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The odyssey of the ocular and cerebrospinal fluids during a
mission to Mars: the “ocular glymphatic system” under pressure
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A significant proportion of the astronauts who spend extended periods in microgravity develop ophthalmic abnormalities including
optic disc edema, globe flattening, chorioretinal folds, and hyperopic refractive error shifts. A constellation of these neuro-
ophthalmic findings has been termed “spaceflight-associated neuro-ocular syndrome”. Understanding this syndrome is currently a
top priority for NASA, especially in view of future long-duration missions (e.g., Mars missions). The recent discovery of an “ocular
glymphatic system” can potentially help to unlock mechanisms underlying microgravity-induced optic disc edema. Indeed, a major
paradigm shift is currently occurring in our understanding of transport of fluids and solutes through the optic nerve following the
recent discovery of an optic nerve glymphatic pathway for influx of cerebrospinal fluid. In addition, the recent identification of an
entirely new glymphatic pathway for efflux of ocular fluid may have profound implications for fluid dynamics in the eye.
Observations pertaining to this ocular glymphatic pathway provide critical new insights into how intracranial pressure can alter
basic fluid transport in the eye. We believe that these novel findings have the potential to be game changers in our understanding
of the pathogenesis of optic disc edema in astronauts. In the present review, we integrate these new insights with findings on the
intracranial and neuro-ophthalmologic effects of microgravity in one coherent conceptual framework. Further studies in this area of
investigation could not only provide exciting new insights into the mechanisms underlying microgravity-induced optic disc edema
but also offer opportunities to develop countermeasure strategies.
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INTRODUCTION
Although ophthalmic changes have been described in some
astronauts since the early years of human spaceflight in the
1960s, these changes were thought to be transient or minor,
having little impact on the space crew [1]. However, missions to
the International Space Station (ISS) have highlighted concern
over potentially harmful neuro-ocular changes for crew members
who spend prolonged time in microgravity [1]. It has been
reported that a significant proportion of the astronauts who have
flown on long-duration missions (~6 months) aboard the ISS are
experiencing ophthalmic abnormalities collectively referred to as
“spaceflight-associated neuro-ocular syndrome” (SANS), some of
which appear to persist after return to Earth [1–5]. SANS is
currently defined as having one or more of the following new
findings during or immediately after spaceflight: clinically
significant optic disc edema (ODE) (Fig. 1); retinal and choroidal
folds (Fig. 1); globe flattening; and hyperopic refractive error shifts
(approved by the NASA JSC Human System Risk Board, Houston,
Texas). These neuro-ocular changes may be associated with
varying degrees of symmetrical and asymmetrical optic nerve
sheath distension [2]. The earliest signs of SANS are detected in
roughly 70% of astronauts during or following long-duration
spaceflight. Clinically significant ODE has been diagnosed during

or after long-duration spaceflight in ~16–19% of astronauts as
determined by fundoscopy or as measured by increased
peripapillary total retinal thickness on optical coherence tomo-
graphy (OCT) [6]. Currently, the exact mechanisms causing SANS
are not fully understood [3, 4]. As the United States prepares for
even longer duration spaceflight missions, including continued
trips to the ISS, a return to the moon, or a future human mission
to Mars, the National Aeronautics and Space Administration
(NASA) has made it a high priority to understand SANS and to
develop countermeasure strategies [3, 4].
A major paradigm shift is currently occurring in our under-

standing of transport of fluids and solutes through the optic nerve
following the recent discovery of an optic nerve glymphatic
cerebrospinal fluid (CSF) transport system [7, 8]. Additionally, the
recent identification of an entirely new glymphatic pathway for
efflux of ocular fluid may have profound implications for fluid
dynamics in the eye [8, 9]. Although both above studies [7, 8] were
performed in rodents, we believe that these novel findings have
the potential to be game changers in our understanding of the
pathogenesis of ODE in astronauts. In the present review, we
integrate these new insights with findings on the intracranial and
neuro-ophthalmologic effects of microgravity in one coherent
conceptual framework.
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DISCUSSION
Potential mechanisms underlying SANS-associated optic disc
edema
Elevated intracranial pressure. SANS was initially called “visual
impairment and intracranial pressure syndrome” as it was thought
to be caused by elevated intracranial pressure (ICP) resulting from
weightlessness-induced cephalad fluid shifts leading to venous
stasis in the head and neck [2]. This stasis could cause cerebral
venous congestion and impairment of CSF drainage into the
venous system, both of which could lead to a rise in ICP [2]. This
increased cerebral subarachnoid CSF pressure could be trans-
mitted directly from the intracranial compartment to the
intraorbital compartment through the perioptic subarachnoid
space (SAS) [2]. The elevated CSF pressure at eye level could then
result in optic nerve sheath distension and anteriorly directed
forces that indent the posterior sclera resulting in posterior globe
flattening [2]. In addition, this elevated CSF pressure within the
optic nerve sheath could result in optic nerve compression and
stasis of axoplasmic flow with resultant ODE similar to what occurs
in patients with terrestrial idiopathic intracranial hypertension (IIH)
[10].
However, it should be noted that the role of high ICP in

