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The International Space Station (ISS) is one of the most remote 
and austere environments in which a human being can live and 
work. Responding to medical emergencies in such an environ
ment can be extremely difficult. Although ISS crewmembers 
undergo extensive training for medical contingencies, the 
inherent complexities to evaluate and treat disease are daunting 
(e.g., limited diagnostic capabilities and medications, delayed 
access to medical professionals in needed specialties, time delay 
in communications). These challenges and barriers to access 
appropriate care can subject an ISS crewmember to risks of vision 
loss secondary to an ocular disorder or injury. The Lifetime 
Surveillance of Astronaut Health database has documented 
numerous ocular injuries throughout the history of the United 
States space program. This raises concerns about the potential for 
vision-threatening and mission-threatening ocular injuries on the 
ISS. Ocular, orbital, and cranial trauma (e.g., cabin contacts, crew 
member contact, elastic cords, secondary to chemical burns [1] or 
infection) have been reported on multiple ISS missions. Fortu
nately, to date none of the prior reported injuries have led to 
corneal perforation. However, these ocular scenarios emphasize 
the critical importance of addressing corneal injuries before 
escalation to perforations, especially with the commercialization 
of spaceflight [2, 3]. In this paper, we will discuss the use of 
onboard diagnostic tools and potential management modalities 
for the treatment of penetrating or perforating injuries to the 
cornea in spaceflight with current medications aboard the ISS.

RISK FACTORS
Corneal penetrating and perforating injuries can result from 
traumatic impact or conditions that cause corneal melting (e.g., 
microbial keratitis). Severe or poorly managed corneal abrasions, 
ulcers, and thermal burns are subject to infections that can 
progress to corneal perforations [4]. In the setting of microgravity, 
airborne particulates remain suspended (rather than falling to the 
floor on Earth) and can enter crewmembers’ eyes [3]. With NASA’s 
aim to return to the Moon and to travel to Mars, celestial debris 
will be an additional risk to ocular health. Lunar and Martian 

windstorms increase the likelihood of higher-velocity particles 
causing severe penetrating corneal injuries [5]. Recent literature 
has described 70 corneal abrasions, 6 chemical burns and 5 ocular 
infections in a review of NASA Space Shuttle and ISS missions [1]. 
These were superficial corneal injuries that were successfully 
treated with topical antibiotics. In contrast, future longer-duration 
crewed missions to Mars and beyond might require more 
innovative and novel technology-driven platforms to address 
the risks for corneal perforation. We review the literature and 
propose potential countermeasures to prepare for such con
tingencies for future long term space exploration.

DIAGNOSTIC TECHNIQUES
Medical management
A penetrating corneal injury enters the cornea, but a perforating 
corneal injury is a through and through injury with an entrance 
and exit wound. Crews without a medical doctor will assign a 
designated medical officer, who undergoes 40 h of paramedic- 
level training (e.g., administering injections, suturing wounds, 
eye-washing protocols) [6]. In the event of a severe penetrating 
corneal injury, crewmembers are advised not to disturb the 
offending object or put any pressure on the globe from rubbing 
or patching. Rather, they should gently apply a rigid eye shield 
over the injured eye to avoid accidental contact [7]. It is crucial to 
obtain a detailed history of precisely how the injury occurred as 
this may help to determine the degree of injury severity (e.g., Was 
the injury caused by a high velocity particle originating from a 
burst mechanism or from floating debris in the cabin?). The 
trained crew on the ISS can utilize magnified external ocular 
photography, the onboard portable ocular ultrasound, and 
Heidelberg Spectralis OCT2 imaging of the anterior and posterior 
segment to accurately detect the presence, location, and 
composition of intraocular foreign bodies with high sensitivity 
and specificity [8]. Remote guidance is available by the crew flight 
surgeon and subject matter experts at NASA’s Johnson Space 
Center to develop a diagnosis and implement vision-saving 
interventions.
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Depending on severity of penetration, microsurgical repair and 
systemic antibiotics may be indicated. The ISS is equipped with a 
comprehensive array of medications, comparable to those used in 
terrestrial management of corneal perforations, capable of 
minimizing the risk of infection and offering therapeutic relief 
[9, 10]. Topical anaesthetics (e.g., tetracaine (0.5%, 15 mL)), 
cycloplegic drops (e.g., cyclopentolate (Cyclogyl) 2%, 15 mL; 
tropicamide (Mydriacyl) 1%, 15 mL), and anti-inflammatory and 
analgesic agents (e.g., ketorolac (Toradol) 30 mg/mL, 2 mL; 
acetaminophen (Tylenol) 325 mg; Aspirin 325 mg; Ibuprofen 
(Motrin) 400 mg) may provide relief during the painful ocular 
injury.

