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The study based on the literature search revealed that the peculiarities of fluid
circulation in the posterior part of the eye have been studied insufficiently
compared to the anterior part. It is suggested that the retina and optic nerve have
their own cleansing system, which functions independently or in interaction with
the brain's cleansing system. Of interest is the theory of the glymphatic system of
the eye, which probably functions similarly to the glymphatic system of the brain,
has four segments and ensures the exchange between intraocular, intracranial
and interstitial fluids and the removal of metabolic waste products in the posterior
part of the eye.

Purpose. 1o determine the disorders of fluid circulation in the posterior part of
the eye in the mechanisms of optic nerve damage development according to the
literature.

Methods: literature search of 48 sources.

1t is important to understand that the optic nerve under normal conditions passes
a large amount of fluid from the eye to the brain and vice versa. The balance
of perfusion (and, presumably, reperfusion in case of pathology) is ensured by
the lamina cribrosa, the location of subarachnoid spaces in different parts of the
nerve, and the AQP4 channels that support them.

The question is whether the optic nerve has its own separate glymphatic system,
or whether it interacts with the glymphatic system of the brain. It also remains
unclear how the circulation of intraocular fluid, interstitial fluid of the retina and
brain, and cerebrospinal fluid in the optic nerve is coordinated with blood, as well
as with fluctuations in atmospheric pressure.

Although this theory has not yet been recognized, it nevertheless has many
supporters who explain optic nerve damage as a result of fluid circulation
disturbances.

The slowing of fluid flow, as well as the slowing of axonal transport, can be
considered as the moment when neuropathy transforms into optic atrophy.

That is why the study of the peculiarities of fluid flow and exchange in the posterior
part of the eye is important when studying diseases of the optic nerve, whereas the
correction of such circulation disorders could be used for therapeutic purposes.
Conclusion. Impaired fluid circulation in the posterior part of the eye can occur
in mechanisms of optic nerve damage. Improved diagnostics with the ability to
assess hydrodynamics will help to understand the role of individual components,
while their correction will likely contribute to the optic nerve recovery.

Most research is focused on the functioning of the
anterior (so-called conventional) outflow pathway: the
trabecular meshwork, the juxtacanalicular connective
tissue, Schlemm's canal, and the collecting channels, from
which the aqueous humor flows into the episcleral venous
system [1, 2]. Unconventional outflow may drain through
an uveoscleral pathway [3].

The flow of the fluid (blood, intraocular fluid, interstitial
fluid, and metabolic waste products) in the posterior part of
the eye has differences compared to the anterior part of the
eye. The disorders can be considered in the hypotheses of
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developing both acute and chronic diseases of the choroid,
retina, and optic nerve.

With regard to the optic nerve, the question arises as to
the regularity and interrelation of fluid flow, perfusion and
reperfusion, axonal transport in the anti- and retrograde
direction, as well as to the understanding that the slowing of
such processes underlies the transformation of neuropathy
into optic atrophy, and therefore the possibility of restoring
structure and function.

That is why studying the peculiarities of fluid flow and
exchange in the posterior part of the eye is important when
studying diseases of the optic nerve, and correction of such
flow disorders could be used for therapeutic purposes.

Fluid flow and exchange in the posterior part of the eye
is less well understood than those in the anterior part. Of
interest is the theory of the glymphatic system of the eye,
which explains the exchange and cleansing of metabolic
waste products of the choroid and retina through the
system of interaction between intraocular, intracranial, and
interstitial fluids.

The authors of this theory borrowed data on the
circulation of cerebrospinal fluid (CSF) in the brain [4]
and suggest that the retina and optic nerve can be cleared
from metabolic waste products by analogous pathways [5,
6].

The glymphatic system of the brain was first described
in 2012 (Fig. 1) [4].

The authors showed in the experiment on mice that
CSF enters the brain through a para-arterial influx route
for exchange with the interstitial fluid (ISF) while ISF is
cleared from the brain through a paravenous ISF clearance

Fig. 1. Glymphatic system of the braine and the eye

route, from where it flows to the lymphatic vessels of the
neck and, ultimately, to the systemic circulation [4]. It is
suggested that the perivascular spaces of the retina may
provide a similar function in the eye as in the brain [7].

Proponents, based on experimental studies, argue
that the ocular glymphatic system in the posterior part
of the eye operates through four functional segments [8].
Aqueous humor is produced by the ciliary body (first
segment) and enters the retina through the vitreous body
(second segment).

