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ABSTRACT

Background: Vasa vasorum (VVs) is a Latin word representing vessels of vessels. VVs are usually found on
the adventitia of the parent vessel and infrequently reach the media and intima, depending on the size and
type of the parent vessels and physiological and pathological conditions. The VVs include arteries, capillaries,
veins, and lymphatic vessels, involving the oxygenation and nourishment of the vessel's wall to sustain its
healthy state. Accumulated studies have revealed that VVs are involved in various intracranial lesions, including
atherosclerotic diseases, aneurysms, and shunt diseases. The current review aims to review and integrate
past and recent findings and knowledge on VVs and to facilitate our understanding of VVs and intracranial
pathology involving VVs.

Methods: A literature review was carried out with a focus on the role of VVs by searching the Pubmed database.

Results: We identified 71 articles that discuss the role of VVs. We discussed the anatomical structure, physiological
significance, and pathological significance of the VV.

Conclusion: VV is not only involved in the nutrition and metabolism of the vascular wall but is also deeply
involved in the pathogenesis of inflammation, ischemia, and thrombosis of the vascular wall. In addition, in
the central nervous system, intracranial vascular wall nutrient particularities and VVs are closely related to the
pathogenesis of cerebral aneurysms, subarachnoid hemorrhage, arteriovenous shunt disease, atherosclerotic
lesions, and other conditions.
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INTRODUCTION (HISTORY OF VASA VASORUM [VV])

VVs are a Latin word representing vessels of vessels. It is also called vasa nutria™” due to its
role in the nutritional supply of the vessel wall. Thomas Willis first described its existence
(1621-1675).! He was an English anatomist famous for the intracranial arterial rings that
bear his name. The term “Vasa vasorum” was first coined by the German anatomist Christian
Gottlieb Ludwig (1709-1773).1" Since microscopes were unavailable in their time, their
observation was conducted with the naked eye. They found tiny vessels on the wall and named
them “vasa vasorum. Later, Gimbert®" first reported the detailed anatomy and function of
VVs. He observed VVs in detail in autopsy cases using microscopes, which developed rapidly
in the 19" century. He noted that VVs are distributed in the tunica adventitia of blood vessels,
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are present in veins and arteries, and are essentially absent
in brain blood vessels. Since then, VVs have been commonly
recognized as anatomical structures among clinicians and
have appeared as an anatomical terminology in textbooks
since 1895.””) The invention of the microradiographic
technique in the 1960s facilitated the investigation of VVs,
which allowed us to observe the VV microanatomy while
maintaining continuity with the surrounding vessels.” Then,
using corrosion casts enabled observation while preserving
the three-dimensional structure.'®* In recent years, wall
vessel images have made it possible to evaluate the density of
VV increments in intracranial vessels.*” These advancements
reveal that VVs are involved in various intracranial lesions,
including atherosclerotic diseases, cerebral aneurysms, and
arteriovenous shunts (AVSs). The current review aims to
review and integrate past and recent findings and knowledge
on VVs and to facilitate our understanding of VVs and
intracranial pathology involving VVs.

BASIC HISTOLOGICAL ANATOMY OF BLOOD
VESSELS

The vessel wall comprises the tunica intima, media, and
adventitia® [Figure 1]. The tunica intima is divided into
vascular endothelial cells and subendothelial connective

tissue. The outermost layer of the tunica intima is the internal
elastic plate, which borders between the tunica media and
tunica intima and provides the vessels with resiliency and
resistance to mechanical stress. The tunica media consists
of smooth muscle and surrounding collagen and elastic
fibers. The tunica media of elastic arteries, for example, the
ascending and descending aorta, brachiocephalic artery,
common carotid artery, subclavian artery, and common
iliac artery, consists of a series of layered structural
lamellar units abundant in elastic fibers and smooth muscle
[Figure 1]. Indeed, the human aorta is composed of 52 unit
layers."”] In muscular arteries, a layered lamellar unit does
not exist, and usually, only the internal/external elastic
lamina exists, bordering the intima, media, and adventitia.
The external elastic lamina is histologically included in the
media. The adventitia, where most VVs exist, comprises
sparse connective tissue and fibroblasts with longitudinal
elastic fibers and collagen fibers. The structure of the
intracranial arteries is almost the same as that of systemic
arteries, except for internal and external elastic plates; the
internal elastic plate is well developed, while the media and
the adventitia show few elastic fibers and lack an external
elastic lamina. Interestingly, it has been suggested that
the external elastic lamina is once formed but later lost after
the age of 2 years.?*

