 1992). By comparing the results
of surgical clipping and coil embolization of 60 uni-

o P

Fig. 5.36. Distal basilar artery aneurysms in
a patient with right-sided oculomotor palsy
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versity hospitals, JoHNsSTON et al. (1999) reported
significant higher costs ($43,000 vs $30,000) and sig-
nificant longer hospital stay (9.6 days vs 4.6 days) for
the surgical cases. All these facts encourage us to
use the endovascular route instead of clipping in the
vast majority of patients with unruptured aneu-
rysms. In cases of a ruptured aneurysm in another
location the relative risk of rupture of an additional
non-ruptured aneurysm is higher than without a
history of SAH (WI1EBERS 1998) and therefore treat-
ment is indicated. However, in this specific subgroup
there are different opinions about the best strategy
(INaGawaA etal. 1992; Mizoretal. 1995, RAAYMAKERS
et al. 1998; WIEBERS 1998; WIEBERS et al. 2003). The
MARS group analyzed risk and benefit of screening
for intracranial aneurysms in first-degree relatives
of patients with SAH (626 first-degree relatives). Of

Fig.5.37. a DWI with silent small infarct of the
PICA after embolization of a left vertebral an-
eurysm. b,c DWI showing small acute cerebral
infarctions in the territory of the MCA after em-
bolization of an unruptured right paraophthalmic
aneurysm; the patient had no neurological symp-
toms

patients with aneurysms, 18 out of 25 had neurosur-
gical clipping of their unruptured aneurysm; none
of them had endovascular therapy. They conclude
that screening is not warranted at this time since the
slight increase in life expectancy does not offset the
risk of postoperative sequelae (RAAYMAKERS 2000).
WaRrRDLAW and WHITE (2000) concluded that the
indication and cost-effectiveness of screening for
aneurysms is totally unclear because prevalence
varies, rupture rate is still unclear and non-invasive
imaging modalities are not yet accurate enough to
exclude aneurysms smaller than 5 mm. The major
drawback of all these studies is that the results of
endovascular treatment in unruptured aneurysms
were not taken into account. More recently, HoH et
al. (2003) established that endovascular treatment
of unruptured aneurysms has an average mortality
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of 1.7% and morbidity of 7.6%. However, mortality
rate was lower at high-volume hospitals (1% vs 3.7%),
and morbidity at hospitals with high referral rates
was 5.2% vs 17.6% for hospitals treating less than
four unruptured aneurysms per year. In addition, at
high volume hospitals length of stay was shorter and
total hospital charges were significantly lower. In
conclusion, their recommendation to patients with
unruptured aneurysms is to look for high-volume
hospitals and physicians treating a high number of
patients (HoH et al. 2003). Currently, healthcare is
undergoing a major reorganization to meet growing
economic pressure and the aspect of preventive
therapy becomes more and more important. There-
fore, indication for treatment of an unruptured an-
eurysm has to be considered in several respects:
what is the risk of aneurysm rupture and what are
the costs to treat a subarachnoid hemorrhage? What
are the costs of treating an unruptured aneurysm
either neurosurgically or via an endovascular ap-
proach to avoid SAH with possibly fatal complica-
tions? Costs arising treating an aneurysmal hemor-
rhage have to be weighted against the risk of rupture
of an incidentally detected aneurysm. It is necessary
to provide the patient all treatment options. Regard-
ing the cost-effectiveness and the fact that endovas-
cular treatment has a lower morbidity and mortality
than neurosurgically treated patients, in our opin-

ion, unruptured cerebral aneurysms in any location
should be considered first for endovascular treat-
ment. In unruptured aneurysms we administer an-
tiplatelet therapy a week prior intervention in large
(>10 mm) and broad based aneurysms.

5.4.4
Treatment of Ruptured Aneurysms

SAH is the most common sequelae in patients with
a ruptured intracranial aneurysm. The first clinical
symptom is usually an acute onset of headache. In
most patients, such headache was not experienced
ever before in life (“the worst headache of my life”).
In patients with known migraine or other types of
headache SAH can be overlooked, but usually pa-
tients themselves can clearly distinguish between
these different types of headache. Aspirin should be
avoided in these patients. A warning leak, defined
as a sudden episode of headache, vomiting, nuchal
pain, dizziness or drowsiness, might precede this
event in a considerable number (HAUERBERG et al.
1991). The first symptom could also be due to an
intraparenchymal bleeding preceded by a minor
SAH. These patients typically suffer from a fron-
tobasal bleeding and might be referred to a psy-
chiatric department because of a sudden onset of

Fig. 5.38a,b. Frontal intraparenchymal hemorrhage without SAH due to a ruptured Acom aneurysm in a
patient with sudden onset of a psychotic episode
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Fig. 5.39a,b. Right MCA infarct in a patient who was administered with mild left sided hemiparesis.
Doppler sonography revealed slightly increased velocity of the ICA and MCA and lumbar puncture
showed hemosiderin. The patient did not report a typical sudden onset of headache. DSA revealed
a small Pcom aneurysm but no visible vasospasms

Table 5.3. Hunt and Hess classification of SAH

I  Asymptomatic, or minimal headache and slight nuchal
rigidity

II  Moderate or severe headache, nuchal rigidity, no neu-
rological deficit (except cranial nerve palsy)

III Drowsiness, confusion, or mild focal deficit

IV Stupor, moderate or severe hemiparesis, possible early
decerebrate rigidity and vegetative disturbance

V  Deep coma, decerebrate rigidity, moribund

a psychotic episode (YiLp1z et al. 2007). Therefore,
cross sectional imaging is indicated in patients with
sudden change of behaviour. Very few patients do
not experience the onset of SAH as an acute onset
of headache, but realize the symptoms of infarc-
tion due to subsequent vasospasm. In these patients,
Doppler sonography and lumbar puncture should
reveal the cause of the disease. Since the rebleeding
rate of a ruptured aneurysm depending on the loca-
tion is as high as 50% the urge to treat a ruptured
aneurysm is obvious. The clinical categorization of
patient’s symptoms was summarized by Hunt and
Hess. This classification is internationally accepted
and widely used to describe the patient’s condition
at admission after SAH.

5.4.5
Endovascular Therapy

5.4.5.1
History

Attempts to induce thrombosis of systemic aneu-
rysms either by introducing foreign bodies or appli-
cation of electrical or thermic injury date back to the
first half of the nineteenth century. Velpeu (1831) and
Phillips (1832) independently described a method
of introducing arterial thrombosis by inserting a
needle into the aneurysmal lumen and withdraw-
ing it after thrombus has formed. In 1941 Werner
and colleagues reported successful electrothermic
thrombosis of an acute ruptured intracranial aneu-
rysm. Through a transorbital approach, a silver wire
was introduced and heated, causing arrest of the
aneurysmal bleeding. GALLAGHER (1963) proposed
a technique of inducing thrombosis of intracranial
aneurysms by high-speed delivery of dog or horse
hairs into the aneurysm using a pneumatic gun (“pi-
lojection”) (GALLAGHER 1963, 1964; GALLAGHER
and Ba1z 1964). However, despite encouraging early
results this method did not gain acceptance. Fur-
ther improvements in endovascular devices, balloon
techniques, and arterial catheterization, rapidly led




212

I. Wanke, A. Dérfler, and M. Forsting

to the idea of endovascular navigation and occlu-
sion of the aneurysmal sac. The first successful bal-
loon embolization was performed by Serbinenko in
1973 (SERBINENKO 1974a,b), establishing the way
for modern endovascular treatment of cerebral an-
eurysms. However, several drawbacks of latex bal-
loons, i.e. deflation, aneurysm rupture, protrusion
into the parent vessel, distal embolization, and fre-
quent rebleedings, prompted the search for better
materials for aneurysm occlusion. Although balloon
occlusion of parent vessels is still a therapeutic op-
tion for large, giant, or fusiform aneurysms, this
technique has been mainly abandoned in favour of
coil embolization. In 1991, the Italian neurosurgeon
Guido Guglielmi published his preliminary expe-
rience with electrolytically detachable platinum
coils (Guglielmi Detachable Coils, GDC), opening
a new era in aneurysm treatment (GUGLIELMI et
al. 1991a,b, 1992). The “coiling” technique repre-
sents the current “gold standard” in endovascular
aneurysm therapy with more than 80,000 patients
having been treated worldwide to date. And there is
still ongoing progress in the field of endovascular
therapy for intracranial aneurysms with develop-
ment of new coil designs or other endovascular de-
vices. The next step is supposed to replace the simply
filling techniques with materials that promote real
endothelialization of the aneurysm neck.

5.4.5.2
Basic Assumptions for Endovascular Aneurysm
Therapy

5.4.5.2.1
Contraindications to Endovascular Aneurysm Therapy

True contraindications to endovascular aneurysm
therapy (EVT) are very rare including not manage-
able coagulopathies and known adverse reactions to
heparin or contrast agents. Renal failure restricting
the use of contrast material might be a relative con-
traindication. In cases of allergy to material which
is intended to implanted necessary for aneurysms
treatment, e.g. stents containing nickel, this poten-
tial risk should be weighted against the risk of alter-
native options. Case reports describing systemic al-
lergic reaction after implantation of medical devices
are published (Dasika et al. 2003; GIMENEZ-ARNAU
et al. 2000).

5.4.5.2.2
General Considerations About Surgery or
Endovascular Aneurysm Therapy

Initially, endovascular therapy was restricted to
surgical “difficult” or inaccessible lesions, predomi-
nantly in the posterior circulation. Nowadays, the

Fig. 5.40a-c. Multilobulated Acom aneurysm before (a,b) and after embolization (c)
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increasing experience and development of appropri-
ate devices has widened the indications, and EVT
has become a true alternative to surgical treatment
(MoLYNEUX et al. 2002). However, the current state of
the art in endovascular therapy still has some limita-
tions such as the anatomic situation of the aneurysm,
aneurysm size or unfavourable or invisible geometry
(neck/fundus ratio). Relative limitations correspond
to the expertise and experience of a given team. With
increasing experience even wide neck or multilobu-
lated aneurysms can be successfully treated via the
endovascular approach. The decision to treat an
aneurysm endovascularly rather than surgically is
not easy and requires a multidisciplinary input. It is

Fig. 5.41. a Broad based
basilar tip aneurysm. b,c
Endovascular treatment
was performed with a
stent and platinum coils.
The stent was deployed
with the distal end in the
P1 segment left and the
proximal end in the mid
basilar artery (markers).
Coiling was done through
the mesh of the stent.

d 10 month follow-up still
showed complete aneu-
rysm occlusion with re-
modelling of the basilar tip

important to jointly discuss the cases, preferentially
in daily conferences and rounds. This collaboration
requires both the neurosurgeon and the intervention-
alist to be extremely honest about what they think
they can achieve with each approach. Neurosurgery
and interventional neuroradiology are not competi-
tive facilities, but the complementary nature of tech-
niques offers the best chance for reducing treatment
morbidity and improving long-term outcome in dif-
ficult aneurysms. However, currently more and more
aneurysms are treated via the endovascular approach
and - in complete contrast to the situation of two
decades ago - surgery is increasingly indicated in
difficult endovascularly inaccessible aneurysms.
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In our institution, the way to decide who treats
the patient has changed somewhat over time. Dur-
ing the first 2 years each individual aneurysm was
discussed between neurointerventionalists and the
vascular neurosurgeons. Over time it turned out —
promoted by scientific data and by the institutional
experience - that the endovascular route should be
preferred, if technically possible, e.g. if the geometry
and anatomy of the aneurysm makes it suitable for
embolization. We have reached a point where most
of the aneurysms are treated by an endovascular
technique (up to 85%). Due to this circumstance
the question of how to maintain the neurosurgeon’s
expertise is becoming increasingly important. Re-
garding timing, in recent years the strategy of over-
all management has changed, focussing now on
early referral and immediate therapeutic interven-
tion to minimize the risk of rebleeding and enhance
the possibilities of aggressive neurointensive care to
prevent vasospasm and secondary ischemic compli-
cations. One benefit of the endovascular arm in ISAT
was the earlier treatment compared to the surgical

group.

5.4.5.2.3
Standards for Endovascular Aneurysm Therapy

The neurointerventionalist performing the proce-
dure should have appropriate training and experi-
ence in neuroangiography and cerebral interven-
tions, a full understanding of the disease process
and alternative methods of treatment, and should
fully appreciate the risks and benefits of the proce-
dure. A thorough understanding of vascular neuro-
anatomy, angiographic equipment, radiation safety
considerations, and physiologic monitoring equip-
ment is taken for granted, as well as access to an
adequate supply of catheters, guidewires, embolic
devices, equipment for intraarterial thrombolysis or
treatment of vasospasm. The neurointerventionalist
should be familiar with anticoagulation regimens
and detection and management of neuroangio-
graphic complications, such as treatment of vessel
occlusion, and vasospasm, as well as management
of intraprocedural aneurysm rupture. Endovascular
treatment should be performed within an environ-
ment in which appropriate neurosurgical care can
be instituted promptly. A readily available neuro-
surgeon should be aware of the endovascular pro-
cedure prior its start and available to back up if
necessary. A CT scanner should be readily available
in the facility.

5.4.5.2.4
Radiographic Equipment Standards for Endovascular
Aneurysm Therapy

The availability of a biplane angiography with digi-
tal subtraction technique, a high resolution image
intensifier and road-mapping fluoroscopy capabil-
ity is desirable for endovascular aneurysm therapy.
Specifically in difficult anatomic locations the ca-
pability of 3D angiographic techniques (either CTA
or DSA) can be extremely helpful. Development of
flat panel technique might further improve patient
management during endovascular procedure since
a cross sectional imaging method with a high spa-
tial and contrast resolution, readily available in the
angio suite, allows immediate imaging of the brain
parenchyma, subarachnoid space and ventricular
system (AKPEK et al. 2005).

5.4.5.2.5
Peri- and Postprocedural Care

Theroleofanaesthesiaininterventionalneuroradiol-
ogy consists in providing patient comfort by analge-
sia and sedation, adequate monitoring, maintenance
of vital functions and (if required) management of
systemic heparinization. The patient’s underlying
condition, duration and kind of intervention have to
be considered to decide on the anaesthetic manage-
ment (LUGINBUHL and REMoONDA 1999). Emboliza-
tion of intracranial aneurysms is performed with
the patient in general anaesthesia at most centres.
Although such an approach does not allow intra-
procedural evaluation of the patient’s neurological
status and carries additional risks associated with
general anaesthesia and mechanical ventilation
(PHUONG et al. 2002), we clearly prefer it during
all endovascular procedures occluding intracranial
aneurysms. A British group recently published that
GDC occlusion of an intracranial aneurysm can be
performed in a safe manner with the patient awake
(QURESHI et al. 2001). However, if aneurysm rup-
ture occurs during treatment it is quite difficult to
continue embolization if the patient is under local
anaesthesia alone. In order to minimize thrombo-
embolic complications, anticoagulation and or an-
tiplatelet therapy is useful. We recommend admin-
istration of i.v. aspirin, which we routinely start in
ruptured aneurysms after insertion of the first coil.
In unruptured aneurysms administration of aspirin
is started at the best at least one week prior to the
intervention. Every patient receives aspirin (100 mg/
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day) for 3 months after the procedure. There are
no evidenced-based data recommending a standard
therapy against blood clotting, some groups hepa-
rinize all patients during the intervention. If throm-
bus formation occurs during treatment and does
not resolve after elevation of the blood pressure and
aspirin iv. then glyocoprotein receptor antagonists
are recommended since they have a partial lytic ef-
fect. Again local fibrinolysis with urokinase or rt-PA
is not recommended in patients with ruptured an-
eurysms because fatal rebleeding is often observed.
For recanalisation of occluded vessels, mechanical
tools should be used instead of rt-PA. If the patient
was in good condition before the treatment or had an
unruptured aneurysm he should be extubated in the
angio suite. This is specifically important after treat-
ment of MCA and basilar tip aneurysms: these are
associated with a higher risk of thrombotic compli-
cations resulting in morbidity. After the procedure
the patient should be supervised on an intensive
care unit and must be monitored by an experienced
neurovascular team in order to detect symptomatic
vasospasms before occurrence of infarction. Moni-
toring (clinical status including transcranial Dop-
pler sonography, heart rate, blood pressure, pO,,
puncture site) should be done at least for 24 h in all
patients with an unruptured aneurysms, in case of
a recent bleeding monitoring is depending upon the
clinical status and on the interval of the bleeding, but
should at least continue for 7 days. The patient then
could be transferred to an intermediate care unit,
where continuous surveillance of vital parameters
and a regular examination by experienced nurses
is performed. No endovascular procedure should
be performed without an appropriate follow-up
imaging protocol. In our institution, every patient
gets a MR scan (MRI and MRA: TOF and contrast
enhanced MRA) within 3 days after the procedure.
In cases of satisfied occlusion rate (total or subtotal
occlusion) the patient should be scheduled for a con-
trol DSA and MRA 6 months after the procedure. If
there is a good correlation between DSA and MRA at
6 month follow-up could be done solely with MRA.
We try to get follow-up imaging for at least 3 years
but try to continue follow-up as long as the patient
collaborates.

