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Unique neuro-ocular structural and functional changes affect a subset of astronauts who have completed prolonged
spaceflight missions and due to its unique pathology, a new case definition was proposed and the condition was renamed
Spaceflight Associated Neuro-ocular Syndrome (SANS). In this project we investigate two interconnected
computational frameworks to develop a diagnostic system as well as a mapping mechanism to assist NASA scientists
and clinical experts to more comprehensively study the SANS phenomenon and predict the risk of its development in
prolonged spaceflight. Therefore, the first aim (Aim 1) of this project is to develop novel computational tools to
establish mappings between the observed ocular structure and visual function, pre-, in-, and post-flight, in order to
provide NASA scientists and clinicians with better means to investigate SANS etiology and its progression. The second
aim (Aim 2) of this project is to integrate Contrast Sensitivity (CS), Visual Fields (VF), and our novel distortion
assessment mechanism into a validated and compact diagnostic tool to better measure ocular function (SANS 301 :
Laboratory development of mechanical countermeasures).

We will focus our efforts in each aim on a sub-set of functionalities that allow for the establishment of the
interconnected computational framework enabling the pursuit of long-term research to predict the risk of development
of SANS and monitor its progression.

Omnibus Aim 1: Structure-Function Mapping

Research Task-1.1: Design a novel mapping between Optical Coherence Tomography (OCT), Magnetic Resonance
Imaging (MRI), Contrast Sensitivity (CS), and Visual Fields (VF) perimetry.

Research Task-1.2: Conduct studies on retrospective data from NASA Lifetime Surveillance of Astronaut Health
(LSAH) and Life Sciences Data Archive (LSDA) on the three populations (astronauts, head-down-tilt bed rest, and
idiopathic intracranial hypertension (IIH)) patient.

These findings will be significant in two ways:

(1) They will allow us to predict measures within a smaller sample set, if a larger analog sample set has known
structure-function maps.

(2) They will enable us to design predictive mechanisms to study disease progression both in astronauts and in terrestrial
analogs terrestrial analogs.

Expected Outcomes: (1.i) understanding how OCT/MRI correlates with VF, (1.ii) translational parametrization of
mappings across cohorts, and (1.iii) ability to predict the risk of development of SANS and monitor its progression by
utilizing the proposed mappings.

Omnibus Aim 2: Address SANS 301 Knowledge Gap
Research Task-2.1: Integrate VF and CS assessments into a VR-mediated framework.
Research Task-2.2: Validate VR-based VF/CS on the terrestrial analog populations.

Expected Outcomes: (2.i) a novel Virtual Reality (VR)-based VF/CS assessment and (2.ii) a compact diagnostic tool.

During the previous year of the project, our team has made contributions on the two aims as follows:

Aim 1- The first aim (Aim 1) of this project is to develop novel computational tools to establish mappings between the
observed ocular structure and visual function, pre-, in-, and post-flight, in order to provide NASA scientists and
clinicians with better means to investigate SANS etiology and its progression (SANS 1).

Contributions: 1- Design a novel mapping between OCT, MRI, CS, and VF. 2- Conduct studies on retrospective data
from NASA Lifetime Surveillance of Astronaut Health (LSAH) and Life Sciences Data Archive (LSDA) on the three
populations.

Technical Details: In order to establish a comprehensive mapping between different ophthalmic domains we started by
designing a conditional generative adversarial network (GAN) to map across the publicly available data we had at our
disposal, i.e., fluorescein angiography (FA) and fundus photographs. The GAN comprises of two generator modules and
four discriminator modules to take fundus photographs and produce anatomically accurate FA images inferred from the
fundus images.

Impact: We have shown novel deep architectures in ophthalmic applications could improve diagnostic accuracy, that
attention maps can improve transferability of learned models across datasets, and deep architectures could effectively
extract shared feature representations across ophthalmic image modalities to translate from one domain to another. These
discoveries have paved the way for our team to tackle the main problem of mapping between the domain of ocular
structure to the visual function.