Vasa vasorum

Critical depth

Adventitia

External Elastic Lamina

Internal Elastic Lamina

Figure 1: The basic structure of a blood vessel (elastic artery) and vasa vasorum (VV). Elastic arteries
have a well-developed elastic plate and smooth muscle (lamellar unit). Critical depth is considered to
be the limit of oxygen and nutrients from the lumen, and VVs exist on the outer side of the lumen. The
critical depth is usually approximately 0.5 mm (30 layers in a lamellar unit). Muscular arteries do not
have such a well-developed lamellar unit. In intracranial arteries, the external elastic lamina is absent.
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ANATOMICAL STRUCTURE AND
PHYSIOLOGICAL SIGNIFICANCE OF THE VV

VVs are usually found on the adventitia of the parent vessel
and infrequently reach the media and intima, depending
on the size and type of the parent vessels and physiological
and pathological conditions. Some articles referred to only
VVs extending into the media as true VVs.*! However,
most literature considers the “small vessels that nourish
the large vessels” as VVs. We follow the definition and
consider small vessels in any wall layer as VVs in this paper.
The VVs consist of arteries, capillaries, veins, and even
lymphatic vessels!'"'*! and constitute the whole vascular
network within the parent vessel wall. The VVs conveying
the arterial blood are divided into two categories: the VVs
directly arising from the arterial lumen are called the “vasa
vasorum interna” The VVs from the remote artery to
the adventitia of the different vessels are called the “vasa
vasorum externa” The VVs conveying the venous blood
or lymphatic fluid are called the “venous vasa vasorum” or
“lymphatic vasa vasorum”!"*1>?2! [Figure 2].

The physiological function of VVs is to supply nutrition and
oxygen to the parent vessel walls and to sustain their healthy
physiological function, which has been well described
in the previous literature. Geiringer investigated the VV
distribution in the human aorta and coronary arteries and
found that VVs are abundant in the adventitia and outer
media. However, he also found that the inner layer of 0.5 mm
or 0.35 mm in the aorta or coronary arteries from the lumen
is always avascular. He defined this vascular-free layer as the
“critical depth,” the limit of oxygen and nutrient diffusion
from the lumen inside and outside VV's [Figure 1]. A recent
immunohistochemical investigation detected scanty vessels
deeper (<0.1 mm) within the classical critical depth.
Additional study is necessary to define the true critical depth.

Wolinsky studied various mammalian VVs in the aorta and
confirmed that critical depth can be seen in any species. The
diffusion has been nicely visualized by Werber and Heistad!
and Jurrus and Weiss.” In a previous study,®” radioisotope-
labeled antipyrine (a substance taken up by the intercellular

compartment of the vessel wall) was administered into a
dog’s heart. Two hours after injection, the radioisotope
concentration was high in the intima and adventitia and low
in the media. Then, blockage of VVs of the aorta decreased
the concentration of radioisotopes on the adventitia. Jurrus
and Weiss™! directly measured oxygen partial pressure
in rabbit aorta walls. Oxygen partial pressure was highest
in the innermost and outermost layers and lowest at the
medial center. They also showed that the thickened wall in
atherosclerotic rabbits obstructed diffusion, and the partial
oxygen pressure almost reached zero deep. Such insufficient
supply from VVs leads to necrosis in the middle 1/3 of the
media, although there is no damage to the tunica intima and
inner 1/3 of the tunica media.l®” These studies indicate that
the arterial wall is nourished and oxygenized by diffusion
from the lumen inside and outside VVs. The middle 1/3 of
the tunica media is the most vulnerable watershed layer. The
preceding sentences mainly discuss the VVs in the arterial
wall. However, does the venous wall also have VVs? If one
considers that the oxygen partial pressure in veins is lower
than that of the arteries, one may expect that the role of VVs
in the veins is more significant than that in arteries. Indeed,
the well-developed VV network on the venous wall (vasa
venarum) has been reported in the literature.’**”] O’Nejll™*”
studied the canine internal jugular veins and wrote the
detailed anatomy of its vasa venarum. Similar to arterial VVs,
the vasa venarum consists of arterial, capillary, and venous
components. The vasa venarum are arterialized by adjacent
arteries, while the venous part empties into the adjacent veins
or the parent vein through independent collecting veins on
the surface of the venous wall. O’Nejll also investigated the
contribution of the vasa venarum to venous wall nourishment
by blocking flow either in the vasa venarum or the internal
jugular vein. As expected, the flow stasis of the vasa venarum
resulted in severe endothelial damage, while that of the
jugular vein slightly injured the endothelium. Heistad et al.l**!
measured the VV blood flow in various systemic arteries and
veins. They found that the VV flow was more significant in
the less oxygenized vessels (veins or pulmonary arteries) and
more thickened vessels. In summary, the contribution of vasa

Vasa vasorum interna

Vasa vasorum externa

Venous (lymphatic)
vasa vasorum

Figure 2: Types of vasa vasorum.
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venarum to sustaining the parent venous wall is generally
more significant than that of corresponding arterial V'Vs.

