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Optic disc edema in astronauts after long-duration missions
to the International Space Station was first described in
2011,1 and National Aeronautics and Space Administration
(NASA) now describes this as spaceflight-associated neuro-
ocular syndrome (SANS). Clinically, SANS is defined
solely on the basis of optic disc edema, although there are
other associated ocular findings, including globe flattening,
choroidal and retinal folds, hyperopic shift, and cotton wool
spots.2 In traditional medical education, optic nerve head
swelling is essentially and wrongly associated with only
increased intracranial pressure (ICP). However, ophthalmic
education clearly distinguishes papilledema (disc edema
With plans to return humans to the
moon and eventually to Mars, it is
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optic disc edema in astronauts.
caused by increased ICP) from
optic disc edema in general,
which can arise from many
etiologies.3

Given the key feature of optic
disc edema, the original hypoth-

esis was that SANS was a correlate of terrestrial idiopathic
intracranial hypertension (IIH). Thus, much of the early
research focused on ICP during prolonged weightlessness.
However, the lack of other IIH symptoms, such as head-
aches, diplopia, and pulsatile tinnitus, calls into question the
similarity of SANS to IIH, and there have been no direct
measurements of ICP during long-duration spaceflight.
Post-flight lumbar puncture opening pressures in astronauts
presenting with optic disc edema appear to be on the upper
end of normal, with only 4 astronauts1 measured and 2
presenting with values above the 25 cm H2O IIH
diagnostic threshold4 (22, 21, 28.5, and 28 cm H2O at 66,
19, 57, and 12 days postflight, respectively). It is difficult
to conclude if this is a spaceflight-induced change because
there are no preflight control opening pressure values
available for this already limited data set.1 Conversely, more
definitive evidence collected during brief periods of
weightlessness in parabolic flight indicates that ICP in the
supine posture is decreased in 0 g compared with 1 g.5

Proponents of a role for ICP in the development of SANS
look to changes in brain structure6,7 or cerebral spinal fluid
dynamics.8,9 However, the relationship between structural
change on brain magnetic resonance imaging (MRI) and
optic disc edema (the defining characteristic of SANS) was
noted as “inconsistent” likely because brain structural
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changes were observed in almost all long-duration astro-
nauts, yet only 3 demonstrated optic disc edema.7 In the
single optic disc edema case in which ventricular volume
was changed, that astronaut presented with a smaller
volume alteration than all but 3 of the astronauts studied.
Furthermore, because brain MRI measures are conducted
after astronauts return to Earth in a gravitational
environment and because structural changes in the brain
do not necessarily inform about pressure or pressure
gradients at the anterior optic nerve head where SANS is
defined, it is likely impossible to determine if postflight
changes observed using MRI were present during
https://doi.org/
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spaceflight and preceded the
development of optic disc
edema. Rather, it is possible
these changes reflect processes
of the readaptation to living in a
gravitational environment.
Because of the uncertainty for the role of ICP in SANS,
NASA has now abandoned the original name “visual
impairment intracranial pressure” in favor of SANS. The
goal is to encourage a broader research approach that should
better facilitate understanding the syndrome and the ability
to identify countermeasures to mitigate the development of
optic disc edema and other related ocular changes in astro-
nauts. The older name “visual impairment intracranial
pressure” incorrectly implied the cause of the disorder.
Although alterations to ICP still demand study, it is no
longer assumed the etiologic factor. Given that SANS is
defined at the optic nerve head, we propose that SANS
research needs to start there, the location where the change
is observed. Further and mechanistically, we propose that
fluid shifts due to a weightless environment may be the
underlying cause of SANS to impact the anterior optic nerve
head.

Headward fluid shift is known to develop during
weightlessness and is often evident as a “puffy face.” For
SANS, less visible signs of this fluid shift could contribute
to the development of ocular changes. Cross-sectional
distension of the jugular vein and presumed increased ju-
gular venous pressure during weightlessness,10 along with
increased arterial pressure at the level of the eye due to
removal of a hydrostatic gradient, could alter Starling
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forces in the micro-vasculature favoring filtration of fluid
into the interstitial space. Intriguingly, although much of the
retinal vasculature contains bloodebrain barrier proteins
and lacks microvasculature permeability markers, the
microvasculature specifically located within the prelaminar
optic nerve head has the reverse profile.11 This important
observation sets the stage for interstitial edema to develop
in the prelaminar optic nerve head, a similar location to
edema observed in astronauts. The intact retinaleblood
barrier may further explain the lack of edema in other re-
gions of the retina theoretically exposed to similar micro-
vascular pressures. The vasculature may also affect
lymphatic drainage pathways that provides a route for ce-
rebrospinal fluid outflow from the optic nerve.12-14 A recent
commentary highlighted some of these more recent hy-
potheses related to accumulation of fluid at the optic nerve
resulting from impaired lymphatic and glymphatic
clearance.15