5.4.6
Devices for Endovascular Aneurysm Therapy

5.4.6.1
Catheters and Delivery Systems

Since LUESSENHOPP et al. (1960) reported the first
intravascular cerebral embolization of an AVM by
injecting silastic beads into the arteries of the neck,
endovascular treatment of brain diseases has been
considerably refined. There has been improvement
in fluoroscopic equipment, angiographic techniques
and progressive miniaturization of endovascular
devices to permit increasingly more distal, so to
say “superselective”, catheterization. The following
section tries to give an overview of the different
materials to be used in endovascular therapy of
intracranial aneurysms. However, it is a subjective
choice. We did not want to give a complete over-
view; this can be done by the companies. In addition,
products change so fast that a book like this cannot
be up-to-date. We simply picked a few examples and
give some general comments. We were not paid by
any company to either mention or not mention any
particular product. In general, it depends on indi-
vidual experiences what type of catheter, wire or coil
you use. A book is written by individuals and we do
have individual opinions. Every reader, however, is
welcome to comment on our recommendations.

5.4.6.1.1
Guiding Catheters

Distal placement of the guiding catheter in the in-
ternal carotid or vertebral artery facilitates stable
navigation of the microcatheter and subsequent coil
placement. A soft tip with hydrophilic coating allows
atraumatic distal catheterisation. A large inner lu-
men enables continuous flushing and road mapping
or angiograms during the procedure without a sec-
ond guiding catheter in place. Continuous flushing
with heparinized saline through a hemostatic valve
is essential to prevent retrograde flow and clotting.
In general, this is possible with 5- or 6-F guiding
catheters, such as Envoy (Cordis), or FasGuide (Bos-
ton Scientific).

5.4.6.1.2
Microcatheters

In general, there are two types of microcatheters
available: wire-directed microcatheters of 0.010-
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0.016 in calibre, and flow-guided microcatheters
usually close to 0.010 in. Flow-guided microcath-
eters are mainly used for the treatment of AVMs
to deliver liquid embolic agents or small particles.
For endovascular aneurysm therapy wire-directed
microcatheters are mandatory. Their hydrophilic
coating facilitates distal catheterizations. Micro-
catheters for aneurysm therapy usually have two
markers at the distal end to allow alignment of the
detachment zone of coils regardless of the type of
detachment. We prefer to use an Excel 14 (Boston
Scientific) but other sizes mainly depending of the
material intended to use are also suitable to treat an-
eurysms. Steam shaping of the distal tip, individu-
ally formed according the neck, direction and size
of the aneurysm to be catheterized might be helpful.
Microcatheters already preshaped (Prowler; Cordis
Corp.) are also available. Shaping of a microcatheter
should be part of the training of all neurointerven-
tionalists.

5.4.6.1.3
Microwires

The ideal microwire is flexible, soft, shapeable,
with an atraumatic tip, easy to navigate, and has
no or minimal friction. These qualities are difficult
to combine in one device. Neurointerventional mi-
crowires are of 0.010-0.016 in caliber. Most of the
available microwires have a hydrophilic coating. In
our institution, we prefer the Transend 0.014 (Bos-
ton Scientific) combining most of these qualities.
The Terumo wire 0.016 and 0.010 are of excellent
torqueability, but have a very stiff preformed tip,
that can easily injure the vessel wall or rupture
the aneurysm sac. Therefore, we do not use them
for aneurysm therapy any more. For intracranial
stenting long exchange micro-wires (> 300 cm)
may be helpful. They vary considerably in stiff-
ness. Most of the wires from cardiology are too
stiff and therefore cannot be recommended for
intracranial use. Softer wires, like the ACS High
Torque Traverse (Guidant), or the ChoICE (Bos-
ton Scientific) are better, but they still have the
potential to perforate distal vessels. Recently, the
Transend became available with a length 0f 300 cm
and is now the standard wire at our institution
for intracranial stent procedures. However, we are
convinced that even the delay between writing the
manuscript and availability of the book will give
the companies enough time to further improve
their products.

5.4.7
Embolic Materials for Endovascular Aneurysm
Therapy

In general, there are four different types of embolic
materials available: balloons, particles, coils and
liquids.

5.4.7.1
Detachable Balloons

Detachable balloons, initially developed by Ser-
binenko for the selective treatment of aneurysms,
now are mainly used for major vessel occlusion, such
as the internal carotid or vertebral artery. The bal-
loon is mounted at the distal end of a microcatheter,
then navigated in the targeted position and after
filling with contrast material or a solidifying agent
it is detached from the microcatheter. Balloons are
available with self-sealing valves ensuring that the
balloon remains inflated when the microcatheter is
withdrawn. There are two types of balloons avail-
able: latex balloons and silicone balloons. Latex
balloons: While latex is an essentially impermeable
membrane, silicone is semipermeable. They have a
tendency to undergo spontaneous deflation within
days or weeks. Silicone balloons: These have to be
inflated with isomolar solutions. Silicone balloons
have a higher expansion coefficient and are softer
and less rigid than latex balloons. Under normal
circumstances they do not deflate, unlike latex bal-
loons, and do not induce a surrounding inflamma-
tory reaction to adjacent tissue. Silicone balloons
have a propensity for forward movement.

5.4.7.2
Nondetachable Balloons

Various nondetachable balloons are available for
temporary vessel occlusion, angioplasty for vaso-
spasm therapy or remodelling techniques for broad
based aneurysms. Larger vessels like the carotid or
vertebral artery can be occluded with a double lu-
men balloon catheter, i.e. Meditech (Cook). For in-
tracranial angioplasty and remodeling smaller, more
flexible balloons, like the Hyperglide (MTI), Eclipse
(Balt), or the Copernic (Balt) are required. Addition-
ally to these balloons the Hyperform microballoon
(MTI) can be used for remodelling technique.
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5.4.7.3
Coils

There is a great variety of different coils currently
available. Stainless steel coils have been used for a
long time for peripheral embolizations. Due to an
attached Dacron fibre they are extremely thrombo-
genic, facilitating even parent vessel occlusion. They
might be increasingly used for this indication, if de-
tachable balloons are really not available any more.
However, for cerebral embolizations they are too
stiff. Platinum coils are much softer than stainless
steel coils. Meanwhile, there exist different types
of CE marked detachable platinum coils provided

from different companies. All of those are retriev-
able and are similar in the compound of the alloy,
but they mainly differ in their technique to detach.
The newest generation of coils has a coated surface
or provides bioactive substances in order to facilitate
endothelial growth and real healing of the aneurysm
entrance.

Over the last several years, the number of coil
sizes has been increased, multidimensional coils
have become available, and, more recently, softer
coils allowing safer initial and last coil placement
have been introduced.

They are available in different shapes, lengths
and diameter for neurointerventional procedures.

Fig.5.42a-d. Acom aneurysm: angiogram before endovascular therapy, after placement of the first GDC
(GDC 10: 6x15 3D) and after complete coil occlusion
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Stretch-resistant (SR) coils have a polypropyl-
ene thread through the primary helix, associated
with greater strength of the coil. It provides more
safety against damage if it needs to be withdrawn
from the aneurysm. We strongly recommend using
the stretch-resistant-type coils whenever possible
or available. This technology really helps to protect
patients and reduces the stress factor for the inter-
ventionalist.

Recently there has been growing interest in
modifying platinum coils by coating the surface
with extracellular matrix proteins, non-biodegrad-
able polymers, fibroblasts, and vascular endothelial
growth factors. Experimental studies indicate that
these modifications might promote endothelializa-
tion, clot organization, and tissue integration of the
coils and thereby may lead to improved aneurysm
occlusion and outcome (ABRAHAMS et al. 2000,
2001a,b; DawsoN et al.1995; KALLMES et al. 1998;
MURAYAMA et al. 1997, 2001).

5.4.7.4
Detachable Coils

GUGLIELMI et al. (1991a,b) developed electrolytically
detachable platinum coils (GDC) for endovascular
occlusion of aneurysms. The coil is attached to a
stainless steel delivery wire. This allows reposi-
tioning and selective placement of the coil within
the aneurysm. The coil can be delivered through
a microcatheter and is detached electrolytically by
applying a 9V positive electric current to the pa-
tient. The current dissolves the non-insulated stain-
less steel junction located between the GDC and the
insulated delivery wire. Using the new generation
GDC detachment takes about 20-30s. Detachable
coils in general have to be delivered through special
microcatheters, which have a radiopaque marker lo-
cated 3 cm from the distal tip of the microcatheter.
For detachment of the coils the radiopaque marker
of the delivery wire of the coil usually has to be
aligned to the marker of the microcatheter. The coil
design combines the advantage of very soft, compli-
ant platinum and retrievability resulting in mark-
edly improved safety and efficacy. An improperly
fitting coil can be removed, repositioned or replaced
with another coil of different size, length or shape.
Recently, many new designs in coil configuration,
shape, and material have become available by nu-
merous vendors and have significantly increased
the versatility of this device for aneurysm therapy.
Bidimensional coils (2D coils), in which the first 1.5

coil loop is about 75% smaller in helical diameter,
helps the following loops to stay within the aneu-
rysm and avoids protruding into the parent artery. A
lot of 3D coils are available from different companies
(Boston, Micrus, Microvention). Due to its spherical
shaped memory this 3D coils spontaneously form
a complex cage after deployment thereby serving
as basket for subsequent coils. Ourselves, we very
rarely use 3D coils. In the vast majority of patients,
conventional 2D coils allow a complete packing of
the aneurysm, 3D coils will not increase packing
density. This was confirmed by P10oTIN et al. (2007).
They found that 3D coils do not augment packing
density. In the same study they had an interesting
finding in their group of aneurysms treated with
complex coils, helical coils or a combination of both:
packing density - thought to have a major impact
on recurrencies - is not related to protection against
recurrence.

5.4.7.5
Hydrogel-Coils

Hydrogel-coils (MicroVention, Inc., Aliso Viejo,
CA) consist of a carrier platinum coil coupled to an
expandable hydrogel material, which undergoes a
tremendous increase in volume when placed into a
physiological environment with a certain pH value,
e.g. blood. Compared to a non-coated platinum coil
10, a fully expanded hydrogel coil 14 of the same
length will have seven times the volume. The hydro-
gel coils were designed to offer an enhanced ability
to fill aneurysm cavities. Distinct from previous de-

Coil

HydroCoil
18 14

HydroCoil 1

Fig. 5.43. Different size of Hydrogel-coated coils in com-
parison with bare coils
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vices aimed at speeding the organization of throm-
bus, the new device has been designed to entirely fill
the aneurysm cavity, with complete or near-com-
plete exclusion of thrombus. Unlike thrombus, the
hydrogel material is stable and unaffected by natural
thrombolytic processes and thus may reduce ob-
served rates of aneurysm recanalization (KALLMES
and FujtwArA 2002). In our own series aneurysm
treatment with hydrogel coils was extremely prom-
ising. Complication rate was not higher than usual.
Long-term observations need to reveal if there is
a real benefit over bare platinum coils. The HEAL
study, a multicenter registry randomizing aneu-
rysms to treatment with hydrogel vs treatment with
bare coils, did show that when used 75% or more

Fig.5.44a-d. A 39-year-old male, SAH 2 years
previously, second recurrent aneurysm after em-
bolization with bare coils (a) after hydrogel-coil-
embolization (b), and 6 month FU with a stable
result (c). d ToF-MRA after 2 years showed stable

aneurysm occlusion

hydrogel coil length aneurysm recurrent rate at 3-
6 month follow-up was 0%. But when less than 75%
of hydrogel coil length was implanted recurrent rate
was not lower than published rates (CLoET 2007).
KaNG et al. (2007) analysed recanalisation rates in a
multicenter trial and had only 9% major recanalisa-
tion mainly in large aneurysms. BERENSTEIN et al.
(2006) found a lower compaction and recanalisation
rate in larger aneurysms but observed some cases
of delayed hydrocephalus. A matched pair analyses
found also lower recurrent rates and stated a higher
packing density with hydrogel coils with decreased
coil length (GaBA et al. 2006) which is an important
point since those coils are more expensive than bare
coils.
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5.4.7.6
Three-Dimensional Coils: TriSpan

To support coil deposition of wide-necked aneu-
rysms a detachable device, the TriSpan (Boston Sci-
entific, Fremont, USA) was designed and approved
for clinical use in Europe. The TriSpan can be placed
at the base of the aneurysm prior to coil emboli-
zation which is delivered through a second micro-
catheter. The TriSpan acts as a supporting structure
and bridges the neck for subsequent coils. However,
experience with this new device is limited mainly
to broad-based basilar tip aneurysms. Since it is
combined with an additional catheter the procedure
is somewhat more complex and not really widely
used.

5.4.7.7
Stents

The idea of using an intravascular stent followed by
trans-stent placement of coils is a treatment option
in patients with a wide-necked aneurysm in which
direct surgical clipping or conventional endovascu-
lar therapy would be difficult or impossible, and in
whom parent artery occlusion is not a viable option
(BYRNE et al. 2000; LANZINO et al. 1999b; HorROWITZ
et al. 2001; LowNIE et al. 2000; LYLYK et al. 2001).
Stents are deployed either by balloon expansion or
release of a self-expanding nitinol or steel stent from
a constraining sheath. Balloon expandable stents
had been used for intracranial treatment, usually
coronary stents (covering size ranges up to 4 mm),
but these stents are very stiff and bearing the risk of
damaging a dysplastic aneurysm bearing segment
of the artery with eventual rupture of the vessel. The
large profile and relative stiffness of these stent de-
livery systems limit the locations that are able to be
accessed and increase the risk of vessel dissection.
In summary, the balloon expandable stents were not
areal treatment option. Complication rates were too
high and in the majority of patients it was impossible
to obtain access to the intracranial target vessel.
Covered stents would be extremely useful in large
or giant aneurysms as long they are located along
vessel segments without perforating arteries. They
can exclude aneurysms located at the extracranial
part of the ICA up to the paraophthalmic segment;
and of course at the vertebral artery. The advantage
is that filling of the aneurysm with embolic material
is not necessary, but the disadvantages are first the
limited locations where deployment is suitable and

second the stiffness of the system which makes ac-
cess to the target vessel sometimes impossible.

5.4.7.8
Stents Designed for Intracranial Use

Nowadays there are several self expanding stents spe-
cifically designed for intracranial use available. These
stents are extremely flexible and access through tor-
tuous vessels is facilitated. Even distal arteries can be
reached easily. Since they are not balloon mounted
the risk of damaging the artery is reduced.