astronauts is now being challenged and it remains unclear
whether SANS-associated ODE represents true papilledema (i.e.,
ODE due to increased ICP) [3, 4]. Postmission lumbar puncture
opening pressures measured thus far were only mildly elevated
[3, 4]. Furthermore, although some similarities between SANS and
terrestrial IIH were noted, astronauts did not report typical
symptoms of increased ICP commonly seen in patients with IIH,
such as chronic headache, pulsatile tinnitus, or diplopia [3, 4]. This
lack of findings commonly associated with IIH suggests that
increased ICP might not be the sole or even primary cause of ODE
in astronauts and that other mechanisms should be considered
[3, 4]. Recent data from parabolic flights (acute zero gravity)
provided further evidence against the hypothesis that ICP is
pathologically elevated in 0 g [11]. In fact, the transient removal of
gravity during parabolic flight reduced the ICP compared to the
supine posture [11]. However, ICP was not reduced to the levels
observed in the 90 deg seated upright posture on Earth [11].
These findings suggested that the absence of diurnal, postural
reductions in ICP relative to intraocular pressure (IOP) in
microgravity creates a persistently lower pressure gradient at
the posterior aspect of the eye, which may explain remodeling of
the eye in astronauts [11]. It should be noted, however, that these
measurements during parabolic flights are for brief periods of zero

gravity and that considerable caution is warranted in extrapolating
these findings to long-duration spaceflight. Further studies are
needed to determine whether short-term measurements during
parabolic flights reflect long-term measurements in space.

Optic nerve compartment syndrome. SANS-related compartmen-
talization of CSF in the orbital SAS with locally elevated optic nerve
sheath pressures has been proposed as an additional alternate
mechanism for explaining ODE in astronauts [2–4]. The SAS
surrounding the optic nerve is a septated, tightly confined,
trabeculated, blind-ending (cul-de-sac) space, which is in com-
munication with the intracranial SAS in a normal terrestrial
population [10, 12]. The arachnoid and the pia mater, as well as
the arachnoid trabeculae and septa traversing the SAS, are lined
with meningothelial cells (MECs) [13]. The cul-de-sac anatomy of
the confined perioptic SAS, which is further constricted through
numerous trabeculae and septa, coupled with the cephalad fluid
shifts of prolonged microgravity, may result in a fragile flow
equilibrium that may lead to the sequestration of CSF within the
orbital SAS with locally elevated optic nerve sheath pressures [10].
Unlike on Earth, where changing from supine to an upright
posture reduces intracranial CSF volume due to a shift of CSF from
the cranium to the spinal canal, in space, there is no force that
intermittently reduces the cranial CSF volume and, thereby, allows
reversed movement of CSF from the orbit back into the cranium
[14]. Therefore, during long-duration spaceflight, it is highly
unlikely that the CSF, once in the orbital CSF space, can change its
direction of flow from the SAS of the optic nerve toward the
intracranial SAS [2]. In addition, the arrangement of trabeculae and
septa in the SAS of the optic nerve offers the possibility that a one-
way valve-like mechanism may cause local CSF entrapment within
the SAS of the optic nerve [15], given that it may still allow
unidirectional CSF inflow while further preventing outflow.
Furthermore, it is possible that MECs may also play a role in

further narrowing the SAS of the optic nerve. Indeed, MECs have
been shown to react with swelling and cellular proliferation to
biological and mechanical stimuli such as elevated pressure
[13, 16]. A marked swelling of MECs of the arachnoid as well as the
trabeculae and septa in the SAS of the optic nerve has been
documented following experimental compartmentalization in
sheep [16]. Such swelling and proliferation of MECs may further
narrow the SAS surrounding the optic nerve, eventually leading to
obstruction of CSF influx [13].
A CSF outflow pathway from the SAS of the optic nerve is

