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Optic neuritis (ON), a central manifestation of multiple inflammatory central nervous system (CNS) disorders, has seen remarkable advances in diagnostic and therapeutic strategies due to rapid progress in imaging technologies. This review systematically summarizes recent high-quality literature focusing on the latest progress of optical coherence tomography (OCT), optical coherence tomography angiography (OCTA), magnetic resonance imaging (MRI), and diffusion tensor imaging (DTI) in ON. It further explores the integrative application and clinical value of multimodal imaging combined with immune biomarkers. Additionally, the application of artificial intelligence (AI) and deep learning (DL) in image analysis is discussed. This review highlights current innovations and proposes future directions for establishing multicenter standardized protocols, facilitating precision diagnostics, and promoting personalized management, thereby accelerating clinical translation and advancing neuroimmunological ophthalmology.
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1 Introduction

Optic neuritis (ON) is an inflammatory demyelinating condition of the optic nerve, presenting with acute or subacute visual loss, often accompanied by pain on eye movement, and can be unilateral or bilateral (1, 2). ON may manifest either as an isolated episode or as the initial/concomitant feature of central nervous system (CNS) demyelinating disorders, particularly multiple sclerosis (MS), neuromyelitis optica spectrum disorder (NMOSD), and myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD), highlighting the clinical heterogeneity that complicates early diagnosis (3–5). Since the clinical implementation of aquaporin-4 immunoglobulin G (AQP4-IgG) testing in 2004 (6), the etiological spectrum of ON has been refined, prompting a shift from purely symptom-based to immunopathology-informed classification.

Despite advances in our understanding, ON still presents several diagnostic and management challenges. Distinct ON subtypes differ markedly in attack frequency, visual recovery, treatment response, and long-term prognosis; yet early clinical features often overlap, leading to frequent misdiagnosis (7, 8). Conventional auxiliary tests such as visual fields (VF), visual evoked potentials (VEP), and magnetic resonance imaging (MRI) often serve as exclusion tools rather than providing quantitative assessments of inflammation and axonal injury (9, 10). While high-dose corticosteroids remain the first-line treatment during acute ON episodes, imaging biomarkers capable of evaluating treatment efficacy and predicting relapse remain lacking, limiting personalized monitoring and management strategies.

In recent years, the emergence of high-resolution imaging tools such as optical coherence tomography (OCT), Optical coherence tomography angiography (OCTA), and MRI—particularly advanced sequences like diffusion tensor imaging (DTI)—has ushered ON research into a new era of quantifiable visualization (11). OCT provides micron-level precision in measuring retinal nerve fiber layer (RNFL) and ganglion cell–inner plexiform layer (GCIPL) thickness, thereby reflecting axonal and neuronal integrity (3, 5). OCTA enables non-invasive assessment of microvascular density and perfusion characteristics in the optic disc and macula, offering insights into etiological differences and visual recovery prognosis (12). MRI and DTI detect microstructural abnormalities in the optic nerve tract and associated regions, correlating strongly with clinical outcomes (13, 14). Moreover, the integration of artificial intelligence (AI) and deep learning (DL) technologies is transforming automated image analysis and feature extraction, enabling large-scale quantitative studies (15). As a result, imaging biomarkers are increasingly central to early detection, etiological classification, therapeutic monitoring, and prognostic evaluation, progressively anchoring ON management within the framework of precision medicine.

This review presents innovations in the following areas: (1) Multimodal integration: combining OCT, OCTA, MRI/DTI, and AI-based technologies to systematically compare the advantages of structural, perfusion, and microstructural imaging; (2) Synthesis of recent evidence: focusing on high-quality studies from 2023 to 2025, including differentiation between NMOSD and MS, and AI-based automated ON classification and feature extraction; (3) Feasibility of clinical pathways: proposing an integrated diagnostic and therapeutic framework based on imaging and immune biomarkers, including AQP4-IgG, MOG-IgG, and neurofilament light chain (NfL). By framing ON as a model intersection of neuroimmunology and ophthalmic imaging, this review underscores the central role of imaging biomarkers in elucidating disease mechanisms and guiding precision therapeutic strategies, thereby emphasizing their transformative potential in both clinical and research settings.



2 Optical coherence tomography

OCT, a noninvasive imaging modality with micrometer resolution, has become a cornerstone in assessing structural damage to the optic nerve and retina in patients with ON. By quantifying changes in the RNFL and ganglion GCIPL, OCT reveals demyelination and axonal degeneration processes. Beyond structural assessment, OCT informs disease classification, prognostication, and treatment monitoring, while facilitating integration with other imaging modalities.


2.1 RNFL and GCIPL thickness and visual function in ON


2.1.1 Inter-eye difference and temporal dynamics

Idiopathic ON/MS-related ON. RNFL thinning typically becomes evident within the first 3 months after ON onset, with reductions averaging 15–18 μm, and correlates robustly with subsequent visual acuity recovery, underscoring its role as a sensitive biomarker for early post-acute damage (16). GCIPL thickness offers a more specific reflection of ganglion cell integrity, correlating strongly with contrast sensitivity and visual field deviations, and providing a sensitive early biomarker (17). Narrative synthesis of multiple studies suggests that inter-eye difference (IED) metrics, rather than absolute values, are especially powerful in idiopathic and MS-related ON. Thresholds of ≥4 μm GCIPL inter-eye absolute difference (IEAD) or ≥4% inter-eye percent difference (IEPD) yield AUC values approaching 0.90 across devices (18). Similar RNFL-based cutoffs reliably identify prior ON even when absolute values remain within normative ranges (19). These findings support GCIPL-based IED as a practical biomarker for early post-acute evaluation of idiopathic and MS-associated ON.

MOGAD and NMOSD. By contrast, antibody-mediated ON demonstrates distinct longitudinal patterns. In MOGAD, GCIPL decline is measurable within weeks post-ON and parallels 10-2 visual field loss; RNFL may continue to decrease up to 12 months, reflecting ongoing neuroaxonal damage or edema resolution (20, 21). In NMOSD, RNFL loss is typically more abrupt and diffuse with limited structural recovery, consistent with AQP4-IgG–mediated astrocytopathy, and GCIPL thinning is often more pronounced after attacks (22). These antibody-specific dynamics illustrate that although IED is broadly informative, its interpretation must be tailored to the underlying etiology.



2.1.2 Structure–function correlation beyond high-contrast visual acuity

Beyond high-contrast visual acuity (VA), OCT metrics correlate quantitatively with more sensitive functional indices. In a prospective cohort of 88 acute ON patients, eyes with greater GCIPL thinning exhibited a mean loss of 8.5 letters on the 2.5% low-contrast Sloan chart at 6 months (p < 0.01), despite comparable high-contrast VA, highlighting the importance of low-contrast letter acuity (23). This underscores that contrast sensitivity and visual field indices provide more sensitive functional correlates of OCT-detected neurodegeneration.




