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INTERVENTIONAL NEURORADIOLOGY

Intracranial arterial aneurysm vasculopathies:
targeting the outer vessel wall

Abstract The pathogenesis of intra-
cranial arterial aneurysms (AA) re-
mains unclear, despite their clinical
importance. An improved under-
standing of this disease is important
in choosing therapeutic options. In
addition to the “‘classical” berry-
type aneurysm, there are various
other types of intracranial AA such
as infectious, dissecting or giant,
partially-thrombosed aneurysms.
From the clinician’s perspective, the
hypothesis that some of these intra-
cranial AA might be due to ablu-
minal factors has been proposed for
several years. Indeed, this hypothesis
and the empirical use of anti-
inflammatory drugs in giant intra-
cranial aneurysms have been con-
firmed by recent studies reporting
that an enzyme involved in the
inflammatory cascade (5-lipoxygen-
ase or 5-LO) promotes the patho-
genesis of specific aneurysms in
humans. 5-LO generates different
forms of leukotrienes which are po-
tent mediators of inflammation.
Adventitial inflammation leads to a
weakening of the media from the
abluminal part of the vessel wall due
to the release of proinflammatory
factors that invade the media,
thereby degrading the extracellular
matrix, the elastic lamina of the
vascular wall, and, finally, the
integrity of the vessel lumen. This in
turn results in a dilation of the vessel

and aneurysm formation. Moreover,
neoangiogenesis of vasa vasorum is
found in close proximity to 5-LO
activated macrophages. In addition
to this biological cascade, we argue
that repeated subadventitial haem-
orrhages from the new vasa vasorum
play an important role in aneurysm
pathogenesis, due to a progressive
increase in size mediated by the
apposition of new layers of intra-
mural haematoma within the vessel
wall. Intracranial giant AA can
therefore be regarded as a prolifer-
ative disease of the vessel wall in-
duced by extravascular activity.
Considering certain aneurysmal
vasculopathies as an abluminal dis-
ease might alter current therapeutic
strategies. Therapy should not only
be aimed at the intraluminal repair
of the artery, but also cross the ves-
sel wall to reach the vasa vasorum.
Drug-eluting stents placed proximal
to the lesion and targeted to the
origin of the vasa vasorum could be
considered as a potential future op-
tion. “Intelligent” MRI contrast
agents (i.e., macrophage marking)
could be used to detect vasa vaso-
rum proliferation and weakening of
the vessel wall in vivo.
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Introduction

The pathogenesis of intracranial arterial aneurysms
(AA) is complex and still not fully understood, despite
its importance to the choice of treatment for this disease.
Various shear stresses (flow, turbulences, jet effects and
others) are known to produce AA—these represent
“luminal” aneurysmal vasculopathies in which it is
postulated that these stresses induce pathogenetic
changes in normal vessel walls. In contrast, structural
vessel-wall diseases (inflammatory, infectious, collagen
diseases and others) are “abluminal” aneurysmal vas-
culopathies. In these, there is a primary abnormality of
the vessel wall which is potentially aggravated by shear
stresses [1-4]. A mechanistic viewpoint held by clinicians
is that the different types of aneurysm share a common
final pathophysiology, and should therefore share the
same treatment [5]. As a result, therapies aimed at
vessel-wall repair have been given less prominence than