Significance: (1) Understanding how ocular structure correlates with visual function. (2) Parametrization of mappings.
(3) Predict the risk of SANS.

Aim 2- The second aim (Aim 2) of this project is to integrate CS, VF, and our novel distortion assessment mechanism
into a validated and compact diagnostic tool to better measure ocular function (SANS 3).

Contributions: 1- Integrate VF/CS assessments into a VR-mediated framework. 2- Validate VR-based VF/CS on the
terrestrial analog populations.

Technical Details: We present a methodology that comprises a calibration step, four different visual function tests that
measure different aspects of user perception, and then a composite pipeline that simulates the modeled deficits for
validation. In order to properly utilize the virtual assessment, the environment would need to be calibrated at the
beginning of each session. Simple calibrations such as adjusting lens distance, interpupillary distance, and headset
adjustments are done at the start. After these adjustments, the fixation and tracking capabilities of the eyes are tested,
first binocularly and then monocularly. These performance metrics are saved alongside the user demography
information. After the calibration phase, the user's visual assessment can commence. Visual acuity (VA), contrast
sensitivity (CS), and visual distortions are assessed through a variety of procedures. For VA, binocular distant VA as
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well as dynamic VA is measured under mesopic (natural light) conditions. Instead of using images of conventional
charts, we render individual characters in front of the user at predetermined distances and scale it based on user response.
The results are reported in logMAR scale among others. The contrast sensitivity is measured using gabor patches as
stimuli. In this test, the user gaze follows a gabor patch that alters its contrast and spatial frequency based on user
performance. At the end, the contrast sensitivity expressed in logCS among other contrast sensitivity units. The amsler
grid test is adapted to VR to measure the perceptual distortions in age-related macular degeneration (AMD) patients. At
the start of the exam, the amsler grid is displayed infront of both eyes. While looking at a fixation point in grid, if the
straight grid lines appear to be distorted the user emulates the metamorphopsia of the deficient eye on the healthy eye.
This grid manipulation is modeled as a gaussian mixture of different scotoma parameters. The results are reported as the
image of the altered amsler grid.

Impact: In addition, we have developed a new approach mediated by advances in virtual reality (VR) for better
assessment of metamorphopsia to enable remote monitoring of the progression of AMD \cite {zaman2020mixed}. These
findings in conjunction with the findings of Aim 1 motivate and inform the objectives of this project, by allowing our
team to maintain a correspondence between how the ocular structural changes could impact visual function assessments.

Significance: (1) A novel VR-based VF/CS assessment. (2) A compact diagnostic tool.

We have shown novel deep architectures in ophthalmic applications could improve diagnostic accuracy, that attention
maps can improve transferability of learned models across datasets, that generative models are effective in segmenting
certain anatomical features from ophthalmic images, and that deep architectures could effectively extract shared feature
representations across ophthalmic image modalities to translate from one domain to another. These discoveries have
paved the way for our team to tackle the main problem of mapping between the domain of ocular structure to the visual
function.

In addition, we have developed a new approach mediated by advances in virtual reality (VR) for better assessment of
metamorphopsia to enable remote monitoring of the progression of age-related macular degeneration (AMD). In
addition, we have developed several techniques to evaluate other visual functions including gravitational transition visual
effects, multi-modal function, and visual acuity, as well as other effects of microgravity on the human body. These
findings in conjunction with the findings of Aim 1 motivate and inform the objectives of this project, by allowing our
team to maintain a correspondence between how the ocular structural changes could impact visual function assessments.

Description: (Last Updated: 04/25/2024)

Waisberg E, Ong J, Masalkhi M, Zaman N, Kamran SA, Sarker P, Tavakkoli A, Lee AG. "Optical coherence
tomography analysis of International Space Station astronauts." 2023 ARVO Annual Meeting, New Orleans, LA, April
23-27,2023.