therefore of critical importance to prevent CSF accumulation and
pressure build-up in this small anatomical compartment that ends
blindly behind the globe [15]. The mechanism by which CSF is
reabsorbed out of the SAS of the optic nerve is not fully
understood [17]. In addition to arachnoid villi in the meninges of
the optic nerve [18], lymphatics in the dura mater of the human
optic nerve have been proposed as another possible outflow
pathway for CSF from the optic nerve SAS [17, 19]. However, these
orbital optic nerve venous and lymphatic drainage systems may
be affected by microgravity-induced cephalad fluid shifts, further
impeding CSF outflow and producing increased optic nerve
sheath pressures [2].
The end result of either mechanism, increased ICP or

sequestration of CSF within the SAS of the optic nerve, is a rise
in CSF pressure within the SAS surrounding the optic nerve that
may influence the trans-lamina cribrosa pressure difference
(TLCPD). The TLCPD is defined as the difference between IOP
minus optic nerve SAS pressure.

Ocular glymphatic flow imbalance mechanism
Retrograde glymphatic CSF influx: A more novel mechanism
proposed by our group [20–25] for microgravity-induced ODE
pertains to the “ocular glymphatic system” concept. We proposed
that ODE in astronauts may result, at least partly, from a

Fig. 1 Right fundus findings two days post-spaceflight showing
mild optic disc edema (yellow arrow) and inferior choroidal folds
(blue arrow). Figure reproduced from [5] with permission.
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glymphatic flow imbalance mechanism at the optic nerve head
[20–25]. In 2012, the “glymphatic system” was first described in
mice by a team of researchers headed by Iliff and Nedergaard [26].
Their findings suggested a brain-wide network of perivascular
pathways along which a large proportion of subarachnoid CSF
recirculates through the brain parenchyma, facilitating the
clearance of interstitial solutes, including amyloid-β (Aβ), from
the brain [26]. CSF enters the brain along periarterial channels to
exchange with interstitial fluid, which is in turn cleared from the
brain along perivenous pathways for ultimate clearance via
cervical lymphatic vessels (Fig. 2) [9, 26]. From the SAS, CSF is
driven into the Virchow-Robin spaces by a combination of arterial
pulsatility, respiration, slow vasomotion, and CSF pressure
gradients [27, 28]. The subsequent transport of CSF into the
dense and complex brain parenchyma is facilitated by aquaporin-
4 (AQP4) water channels which are expressed in a highly polarized
manner in astrocytic endfeet ensheathing the cerebral vasculature
[27].
In 2015, Wostyn et al. [29] published a hypothesis-driven report,

providing key arguments for the necessity of a glymphatic system
in the optic nerve. The authors further provided the first histologic
evidence to support the existence of a perivascular pathway
within the human optic nerve following post-mortem administra-
tion of India ink into the SAS of the optic nerve [30, 31].
Intriguingly, more recent studies have further provided evidence
for CSF entry into the optic nerve via a glymphatic pathway
[7, 8, 32, 33]. After fluorescent tracer injection into the CSF of live
mice, Mathieu et al. [7] found CSF entry into the optic nerve along
small perforating pial vessels in a size-dependent manner through
sleeve-like paravascular spaces between vessel walls and AQP4-
positive astrocytic endfeet. Very recently, Wang et al. [8] confirmed
and extended these findings by showing that CSF tracer influx
occurs along the periarterial and pericapillary spaces in the optic
nerve in mice. Jacobsen et al. [33] recently performed a magnetic
resonance imaging (MRI) study of human visual pathway
structures following intrathecal administration of gadobutrol
serving as a CSF tracer. CSF tracer enrichment was found within
the optic nerve, optic chiasm, optic tract, and primary visual
cortex. In the vitreous body, only a nonsignificant signal increase
was evident [33]. Based on their observations, the authors
hypothesized the existence of a glymphatic system in the human
visual pathway. Interestingly, substantial gadobutrol enrichment
was seen in the retrobulbar part of the optic nerve, as compared

to the middle and posterior sections, corresponding to the
entrance of the central retinal artery [33]. As noted by the authors,
analogous to the main entry routes of CSF tracer molecules into
the human brain parenchyma along large artery trunks at the
brain surface, this area could function as a major periarterial route
facilitating the entry of gadobutrol from the SAS into the optic
nerve interstitium.
In line with the above findings, we had previously proposed