2.2 Predicting ON prognosis and relapse risk with OCT

Beyond structural assessment, OCT is increasingly used to monitor treatment response and predict ON relapse. Notably, RNFL thinning > 20 μm combined with prolonged visual evoked potential (VEP) latency > 12 ms significantly increased relapse risk (hazard ratio = 2.7, p = 0.003) (24). Additionally, early RNFL thinning correlated with reduced retinal microvascular density, and their combination enhanced relapse prediction accuracy (25). Building on structural-functional correlations, a predictive model based on OCT-derived GCIPL metrics in traumatic optic neuropathy demonstrated that GCIPL thickness served as an independent prognostic factor for visual recovery, achieving an area under the curve (AUC) of 0.90 within 1 year (26). Further study confirmed that accelerated longitudinal GCIPL thinning over 6–12 months is strongly associated with poorer visual outcomes and increased relapse risk (27). OCT also plays a role in monitoring disease progression within the framework of No Evidence of Disease Activity (NEDA) in MS, where preserved retinal thickness correlates with sustained NEDA status and reduced relapse risk (28).



2.3 OCT and ON of different etiologies

Recent studies also provide disease-specific insights for MOGAD and NMOSD, highlighting structural changes along the anterior and posterior visual pathways that reflect distinct neurodegenerative patterns. OCT provides valuable information not only for prognosis but also for differentiating ON subtypes. GCIPL thinning, particularly in the parafoveal region, is more pronounced in NMOSD-associated optic neuritis (NMOSD-ON) than in multiple sclerosis–associated optic neuritis (MS-ON), and strongly correlates with cognitive and visual processing speed deficits (r = −0.62, p < 0.001) (23). Further studies have demonstrated that MS-ON primarily affects the temporal RNFL quadrants, AQP4-IgG + NMOSD-ON results in diffuse loss across all quadrants, and MOGAD-ON exhibits relatively symmetric but milder thinning (p < 0.001) (29).

In MOGAD, eyes with prior ON show significant reduction in pRNFL and GCIPL thickness, which correlates with the number of ON episodes, as well as structural atrophy along the visual pathway, including lateral geniculate nucleus (LGN) and occipital cortex, indicating pathway-specific neurodegeneration (30). In NMOSD, LGN volume is reduced after ON, associated with retinal neuroaxonal loss and optic radiation damage, but does not decline in the absence of new ON episodes, suggesting that neurodegeneration primarily follows acute attacks (22). Collectively, these findings highlight OCT’s value in capturing disease-specific progression patterns across different ON etiologies.

In line with these findings, it has been observed that despite severe acute vision loss, MOGAD-ON often retains relatively preserved GCIPL thickness (mean reduction 14 μm), in contrast to NMOSD-ON eyes, which show markedly greater loss (mean reduction 28 μm, p = 0.008) (31). Recent comparative reviews and cohort analyses provide consistent evidence that MOGAD-ON is frequently bilateral at onset, associated with pronounced optic disc swelling, and followed by variable but sometimes modest chronic GCIPL loss despite profound acute deficits. By contrast, AQP4-IgG + NMOSD-ON is characterized by severe and diffuse chronic pRNFL and GCIPL thinning after attacks, with average chronic pRNFL values often <80 μm, whereas MS-ON more commonly shows temporal-predominant RNFL loss (19). These modality-specific signatures support the use of OCT-guided triage for serologic testing when clinical features are ambiguous (Table 1).


TABLE 1 Comparative imaging discriminators across ON subtypes.

	Imaging modality
	NMOSD-ON (AQP4-IgG+)
	MOGAD-ON (MOG-IgG+)
	MS-ON
	Idiopathic ON

 

 	OCT: RNFL/GCL thinning 	Severe, often widespread 	Prominent but with partial recovery 	Focal thinning, especially temporal quadrant 	Variable, usually mild


 	OCTA: Vessel density changes 	Pronounced deep capillary plexus loss 	Moderate superficial plexus loss 	Mild vessel density decrease 	Minimal changes


 	MRI: Lesion distribution 	Longitudinally extensive optic nerve lesions (≥3 segments) 	Anterior, often optic nerve head swelling 	Retrobulbar, short-segment lesions 	Mixed patterns


 	MRI: Contrast enhancement 	Marked, long, continuous 	Prominent, anterior 	Patchy, short segment 	Variable


 	Advanced MRI (DTI, MRS) 	Reduced FA, increased radial diffusivity; metabolic changes consistent with demyelination + axonal loss 	Less severe DTI changes; relative axonal preservation 	Focal demyelination; subtle metabolic changes 	Nonspecific


 	Prognosis (functional outcome) 	Poor visual recovery, high recurrence risk 	Often good recovery; relapses common 	Intermediate recovery; associated with MS conversion risk 	Usually favorable




 

Beyond descriptive features, newer analytic models further enhance diagnostic classification. An OCT-based model was developed that accurately distinguished diffuse RNFL and GCIPL thinning in NMOSD-ON, temporal thinning in MS-ON, and relatively preserved retinal structure in MOGAD-ON despite significant visual loss (32). Similarly, inter-eye difference (IED) metrics were shown to be useful, with GCIPL IED significantly greater in MOGAD-ON compared to MS-ON and NMOSD-ON, achieving a sensitivity of 87% and specificity of 85% for subtype discrimination (33). Finally, longitudinal MS cohorts demonstrate the prognostic dimension of OCT biomarkers, with pRNFL quantification identifying individuals at increased risk of cognitive dysfunction (23). Together, these findings underscore the capacity of OCT-derived metrics to capture both disease-specific phenotypes and long-term outcomes more comprehensively.



2.4 Technological advancements and future directions

High-speed swept-source OCT (SS-OCT) has been shown to significantly enhance imaging depth and speed, improving visualization of deep optic nerve structures and reducing motion artifacts, thereby enabling more accurate detection of optic disc edema and structural distortion in ON patients (34). Quantitative birefringence analysis using polarization-sensitive OCT (PS-OCT) has been reviewed, highlighting its ability to detect pre-atrophic microstructural disorganization in the RNFL, which may aid in identifying ON activity before irreversible damage occurs (35). A novel search algorithm for OCT layer segmentation has been developed, achieving highly precise delineation of retinal layers even in severely distorted optic nerves, thereby facilitating robust ON subtype classification and treatment monitoring (36). Looking ahead, the integration of advanced OCT modalities with artificial intelligence and longitudinal data analysis is expected to further enhance the early detection, classification, and individualized monitoring of ON, paving the way toward predictive and precision neuro-ophthalmology.




3 Optical coherence tomography angiography

With advances in imaging technology, OCTA, a non-dye, noninvasive blood flow imaging modality, has increasingly been used to investigate retinal microvascular alterations in ON and related CNS demyelinating diseases, showing remarkable potential for evaluating visual function recovery and aiding disease classification.


3.1 Microvascular changes in ON

OCTA has revealed significant reductions in peripapillary and macular vessel densities during both acute and chronic stages of ON, offering valuable insights beyond traditional structural metrics. Quantitative studies of demyelinating ON have shown that vessel density loss in the superior and inferior quadrants is significantly more pronounced (p < 0.001) and closely correlates with visual field defects (r = 0.72, p < 0.01) (37). Additionally, peripapillary choroidal microvasculature dropout has been associated with poor visual recovery in ON patients (p = 0.003), even after adjusting for RNFL thickness, suggesting that deeper vascular alterations may serve as independent prognostic biomarkers (38). Early OCTA-detected reductions in vessel density have been shown to precede structural thinning and predict long-term functional decline, particularly in patients experiencing recurrent ON episodes (25). Together, these results highlight OCTA’s potential as a sensitive, non-invasive modality for early detection, prognostication, and treatment response evaluation in ON.



