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OPEN Effects of light perception on visual
function recovery in patients
with traumatic optic neuropathy

Jiancun Wang'?#, Qiang Xue**, Xuewen Tan?, Jie Huang?, Yibai Zhu® & Wen Li?**

This study aimed to assess the impact of light perception presence or absence on visual function
recovery in patients with traumatic optic neuropathy (TON). A retrospective analysis was conducted
on the clinical data of 206 TON patients. Based on the presence or absence of light perception after
injury, patients were categorized into a light perception group and a non-light perception group.

A comparison was made between the two groups regarding visual acuity recovery before and after
treatment. The non-light perception group comprised 63 patients, with a treatment effectiveness rate
of 39.68%. The light perception group consisted of 143 patients, with a treatment effectiveness rate
of 74.83%. The difference between the two groups was statistically significant (y>=23.464, P <0.01).
Subgroup analysis indicated that surgical treatment appeared to be more effective than steroid
hormone therapy for patients with light perception. Conversely, for patients without light perception,
there was no significant difference in the effectiveness of the two methods. The total effectiveness
rate of the light perception group was significantly higher than that of the non-light perception
group, suggesting that patients with light perception before treatment experience better outcomes
compared to those without light perception. Treatment choices should be individualized to ensure
optimal results.
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Traumatic optic neuropathy (TON) is a common complication in patients with cranial trauma, occurring at an
incidence rate of approximately 0.5-5.0%"% The prognosis is generally poor, and without timely and effective
treatment, it can result in permanent vision loss and even blindness, significantly impacting the patient’s quality
of life. Pathological changes associated with TON include intraneural edema of the optic nerve, microvascular
occlusion or disruption of cerebrospinal fluid circulation, and interruption of direct axoplasmic transport®*.
Clinical manifestations often include decreased visual acuity, changes in the visual field, impaired visual evoked
potentials, and a relative afferent pupillary defect, which can be readily diagnosed by experienced neurosurgeons®.

Currently, two primary treatment methods for TON are employed in clinical practice: high-dose steroid pulse
therapy and optic canal decompression surgery. Each approach has its own advantages and disadvantages, and
there is no standardized treatment protocol®. Optic canal decompression surgery and corticosteroids are theo-
retically vital for reducing intracanalicular pressure and enhancing nutrient supply to the optic nerve’. However,
numerous issues remain unresolved in clinical practice, such as surgical efficacy, indications for surgery, and
optimal timing for surgical intervention®. Novel treatment modalities, including stem cell therapy and neuro-
trophic factor therapy, are also being explored; however, most are still in the experimental stage®°.

Several factors can influence the prognosis of TON, including patient age, timing of surgery, initial visual
acuity after injury, and the presence of associated fractures. Among these factors, the impact of initial visual acu-
ity after injury on the prognosis has garnered particular attention. Some studies have suggested that the severity
of visual impairment following injury does not necessarily correlate positively with visual acuity recovery'12.
However, based on our clinical experience, we have observed significantly better treatment outcomes in patients
with residual partial light perception compared to those with complete blindness. This clinical discrepancy war-
rants further investigation.

Therefore, in this retrospective study, we analyzed the records of 206 TON patients who underwent treatment
at the Department of Neurosurgery in the Naval Medical University Affiliated Hospital and the Shanghai Seventh
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People’s Hospital from January 2020 to December 2022. The objective of this study was to assess the impact of
light perception presence or absence after injury on the recovery of visual function in patients with TON.

Methods

Participants

We collected clinical data from 206 patients diagnosed with traumatic optic neuropathy (TON) who received
treatment at the Department of Neurosurgery in both the Navy Medical University Affiliated Hospital and the
Shanghai Seventh People’s Hospital between January 2020 and December 2022. The inclusion criteria were as
follows: (1) diagnosis of TON; (2) underwent surgical intervention or steroid pulse therapy; (3) absence of other
eye diseases or history of eye surgery; (4) stable vital signs, enabling assessment of visual acuity and other oph-
thalmic examinations; (5) age over 18 years. For all included cases, we recorded the initial visual acuity, gender,
age, cause of injury, treatment time, and visual acuity recovery status. All methods were carried out in accordance
with relevant guidelines and approved by the ethics committee of Navy Medical University Affiliated Hospital
and the ethics committee of the Shanghai Seventh People’s Hospital, with informed written consent for study
participation obtained from all patients.