In the third segment, aqueous humor mixes with the
interstitial fluid of the retina, and excess fluid is transported
along the axons of ganglion cells through the lamina
cribrosa, from where the fluid flows into the perivenous
spaces and through aquaporin-4 (AQP4) water channel.

An important factor in ensuring the fluid flow through
the lamina cribrosa is the difference between intraocular
and intracranial pressure (translaminar gradient).
Light-induced pupil constriction accelerates the flow
of intraocular indicators into the optic nerve, which is
supported by smooth muscle pressure contractions, and
also promotes fluid migration to the posterior eye.

In the fourth segment, intraocular removal indicators,
i.e. B-amyloid (AP) are cleared from the eye along the
axons of the retinal ganglion cells and then enter the
perivenous space and subsequently drained to lymphatic
vessels in cervical lymph nodes.

The optic nerve also has a system that ensures the
circulation of SCF in its various parts along the central
retinal artery [9], and therefore, presumably, this is where
the glymphatic system of the eye (the third and fourth

CSF Production i
Periarterial influxx e
CSF/ISF clearance g
Perivenous efflux s

Notes: 1A —in the brain, cerebrospinal fluid (CSF) is produced and transported to the subarachnoid space, periarterial influx,
2A — CSF and intracellular fluid (ICF) exchange in the brain; 3A —perivenous efflux; 1 — Aqueous humor is produced in the eye,
2 — ICF-CSF exchange in the retina; 3 — perivenous efflux; 4A, 4 — lymph nodes; 5 — retina, 6 — lamina cribrosa, 7 — lymphatic

drainage, 8 — cranial nerves, 9 — choroid plexus [48].
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components) and the brain mix or interact. In particular,
it is known that intraocular fluid, interstitis] fluid of the
retina and brain, and cerebrospinal fluid circulate in the
optic nerve, and therefore it is important to understand the
mechanisms that ensure the balance between them in order
to enable the nerve to function.

The question arises as to whether the optic nerve has
its own separate glymphatic system or whether it interacts
with the glymphatic system of the brain [8].

It is known that the fluid in the optic nerve spreads due
to the structure of the nerve itself and the position of the
subarachnoid space, which in the bulbar segment consists
of trabeculae (similar to trabeculae in the anterior segment
of the eye), in the middle orbital segment - of septa and
columns, and in the tubular part contains both trabeculae
and columns (Fig. 2) [11].

It also remains unclear how the circulation of
intraocular fluid, interstitial fluid of the retina and brain, and
cerebrospinal fluid in the optic nerve is coordinated with
blood and also changes with fluctuations in atmospheric
pressure.

The expression of aquaporin-4, which belongs to the
third segment of the glymphatic system of the eye, is found
in the retina and optic nerve [12] and is also interesting in
the context of studying the possibility of developing optic
nerve damage.

Thus, it can be assumed that disturbances in the
circulation of fluids in the posterior eye may be a part
of the hypotheses related to optic nerve damage. Similar
processes are being studied in the pathogenesis of
Alzheimer's disease, glaucoma [13], and age-related
maculopathy [14].

We propose to consider the possibility of a similar
mechanism in the development of acute optic neuropathies,
which will make it possible to correct them in the future.

The aim is to determine the disorders of fluid circulation
in the posterior part of the eye in the mechanisms of optic
nerve damage development according to the literature.

Methods: literature search of 48 sources.

Results

Possible hypotheses about the factors which lead
to impaired circulation of fluids in the posterior eye

1. Translaminar circulation.

A. Lamina cribrosa displacement, when it is unable to
maintain a balance between intraocular pressure and CSF
pressure [15].

The ability to tolerate pressure differences depends on
many factors such as the elasticity, stiffness, and geometry
(thickness, shape, or curvature) of the lamina cribrosa
and connective tissue around the optic disc, which is
determined by genetic predisposition, race, or age [16].

Eyes with a stiffer lamina cribrosa may be more
resistant to deformation. Eyes with a thinner lamina
cribrosa are more susceptible to its deformation.
Regardless of its susceptibility to deformation, a thinner

Fig. 2. Distribution of subarachnoid spaces in the intraocular
(a), intraorbital (b) part and in the canal (c) of the optic nerve

lamina cribrosa also contributes to increased translaminar
pressure resulting from the reduced distance between
the intraocular space and the retrolaminar space, which
may interrupt both orthograde and retrograde axoplasmic
transport [17].