3.2 Application of OCTA in differential diagnosis of ON in MS, NMOSD, and MOGAD

A systematic review of OCTA biomarkers in MS and NMOSD identified consistent patterns of pronounced superficial capillary plexus (SCP) rarefaction in NMOSD, with peripapillary vessel density reductions exceeding 20%, whereas MS exhibited milder changes primarily in the temporal quadrant (39). These findings reinforce the value of SCP integrity as a subtype-specific imaging biomarker. Mohammadi et al. (40) conducted a meta-analysis of OCTA data across 11 studies, reporting that NMOSD patients had significantly larger foveal avascular zone (FAZ) areas and lower parafoveal vessel densities than both MS and healthy controls (p < 0.001), while MOGAD patients exhibited near-normal microvascular metrics. This highlights the utility of FAZ morphology and flow indices in distinguishing NMOSD-ON from other ON subtypes. Furthermore, novel OCTA-derived indices, including vessel tortuosity and fractal dimension, have been introduced to evaluate microvascular complexity (39). Findings indicate that NMOSD-ON is associated with markedly reduced capillary regularity and impaired vascular remodeling potential, providing mechanistic insights and supporting OCTA’s role in disease classification and activity monitoring.



3.3 Advances in deep learning for OCTA image analysis

Recent innovations in deep learning (DL) have significantly enhanced the accuracy, efficiency, and reproducibility of OCTA analysis. Several state-of-the-art DL frameworks have been reviewed, highlighting the robustness of U-Net variants and attention-based models in accurately segmenting fine vascular structures, achieving vessel segmentation Dice coefficients exceeding 0.90 and reducing manual annotation by over 70%, thereby paving the way for standardized and fully automated ON-related vascular imaging analysis (41). A multi-view tri-alignment deep learning framework, MuTri, has been proposed to translate structural OCT into synthesized OCTA volumes with high fidelity, overcoming inter-modality variability. This model achieved over 25% improvement in cross-modality translation accuracy compared to baseline GAN architectures, enabling simulated 3D OCTA generation in cases where perfusion data may be unavailable (42). Collectively, these developments position DL as a critical tool for earlier and more precise characterization of microvascular changes in ON and related demyelinating conditions.




4 Magnetic resonance imaging and diffusion tensor imaging


4.1 Conventional MRI sequences in ON and prognostic evaluation

Conventional MRI sequences, including T2-weighted, STIR, and contrast-enhanced T1-weighted imaging, remain foundational for detecting optic nerve lesions, enhancement, and demyelination in ON and related disorders, providing essential diagnostic and prognostic information (43). Radiological predictors of visual outcome in ON have been investigated, showing that greater optic nerve lesion length and higher enhancement intensity during acute episodes are significantly associated with poorer visual recovery at 12 months (r = −0.71, p < 0.001), highlighting inflammatory load as a key prognostic indicator (44). Furthermore, contrast-enhanced MRI studies have shown that optic nerve enhancement lengths exceeding 17 mm are significantly correlated with initial deficits in high-contrast visual acuity and contrast sensitivity (p < 0.05), reinforcing the utility of MRI enhancement metrics in gauging acute disease severity and guiding early treatment decisions (45).

Although optic nerve MRI is currently optional for MS diagnosis, it provides crucial information for lesion assessment, monitoring disease progression, and predicting visual outcomes (46). Thus, conventional MRI sequences, together with emerging quantitative assessments, serve both diagnostic and prognostic roles, enhancing ON clinical evaluation.



4.2 DTI performance in microstructural damage of ON

DTI has emerged as a sensitive imaging modality to capture microstructural changes in the optic nerve. The use of DTI in optic neuropathies has been reviewed, highlighting that elevated apparent diffusion coefficient (ADC) and reduced fractional anisotropy (FA) in the acute phase are predictive of subsequent axonal degeneration and vision loss, supporting early DTI assessment as a reliable predictor of long-term structural damage (47). The pathophysiological mechanisms underlying optic neuritis in multiple sclerosis have been reviewed, highlighting that DTI metrics reliably reflect microstructural axonal damage and demyelination processes in the optic nerve, thus serving as essential biomarkers for disease progression (48). Quantitative spinal MRI studies have demonstrated that structural changes in the spinal cord following optic neuritis closely relate to optic nerve damage and visual impairment, suggesting broader CNS involvement detectable by advanced imaging (49). Overall, these findings support DTI as a sensitive tool for capturing microstructural changes predictive of visual outcomes in ON, offering valuable insights for tailored therapeutic interventions.

Optic nerve MRI findings have been shown to correlate with cerebral MRI changes in MS, supporting the idea that both conventional and non-conventional imaging can provide a comprehensive view of disease activity (50). The value of DTI and other quantitative MRI sequences for assessing optic nerve microstructure has been emphasized, highlighting their potential to predict long-term visual outcomes and guide early therapeutic interventions (46).



4.3 Manifestations and diagnostic advances in different ON etiologies

MRI features can aid in distinguishing ON etiologies. A retrospective analysis of 56 ON patients showed that MOGAD-ON more frequently presented with bilateral involvement and lesions extending to distal segments, such as the intraorbital and canalicular regions, which was distinct from MS-ON and NMO-ON (p = 0.006 and p = 0.039, respectively) (51). Furthermore, combining brain/spinal cord and optic nerve MRI features with OCT RNFL thickness enabled differentiation of MS from NMOSD/MOGAD with 95% classification accuracy (p < 0.001) (52).

MRI patterns, including optic nerve vs. sheath involvement, can distinguish typical (MS-related) from atypical ON (NMOSD- or MOG-IgG-related), guiding tailored treatment strategies (53). In addition, MRI features of intraocular optic nerve disorders have been summarized, highlighting the role of MRI in lesion characterization, extent assessment, and monitoring therapeutic response (54). These findings collectively highlight that MRI, when combined with advanced sequences and OCT, improves etiological classification and informs individualized management in ON.

Comparative analysis of DTI parameters in white matter tracts of MS and related disorders demonstrated that decreased axial diffusivity and fractional anisotropy strongly correlate with retinal nerve fiber layer thinning and visual evoked potential abnormalities, reinforcing DTI’s utility for early detection and longitudinal monitoring of microstructural injury (55).



4.4 Combined OCT and MRI studies in ON

Integration of OCT and MRI enhances understanding and management of ON by linking structural and functional changes. Enhanced depth imaging OCT was used to identify retrolaminar hyper-reflective foci in MS patients with acute ON, revealing significant associations with MRI-detected lesions (p = 0.000) (56). Moreover, OCT-measured pRNFL thinning in 50 patients with optic neuropathy, specifically linked to ON, was shown to complement MRI assessments, with significant correlations to lesion length (p = 0.01), indicating that OCT enhances MRI’s diagnostic precision by capturing retinal changes associated with optic nerve damage (57). This approach was further validated in 79 MS patients with ON, showing that incorporating OCT-assessed optic nerve data into MRI-based dissemination in space (DIS) criteria increased diagnostic sensitivity by 12% (p = 0.03), improving early ON diagnosis without compromising specificity, thereby highlighting the synergistic potential of these modalities (58). Overall, these findings underscore the synergistic potential of combining structural and functional biomarkers, linking retinal and optic nerve pathology to enhance both diagnostic accuracy and therapeutic decision-making, paving the way for a more holistic understanding of ON pathophysiology.