The Neuroform Stent (Boston Scientific, USA) is one
of these self expandable microstent systems. It consists
of three parts: the self expanding microstent, which
is supplied in a 3-F delivery microcatheter, and a 2-F
stabilizer. The stent comes preloaded in a 3-F delivery
catheter and is currently available in diameters from
2.0to 4.5 mm, in 0.5 mm increments, and in lengths of
15 mmand 30 mm. In our experience the stentrevealed
an excellent tractability and could be easily navigated
even through very tortuous vessels. We did not observe
occlusion of perforating arteries which were covered
by the stent (WANKE et al. 2003). In our experience
with nearly 100 implanted stents of this type the self-
expandable Neuroform is an enormous improvement
in treating formerly endovascularly untreatable aneu-
rysms. Many broad-based aneurysms — most of them
surgical candidates up to now - can be treated with
this device. Some other self expanding stents are now
available with different designs: Enterprise (Cordis),
Solo (MTT) and Leo (Balt). The advantage of the Enter-
prise and the Solo is that they can be withdrawn even
if more than 75% of the stent is already deployed. Both
are as flexible as the Neuroform stent. A large series
from FIORELLA et al. (2006) analysed a large series of
stent assisted aneurysm treatment (n=156) and found
an instent-stenosis rate of 5.8%, but only 1.7% were
symptomatic. First published data about aneurysm
recurrences after stent assisted treatment are promis-
ing and showed good midterm angiographic results
focussed on the subgroup of wide necked aneurysms
(F1oRELLA et al. 2005; WANKE et al. 2005; BIONDI et al.
2007). Future developments, such as covered or coated
or high profile stents lining the neck of the aneurysm,
would effectively exclude the aneurysm from the cir-
culation and might theoretically present a perfect cure
for selected aneurysms. Depending on the stent design
coiling might not be necessary any more since a dense
stent mesh would promote aneurysm thrombosis.
Preliminary data proved aneurysms thrombosis in all
experimental induced aneurysms without consecutive
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coiling using a very high profile stent (KALLMEs et al.
2007).

5.4.7.9
Liquid Embolic Agents

Liquid materials are commonly used for endovas-
cular treatment of AVMs. Cyanoacrylate, a common
used liquid embolic material in brain AVMs, poly-
merises after contact with blood and becomes solid
(EskRIDGE 1989). The use of liquid embolics for en-
dovascular occlusion of cerebral aneurysms is still
limited to a small group of patients and there is only
limited experience with that technique (MACDONALD
etal. 1998; TOKUNAGA et al. 1998). An important issue
of this technique is the difficulty to prevent migration
of the liquid adhesive into the parent artery. New lig-
uid embolic agents, such as Onyx (MTI, Irvine, CA),
are used in combination with protective devices, such
as balloons, and/or stents. Onyx (MTI, Irvine, CA)
is a biocompatible polymer (ethylene-vinyl alcohol
copolymer, EVOH) dissolved in its organic solvent
dimethyl sulfoxide (DMSO). To obtain an appropriate
radiopacity, micronized tantalum powder is added.
When this mixture contacts a liquid agent such as
blood, DMSO rapidly diffuses away from the mix-
ture, causing in situ precipitation and solidification
of the polymer. The use of Onyx and DMSO requires
dedicated microcatheters to prevent material incom-
patibility between the solvent and the hub plastics. In
their experimental study, MurRaYaMA et al. (2000)
demonstrated the technical feasibility of endovas-
cular therapy using this liquid agent and different
protective devices in porcine side-wall aneurysms.
Currently, mainly large or giant ICA aneurysms are
treated with this technique because this approach
usually allows selective occlusion of the aneurysm
with preservation of the parent artery. However, it
turned out that using this material to treat aneu-
rysms recanalisation rates are not reduced as previ-
ously thought (CEKIRGE et al. 2006). Recanalisation
rate in large and giant aneurysms were still 36%.

5.4.8
Techniques of Endovascular Therapy

5.4.8.1
General Remarks

Neurointerventional methods concerning aneurysm
treatment are broadly classified as deconstructive or

reconstructive procedures. We therefore distinguish
two strategies to treat cerebral aneurysms via the
endovascular approach: first, occlusion of the aneu-
rysmal sac with embolic material preserving the
parent artery and, second, in otherwise untreatable
aneurysms occlusion of the parent artery in order
to exclude the aneurysm from the blood circulation.
Endovascular therapy for intracranial aneurysms
has evolved tremendously since Serbinenko pio-
neered embolization of the parent artery with latex
balloons in the 1970s (SERBINENKO 1974a,b). Occlu-
sion of the parent artery has become a therapeutic
alternative especially in patients with giant broad-
based aneurysms of the internal carotid artery
which are surgically inaccessible. The basic assump-
tion for this treatment modality is that the patient
will tolerate parent vessel occlusion without isch-
emic complications. Although there is no general
consensus about the protocol to predict patient’s
tolerance to permanent vessel occlusion, some au-
thors recommend blood flow studies to decide which
patient will tolerate acute balloon occlusion and who
will need an extracranial-intracranial (EC-IC) by-
pass to avoid ischemic complications (BRUNBERG et
al. 1994; ECKARD et al. 1992; Fox et al. 1986; LINSKEY
et al. 1994; STANDARD et al. 1995; YoNAs et al. 1992).
Complex scenarios include balloon test occlusion
with SEP monitoring, SPECT imaging before, during
and after test occlusion, and different degrees of
hypotension during test occlusion. In our experi-
ence, a pretty simple test has a high predictive value:
the compression test with injection into the contra-
lateral ICA while the symptomatic ICA gets com-
pressed. If the veins of the compressed side opacify
not more than 1 s later than those of the injected
site, anatomical preconditions for ICA occlusion are
excellent. More important than the “development”
of numerous test or pre-test procedures is probably
how to take care for the patient after the procedure.
Our strategy is to keep the patient recumbent and
elevate his head by 30°/day. Blood pressure should
be alittle bit above the normal level in order to adapt
to the different blood flow. After the third day the
patient is allowed to sit on the bed, on day 4 the
patient can walk with assistance. In case of any prob-
lems during the first walk around, the period of
lying down should be prolonged. In experienced
hands occlusion of the parent artery has proved to
be safe, convenient and effective. Vessel occlusion
could be done either with a detachable balloon or
detachable coils positioned proximal to the aneu-
rysm. Some authors recommend lesion trapping in
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Fig.5.45a-e. Giant internal carotid artery aneurysm in a 10-year-old boy presenting with visual disturbance of the right
eye. a Conventional angiography. b T2-weighted MRI. ¢ Endovascular occlusion of the right internal carotid artery with
balloons was performed. d Injection in the left ICA demonstrates sufficient collateralization of the right hemisphere via
the Acom. e T1-weighted MRI, coronal plane: before therapy and at 6 month follow-up demonstrating complete retraction
of the aneurysm
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order to prevent retrograde filling of the aneurysm
(BERENSTEIN et al. 1984; DEBRUN et al. 1981; Fox et
al. 1987; HiesHIMA et al. 1981; HIGASHIDA et al. 1989,
1991; KuPERSMITH et al. 1984; LARSON et al. 1995;
NELSON 1998; PASQUALIN et al. 1988; SERBINENKO
1974a,b; TAN et al. 1986; vaN Rooiy et al. 2000). In
order to reconstruct an aneurysm bearing vessel
there exist different techniques nowadays. In the
past aneurysmal sac occlusion with a detachable
balloon was performed but this is now clearly obso-
lete. Although it is technically feasible there is no
detachable balloon with different configurations
which could be navigated over a microwire in order
to access the aneurysm lumen in an arbitrarily man-
ner. In addition, the relative high risk of complica-
tions - mainly due to thromboembolic events as well
as aneurysm rupture during or after the procedure
- with a high procedure-related mortality (reported
up to 18%) as well as the fact that the balloon would
not keep its configuration over time necessitated a
more sophisticated endovascular technique for an-
eurysmembolization (DEBRUNetal. 1981;HIGASHIDA
et al. 1989, 1990, 1991). Over the last 20 years, im-
provement in the development of flexible microcath-
eters which can navigate through cerebral vessels to
lesions distally has allowed the treatment of an in-
creasing range of intracranial aneurysms. The focus
of modern endovascular therapy has shifted to the
use of detachable platinum coils. In 1991, the first
detachable platinum coil was introduced for treat-
ment of cerebral aneurysms - the so-called Gug-
lielmi detachable coil (GDC) developed by the for-
mer company Target Therapeutics, CA, USA.
Through a guiding catheter (e.g. 5F, 6 F) a micro-
catheter (2.3 F) is coaxially advanced into the cere-
bral vasculature and over a soft microwire it can be
navigated into the aneurysm lumen, optimal placed
in the aneurysm center in a stable position. To ease
the access into the aneurysm the wire should be
configurated and the microcatheter can be pre-
shaped over steam but is also available in a pre-
shaped configuration with different angles. There-
fore, it is very important that neither the catheter
nor the wire will contact the aneurysm wall too
strongly in order to avoid aneurysm rupture. The
interventionalist should be always aware of possible
movements of the catheter while manipulating with
the wire or with the coil. After gently and slowly
removing the microwire the first platinum coil is
delivered through the microcatheter. Pioneering in
the development was that these coils are retrievable
until the operator is satisfied with placement and

then could be detached. The diameter of the first coil
should be chosen according to the aneurysm diam-
eter. The size of the following coils is usually the
same of the first coil or smaller to densely pack the
center of the aneurysm. There is no general rule
which coil configuration, complex or helical, should
be used first, some groups solely use complex coils.
Introduction of coils should be continued until no
more coils can be deployed into the aneurysm. The
idea of this treatment is to fill the aneurysmal sack
with coils and thrombus in order to exclude it from
the blood circulation and thereby prevent bleeding.
Endosaccular embolization with platinum coils is
performed in unruptured aneurysms and in patients
acutely ill after subarachnoid haemorrhage. Usually
and specifically in patients in the acute stage of
bleeding endovascular embolization is done under
general anaesthesia (GA). We recommend intubat-
ing all patients because in the case of a complication,
e.g. aneurysm perforation, the patient’s status could
deteriorate suddenly and dramatically. A standard
transfemoral approach is used like in diagnostic an-
giography. Endovascular embolization of cerebral
aneurysms could be done without GA (QURESHI et
al. 2001). But, in order to manage procedure-related
complications such as aneurysm perforation better,
we recommended local anaesthesia only for those
patients who clearly have an increased risk with GA.
Although there are several advantages of coil embo-
lization over surgery, there is a disadvantage of en-
dovascular treatment. Due to coil compaction and
residual inflow in initially incompletely obliterated
aneurysms a potential risk of recanalization with
aneurysmal regrowth exist. In particular, the geom-
etry of wide-necked aneurysms is less favourable for
obtaining maximal coil packing (ToNG et al. 2000).
In cases of an unfavourable dome to neck ratio en-
dovascular treatment can be feasible and sometimes
more effective by simultaneous temporary balloon
protection. Hereby, a microcatheter-mounted non-
detachable balloon provides a temporary barrier
across the aneurysmal neck while introducing the
coils into the aneurysmal sac. Reports in the litera-
ture have offered discussions of the feasibility, effi-
cacy, and safety of balloon-assisted coil placement
in wide-necked intracranial aneurysms which was
first described by J. Moret in 1997 as the “remodel-
ling technique”. The use of simultaneous temporary
balloon protection may allow more dense intra-
aneurysmal coil packing, especially at the neck,
without parent artery compromise than did the use
of coils alone (ALETICH et al. 2000; MALEK et al.
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Fig. 5.46a-f. Giant paraophthalmic aneurysm in a 37-year-old female with vision loss on left
side. Aneurysm was completely excluded by deploying a covered stent (Mastergraft, Jomed).
Note: after stent placement perfusion of MCA branches is much better
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2000; MERICLE et al. 1997; MoORET et al. 1997a,b;
NEeLsoN and LEvy 2001). Despite enormous advances
in the development of flexible microcatheters, coil
configurations, and embolic materials and use of
remodelling technique, wide-necked aneurysms
still remain a therapeutic challenge to 100% occlude
the aneurysm. However, incomplete occlusion car-
ries the risk of aneurysm recanalization, regrowth
and rerupture (BYRNE et al. 1999; COGNARD et al.
1999; RaAYMOND et al. 2003). With the recent devel-
opment and refinement of endovascular stents, the
significant potential for these devices in the treat-
ment of wide-necked and fusiform aneurysms has
become apparent. The technique of using an intra-
vascular stent to create a bridging scaffold followed
by endovascular placement of coils through the in-
terstices of the stent into a wide-necked or fusiform
aneurysm has been described in experimental stud-
ies (BYRNE et al. 2000; MASsoUD et al. 1995; SZIKORA
et al. 1994) and in humans (HiGasHIDA et al. 1997;
Horowirz et al. 2001; LANZINO et al. 1999; LOWNIE
et al. 2000; LyLYk et al. 1998, 2001; MERICLE et al.
1998; SEXHON et al. 1998; WEBER et al. 2000, WANKE
et al. 2003). As described before, new flexible and
self expanding stents are available now and create
the next shift from surgery towards endovascular
therapy.

5.4.8.2
Remodelling Technique

The remodelling technique was first introduced by
Jacques Moret in 1997 (MORET et al. 1997a,b). This
technique was developed for wide necked aneurysms
for which conventional coiling techniques without
any aid of a device is not feasible. The technique
comprises the temporary inflation of a non-detach-
able balloon in front of the aneurysm neck during
each coil placement. Hereby, coil prolapse or protru-
sion is avoided. In this study this technique allowed
the treatment of 52 wide neck or badly shaped aneu-
rysms that were not treatable without this technique.
The same group treated MCA aneurysms with this
technique and noticed that remodelling technique
is a fundamental tool in the treatment at this loca-
tion (VANzIN et al. 2005). A potential risk might
be induced by higher pressure inside the aneurysm
while inflation of the balloon and inserting coils
facilitating aneurysm rupture. But in this case rein-
flation of the balloon and immediate further coiling
is the consequence. Some studies did reveal a higher
percentage of thromboembolic complications others

did not (SLuzewskI et al. 2006; MORET et al. 1997a,b;
VANZIN et al. 2005). Sluzewski and colleagues did
perform balloon-assisted coil embolization in 8.6%
out of 827 aneurysms and found a higher thrombo-
embolic rate of 14.1% compare to 3% in those proce-
dures without using a balloon. In addition, packing
density was calculated and did not differ between
conventional and balloon-assisted coiling, and for
the authors it was not surprising that recanalisation
rates did not differ either. In our opinion, probably
selection of the aneurysms is completely different
in those series. There are groups using a balloon
in almost all aneurysms, assuming that it would
probably not necessary in most of them. The group
of Sluzewski and colleagues did use a balloon only
when conventional coiling was not feasible, in very
large and geometrically very difficult configurated
aneurysms and might therefore account for more
complications. The future will show whether bal-
loon assisted coiling would be replaced by deploying
stents since there is already a trend that healing after
stenting is better and that results in reduced recana-
lisation rates. So finally, stents and balloons are both
nice mechanical protection devices that avoid coil
herniation into the parent vessel and allow treating
broad-based aneurysms via the endovascular ap-
proach. However, stents are bioactive by stimulat-
ing neointimal growth. At the end, this feature of
bioactivity with an increased healing effect might
replace the remodelling technique.

5.4.9
Anatomic Considerations for Endovascular
Aneurysm Therapy

Usually, there is not just one way to treat an an-
eurysm. The right treatment depends on the skills
and experience of the team and may differ from our
recommendations. We mainly report our own way of
treating different aneurysms, but do not think that
it cannot be done in another way.

5.4.9.1
Internal Carotid Artery

Aneurysms of the internal carotid artery account
for about 30%-40% of all intracranial aneurysms.
Therefore, the ICA is the most frequent aneurysm
bearing artery. In descending frequency ICA an-
eurysms do occur at the following sites: posterior
communicating artery (52%), termination of ICA
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(20%), paraophthalmic segment (13%), cavernous
ICA (10%), anterior choroidal artery (5%). Due to the
surgical inaccessibility the endovascular approach
is the therapeutic modality of choice in proximal
symptomatic aneurysms. Carotid artery occlusion
is usually the therapeutic modality of choice in gi-
ant symptomatic wide-necked ICA aneurysms. This
leads to subsequent thrombosis and regression of
the aneurysmal sac. Ideally, ICA occlusion is per-
formed distal and proximal to the aneurysm origin
in order to prevent retrograde filling of the ICA with
subsequent filling of the aneurysm (see section par-
ent artery occlusion). However, the proximal and
distal occlusion is more important in patients with
CCF. If the passage of the aneurysm is not possible
- due to elongation of the ICA itself or the giant na-
ture of the aneurysm - proximal occlusion is usually
enough and should be performed.