INTRACRANIAL VV AND INTRACRANIAL
VESSEL WALL NUTRITION

The intracranial vessels have been classically considered to
lack VVs. Gimbert?? first reported the absence of VVs in
intracranial vessels in his article, which was further confirmed
by Clower et al., investigation of intracranial vessels in rats,
dogs, and cats.'”” Other researchers investigated human
cadaver specimens and reported similar results;*** VVs
are present only at the proximal segment of the vertebral
and internal carotid arteries, and they are absent in arteries
1.5 cm distal to the intradural entry or arteries with a
media thickness of 250 wm or less.” Interestingly, VVs are
thoroughly absent in neonates, and VVs in the proximal
intracranial arteries in an adult can be found as an extension
of the extradural vessels. Accordingly, they assumed that
the VVs in proximal intracranial segments are acquired
extensions from the extracranial VVs. As an exception, some
authors reported the VVs in distal basilar, anterior cerebral,
or middle cerebral arteries,* which, however, may be
secondarily induced by the atherosclerotic or inflammatory
changes in affected arteries (as discussed in a later section). In
summary, intracranial arteries are free of VVs under normal

Vasa vasorum

Stomata

Rete vasorum

Figure 3: Intracranial vessels and vasa vasorum (VV). In intracranial
vessels, the VV is present only in the internal carotid and proximal
vertebral arteries. The tunica adventitia of blood vessels in the
subarachnoid space has tiny pores called stomata, and there is also
a passageway for cerebrospinal fluid called the rete vasorum inside.
Oxygen and nutrients are supplied to the tunica media through
these channels. If a subarachnoid hemorrhage occurs and the
vessel’s surface is covered with blood, this trophic pathway through
the rete vasorum may cease functioning.
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physiological conditions except for the proximal segments
of the internal carotid and vertebral arteries [Figure 3],
which raises the question of how the intracranial arteries
sustain the oxygen and nutrition supply without VVs. Some
assume that the anatomical features of the intracranial vessels
such as thinner medial and adventitial layers, a thicker but
fenestrated internal elastic lamina, and the absence of the
external elastic lamina, may help greater diffusion from
the lumen inside.* Others suggest that cerebrospinal fluid
(CSF) supplies oxygen and nutrition instead of the VVs. The
electron microscopic investigation of the intracranial vessels’
surface revealed the opening of tiny 1-3 um pores connected
through tunnels, making this labyrinthine network structure
the “rete vasorum.’['®#*! The CSF may deliver oxygen and
nutrition through the rete vasorum. Another previous study
demonstrated that the leptomeningeal cells surrounding
the subarachnoid CSF space do not have a basement
membrane,!!! which, in addition to the lack of the external
elastic lamina, can be a mechanism to remove the barrier and
facilitate substance exchange through the CSE.

Pathological VV
Arteriosclerotic lesion

Atherosclerotic lesions are one of the most investigated
pathologies involving VVs. In systemic atherosclerotic
lesions, hypoxia and inflammation are the fundamental
driving forces that trigger VV neovascularization.
Atherosclerotic wall thickness directly obstructs diffusion
and causes wall hypoxia.l®** In addition, atherosclerotic
lesions increase regional metabolism and aggravate wall
ischemia.®! Then, secondary VV hyperplasia is induced to
sustain wall nourishment. Indeed, the authors reported a
direct association between VV development or flow and
wall thickness.® Furthermore, inflammatory cells and
cytokines also induce VV neovascularization®”, and VVs
usually develop where inflammatory cell infiltration is most
prevalently observed.**