5 Intelligent imaging analysis: artificial intelligence and deep learning in ON

AI and DL are progressively applied in ON research, providing standardized and automated solutions for visual function evaluation, and advancing imaging analysis from descriptive to quantitative and predictive levels.


5.1 Inferring blood flow maps from structural OCT

A convolutional neural network (CNN) model was employed to infer superficial capillary blood flow maps from standard OCT images, achieving 85% prediction accuracy and a Dice coefficient of 0.82 across independent ON samples (59). This demonstrated that microvascular perfusion could be assessed without OCTA. Cassottana et al. (60) conducted a comparative study assessing papillary and macular blood flow using OCTA in healthy subjects and patients with various optic neuropathies, providing normative and pathological benchmarks that enhance the interpretation of inferred flow maps. Together, these approaches strengthen deep learning models’ ability to discriminate ON etiologies by integrating structural and vascular imaging data.



5.2 Super-resolution and multimodal fusion of blood flow–structure imaging

An enhanced OCTA post-processing pipeline using attention-guided super-resolution algorithms was introduced, significantly improving vascular detail resolution in retinal imaging, with PSNR increased by 3.9 dB and SSIM by 0.06 compared to baseline interpolation methods (61). This method enables more accurate visualization of capillary-level changes in optic neuropathies, facilitating earlier and finer diagnostic discrimination. Moreover, a multimodal deep learning framework integrating structural OCT, OCTA, and serum omics data was developed, achieving an AUC of 0.95 for distinguishing inflammatory versus ischemic optic neuropathies and predicting six-month visual outcomes with 91.2% sensitivity and 89.5% specificity (62). These advances underscore the value of multimodal fusion in enhancing ON diagnostic precision and outcome prediction.



5.3 Automated OCTA processing and 3D reconstruction technologies

High-resolution 3D OCT volumes combined with synthetic slice generation were leveraged to improve lesion detection in demyelinating diseases, achieving 92.3% diagnostic accuracy in distinguishing MS-related optic neuropathy from controls and enhancing visualization of peripapillary microstructural abnormalities (63). In parallel, Vision Transformer (ViT) technology was applied for 3D reconstruction of OCTA images, resulting in a 20% improvement in accuracy (64), enabling more comprehensive depiction of tissue and blood flow changes in various ON types. Additionally, AI groups have optimized segmentation strategies via reinforcement learning, reducing noise error by 15% and enhancing microvascular change detection across ON etiologies (41). Collectively, these developments position DL as a critical tool for more precise characterization of microvascular changes and overall ON imaging.




6 Imaging characteristics for pediatric optic neuritis

ON displays a distinct epidemiological profile compared to adults, with MOGAD-ON being more prevalent in children, accounting for 30–64% of pediatric demyelinating syndromes (65), while MS-ON and NMOSD-ON are rarer in this group and more common in adult (66). In children, OCT reveals pronounced RNFL and GCIPL thinning during acute attacks, with median peripapillary RNFL thickness reaching 164 μm due to severe swelling, but with better recovery potential (67). Concurrently, MRI shows extensive longitudinal optic nerve lesions with bilateral involvement and perineural enhancement, while OCTA highlights reduced peripapillary vessel density (e.g., 10–15% lower than age-matched controls) and widespread microvascular changes during inflammation (68). These findings contrast with adults, who exhibit greater chronic RNFL thinning (average reduction of 20–30 μm post-attack), shorter MRI lesions with higher chiasmal involvement, and more stable but diminished OCTA vascular networks reflecting persistent damage. These differences underscore the need for pediatric-specific reference standards for age-adjusted RNFL/GCIPL norms and microvascular metrics, alongside validated AI algorithms to enhance diagnostic accuracy and monitor progression, reflecting developmental variations in retinal and optic nerve anatomy.



7 Integration of imaging biomarkers and immunological biomarkers

Recent studies highlight the synergistic value of combining imaging and immunological biomarkers in the etiological diagnosis of ON (Figure 1). Specific MRI features—such as the volume and distribution of optic nerve enhancement—have been shown to correlate significantly with serum AQP4-IgG titers in NMOSD-ON patients, suggesting that AQP4-IgG levels may directly reflect central inflammatory burden on imaging (69). Complementing this, OCTA-derived microvascular parameters were integrated with serum MOG-IgG and AQP4-IgG antibody levels, providing a combined structural–immunological assessment (70). Their multimodal approach significantly improved the differentiation between MOGAD, NMOSD, and MS, outperforming individual biomarkers alone. Overall, these findings underscore the diagnostic value of integrating immune and imaging data for accurate ON subtype classification and disease monitoring.

[image: Flowchart illustrating the integration of various medical data sources into clinical practice. Left boxes show data sources: OCT (RNFL, GCIPL), OCTA (SCP, FAZ, VD), MRI/DTI (orbit, brain, spine), and serum biomarkers (AQP4-IgG, MOG-IgG, NfL, complement, cytokines). These feed into AI and analytics for QC, segmentation, multimodal fusion, and prognostic modeling. The results are used in clinical integration for diagnosis, subtyping, treatment selection, monitoring, NEDA, and outcome prediction.]

FIGURE 1
 Integrated precision medicine framework for optic neuritis (ON). The schematic illustrates the integration of multimodal imaging, serum biomarkers, and artificial intelligence (AI)-driven analytics to support clinical in ON. Left panel includes structural optical coherence tomography [OCT; retinal nerve fiber layer (RNFL), ganglion cell–inner plexiform layer (GCIPL)], optical coherence tomography angiography [OCTA; superficial capillary plexus [SCP], foveal avascular zone (FAZ), vessel density (VD)], magnetic resonance imaging/diffusion tensor imaging (MRI/DTI; orbital, brain, and spinal cord assessments), and serum biomarkers [AQP4-IgG, MOG-IgG, neurofilament light chain (NfL), complement components, cytokines]. These data streams converge into AI-based analytics encompassing quality control (QC), automated segmentation, multimodal data fusion, and prognostic modeling. Outputs from this computational framework inform the right panel, representing clinical integration, including diagnosis, subtype classification, treatment selection, longitudinal monitoring, assessment of No Evidence of Disease Activity (NEDA), and prediction of visual and functional outcomes. This model emphasizes the synergistic application of imaging, immunological profiling, and computational methods to guide individualized management strategies in ON.


Emerging multi-omics studies have deepened our understanding of how immunological activity shapes imaging manifestations in ON. Elevated serum levels of complement components C3a and C5a have been shown to correlate significantly with greater RNFL thinning in NMOSD-ON, indicating that OCT-detected structural damage reflects ongoing complement-mediated axonal injury (p < 0.01) (71). Additionally, integration of cytokine panels with OCTA metrics has demonstrated that elevated IL-6 and TNF-α levels correlate with reduced peripapillary vessel density (r = −0.54, p < 0.001), highlighting the close link between systemic inflammation and retinal microvascular rarefaction (70). These findings support a dual-dimensional biomarker approach—combining immune indicators with imaging parameters—for improved ON subtype differentiation and dynamic disease monitoring.

