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Abstract
Background: Cerebrospinal fluid (CSF) transport across the central nervous system 
(CNS) is no longer believed to be on the conventional lines. The Virchow–Robin 
space (VRS) that facilitates CSF transport from the basal cisterns into the brain 
interstitial fluid (ISF) has gained interest in a whole new array of studies. Moreover, 
new line of evidence suggests that VRS may be involved in different pathological 
mechanisms of brain diseases.
Methods: Here, we review emerging studies proving the feasible role of VRS in 
sleep, Alzheimer’s disease, chronic traumatic encephalopathy, and traumatic brain 
injury (TBI).
Results: In this study, we have outlined the possible role of VRS in different 
pathological conditions.
Conclusion: The new insights into the physiology of the CSF circulation may have 
important clinical relevance for understanding the mechanisms underlying brain 
pathologies and their cure.

Key Words: Alzheimer disease, chronic traumatic encephalopathy, cisternostomy, 
paravascular pathway, Virchow–Robin spaces

INTRODUCTION

The classic model of cerebrospinal fluid (CSF) 
homeostasis is based on the circulation theory where 
the majority of CSF is considered to be produced by 
the choroid plexus and circulates from the ventricles 
into the subarachnoid spaces. Recently, however, this 
circulation model has been reconsidered because it 
is supposed that CSF can be produced and absorbed 
throughout the entire CSF system, and the pericapillary 
Virchow–Robin space (VRS) plays a critical role in the 
CSF system.[29]

The CSF communication from the basal cisterns to the 
brain interstitial fluid (ISF) through the VRS has put a 
lot of things into perspective. Accordingly, it has opened 

new avenues into the pathophysiological mechanisms of 
many diseases. The implications are far reaching from 
sleep and insomnia, Alzheimer disease, chronic traumatic 
encephalopathy (CTE), to traumatic brain injury (TBI), 
among others.
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The VRS is seen around the vessels traversing from 
the cisterns into the brain. In 1851, Rudolph Virchow 
was the first to provide a detailed description of these 
microscopic spaces between the outer and inner/middle 
lamina of the brain vessels.[1] Later, Charles‑Philippe 
Robin confirmed these findings and was the first to 
describe the perivascular spaces as channels that exist in 
normal anatomy [Figure 1].[37]

Over time, the clinical significance of VRS has changed 
as the understanding of its function has evolved. 
Perivascular spaces are thought to play an important role 
in maintaining neural homeostasis in an environment 
with high metabolic activity in a system lacking a true 
lymphatic pathway.[29] According to some in vivo studies, 
it is believed that the brain’s “protolymphatic” system 
begins with the production of CSF in the choroid plexus, 
which then travels into the subarachnoid space.[16,38] From 
the subarachnoid space, the CSF is either cleared through 
the arachnoid granulations or it enters the parenchyma via 
the perivascular space, where it combines with interstitial 
fluid prior to exiting the brain.[16,38] It has been pointed out 
that perivascular drainage may follow the normal direction 
of blood flow beginning with the penetrating arteries and 
arterioles to reach the terminal capillary beds and exiting 
along the paravenous routes.[16] Other studies, however, 
have suggested that drainage occurs in the reverse direction 
to the flow of blood.[32,38] Taken collectively, although there 
is no consensus regarding the directionality of drainage 
along these channels, such a perivascular drainage system 
may allow for the clearance of toxic metabolites within 
the brain parenchyma and possibly plays a role in the 
mechanisms underlying brain functions and diseases.

SLEEP

It is an unsolved question as to why humans and other 
animals are designed to sleep and what could be the 

biological function for such an essential function. 
Although many studies have suggested that sleeping is 
important for memory function,[2,3,5] the basic biological 
need for sleep is still uncertain.[34] Recent studies 
have shown that during the sleep state the glymphatic 
activity is significantly increased, whereas its function 
is suppressed during wakefulness.[39] Hence, such an 
observation indicates that during the sleep state the 
clearance of metabolites may be strongly enhanced 
allowing waste products produced during wakefulness 
to be eliminated. This finding is in agreement with 
other studies demonstrating synaptic plasticity and 
down‑selection of synapses in association with sleep.[4,8] 
The enlarged interstitial space volume during deep‑wave 
sleep lowers the overall resistance to paravascular inflow, 
resulting in a sharp increase in CSF–ISF exchange and 
convective transport of waste solutes toward paravascular 
spaces surrounding large caliber cerebral veins for 
ultimate clearance via cervical lymphatic vessels.[39]

Furthermore, there are studies regarding the position of sleep 
and the direction of the head during sleep for maximum 
clearance. Interestingly, glymphatic transport seems to be 
most efficient in the recumbent, lateral position, especially 
on the right side.[20] One possible explanation is that the 
heart is positioned higher when lying on the right side. 
This would facilitate the pumping of blood and the venous 
return possibly improving glymphatic influx.

These observations strongly support studies analyzing the 
metabolic products in samples from the basal cisterns 
and simultaneously in the jugular vein during the day.

ALZHEIMER DISEASE

CSF flow through the VRS, which has long been known 
as “interstitial flow” and believed to play a role equivalent 
to the lymphatic system, has recently regained substantial 
attention due to its relation to beta‑amyloid clearance.[13]

The neuropathological findings in Alzheimer advocate 
the deposition of amyloid‑β (Aβ), tau protein, and 
neurofibrillary tangles.[18] Emerging evidence suggests 
that Aβ clearance is impaired since the early stage of 
the disease,[23] where both increase in Aβ production[31] 
and decrease in Aβ clearance[30] are considered to be 
contributing factors.