Induced VV hyperplasia, in turn, leads to the progression
of atherosclerosis in many ways. Nakashima and Tashiro
investigated lipoprotein deposition at the early stage of
atherosclerotic lesions and found that the deposit was seen at
the border zone between the intima and media rather than the
innermost layer of the intima. The result suggested that
the lipoprotein is delivered primarily by the VVs instead of
the inner luminal flow.*! In addition, the impaired integrity
of the pathological VV endothelium in atherosclerotic
lesions increases its permeability,*" leading to further
inflammatory cell infiltration and lipoprotein deposits,
in-plaque hemorrhage, and plaque rupture.® Vascular
stenting is a major intervention for atherosclerotic lesions.
The VVs are also involved with in-stent restenosis after
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stenting. Neointimal hyperplasia in the restenosis segment is
associated with VV development and inflammatory cells"",
while the direct compression of VVs by stent expansion
is reported to lead to wall hypoxia, thus promoting medial
necrosis, intimal hyperplasia, and restenosis.™

The involvement of VVs with intracranial atherosclerotic
lesions has been described in only a limited number
of articles. The intracranial vessels, as aforementioned,
do not have VVs except for their proximal segments.
However, VVs can be distally observed in intracranial
atherosclerosis™®*® and can usually be identified as an
extension of proximal physiological VVs. Rarely, “isolated”
VV internas can also be acquired.”! After stenting, one case
report described well-developed VVs in the intracranial
restenotic segment.”! We know little about the role of VVs
in intracranial atherosclerotic lesions, and further study is
needed to elucidate it.

THROMBUS RESOLUTION AND SECONDARY
AVS FORMATION

The thrombus resolution process is analogous to that of
granulation formation in wound formation in wound healing
and undergoes inflammation and tissue organization.*’! The
initial thrombus mainly consists of red blood cells, platelets,
and fibrin. Then, inflammatory cell infiltration initiates
the process in a few days, followed by neovessels within
the thrombus. The neovessels promote inflammatory cell
infiltration, accelerating the resolution process.”” The
neovessels are initially cell-lined small channels but later
coalesce by 3-4 weeks and contribute to venous lumen
restoration itself.[*¥) Where do the neovessels come from?
The VVs on the affected vascular adventitia actually offer the
angiogenesis scaffold for the neovessels, and the neovessels
are formed as an extension of VVs.* The mechanism of
how thrombosis organization induces angiogenesis has
not been well elucidated, but inflammation and ischemia
can be involved in the process. The administration of
the inflammatory chemokine interleukin-8 directly
accelerates angiogenesis within the thrombus,® possibly
by upregulation of the downstream VEGF pathway.®® The
ischemia led by venous hypertension and/or loss of oxygen
and nutrient diffusion from the lumen after occlusion of the
vessel lumen may remain another debatable hypothesis. In
summary, the neovessels within the thrombus, which is a
direct extension of the VVs, can be considered as VVs in a
broad sense.

Interestingly, some authors reported secondary AVSs on
the thrombosed deep venous wall after its resolution.”¢*!
The mechanism is still unknown. However, we assume that
the pathological misconnection of the neovessels with the
original venous lumen during thrombosis resolution can be
the origin of these pathological AVSs. We also see a similar

pathology in the intracranial lesion; dural AVSs (DAVSs)
are the acquired AVSs adjacent to the dura mater and
are developed after the pathological opening and growth
of preexisting physiological AVSs in dural arteries and
veins.!! No past literature has investigated the involvement
of VVs with DAVSs. However, dural veins are extradural
channels and certainly have VVs to sustain their healthy
wall. Some authors described the physiological AVS in the
VV network.**#” In addition, the pathological conditions
precluding DAVSs include venous thrombosis, venous
hypertension, ischemia, infection, and inflammation, which
are also strong triggers for VV angiogenesis. Some authors
successfully established DAVS animal models induced by
venous hypertension and venous thrombosis.’”*” However,
the animals also developed extracranial facial and orbital
AVSs in addition to DAVSs.?75”) The etiology of secondary
AVSs, including DAVSs, is common throughout the body.
VVs provide angiogenesis scaffolds and play a pivotal role in
forming secondary AVSs.

The etiology of secondary AVSs may explain why secondary
pial arteriovenous fistula is rarely reported.® This is
strange, considering that cortical venous thrombosis and
dural sinus thrombosis are frequently observed in clinical
situations. However, the intradural channels lack VVs. Thus,
VVs cannot offer angiogenesis scaffolds for pial lesions.
In addition, the vasculature nourished by CSF may not
face severe wall ischemia even after luminal occlusion and
venous hypertension compared to the extradural vessels.
However, secondary pial AVSs can be induced under
certain circumstances; the authors described secondary
AVS formation after complete occlusion of cerebral and
spinal pial macro arteriovenous fistulas (MAVFs).*! MAVFs
are pial lesions with a giant venous ectasia. The thickened
wall may be nourished and oxygenized by the arterialize
flow inside. However, the complete obliteration of MAVF
results in severe wall ischemia and inflammation, which
may secondarily induce angiogenesis through VVs and
form pathological AVSs. Theologically, the obliteration of
any AVSs can potentially recruit secondary AVSs. Among
them, MAVF obliteration can cause the severest ischemia
and inflammation among any pial AVS lesion, leading to
secondary AVSs.