5.4.9.1.1
Cavernous ICA/Paraclinoid/Paraophthalmic

Aneurysmsrelated to the carotid artery in the region
of the anterior clinoid process, the so-called “para-
clinoid” aneurysms are often in association with the
ophthalmicartery. They may originate in the cavern-
ous sinus and extend into the subarachnoid space,
carrying the risk of subarachnoid hemorrhage, even
if the origin of the aneurysm is clearly extradural.
Frequently presenting symptoms of aneurysms lo-
cated within or around the cavernous sinus and the

paraophthalmic region are visual deficits or cranial
nerve palsies since the cavernous sinus harbours
cranial nerves III, IV, V, and VI. Retroorbital pain
due to venous congestion and visual field limitations
due to compression of the optic nerve or chiasm
may also occur. If aneurysms of the intracavernous
portion of the carotid artery rupture they cause a
carotid-cavernous fistula rather than bleeding into
the subarachnoid space.

Sufficient radiologic evaluation with delineation
of the extent and location of the aneurysm in rela-
tion to the subarachnoid space is extremely impor-
tant to decide whether or not to treat an aneurysm in
this location. For surgical planning it is important
to visualize the relationship of the aneurysm to the
anterior clinoid process which can be best achieved
by CT angiography. In general, treatment of this en-
tity is controversial. Since the mortality rate from
untreated cavernous aneurysms is low, treatment
in asymptomatic patients should be reserved for
those aneurysms extending into the subarachnoid
space, because this is associated with a risk of sub-
arachnoid hemorrhage, and those who demonstrate
aneurysm enlargement (LINSKEY et al. 1990). Treat-
ment in symptomatic patients should be reserved for
those with progressive ophthalmoplegia or visual
loss, ipsilateral facial or orbital pain, epistaxis or
SAH. Treatment of these symptomatic aneurysms is
aimedto eliminate masseffectand to curesymptoms.
Eliminating the aneurysm also protects the patient
from risk of subarachnoid hemorrhage. Treatment

Fig.5.47a,b. Before and after GDC treatment of a paraophthalmic ICA aneurysm
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Fig.5.48. a Cavernous ICA aneurysm. b, c After balloon test occlusion the parent artery was occluded with platinum coils.
d Although cross filling via the Acom is flimsy the patient had no neurologic deficit after the intervention

of choice is the endovascular approach since surgery
is accompanied by significant morbidity and mor-
tality, and those aneurysms involving the cavernous
sinus are usually regarded as not surgically acces-
sible. With endovascular treatment rapidly under-
going major developments, the treatment of carotid
artery aneurysms have improved significantly in
recent years. The primary aim is selective occlu-
sion of the aneurysm with preservation of the par-
ent artery. However, many aneurysms located at the
paraophthalmic region have an unfavourable aneu-
rysm geometry with a wide neck. Additionally, they
may be large, partially thrombosed or calcified. In
our experience, paraophthalmic aneurysms are very
challenging. Due to the usually wide neck coils tend

to herniate and even migrate into the parent vessel,
the microcatheter rarely gets into a stable position
especially when filling the neck. These aneurysms
are not for beginners. THORNTON et al. (2000a) re-
viewed 66 patients with 71 ruptured and unruptured
paraclinoid aneurysms (distal to the cavernous seg-
ment of the internal carotid artery and proximal to
the posterior communicating artery) treated by an
endovascular approach. Coiling was performed in
78 aneurysms (including 45 with the remodelling
technique), permanent balloon occlusion in 9, and
3 had both coiling and permanent balloon occlu-
sion. In ten aneurysms it was not possible to place
coils in the lumen of the aneurysm, five of these were
treated surgically and five remain untreated. All pa-
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Fig. 5.49. a,b Conventional angiography, ap and lateral view, of the internal carotid artery: CCF due
to a ruptured cavernous aneurysm before (c) and after (d) selective treatment of the aneurysm in a

patient with acute ophthalmoplegia

tients had immediate post procedure angiography.
In 90 procedures performed, 2 (2.2%) patients had
major permanent deficits (1 monocular blindness, 1
hemiparesis), 1 (1.1%) had a minor visual field defi-
cit, and 2 (2.2%) patients died from major embolic
events. Follow up 6 months after treatment showed
more than 95% occlusion in 52/61 (85.2%) and less
than 95% occlusion in 9/61 (14.8%). The authors con-
cluded that properly selected paraclinoid aneurysms
can be successfully treated by endovascular technol-
ogy with a morbidity and mortality rate equal to or
better than the published surgical series of similar

aneurysms. Similar findings were published by Park
and colleagues in 70 patients treated for paraclinoid
aneurysms (PARK 2003).

Despite these advances, occlusion of the parent
artery is sometimes necessary because of the wide
aneurysm neck. Balloon occlusion of the ICA is a re-
liable treatment for intracavernous giant aneurysms.
Inaseries of 58 patients, LARsON etal. (1995) reported
a morbidity rate of 10% caused by transient cerebral
ischemia, a permanent ischemic morbidity rate of
5%, and mortality rate of 5%. The authors reported
a good resolution of cranial nerve deficits and visual
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impairment. For preocclusion work-up prior definite
occlusion of the carotid artery balloon test occlusion
should be performed to assess if occlusion is toler-
ated. In a series of 500 temporary balloon occlusions
of the ICA, MATHIS et al. (1995) described a compli-
cation rate of 1.6% asymptomatic, and 1.2% transient
and 0.4% permanent ischemic complications. During
temporary balloon occlusion, it is of crucial impor-
tance to evaluate cross-filling from the other side and
simultaneous venous drainage. There is an increased
risk for delayed ipsilateral ischemic deficits after ICA
occlusion for treatment of aneurysms (LARSON et al.
1995; LINSKEY et al. 1994). Proximal ICA occlusion
alone will cure the aneurysm in most cases, except
those that have collateral inflow from cavernous or
petrous branches of the ICA keeping the aneurysm
open. The incidence of de novo aneurysm formation
was reported as 1.4%-4% after carotid ligation. A
direct relation between hemodynamic stress and the

Fig.5.50a-d. Giant partially thrombosed paraophthalmic
ICA aneurysm with some calcification at the ventral rim

A.

development of aneurysms at the anterior communi-
cating artery has been suggested by several authors
(TIMPERMAN et al. 1995). Therefore, a close long term
follow-up, preferentially using non-invasive MRA
to detect a possible development of an aneurysm at
the Acom region, should be done in these patients.
In patients with bilateral aneurysms of the internal
carotid artery, carotid occlusion on one side should
be performed with caution since this might stress the
contralateral aneurysm leading to potentially cata-
strophic results.

5.4.9.1.2
Supraclinoid/Intracranial Carotid Bifurcation

The majority of posterior communicating artery
(Pcom) aneurysms arise from the ICA at the origin of
the Pcom. True Pcom aneurysms are rare and might
be more difficult to catheterize. About 30%-40% of
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Fig. 5.51a-c. Small broad-based paraophthalmic aneurysm treated with remodelling technique, previously coiled Acom

aneurysm

}”,,/‘/J [

Fig.5.52. a,b Large paraophthalmic broad-based ICA aneurysm extending cranially superior to the clinoid process with
partial calcification. ¢ “Evacuation trapping technique” during clipping was performed after transient balloon occlusion of

the left internal carotid artery

Pcom aneurysms are associated with third nerve cra-
nial palsy with or without subarachnoid hemorrhage
(BIrRCHALL et al. 1999; PERNECZzKY and CZECH 1984).
From a surgical point of view the approach to these
aneurysms is not too difficult. However, many of
them have a small neck and are good candidates for
endovascular therapy. In case of aneurysms smaller
than 4mm we always use a microballoon in order
to be prepared for eventual rupture occurring more
often in this location than somewhere else (our ex-
perience! We don’t have any scientific data about

that). The non-inflated balloon should be placed at
the origin of the aneurysm and if it ruptures the bal-
loon can easily stop the bleeding. In our experience,
those aneurysms arising from the posterior wall of
the ICA might be slightly different compared to other
intracranial aneurysms. They might have a higher
tendency of recanalization than generally expected
from a side wall aneurysm and some of them are
more fragile and have a tendency not only to rupture
at the dome, but also to pop out of the ICA wall.
The latter situation is extremely difficult to handle
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Fig. 5.53a,b. Conventional angiog-
raphy, before and after coil treat-
ment of a distal ICA aneurysm

il

Fig. 5.54a-c. Typical intracranial carotid bifurcation aneurysm. MRA 6 month after embolization revealed stable occlusion

and usually ends up with a parent vessel occlusion
of the ICA. Aneurysms of the intracranial carotid
bifurcation usually arise at the apex of the T-shaped
bifurcation and the majority of them points upward
and towards the anterior perforated substance. Due
to the perforating branches at this site clipping of
these aneurysms is associated with a substantial risk
of ischemic infarctions. The endovascular approach
is usually easy from a technical point of view (like
in basilar tip aneurysms). Even if these aneurysms
look broad based, coiling is usually possible without
the aid of remodelling or stenting.

5.4.9.2
Anterior Cerebral Artery

5.4.9.2.1
Anterior Communicating Artery

The rupture of an aneurysm at the anterior com-
municating artery (Acom) is responsible for approxi-
mately 40% of subarachnoid hemorrhages (KAsseLL
et al. 1990a,b). Treatment of these aneurysms is thus
a frequent situation and of great importance. In the
past, Acom aneurysms were treated nearly exclu-
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sively by surgical clipping, using either a pterional
or interhemispheric approach. With the increasing
use of endovascular techniques Acom aneurysms are
frequently treated by coil embolization and in some
institutions it is now the first-line treatment. MORET
et al. (1996) reported their results on 251 berry aneu-
rysms treated by detachable coils, of which 36 were
located at the Acom and treated with coils. There

A

were 23 aneurysms which were completely and 6 were
partially occluded. In three cases, no endovascular
treatment was attempted because the aneurysmal
neck was not clearly distinct from the adjacent, or
parent vessels. In four cases, treatment failed be-
cause of atheroma of the cervical and intracranial
vessels. The authors reported one permanent neu-
rologic complication, two patients died as a result

Fig. 5.55a,b. Small Acom aneurysm: before (a) and after (b) endovascular embolization

Fig.5.56a,b. Medium sized Acom aneurysm: before (a) and after (b) endovascular treatment; the parent

artery is still open
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Fig. 5.57a-c. Before and after complete coil
embolization of an Acom aneurysm. Note,
the simultaneous bilateral carotid injection
demonstrating patency of the Acom

'

Fig.5.58a,b. Before and after complete coil embolization of a multilobulated Acom aneurysm
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of complications of subarachnoid haemorrhage. In
summary, the authors concluded that endovascular
treatment using GDC is an efficient technique for
treating anterior communicating artery aneurysms
even in the acute phase of SAH (MORET et al. 1996).
This is in accordance with our own results, dem-
onstrating that GDC treatment of ruptured Acom
aneurysms is effective and can be performed with
acceptable mortality and morbidity, also during the

Fig.5.59a-c. Conventional angiography before
treatment revealed severe vasospasm of the ACA,
despite the spasm endosaccular treatment with
complete obliteration of the Acom aneurysm was
performed and vasospasmolysis after treatment
resulting in almost complete regression of spasm

vulnerable period of vasospasms. Remodelling seems
to be feasible for wide-necked aneurysms of the Acom
(LEVY 1997), but is not routine at this location. In
our experience recanalization of these aneurysms
is usually not a problem in downward looking an-
eurysms. Those aneurysms looking upward indeed
have a higher tendency of recanalization even after
initial complete occlusion. Follow-up is therefore of
utmost importance in the latter group.




Intracranial Aneurysms

235

5.4.9.2.2
Distal Anterior Cerebral Artery/Pericallosal Artery

Distal anterior cerebral artery aneurysms are rare,
accounting for about 4.5% of all intracranial an-
eurysms (INcI et al. 1998), and usually arise at the
bifurcation of the pericallosal and callosomarginal
arteries. SAH due to rupture of a distal anterior
cerebral artery aneurysms is frequently associated
with ICH in and/or along the corpus callosum and
anterior interhemispheric fissure and subsequent
intraventricular hemorrhage.

Pericallosal aneurysms frequently have a broad
base or absent neck associated with a small diameter
of the parent vessel. In some cases the pericallosal
artery arises out of the aneurysm sac. This anatomic
featureis difficult for both surgery and endovascular
therapy. Due to the particular anatomy of pericallo-
sal aneurysms surgical approach is different from
those of other anterior circulation aneurysms and
precise neck clipping might be difficult even for an
experienced surgeon. Using the frontal interhemi-
spheric route, which is the usual approach for most
surgeons, the pericallosal aneurysm neck is exposed
after the fundus, which might become a delicate
procedure and is frequently associated with intra-
operative aneurysm rupture (PRoUST et al. 1997).
Additionally, there might be difficulties in clip ap-

Fig.5.60a,b. Multilobulated aneurysm of the
pericallosal artery; because of an associated intra-
parenchymal hematoma surgery was performed

plication due to the small space of the pericallosal
cistern, dense adhesions between the cingulate gyri,
difficulty in controlling the parent artery, and the
association of vascular anomalies (INcI et al. 1998).

PRrousT et al. (1997) reported the results of a ret-
rospective multicenter study in 43 patients with 50
distal anterior cerebral artery aneurysms, with only
2 aneurysms treated endovascularly. In their series
an 11.4% incidence of thrombosis was observed on
postoperative control angiography, mainly in the
distal pericallosal segment or callosomarginal ar-
tery, associated with a poor outcome. The authors
reported a higher tendency of rebleeding in this
location. This is in accordance with the results of
SINDOU et al. (1988) reporting a 16% rebleeding rate
in their series. But times are changing. Recently,
MENOVSKY et al. (2002) reported on 12 patients with
pericallosal aneurysms, all treated with the endo-
vascular method. In all 12 patients, the pericallosal
aneurysm could be reached with a microcatheter
and platinum coils could be deployed. There were
no procedure-related complications. Initial occlu-
sion was complete in 11 aneurysms and near com-
plete in 1 patient. The conclusion of the authors is
that coiling of ruptured pericallosal aneurysms
can be considered as an alternative to surgical clip-
ping. Increasingly improved results of endovascular
therapy at different locations of the Circle of Willis
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Fig.5.61a,b. Before and after endovascular treatment of a small aneurysm of the pericallosal artery

Fig. 5.62a-c. Before and after endovas-
cular treatment of a small aneurysm of
the pericallosal artery; aneurysmogra-
; ' phy revealed a very close relationship of
| the aneurysm and the callosomarginal

c artery
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are mainly based on increased skills of the inter-
ventionalist, but are also related to the continuous
improvement of all parts of the material, allowing
easier access to the aneurysm and denser packing
with softer coils. In our opinion, the endovascular
approach in pericallosal artery aneurysms is of-
ten feasible with good outcome This is confirmed
by recently published data (MENOVSKY et al. 2002;
KEsTON et al. 2004).