For disease activity and prognosis evaluation, Serum NfL levels measured during acute ON attacks have been shown to strongly predict post-attack disability progression and correlate with structural imaging parameters, supporting their role as dynamic biomarkers of axonal damage (72). Complement components, including C1q and C3, have been highlighted as emerging predictors of disease severity and visual prognosis in ON. When integrated with structural imaging parameters, they improve sensitivity for detecting subclinical inflammation and long-term axonal damage, indicating their potential as adjunct biomarkers for monitoring chronic disease progression (73). AI-based algorithms integrating OCT and MRI features with serum immune profiles have been shown to enhance ON subtype classification and guide treatment stratification. These models achieved high diagnostic accuracy across multi-etiology datasets, demonstrating the potential of AI to combine multimodal data for precision medicine applications (74). Serum cytokine panels, including IL-6, VEGF, and miR-150, have been shown to correlate closely with OCT-derived RNFL and GCIPL measurements. Such immunological markers complement structural imaging in assessing optic nerve integrity and differentiating ON subtypes, providing a foundation for biomarker-informed clinical decision-making (70). These markers are closely associated with RNFL and GCIPL thickness changes detected by OCT, providing refined neural structural damage information across ON etiologies and complementing conventional structural imaging, thus laying a solid foundation for future multimodal biomarker validation.



8 Current challenges and future directions of imaging biomarkers

Despite substantial advances in imaging technologies for the diagnosis and monitoring of ON, several clinical challenges persist. Significant heterogeneity in imaging parameters arises from variations in device platforms, scan acquisition protocols, and segmentation algorithms, complicating dataset harmonization across centers and limiting multi-site validation efforts (16). This lack of standardization hinders the reproducibility and comparability of results, especially in large-scale studies.

In parallel, most current AI applications in neuro-ophthalmology face limited generalizability, as highlighted by Kenney and Requarth (75). Models are frequently trained on narrow datasets from single institutions or specific devices, leading to performance declines when applied to external cohorts. Additionally, the lack of explainable outputs and standardized clinical integration frameworks further hinders their widespread adoption in practice (75). These limitations highlight the urgent need for collaborative multi-center efforts, open-access imaging repositories, and standardized pipelines to facilitate the development of robust, generalizable AI-enhanced imaging tools. These issues highlight the importance of data sharing, external validation, and multicenter collaborative research. Only through establishing standardized workflows and open databases can cross-institutional model training and validation be achieved to ensure reliability and universality.

Looking forward, the integration of multimodal imaging with artificial intelligence is emerging as a cornerstone for enhancing diagnostic accuracy and individualized prognostication in ON. It has been demonstrated that integrating structural imaging modalities (e.g., OCT, MRI) with functional assessments such as OCTA and electrophysiological measures, supported by AI-driven analytical frameworks, allows for a more comprehensive characterization of the multifactorial pathophysiology of optic neuritis (76). It was validated that smartphone-based self-screening tools are feasible for early detection of neuro-ophthalmic disorders, underscoring their potential to expand access to real-time assessment, enable remote disease surveillance, and facilitate longitudinal monitoring beyond traditional clinical settings (77). Future interdisciplinary, multicenter, and multimodal research frameworks will be pivotal to advancing ON diagnosis and treatment toward precision medicine.



9 Conclusion

ON, a hallmark of central nervous system inflammatory disorders, relies critically on imaging biomarkers for accurate diagnosis, prognostic assessment, and clinical management. Advances in multimodal imaging—including optical coherence tomography (OCT), OCT angiography (OCTA), and magnetic resonance imaging/diffusion tensor imaging (MRI/DTI)—combined with AI-driven analytics and immune profiling, have transformed etiological differentiation, relapse prediction, and personalized treatment selection. Despite ongoing challenges in standardization and AI generalizability, these biomarkers now anchor the entire ON management continuum—from early detection through long-term monitoring—highlighting their pivotal role in driving precision neuro-ophthalmology.



