
www.nature.com/eye

COMMENT OPEN

Refractive shifts in astronauts during spaceflight: mechanisms, 
countermeasures, and future directions for in-flight 
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INTRODUCTION
Spaceflight associated neuro-ocular syndrome (SANS) refers to a 
unique set of neuro-ophthalmic symptoms associated with long- 
duration space flight documented in astronauts, both in-flight 
and post-flight. These notable clinical findings include optic disc 
edema, posterior globe flattening, chorioretinal folds, retinal 
nerve fiber layer thickening, and hyperopic refractive shifts [1–3]. 
These hyperopic refractive shifts were among the first findings of 
SANS, noted by astronauts aboard the international space station 
(ISS) in 1989 and likely prior, as a visual change necessitating the 
use of stronger reading glasses [4, 5]. This led to the introduction 
of what has been referred to as “Space Anticipation Glasses” used 
by astronauts to mitigate the anticipated effects of long-term 
spaceflight on visual acuity [6].

These “Space Anticipation Glasses” first referred to the reading 
glasses brought aboard for long-duration spaceflight in order to 
combat the hyperopic shifts seen in astronauts. Such glasses 
would often have to be of increasing strengths [4, 6]. A more 
advanced countermeasure was created to allow for increased 
fine-tuning of the prescription required, called “superfocus 
adjustable glasses” [7]. Superfocus adjustable glasses work via 
the addition of a flexible lens closer to the eye than the standard 
firm lens, allowing for dialed control of the lens shape and 
therefore increased control of acuity [7]. These glasses are now 
kept aboard the ISS, helping to mitigate the hyperopic shift 
associated with SANS.

The neuro-ocular changes associated with SANS provide a large 
barrier to spaceflight, especially with regards to the subsequent 
changes in vision. Some astronauts returning to earth have 
demonstrated persistent ocular changes affecting vision including 
globe flattening and choroidal folds [2]. These residual refractive 
errors could pose a barrier to continued space flight for 
astronauts required to meet visual acuity post-refraction stan
dards of 20/20 for both distance and near vision per the National 
Aeronautics and Space Administration (NASA) [8].

Of the neuro-ocular findings affecting vision, hyperopic shifts 
have been partially attributed to the posterior globe flattening 
observed, namely the shortening of the eye’s axial length, 
reported in about 16% of astronauts post-flight [6]. In this 
context, globe flattening refers to the decreased convexity of the 
posterior globe, driving a hyperopic visual shift due to a 
subsequently reduced axial length. Macias et al. reported that 
the mean axial length decrease post long-duration spaceflight 
was 0.08 mm, a finding that persisted, though improving, for the 
year following [9].

Using pre- and post-flight MRI data, it has been observed that 
the greatest degree of posterior globe flattening occurs at the 
initial post-flight scan and was only partially resolved during the 
first year post-flight [10]. Furthermore, Mader et al. expands upon 
this, finding that 3 of the 7 astronauts observed showed 
persistent globe flattening, some up to 7 years after long distance 
space flight, as well as an associated hyperopic shift of at least 
∫0.75 diopters that similarly persisted [11]. In a case report, 
Mader et al. concluded that persistent globe flattening began in- 
flight and was recorded up to 660 days post-flight for one 
astronaut [12]. This indicates a persistent, albeit variable nature to 
the ophthalmic changes observed in SANS.

Though the mechanism of SANS is not yet fully understood, it is 
postulated that the cephalad and orbital shift of fluid during 
extended low-gravity exposure along with increased intracranial 
pressure (ICP) may play a significant role [1, 5, 13]. Radiation from 
galactic cosmic rays and solar particle events likely also play a role 
in the development of SANS [14, 15]. A terrestrial disease known 
as idiopathic intracranial hypertension (IIH) has been discussed as 
an analog for SANS, as IIH has some similar findings such as optic 
disc edema (ODE) and increased ICP, though SANS lacks many of 
the other clinical presentations of IIH [13]. Sibony et al. concluded 
that the differences in ODE and globe flattening between IIH and 
SANS indicate a differing mechanism rather than increased ICP 
alone for SANS, though an increased ICP component cannot be 
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ruled out [16]. The prevailing hypothesis therefore is that SANS is 
likely a multifactorial consequence of the cephalad fluid shift seen 
in low-gravity and from increased levels of radiation exposure 
[17]. From a refractive perspective, understanding the mechanism 
behind SANS, including the hyperopic shift associated, will 
hopefully lead to effective countermeasures to preserve vision.

