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Until recently, mechanisms responsible for activa-
tion of the astroglial-mediated interstitial fluid bulk flow, 
the so-called glymphatic system, were unclear, although 
it has been demonstrated that this system is primarily 
active during deep sleep [1-4]. Some researchers sug-
gested that an increased pulsatility of the cerebral blood 
vessels could activate the glymphatic influx. However, 
the reason for this enhanced pulsatility, and why cerebral 
cleansing is more efficient during sleep, remained elu-
sive. A  recently published paper has finally shed some 
light on this problem [5]. It has been revealed that there 
is a temporary decrease of the cortical blood flow (mea-
sured by the BOLD fMRI) during the non-REM phase 
of sleep, which is followed by a  macroscopic wave of 
inflow of the cerebrospinal fluid (CSF) at the level of 
the fourth ventricle. These haemodynamic and CSF flow 
oscillations are initiated by the slow-delta electrophysio-
logical signalling. 

Although during this study the function of the glym-
phatic system was not measured, it seems likely that 
aforementioned changes in the arterial and CSF flows are 
responsible for turning on the cerebral interstitial fluid 
bulk flow. Moreover, this important discovery suggests 
that an increased activity of the glymphatic system during 
deep sleep, which requires an enhanced flow of the CSF 
along the periarterial space surrounding the penetrating 
cerebral arteries, probably begins with the inflow of the 

CSF into the cranial cavity from the vertebral canal, and 
that this inflow results from a decreased arterial volume 
inside the cranial cavity (the Kellie-Monroe doctrine). 
Such a mechanism would explain the need for sleep (at 
least regarding one of the functions of sleep). According 
to the results of the aforementioned study [5], an activa-
tion of the glymphatic system would require a temporary 
yet profound decrease in the activity of cortical neurons. 
Such a  decrease would be difficult during the state of 
consciousness. However, in a deeply sleeping individual 
such coupled oscillations of the activity of neurons and 
the flow of the CSF would not interfere with physical 
activity or awareness.

In addition, the mechanisms of regulation of the activ-
ity of the glymphatic system, as suggested by Fultz et al. 
[5], would explain a possible role for impaired cerebral 
venous drainage in the pathophysiology of neurodegen-
eration. It has already been revealed that a pathology of 
veins draining the brain can be associated with a higher 
risk of neurodegenerative disorders. The glymphatic sys-
tem is responsible for cleansing the cerebral parenchyma 
of waste products, and hence a higher risk of degenera-
tion in the case of impaired glymphatic function [3, 6]. 
Taking into account the Kellie-Monroe doctrine, prop-
er regulation of the activity of the glymphatic system 
would require an undisturbed venous outflow. Otherwise, 
during the phase of diminished arterial flow there would 
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Until recently, mechanisms responsible for an activation of the glymphatic system of 
the brain, the system which is responsible for cleansing of this organ of waste prod-
ucts, were unclear. A  recently published paper has finally shed some light on this 
problem. It has been demonstrated that there is a temporary decrease of the arterial 
cerebral blood flow during the deep phase of sleep, which is followed by an influx of 
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has not been studied, it is likely that such a mechanism is not effective in the settings 
of disturbed cerebral venous outflow, and that in the case of venous congestion inside 
the cranial cavity, neurodegenerative lesions may develop. Therefore, the investiga-
tions on cerebral venous haemodynamics in the context of proper functioning of the 
glymphatic system should be one the directions of future research.
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be an increased pooling of venous blood inside the cra-
nial cavity instead of the inflow of the CSF. Important-
ly, there are several reports linking an impaired cerebral 
venous outflow with neurodegenerative disorders [7-10], 
and papers demonstrating an association of an abnor-
mal venous drainage with anomalous flow of the CSF 
[11-13]. Besides, it has already been suggested that 
abnormalities of the veins draining the brain, primarily 
lesions located extracranially, may be linked to neurode-
generation [14, 15]. Now, with the report by Fultz et al., it 
seems easier to understand how such an abnormal venous 
outflow may result in neurodegenerative lesions of the 
brain. It might be speculated that in patients presenting 
with impaired cerebral venous drainage, because of such 
a  compromised venous outflow, the oscillations of the 
cortical flow during the non-REM phase of sleep are not 
adequately accompanied by the changes of inflow of the 
CSF into the cranial cavity. This in turn would result in 
a  less efficient cleansing of the brain parenchyma from 
pathological proteins, such as β-amyloid, α-synuclein, 
or β-synuclein, and in a higher risk of neurodegenerative 
disorders. 

As yet, venous flows into and out of the cranial cavity 
have not been studied in this context. Therefore, consid-
ering the existing evidence, investigations on cerebral 
venous haemodynamics should be one the directions of 
future research.
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