Diagnosis

The diagnosis of TON was based on the patient’s history of trauma, symptoms, and auxiliary examination results.
Comprehensive ophthalmic examinations were conducted for all patients. The diagnosis was established using
the following criteria: (1) traumatic brain injury, regardless of direct optic nerve injury; (2) decreased visual acu-
ity; (3) positive relative afferent pupillary defect (RAPD), abnormal visual evoked potential (VEP), but normal
fundus examination.

Grouping

All 206 patients included in the study met the clinical diagnostic criteria for optic nerve injury. They all had a
history of head and facial trauma, accompanied by varying degrees of injury to the eyelids, conjunctiva, eyeballs,
and tear ducts on the affected side. Patients typically reported different levels of visual impairment, and in some
cases, complete blindness. On the affected side, direct light reflex was weakened or absent, while indirect light
reflex was present. On the unaffected side, direct light reflex was present, while indirect light reflex was weakened
or absent. Orbital CT scans revealed orbital wall fractures in many patients, and head CT scans showed optic
canal fractures in several cases. After the injury, patient vision was assessed and categorized into five levels: no
light perception, simple light perception, hand motion, counting fingers, and vision > 0.05. Patients without
light perception were included in the no light perception group, while those with simple light perception, hand
motion, counting fingers, or vision > 0.05 were included in the light perception group.

Management

According to post-traumatic CT results and patients’ preferences, 40 patients in the no light perception group
underwent optic nerve sheath decompression surgery, while 23 patients received high-dose steroid pulse therapy.
In the light perception group, 91 patients underwent optic nerve sheath decompression surgery, and 52 patients
received high-dose steroid pulse therapy. Classic optic nerve sheath decompression surgery techniques included
transcranial optic nerve sheath decompression, intraorbital approach optic nerve sheath decompression, and
endoscopic endonasal optic nerve sheath decompression. The goal of these surgeries was to alleviate optic nerve
compression and achieve preservation or improvement of vision. After surgery, patients received anti-infective
treatment and drugs to enhance vascular activity, nourish nerves, and other supportive therapies. High-dose
steroid pulse therapy involved the administration of 500 mg of methylprednisolone within 3-8 h after the injury,
followed by a 3-day continuous pulse treatment with a dose adjustment to 300 mg. This treatment was combined
with dehydration, vasodilation, nutritional nerve therapy, and other approaches to promote optic nerve repair
and functional recovery after injury.

Measurements

Visual acuity was assessed before and after treatment. A visual acuity improvement of 2 grades or more after treat-
ment was categorized as a marked effect, an improvement of 1 grade was considered effective, and no change in
visual acuity was classified as ineffective. For patients with an initial visual acuity of finger counting or higher, an
improvement to more than 0.2 was regarded as a marked effect. The total effective rate was calculated as (marked
effect + effective) divided by the total number of cases, multiplied by 100%.

Statistical analysis

The data were analyzed using statistical software (SPSS version 26; IBM Corp., Armonk, NY, USA). Continuous
variables were presented as mean + standard deviation (X +S). T-tests were used to compare means between two
groups for continuous variables. Categorical variables were expressed as percentages (%), and the therapeutic
effective rate between the two groups was compared using the chi-square test. A P value of less than 0.05 was
considered statistically significant.