Abstracts. 2023 ARVO Annual Meeting, New Orleans, LA, April 23-27, 2023. , Jun-2023

Waisberg E, Ong J, Paladugu P, Kamran SA, Zaman N, Lee AG, Tavakkoli A. "Dynamic visual acuity as a biometric
for astronaut performance and safety." Life Sci Space Res (Amst). 2023 May;37:3-6.
https://doi.org/10.1016/j.1ssr.2023.01.002 ; PubMed PMID: 37087177 , May-2023

Waisberg E, Ong J, Masalkhi M, Zaman N, Kamran SA, Sarker P, Lee AG, Tavakkoli A. "Generative Pre-Trained
Transformers (GPT) and space health: A potential frontier in astronaut health during exploration missions." Prehosp
Disaster Med. 2023 Jun 2;1-5. https:/doi.org/10.1017/S1049023X23005848 ; PubMed PMID: 37264946 , Jun-2023

Waisberg E, Ong J, Zaman N, Paladugu P, Dias R, Kamran SA, Lee AG, Tavakkoli A. "Minified augmented reality as a
terrestrial analog for G-transitions effects in Lunar and interplanetary spaceflight." International Journal of Aviation,
Aeronautics, and Aerospace. 2023;10(1). https:/doi.org/10.58940/2374-6793.1797 , Jan-2023

Waisberg E, Ong J, Kamran SA, Paladugu P, Zaman N, Lee AG, Tavakkoli A. "Transfer learning as an Al-based
solution to address limited datasets in space medicine." Life Sci Space Res (Amst). 2023 Feb;36:36-38.
https://doi.org/10.1016/j.1ssr.2022.12.002 ; PubMed PMID: 36682827 , Feb-2023

Waisberg E, Ong J, Kamran SA, Zaman N, Paladugu P, Sarker P, Tavakkoli A, Lee AG. "Further characterizing the
physiological process of posterior globe flattening in spaceflight associated neuro-ocular syndrome with generative
adversarial networks." J Appl Physiol (1985). 2023 Jan 2;134(1):150-1. https://doi.org/10.1152/japplphysiol.00747.2022
; PubMed PMID: 36592406 , Jan-2023

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 Nov 1;93(11):800-5. https://doi.org/10.3357/AMHP.6092.2022 ; PubMed
PMID: 36309801 , Nov-2022

Ong J, Tavakkoli A, Zaman N, Kamran SA, Waisberg E, Gautam N, Lee AG. "Terrestrial health applications of visual
assessment technology and machine learning in spaceflight associated neuro-ocular syndrome." npj Microgravity. 2022
Aug 25;8:37. https://doi.ore/10.1038/s41526-022-00222-7 ; PubMed PMID: 36008494; PubMed Central PMCID:
PM(C9411571 , Aug-2022

Waisberg E, Ong J, Masalkhi M, Zaman N, Sarker P, Lee AG, Tavakkoli A. "The future of ophthalmology and vision
science with the Apple Vision Pro." Eye (Lond). 2023 Aug 4. https://doi.org/10.1038/s41433-023-02688-5 ; PMID:
37542175 , Aug-2023

Ong J, Waisberg E, Kamran SA, Paladugu P, Zaman N, Sarker P, Tavakkoli A, Lee AG. "Deep learning synthetic
angiograms for individuals unable to undergo contrast-guided laser treatment in aggressive retinopathy of prematurity."
Eye (Lond). 2023 Feb 1. https://doi.org/10.1038/541433-023-02400-7 ; PMID: 37500752; PMCID: PMC10482905 ,
Feb-2023