Author contributions

ZM: Writing – original draft. YH: Writing – original draft. KG: Writing – original draft, Writing – review & editing. LL: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Chaitanuwong, P, and Moss, HE. Optic neuritis: a comprehensive review of current therapies and emerging treatment strategies. Front Neurol. (2025) 16:1605075. doi: 10.3389/fneur.2025.1605075 
	 2. Petzold, A, Fraser, CL, Abegg, M, Alroughani, R, Alshowaeir, D, Alvarenga, R , et al. Diagnosis and classification of optic neuritis. Lancet Neurol. (2022) 21:1120–34. doi: 10.1016/S1474-4422(22)00200-9 
	 3. Saidha, S, Syc, SB, Durbin, MK, Eckstein, C, Oakley, JD, Meyer, SA , et al. Visual dysfunction in multiple sclerosis correlates better with optical coherence tomography derived estimates of macular ganglion cell layer thickness than peripapillary retinal nerve fiber layer thickness. Mult Scler J. (2011) 17:1449–63. doi: 10.1177/1352458511418630 
	 4. Sechi, E, Cacciaguerra, L, Chen, JJ, Mariotto, S, Fadda, G, Dinoto, A , et al. Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD): a review of clinical and MRI features, diagnosis, and management. Front Neurol. (2022) 13:885218. doi: 10.3389/fneur.2022.885218 
	 5. Xu, SC, Kardon, RH, Leavitt, JA, Flanagan, EP, Pittock, SJ, and Chen, JJ. Optical coherence tomography is highly sensitive in detecting prior optic neuritis. Neurology. (2019) 92:e527–35. doi: 10.1212/WNL.0000000000006873 
	 6. Lennon, VA, Kryzer, TJ, Pittock, SJ, Verkman, A, and Hinson, SR. IgG marker of optic-spinal multiple sclerosis binds to the aquaporin-4 water channel. J Exp Med. (2005) 202:473–7. doi: 10.1084/jem.20050304 
	 7. Costello, F, Coupland, S, Hodge, W, Lorello, GR, Koroluk, J, Pan, YI , et al. Quantifying axonal loss after optic neuritis with optical coherence tomography. Ann Neurol. (2006) 59:963–9. doi: 10.1002/ana.20851 
	 8. Naismith, R, Tutlam, N, Xu, J, Shepherd, J, Klawiter, E, Song, S-K , et al. Optical coherence tomography is less sensitive than visual evoked potentials in optic neuritis. Neurology. (2009) 73:46–52. doi: 10.1212/WNL.0b013e3181aaea32
	 9. Cujbă, L, Banc, A, Stan, C, Drugan, T, and Nicula, C. Macular OCT’S proficiency in identifying Retrochiasmal visual pathway lesions in multiple sclerosis—a pilot study. Diagnostics. (2024) 14:1221. doi: 10.3390/diagnostics14121221 
	 10. Saidha, S, and Naismith, RT. Optical coherence tomography for diagnosing optic neuritis: are we there yet? Neurology. (2019) 92:253–4. doi: 10.1212/WNL.0000000000006866 
	 11. Bouma, BE, de Boer, JF, Huang, D, Jang, I-K, Yonetsu, T, Leggett, CL , et al. Optical coherence tomography. Nat Rev Methods Primers. (2022) 2:79. doi: 10.1038/s43586-022-00162-2
	 12. Wang, T, Li, H, Zhang, R, Yu, Y, Xiao, X, and Wu, C. Evaluation of retinal vascular density and related factors in youth myopia without maculopathy using OCTA. Sci Rep. (2021) 11:15361. doi: 10.1038/s41598-021-94909-8 
	 13. Clarke, L, Arnett, S, Lilley, K, Liao, J, Bhuta, S, and Broadley, SA. Magnetic resonance imaging in neuromyelitis optica spectrum disorder. Clin Exp Immunol. (2021) 206:251–65. doi: 10.1111/cei.13630 
	 14. Wu, C-N, Duan, S-F, Mu, X-T, Wang, Y, Lan, P-Y, Wang, X-L , et al. Assessment of optic nerve and optic tract alterations in patients with orbital space-occupying lesions using probabilistic diffusion tractography. Int J Ophthalmol. (2019) 12:1304–10. doi: 10.18240/ijo.2019.08.11 
	 15. Liu, Y, Tang, Z, Li, C, Zhang, Z, Zhang, Y, Wang, X , et al. AI-based 3D analysis of retinal vasculature associated with retinal diseases using OCT angiography. Biomed Opt Express. (2024) 15:6416–32. doi: 10.1364/BOE.534703 
	 16. Shin, HJ, and Costello, F. Imaging the optic nerve with optical coherence tomography. Eye. (2024) 38:2365–79. doi: 10.1038/s41433-024-03165-3 
	 17. Ruggeri, F, Fumi, D, Bassis, L, Di Pippo, M, and Abdolrahimzadeh, S. The role of the ganglion cell layer as an OCT biomarker in neurodegenerative diseases. J Integr Neurosci. (2025) 24:26039. doi: 10.31083/JIN26039 
	 18. Oertel, FC, Zimmermann, HG, Motamedi, S, Chien, C, Aktas, O, Albrecht, P , et al. Diagnostic value of intereye difference metrics for optic neuritis in aquaporin-4 antibody seropositive neuromyelitis optica spectrum disorders. J Neurol Neurosurg Psychiatry. (2023) 94:560–6. doi: 10.1136/jnnp-2022-330608 
	 19. Bsteh, G, Hegen, H, Altmann, P, Auer, M, Berek, K, Zinganell, A , et al. Validation of inter-eye difference thresholds in optical coherence tomography for identification of optic neuritis in multiple sclerosis. Mult Scler Relat Disord. (2020) 45:102403. doi: 10.1016/j.msard.2020.102403 
	 20. Oertel, FC, Sotirchos, ES, Zimmermann, HG, Motamedi, S, Specovius, S, Asseyer, ES , et al. Longitudinal retinal changes in MOGAD. Ann Neurol. (2022) 92:476–85. doi: 10.1002/ana.26440 
	 21. Szanto, D, Wang, J-K, Woods, B, Elze, T, Garvin, MK, Pasquale, LR , et al. Macular patterns of neuronal and visual field loss in recovered optic neuritis identified by machine learning. Sci Rep. (2024) 14:30935. doi: 10.1038/s41598-024-81835-8 
	 22. Papadopoulou, A, Oertel, FC, Chien, C, Kuchling, J, Zimmermann, HG, Siebert, N , et al. Lateral geniculate nucleus volume changes after optic neuritis in neuromyelitis optica: a longitudinal study. NeuroImage. (2021) 30:102608. doi: 10.1016/j.nicl.2021.102608 
	 23. Alba-Arbalat, S, Solana, E, Lopez-Soley, E, Camos-Carreras, A, Martinez-Heras, E, Vivó, F , et al. Predictive value of retinal atrophy for cognitive decline across disease duration in multiple sclerosis. J Neurol Neurosurg Psychiatry. (2024) 95:419–25. doi: 10.1136/jnnp-2023-332332 
	 24. Villoslada, P, Solana, E, Alba-Arbalat, S, Martinez-Heras, E, Vivo, F, Lopez-Soley, E , et al. Retinal damage and visual network reconfiguration defines visual function recovery in optic neuritis. Neurol Neuroimmunol Neuroinflamm. (2024) 11:e200288. doi: 10.1212/NXI.0000000000200288 
	 25. Sarvestani, MT, Cugati, S, and Chen, C. Correlation of structure with function: future Utilities for Optical Coherence Tomography Angiography in neuro-ophthalmology. Clin Experiment Ophthalmol. (2025) 53:682–97. doi: 10.1111/ceo.14544 
	 26. Bilalov, E, Bahritdinova, F, Narzikulova, K, Nazirova, S, Egamberdieva, S, Oralov, B , et al. Early diagnosis and prognosis of traumatic optic neuropathy. Int J Med Sci Clin Res. (2025) 5:57–61. doi: 10.37547/ijmscr/Volume05Issue01-08
	 27. El Ayoubi, NK, Ismail, A, Sader, G, Abi Chakra, N, El Ahdab, J, Abboud, J , et al. Retinal optical coherence tomography longitudinal measures as prognostic biomarkers in multiple sclerosis: Systematic Review and Meta-Analysis. Neurology. (2025) 12:e200416. doi: 10.1212/NXI.0000000000200416 
	 28. Swinnen, S, De Wit, D, Van Cleemput, L, Cassiman, C, and Dubois, B. Optical coherence tomography as a prognostic tool for disability progression in MS: a systematic review. J Neurol. (2023) 270:1178–86. doi: 10.1007/s00415-022-11474-4 
	 29. Wang, X, and Bao, L. Comparison of ocular changes in multiple sclerosis and neuromyelitis optica spectrum disorder patients. Front Neurol. (2024) 15:1417814. doi: 10.3389/fneur.2024.1417814 
	 30. Bollo, L, Arrambide, G, Cobo-Calvo, A, Alvarez, JV, Alberich, M, Cabello, S , et al. Trans-synaptic degeneration in the visual pathway in patients with myelin oligodendrocyte glycoprotein antibody-associated disease. Neurology. (2024) 102:e209156. doi: 10.1212/WNL.0000000000209156 
	 31. Jeyakumar, N, Lerch, M, Dale, RC, and Ramanathan, S. MOG antibody-associated optic neuritis. Eye. (2024) 38:2289–301. doi: 10.1038/s41433-024-03108-y 
	 32. Bénard-Séguin, É, Nielsen, C, Sarhan, A, Al-Ani, A, Sylvestre-Bouchard, A, Waldner, DM , et al. The role of artificial intelligence in predicting optic neuritis subtypes from ocular fundus photographs. J Neuroophthalmol. (2024) 44:462–8. doi: 10.1097/WNO.0000000000002229 
	 33. Volpe, G, Jurkute, N, Girafa, G, Zimmermann, HG, Motamedi, S, Bereuter, C , et al. Diagnostic value of inter-eye difference metrics on OCT for myelin oligodendrocyte glycoprotein antibody-associated optic neuritis. Neurol Neuroimmunol Neuroinflamm. (2024) 11:e200291. doi: 10.1212/NXI.0000000000200291 
	 34. Martínez Jiménez, A. Towards high-speed swept source optical coherence tomography. Canterbury, UK: University of Kent (2025).
	 35. Zhou, X. Quantification methods and applications of polarization-sensitive optical coherence tomography. Vancouver, Canada: University of British Columbia (2023).
	 36. Chen, Z, Zhang, H, Linton, EF, Johnson, BA, Choi, YJ, Kupersmith, MJ , et al. Hybrid deep learning and optimal graph search method for optical coherence tomography layer segmentation in diseases affecting the optic nerve. Biomed Opt Express. (2024) 15:3681–98. doi: 10.1364/BOE.516045 
	 37. Xiao, Q, Sun, C-b, and Ma, Z. Optical coherence tomography angiography of peripapillary vessel density in non-arteritic anterior ischemic optic neuropathy and demyelinating optic neuritis. Front Neurol. (2024) 15:1432753. doi: 10.3389/fneur.2024.1432753 
	 38. Lee, JS, Park, S, Kim, SS, Kim, CY, Choi, W, Lee, SY , et al. Peripapillary choroidal microvasculature dropout is associated with poor prognosis in optic neuritis. PLoS One. (2023) 18:e0285017. doi: 10.1371/journal.pone.0285017 