Ethical approval

The study was approved by the ethics committee of Navy Medical University Affiliated Hospital and the ethics
committee of the Shanghai Seventh People’s Hospital. Informed written consent for study participation was
obtained from all patients.
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Results

Baseline characteristics of patients

Table 1 provides a description of the clinical manifestations of the patients included in this study. All patients
had unilateral optic nerve injuries, with 130 cases resulting from traffic accidents and 76 cases resulting from
simple trauma such as falls or blows. Preoperative CT scans revealed varying degrees of orbital and cranial bone
fractures in 156 patients, accounting for 75.7% of the total number of patients. Among the patients, 143 had light
perception, and 63 had no light perception. In the light perception group, there were 93 males and 50 females,
aged 18-69 years (mean age: 42.32 + 12.18 years). Among them, 80 cases had injuries to the left eye, and 63 cases
had injuries to the right eye. Of these, 57 cases visited the hospital within 24 h of the injury, 52 cases within 1-3
days, 28 cases within 4-7 days, and 6 cases more than 7 days after the injury. In the group without light percep-
tion, there were 36 males and 27 females, aged 21-64 years (mean age: 39.89+11.01 years). Among them, 31
cases had injuries to the left eye, and 32 cases had injuries to the right eye. Of these, 37 cases visited the hospital
within 24 h of the injury, 18 cases within 1-3 days, 7 cases within 4-7 days, and 1 case more than 7 days after the
injury. There were no statistically significant differences in age, gender, or injured side between the two groups
(P>0.05). Attached list 1 showed each person’s specific initial vision and change.

Comparison of therapeutic effects between non-light perception group and light perception
group

The overall effective rate of the light perception group was significantly higher than that of non-light perception
group, with a statistically significant difference (x>=23.464, P <0.01, Table 2).

Subgroup analysis: Comparison of treatment methods on therapeutic effects

Among the patients in light perception group, 52 received surgical treatment and 91 received steroid treatment.
The overall effective rate of the surgical treatment group was higher than that of the steroid treatment group, with
a statistically significant difference (y*=8.066, P <0.01, Table 3). Among the patients in non-light perception
group, 40 received surgical treatment and 23 received steroid treatment. There was no statistically significant
difference in the overall effective rate between two groups (y*=0.363, P=0.55, Table 4).

Patients | Sex (male/female) | Age (xA-+s) | Side(left/right)
Non-light perception 63 36/27 39.89+£11.01 | 31/32
Light perception 143 93/50 42.32+12.18 | 80/63
Xt - 1.164 1.363 0.799
P value - 0.281 0.174 0.371

Table 1. Baseline characteristics of patients.

Patients | Marked effect (%) | Effective (%) | Ineffective (%) | Total effective rate (%)
Non-light perception 63 10 (15.87%) 15 (23.81%) 38 (60.32%) 39.68

143 39 (27.27%) 68 (47.55%) | 36 (25.17%) 74.83
Light perception

Xz =23.464,P<0.01

Table 2. Comparison of therapeutic effects between non-light perception group and light perception group.

Patients | Marked effect (%) | Effective (%) | Ineffective (%) | Total effective rate (%)
Surgery 52 15 (28.85%) 31 (59.62%) 6 (11.53%) 88.47
91 24 (26.37%) 37 (40.66%) 30 (32.97%) 67.03
Steroid
X*=8.066, P<0.01
Table 3. Comparison of treatment methods on light perception group.
Patients | Marked effect (%) | Effective (%) | Ineffective (%) | Total effective rate (%)
Surgery 40 7 (17.5%) 10 (25%) 23 (57.5%) 42.5
23 3 (13.04%) 5 (21.74%) 15 (65.22%) 34.78
Steroid
x2=0.363,P=0.55
Table 4. Comparison of treatment methods on non-light perception group.
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Discussion