that ODE in astronauts may result, at least partly, from the forcing
of perioptic CSF into the optic nerve and prelaminar optic nerve
head along perivascular spaces surrounding the central retinal
artery, related to long-standing microgravity fluid shifts and
variations in optic nerve sheath anatomy and compliance
[20, 21, 24, 25]. Such a CSF-related mechanism may be especially
relevant under conditions of prolonged microgravity, where the
fluids of the body, including CSF, redistribute cranially, and where
CSF outflow routes (venous and lymphatic) from the SAS of the
optic nerve may be affected by headward fluid shifts [20]. In this
scenario, CSF may be pushed from the SAS of the optic nerve to
the perivascular glymphatic pathway within the optic nerve, and
further infiltrate into the optic disc [20].
As noted above, simulated microgravity parabolic flight studies

have shown that near complete removal of gravitational gradients
does not pathologically elevate ICP but does prevent the normal
lowering of ICP when standing [11]. In space, the influence of
gravity is removed and ICP may fall to an equilibrium point
between the upright and supine postures on Earth, assuming
short-term measurements during parabolic flight reflect long-term
measurements in space [11]. Although ICP does not appear to be
pathologically elevated in space, over 24 h, pressure in the brain
may be consistently above that observed on Earth [11]. We believe
that this could enhance CSF entry into the optic nerve SAS and
perivascular spaces. This possibility is supported by the findings in
a dog study by Hou et al. [34] showing that the optic canal
apparently creates a certain optic canal resistance, and that a
minimal ICP is required for the CSF to freely flow through the optic
canal. Therefore, over 24 h in microgravity, CSF flow into the
perioptic CSF compartment may increase above that on Earth,
forcing entry of CSF into the optic nerve.
If CSF would indeed be forced into the optic nerve along the

central retinal artery under prolonged microgravity conditions, it
would be interesting to investigate whether CSF then can further
infiltrate into the optic disc. Of particular interest here is the recent

Fig. 2 Macroscopic overview of the brain and ocular glymphatic systems, emphasizing the role played by pressure gradients, hydrostatic
barriers and lymphatic drainage, shown in the context of known pathways for aqueous humor and cerebrospinal fluid (CSF) efflux. ICP
intracranial pressure, IOP intraocular pressure. Figure reproduced and modified from [9].
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CSF flow study by Mathieu et al. [7]. Following tracer injection into
the CSF of normal mice, Mathieu et al. [7] found paravascular CSF
entry into the optic nerve up to and including the glial lamina, the
mouse equivalent of the human lamina cribrosa. Entry of CSF
tracers into the optic nerve head beyond the level of the glial
lamina was not observed. A possible explanation for absence of
paravascular CSF tracers beyond the lamina could be the presence
of a natural occlusion of the paravascular spaces [35]. An
additional explanation could be the presence of a functional
barrier created at the interface of two opposing sources of
pressure [35]. The higher IOP might counteract further fluid
movement into the eye along paravascular spaces [35]. Thus, the
results of the study by Mathieu et al. [7] do not support the notion
of free movement of CSF and constituent cells or solutes along
paravascular pathways into the eye under conditions of normal
ICP. This does not, however, negate the possibility that elevation
of optic nerve sheath pressure, due to a rise in ICP and/or
sequestration of CSF within the orbital SAS, may force CSF
contents along paravascular pathways into the eye [35]. Although
Mathieu et al. [7] did not investigate what happens under
conditions of elevated ICP, it is possible that a reversal in the
TLCPD may lead to CSF permeating along paravascular spaces into
the prelaminar optic nerve, further causing ODE. Further clarifica-
tion of this issue could be achieved by evaluating whether tracers
delivered to the CSF of animals move along paravascular spaces
into the eye or at least through the lamina cribrosa under
conditions of increased ICP, in the prolonged microgravity
environment of space or in animal microgravity ground-based
models. In this regard, it should be noted that, due to differences
in optic nerve vascular anatomy, a mouse model may be less
useful, given that in mice the central retinal artery enters the optic
nerve at the level of the sclera and bypasses the SAS (and thus the
CSF) [35, 36].