5.4.9.3
Middle Cerebral Artery

MCA aneurysms are often small and wide necked,
and often incorporate neighbouring arterial
branches in the aneurysm base. Additionally, they
are frequently associated with multiple intracranial
aneurysms (“mirror aneurysms”). Due to the local
anatomy and neck configuration MCA aneurysms
need particular consideration. For aneurysms with
a very wide neck or difficult geometry, surgery is
still the therapy of choice. If a space-occupying he-
matoma is present, immediate evacuation of the he-
matoma is mandatory, in combination with clipping
of the aneurysm (vaN GIJN and vaAN DONGEN 1982).
REGLI et al. (1999) recommend not to attempt coil
embolization in MCA aneurysms since in their study
of 35 consecutive patients harbouring 40 unruptured
MCA aneurysms, only 6% could be successfully em-
bolized with coils whereas 94% (32/34) of patients
had to be clipped. The two major angioanatomic
features responsible for the failure of endovascular
treatment were an unfavourable dome-to-neck ratio
of less than 1.5, and/or arterial branching from the
aneurysm base. Compared to other aneurysm lo-
cations, the risk of thromboembolic complications
or local compression of surrounding neighbouring
vessels seems to be increased. We also made the
experience that endovascular treatment in this lo-
cation is more often associated with complications
such as thrombus formation at or near the base of
the aneurysm. However, we could not confirm the
results of the above mentioned study. Regarding
feasibility we were able to treat almost 90% of MCA
aneurysms and the clinical outcome of our consecu-
tive series of 39 patients with 41 ruptured and un-
ruptured aneurysms at the middle cerebral artery
encountered only 2.6% with a permanent neuro-
logic deficit due to the procedure. Although the to-
tal rate of complications including vessel occlusion,
coil protrusion and groin hematoma was higher,
this number of 2.6% reflects a very low procedural

permanent morbidity. Therefore, we think after ap-
propriate patient selection endovascular therapy in
these aneurysms might become more applicable as
it is by now (DOEREFLER et al. 2006). Careful evalu-
ation of the angioarchitecture using rotational 3D
angiography, superselective angiography with the
microcatheter (aneurysmography), or 3D helical
CT angiography might be extremely helpful in the
precise visualization of the aneurysm neck, shape
and the size of the aneurysm, supporting further
treatment decisions and planning. MRA can pro-
vide complementary information to DSA, such as
intraaneurysmal thrombus. Sometimes the endo-
vascular attempt only with introducing the micro-
catheter and delivering a coil could reveal if coiling
seems to be possible without an unusual high risk.
In selected cases the remodelling technique in broad
based MCA bifurcation aneurysms can be very help-
ful; in many cases it is even not necessary to inflate
the balloon; it may be enough to have just a second
microcatheter at the aneurysm entrance to provide
coils from migration into a parent branch. To pre-
vent thromboembolic complications and compres-
sion of neighbouring arterial branches by coils, our
“philosophy” for selected MCA aneurysms treated
endovascularly is to wait longer (5-10 min) before
detachment of the coils. In these aneurysms we pre-
fer to rather underestimate the coil diameter than
to choose a coil which is slightly greater than the
maximum diameter of the aneurysm. In an unrup-
tured aneurysm we put the patient under antiplatelet
therapy, at optimal atleast a week prior intervention.
If there is at least subtotal occlusion, further aneu-
rysm thrombosis is possible and was observed in
some of our patients at follow-up on DSA and MRA
6 months after coil embolization. However, PIEROT
et al. (1997) reported rebleeding in an only partially
treated MCA aneurysm. General recommendation
should imply dense packing for MCA aneurysms
even if sudden intraaneurysmal thrombosis occurs
and no inflow is seen anymore. This is actually a
sign that thrombosis might promote into the parent
artery and control series should be obtained at least
15-30 min after insertion of the last coil. In patients
with loose coil packing follow-up is essential like in
any other locations, to see if there is growth of neck
remnants or subsequent thrombosis during follow
up. When unclippable or endovascularly untreatable
aneurysms involve the Ml, M2, and M3 branches
of the middle cerebral artery (MCA), bypass sur-
gery can obviously be a therapeutic option in com-
bination with parent artery occlusion (DRAKE and
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PEERLESS 1997; PEERLESS et al. 1982). However, and
this again is our experience, this is the exception.

5.4.9.4
Vertebrobasilar Arteries

Aneurysms of the posterior circulation account for
about 15% of all intracranial aneurysms saccular
aneurysms and those of the basilar tip are the most
frequent accounting for 5%-8% of all intracranial
aneurysms. Ruptured aneurysmsin the posterior cir-
culation have a worse prognosis than patients with a
ruptured aneurysm in another location (SCHIEVINK
et al. 1995) and early rerupture occurs more often in
this location. Despite improvement in microsurgi-
cal therapy, clipping for posterior circulation aneu-
rysms remains challenging. The main problems are
the deep location, the presence of many eloquent

structures around the sac and the neck as well as
the restricted access to the aneurysm neck. Further-
more, SAH and cerebral edema increase the difficul-
ties of the surgical approach much more than in any
other location. Surgical complications specific for
non-giant basilar bifurcation aneurysms are mid-
brain and/or thalamic infarctions from perforator
injury or occlusion, intraoperative rupture, and fre-
quent but nearly always transient cranial nerve pa-
resis (DRAKE 1965; HORIKOSHI et al. 1999; PEERLESS
etal. 1987, 1994; RicE et al. 1990). Nowadays, it is ac-
cepted that endovascular treatment should be done
as first treatment option since clinical outcome is
much improved compared to clipping (BAVINZSKI
et al. 1999; LussevELD et al. 2002; RICHLING et al.
1995; TATESHIMA et al. 2000; VALLEE et al. 2003).
The early recognition and acceptance that coiling is
clearly better than clipping in hind brain circulation

Fig.5.63a-d. Small broad-based ruptured MCA bifurcation aneurysm before and after endovascular
embolization with a stable occlusion after 6 months (d)
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Fig. 5.64a-c. Before and after GDC treatment of
a left MCA aneurysm, note the slight persistent
inflow in the centre of the aneurysm (b) imme-
diately after embolization; ¢ 6-month follow-up
demonstrated complete occlusion without any

residual inflow

aneurysms is the reason that these aneurysms are
underrepresented in the ISAT study (MOLYNEUX et
al. 2002). Almost exclusively aneurysms of the ante-
rior circulation were involved, posterior circulation
aneurysms, for which the endovascular approach
is generally accepted as first-line treatment, made
up only 2.7%. In most of the cases inclusion was
thought to be unethical.

5.4.9.4.1
Tip of the Basilar Artery

Aneurysms of the basilar tip remain an extreme sur-
gical challenge, both in terms of technical difficulties
associated with the access and the significant post-
operative morbidity and mortality rates reported
by experienced centres following direct clipping.
Clear results about morbidity and mortality rates

in patients surgically clipped for an unruptured an-
eurysm gives the meta-analysis of RAAYMAKERS et
al. (1998). This analysis included 61 studies with a
total of 2460 patients with at least 2568 unruptured
aneurysms. Only 158 patients had a postoperative
angiogram which revealed a residual aneurysm in
7%. Although the proportion of aneurysms in the
posterior circulation of about 30% was somewhat
high, the study revealed a mortality and morbid-
ity rate for non-giant aneurysms of 3% and 12.9%,
respectively. The results for giant aneurysms in the
same location were much worse with a morbidity
and mortality of 37.9% and 9.6%, respectively.

In contrast to the surgical approach, the endovas-
cular approach is relatively easy (unless the patient
has severe arteriosclerotic disease with increased
vessel elongation and stenosis). However, the access
to the basilar tip plays a minor role in most cases.
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Fig. 5.65a-f. Angiography: before and after incomplete coil embolization of an unruptured left MCA
aneurysm. Due to progressive thrombosis out of the aneurysm gradual MCA occlusion developed
4.5 h after the intervention. The vessel could be reopened by selective intraarterial thrombolysis us-
ing urokinase (1,000,000 IU). Although a small basal ganglia infarction was induced the patient had
a good recovery with only mild deficits
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Fig. 5.67a,b. Before and after endovascular treatment of a broad-based ruptured basilar tip aneurysm

The main technical challenge of the endovascular
procedure depends on the shape of the aneurysm
and not on its location. But since the introduction of
very flexible neurostents and the development of dif-
ferent coil designs most of the basilar tip aneurysms
are now treatable with the endovascular approach.
This is also true for broad-based aneurysms which

may encroach one or both P1 segments. BAVINZSKI
et al. 1999 treated a series of ruptured (n=34) and
unruptured (n=11) basilar tip aneurysms and had a
morbidity of 4.4% and mortality of 2.2%. Even better
results were obtained by the group with TATESHIMA
et al. (2000) who treated 73 patients with 75 basi-
lar tip aneurysms of which 42 patients had a SAH,
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Fig.5.68a,b. Before and
after endovascular treat-
ment of a small ruptured
basilar tip aneurysm

Fig. 5.69a-d. Typical regrowing basilar tip aneu-
rysm after initial coiling. After stent placement
the aneurysm could be completely occluded and at
12 month follow-up MRA showed a stable result
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Fig.5.70. a,b Before and after stent application in combination with coil treatment in a broad-based
basilar tip aneurysm encroaching the P1 segment on the right side. ¢ The stent was placed from the right
P1 segment to the basilar artery. d A 7 month FU showed further obliteration of the initially subtotal
occluded aneurysm

8 presented with symptoms due to mass effect and
23 had an incidental finding. The procedure-re-
lated morbidity was 4.1% and mortality was 1.4%.
Because most single center reports on endovascu-
lar treatment of basilar tip aneurysms revealed an
extremely low morbidity and mortality rate which
matches our own experience we do recommend en-
dovascular treatment as the treatment of choice in
ruptured or unruptured aneurysms in this location
(BAVINZSKI et al. 1999; BIRCHALL et al. 2001; PIEROT

et al. 1996; RICHLING et al. 1995; TATESHIMA et al.
2000; VALLEE et al. 2003; LUSSEVELD et al. 2002;
HENKES et al. 2005).

5.4.9.4.2
Vertebral Aneurysms

Aneurysms of the vertebral artery leading to SAH
arelocated at the V4 segment. Dissecting aneurysms
are more frequent in this location than non-dis-
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Fig. 5.71a-c. Broad based vertebral aneurysm at the origin of the PICA before and after stent placement and implantation

of platinum coils

Fig. 5.72a,b. Small vertebral aneurysm before and after endovascular treatment

secting berry aneurysms. Aneurysms are located
proximal to the origin of the PICA, at the origin
of the PICA (so-called PICA aneurysms) or slightly
distal to the origin of the PICA. In patients with a
dissecting aneurysm of the vertebral artery result-
ingin subarachnoid hemorrhage, either occlusion of
the vertebral artery at the site of the aneurysm or
trapping of the lesion is commonly advocated to pre-
vent subsequent rupture. Fusiform aneurysms are

usually considered due to atherosclerosis in adults.
But, more common in the vertebrobasilar system,
there is a subset of cerebral aneurysms with fusiform
morphology, apparently unrelated to cerebral ath-
erosclerosis or systemic connective tissue disease,
thin-walled in part or whole, possibly containing
thrombus (FINDLAY et al. 2002). These aneurysms
can rupture or cause cranial nerve or brain stem
compression.
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Fig.5.73. a Very small ruptured vertebral aneu-
rysm. b,d Two microstents (INX, Medtronic) were
placed in front of the aneurysm. ¢ Immediately,
contrast stasis in the aneurysm was noted. Re-
peated DSA 10 days and 7 months (e) after inter-
vention revealed complete aneurysm obliteration
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5.4.9.5
Rare Locations

5.4.9.5.1
Posterior Cerebral Artery

Aneurysms of the posterior cerebral artery (PCA)
are relatively rare compared with those in other
locations. Extremely rare are singular berry aneu-
rysms of the PCA. Often, this type of aneurysm is
either associated with the incidence of multiple an-
eurysms or with other vascular disorders like ar-
terious-venous-malformations, moyamoya disease
or ipsilateral internal carotid occlusion for various
reasons. Other rare causes are infectious and post-
traumatic conditions. Some authors figured out that
the incidence of PCA aneurysms is approximately

1% of all intracranial aneurysms (CICERI et al. 2001;
DRAKE 1977; SAKATA et al. 1993).

Surgical treatment of these aneurysms is com-
plex and often associated with high morbidity rates
due to the close relationship to cranial nerves and
the upper brain stem. A precise knowledge of the
segmental anatomy of the PCA and its branches
is essential when the surgical or endovascular ap-
proach to an aneurysm is planned, particularly if
parent vessel occlusion is intended. In our opinion,
the treatment of choice is selective endovascular
obliteration of the aneurysm with preservation of
the parent artery. In cases of fusiform aneurysms or
wide-necked aneurysms occlusion of the parent ar-
tery might be necessary. Although no evaluation of
potentially existing collaterals prior to endovascular
treatment can be performed parent artery occlusion

Fig.5.74a-c. Before, 6 months after and 1 year

after endosaccular treatment of a proximal PCA

aneurysm (P1 segment), an additional small basi-
=l lar stem aneurysm was not treated
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Fig. 5.75. a,b DSA before and after endovascu-
lar treatment of a right distal PCA aneurysm.
¢ At 15 min after selective parent artery occlu-
sion there is still some residual aneurysm fill-
ing immediately after parent vessel occlusion.
d,e Control angiography 3 days after vessel
occlusion demonstrated complete aneurysm
occlusion. f,g 3 months follow-up reveals sta-
ble occlusion
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can be performed with a low incidence of visual field
deficits due to good collateralisation. Nevertheless,
one should be aware of the perforating arteries aris-
ing from the PI and P2 segment supplying the brain
stem and thalamus.

5.4.9.5.2
Posterior Inferior Cerebellar Artery

In contrast to vertebral aneurysms located at the ori-
gin of the PICA, real PICA aneurysms are located ei-
ther proximally or distally at the PICA itself. Endovas-
cular therapy with preservation of the parent artery

was thought to be very difficult in this location. Like
in basilar tip aneurysms and brain stem aneurysms
the access to aneurysms at the PICA is easy to perform
and this is in contrast to the surgical approach. Al-
though PICA aneurysms tend to be fusiform or at least
broad based most of these aneurysms can be occluded
sufficiently and often with preservation of the PICA
via the endovascular route. If parent artery occlusion
is necessary to exclude the aneurysm the PICA is a
very “occlusion-resistant” artery. However, proximal
occlusion of the PICA is associated with a very low
morbidity due to the excellent collateralisation of the
cerebellum via the AICA and via the SCA.

Fig.5.76a-c. Before and after selective endosaccular
treatment of a PICA aneurysm with preservation of the

parent artery, 7 month FU showed a stable obliteration
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Fig.5.77a-d. Before and after intended endovascular occlusion of a dysplastic PICA revealing at least
four aneurysms. MRI: T2 images showed only a very small infarction in the PICA territory without caus-
ing clinical symptoms

5.4.9.5.3
Basilar Trunk Aneurysms

Saccular aneurysms of the basilar trunk are rare
lesions with an incidence of less than 1% of all intra-
cranial aneurysms. Damage to the perforating arter-
ies is one of the major complications during surgery.
Given the high risk of surgery on basilar trunk an-
eurysms and the simple endovascular access endo-
vascular therapy should be first line treatment op-
tion. VAN Rooij et al. (2003) treated a consecutive
series of eight patients with this type of aneurysm;
only one was non-ruptured. All patients had a good

outcome except one who died as a consequence of
the SAH. Procedure-related complications were not
noted. As a consequence the authors do recommend
treatment of aneurysms in this location via the en-
dovascular route as first option. Upa et al. (2001)
reached the same conclusion. They treated 41 basilar
trunk aneurysms and had a morbidity and mortality
rate of 2.6% each. The endovascular catheterization
of these lesions is relatively simple, in contrast to
the complex neurosurgical approaches. Obviously,
obliteration of these aneurysms decreases the possi-
bility of unwanted occlusion of perforating arteries
to the brainstem and therefore prevents brain stem
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Fig. 5.78a-c. Conventional angiography. a,b Be-
fore and after stent placement in combination with
platinum coils to treat two small proximal located
basilar stem aneurysms. ¢ A 6 month control an-
giography demonstrated complete obliteration of
the two aneurysms, the distal markers of the stent
are slightly seen (arrow)

Fig.5.79a,b. Conven-
tional angiography: be-
fore and after selective
obliteration of a basilar
stem aneurysm located
in the distal third of
the vessel proximal to
the origin of the supe-
rior cerebellar artery




Intracranial Aneurysms

251

infarction. In case of a broad base or a very small
size a stent to bridge the neck might be necessary.
During the last few years it has become more and
more obvious that many of these aneurysms are
probably of dissecting nature. This might explain
why endosaccular coiling alone very often resulted
not only in recanalisation but in further growth
of the aneurysm sac. Stent-protected coiling - our
opinion - will be the method of choice in the future
for these aneurysms.