The optic nerve, comprised of retinal ganglion cell axons, is a specialized sensory nerve with a total length of
approximately 40 mm'. Anatomically, it can be divided into four segments: the intraocular segment (about
1 mm), intraorbital segment (about 25 mm), intracanalicular segment (5-6 mm), and intracranial segment
(10 mm). External impact on any segment of the optic nerve can lead to severe nerve damage. The intracanali-
cular segment, which is the most delicate and represents the site where the optic nerve enters the cranial cavity,
exhibits the highest incidence of injury at 71.4%'*!°. On one hand, trauma can transmit external forces to the
optic nerve canal, resulting in damage to the optic nerve due to the vulnerability of the bony structures surround-
ing the canal, such as the root of the lesser wing of the sphenoid and the base of the anterior clinoid process. On
the other hand, trauma can cause optic nerve swelling and necrosis through compression of the optic nerve and
its nutrient vessels due to bone fragment displacement or bleeding'¢'%. As a component of the central nervous
system, the optic nerve possesses limited regenerative ability, and once the process of neuronal apoptosis begins,
it becomes challenging to halt, leading to the death of numerous ganglion cells'%.

While various eye diseases, such as optic neuritis, retinal detachment, and ischemic optic neuropathy, can
result in optic nerve damage, TON is more frequently encountered by neurosurgeons, predominantly caused by
car accidents, followed by falls, blows, and fights®!. Among our group of cases, car accidents accounted for 130
cases (63.11%), falls for 32 cases (15.53%), blows and fights for 37 cases (17.96%), and other causes for 7 cases
(3.4%). Optic nerve injury mechanisms in these patients can be categorized into two types: direct injury and
indirect injury??. Direct injury often arises from violence directly impacting the outer edge of the orbit, while
indirect injury frequently occurs due to optic nerve-related blood vessel spasm resulting from violence to the
supraorbital margin and nasal bone?**,

Following optic nerve injury, patients frequently present with clinical symptoms, such as visual field defects,
impaired color vision, and potentially vision loss. In clinical practice, it is crucial to promptly identify and prior-
itize these symptoms, intervening early to provide treatment in order to salvage as many nerve cells as possible?.

Once diagnosed, immediate treatment is essential for optic nerve injuries. Currently, there is no standardized
treatment protocol in clinical practice?. The main treatment methods include high-dose steroid pulse therapy
and optic nerve decompression surgery, supplemented with diuretics, vasodilators, and drugs that improve
microcirculation””?®. Conservative treatment often involves high-dose methylprednisolone pulse therapy. In
our department, we typically administer 500 mg of methylprednisolone within 3-8 h of injury, followed by a
3-day pulse treatment with a dose adjustment to 300 mg. Steroids possess anti-inflammatory and antioxidant
effects, reducing the formation of free radicals, alleviating edema reactions, and preventing vascular spasm.
These properties inhibit nerve cell necrosis and protect the optic nerve?. Optic nerve decompression surgery
involves surgically removing pressure on the optic nerve to facilitate self-repair. Surgical treatment is preferred
for patients with noticeable bone fragments and hematomas compressing the optic nerve, which can include tra-
ditional transcranial optic nerve decompression surgery and intraorbital optic nerve decompression surgery*®3!.
Endoscopic optic nerve decompression surgery through the nasal cavity has also been utilized. Currently, there
are no randomized controlled studies evaluating the therapeutic effects of different surgical techniques, so the
primary criterion for selection remains the proficiency of the clinical physician®2. Studies indicate that the com-
bined effect of optic nerve decompression surgery and steroid therapy is superior to a single treatment plan, but
more research is needed to substantiate this claim™®.

In this study, there were 63 patients with no light perception after injury, yielding an effective treatment rate
of 39.68%. Additionally, 143 patients had light perception after injury, with an effective treatment rate of 74.83%.
The x* value was 23.464, P <0.01, demonstrating a statistically significant difference. These findings indicate that
patients who retained light perception before treatment exhibited better treatment outcomes than those who
did not. Patients without light perception, regardless of steroid or surgical treatment, are unlikely to experience
significant vision improvement, with low degrees of improvement observed. Existing reports suggest that patients
with residual vision or light perception may have intact or partially ischemic optic nerves, with a considerable
number of surviving ganglion cells**. Conversely, patients with no light perception may have experienced severe
or irreversible optic nerve transection or necrosis, with few to no surviving ganglion cells. Hence, vision restora-
tion is possible in the former case, emphasizing the importance of timely intervention and treatment for vision
recovery. However, the possibility of vision restoration is considerably lower in the latter scenario.