Fig. 1 Model of the vasa vaso-
rum and the 5-LO pathway
participation in leucocyte
recruitment, arterial remodel-
ling and intracerebral giant
arterial aneurysm formation.
Macrophages reach the adven-
titia via vasa vasorum that arise
from the parent vessels them-
selves (see also Fig. 4). These
adventitial macrophages ex-
press 5-LO and subsequently
generate leukotrienes which in
turn activate (1) T cells, (2)
other macrophages, (3) prolif-
eration of vasa vasorum, and
(4) monocytes, leading to an
increased extravasation of leu-
cocytes from the vasa vasorum
to the adventita. These acti-
vated leucocytes release proin-
flammatory factors (such as
metalloproteinases) that dam-
age the media by degradation of
the extracellular matrix (ECM)
and the elastic lamina that lead
to a focally-weakened parent-
vessel wall from which subse-
quently the aneurismal lumen
may form (5) [8]. We comple-
ment this biological cascade
with the traditional clinical
observation of subadventitial
haematomas in so-called “par-
tially-thrombosed aneurysms”.
Repeated subadventitial bleed-
ing from the vasa vasorum (6)
leads to an onion-shaped intra-
mural haematoma of different
ages (see also Fig. 2)
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those aimed at repair of the luminal part of the aneu-
rysm. Flow-related AA associated with brain arterio-
venous malformations are treated by correction of the
shunt and thus of the abnormal stresses. This is an
example of pathophysiologic management of a specific
group of AA. Similarly, infectious AA treated with
antibiotics and the spontaneous repair of some dissect-
ing AA further point to the role played by the vessel wall
and its capacities for repair.

The specific group of “partially-thrombosed AA”
constitutes a particular type of AA encountered in
neurological practice. Clinicians have hypothesised since
1980 that such giant or partially-thrombosed aneurysms
might be due to abluminal factors [6, 7]. However, this
hypothesis was not confirmed until recently, when a
study conducted by Zhao et al. “biologically” confirmed
these early hypotheses. They concluded that
partially-thrombosed aneurysms are the result of a
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process that is mediated from the “outside of the vessel”
by the vasa vasorum of the affected vessels [8].

The role of vaso vasorum and the 5-lipoxgenase
pathway

Vasa vasorum or vasa nutricia constitute a normal
arterial network within the adventitia that is important
for supplying nutrients and oxygen to both the
adventitia and media. Whereas the presence of vasa
vasorum within the proximal segments of the intra-
cranial internal and the vertebral artery piercing the
dura is confirmed [9], reports on intracranial arteries

Fig. 2 Example of a giant aneurysm of the basilar tip in a 60-year-
old patient who presented with a partial third cranial nerve palsy
along with a contralateral moderate hemiparesis. Frames a and b
were taken on admission and show the “partially-thrombosed”
aneurysm with “clots” of different ages represented by crescent-
shaped signal alterations in the vessel wall. Frame ¢ was taken
1 year later and demonstrates a new crescent-shaped peripheral
haematoma in the outer vessel wall (arrow). Digital subtraction
angiography (DSA) in 3D (frame d) shows the lumen of the
aneurysm; however, the greatest part (i.e., the subadventitial
haematoma) of the aneurysm is not visualised, since DSA can
only depict intraluminal portions of the vessels. Frames e and f
schematically explain the increase in size as being due to recurrent
haemorrhages into the aneurysm vessel wall from the vasa
vasorum, leading to onion-shaped thrombus formations within
the adventita [7]. (B4 basilar artery, PCA posterior cerebral artery,
SCA superior cerebellar artery)

are contradictory [10, 11]. A growing body of evidence
suggests that in intracranial atherosclerosis, vasa va-
sorum are present more distally on the carotid and
vertebrobasilar systems. Furthermore, the absence of
vasa vasorum in intracranial arteries in neonates and
children, as well as the increased density of vasa va-
sorum in proximal segments of atherosclerotic intra-
cranial arteries, indicate that vasa vasorum in proximal
segments of intracranial arteries in adults are acquired
and reactive in nature, and express an angiogenetic
potential [11]. The supply to vasa vasorum is not
known in detail, but some clinical situations suggest
that the network receives contributions from branches
arising from the main trunk itself [9].

