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Assessment of optic nerve injury with polarization-
sensitive optical coherence tomography

Zhan Huangxiong', Zhang Lei’, Men Shujun’, Wang Jiamin®, Jin Zi', Huo Li’,
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*School of Information Science and Engineering, Yanshan University, Qinhuangdao, Hebei 066004, China;

* Department of Electronic Engineering, Tsinghua University, Beijing 100084, China

Abstract: Optic nerve injury is one of the primary causes of vision loss, so accurately assessing the extent of optic
nerve fiber damage is critically important for effective treatment and rehabilitation. In this manuscript, the optic
nerves of pig eyes are imaged before and after injuries using a swept-source polarization-sensitive optical
coherence tomography system built with polarization-maintaining fiber components. The microstructure and
birefringence characteristics of the optic nerve are observed and reflected through Stokes parameters Q, U, and V,

Wi HEA: 2024-09-14; 1&EIHHR: 2024-11-19; FHHEHA: 2024-11-20

EEWHE: WA E AL ET (2021C03101); M T ARG B H %15 A (ZY2024018)
“EIE{EE: TEE, wswzwyy@126.com,

WA BT B ©2024 Hh B} B 't AL B RIS T

2402171


mailto:wswzwyy@126.com
mailto:wswzwyy@126.com
https://doi.org/10.12086/oee.2024.240217
https://cstr.cn/32245.14.oee.2024.240217

R, 4. G TR, 2024, 51(12): 240217

https://doi.org/10.12086/0ee.2024.240217

representing the polarization state of the detection light. It was found that the V cross-sectional image has good

characterization ability for the birefringence characteristics of the optic nerve. The high birefringence region and the

non-birefringence or low birefringence region corresponding to the V cross-sectional image were segmented by the

threshold method. The evolution of the average area and the average height of the high birefringence region in the

cross-sectional image of V can reflect the damage, repair, and erosion of the optic nerve, which indicates that

polarization-sensitive optical coherence tomography has a good perceptual ability for changes before and after

optic nerve injury and is crucial for evaluating the degree of optic nerve injury, which can provide important

reference data for early diagnosis and treatment of optic nerve injury.

Keywords: polarization-sensitive optical coherence tomography; optic nerve injury; nerve fibers; birefringence
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Fig. 1 Experimental setup for the PS-OCT system
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injury. (a) Before injury; (b) Immediately after injury; (c) 0.5 hours after injury; (d) 1.0 hours after injury; (e) 2.0 hours after injury
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Assessment of optic nerve injury with polarization-
sensitive optical coherence tomography

Zhan Huangxiong', Zhang Lei’, Men Shujun’, Wang Jiamin®, Jin Zi',
Huo Li’, Shen Meixiao’, Wang Yuanyuanl*
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Segmented cross-sectional Stokes vector element V images of the optic nerve at different time points before and after injury.
(a) Before injury; (b) Immediately after injury; (c) 0.5 hours after injury; (d) 1.0 hours after injury; (e) 2.0 hours after injury;
(f) The evolution of the average and the standard deviation of the area and height corresponding to non-1
elements in the cross-sectional images of V at different time before and after optic nerve injury

Overview: Optic nerve injury is one of the foremost causes of vision loss. Thus, the precise and meticulous assessment
of the extent of optic nerve fiber damage is essential for efficacious treatment and rehabilitation. A laboratory-fabricated
swept-source polarization-sensitive optical coherence tomography (PS-OCT) system, assembled with polarization-
maintaining fiber optic components, was utilized to capture imaging of the optic nerves in porcine eyes before and after
the infliction of injuries. The PS-OCT imaging technique allowed for the acquisition of microstructural details and
polarization properties of the optic nerve tissue. The birefringent characteristics of the optic nerve tissue were elucidated
through the polarization state of the probing light in the PS-OCT system. They were visualized using Stokes parameters
Q, U, and V. It was discovered that the V cross-sectional image demonstrated superior capabilities in representing the
birefringent properties of the optic nerve. Through the application of a threshold segmentation methodology, the V
cross-sectional images were utilized to separate high-birefringence regions from non-birefringence or low-birefringence
regions. The nerve fiber tissue exhibiting high birefringence corresponded to blue areas within the cross-sectional
images, which significantly contrasted with the background color. Prior to optic nerve injury, the blue areas in the V
cross-sectional images occupied the largest area. After injury, the area of the blue regions in the V cross-sectional images
decreased abruptly. As the duration post-injury progressed, the necrosis of cells and tissue degradation led to an increase
in scattering effects, causing a gradual overall intensification of the signal in the cross-sectional structural images. In the
V cross-sectional images taken at 0.5- and 1.0 hours post-injury, there was a partial rebound in the blue areas. However,
at the 2-hour mark, the area of the blue regions diminished once again. The evolving pattern of the average thickness
and area of the nerve fibers corresponding to the blue regions in the V cross-sectional images followed a consistent
trend, presenting an inverted “N” shape, which appeared to correlate with nerve injury, repair, and degeneration
processes, which strongly indicates that the information regarding the changes in fiber structure and polarization
characteristics of the optic nerve obtained through PS-OCT is critically important for assessing the severity of optic
nerve damage. The progressive changes in fiber structure revealed by this imaging technique provide crucial reference
data for the early diagnosis and therapeutic intervention in cases of optic nerve injury.

Zhan H X, Zhang L, Men S J, et al. Assessment of optic nerve injury with polarization-sensitive optical coherence
tomography[J]. Opto-Electron Eng, 2024, 51(12): 240217; DOI: 10.12086/0ee.2024.240217
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