Prophylactic broad-spectrum antibiotic ointment is available to 
reduce the potential of secondary infection. Topical medications 
(Erythromycin ointment (0.5%); Moxifloxacin (Vigamox, 0.5%); 
Tobramycin and Dexamethasone (Tobradex), 0.3%; 0.1%) are 
currently available on the ISS [4, 11]. Among the other antibiotics 
aboard, doxycycline (Vibramycin, 100 mg) has a high lipid 
solubility, providing stronger penetration into the aqueous 
humour of the cornea [12]. Vitamin C supplementations have 
also demonstrated accelerated recovery and healing properties 
for corneal injuries [13]. For more severe cases, temporizing 
cyanoacrylate glue is present on the ISS. Although the use of glue 
is not recommended for large or more severe (open globe) ocular 
injuries, the glue can serve as a viable temporizing option for 
immediate management of small, but severe corneal perforations 
(<3 mm) to seal the wound [14]. Although most ISS injuries have 
resulted in small superficial corneal wounds, embedded corneal 
foreign bodies have the potential to cause localized corneal 
necrosis and dislodgement from the cornea with subsequent 
aqueous leakage and loss of anterior chamber volume [15]. Thus, 
all corneal injuries require very precise documentation and follow 
up. It is anticipated that astronauts with severe perforating 
corneal injuries will likely require transport to Earth for appro
priate long-term care. However, the routes of management 
described in this correspondence are appropriate for the initial 
management of even severe injuries on the ISS. Artificial tears 
(e.g., Carboxymethylcellulose (Refresh Plus, 0.5%); Hypromellose 
(Nature’s Tears, 0.4%)); Mineral Oil and White Petrolatum (Refresh 
PM, 42.5%; 57.3%, 3.5 gm) may assist with symptomatic manage
ment [16].

Future missions should consider incorporating contact ban
dage lenses or collagen corneal shields to provide a more 
conducive environment for epithelial and stromal healing and 
effective topical drug delivery [17]. They can also be applied 
following glue application to provide an additional layer of 
comfort and support. These treatment methods are effective but 
require detailed training prior to application. Depending on 
mission timelines and injury severity, additional treatment 
options may be considered upon abort to Earth, including 
amniotic membrane or corneal transplantation [18].

Celestial missions and evacuation
The Crew Return Vehicle (CRV) is a dedicated lifeboat or escape 
module for the ISS, currently fulfilled by the Soyuz spacecraft or 
SpaceX’s Crew Dragon. In the event of an emergency medical 
return, the CRV may be separated from the ISS in under three 
minutes and autonomously return to Earth’s surface in approxi
mately three hours [19]. Usually two CRVs, which can hold 
approximately three crewmembers each, are simultaneously 
docked to the ISS. If a penetrating eye injury were to warrant 
prompt evacuation, half of the crewmembers would accompany 
the injured member back to Earth for more comprehensive 
medical treatment [20].

Unlike ISS missions, lunar sortie (human spaceflight to the 
Moon), lunar outpost (moonbase establishment), and Near-Earth 
(NEA) missions will not have possible evacuation back to Earth [7]. 
Moreover, communication latencies (~20 min to and from Mars) 

between flight surgeons on Earth will further complicate medical 
decision-making processes [21]. In the advent of the rapid 
development of machine learning, telemedicine may be supple
mented with artificial intelligence when determining the next 
best step in management for penetrating corneal injuries, 
especially when communication latencies delay immediate 
intervention in the setting of medical emergencies [22].

REFERENCES
1. Meer E, Grob S, Antonsen EL, Sawyer A. Ocular conditions and injuries, detection 

and management in spaceflight. NPJ Microgravity. 2023;9:37. https://doi.org/ 
10.1038/s41526-023-00279-y

2. Waisberg E, Ong J, Masalkhi M, Lee AG, Berdahl J. Anatomical considerations for 
reducing ocular emergencies during spaceflight. Ir J Med Sci. 2023;(gxb, 
7806864, 7806865). https://doi.org/10.1007/s11845-023-03407-5

3. Waisberg E, Ong J, Lee AG. Corneal abrasions in space: current therapeutics and 
future directions. Eye. Published online January 4, 2024:1-2. https://doi.org/ 
10.1038/s41433-023-02911-3