The selection of treatment options for TON has long been a subject of controversy®. Further subgroup analy-
sis of our study reveals that for patients with residual light perception, surgical treatment may be more effective
than pure steroid therapy. Conversely, for patients without light perception after injury, the effectiveness of the
two treatment options does not differ significantly. Therefore, the choice of a specific treatment plan should be
individualized. For patients with residual vision after injury, regardless of visual acuity level, early and timely
treatment should be administered. Steroid therapy or surgical treatment should be selected based on the actual
situation to maximize ganglion cell survival and provide potential for further visual recovery. We suggest that
surgery should be performed as soon as possible for clear fracture fragments, or obvious hematoma in the optic
canal, or obvious indications of optic nerve compression on CT. Hormone therapy alone cannot solve the problem
of optic nerve compression, and hardly help improve the patient’s optic nerve function. For patients without
obvious optic nerve compression, whose vision did not improve after accepting high-dose hormone treatment
for 3 days, or whose vision improved first but deteriorated during hormone reduction, we still reccommended
early surgical treatment. However, whether or not to undergo surgery ultimately depends on the actual experi-
ence of clinicians and the wishes of patients themselves. In cases where patients have no light perception after
injury, the appropriate treatment method should be carefully chosen, taking into account the potential risks of
optic nerve injury or necrosis associated with surgical intervention.
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Conclusion

Prompt diagnosis and treatment are crucial for patients with TON, regardless of the chosen treatment method.
This is particularly important for patients who retain light perception after the injury, as early administration of
appropriate treatment can help preserve more surviving ganglion cells and promote visual recovery.

Data availability

The datasets generated for this study are available on request to the corresponding author.

Received: 4 June 2023; Accepted: 11 February 2024
Published online: 29 March 2024

References

1. Chen, B. et al. Traumatic optic neuropathy: A review of current studies. Neurosurg. Rev. 45(3), 1895-1913. https://doi.org/10.1007/
$10143-021-01717-9 (2022) (Epub 2022 Jan 16).

2. Au, N. P. B. & Ma, C. H. E. Neuroinflammation, microglia and implications for retinal ganglion cell survival and axon regeneration
in traumatic optic neuropathy. Front. Immunol. 13, 860070. https://doi.org/10.3389/fimmu.2022.860070 (2022).

3. Wladis, E. J. et al. Interventions for indirect traumatic optic neuropathy: A report by the American academy of ophthalmology.
Ophthalmology 128(6), 928-937. https://doi.org/10.1016/j.ophtha.2020.10.038 (2021) (Epub 2020 Nov 6).

4. Steinsapir, K. D. & Goldberg, R. A. Traumatic optic neuropathy: An evolving understanding. Am. J. Ophthalmol. 151(6), 928-933.
2. https://doi.org/10.1016/j.2j0.2011.02.007 (2011) (Epub 2011 May 6).

5. Bastakis, G. G., Ktena, N., Karagogeos, D. & Savvaki, M. Models and treatments for traumatic optic neuropathy and demyelinating
optic neuritis. Dev. Neurobiol. 79(8), 819-836. https://doi.org/10.1002/dneu.22710 (2019) (Epub 2019 Jul 25).

6. Warner, N. & Eggenberger, E. Traumatic optic neuropathy: A review of the current literature. Curr. Opin. Ophthalmol. 21(6),
459-462. https://doi.org/10.1097/ICU.0b013e32833£00c9 (2010).

7. Chaon, B. C. & Lee, M. S. Is there treatment for traumatic optic neuropathy?. Curr. Opin. Ophthalmol. 26(6), 445-449. https://doi.
0rg/10.1097/1CU.0000000000000198 (2015).

8. Lin, ], Hu, W,, Wu, Q,, Zhang, J. & Yan, W. An evolving perspective of endoscopic transnasal optic canal decompression for trau-
matic optic neuropathy in clinic. Neurosurg. Rev. 44(1), 19-27. https://doi.org/10.1007/s10143-019-01208-y (2021) (Epub 2019
Nov 22).