In their recent work [8], Zhao and colleagues defined
one potential mechanism responsible for the formation
of arterial aneurysms, namely 5-lipoxygenase (5-LO),
which is a key enzyme in leukotriene production that is
expressed in leucocytes, macrophages and mast cells
[12]. Once these cells are activated, 5-LO generates dif-
ferent forms of leukotrienes that are potent mediators of
inflammation by further activating macrophages and
recruiting monocytes and T-cells [13]. One of the leu-
kotrienes, LTD4, binds to endothelial cells of the vasa
vasorum, which leads to an increase of leucocyte
extravasation. This adventitial inflammation leads to a
weakening of the media by release of proinflammatory
factors that invade the media and lead to a dilation that
subsequently results in aneurysm formation [8]. It is
important to note that the weakening of the artery does
not occur from the inside of the vessel, rather it is caused
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from the outside, i.e., by abluminal factors, namely the
5-LO pathway.

The role of the vasa vasorum in the formation of
aneurysms is clearly emphasised by Zhao et al. [§] in
their study. Leukotrienes stimulate the production of
macrophage inflammatory proteins (MIPs) that par-
ticipate in the recruitment of leucocytes and the release
of factors such as proteases that degrade the extracel-
lular matrix, the elastic lamina of the vascular wall,
and, finally, the integrity of the vessel lumen [14-16]. In
addition, neoangiogenesis of vasa vasorum is encoun-
tered in close proximity to 5-LO activated macro-
phages, indicating that the inflammatory process of the
adventitia might lead to a vicious circle by which an
increase of vasa vasorum in turn facilitates the supply
of inflammatory cells to the vessel wall [8, 17]. Acti-
vation of the proinflammatory 5-LO pathway in com-
bination with hypercholesterolaemia has also been
linked to the formation of atherosclerosis as a chronic
inflammatory disorder of the vessel wall [13, 18]. These
data therefore link the hyperlipidaecmia-dependent ves-
sel-wall inflammation of atherosclerosis to the forma-
tion of AA via the same pathogenetic route in which
the vasa vasorum play a crucial role [19] (Fig. 1). The
possibility of a subadventitial, i.e., intramural haema-
toma resulting from these vasa vasorum is implicit
from these observations.

Fig. 3 Example of vasa vasorum around a giant, partially-calcified
vertebral artery aneurysm in a 25-year-old patient. Twelve years
prior to admission, a giant fusiform aneurysm of the right vertebral
artery was found and surgically treated by proximal exclusion
(““clipping”) of the parent vessel. On admission, the patient’s CT
demonstrated a partially-calcified aneurysm (asterisk) with periph-
eral haemorrhage (arrowhead). Angiography (right vertebral artery,
lateral projection) indicates that the aneurysm is completely
excluded. However, there are many small vessels seen surrounding
the aneurysm (arrows) that represent the vasa vasorum. This case
illustrates that despite exclusion of the parent artery and the
aneurismal lumen, the vessel-wall disease is still active

The pathogenesis of giant aneurysms

From a clinical perspective, there are several intracranial
pathological conditions which could now be explained
by these findings. Amongst those entities are so-called
giant or “‘partially-thrombosed” AA. In 1980, Schubiger
et al. suggested that formation of intracranial giant ar-
tery aneurysms could be due to a chronic dissection
process associated with recurrent subadventitial haem-
orrhage from the vasa vasorum [6]. Yasargil reported
that on surgical exploration of giant intracranial aneu-
rysms a tremendous network of fine vessels covering the
aneurysm could be seen [20]. They argued that these
small vessels might represent the increased amount of
vasa vasorum at the aneurysmal wall level, and that they
may be responsible for the curvilinear enhancement
noted on CT after contrast injection. Subsequently, it
was noted that subarachnoid haemorrhage in partially-
thrombosed AA did not occur from the aneurysm itself,
but instead from the vessel wall with formation of fresh
clot both inside and outside the vessel wall [7] (Fig. 2).
Postmortem microscopic studies of 18 cases with giant
intracranial aneurysms demonstrated that the wall of
such AA consisted of fibrous tissue (often with calcifi-
cations), loss of the elastic lamina and muscularis, and a
large number of small vessels within the wall corre-
sponding to the vasa vasorum [9]. In a more recent re-
port, Iihara et al. noted growth of a giant partially-
thrombosed aneurysm after complete occlusion of the
parent vessel in a patient [21]. Although there was no
angiographically demonstrated evidence of filling of a
lumen, the aneurysm continued to enlarge, requiring
surgery. During the operation, the presence of markedly
developed vasa vasorum was recognised on the parent
artery and neck of the aneurysm [21]. The common
finding of these studies is that recurrent bleeding from
the vasa vasorum can result in an increase in size of the
aneurysm and in further proliferation of neomembranes
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and new vessels. The increase in size of a giant aneurysm
is therefore not due to intraluminal factors (i.e., change
in haemodynamics, weak vessel wall leading to centrif-
ugal growth of the aneurysm) but due to the apposition
of new layers of thrombus at the periphery. Similarly,
thrombosis of the so-called partially-thrombosed aneu-
rysm seen on imaging studies does not correspond to
intraluminal thrombus, but more likely refers to recur-
rent intramural haematoma similar to intramural
haematoma seen on dissections of large arteries [22].
Intracranial giant AA can therefore be regarded as a
proliferative disease of the vessel wall induced by
extravascular activity [23, 24].