5.4.10
Special Considerations

5.4.10.1
Giant Aneurysms

Giant aneurysms, defined as larger than 25 mm,
are rare intracranial lesions with a prevalence of
about 5%-8% of aneurysms. Only one fourth to one
third of giant aneurysms present with subarachnoid
hemorrhage. Presenting symptoms are usually due
to mass effect (75%), intracerebral hemorrhage or
thromboembolism. Thrombosis and stroke due to
blood clot formation within the aneurysm and sub-
sequent distant emboli occur in 2%-5% of patients
with giant aneurysms. Symptoms are related to
the anatomic location, headache is also a frequent
symptom. Typically, giant aneurysms in the anterior
circulation are in vicinity of the optic pathway, asso-
ciated with symptoms related to vision. As many as
60% of giant aneurysms occur at the internal carotid
artery. The most common site is the cavernous part
of the internal carotid artery. Approximately 40%
have calcifications in their walls that usually make
clipping difficult. These calcifications can easily be
identified on CT, which should be part of the di-
agnostic work-up in all these giant aneurysms. An
additional 10% occur at the anterior communicating
artery region, 10% are located at the middle cerebral
artery. Some 15% of giant aneurysms occur at the
top of the basilar artery, and approximately 5% arise
from the vertebral artery.

Giant aneurysms are frequently (at least 60%) as-
sociated with either partial, orless common complete
thrombosis. Recanalization of a completely throm-
bosed giant aneurysm has been also reported (LEE
et al. 1999). Symptomatic giant aneurysms usually
have a grim natural history and poor prognosis.

There are several different strategies available to
manage giant aneurysms. This is mainly due to the

fact that no single technique is perfect in dealing
with all giant aneurysms. Treatment options for gi-
ant lesions include surgical clipping, endovascular
embolization, and combined approaches. Indirect
surgical techniques include proximal occlusion and
trapping of the aneurysm. Trapping and proximal
ligation are usually definitive treatments provided
that the patient’s collateral circulation can tolerate
major vessel occlusion. Depending on the location
of the aneurysm, patients should have pre-operative
evaluation with temporary balloon occlusion to test
tolerance of trapping or proximal ligation. Major
arterial branches leaving from the aneurysm dome
can make proximal ligation the only therapeutic op-
tion. In some patients inadequate collateral circu-
lation mandates bypass surgery in the therapeutic
approach. This is specifically true for patients with
giant aneurysms at the MCA bifurcation or the in-
tracranial ICA. There seems to be a correlation be-
tween size and incidence of complications during
surgery for unruptured intracranial aneurysms.
Aneurysms larger than 2.5cm (giant aneurysm)
in diameter have a 20-fold risk of significant sur-
gical morbidity or poor outcome during surgical
treatment. However, giant aneurysms are also not
really good candidates for endovascular therapy,
since they carry a high risk of recanalization and
regrowth, due to the size of aneurysm, nature of
coils and continuous flow-related stress on the aneu-
rysm. Pre-existing thrombus within the aneurysm
and coil migration into the thrombus may addi-
tionally facilitate coil compaction. Up to now it has
been totally unclear whether combined techniques
with stents and coils might overcome this problem
of recanalization. Ideal would be a very high profile
stent inducing thrombosis of the aneurysm without
the necessity of subsequent coiling. Endovascular
techniques also include parent vessel occlusion us-
ing balloons or coils. Proximal balloon occlusion is
a useful and often used technique for giant internal
carotid artery aneurysms. There are several advan-
tages of intravascular balloon treatment over other
treatment modalities. If an extradural aneurysm is
excluded from circulation by placing the balloon
across or proximal to the aneurysm neck, there is a
very low probability of aneurysm filling by collateral
circulation. The anatomical dead space is decreased,
reducing the incidence of emboli potentially asso-
ciated with ICA thrombosis. Additionally, there is
thrombosis and shrinkage of the aneurysm and de-
crease of pulsatility. The mass effect is also gradu-
ally decreasing. Unfortunately, transient worsening
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of mass effect can happen shortly after endovascu-
lar therapy (HECHT et al. 1991). There maybe also a
late increase in mass effect as reported by BLANC et
al. (2001) after parent vessel occlusion of the internal
carotid artery for a giant supraclinoid aneurysm in
a 47-year-old woman, who became hemiparetic and
dysphasic 8 days after treatment. It has been shown
experimentally that a thrombosed aneurysm may
swell up to 15%-40% of the original size, specifically
if located at the basilar tip. In experimental aneu-
rysms extensive neovascularity was observed within
the first week after coil embolization. Increased
capillary permeability of these neovessels within
the evolving thrombus likely promotes transient
enlargement of the aneurysm cavity. Steroid medi-
cation a week prior and up to 5 days after therapy
might be indicated, and may prevent these delayed
complications in an individual patient. However,
this is not an evidence-based therapeutic regimen.

5.4.10.1.1
Results of Endovascular Therapy in Giant Aneurysms

Different endovascular techniques may serve as an
adjunct to surgery and may further improve therapy
of giant aneurysms. In general, therapy of giant an-
eurysms should be tailored to each patient and al-
ways arise from the combined therapeutic plan of
neurosurgeons and neurointerventionalists using a
multimodality approach to minimize morbidity and
mortality. However, as mentioned above, parent ves-
sel occlusion - if tolerated by the patient - is by far
the most effective type of treatment. Surgery alone
has an extensive risk, endovascular therapy alone
has a lower procedural risk but recanalization is a
frequent observation during follow-up.

5.4.10.2
Pediatric Aneurysms

The incidence of cerebral aneurysms in children
is low. In patients under 15 years of age, it consti-
tutes 1%-2% of all intracranial aneurysms (PATEL
and RICHARDSON 1971), in children under 5 years,
0.1%-0.05% (LoCKSLEY et al. 1966). In a large co-
operative study of intracranial aneurysms and sub-
arachnoid hemorrhage including 2627 aneurysms,
in only 1.5% of patients did the aneurysm rupture
before the age of 19 (LOCKSLEY et al. 1966). Analysis
of previous reports indicated several distinct char-
acteristics of this entity. There is a predominant
male:female ratio approaching 2:1 to 3:1. Compared

with adults, a high number of these aneurysms arise
in the posterior circulation (ALLISON et al. 1998).
Aneurysms in children tend to be large; approxi-
mately 30%-45% are giant aneurysms (PATEL and
RICHARDSON 1971). FERRANTE et al. (1988) reported
the prevalence of giant aneurysms in children to be
26.8% compared to 2% in adults, and the prevalence
for large aneurysms to be 50% compared to 27%
in adults. In contrast, multiple aneurysms are less
common in children (3%-5%) compared to adults
(20%). Presenting symptoms are rather due to the
mass effect of the aneurysm than due to aneurysm
rupture. Compared to adults there is an increased
incidence of infectious or mycotic aneurysms in
the pediatric population, frequently secondary to
bacterial endocarditis (ALLISON et al. 1998; LEE et
al. 1998). Since general anaesthesia is mostly neces-
sary for balloon occlusion of the internal carotid
artery in children and clinical monitoring during
occlusion is impossible, monitoring of somatosen-
sory evoked potentials in ICA aneurysms as a simple
and reliable neurophysiological technique is very
helpful. Likewise, basilar aneurysms may not be ef-
fectively monitored with SEP or brain stem audi-
tory evoked potentials because basilar perforator
occlusion may not affect either the somatosensory
or auditory pathways (FRIEDMAN et al. 1987, 1991;
FrRIEDMAN and GRUNDY 1987). Again, as mentioned
above, we do not perform balloon test occlusions
any more, but rely more - and in the majority of
patients exclusively — on the analysis of the circle of
Willis. Patients who do not tolerate the balloon test
occlusion, or do not have a simultaneous filling of
the veins via the circle of Willis while compressing
the target vessel, should undergo extracranial-intra-
cranial bypass before parent vessel occlusion.

\

Fig.5.80. a PA view. Giant vertebral artery aneurysm in
a 9-year-old boy presenting with dizziness, vomiting and
nausea. b Lateral view. Endovascular occlusion of the left
vertebral artery was performed distal to the PICA using
one GDC-Vortx-Coil. ¢ Injection into the contralateral
vertebral artery revealed no retrograde filling of the
aneurysm. d-f CT: before (d) and 6 months after (e,f)
vessel occlusion demonstrated complete retraction of the
aneurysm
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5.4.10.3
Aneurysms in the Elderly

Definition of the term “elderly” varies widely. Per-
haps the most widely accepted definition for elderly
is more than 65 years old, primarily since this is
associated commonly with retirement. Incidence of
SAH increases with age, from 1.5 to 2.5 per 100,000
per year in the third decade of life to 40 to 78 per
100,000 in the eighth decade of life (PHILLIPS et
al. 1980; Sacco et al. 1984). Advanced age is com-
monly associated with a poorer outcome after SAH
(ELrioTT and LE Roux 1998). This might be for
several reasons: older patients are more likely than
younger patients to present with a poor clinical sta-
tus at admission, larger amounts of SAH. Addition-
ally, older patients more frequently have preexisting
comorbidities, such as hypertension or atheroscle-
rosis, which might independently have an adverse
effect on outcome. Anticoagulation therapy for the
treatment of atherosclerotic heart or cerebrovascu-
lar disease is also more frequent in older patients,
which also increases the risk of poor outcome follow-
ing aneurysmal SAH (RINKEL et al. 1997). However,
when stratifying older patients according to clinical
grade, an association of advanced age and outcome
is not observed (ELLIOTT and LE Roux 1998). This
is in accordance with the results of our institution.
As a consequence, we think to decline treatment
solely on the basis of advanced age is not justified.
The decision to treat elderly patients should be made
according to the patients’ overall situation, includ-
ing clinical grade, overall physiologic condition and
associated risk factors. Conservative treatment of
ruptured aneurysms in older patients seems to be
associated with a poor outcome (ELLENBOGEN 1970).
There is some evidence that surgically treated el-
derly patients do better than conservatively treated
patients after aneurysm rupture. FRIDRIKSSON et al.
(1995) reported that two thirds of patients between
70 and 74 years of age treated surgically returned to
independent living and good mental state, whereas
among 93 age-matched controls, refusion of surgery
because of age resulted in 75% in significant mor-
bidity and mortality, more than 50% died within
3 months (FRIDRIKSSON et al. 1995). In a small series
of patients over 80 years of age with ruptured an-
terior circulation aneurysms and a poor Hunt and
Hess grade, HamADA et al. (2001) reported a bad
outcome for the conservatively treated patients, and
still disappointing results for the surgically treated
patients. The best results were obtained for MCA

aneurysms. Only few data are available on the re-
sults of endovascular aneurysm therapy in elderly
patients; the reported results, however, suggest that
this treatment is promising in this age group (ROWE
et al. 1996). Suaru et al. (2005) demonstrated that
the outcome was strongly related to the preoperative
condition. Therefore, general risk factors such as
hypertension and atherosclerotic disease should be
evaluated before treatment. Patients with low Hunt
and Kosnik grade seem to be most suitable for endo-
vascular treatment. On the other hand, outcome of
patients with poor preoperative grade was worse de-
spite the less invasive nature of endovascular treat-
ment. Another group found that aneurysms at the
anterior communicating artery are associated with a
higher incidence of poor neuropsychologic outcome
than aneurysms in other locations (BORNSTEIN et
al. 1987). In elderly patients even subtle changes
in neuropsychology can have a strong influence.
In our opinion, endovascular therapy should be
more strongly considered as first line therapy for
elderly patients with SAH whenever possible. This
way the aneurysms can be embolized in every phase
after hemorrhage and rebleeding can be prevented
(FRIDRIKSSON et al. 1995; HAMADA et al. 2001).

Atherosclerotic vascular disease is more frequent
in elderly patients and may be associated with more
tortuous vessel anatomy. Superselective catheteriza-
tions of distal cerebral vessels might thus become
technically more difficult. Atherosclerotic carotid
bifurcation disease is frequently associated in pa-
tients with advanced age and might increase the risk
of thromboembolic complications. In selected cases,
a combined approach, first stenting of the carotid
artery stenosis and subsequently coil embolization
of the ruptured aneurysm might be a therapeutic
option.

5.4.10.3.1
Unruptured Aneurysms in the Elderly

Treatment decisions for unruptured aneurysms in
older patients require estimation of the patient’s in-
dividual life expectancy and the risk of aneurysm
rupture. TAYLOR et al. (1995) reported that only
2% of unruptured aneurysms in elderly patients
rupture within 2.5 years of diagnosis. Considering
these data, aggressive treatment, either surgical or
endovascular do not appear to be beneficial. In any
case, careful consideration should be given to the
patient’s general health, coexisting morbidities, and
personal and familial background before consider-
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ing aneurysm therapy (TAYLOR et al. 1995). A very
important factor is the estimation of the procedural
risk by the neurointerventionalist, and in case of
surgery estimated by the neurosurgeon. However,
for many patients an explanation of the statistics is
not the solution of the problem. If the first physician
compares the - let’s say - incidental aneurysm with
abomb in the head, quality of life usually drops dra-
matically and sometimes occlusion of the aneurysm
is the only way to overcome the psychologic problem
of the patient, not only in the elderly patient.

5.4.10.4
Multiple Aneurysms

The frequency of multiple aneurysms ranges from
5% to 33% (ANDREWS and SPIEGEL 1979; BIGELOW
1955; INAGAWA 1991; McK1ssock et al. 1964; M1zo1
et al. 1989) and seems to be higher in females than
in males (ANDREWS and SPIEGEL 1979; McKissock
et al. 1964). Multiple aneurysms are found in up to
34% of patients presenting with aneurysmal SAH
(RINNE et al. 1994). In our patient population ev-

Fig. 5.81a-e. High-grade ICA stenosis due to atheromatous plaques in a patient with a ruptured Acom aneurysm.
After stenting of the stenosis under heparin the Acom aneurysm was successfully embolized, the patient got
antiplatelet therapy immediately after this two-step procedure
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ery third patient had two or more aneurysms. The
optimal treatment of associated - and asymptom-
atic - aneurysms is still controversial. Treatment of
multiple aneurysms should always consider loca-
tion, patient’s age, and neurological status, as well
as anatomic relation to the symptomatic aneurysm.
The symptomatic aneurysm should be treated first
and the others can be treated in the same setting if
they are in same territory and do not necessitate a
high procedural risk, e.g. stent implantation. If an
unruptured aneurysm can clearly be defined as such
and is in a different location we recommend therapy
not in the acute stage after hemorrhage but after

rehabilitation (earliest 3-6 month after the bleed-
ing). The localization of blood on the CT scan can
help to identify the aneurysm responsible for the
SAH. NEHLs et al. (1985) showed that in patients
presenting with multiple aneurysms and SAH the
ruptured aneurysm could be correctly identified in
97.5% on the basis of clinical, CT and angiographic
data. However, there is also evidence in the litera-
ture that blood distribution on CT does not enable
identification of the site of the ruptured aneurysm.
Another hint maybe that the larger and more irregu-
larly shaped aneurysm is usually the one which has
ruptured. If there are two aneurysms at one artery

Fig. 5.82a-c. Coil embolization of multiple aneu-
rysms in one procedure: Acom, Pcom and carotid-
T aneurysm before and after coil embolization
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Fig. 5.83a-e. Coil embolization of multiple aneurysms in one procedure: Cavernous aneurysm, Pcom and carotid-T aneu-
rysm before and after coil embolization

the most proximal and large aneurysm is the one
that usually has ruptured. If no blood is seen on
imaging studies, treatment of all aneurysms prob-
ably has to be performed. However, little is known
of the overall management outcome of multiple an-
eurysms. In an unselected series of 302 patients with
multiple intracranial aneurysms, RINNE et al. (1995)
reported the management outcome 1 year after clip-
ping significantly poorer for patients with multiple
than for those with single intracranial aneurysms.
The frequency of poor outcome (GCS 3-5) was most
evident in patients with Hunt and Hess Grades II
and IIT (29%), compared to patients with a single
aneurysm (19%) in the same clinical grade (RINNE et
al. 1995). The authors attribute their results mainly

to the increased manipulation of cerebral arteries
and brain tissue associated with increased delayed
neurologic deficits in this patient group. This is com-
parable with the data by Vajpa (1992) reporting a
26% frequency of poor outcome during long-term
follow-up in patients with multiple intracranial an-
eurysms. However, a lot of other series have op-
posite results, with equal results in patients with
multiple and single cerebral aneurysms (INAGAWA
1991; Mi1zor et al. 1989; YASARGIL 1984).