Page 3 of 4


https://doi.org/10.1016/j.lssr.2023.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=37087177
https://doi.org/10.1017/S1049023X23005848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=37264946
https://doi.org/10.58940/2374-6793.1797
https://doi.org/10.1016/j.lssr.2022.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=36682827
https://doi.org/10.1152/japplphysiol.00747.2022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=36592406
https://doi.org/10.3357/AMHP.6092.2022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=36309801
https://doi.org/10.1038/s41526-022-00222-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=36008494
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9411571
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9411571
https://doi.org/10.1038/s41433-023-02688-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=37542175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=37542175
https://doi.org/10.1038/s41433-023-02400-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=37500752
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1048290

Task Book Report

Articles in Peer-reviewed Journals

Articles in Peer-reviewed Journals

Articles in Peer-reviewed Journals

Articles in Peer-reviewed Journals

Articles in Peer-reviewed Journals

Articles in Peer-reviewed Journals

Articles in Peer-reviewed Journals

Generated on: 05/08/2024

Suh A, Ong J, Kamran SA, Waisberg E, Paladugu P, Zaman N, Sarker P, Tavakkoli A, Lee AG. "Retina oculomics in
neurodegenerative disease." Ann Biomed Eng. 2023 Oct 19. Review. https:/doi.org/10.1007/s10439-023-03365-0 ;
PMID: 37855949 , Oct-2023

Waisberg E, Ong J, Zaman N, Paladugu P, Kamran SA, Tavakkoli A, Lee AG. "The spaceflight contrast sensitivity
hypothesis and its role to investigate the pathophysiology of spaceflight-associated neuro-ocular syndrome." Front
Ophthalmol. 2023 Sep 5;3:1229748. https:/doi.org/10.3389/fopht.2023.1229748 ; , Sep-2023

Waisberg E, Ong J, Paladugu P, Zaman N, Kamran SA, Lee AG, Tavakkoli A. "Optimizing screening for preventable
blindness with head-mounted visual assessment technology." J Vis Impair Blind. 2022 Jul 1;116(4):579-81.
https://doi.org/10.1177/0145482X221124186 , Jul-2022

Waisberg E, Ong J, Paladugu P, Kamran SA, Zaman N, Lee AG, Tavakkoli A. "Challenges of artificial intelligence in
space medicine." Space Sci & Technol. 2022 Oct 29;2022:9852872. https://doi.org/10.34133/2022/9852872 ; , Oct-2022

Paladugu PS, Ong J, Nelson N, Kamran SA, Waisberg E, Zaman N, Kumar R, Dias RD, Lee AG, Tavakkoli A.
"Generative adversarial networks in medicine: Important considerations for this emerging innovation in artificial
intelligence." Ann Biomed Eng. 2023 Jul 24. Review. https://doi.org/10.1007/s10439-023-03304-7 ; PMID: 37488468 ,
Jul-2023

Soares B, Ong J, Waisberg E, Sarker P, Zaman N, Tavakkoli A, Lee AG. "Imaging in spaceflight associated
neuro-ocular syndrome (SANS): Current technology and future directions in modalities." Life Sci Space Res. 2024 Apr
16. Online ahead of print. https://doi.org/10.1016/j.1ssr.2024.04.004 , Apr-2024

Sarker P, Ong J, Zaman N, Kamran SA, Waisberg E, Paladugu P, Lee AG, Tavakkoli A. "Extended reality quantification
of pupil reactivity as a non-invasive assessment for the pathogenesis of spaceflight associated neuro-ocular syndrome: A
technology validation study for astronaut health." Life Sci Space Res. 2023 Jun 5.

https://doi.org/10.1016/j.1ssr.2023.06.001 , Jun-2023

Page 4 of 4


https://doi.org/10.1007/s10439-023-03365-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=37855949
https://doi.org/10.3389/fopht.2023.1229748
https://doi.org/10.1177/0145482X221124186
https://doi.org/10.34133/2022/9852872
https://doi.org/10.1007/s10439-023-03304-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=37488468
https://doi.org/10.1016/j.lssr.2024.04.004
https://doi.org/10.1016/j.lssr.2023.06.001