9. Sun, J., Cai, X., Zou, W. & Zhang, ]. Outcome of endoscopic optic nerve decompression for traumatic optic neuropathy. Ann. Otol.
Rhinol. Laryngol. 130(1), 56-59. https://doi.org/10.1177/0003489420939594 (2021) (Epub 2020 Jul 4).

10. Natarajan, S., Baviskar, P. S., Gandevivala, A., Gupta, H. & Vichare, S. N. Traumatic optic neuropathy in orbital wall fractures-
diagnostic parameters and treatment outcomes: A prospective observational study. J. Stomatol. Oral Maxillofac. Surg. 123(2),
171-176. https://doi.org/10.1016/j.jormas.2021.06.010 (2022) (Epub 2021 Jun 23).

11. Yu-Wai-Man, P. & Griffiths, P. G. Surgery for traumatic optic neuropathy. Cochrane Database Syst. Rev. 6(6), CD005024. https://
doi.org/10.1002/14651858.CD005024.pub3 (2013).

12. Le Guern, A. et al. Neuropathies optiques post-traumatiques: & propos de 8 cas et revue de la littérature [Traumatic optic neu-
ropathy: Report of 8 cases and review of the literature]. ] Fr Ophtalmol. 39(7), 603-608. https://doi.org/10.1016/j.jf0.2016.05.007
(2016) (Epub 2016 Aug 24. Erratum in: ] Fr Ophtalmol. 2017;40(2):161.).

13. Yu-Wai-Man, P. & Griffiths, P. G. Steroids for traumatic optic neuropathy. Cochrane Database Syst. Rev. 1, CD006032. https://doi.
0rg/10.1002/14651858.CD006032.pub3 (2011) (Update in: Cochrane Database Syst Rev. 2013;6:CD006032.).

14. Sung,]. Y, Lee, H. M,, Lee, S. B., Kim, K. N. & Lee, Y. H. Progression of optic atrophy in traumatic optic neuropathy: Retrograde
neuronal degeneration in humans. Neurol. Sci. 43(2), 1351-1358. https://doi.org/10.1007/s10072-021-05448-z (2022) (Epub 2021
Jul 9).

15. Chauhan, M. Z. et al. Mitochondrial triglyceride dysregulation in optic nerves following indirect traumatic optic neuropathy.
Biomolecules. 12(12), 1885. https://doi.org/10.3390/biom12121885 (2022).

16. Hetzer, S. M., Guilhaume-Correa, E, Day, D., Bedolla, A. & Evanson, N. K. Traumatic optic neuropathy is associated with visual
impairment, neurodegeneration, and endoplasmic reticulum stress in adolescent mice. Cells. 10(5), 996. https://doi.org/10.3390/
cells10050996 (2021).

17. Mozo Cuadrado, M., Tabuenca Del Barrio, L., Rodriguez Ulecia, I. & Urriza, M. J. Indirect traumatic optic neuropathy after blunt
head trauma. J. Fr. Ophtalmol. 43(9), e317-¢320. https://doi.org/10.1016/j.jf0.2019.11.046 (2020) (Epub 2020 Aug 15).

18. Cansler, S. M. & Evanson, N. K. Connecting endoplasmic reticulum and oxidative stress to retinal degeneration, TBI, and traumatic
optic neuropathy. J. Neurosci. Res. 98(3), 571-574. https://doi.org/10.1002/jnr.24543 (2020) (Epub 2019 Oct 23).

19. Wright, A.J. et al. Prognosticators of visual acuity after indirect traumatic optic neuropathy. J. Neuroophthalmol. 42(2), 203-207.
https://doi.org/10.1097/WNO.0000000000001521 (2022) (Epub 2022 Mar 25).