B. High myopia with an increased size of the eyeball
leads to deformation and thickening of lamina cribrosa.
At the same time, there is a hypothesis that myopia
complications are likely to some extent due to inflammation.
The authors claim that multiple autoimmune foci of
inflammation occur between the layers of the choroid [18].

In high myopia, according to the author, the likelihood
of multiple evanescent white dots syndrome and acute
idiopathic blind spot enlargement syndrome increases.
This is explained by blocking the exchange between
intraocular and interstitial fluids and impaired cleansing of
the posterior part of the eye.

C. Multiple evanescent white dots syndrome is of
autoimmune origin and includes unilateral yellowish-
white foci on the fundus, slight swelling of the optic disc,
visual impairment and visual field alterations [19].

D. Acute idiopathic blind spot enlargement syndrome
is characterized by normal visual acuity, fundus and
pupillary response. It causes scotomas in the projection of
the optic disc. In such cases, electrical retinography reveals
a decrease in the activity of the peripapillary retina. This
condition is also explained by inflammation and possible
occlusion of the choroidal capillaries around the optic disc,
which probably leads to impaired fluid flow and exchange
in the posterior eye caused by secondary ischemia of the
outer retina [20].

Under unfavorable conditions, ischemia becomes more
pronounced, provoking compensatory non-expansion of
the internal retinal vessels and neovascularization.

In severe cases, there is acute onset of myopic optic
neuropathy [23]. In this case, the pressure of the episcleral
veins (through which the intraocular fluid flows) increases
in an enlarged eyeball with a dense sclera as well as the
optic nerve is damaged [24].
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E. Mechanical optic neuropathy occurs as a result
of critical atmospheric pressure fluctuations associated
with airplane flights or deep diving on the background
of deformed lamina cribrosa. Symptoms are explained
by the action of gravitational forces or acceleration/
deceleration forces that occur during the airplane landing
[25]. Such forces can cause mechanical stretching of the
already deformed and enlarged optic nerve and eyeball,
which can occur in case of high myopia. In addition,
high-acceleration force may induce transient visual acuity
reduction associated with changes in the outflow of
aqueous humor [26].

It is believed that high acceleration during airplane
landing can cause a critical increase in venous pressure.
Herewith, blood will accumulate in the lower extremities,
which will lead to ischemia and hypoxia of the brain and
eyes with temporary loss of central or peripheral vision
and loss of consciousness [27].

It is believed that lamina cribrosa, which is supposed
to balance intrathoracic, abdominal and cranial hydrostatic
pressures, is stretched and thinned due to myopic
morphological changes, and therefore loses its ability to
tolerate. That is why the pressure gradient exerted on the
deformed optic nerve leads to even more severe damage
after an increase in CSF pressure caused by free fall during
an airplane landing or diving to depths [28].

In the progression of myopia, the aperture of the scleral
flange around the optic disc increases, but the size of the
nerve itself does not change. This increases exposure of
peripheral posterior lamina cribrosa surface. Lamina
cribrosa loses its damping properties towards the optic
nerve head, which is exposed to orbital CSF, leading
to acute optic neuropathy under conditions of critical
fluctuations in hydrostatic pressure [29].

F. Optic disc drusen are often an incidental finding
during fundus examination. They can be located
superficially or in deep structures, even between the cells
of the lamina cribrosa, limiting its damping properties and
impeding the flow of fluids in the optic nerve.

Rarely, druses can be combined and thereby worsen
the situation in the case of anterior ischemic neuropathy
[30]. Moreover, the tortuosity of the disc venules and
capillary hemorrhages associated with stagnation will
help to diagnose optic nerve edema. It is this edema of the
nerve fibers that serves as an additional factor in limiting
the fluid circulation in the posterior optic nerve segment of
the eye. The exchange of intraocular and interstitial fluids,
as well as their transportation to the venous collectors of
the brain, is impaired [31, 32]. Fibers are compressed,
axial transportation in both anti- and retrograde directions
is impaired [33].

Moreover, it is believed that drusen may be a factor in
the occurrence of ischemic eye damage, such as central
vein occlusion and neovascularization, which also occur
under the influence of impaired fluid perfusion and the
posterior segment cleansing system [34].

It is noted that ischemic optic neuropathy occurs in
younger patients and is less favorable in the setting of
optic nerve head drusen [36].