Currently on the ISS, the only in-flight vision testing available is 
performed via self-reported survey, static visual acuity examina
tion, and Amsler Grid [18]. There are also in-flight capabilities of 
fundoscopy, 2-D ultrasound, Optical Coherence Tomography 
(OCT), contrast sensitivity, and tonometry [19]. As of now, there 
are no in-flight options for refraction, including cycloplegic, 
manifest, or automatic [20]. In-flight refraction would be a 
beneficial addition to the ISS with regards to understanding the 
refractive shifts associated with SANS during spaceflight. In 
monitoring refractive shifts throughout space flight, future 
investigations may be able to more closely relate the 
timeline of SANS clinical findings with the hyperopic refractive 
shifts detailed in previous research. Furthermore, such measure
ments would provide more data on visual acuity changes 
associated with spaceflight related to refractive error, some of 
which may resolve in-flight and not appear on post-flight 
evaluation.

When discussing refraction options for the ISS, it is important to 
first investigate the current terrestrial options available. These 
technologies must be evaluated for their portability, weight, and 
accuracy as spaceflight requires uniquely portable and light
weight technology. Durr et al. found that a novel handheld 
QuickSee wavefront autorefractor was able to, operated by an 
individual with no formal ophthalmic or optometric training, 
create a prescription only one letter worse compared to a formal 
manifest refraction by a trained professional [21, 22]. Ciuffreda 
et al. determined that an alternative, phone mounted autore
fractor called the SVOne showed no significant difference in 
spherical refractive error between the SVOne and other forms of 
refraction. This study also determined that the SVOne had a not 
statistically significant, but present, tendency to overestimate 
myopia by approximately 0.4 diopters [23]. Research on the Near 
Eye Tool for Refractive Assessment (NETRA) compared to non- 
cycloplegic refraction demonstrated a similar overestimation of 
myopia at 1.25 diopters more in NETRA than in standard 
refraction [24]. In the discussion of SANS, this overestimation of 
myopia could pose a barrier to the accurate measurement of 
established hyperopic shift and would have to be considered.

Agarwal et al. compared the use of the QuickSee, NETRA, and 
Retinomax handheld autorefractors, stating limitations of a high 
amount of delicacy and cost for the Retinomax and lower 
accuracy comparatively for the NETRA as well as the requirement 
of an android smartphone for attachment [25]. These factors 
could be unideal in the context of spaceflight refraction.

Another consideration for refraction options for spaceflight 
includes the recognition of space as an austere environment with 
unique challenges that technology must meet [26, 27]. Joseph 
et al. described the use of a handheld lightweight, non-invasive 
refraction device operated via the adjustment of dials. This 
refractive device, known as the ClickCheck, demonstrated 
however that the spherical and cylindrical refractive errors 
determined were statistically significant in difference from 
standard refraction and thus more research and development is 
needed for it to be an alternative to standard subjective refraction 
methods [28]. The ClickCheck or similar technology could provide 
an inexpensive and highly portable refraction technique for 
remote areas without ample resources.

Of interest for in-flight refraction is a head-mounted refraction 
technique such as with virtual reality (VR). Pujol et al. evaluated an 
experimental VR based algorithm headset for subjective refrac
tion, demonstrating notable precision in spherical equivalency 
[29]. Waisberg et al. discussed the use of a functional and 

comparably agreeable head-mounted device for measuring 
distance visual acuity in spaceflight [30]. This technology, though 
not directly refractive in nature, demonstrates a successful use of 
visual measurement using a VR headset in-flight that may be in 
the future adjustable to the needs of refraction aboard the ISS. 
However, utilizing near vision targets for refraction may induce 
time-dependent transient myopic shifts and thus affect the 
refractive error outcomes in head-mounted devices [31]. These 
transient shifts may be accounted for within the creation of VR 
refraction technology.

CONCLUSION
SANS and the associated hyperopic refractive shifts with long- 
duration spaceflight pose distinct challenges for astronauts 
particularly as space exploration continues to grow over time. 
Though there currently exists no method of refraction aboard the 
ISS, VR or other lightweight portable approaches to refraction 
could provide a unique and multifunctional method through 
which SANS could be monitored during spaceflight. Further 
research aimed at refractive methods aboard the ISS may help to 
provide insight into the mechanism of SANS. There are also 
numerous potential terrestrial applications of lightweight, por
table refractive methods in rural or remote parts of the world that 
could be derived from such research.