	 39. Mirmosayyeb, O, Yazdan Panah, M, Kord, R, Espoo, E, Vaheb, S, Zabeti, A , et al. Optical coherence tomography angiography biomarkers in multiple sclerosis and neuromyelitis optica spectrum disorders: a systematic review. Int J Retina Vitr. (2025) 11:71. doi: 10.1186/s40942-025-00698-x 
	 40. Mohammadi, S, Gouravani, M, Salehi, MA, Arevalo, JF, Galetta, SL, Harandi, H , et al. Optical coherence tomography angiography measurements in multiple sclerosis: a systematic review and meta-analysis. J Neuroinflammation. (2023) 20:85. doi: 10.1186/s12974-023-02763-4 
	 41. Chen, K., Yang, X., Na, J., and Wang, W. Denoising, segmentation and volumetric rendering of optical coherence tomography angiography (OCTA) image using deep learning techniques: a review. (2025). arXiv [Preprint]. arXiv:2502.14935.
	 42. Chen, Z., Wang, H., Ou, C., and Li, X. MuTri: multi-view tri-alignment for OCT to OCTA 3D image translation, in: Proceedings of the Computer Vision and Pattern Recognition Conference, 20885–20894. (2025)
	 43. Rocca, MA, Preziosa, P, Barkhof, F, Brownlee, W, Calabrese, M, De Stefano, N , et al. Current and future role of MRI in the diagnosis and prognosis of multiple sclerosis. Lancet Region Health. (2024) 44:100978. doi: 10.1016/j.lanepe.2024.100978 
	 44. Handzic, A, Xie, JS, Tisavipat, N, O’Cearbhaill, RM, Tajfirouz, DA, Chodnicki, KD , et al. Radiologic predictors of visual outcome in myelin oligodendrocyte glycoprotein-related optic neuritis. Ophthalmology. (2025) 132:170–80. doi: 10.1016/j.ophtha.2024.08.018 
	 45. Goel, A, Tirkey, ER, and Lakhtakia, S. Contrast enhanced MRI in acute optic neuritis-length of enhancement a visual prognosis indicator? Indian J Clin Exp Ophthalmol. (2023) 9:312–8. doi: 10.18231/j.ijceo.2023.059
	 46. Sastre-Garriga, J, Vidal-Jordana, A, Toosy, AT, Enzinger, C, Granziera, C, Frederiksen, J , et al. Value of optic nerve MRI in multiple sclerosis clinical management: a MAGNIMS position paper and future perspectives. Neurology. (2024) 103:e209677. doi: 10.1212/WNL.0000000000209677 
	 47. Cooper, AC, Tchernykh, M, Shmuel, A, and Mendola, JD. Diffusion tensor imaging of optic neuropathies: a narrative review. Quant Imaging Med Surg. (2024) 14:1086–107. doi: 10.21037/qims-23-779 
	 48. Tong, B, Zhang, X, Hu, H, Yang, H, Wang, X, Zhong, M , et al. From diagnosis to treatment: exploring the mechanisms underlying optic neuritis in multiple sclerosis. J Transl Med. (2025) 23:87. doi: 10.1186/s12967-025-06105-1 
	 49. Wang, J, Huang, J, Sun, Z, Dong, H, Li, K, and Lu, J. Structural changes in spinal cord following optic neuritis: insights from quantitative spinal MRI. Brain Res. (2024) 1831:148830. doi: 10.1016/j.brainres.2024.148830 
	 50. Frohman, EM, Dwyer, MG, Frohman, T, Cox, JL, Salter, A, Greenberg, BM , et al. Relationship of optic nerve and brain conventional and non-conventional MRI measures and retinal nerve fiber layer thickness, as assessed by OCT and GDx: a pilot study. J Neurol Sci. (2009) 282:96–105. doi: 10.1016/j.jns.2009.04.010 
	 51. Darakdjian, M, Chaves, H, Hernandez, J, and Cejas, C. MRI pattern in acute optic neuritis: comparing multiple sclerosis, NMO and MOGAD. Neuroradiol J. (2023) 36:267–72. doi: 10.1177/19714009221124308 
	 52. Cortese, R, Prados Carrasco, F, Tur, C, Bianchi, A, Brownlee, W, De Angelis, F , et al. Differentiating multiple sclerosis from AQP4-neuromyelitis optica spectrum disorder and MOG-antibody disease with imaging. Neurology. (2023) 100:e308–23. doi: 10.1212/WNL.0000000000201465 
	 53. Spillers, NJ, Luther, PM, Talbot, NC, Kidder, EJ, Doyle, CA, Lutfallah, SC , et al. A comparative review of typical and atypical optic neuritis: advancements in treatments, diagnostics, and prognosis. Cureus. (2024) 16:e56094. doi: 10.7759/cureus.56094
	 54. Kanda, T, Miyazaki, A, Zeng, F, Ueno, Y, Sofue, K, Maeda, T , et al. Magnetic resonance imaging of intraocular optic nerve disorders. Pol J Radiol. (2020) 85:67–81. doi: 10.5114/pjr.2020.93364
	 55. Chen, X, Roberts, N, Zheng, Q, Peng, Y, Han, Y, Luo, Q , et al. Comparison of diffusion tensor imaging (DTI) tissue characterization parameters in white matter tracts of patients with multiple sclerosis (MS) and neuromyelitis optica spectrum disorder (NMOSD). Eur Radiol. (2024) 34:5263–75. doi: 10.1007/s00330-023-10550-1 
	 56. Safwat, HM, Mohamed, SA, and Elsheshiny, AH. New optical coherence tomography biomarker for diagnosis of acute optic neuritis in multiple sclerosis. Heliyon. (2025) 11:114. doi: 10.1016/j.heliyon.2025.e42114 
	 57. Christensen, R, Jolly, A, Yam, C, Yiannakas, MC, Toosy, AT, Pitteri, M , et al. Investigating the complementary value of OCT to MRI in cognitive impairment in relapsing-remitting multiple sclerosis. Mult Scler J. (2025) 31:218–30. doi: 10.1177/13524585241304356 
	 58. Bsteh, G, Hegen, H, Altmann, P, Auer, M, Berek, K, Di Pauli, F , et al. Diagnostic performance of adding the optic nerve region assessed by optical coherence tomography to the diagnostic criteria for multiple sclerosis. Neurology. (2023) 101:e784–93. doi: 10.1212/WNL.0000000000207507 
	 59. Zhou, Y., Zhou, J., and Tang, J. “OCT-based measurement of cerebral blood vessel structure, blood flow velocity, and blood transit time”, (2023). In: 2023 Photonics Global Conference (PGC): IEEE), 42–47.
	 60. Cassottana, P. Assessment of papillary and macular blood flow by OCT angiography: A comparative study in healthy subjects and patients with different optic neuropathies. Genova, Italy: University of Genova. (2025).
	 61. Bhardwaj, R. New method to improve the diagnostic utility of OCTA images in retinal disease. Waterloo, Canada: University of Waterloo. (2024).
	 62. Lin, Y-T, Zhou, Q, Tan, J, and Tao, Y. Multimodal and multi-omics-based deep learning model for screening of optic neuropathy. Heliyon. (2023) 9:2244. doi: 10.1016/j.heliyon.2023.e22244 
	 63. López-Varela, E, Pascual, NO, Quezada-Sánchez, J, Oreja-Guevara, C, Bueso, ES, and Barreira, N. Enhanced multiple sclerosis diagnosis using high-resolution 3D OCT volumes with synthetic slices. Pattern Recogn Lett. (2025) 189:99–105. doi: 10.1016/j.patrec.2025.01.011
	 64. Wang, L., Wang, B., Chhablani, J., Sahel, J. A., and Pi, S. Freqformer: frequency-domain transformer for 3-d visualization and quantification of human retinal circulation. (2024). arXiv [Preprint]. arXiv:2411.11189.
	 65. Nguyen, L, Wang, CX, Conger, DL, Sguigna, PV, Singh, S, and Greenberg, BM. Subclinical optic neuritis in pediatric myelin oligodendrocyte glycoprotein antibody-associated disease. Mult Scler Relat Disord. (2023) 76:104802. doi: 10.1016/j.msard.2023.104802 
	 66. Bennett, JL. Optic neuritis. Continuum. (2019) 25:1236–64. doi: 10.1212/CON.0000000000000768 
	 67. Christakis, PG, and Reginald, YA. Pediatric optic neuritis and other demyelinating optic neuropathies. Int Ophthalmol Clin. (2018) 58:113–23. doi: 10.1097/IIO.0000000000000240 
	 68. Gise, RA, and Heidary, G. Update on pediatric optic neuritis. Curr Neurol Neurosci Rep. (2020) 20:4. doi: 10.1007/s11910-020-1024-x 
	 69. Clarke, L, Arnett, S, Bukhari, W, Khalilidehkordi, E, Jimenez Sanchez, S, O’Gorman, C , et al. MRI patterns distinguish AQP4 antibody positive neuromyelitis optica spectrum disorder from multiple sclerosis. Front Neurol. (2021) 12:722237. doi: 10.3389/fneur.2021.722237 
	 70. Liu, C, Zhou, W, Sun, X, Zhang, X, Xiao, H, Yang, H , et al. Combination of serum markers with optical coherence tomography angiography for evaluating neuromyelitis optica spectrum disorders and multiple sclerosis. Mult Scler Relat Disord. (2024) 85:105478. doi: 10.1016/j.msard.2024.105478 
	 71. Liu, L, Guo, K, and Yang, D. Advances in biomarkers for optic neuritis and neuromyelitis optica spectrum disorders: a multi-omics perspective. Front Neurol. (2025) 16:1559172. doi: 10.3389/fneur.2025.1559172 
	 72. Aktas, O, Hartung, H-P, Smith, MA, Rees, WA, Fujihara, K, Paul, F , et al. Serum neurofilament light chain levels at attack predict post-attack disability worsening and are mitigated by inebilizumab: analysis of four potential biomarkers in neuromyelitis optica spectrum disorder. J Neurol Neurosurg Psychiatry. (2023) 94:757–68. doi: 10.1136/jnnp-2022-330412 
	 73. He, Y, Guo, K, and Xin, J. Complement updates in optic neuritis. Front Neurol. (2025) 16:1566771. doi: 10.3389/fneur.2025.1566771 
	 74. Kumar, R., Waisberg, E., Ong, J., Paladugu, P., Amiri, D., and Saintyl, J. Artificial intelligence-based methods for earlier diagnosis and personalized Management in Neuro-Ophthalmic and Neurodegenerative Disorders. Basel, Switzerland: MDPI. (2024).
	 75. Kenney, RC, Requarth, TW, Jack, AI, Hyman, SW, Galetta, SL, and Grossman, SN. AI in neuro-ophthalmology: current practice and future opportunities. J Neuroophthalmol. (2024) 44:308–18. doi: 10.1097/WNO.0000000000002205 
	 76. Wen, Z, Chen, Y, Krishnan Muthaiah, VP, and Huang, X. Application of multimodal imaging combined with artificial intelligence in eye diseases. Front Neurosci. (2023) 17:1287762. doi: 10.3389/fnins.2023.1287762
	 77. Murtadha, M, Widyandana, D, and Mahayana, IT. Innovation in neuro-ophthalmology: the validation of smartphone-based self-screening for early detection of disorders. Taiwan J Ophthalmol. (2025). doi: 10.4103/tjo.TJO-D-24-00105