It is well‑known that soluble Aβ can be removed from 
the brain by various clearance systems, such as cellular 
uptake following enzymatic activity, transport across the 
blood–brain barrier (BBB) and blood–cerebrospinal fluid 
barrier, and ISF bulk flow.[33,36]

Although in the past the majority of extracellular 
Aβ was believed to be cleared by the BBB,[33] recent 
studies have suggested that ISF bulk flow, through 
the astroglial aquaporin‑4 channels of the glymphatic 

Figure  1:  Virchow–Robin spaces are perivascular, fluid-filled canals 
surrounding perforating arteries and veins in the parenchyma of 
the brain. Their complex anatomical structure allows a bidirectional 
fluid exchange between the brain extracellular space and the 
subarachnoid
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system, contributes to a larger portion of extracellular Aβ 
clearance than previously considered.[21]

Because Aβ deposition can be increased in 
presymptomatic individuals years before the characteristic 
symptoms of Alzheimer disease clearly appear, a better 
understanding of the glymphatic system may provide new 
insight into the pathogenetic mechanisms with diagnostic 
and therapeutic value.

CHRONIC TRAUMATIC ENCEPHALOPATHY

CTE is a progressive neurodegenerative disorder caused 
by single or repetitive head trauma that does not result 
in observable neurological signs and symptoms of a 
concussion.[11,35] It is pathologically distinct from other 
neurodegenerative diseases, including Alzheimer’s 
disease. CTE has been reported in patients who have 
had repeated minor to moderate head injuries during 
contact sports and military activities[24,27] and contact 
sport athletes who committed suicides.[28] Deficits have 
been found in several functional domains including 
speed of information processing, memory, attention, and 
executive functions.[26] Deficits in verbal learning and 
delayed recall have also been reported.[25,26] Accordingly, 
CTE can be considered a distinct condition with respect 
to the acute sequelae of concussion or TBI.[10] While 
postconcussive syndrome symptoms continue following 
an acute concussion without reaching a complete relief, 
the symptoms of CTE present years later following the 
trauma.

Neuropathology findings include pigment‑laden 
histiocytes in the VRS, which may be accompanied by 
sparse lymphocytic seeding.[14,17] Taken collectively, it can 
be argued that deposition of pigments and inflammation 
cells associated with blood degradation products (i.e. 
heme) may impair the VRS function. Considering the 
emerging role of the perivascular drainage system in 
the clearance of toxic metabolites within the brain 
parenchyma, the functional blockage of the VRS may be 
considered one of the mechanisms underlying CTE.

Further studies are warranted in order to detail the 
etiology of CTE and the role of the VRS.

TRAUMATIC BRAIN INJURY

Data from the literature show that TBI in the United 
States affects approximately 1.7 million people annually.[9] 
Following TBI, the primary injury induces irreversible 
brain damage which is untreatable. The subsequent 
secondary injury plays a critical role in the clinical 
prognosis because without effective treatment it will 
provide additional tissue damage.

Brain edema plays a main role in the pathophysiology 
of TBI and contributes to the mortality found in these 

patients.[19] General consensus exists in considering brain 
edema as an increase in fluid within the brain tissue 
and is regarded to be of vasogenic and cytotoxic types. 
Vasogenic edema results from BBB destruction that leads 
to fluid accumulation in the brain. Cytotoxic edema arises 
from fluid increase within cell cytoplasm as a result of 
injury.[22] Recent evidence suggests that edema formation 
is also associated with CSF entrance into the brain 
parenchyma via the low‑resistance para‑arterial space or 
decreased interstitial fluid efflux or a combination of the 
two processes.[16]

It has been suggested that the glymphatic removal of 
excess interstitial fluid decreases following injury,[15] 
allowing CSF to be shifted from the cerebral cisterns to 
the brain following TBI. One of the possible explanations 
for this rapid shift may be the traumatic subarachnoid 
bleed which causes a pressure gradient that is elevated in 
the cisterns and lower in the brain.

The fact that the cisterns are not seen in a scan of a 
patient with severe head injury along with a swollen 
brain may support such an occurrence. Fluid cannot 
be compressed and the amount of CSF (approximately 
120 ml) contained in the cisterns cannot vanish 
anywhere in a short time. Furthermore, it cannot be 
shifted entirely into the spinal canal, as previously 
considered.

In this scenario, cisternostomy, a novel technique 
that incorporates the knowledge of skull base and 
microvascular surgery, has been recently proposed, and 
was found to decrease brain swelling, mortality, and 
morbidity.[6,7,12] Opening the cisterns to atmospheric 
pressure, generous irrigation, and blood clot removal 
can provide a “back‑shift” of CSF throughout the 
VRS, thereby reducing the intrabrain pressure.[6] 
Opening the cisterns through a basal approach helps 
in reversing the flow through VRS, and this procedure, 
although technically demanding, will not result in 
brain herniation and stretch injury, which is often seen 
following decompressive hemicraniectomy. Such an 
emerging surgical procedure dealing with a tight and 
swollen TBI‑affected brain is challenging and requires 
a thorough anatomic knowledge and adequate surgical 
experience.[6]

CONCLUSION

The understanding of VRS has been evolving and there is 
now a renewed interest in this field of research, especially 
after the glymphatic system has been described in 
humans.

In this study, we have outlined the possible role of VRS 
in different pathological conditions. Further studies 
are needed in order to clarify the role of the VRS in 
pathological conditions.
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