20. Lee, J. Y., Eo, D. R, Park, K. A. & Oh, S. Y. Choroidal thickness in traumatic optic neuropathy. Curr. Eye Res. 42(12), 1628-1633.
https://doi.org/10.1080/02713683.2017.1358374 (2017) (Epub 2017 Sep 22).

21. Chan, J. W, Hills, N. K., Bakall, B. & Fernandez, B. Indirect traumatic optic neuropathy in mild chronic traumatic brain injury.
Investig. Ophthalmol. Vis. Sci. 60(6), 2005-2011. https://doi.org/10.1167/iovs.18-26094 (2019).

22. Tse, B. C. et al. Mitochondrial targeted therapy with elamipretide (MTP-131) as an adjunct to tumor necrosis factor inhibition
for traumatic optic neuropathy in the acute setting. Exp. Eye Res. 199, 108178. https://doi.org/10.1016/j.exer.2020.108178 (2020)
(Epub 2020 Aug 3).

23. Sosin, M. et al. Treatment outcomes following traumatic optic neuropathy. Plast. Reconstr. Surg. 137(1), 231-238. https://doi.org/
10.1097/PRS.0000000000001907 (2016).

24. Saxena, R, Singh, D. & Menon, V. Controversies in neuro-ophthalmology: Steroid therapy for traumatic optic neuropathy. Indian
J. Ophthalmol. 62(10), 1028-1030. https://doi.org/10.4103/0301-4738.146021 (2014).

25. Reddy, R. P. et al. Traumatic optic neuropathy: Facial CT findings affecting visual acuity. Emerg. Radiol. 22(4), 351-356. https://
doi.org/10.1007/s10140-014-1292-3 (2015) (Epub 2015 Jan 7).

26. Huang, J. et al. Selection and prognosis of optic canal decompression for traumatic optic neuropathy. World Neurosurg. 138,
e564-e578. https://doi.org/10.1016/j.wneu.2020.03.007 (2020) (Epub 2020 Mar 10).

27. Morgan-Warren, P. ], Berry, M., Ahmed, Z., Scott, R. A. & Logan, A. Exploiting mTOR signaling: A novel translatable treatment
strategy for traumatic optic neuropathy?. Investig. Ophthalmol. Vis. Sci. 54(10), 6903-6916. https://doi.org/10.1167/iovs.13-12803
(2013).

28. Qiu, J. et al. Traumatic brain injury-related optic nerve damage. J. Neuropathol. Exp. Neurol. 81(5), 344-355. https://doi.org/10.
1093/jnen/nlac018 (2022).

29. Urolagin, S. B., Kotrashetti, S. M., Kale, T. P. & Balihallimath, L. J. Traumatic optic neuropathy after maxillofacial trauma: A review
of 8 cases. ] Oral Maxillofac Surg. 70(5), 1123-1130. https://doi.org/10.1016/j.joms.2011.09.045 (2012) (Epub 2011 Dec 16).

Scientific Reports |  (2024) 14:7514 | https://doi.org/10.1038/s41598-024-54324-1 nature portfolio