REFERENCES
1. Ong J, Tarver W, Brunstetter T, Mader TH, Gibson CR, Mason SS, et al. Spaceflight 

associated neuro-ocular syndrome: proposed pathogenesis, terrestrial analo
gues, and emerging countermeasures. Br J Ophthalmol. 2023;107:895–900. 
https://doi.org/10.1136/bjo-2022-322892.

2. Lee AG, Mader TH, Gibson CR, Tarver W, Rabiei P, Riascos RF, et al. Spaceflight 
associated neuro-ocular syndrome (SANS) and the neuro-ophthalmologic effects 
of microgravity: a review and an update. Npj Microgravity. 2020;6:1–10. https:// 
doi.org/10.1038/s41526-020-0097-9.

3. Lee AG, Mader TH, Gibson CR, Brunstetter TJ, Tarver WJ. Space flight-associated 
neuro-ocular syndrome (SANS). Eye. 2018;32:1164–67. https://doi.org/10.1038/ 
s41433-018-0070-y.

4. National Aeronautics and Space Administration. International Space Station 
Research keeps an eye on vision changes in space—NASA. 2020. https:// 
www.nasa.gov/humans-in-space/international-space-station-research-keeps-an- 
eye-on-vision-changes-in-space/.

5. Mader TH, Gibson CR, Pass AF, Kramer LA, Lee AG, Fogarty J, et al. Optic disc 
edema, globe flattening, choroidal folds, and hyperopic shifts observed in 
astronauts after long-duration space flight. Ophthalmology. 2011;118:2058–69. 
https://doi.org/10.1016/j.ophtha.2011.06.021.

6. Patel ZS, Brunstetter TJ, Tarver WJ, Whitmire AM, Zwart SR, Smith SM, et al. Red 
risks for a journey to the Red Planet: the highest priority human health risks for a 
mission to Mars. NPJ Microgravity. 2020;6:33. https://doi.org/10.1038/s41526- 
020-00124-6.

7. Fang J. Blurry astronaut vision corrected by superfocus glasses. ZDNET. 2011. 
https://www.zdnet.com/article/blurry-astronaut-vision-corrected-by-superfocus- 
glasses/.

8. National Aeronautics and Space Administration. NASA astronaut medical stan
dards selection and annual recertification. National Astronautics and Space 
Administration; 2021.

9. Macias BR, Patel NB, Gibson CR, Samuels BC, Laurie SS, Otto C, et al. Association 
of long-duration spaceflight with anterior and posterior ocular structure changes 
in astronauts and their recovery. JAMA Ophthalmol. 2020;138:553–59. https:// 
doi.org/10.1001/jamaophthalmol.2020.0673.

10. Sater SH, Sass AM, Rohr JJ, Marshall-Goebel K, Ploutz-Snyder RJ, Ethier CR, et al. 
Automated MRI-based quantification of posterior ocular globe flattening and 
recovery after long-duration spaceflight. Eye. 2021;35:1869–78. https://doi.org/ 
10.1038/s41433-021-01408-1.

11. Mader TH, Gibson CR, Barratt MR, Miller NR, Subramanian PS, Killer HE, et al. Per
sistent globe flattening in astronauts following long-duration spaceflight. Neuro- 
Ophthalmology. 2020;45:29–35. https://doi.org/10.1080/01658107.2020.1791189.

12. Mader TH, Gibson CR, Otto CA, Sargsyan AE, Miller NR, Subramanian PS, et al. 
Persistent asymmetric optic disc swelling after long-duration space flight: 
implications for pathogenesis. J NeuroOphthalmol. 2017;37:133. https://doi.org/ 
10.1097/WNO.0000000000000467.