2.  Orbitopathy.

Orbital inflammation, which includes both idiopathic
diseases and the consequences of systemic or local
inflammatory conditions, is often the result of neoplasms,
infectious lesions, congenital malformations or trauma,
are often combined with systemic thyroid inflammation,
sarcoidosis, Wegener's granulomatosis, Crohn's disease,
systemic lupus erythematosus, Churg-Strauss, Erdheim-
Chester syndrome, histiocytosis X and giant cell arteritis
[37].

3. Paranasal sinuses.

A. Sinusitis. Paranasal sinus disease can cause a
condition that mimics demyelinating optic neuritis, with
acute optic neuropathy and pain on eye movements, or
can cause a progressive optic neuropathy resulting from
compression [38].

B. Polyps. Compressive optic neuropathy can be
caused by mucocele or mucopyoceles of the ethmoid and/
or sphenoid sinus and/or edema and thickening of the
sinus walls associated with them. Polyps involving the
mucous membrane of the sphenoid sinus also cause nerve
compression.

By causing optic nerve edema, paranasal sinuses [39]
can also cause impaired fluid circulation in the posterior
eye.

C. The local anatomy of the venous circulation in
the orbital-apical region may also play a role in the
pathogenesis of optic neuropathy associated with sinus
disease. Optic neuropathy can be related to the spread of
cytokines and/or immune mediators from the sinuses to the
orbital apical portion of the optic nerve through the local
venous circulation with vasomotor changes. Secondary
inflammatory occlusive vasculitis can also cause optic
neuritis [40].

4. AQP4

AQP4 plays a role in the fluid circulation of the
posterior part of the eye, as it facilitates the influx of fluid
from nerve cells into the interstitial space and into the
intermembrane spaces (Fig. 3).

Devic's neuromyelitis optica is a type of autoimmune
disease of the central nervous system that damages the
optic nerve and spinal cord [41]. In this case, astrocyte
destruction causes a significant edema of axons, which
may be the cause of myelin loss [42].

The role of the glymphatic system of the brain or eye
in the development of optic neuromyelitis is not yet clear.
However, it is known that in this case the immune system
produces antibodies to AQP4 channels along with optic
nerve edema, which suppresses the glymphatic system of
the eyes and brain [43].

The study based on the literature search revealed that
the peculiarities of fluid circulation in the posterior part
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Fig. 3. The role of AQP4 in fluid circulation in brain spaces

of the eye have been studied much less than those in the
anterior eye.

It is assumed that the retina and optic nerve have their
own cleansing systems that function independently or in
interaction with the brain's cleansing system.

Of interest is the theory of the glymphatic system of the
eye, which probably functions similarly to the glymphatic
system of the brain. It has four segments and ensures the
exchange between intraocular, intracranial and interstitial
fluids and the removal of metabolic waste products in the
posterior part of the eye.

It is important to understand that the optic nerve
under normal conditions passes a large amount of fluid
from the eye to the brain and vice versa. The balance
of perfusion (and presumably reperfusion in case of
pathology) is ensured by the lamina cribrosa, the location
of subarachnoid spaces in different parts of the nerve, and
the AQP4 channels that support them.

The question is whether the optic nerve has its own
separate glymphatic system, or whether it interacts with
the glymphatic system of the brain. It also remains unclear
how the circulation of intraocular fluid, interstitial fluid of
the retina and brain, and cerebrospinal fluid in the optic
nerve is coordinated with blood and how it changes with
fluctuations in atmospheric pressure.

Although this theory has not yet been recognized, it
nevertheless has many supporters who explain the damage
to the optic nerve precisely because of impaired fluid
circulation. The slowing of fluid movement, as well as
the slowing of axonal transport, can be considered as the
moment when neuropathy transforms into optic atrophy.

Although the hypothesis of impaired fluid circulation
in the posterior eye is still experimental, the a-2-antagonist
brimonidine is included in the treatment protocols of many

countries as a treatment for ischemic optic neuropathy
precisely because of its properties to affect eye pressure
[44] and thereby improves blood supply to the nerve [45].

Also, endothelin receptor antagonists are used for
therapeutic purposes, improving the circulation of both
blood and intraocular fluid in the posterior segment in case
of ischemic neuropathy [46, 47].

That is why the study on the fluid flow and exchange
in the posterior part of the eye is important when studying
diseases of the optic nerve, while the correction of such
circulation disorders could be used for therapeutic
purposes.

Conclusion

Impaired fluid circulation in the posterior segment
of the eye can occur in case of damage to the optic
nerve. Improved diagnostics with the ability to assess
hydrodynamics will help to understand the role of
individual components, while their correction will likely
contribute to the optic nerve recovery.
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