We also hypothesize that the increased capillary filtra-
tion, possible in the prelaminar region of the optic nerve
head, may be accommodated by varying degrees based on
individual variability in the anatomic structure of the optic
nerve head. All astronauts experience headward fluid shift
associated with chronic weightlessness, and nearly all as-
tronauts have some change to the optic nerve on OCT;
however, only approximately 15% of astronauts develop
Frisèn grade optic disc edema based on fundoscopic imag-
ing. For example, subjects with a shallower optic cup may
have a “disk at risk”16 that increases the threat for vascular
events and that also may predispose them to presenting with
optic disc edema in SANS, whereas those subjects with a
larger cup may effectively blunt the mild increase in fluid
accumulation, preventing overflow of edema that is
visualized on fundoscopic images. In addition, the
interplay between interstitial edema and stasis of
axoplasmic flow of retinal nerve fibers may be altered on
the basis of optic cup morphology.17,18

Mechanical countermeasures that target reversal of the
headward fluid shift provide a promising approach to
temporarily unload the chronic hydrostatic and mechanical
forces within the subarachnoid space and at the optic nerve
head. The National Aeronautics and Space Administration
has investigated use of lower body negative pressure, an
impedance threshold device that reduces intrathoracic
pressure during inspiration, and use of veno-occlusive
thighcuffs19 to shift fluid away from the head. A recent
report20 showing that optic disc edema developed for the
first time using potential SANS risk factors (a spaceflight
analog of strict head-down tilt bed rest in a mild hyper-
capnic environment) now provides new opportunities for
NASA to test these and other countermeasures to prevent
optic disc edema.

With plans to return humans to the moon and eventually
to Mars, it is important to understand and mitigate optic disc
edema in astronauts. Ultimately, many physiologic systems
are expected to change in a spaceflight environment, and we
propose that SANS is not just a terrestrial disease like IIH
transplanted to space. Spaceflight-associated neuro-ocular
syndrome is likely a unique disorder and may have multiple
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causative factors, including fluid shifts. We believe that
these factors ultimately lead to a direct insult in the eye
given the defining anterior optic nerve head swelling and
associated intraocular alterations. Regarding ICP, its role
must be better studied, but until then, simply linking
investigation to SANS by invoking potential ICP fluctuation
is not sufficient. Spaceflight-associated neuro-ocular syn-
drome research should be tied to hypotheses that can
directly influence the eye and anterior optic nerve head
itself.
References

1. Mader TH, Gibson CR, Pass AF, et al. Optic disc edema, globe
flattening, choroidal folds, and hyperopic shifts observed in
astronauts after long-duration space flight. Ophthalmology.
2011;118:2058e2069.

2. Stenger MB, Tarver WJ, Brunstetter T, et al. NASA Human
ResearchProgramEvidenceReport: risk of spaceflight associated
neuro-ocular syndrome (SANS). NASA Johnson Space Center;
2017. Available at: https://humanresearchroadmap.nasa.gov/ev-
idence/reports/SANS.pdf?rnd¼0.434276635495143. Accessed
February 15, 2018.

3. Miller NR, Walsh FB, Hoyt WF. Walsh and Hoyt’s Clinical
Neuro-ophthalmology. Philadelphia, PA: Lippincott Williams
& Wilkins; 2005.

4. Lee SCM, Lueck CJ. Cerebrospinal fluid pressure in adults.
J Neuroophthalmol. 2014;34:278e283.

5. Lawley JS, Petersen LG, Howden EJ, et al. Effect of gravity
and microgravity on intracranial pressure. J Physiol (Lond).
2017;595:2115e2127.

6. Roberts DR, Petersen LG. Studies of hydrocephalus associated
with long-term spaceflight may provide new insights into ce-
rebrospinal fluid flow dynamics here on Earth. JAMA Neurol.
2019;76(4):391e392.

7. Roberts DR, Albrecht MH, Collins HR, et al. Effects of
spaceflight on astronaut brain structure as indicated on MRI.
N Engl J Med. 2017;377:1746e1753.

8. Kramer LA, Sargsyan AE, Hasan KM, et al. Orbital and
intracranial effects of microgravity: findings at 3-T MR im-
aging. Radiology. 2012;263:819e827.