A major advantage of endovascular therapy is the
ability to treat more than one aneurysm in a single
approach if different vessel territories are involved.
Additionally, the increased manipulation of cere-
bral arteries and brain tissue during surgery can
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be avoided by the endovascular approach. This is in
accordance with the results reported by SOLANDER
et al. (1999) evaluating their results of endovascu-
lar treatment of multiple aneurysms in single-stage
procedures. The authors reported 38 consecutive pa-
tients with 101 cerebral aneurysms, 79 of which were
treated with GDC, 14 neurosurgically, and 8 left un-
treated. A total of 25 patients (66%) underwent treat-
ment for all aneurysms within 3 days after admis-
sion. Follow up angiographic studies demonstrated
unchanged orimproved resultsin 94% of patientsand
an overall excellent clinical outcome in 89%. The au-
thors conclude that endovascular GDC treatment of
multiple cerebral aneurysms, regardless of their lo-
cation, can be performed safely in one session. In the
same way, this single-staged procedure may protect
patients from rebleeding and eliminates the risk of
mistakenly treating only the unruptured aneurysm
(SoLANDER et al. 1999). P1EROT et al. (1997) reported
their experience of 53 patients with a total of 128 an-
eurysms. Endo-vascular treatment was performed
in 67 aneurysms in 46 patients, resulting in complete
occlusion in 58 aneurysms and partial occlusion in
9. Permanent neurologic complications occurred in
6.5%, one patient rebled. In patients with multiple
unruptured aneurysms the authors treated two an-
eurysms at the same time if endovascular treatment
proves easy (PIEROT et al. 1997).

5.4.10.5
Incompletely Treated Aneurysms/
Aneurysm Remnants

Although postoperative angiography is the only ob-
jective method for confirming the absence of any
aneurysmal remnant, the widespread trend is not
to perform postoperative angiography after micro-
surgical clipping. Since intraoperative techniques
like checking exact clip location and absence of
neighbouring perforators under the microscope,
and needle puncture of the aneurysm are standard
parts of aneurysm surgery the need of postoperative
angiography may be questioned. The usefulness vs
potential complications and costs has to be evalu-
ated and its legitimacy discussed. However, we think
that postoperative angiography is at least justified in
all “difficult” and large aneurysms and in those in
whom the surgeon is in doubt of leaving a remnant.
In accordance with our neurosurgeons we routinely
perform postoperative angiography in all patients
treated neurosurgically. This is the only way to make
completely sure that there is no remaining aneu-

rysm or aneurysm remnant. Even opening of the an-
eurysm sac after clipping, a standard procedure in
many neurosurgical institutions, does not exclude
residual neck remnants proximal to the clip. Ad-
ditionally, imperfect clip placement or delayed clip
dislocation may remain unrecognized until postop-
erative angiography is performed. There is another
perspective that support postoperative angiograms
in all patients: incomplete clipped aneurysm can
be finally managed very often via endovascular ap-
proach. A broad neck may be pretty small after in-
complete clipping, a giant aneurysm may be turned
into a just large one or the anatomy may have be-
come clearer after inspection. Few data are avail-
able on angiographic results on clipped aneurysms
since a lot of groups do not routinely perform DSA
postoperative. The reported residual aneurysms or
neck remnants are in the range of 4%-17%; most
of them report within the range 4%-7% (BYRNE et
al. 1999; FEUERBERG et al. 1987; MAcDONALD et al.
1993, L1N et al. 1989). LN et al. (1989) revealed in up
to 4% of patients on postoperative angiograms an
expected or unexpected aneurysm residuum due to
incomplete clipping. In a consecutive series of 305
clipped aneurysms, SINDOU et al. (1998) reported
an incomplete clipping in 18 out of 305 aneurysms
(5.9%), with only a neck remnant in 3.9% and neck
and sac remnant in 1.9%, amenable for complemen-
tary retreatment. A clinical data review of six series
of clipped aneurysms which were checked by early
postoperative angiography revealed that 82 aneu-
rysms (5.2%) out of a total of 1397 patients demon-
strated residual filling (THORNTON et al. 2000b).
Data on cerebral aneurysms treated by an endo-
vascular approach also confirmed that a significant
number of cases had either a residual or recurrent
aneurysm. VINUELA et al. (1997) reported a multi-
centre study on the results of GDC treatment for ce-
rebral aneurysms in 403 patients. They reported an
aneurysm remnant in an aneurysm-size dependent
fashion: 25.6% of small aneurysms with a small neck,
52% of small aneurysms with a wide neck, 62.1% of
large aneurysms and 50% of giant aneurysms dem-
onstrated a remnant after initial treatment. During
follow-up to 36 months after treatment, 9 patients
(2.2%) with incompletely embolized aneurysms
rebled; in another review by BYRNE et al. (1999),
36% of cases had an aneurysm remnant of variable
size after initial treatment, and 14.7% of aneurysm
remnants had enlarged to some degree. Giant an-
eurysms had a 100% recurrence rate. The incidence
of aneurysm regrowing after incomplete treatment
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may have been underestimated. Even a small por-
tion of aneurysm neck has the potential to enlarge
over time. Although small aneurysm remnants mea-
suring from 1 to 2 mm may not justify retreatment,
the risk of progressive enlargement to a dangerous
aneurysm should be considered. Long-term angio-
graphic reassessment — preferentially done with MR
- may be valuable not to miss aneurysm enlargement
(SinDou et al. 1998). Incomplete treatment of an an-
eurysm, either by clipping or coiling, may result in
recurrent hemorrhage with serious or devastating
consequences (DRAKE and ALLcOCK 1973; EBINA et
al. 1982; LE Roux et al. 1998; LIN et al. 1989). The
risk of rebleeding from an aneurysm remnant has
not been statistically studied in a larger series of pa-
tients. FEUERBERG et al. (1987) looked at the natu-
ral history of these remnants and concluded that
the rebleeding risk is between 0.38% and 0.79% per
year. LIN et al. (1989) reported 19 patients who had
an enlargement of a previously documented small
aneurysm remnant after surgical clipping with 14 of
these patients presenting with rebleeding.

There are some predisposing factors for postoper-
ative aneurysm remnants such as aneurysm size and
topographic peculiarities. Large or giant aneurysms
are associated with a higher frequency of aneurysm
remnants as well as neurosurgical difficult anatomic
localizations such as carotidoophthalmic region,
which requires removal of the clinoid process. Since
nowadays endovascular aneurysm therapy is an im-
portant part in the management of SAH, compari-
son of surgical and endovascular methods regarding
completeness of obliteration is of great importance.
The reported results with coil embolization are very
variable according to the series, techniques used
and aneurysmal size. In the series of RAYMOND
and Roy (1997) a neck remnant was present in 37%.
The study by VINUELA et al. (1997) in 403 patients
clearly demonstrated that the completeness of aneu-
rysm occlusion is strongly dependent on aneurysm
size. In small aneurysms the complete occlusion
rate was 70.8%, whereas in large or giant aneurysms
it was in the region of 50%. Using the “remodeling
technique” for wide-necked aneurysms, MORET et
al. (1997a,b) reported aneurysm remnants in 17%
of the cases and incomplete occlusion in only 6%.
This leads to the further question concerning the
management of the aneurysm remnant or residual
neck: again surgical, or endovascular, or no ther-
apy? Feuerberg recommended retreatment at least
in young patients. However, FEUERBERG et al. (1987)
reported that up to 50% of neurosurgeons believe

that a second surgical approach would not improve
the situation. Perioperative scarring, the frequent
need to remove the primary surgical clip, increased
incidence of intraoperative rupture all add to the in-
creased risk of such a repeat operation (BOET et al.
2001). In any case, this remains a difficult field and
a complex group of patients. However, we recom-
mend performing postoperative angiography in all
patients after clipping and considering the endovas-
cular route for those patients with aneurysm rem-
nants. For coiled patients it is even more important
to have follow-up imaging for at least 3 years.

5.4.10.6
Combined Therapies

Neurosurgery and interventional neuroradiology
are not competitive therapies, but the complemen-
tary nature of techniques offers the best chance to
reduce treatment morbidity and improve long-term
outcome in difficult aneurysms. The primary mo-
dality of treatment, the anatomy and configuration
of the aneurysm, the radiologist’s and the neuro-
surgeon’s opinion and the ease or difficulty of the
retreatment procedure using either method and the
risks involved with each all have to be considered in
the decision making process. However, since ISAT,
the endovascular modality should clearly be the first
choice, if - and this should be borne very much
in mind - the endovascular expertise is available.
For complex aneurysms a combined approach of
endovascular and surgical treatment may use the
strength of both methods in a synergistic way. There
are different management paradigms of such a com-
bined philosophy available:

e Clipping after partial endovascular occlusion

e Coiling after partial surgical clipping

e Temporary balloon occlusion during clipping

5.4.10.6.1
Clipping After Partial Endovascular Occlusion

Endovascular therapy does not exclude subsequent
surgical clipping. GRAVESs et al. (1995) reported two
patients in whom surgical clipping of incompletely
embolized aneurysms was performed without signif-
icant problems. However, in some cases clipping after
coiling might be difficult, often requiring prolonged
temporary vessel occlusion. Additionally, opening of
the aneurysm for coil extraction might become nec-
essary for final clip placement (ASGARTI et al. 2002;
BATJER and SAMSON 1992; SOLOMON et al. 1996).
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The primary goal of endovascular aneurysm
therapy is to obliterate the aneurysm completely.
However, for acutely ruptured and complex aneu-
rysms in poor grade patients, a therapeutic alterna-
tive might be a combined sequential approach: first
to treat the aneurysm by partial coil embolization
without the demand of achieving complete aneu-
rysm obliteration. This way one might achieve a
temporary protection against early rebleeding, give
the patient the chance for clinical recovery and offer
the final and definite occlusion later on.

5.4.10.6.2
Coiling After Partial Surgical Clipping

There have been several reports on completion of
aneurysm occlusion by endovascular technique af-
ter partial clipping (FORSTING et al. 1996; FRASER et
al. 1994). In this setting, the reduced neck size after
incomplete clipping may represent a technical ad-
vantage for endovascular therapy. Wide-neck aneu-

rysms might thereby be transformed into small-neck
aneurysms. For complex aneurysms which cannot
be treated by either modality alone, this staged pro-
cedure of initial partial clipping with narrowing of
the aneurysm neck and subsequent endovascular
aneurysm obliteration may be considered as ther-
apy. Entering the aneurysm with the microcatheter
might sometimes represent a problem, which can
be overcome in most cases by appropriate shaping
of the wire and microcatheter. However, there will
remain some patients in whom the partially clipped
aneurysm neck may be too small to allow the mi-
crocatheter to enter the sac or too wide to retain
the coils.

5.4.10.6.3
Coiling After Coiling

Surgery of a partially coiled or recanalized aneu-
rysm can be difficult and some authors consider
it to be associated with increased risk and higher

Fig. 5.84a-c. Coiling after clipping. Endovascu-
lar treatment of a small Acom aneurysm remnant
after incomplete clipping
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Fig. 5.85a-g. Retreatment after coil compaction (“coiling after coiling”). Before
and after endovascular treatment of an Acom aneurysm with complete oblitera-
tion, 6-month follow-up demonstrated partial aneurysm recanalization due to

coil compaction. Retreatment was successfully performed

morbidity (HorowITz et al. 1999). If at all possible,
our recommendation is, if anatomy is favourable,
to retreat all previously coiled, but recurrent aneu-
rysms by a second endovascular approach. If the
remnant or recurrent aneurysm is of a reasonable
size the second endovascular attempt is possible in
the majority of patients. The decision to treat (or

not to treat) is sometimes more difficult than the
treatment itself. Is it really necessary to retreat a
previously unruptured aneurysm with a 3-mm rem-
nant? Probably not, if this remnant is stable during
follow-up. The situation is different if a previously
ruptured aneurysm reveals a growing remnant over
6-12 months. But you can probably imagine that
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there are a number of patients in the grey area where
nobody can give a definite answer.

5.4.10.7
Complications of Endovascular Therapy

Endovascular treatment is potentially associated
with procedural complications induced by the treat-
ment itself. Mainly, there are two categories of com-
plications: thromboembolic events and aneurysm
rupture.

Ischemic complications are either due to a throm-
bosis of the aneurysm bearing arterial segment or
due to an embolus either into the aneurysm bearing
artery or into another artery. Thrombosis of the par-
ent artery probably develops at the interface of the
platinum coils due to aggregation of platelets. This
complication is observed more often in broad based
aneurysms, e.g. in giant aneurysms of the ICA. On
the other hand, an embolus generates often in the
guiding catheter system. Since this complication
can occur in a branch away from the aneurysm, it
is important to perform control angiograms dur-
ing the intervention using a large field of view to
cover all relevant vessels. Procedural morbidity of
endovascular treatment ranges between 3.7% and
about 10%, mortality between 0% and 2.1%. These
numbers are well evaluated in patients with unrup-
tured aneurysm to exclude complications due to
the SAH itself (COGNARD et al. 1997; JOHNSTON et
al. 2000; QURESHI et al. 2000; WANKE et al. 2002).
JoHNSTON et al. (2000) reported about a very high
number (10%) of cranial nerve palsies after endo-
vascular therapy. This might be explained by the
large number of giant aneurysms treated with coils
resulting in compression of a cranial nerve by the
coil mass (JoHNSTON et al. 2000). However, throm-
boembolic complications do not necessarily lead to
neurologic deterioration of the patient. QURESHI et
al. (2000) had 8.2% thromboembolic events during
coiling which resulted in neurological deterioration
in only 5.4% of the patients. While analysing data
about complications of endovascular therapy aneu-
rysm localization plays an important role. It turns
out that treating an aneurysm at the site of the MCA
bifurcation is associated with a higher complication
rate than treating an aneurysm at another location
(7% vs 3% for Acom aneurysms) (COGNARD et al.
1997). Probably the complex anatomy of the MCA bi-
furcation might be the reason for this circumstance
but probably also flow related different conditions at
the MCA bifurcation. To reduce the risk of throm-

boembolic events, most of the neurointerventional
centres anticoagulate the patient periprocedurally.
Thereby, most of the groups at least double the ACT
to 250-300s. Postprocedural heparinization re-
duces the incidence of thromboembolic events from
9.3% to 5.9% (QURESHI et al. 2000) and is usually
maintained for another 24-48 h after intervention.
Although no evidence based data exist about anti-
platelet therapy and prevention of thromboembolic
events during or after endovascular treatment, ad-
ministration of aspirin might reduce symptomatic
ischemic events. If, beside this regimen, clotting
occurs, elevation of blood pressure (mean arterial
blood pressure 90-100 mmHg), reassurance of effi-
cient heparinization if administered or administra-
tion of aspirin intravenously and “wait and see” for
a couple of minutes is the first step. If control angio-
gram reveals growing thrombus or no improvement
occurs within 10 min and if no retrograde collater-
alization of the occluded vessel is visible, adminis-
tration of a GPIIb/IIIa antagonist, e.g. abciximab,
might be necessary. Administration should be per-
formed as bolus, either intra-arterial - however, this
is an off-label use - or intravenously, up to 10 mg
and if diminishing of the thrombus is noted, low-
dose abciximab infusion should be continued.
GPIIb/IIIa antagonists may induce thrombocytope-
nia that is probably attributed to an immunological
phenomenon, therefore, white platelets should be
monitored. If the thrombus does not resolve local
intra-arterial lysis might be necessary. In unrup-
tured aneurysms, fibrinolytic agents are an obvious
option. In ruptured aneurysms, fibrinolytic agents
are not recommended because rebleeding often oc-
curs and might end in a catastrophic situation even
if the aneurysm is completely occluded on DSA. In
these patients mechanical recanalisation should be
the next step.