K. Vineyard et al.  

2672

Eye (2024) 38:2671 – 2673

https://doi.org/10.1136/bjo-2022-322892
https://doi.org/10.1038/s41526-020-0097-9
https://doi.org/10.1038/s41526-020-0097-9
https://doi.org/10.1038/s41433-018-0070-y
https://doi.org/10.1038/s41433-018-0070-y
https://www.nasa.gov/humans-in-space/international-space-station-research-keeps-an-eye-on-vision-changes-in-space/
https://www.nasa.gov/humans-in-space/international-space-station-research-keeps-an-eye-on-vision-changes-in-space/
https://www.nasa.gov/humans-in-space/international-space-station-research-keeps-an-eye-on-vision-changes-in-space/
https://doi.org/10.1016/j.ophtha.2011.06.021
https://doi.org/10.1038/s41526-020-00124-6
https://doi.org/10.1038/s41526-020-00124-6
https://www.zdnet.com/article/blurry-astronaut-vision-corrected-by-superfocus-glasses/
https://www.zdnet.com/article/blurry-astronaut-vision-corrected-by-superfocus-glasses/
https://doi.org/10.1001/jamaophthalmol.2020.0673
https://doi.org/10.1001/jamaophthalmol.2020.0673
https://doi.org/10.1038/s41433-021-01408-1
https://doi.org/10.1038/s41433-021-01408-1
https://doi.org/10.1080/01658107.2020.1791189
https://doi.org/10.1097/WNO.0000000000000467
https://doi.org/10.1097/WNO.0000000000000467


13. Yang J-W, Zhang M-X, Ai J-L, Wang F, Kan G-H, Wu B, et al. Spaceflight-associated 
neuro-ocular syndrome: a review of potential pathogenesis and intervention. Int 
J Ophthalmol. 2022;15:336–41. https://doi.org/10.18240/ijo.2022.02.21.

14. Waisberg E, Ong J, Masalkhi M, Mao XW, Beheshti A, Lee AG. Mitochondrial 
dysfunction in spaceflight associated neuro-ocular syndrome (SANS): a mole
cular hypothesis in pathogenesis. Eye. 2024:1–3. https://doi.org/10.1038/s41433- 
024-02951-3.

15. Waisberg E, Ong J, Paladugu P. Radiation-induced ophthalmic risks of long 
duration spaceflight: current investigations and interventions. Eur J Ophthalmol. 
2023. https://doi.org/10.1177/11206721231221584.

16. Sibony PA, Laurie SS, Ferguson CR, Pardon LP, Young M, Rohlf FJ, et al. Ocular 
deformations in spaceflight-associated neuro-ocular syndrome and idiopathic 
intracranial hypertension. Invest Ophthalmol Vis Sci. 2023;64:32. https://doi.org/ 
10.1167/iovs.64.3.32.

17. Soares B, Ong J, Osteicoechea D, Kadipasaoglu CM, Waisberg E, Sarker P, et al. 
A potential compensatory mechanism for spaceflight associated neuro-ocular 
changes from microgravity: current understanding and future directions. Eye. 
2024:1–3. https://doi.org/10.1038/s41433-024-02952-2.

18. Waisberg E, Ong J, Masalkhi M, Zaman N, Kamran SA, Sarker P, et al. The case for 
expanding visual assessments during spaceflight. Prehosp Disaster Med. 
2023;38:518–21. https://doi.org/10.1017/S1049023X23005964.

19. National Aeronautics and Space Administration (NASA). MEDB1.10_1.10.1 Eye 
Examinations. 2017.

20. Laurie, Steven S, Brandon R Macias, Laura P Pardon, Tyson Brunstetter, William J 
Tarver, C Robert Gibson, Scott H Greenwald, et al. “Evidence Report: Risk of 
Spaceflight Associated Neuro-Ocular Syndrome (SANS).” Evidence Report. 
Human Research Program: Human Health Countermeasures Element. Houston, 
TX: Lyndon B. Johnson Space Center, 2022.

21. Durr NJ, Dave SR, Lim D, Mahadevan R, Ravilla S, Joseph S, et al. Clinical vali
dation of a novel wavefront autorefractor in a base hospital and vision center in 
rural India. Invest Ophthalmol Vis Sci. 2017;58:1139.

22. Durr NJ, Shivang RD, Vera-Diaz FA, Lim D, Dorronsoro C, Marcos S, et al. Design 
and clinical evaluation of a handheld wavefront autorefractor. Optom Vis Sci. 
2015;92:1140–47. https://doi.org/10.1097/OPX.0000000000000732.

23. Ciuffreda KJ, Rosenfield M. Evaluation of the SVOne: a handheld, smartphone- 
based autorefractor. Optom Vis Sci. 2015;92:1133. https://doi.org/10.1097/ 
OPX.0000000000000726.

24. Hasrod N, Rubin A. Comparison of the near eye tool for refractive assessment 
(NETRA) and non-cycloplegic subjective refraction. BMJ Open Ophthalmol. 
2022;7:e000851. https://doi.org/10.1136/bmjophth-2021-000851.