4. Deshmukh R, Stevenson LJ, Vajpayee R. Management of corneal perforations: an 
update. Indian J Ophthalmol. 2020;68:7–14. https://doi.org/10.4103/ 
ijo.IJO_1151_19

5. Meyers VE, Garcia HD, Monds K, Cooper BL, James JT. Ocular toxicity of authentic 
lunar dust. BMC Ophthalmol. 2012;12:26. https://doi.org/10.1186/1471-2415-12- 
26

6. Medical Operations Team Activities. JAXA human spaceflight technology direc
torate. Accessed January 18, 2024. https://humans-in-space.jaxa.jp/en/biz-lab/ 
med-in-space/healthcare/medops/system/

7. HumanResearchWiki. Eye Penetration (Foreign Body). https://humanresearch 
roadmap.nasa.gov/Evidence/medicalConditions/Eye_Penetration_(Foreign_ 
Body).pdf

8. Sargsyan AE, Dulchavsky AG, Adams J, Melton S, Hamilton DR, Dulchavsky SA. 
Ultrasound detection of simulated intra-ocular foreign bodies by minimally 
trained personnel. Aviat Space Environ Med. 2008;79:58–61. https://doi.org/ 
10.3357/asem.2191.2008

9. Bacal K, Frey BM. Selection of medications for the International Space Station: 
The space medicine patient condition database. J Pharm Pr. 2003;16:91–5. 
https://doi.org/10.1177/0897190003016002003

10. NASA Johnson Space Center. ISS Safety Requirements Document. Published 
online September 2019. chrome-extension://efaidnbmnnnibpcajpcglcle
findmkaj/https://ntrs.nasa.gov/api/citations/20210009936/downloads/SSP% 
2051721-Baseline.pdf

11. Wilson SA, Last A. Management of corneal abrasions. Am Fam Physician. 
2004;70:123–8.

12. Gilmour MA, Clarke CR, Macallister CG, Dedeo JM, Caudell DL, Morton RJ, et al. 
Ocular penetration of oral doxycycline in the horse. Vet Ophthalmol. 
2005;8:331–5. https://doi.org/10.1111/j.1463-5224.2005.00422.x

13. Cho YW, Yoo WS, Kim SJ, Chung IY, Seo SW, Yoo JM. Efficacy of systemic Vitamin 
C supplementation in reducing corneal opacity resulting from infectious kera
titis. Med (Baltim). 2014;93:e125. https://doi.org/10.1097/MD.0000000000000125

14. Cyanoacrylate - an overview | ScienceDirect Topics. Accessed November 11, 2023. 
https://www.sciencedirect.com/topics/medicine-and-dentistry/cyanoacrylate

15. Mader TH, Werner RP, Chamberlain DG. Corneal perforation and delayed anterior 
chamber collapse from a devil’s club thorn. Cornea. 2008;27:961–2. https:// 
doi.org/10.1097/ICO.0b013e318170aeed

16. Semp DA, Beeson D, Sheppard AL, Dutta D, Wolffsohn JS. Artificial tears: a 
systematic review. Clin Optom. 2023;15:9–27. https://doi.org/10.2147/ 
OPTO.S350185

17. Hugkulstone CE. Use of a bandage contact lens in perforating injuries of the 
cornea. J R Soc Med. 1992;85:322–3.

18. Lee SH, Tseng SC. Amniotic membrane transplantation for persistent epithelial 
defects with ulceration. Am J Ophthalmol. 1997;123:303–12. https://doi.org/ 
10.1016/s0002-9394(14)70125-4

19. X-38 Prototype Crew Return Vehicle - NASA. Published February 28, 2014. 
Accessed January 18, 2024. https://www.nasa.gov/aeronautics/aircraft/x-38- 
prototype/

20. Crew Return Vehicle (CRV). Accessed January 18, 2024. https://www.esa. 
int/Science_Exploration/Human_and_Robotic_Exploration/International_Space_ 
Station/Crew_Return_Vehicle_CRV

21. mars.nasa.gov. Communications - NASA. Accessed January 18, 2024. https:// 
mars.nasa.gov/mars2020/spacecraft/rover/communications/

22. Ahn H. Artificial intelligence method to classify ophthalmic emergency severity 
based on symptoms: a validation study. BMJ Open. 2020;10:e037161. https:// 
doi.org/10.1136/bmjopen-2020-037161