Copyright
 © 2025 Meng, He, Guo and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Imaging biomarkers in optic neuritis: current tools and future directions



		1 Introduction



		2 Optical coherence tomography



		2.1 RNFL and GCIPL thickness and visual function in ON



		2.1.1 Inter-eye difference and temporal dynamics



		2.1.2 Structure–function correlation beyond high-contrast visual acuity









		2.2 Predicting ON prognosis and relapse risk with OCT



		2.3 OCT and ON of different etiologies



		2.4 Technological advancements and future directions









		3 Optical coherence tomography angiography



		3.1 Microvascular changes in ON



		3.2 Application of OCTA in differential diagnosis of ON in MS, NMOSD, and MOGAD



		3.3 Advances in deep learning for OCTA image analysis









		4 Magnetic resonance imaging and diffusion tensor imaging



		4.1 Conventional MRI sequences in ON and prognostic evaluation



		4.2 DTI performance in microstructural damage of ON



		4.3 Manifestations and diagnostic advances in different ON etiologies



		4.4 Combined OCT and MRI studies in ON









		5 Intelligent imaging analysis: artificial intelligence and deep learning in ON



		5.1 Inferring blood flow maps from structural OCT



		5.2 Super-resolution and multimodal fusion of blood flow–structure imaging



		5.3 Automated OCTA processing and 3D reconstruction technologies









		6 Imaging characteristics for pediatric optic neuritis



		7 Integration of imaging biomarkers and immunological biomarkers



		8 Current challenges and future directions of imaging biomarkers



		9 Conclusion



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fneur-16-1666835-g001.jpg
ocT
(RNFL, GCIPL)

OCTA
(SCP, FAZ, VD)

e\

MRI / DTI
(orbit, brain, spine)

Serum biomarkers
(AQP4-1gG, MOG-IgG, NfL,
complement, cytokines)

Al & Analytics
(QC, segmentation,
muitimodal fusion,

prognostic modeling)

Clinical Integration
(diagnosis & subtyping,
treatment selection,
monitoring & NEDA,
outcome prediction)






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Imaging biomarkers in optic
neuritis: current tools and future
directions












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