25. Agarwal A, Bloom DE, deLuise VP, Lubet A, Murali K, Sastry SM. Comparing low- 
cost handheld autorefractors: a practical approach to measuring refraction in 
low-resource settings. PLoS ONE. 2019;14:e0219501. https://doi.org/10.1371/ 
journal.pone.0219501.

26. Ong J, Waisberg E, Masalkhi M, Suh A, Kamran SA, Paladugu P, et al. “Spaceflight- 
to-eye clinic”: terrestrial advances in ophthalmic healthcare delivery from space- 
based innovations. Life Sci Space Res. 2024;41:100–9. https://doi.org/10.1016/ 
j.lssr.2024.02.003.

27. Brent Woodland M, Ong J, Zaman N, Hirzallah M, Waisberg E, Masalkhi M, et al. 
Applications of extended reality in spaceflight for human health and performance. 
Acta Astronaut. 2024;214:748–56. https://doi.org/10.1016/j.actaastro.2023.11.025.

28. Joseph S, Sundar B, Rashme VL, Venkatachalam S, Ehrlich JR, Ravilla T. 
Accuracy of a low-cost, portable, refractive error estimation device: results of a 

diagnostic accuracy trial. PLoS ONE. 2022;17:e0272451. https://doi.org/10.1371/ 
journal.pone.0272451.

29. Pujol J, Ondategui-Parra JC, Badiella L, Otero C, Vilaseca M, Aldaba M. Spherical 
Subjective refraction with a novel 3D virtual reality based system. J Optom. 
2017;10:43–51. https://doi.org/10.1016/j.optom.2015.12.005.

30. Waisberg E, Ong J, Zaman N, Kamran SA, Lee AG, Tavakkoli A. Head-mounted 
dynamic visual acuity for G-transition effects during interplanetary spaceflight: 
technology development and results from an early validation study. Aerosp Med 
Hum Perform. 2022;93:800–5. https://doi.org/10.3357/AMHP.6092.2022.

31. Vasudevan B, Ciuffreda KJ. Additivity of near work–induced transient myopia and 
its decay characteristics in different refractive groups. Invest Ophthalmol Vis Sci. 
2008;49:836–41. https://doi.org/10.1167/iovs.07-0197.

AUTHOR CONTRIBUTIONS
The authors confirm contribution to the paper as follows: conception and design: KV 
and JO. Compilation and analysis of collected information: KV. Draft preparation: KV 
and JO. Review of results with edit contribution: KV, JO, BS, DO, CMK, EW, AT, GV, and 
AGL. All authors approved the final manuscript.

COMPETING INTERESTS
AGL is a consultant for the National Aeronautics and Space Administration (NASA) 
and a member of the Eye editorial board.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Ethan Waisberg .

Reprints and permission information is available at http://www.nature.com/ 
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party 
material in this article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http://creativecom
mons.org/licenses/by/4.0/.

© The Author(s) 2024

K. Vineyard et al.   

2673

Eye (2024) 38:2671 – 2673 

https://doi.org/10.18240/ijo.2022.02.21
https://doi.org/10.1038/s41433-024-02951-3
https://doi.org/10.1038/s41433-024-02951-3
https://doi.org/10.1177/11206721231221584
https://doi.org/10.1167/iovs.64.3.32
https://doi.org/10.1167/iovs.64.3.32
https://doi.org/10.1038/s41433-024-02952-2
https://doi.org/10.1017/S1049023X23005964
https://doi.org/10.1097/OPX.0000000000000732
https://doi.org/10.1097/OPX.0000000000000726
https://doi.org/10.1097/OPX.0000000000000726
https://doi.org/10.1136/bmjophth-2021-000851
https://doi.org/10.1371/journal.pone.0219501
https://doi.org/10.1371/journal.pone.0219501
https://doi.org/10.1016/j.lssr.2024.02.003
https://doi.org/10.1016/j.lssr.2024.02.003
https://doi.org/10.1016/j.actaastro.2023.11.025
https://doi.org/10.1371/journal.pone.0272451
https://doi.org/10.1371/journal.pone.0272451
https://doi.org/10.1016/j.optom.2015.12.005
https://doi.org/10.3357/AMHP.6092.2022
https://doi.org/10.1167/iovs.07-0197
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Refractive shifts in astronauts during spaceflight: mechanisms, countermeasures, and future directions for in-flight measurements
	Introduction
	Conclusion
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