A. Suh et al.  

1794

Eye (2024) 38:1793 – 1795

https://doi.org/10.1038/s41526-023-00279-y
https://doi.org/10.1038/s41526-023-00279-y
https://doi.org/10.1007/s11845-023-03407-5
https://doi.org/10.1038/s41433-023-02911-3
https://doi.org/10.1038/s41433-023-02911-3
https://doi.org/10.4103/ijo.IJO_1151_19
https://doi.org/10.4103/ijo.IJO_1151_19
https://doi.org/10.1186/1471-2415-12-26
https://doi.org/10.1186/1471-2415-12-26
https://humans-in-space.jaxa.jp/en/biz-lab/med-in-space/healthcare/medops/system/
https://humans-in-space.jaxa.jp/en/biz-lab/med-in-space/healthcare/medops/system/
https://humanresearchroadmap.nasa.gov/Evidence/medicalConditions/Eye_Penetration_(Foreign_Body).pdf
https://humanresearchroadmap.nasa.gov/Evidence/medicalConditions/Eye_Penetration_(Foreign_Body).pdf
https://humanresearchroadmap.nasa.gov/Evidence/medicalConditions/Eye_Penetration_(Foreign_Body).pdf
https://doi.org/10.3357/asem.2191.2008
https://doi.org/10.3357/asem.2191.2008
https://doi.org/10.1177/0897190003016002003
https://ntrs.nasa.gov/api/citations/20210009936/downloads/SSP%2051721-Baseline.pdf
https://ntrs.nasa.gov/api/citations/20210009936/downloads/SSP%2051721-Baseline.pdf
https://doi.org/10.1111/j.1463-5224.2005.00422.x
https://doi.org/10.1097/MD.0000000000000125
https://www.sciencedirect.com/topics/medicine-and-dentistry/cyanoacrylate
https://doi.org/10.1097/ICO.0b013e318170aeed
https://doi.org/10.1097/ICO.0b013e318170aeed
https://doi.org/10.2147/OPTO.S350185
https://doi.org/10.2147/OPTO.S350185
https://doi.org/10.1016/s0002-9394(14)70125-4
https://doi.org/10.1016/s0002-9394(14)70125-4
https://www.nasa.gov/aeronautics/aircraft/x-38-prototype/
https://www.nasa.gov/aeronautics/aircraft/x-38-prototype/
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/International_Space_Station/Crew_Return_Vehicle_CRV
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/International_Space_Station/Crew_Return_Vehicle_CRV
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/International_Space_Station/Crew_Return_Vehicle_CRV
https://mars.nasa.gov/mars2020/spacecraft/rover/communications/
https://mars.nasa.gov/mars2020/spacecraft/rover/communications/
https://doi.org/10.1136/bmjopen-2020-037161
https://doi.org/10.1136/bmjopen-2020-037161


AUTHOR CONTRIBUTIONS
AS was responsible for the initial write up of the manuscript as well as the 
preliminary literature review for ocular injuries during spaceflight and terrestrial 
management of such injuries. AS reviewed the medications available on the 
International Space Station (ISS) and accordingly determined appropriate protocols 
for spaceflight treatment. JO was responsible for development of the research idea 
and approval of the outline before manuscript outline was created. JO reviewed the 
first rough draft for quality control before extending to the other authors. CG and TM 
together were consulted for accuracy of current treatment modalities on the ISS as 
well as providing additional edits to the rough draft for more cohesive under
standing. EW provided additional expert advice on current ophthalmology practices 
as well as providing preliminary edits before extending to other authors. JB is an 
expert on corneal injuries and provided insights and edits on the best step in 
management for terrestrial injuries. AGL oversaw the project and provided extensive 
initial edits, which highlighted artificial intelligence and emergent evacuation. All 
authors contributed beneficial insights and edits to ensure the success of the 
manuscript.

COMPETING INTERESTS
Andrew G. Lee, MD serves as a consultant for the National Aeronautics and Space 
Administration (NASA), the National Football League (NFL), and is a consultant for 
Amgen (speakers bureau, Advisory Board), AstraZeneca, Bristol-Myers Squibb, 
Alexion (speakers bureau), and Stoke.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Alex Suh .

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

A. Suh et al.   

1795

Eye (2024) 38:1793 – 1795 

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The evaluation and management of corneal penetrating and perforating injuries during long-duration spaceflight
	Risk factors
	Diagnostic techniques
	Medical management
	Celestial missions and evacuation

	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