The primary cause for the dissection is unknown.
However, one might presume that atherosclerosis
can—via a chronic inflammatory response—lead to a
thinning of the media and cause vascular rupture within
the adventitia. The haemorrhage stops the further dis-
section of the media; otherwise, an acute transmural

Fig. 4 Example of enlarged vasa vasorum arising from the parent
vessel itself. This 48-year-old patient presented with a paragangli-
oma (asterisk in a) which was supplied from the ascending
pharyngeal artery and an artery arising from the proximal
intrapetrous segment of the internal carotid artery (ICA) (arrow
in ¢). The artery ran retrograde along with the ICA within the
carotid canal (arrows in a and b, arrowhead in ¢) on the outer
surface of the ICA, and represented enlarged vasa vasorum. Such
enlargement is commonly observed in this disease and is believed to
be related to the angiogenetic activity of the tumour

dissection with subarachnoid haemorrhage occurs[15, 25,
26]. The increase in number and size of the vasa vasorum
fits well with this concept. Since the biological phenome-
non is persisting, the effects may be still active, which
explains why some cases of dissection continue to evolve
even after therapeutic occlusion of the vessel (Fig. 3).

These hypotheses do not however apply to all intra-
cranial aneurysms. The most frequently encountered
intracranial aneurysm, namely the berry type, cannot be
regarded as the same disease as the giant chronic or acute
dissecting aneurysms [27]. The latter often demonstrate a
multifocal character, suggesting non-haemodynamic
triggering factors. Giant aneurysms also behave differ-
ently over time, with about 50% thrombosing, whereas
only 2% of berry aneurysms show complete spontaneous
thrombosis in relation to focal vascular exclusion of the
vasa vasorum system. The topography and localisation
of these aneurysms is different, as is their epidemiology
and association with certain genetic or familial diseases
[9]. Furthermore, these comments apply only to adult-
s—in children the mechanism of vessel wall dissection is
likely to be different.

Conclusion

Adventitial inflammatory reactions and vasa vasorum
appear to play an important role in intracranial giant
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aneurysm formation. This biological explanation ret-
rospectively confirms the empirical use of steroids and
other anti-inflammatory drugs in acutely symptomatic
so-called “‘partially-thrombosed” aneurysms [28]. This
understanding of the pathophysiology has important
therapeutic implications, since therapy should not be
aimed solely at the intraluminal repair of the artery.
One should also consider a treatment regimen that is
able to cross the vessel wall to reach the vasa vasorum.
Drug-eluting stents placed proximal to the lesion and

targeted to the origin of the vasa vasorum could be
considered as a potential future option (Fig. 4).
“Intelligent” MRI contrast agents (i.e., macrophage
marking) could be used to detect vasa vasorum pro-
liferation and weakening of the vessel wall in vivo [29—
32].

This conjunction of biological research and clinical
experience may in the future give rise to treatments
aimed at the cause, rather than the morphology, of the
aneurysmal vasculopathy.
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