Aneurysm rupture is another complication which
can occur during the intervention. Aneurysm rup-
ture has continued to be one of the most feared com-
plications of endovascular aneurysm therapy. Any
interventional neuroradiologist treating acutely
ruptured aneurysms may be faced with this com-
plication. Some data regarding frequency, causes,
management and outcome of such ruptures during
endovascular treatment are available and revealed
that rupture do occur more often in previously rup-
tured aneurysms than in unruptured and if man-
agement is appropriate good clinical outcome is
often achieved (HALBACH et al. 1991; MCDOUGALL
et al. 1998; RicoLFI et al. 1998; DOERFLER et al.
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2001). Aneurysm rupture might be due to perfora-
tion with the guidewire or microcatheter, or might
occur during coil placement. Clinical sequelae may
be variable, ranging from slight leakage of contrast
into the subarachnoid space to massive SAH or in-
traparenchymal hematoma with severe intracranial
hypertension.

Embolization of the aneurysm can be continued
in most cases, and the majority of patients with
treatment-related SAH survive without serious se-
quelae and with a better outcome than anticipated
(DoERFLER et al. 2001). In our experience the degree
of vasospasms - these can occur immediately - is
the most important predictor of patient’s outcome:
immediate severe vasospasms correlate with a bad
clinical outcome. Anyway, it is extremely helpful
in this situation to have the external CSF drainage
in place before endovascular therapy starts. Some
groups routinely place a microballoon at the neck of
aneurysms in order to inflate it in the case of rupture
and to avoid a devastating bleeding at the same time.
In our experience a microballoon as an anti-bleed-
ing device is indicated in aneurysms with a high risk
of intraprocedural rupture: small Pcom aneurysms
and to a lesser extent small paraophthalmic aneu-
rysms.

5.4.10.8
Monitoring and Therapy of Vasospasm

Transcranial Doppler sonography (TCD) is a useful
non-invasive monitoring tool in SAH patients. The
detection of vasospasm is possible with transcranial
Doppler, by means of increased blood flow velocity
from arterial narrowing in the middle cerebral ar-
tery and the posterior circulation. However, there is
uncertainty about the diagnostic specificity of TCD.
Only velocities above 120-200 cm/s are highly pre-
dictive for the diagnosis of vasospasm (Vora et al.
1999). Compared to angiography, the sensitivity and
specificity of TCD is good for the middle cerebral ar-
tery. For all other arteries there is a lack of evidence
of accuracy or of usefulness of TCD. Additionally,
TCD cannot distinguish symptomatic from asymp-
tomatic vasospasm. The crucial point for the patient
is to be in the hands of an excellent ICU physician,
preferentially a neurosurgeon or a neurologist. Both
are familiar with acute or slow onset of neurological
deficits and it is the clinical history that leads to an
endovascular approach for vasospasm. Quantifica-
tion of cerebral tissue perfusion and earlier detec-
tion of ischemic injury would be nice to have in order

to guide therapy in SAH patients with vasospasm.
New imaging techniques, such as perfusion (PWI)-
and diffusion (DWI)-weighted magnetic resonance
imaging might enable very early identification of
ischemic areas (MINEMATSU et al. 1992; MOSELEY
et al. 1990; WARACH et al. 1992). PWI is a non-inva-
sive method often used to demonstrate the perfusion
reduction in focal ischemia in animal studies and
stroke patients (DE CRESPIGNY et al. 1993; MoSE-
LEY et al. 1990). DWI provides potentially unique
information on the viability of brain tissue and has
been shown to be sensitive to early cerebral ischemia
(DARDZINSKI et al. 1993; MOSELEY et al. 1990; REITH
et al. 1995).

Since DWT is extremely sensitive to ischemic le-
sions it can be used non-invasively to assess the
safety and efficacy of endovascular aneurysm
therapy. DWI might be of particular help in those
patients in whom clinical examination is difficult
(BionpI et al. 2000). SHimopA et al. (2001) used
serial magnetic resonance imaging to investigate
prospectively the incidence of infarction caused by
vasospasm with or without a delayed ischemic neu-
rological deficit in 125 patients with subarachnoid
hemorrhage. The authors defined an infarct from
vasospasm as a new lesion not present on the ini-
tial MRI within 3 days after SAH and therefore not
attributable to primary brain damage or surgical
complications. A new infarct on MRI was evident in
34% (43 patients), whereas 4% (5 patients) showed
no new lesion but had a delayed ischemic neurologi-
cal deficit. However, 29 patients (23%) showed a new
asymptomatic infarct but no delayed ischemic neu-
rological deficit (SHIMODA et al. 2001). Vasospasms
secondary to subarachnoid hemorrhage are respon-
sible for severe ischemic complications. CONDETTE-
AuLIiAc et al. (2001) studied asymptomatic vaso-
spasm in seven patients with aneurysmal SAH to
assess whether DWI provides predictive markers of
silent ischemic lesions and/or progression toward
symptomatic ischemia. Additionally, three patients
with symptomatic vasospasm, and four patients with
SAH but without vasospasm were studied at regular
intervals by DWI, and their apparent diffusion co-
efficients (ADCs) were calculated. All patients with
vasospasm including those without symptoms pre-
sented abnormalities on DWI with a reduction of
the ADC prevalently in the white matter. No such
abnormalities were observed in patients without va-
sospasm. Correlation of abnormalities on DWI with
parenchymal involvement in asymptomatic patients
would be of considerable clinical significance. Larger
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Fig.5.86a-e. The MCA was occluded during
embolization of an Acom aneurysm. Throm-
bolysis was performed using 10 mg rt-PA
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Fig.5.87a-d. During embolization of an unruptured Acom aneurysm perforation occurred while introducing a coil. b,d
DSA and CT demonstrated extravasation of blood. ¢ Rapid embolization was continued and bleeding stopped immediately
after complete insertion of the first coil. Patient recovered without clinical sequelae

studies might be able to determine whether the ADC
has a reversibility threshold, because this would fa-
cilitate patient management (CONDETTE-AULIAC et
al. 2001). Monitoring of patients with vasospasm
after SAH using a combination of serial PWI and
DWI might yield insight into the hemodynamics
and temporal evolution of vasospasms and delayed
cerebral ischemia (RORDOREF et al. 1999). DWI and
PWI might thereby improve our pathophysiologic
understanding of the underlying mechanisms. Ror-

DORE et al. (1999) tried to identify early ischemic in-
jury with combined diffusion-weighted and perfu-
sion-weighted MRI in patients with vasospasm after
SAH. In patients with symptomatic vasospasm the
authors found small, sometimes multiple, ischemic
lesions on DWI encircled by a large area of decreased
cerebral blood flow and increased mean transit time.
MR images were normal in asymptomatic patients
with angiographic vasospasm; and in patients with
a normal angiogram and no clinical signs of vaso-
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spasm. This combined technique could become a
useful tool in the clinical management of patients
with SAH (RORDORE et al. 1999). A newer CT-perfu-
sion study using the time to peak map revealed that
this method is a sensitive and early predictor for sec-
ondary cerebral ischemia. A total of 38 patients were
examined with Perfusion-CT and TCD on regular
intervals (an average of 3.5 PCT and 10.7 TCD). How-
ever, data analysis is difficult in any case of bilateral
infarctions regularly seen if vasospasm is diffuse.
The authors state that the time window eligible for
therapeutic intervention is not necessarily as wide
as observed and that this study cannot prove effec-
tive treatment of potentially underlying vasospasm
or prevention of secondary infarction during this
interval (PHAM et al. 2007). However, at the moment
the application of these techniques in SAH patients
is a matter of research and not clinical routine. Ce-
rebral vasospasm continues to be the leading cause
of morbidity and mortality following aneurysmal
subarachnoid hemorrhage. Roughly 40% of patients
with aneurysmal SAH develop angiographically vis-
ible vasospasm; about 20% have neurologic signs of
vasospasm and 10% present with vasospasm related
infarction. If vasospasm is present at the time of
patient administration and before treatment of the
aneurysm a combined approach might be necessary
in order to occlude the aneurysm and to resolve va-

sospasm (WANKE et al. 2000). After treatment of the
ruptured aneurysm, approaches to treat aneurysmal
vasospasm currently include medical treatment with
Ca-antagonists, “triple-H” therapy and endovascu-
lar methods. Nimodipine is recommended prophy-
lactically for all patients. Several randomized trials
have demonstrated that nimodipine reduces poor
outcome due to vasospasm in all grades of patients.
These results are summarized by FEIGIN et al. (2000)
who analyzed 8 controlled trials on efficacy of ni-
modipine with 1574 randomized patients. Aggres-
sive hypertensive, hemodilutional, hypervolemic
therapy is also recommended prophylactically and
is — at least - indicated for symptomatic vasospasm.
Triple-H therapy is an effective modality for elevat-
ing and sustaining CBF after SAH. In combination
with early and definite aneurysm occlusion as a pre-
requisite for this regimen, it can minimize delayed
cerebral ischemia and lead to an improved overall
outcome (KiNG and MARTIN 1994; ORIGITANO et al.
1990; SEIFERT 1997). Assessing trial quality there
exist only studies with optional recommendations
for this therapy. The efficacy of triple-H therapy has
yet not been demonstrated in randomized clinical
trials.

The same is valid for the use of the endovascu-
lar methods. The two main endovascular treatment
methods are balloon angioplasty and intra-arterial

Fig.5.88. a Severe vasospasm after rupture of an Acom aneurysm. b After balloon angioplasty and papaverine infusion.
c Severe vasospasm 1 day later was noted of the previously not dilated vessels
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infusion of spasmolytic agents. If clinical deterio-
ration is progressive despite intravenous medical
therapy, endovascular methods to treat vasospasm
should be used.

Balloon angioplasty is superior to papaverine for
treatment of proximal vessel vasospasm and has a
more sustained effect on the vessels. To date there
are no series documenting a significance of cerebral
blood flow increase or improvement of delayed isch-
emic neurologic deficits induced by vasospasm com-
pared to controls, but our clinical experience and
single case studies suggest that balloon angioplasty
does reverse vasospasms and - if performed early
enough - can improve the patient’s condition.

SonG et al. (1997) reported early and aggres-
sive treatment with balloon angioplasty clinical
improvement in about two-thirds of their patients
suffering from neurological deficits attributable to
vasospasm. In a rabbit model an increase in endo-
thelial proliferation and decrease in the thickness
of the tunica media was shown suggesting, that an-
gioplasty damages endothelial and smooth-muscle
cells. This may be the basis for the observation that
vasospastic arteries do not reconstrict after angio-
plasty (MAacDONALD et al. 1995).

Papaverine or nimodipine can be useful as an ad-
junct to balloon angioplasty and also for the treat-
ment of distal vessels that are not accessible for bal-
loon angioplasty (NEWELL et al. 1999). Although
isolated series documenting clinical successes have
prompted the increased use of papaverine or ni-
modipine as a treatment for vasospasm after SAH,
some authors found, as it is currently being used,
the drug does not provide added benefits, compared
with medical treatment of vasospasm alone but do
not preclude the possibility that alterations in the
timing of or indications for drug treatment might
produce beneficial effects (PoLIN et al. 1998).

5.4.10.9
Follow-Up and Outcome

5.4.10.9.1
Follow-Up after Endovascular Therapy

The goal of intracranial aneurysm treatment is to
achieve complete aneurysm occlusion in order to
avoid rebleeding. The total occlusion rate after clip-
ping is higher than after endovascular therapy. In
most of the neurosurgical centers control angiogra-
phy after surgery is not performed. However, in the
literature the range of incompletely clipped aneu-

rysms is between 4% and 17% (BYRNE et al. 1999;
FEUERBERG et al. 1987; MAcDoONALD et al. 1993).
A large series of postoperatively examined patients
with a total of 837 aneurysms revealed residual an-
eurysms in 7.09% (Suzuxki et al. 1980).

Especially for small neck aneurysms, endovascu-
lar coil embolization has become a therapeutic alter-
native to microneurosurgical clipping (JOHNSTON
et al. 1999; Ko1rvisto et al. 2000; MURAYAMA et al.
1999; RAAYMAKERS et al. 1998). However, one prob-
lem that might occur in endovascularly treated
aneurysms is the relatively high number of sub-
optimal obliterated aneurysms with a tendency to
recanalize (BYRNE et al. 1999; COGNARD et al. 1999).
Therefore, careful follow-up after endovascular
treatment in order to detect recurrent aneurysm is
of major importance. Up to now digital subtraction
angiography (DSA) has been considered the gold
standard for evaluation of residual or recurrent
aneurysms. Since it is an expensive procedure and
carries the risk of a permanent neurologic deficit
(GrzyskaA et al. 1990; HANKEY et al. 1990) a non-
invasive and more cost-effective modality would be
favored to have. Magnetic resonance angiography
(MRA) using time-of-flight (TOF) technique has an
excellent spatial resolution and is - although not
routinely - used for detection of both unruptured
and ruptured intracranial aneurysms (BosMANS et
al. 1995; GouriaMos et al. 1992; HOUKIN et al. 1994;
JAGER et al. 2000; RAAYMAKERS et al. 1999; Ross et
al. 1990; SEvVICK et al. 1990). However, in neurosur-
gically clipped patients MRA is clearly not the diag-
nostic tool of choice to determine occlusion rate due
to severe artefacts of the titanium clips (GRIEVE et
al. 1999; HARTMAN et al. 1997).

However, there are still controversial studies
about the value of MRA after coiling of aneurysms.
Some authors report severe artefacts, others re-
port excellent diagnostic results without produc-
ing artefacts (ANZALONE et al. 2000; DERDEYN et al.
1997; HARTMAN et al. 1997; BRUNEREAU et al. 1999;
KAHARA et al. 1999; SHELLOCK et al. 1997). In our
experience MRA is very reliable to detect recurrent
aneurysms. Platinum coils do of course alter the MR
signal, but do not produce artefacts interfering with
the evaluation of aneurysm obliteration. As always,
the patient should be in a reasonable clinical condi-
tion to cooperate during the time of scanning and
vasospasm and subarachnoid blood clots should not
be present. The same is true if platinum coils are
used in combination with a neuro-stent. Although
the stent is visible on MRA source images and pro-
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Fig. 5.89a-d. Giant broad-based ICA aneurysm: TOF axial source image (a)demonstrating signal loss at the vessel
wall at the site of the implanted stent (arrows) while the parent artery is patent. Although there is no flow after
coiling the giant aneurysm is partially thrombosed. b DSA demonstrated the broad base of the aneurysm, and
after (c) stent placement the aneurysm could be (d) embolized through the stent-interstices
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Fig.5.90. a Broad-based basilar tip
aneurysm encroaching the P1 segment.
TOF axial source images revealed pa-
tency of the basilar artery as well as of
the P1 segment of the left. The implanted
stent is producing signal loss at the ves-
sel wall (arrows). b,c DSA delineate
the position of the proximal and distal
markers of the stent (arrows) and com-
plete obliteration of the aneurysm

duces some signal loss vessel patency and aneurysm
obliteration can be evaluated.

If there is a good correlation between DSA and
MRA in the first control after endovascular interven-
tion - usually 6 months later - MRA seems promis-
ing as a sufficient tool for follow-up of a patient with
a coiled intracranial aneurysm initially larger than
2 mm to select those who should undergo further in-
tervention. Nevertheless, pitfalls such as aneurysm
position in acquisition plane (e.g. at the basilar tip)
and extraordinary vascular disease should be taken
into account. To reliably evaluate aneurysmal re-
currence analysis of the MRA-TOF source images is
mandatory; evaluation of the 3D MIP images alone
is not sufficient. However, in a series of more than
200 patients up to now we never missed an aneu-
rysm remnant or regrowth requiring new therapy.
Therefore, we consider MRA as a sufficient tool for
follow-up patients after endovascular therapy of in-
tracranial aneurysms.

5.4.10.10
Final Remarks

Aneurysm therapy has changed in recent last years.
At some centers already before ISAT and in many
since ISAT, endovascular therapy is the method of
choice for those aneurysms that are suitable for this
technique. In specialized centers, more than 80% of
aneurysms could be treated via the endovascular ap-
proach. The remaining aneurysms are difficult and
it will be a major challenge to maintain neurosurgi-
cal expertise for exactly these “non-coilable” aneu-
rysms. However, despite all the technical improve-
ments, occlusion of a ruptured aneurysm is often not
the most difficult part of the therapy! The disease is
the subarachnoid hemorrhage and that determines
patient outcome. Instead of fighting about “who
should do what” all disciplines should now focus on
the remaining problems of the disease. There is still
a long way ahead to overcome these difficulties.
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