Anterograde ocular glymphatic transport blockage: In addition
to the supposed retrograde CSF influx into the optic disc, we
further hypothesized that the glymphatic outflow from the eye
into the optic nerve might be impeded under prolonged
microgravity conditions, leading to fluid stasis within the
prelaminar optic nerve head, further causing ODE [21–24]. Under
normal physiological conditions, the TLCPD is directed posteriorly
across the lamina cribrosa. We speculated that under microgravity
conditions, elevation of optic nerve sheath pressure, due to a rise
in ICP and/or sequestration of CSF within the orbital SAS, may lead
to a reduction or reversal of the normal posteriorly directed
TLCPD, which in turn may block the glymphatic efflux of ocular
fluid into the optic nerve, leading to fluid stasis within the
prelaminar optic nerve head [22, 24]. Importantly, new research
now provides indirect experimental evidence in support of this
hypothesis. Indeed, the new study by Nedergaard and colleagues
[8] identified a novel ocular glymphatic pathway for removal of
fluid and metabolites from the intraocular space in rodents (Fig. 2).
The authors found that Aβ was cleared from the retina and
vitreous via a pathway dependent on glial water channel AQP4.
After traversing the lamina barrier, intra-axonal Aβ was cleared via
the perivenous space and subsequently drained to lymphatic
vessels. To define the role of the TLCPD in transport of Aβ tracer,
the researchers manipulated ICP by either withdrawal or infusion
of artificial CSF in the cisterna magna while monitoring ICP.
Decreasing ICP was linked to a sharp increase in the total Aβ tracer
signal and peak intensity of Aβ tracer transport in the proximal
optic nerve 30min after intravitreal injection. Conversely, increas-
ing ICP was associated with a lack of Aβ tracer in the proximal
segment of the optic nerve. The findings did not support that the
tracer signal was diluted as a consequence of increased CSF inflow
along the periarterial spaces due to CSF infusion, but instead
reflected a decreased ocular Aβ tracer clearance into the optic
nerve. These data showed that the TLCPD is a major driver of

ocular glymphatic outflow [8]. Very interestingly, these data also
suggest that a rise in orbital CSF pressure, assumed to occur in
microgravity, would directly inhibit this ocular glymphatic outflow
[8]. This lends support to the hypothesis, originally proposed by
our group [21–24], that anterograde ocular glymphatic transport
blockage may play a role in the development of microgravity-
induced ODE.
Interestingly, the recent discovery of an “ocular glymphatic

system” may also provide clues to mechanisms behind the
reported delay in the recovery of SANS-associated ODE. In a recent
OCT study, Macias et al. [37] quantitated ocular structural changes,
including peripapillary retinal thickness, that develop in associa-
tion with long-duration spaceflight and documented how long
these changes persist after landing. They found that long-duration
spaceflight was associated with ODE and that between 30 and
90 days were required for the peripapillary retinal tissue
thickening to return to values similar to those observed before
flight. Macias et al. [37] further noted that the lack of a retinal-
blood barrier in the prelaminar region of the optic nerve head may
be associated with a greater extravasation of fluid due to the
headward fluid shift in weightlessness and may be a contributing
factor to the retinal thickening quantified at this location. As
discussed above, observations pertaining to the recent discovery
of an “ocular glymphatic clearance system” provide critical new
insights into how increased ICP, and thus a rise in orbital CSF
pressure which is assumed to occur in microgravity, can alter basic
fluid transport in the eye. These observations, in combination with
an increased capillary filtration as proposed by Macias et al. [37],
might contribute to the ODE seen in astronauts [22]. Also
interestingly, Nedergaard and colleagues [9] noted that the
amount of fluid that exits the eye via the posterior ocular
glymphatic clearance route is likely to be orders of magnitude
lower than clearance via anteriorly located routes. We propose
that this could provide one possible explanation for the slow
postflight recovery of astronauts from ODE.

Preflight identification of astronauts at risk for developing
microgravity-induced optic disc edema
It seems worthwhile to make every effort to identify biomarkers
for prediction of SANS-associated ODE, especially given that this
medical obstacle could impact the visual health of astronauts
during long-duration spaceflight and could interfere with plans for
future missions, including trips to Mars. It has been suggested that
microgravity-induced ocular changes may be partially determined
by the elastic properties of the brain ventricles and optic nerve
sheath [21, 38, 39].
Wostyn and De Deyn [21, 39] hypothesized that a greater

compliance and elasticity of the optic nerve sheath may result in a
larger compensatory reserve capacity in the SAS surrounding the
optic nerve, which in turn may protect against signs and
symptoms of SANS. The authors speculated that astronauts with
less compliant optic nerve sheaths may be more likely to develop
ODE, given that a greater degree of optic nerve sheath rigidity
that prevents further expansion may result in more CSF pressure
build-up in the retroorbital space [21, 39]. As such, optic nerve
sheath stiffness might serve as a predictive biomarker for ODE in
astronauts.
The view that a larger compensatory reserve capacity in the CSF