9. Gerlach DA, Marshall-Goebel K, Hasan KM, et al. MRI-
derived diffusion parameters in the human optic nerve and its
surrounding sheath during head-down tilt. NPJ Microgravity.
2017;3:18.

10. Martin DS, Lee SMC, Matz TP, et al. Internal jugular pressure
increases during parabolic flight. Physiol Rep. 2016;4(24). pii:
e13068. https://doi.org/10.14814/phy2.13068.

11. Hofman P, Hoyng P, vanderWerf F, et al. Lack of blood-
brain barrier properties in microvessels of the prelaminar
optic nerve head. Invest Ophthalmol Vis Sci. 2001;42:
895e901.

12. Killer HE. Production and circulation of cerebrospinal fluid
with respect to the subarachnoid space of the optic nerve.
J Glaucoma. 2013;22(Suppl 5):S8e10.

13. Killer HE, Laeng HR, Groscurth P. Lymphatic capillaries in
the meninges of the human optic nerve. J Neuroophthalmol.
1999;19:222e228.

14. Ma Q, Ineichen BV, Detmar M, Proulx ST. Outflow of cere-
brospinal fluid is predominantly through lymphatic vessels and
is reduced in aged mice. Nat Commun. 2017;8:1434.
28 September 2019 � 3:26 am � ce

https://humanresearchroadmap.nasa.gov/evidence/reports/SANS.pdf?rnd=0.434276635495143
https://humanresearchroadmap.nasa.gov/evidence/reports/SANS.pdf?rnd=0.434276635495143
https://humanresearchroadmap.nasa.gov/evidence/reports/SANS.pdf?rnd=0.434276635495143
https://doi.org/10.14814/phy2.13068


Editorial
15. Wostyn P, De Winne F, Stern C, De Deyn PP. Dilated prel-
aminar paravascular spaces as a possible mechanism for optic
disc edema in astronauts. Aerosp Med Hum Perform. 2018;89:
1089e1091.

16. Luneau K, Newman NJ, Biousse V. Ischemic optic neuropa-
thies. Neurologist. 2008;14:341e354.

17. Wirtschafter JD. Optic nerve axons and acquired alterations in
the appearance of the optic disc. Trans Am Ophthalmol Soc.
1983;81:1034e1091.
EDI 5.6.0 DTD � OPHTHA10917_proof �
18. Minckler DS. Correlations between anatomic features and
axonal transport in primate optic nerve head. Trans Am Oph-
thalmol Soc. 1986;84:429e452.

19. Balasubramanian S, Tepelus T, Stenger MB, et al. Thigh cuffs
as a countermeasure for ocular changes in simulated weight-
lessness. Ophthalmology. 2018;125:459e460.

20. Laurie SS, Macias BR, Dunn JT, et al. Optic disc edema after
30 days of strict head-down tilt bed rest. Ophthalmology.
2019;126:467e468.
Footnotes and Financial Disclosures
Financial Disclosure(s): The author(s) have made the following disclo-
sure(s): A.S.H.: Grants e Heidelberg Engineering, Diagnosys, Glaukos;
Personal fees e Allergan Pharmaceuticals, Santen Pharmaceuticals, Aerie
Pharmaceuticals.

B.R.M.: Royalties e World Science

S.R.S.: Personal fees e Genentech/Roche, Allergan, Novartis, Oxurion,
Optos, Heidelberg, Centervue, Nidek, Amgen, 4DMT; Grants e Optos,
Carl Zeiss Meditec.

Funding from NASA grants (Principal Investigator [M.B.S.]: grant no.
NNJ11ZSA002NA, Principal Investigator [B.R.M.]: grant no.
80JSC017N0001-BPBA, Principal Investigator [S.S.L.]: grant no.
NNJ14ZSA001N-MIXEDTOPICS) and an unrestricted grant from
Research to Prevent Blindness to UCLA (New York, NY). This work un-
derwent NASA Export Control.

Correspondence:
Alex S. Huang, MD, PhD, Doheny Eye Institute, Department of Ophthal-
mology, David Geffen School of Medicine, University of California, Los
Angeles, 1355 San Pablo Street, Los Angeles, CA 90033. E-mail:
Ahuang@doheny.org.
3

28 September 2019 � 3:26 am � ce

mailto:Ahuang@doheny.org

	Editorial
	Focus on the Optic Nerve Head in Spaceflight-Associated Neuro-ocular Syndrome
	References