https://doi.org/10.1007/s10143-021-01717-9
https://doi.org/10.1007/s10143-021-01717-9
https://doi.org/10.3389/fimmu.2022.860070
https://doi.org/10.1016/j.ophtha.2020.10.038
https://doi.org/10.1016/j.ajo.2011.02.007
https://doi.org/10.1002/dneu.22710
https://doi.org/10.1097/ICU.0b013e32833f00c9
https://doi.org/10.1097/ICU.0000000000000198
https://doi.org/10.1097/ICU.0000000000000198
https://doi.org/10.1007/s10143-019-01208-y
https://doi.org/10.1177/0003489420939594
https://doi.org/10.1016/j.jormas.2021.06.010
https://doi.org/10.1002/14651858.CD005024.pub3
https://doi.org/10.1002/14651858.CD005024.pub3
https://doi.org/10.1016/j.jfo.2016.05.007
https://doi.org/10.1002/14651858.CD006032.pub3
https://doi.org/10.1002/14651858.CD006032.pub3
https://doi.org/10.1007/s10072-021-05448-z
https://doi.org/10.3390/biom12121885
https://doi.org/10.3390/cells10050996
https://doi.org/10.3390/cells10050996
https://doi.org/10.1016/j.jfo.2019.11.046
https://doi.org/10.1002/jnr.24543
https://doi.org/10.1097/WNO.0000000000001521
https://doi.org/10.1080/02713683.2017.1358374
https://doi.org/10.1167/iovs.18-26094
https://doi.org/10.1016/j.exer.2020.108178
https://doi.org/10.1097/PRS.0000000000001907
https://doi.org/10.1097/PRS.0000000000001907
https://doi.org/10.4103/0301-4738.146021
https://doi.org/10.1007/s10140-014-1292-3
https://doi.org/10.1007/s10140-014-1292-3
https://doi.org/10.1016/j.wneu.2020.03.007
https://doi.org/10.1167/iovs.13-12803
https://doi.org/10.1093/jnen/nlac018
https://doi.org/10.1093/jnen/nlac018
https://doi.org/10.1016/j.joms.2011.09.045

www.nature.com/scientificreports/

30. Sung, Y. et al. Treatment of traumatic optic neuropathy using human placenta-derived mesenchymal stem cells in Asian patients.
Regen. Med. 15(10), 2163-2179. https://doi.org/10.2217/rme-2020-0044 (2020) (Epub 2020 Dec 14).

31. Kim, W, Yang, S., Park, J., Lee, H. & Baek, S. Traumatic globe subluxation accompanied by traumatic optic neuropathy. J. Crani-
ofac. Surg. 31(7), e739-e741. https://doi.org/10.1097/SCS.0000000000006734 (2020).

32. Guy, W. M. et al. Traumatic optic neuropathy and second optic nerve injuries. JAMA Ophthalmol. 132(5), 567-571. https://doi.
org/10.1001/jamaophthalmol.2014.82 (2014).

33. Wei, J. et al. Melatonin regulates traumatic optic neuropathy via targeting autophagy. Eur. Rev. Med. Pharmacol. Sci. 21(21),
4946-4951 (2017).

34. Mehta, A, Rathod, R,, Virk, R. S. & Bashyal, B. Reversal of vision loss after traumatic optic neuropathy. BMJ Case Rep. 13(12),
€238461. https://doi.org/10.1136/bcr-2020-238461 (2020).

Acknowledgements
We are grateful to the participating patients and the healthy controls. Without you, this study would not have
been possible.

Author contributions

All authors made substantial contributions to the design of the work, or the acquisition, analysis or interpretation
of data for the work. J.JW. and Q.X. collected the clinical data. J.W.,, Q.X., X.T. and J.H. drafted the submitted work.
Y.Z. and W.L. revised it critically for important intellectual content, and also provide approval for publication
of the content.

Funding
This work was supported by the National Natural Science Foundation of China (Grants 81671227).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-54324-1.

Correspondence and requests for materials should be addressed to W.L.
Reprints and permissions information is available at 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
BY

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://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:7514 | https://doi.org/10.1038/s41598-024-54324-1 nature portfolio


https://doi.org/10.2217/rme-2020-0044
https://doi.org/10.1097/SCS.0000000000006734
https://doi.org/10.1001/jamaophthalmol.2014.82
https://doi.org/10.1001/jamaophthalmol.2014.82
https://doi.org/10.1136/bcr-2020-238461
https://doi.org/10.1038/s41598-024-54324-1
https://doi.org/10.1038/s41598-024-54324-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effects of light perception on visual function recovery in patients with traumatic optic neuropathy
	Methods
	Participants
	Diagnosis
	Grouping
	Management
	Measurements
	Statistical analysis
	Ethical approval

	Results
	Baseline characteristics of patients
	Comparison of therapeutic effects between non-light perception group and light perception group
	Subgroup analysis: Comparison of treatment methods on therapeutic effects

	Discussion
	Conclusion
	References
	Acknowledgements