compartment may protect against SANS is consistent with the
smaller change in the percentage of total ventricular volume
experienced by astronauts with SANS, as observed in a recent
study by Roberts et al. [40]. The authors retrospectively analyzed
brain MRI scans of NASA astronauts to quantify pre- to postflight
changes in brain structure [40]. Long-duration spaceflights aboard
the ISS, but not short-duration Space Shuttle flights, resulted in a
significant increase in the percentage of total ventricular volume
change (10.7% versus 0%, P < 0.001, n= 12 versus n= 7). The
authors also examined post hoc the extent to which pre- to
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postflight structural brain changes were associated with the
development of SANS. Of the 12 long-duration astronauts, the 4
astronauts with ophthalmologic changes had a smaller change in
the percentage of total ventricular volume than those without
SANS (12.8% versus 6.5%, P= 0.02, n= 8 versus n= 4). This
suggests that a reduced compensatory reserve capacity in CSF
space, e.g., due to less compliant (stiffer) brain ventricles, may
increase the astronaut’s likelihood of developing ophthalmic
changes [41]. As such, it would be interesting to investigate the
predictive value of MR elastography, as a non-invasive imaging
measure of brain stiffness, for the development of ODE in
astronauts [42]. If confirmed, identifying the individual brain
stiffness in astronauts would be extremely important for predict-
ing the risk of SANS-associated ODE, and for decision making
regarding astronaut selection for future long-duration spaceflight
missions beyond low Earth orbit.
It has also been questioned whether the optic canal acts as a

buffer against the transmission of CSF pressure to the lamina
cribrosa [43]. In a retrospective analysis with MRI, Bidot et al. [43]
found that larger optic canals were associated with more severe
papilledema and poor visual function in 69 patients with IIH. One
possible explanation suggested by the authors was that narrower
optic canals limit CSF flow into the perioptic CSF compartment,
whereas larger optic canals facilitate the transmission of the CSF
pressure to the lamina cribrosa resulting in worse papilledema
[43]. Accordingly, they demonstrated using MRI that the optic
canal was always larger on the side of the worst papilledema in a
series of 8 patients with IIH and very asymmetric papilledema [44].
However, it should be noted that a recent study showed that bony
optic canal size evaluated by orbital computed tomography scan
was not different in very asymmetric papilledema in IIH patients
[45]. Anyway, examination of the optic canal size in astronauts
would be very informative and could lead to further elucidation of
the possible mechanisms underlying SANS [46, 47]. If confirmed,
the optic canal size could be used as a predictive biomarker for
ODE in astronauts.

CONCLUSION
The recent discovery of an “ocular glymphatic clearance system”
may have profound implications for understanding pathophysio-
logical mechanisms underlying a wide range of ophthalmic
diseases. In the present paper, by integrating new insights
pertaining to the ocular glymphatic system concept with findings
on the intracranial and neuro-ophthalmologic effects of micro-
gravity, we provided a coherent conceptual framework for
understanding the pathogenesis of microgravity-induced ODE.
According to this hypothesis, ODE in astronauts may ultimately
result from a glymphatic flow imbalance mechanism at the optic
nerve head, related to long-standing microgravity fluid shifts,
variations in optic nerve sheath anatomy and compliance, and the
elastic properties of the brain ventricles. Obviously, further
research is required to provide additional insight regarding the
relative contribution of the ocular glymphatic system to ODE in
astronauts. Even though nothing conclusive can yet be said, the
recent report providing indirect experimental evidence in support
of the glymphatic hypothesis of SANS-associated ODE is encoura-
ging. Continued examination of all spaceflight crew members,
including those without clinically apparent optic disc swelling,
may provide additional insight regarding the relative contribution
of an ocular glymphatic flow imbalance mechanism. Future pre-
flight, in-flight and post-flight analysis of the optic nerve head and
surrounding structures by OCT as well as ultrasound and MRI
examination of the globe, optic nerves and optic nerve sheaths in
long-duration ISS crew members could provide important
structural information in this respect. Further studies in this
area of investigation could not only provide exciting new
insights into the mechanisms underlying microgravity-induced

ODE but also offer opportunities to develop countermeasure
strategies. We therefore wish to encourage further research in this
area.
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