CEREBRAL ANEURYSM AND SUBARACHNOID
HEMORRHAGE (SAH)

The association of VVs with unstable intracranial aneurysms
inclined to grow or rupture has already been well recognized.
As mentioned above, VVs are absent in intracranial vessels
except in the proximal segment, but inflammation of the
aneurysm wall, wall ischemia associated with decreased
diffusion due to a thickened aneurysmal wall, and thrombosis
in the aneurysm can trigger secondary VV angiogenesis in
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the aneurysm wall, as seen in the other pathologies. Induced
VVs provide a route for inflammatory cell infiltration and
accelerate aneurysm wall inflammation.®"*! As seen in
atherosclerotic lesions, secondary-induced VVs have impaired
endothelium integrity,*>”!! increasing permeability and
accelerating further inflammatory cell infiltration and causing
hemorrhage within or on the surface of the aneurysmal
wall.®27! Through these mechanisms, VVs are associated with
aneurysm wall weakening, growth, and rupture [Figure 4].

The aneurysm rupture, SAH, affects the aforementioned
peculiar way of nourishing the cerebral vasculature. Studies
have reported that SAH induces severe subarachnoid vessel wall
injury, including intimal edema and thickening, disruption of
the internal elastic lamina, media thickening, smooth muscle
cell necrosis, intramural hematoma, and VV recruitment
in human cadavers® and animal models."”) Furthermore,
in SAH, the elevated intracranial pressure reduces oxygen
pressure by diffusion from both the lumen inside and
outside VVs, which further aggravates delayed vasospasm.
In addition, the blood contents spread into the subarachnoid
space, disturbing CSF circulation, which results in oxygen and
nutrition supply through the rete vasorum. !

Vessel wall imaging (VWI) using enhanced MRI is a modern
imaging technique that can detect VV proliferation. In 1991,
Atkinson first reported an association between aneurysmal
wall enhancement and VVs on the aneurysmal wall.”
Subsequent studies reported a strong association of aneurysmal

wall enhancement with unstable symptomatic aneurysms prone
to growth and rupture.l'*42% No one still precisely knows what
the radiological AWE represents. One may assume that the
increased density of VVs reflects vascular wall enhancement.
Meanwhile, one study reported that the density of VVs was
similar between unruptured and ruptured aneurysms and that
VVs with increased permeability were significantly higher in
ruptured aneurysms.*! Accordingly, the “leaky” weakened
vessel wall prone to inflammation can be involved in wall
enhancement rather than the VV density. VWI is now widely
used to identify fragile rupture sites in cerebral aneurysms
and other hemorrhagic strokes, including brain arteriovenous
malformations!"7#*! and DAVFs.'”! The representative VWIs
in the clinical situation are shown in Figures 5 and 6.

The recent advance in endovascular treatment of
aneurysms further signifies the association between VVs
and aneurysms. Both clipping surgery and endovascular
coil embolization block blood influx into the aneurysm.
However, they have a fundamental difference as a treatment
concerning VVs; in clipping surgery, VVs are also clipped
on the aneurysmal neck, while VVs externa remain intact.
Accordingly, VVs still supply blood flow to the aneurysmal
wall after coil embolization and deliver inflammatory cells,
resulting in bleeding from VVs and aneurysmal growth.
Indeed, some authors reported a case of a growing aneurysm
even after angiographical complete occlusion had been
achieved.">*! Endovascular treatment cannot cure these

Repeated hemorrhage

Rupture of vasa vasorum

A
Intraluminal hemorrhage

Organization of thrombus

Development of
Vasa Vasorum

Wall Inflammation

Angiogenesis

Ischemia /

Thickened wall

Figure 4: Vasa vasorum (VV) and cerebral aneurysms. The development of the VV is associated with

unstable aneurysms.

Surgical Neurology International « 2024 « 15(188) | 6



Yamamoto, et al.: Recent findings and knowledge on vasa vasorum

Figure 5: Representative case of vessel wall imaging (VWI) in
multiple aneurysms. A 47-year-old female visited our hospital
1 week after headache onset. (a) The initial magnetic resonance (MR)
scan revealed cortical subarachnoid hemorrhage. (b) Subsequent
MR angiography demonstrated two aneurysms (white arrows): The
left internal carotid artery (ICA) aneurysm and the left posterior
inferior cerebellar artery (PICA) aneurysm. (¢ and d) The VWI
(enhanced MR) confirmed that the ruptured aneurysm was the left
internal PICA aneurysm, and there was no enhancement in the
left ICA aneurysm (c shows the left ICA aneurysm, d shows the left
PICA aneurysm). (e and f) The PICA aneurysm was subsequently
embolized with coils and glue (e: preinterventional radiology [IVR]
digital subtraction angiography [DSA], f: post-IVR DSA).

lesions, and surgical resection is mandatory. Future treatment
may not only target the blood flow inside the aneurysm
but also target the background mechanism, including VVs
involved in the instability of the aneurysmal wall.

COLLATERAL CHANNELS

On the surface of the vessels, VV's form an abundant network,
and the VVs in different territories can anastomose with each
other.®?*%! Accordingly, when the parent vessel is stenotic
or occluded, the VVs connecting the distal and the proximal

Figure 6: Representative case of vessel wall imaging (VWI) in
arteriovenous malformation (AVM). A 27-year-old male visited
our hospital with headaches, diplopia, and sensory disturbance. (a)
A computed tomography scan demonstrated brainstem hemorrhage.
(b) Subsequent digital subtraction angiography (DSA) revealed a brain
AVM in the dorsal aspect of the brain stem. (c) In addition, VWI
showed vessel wall enhancement in the drainage vein (white arrow).
(d) Postinterventional DSA showed a significant decrease in blood
flow. Accordingly, reducing the flow burden was a feasible therapeutic
option. The patient underwent two transarterial embolization sessions
and further stereotactic radiosurgery for the remaining AVM.

segments may develop and function as a collateral tract of the
parent vessel. A study reported that when porcine coronary
arteries were gradually occluded, anastomoses between VVs
running in the longitudinal direction develop and constitute
fully functional collaterals in a concise timeline, which can
be as short as a week.”” In clinical situations, some authors
reported that the collaterals formed by VVs and the occluded
internal carotid artery (ICA) in cases with a giant aneurysm
in the cavernous sinus segment,“® with atherosclerotic ICA
occlusion adjacent to the carotid bifurcation,"**¢") and with
atherosclerotic basilar artery occlusion restored its distal flow
through VV collaterals. We assume that these VV collaterals
usually develop in extracranial segments or proximal parts of
the internal carotid or vertebral arteries, depending on their
physiological distribution. Since these collaterals are located
on the tunica adventitia of the parent artery, carotid stenting
or angioplasty may not be recommended due to the high risk
of rupture.? Radiological features of VV collaterals include
the serpiginous and multiple tiny channels running outside
the parent vessels’ lumen*°!l (corkscrew sign®), which
are helpful to distinguish VV collaterals from a mere narrow
atherosclerotic narrowing.
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A FUTURE TREATMENT TARGETING VVS

This article reviews past and recent articles and discusses the
involvement of VVs in various intracranial lesions. In most
lesions, VVs aggravate vascular wall inflammation and cause
bleeding from or within the vascular wall or plaque, leading
to pathological progression. Therefore, the involvement of
VVs can be considered as a malignant lesion in one way. At
present, no study specifically targeting VVs in intracranial
lesions has been reported. However, in the future treatment
of intracranial lesions, we need to consider VV involvement
or target the VVs themselves. However, at the same time,
VVs sustain the normal healthy vascular wall. Thus, complete
obliteration of VVs may increase the risk of wall ischemia and
medial necrosis. In our opinion, “leaky” pathological VVs
should be targeted, and transforming pathological VVs into
healthy physiological VVs may change the situation. Further
research is needed to elucidate the involvement of VVs in
intracranial lesions and facilitate better clinical outcomes.

CONCLUSION

VV is not only involved in the nutrition and metabolism
of the vascular wall but is also deeply involved in the
pathogenesis of inflammation, ischemia, and thrombosis of
the vascular wall. In addition, in the central nervous system,
intracranial vascular wall nutrient particularities and VVs
are closely related to the pathogenesis of cerebral aneurysms,
SAH, AVS disease, atherosclerotic lesions, and other
conditions. We believe that the issues discussed in this paper
are of great importance to neurosurgeons and endovascular
surgeons.
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