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RESUMEN 

La restauración artificial de la visión se ha convertido en una de las áreas más innovadoras de la 

medicina traslacional al integrar avances en oftalmología, neurología, genética, ingeniería 

biomédica, medicina regenerativa y ciencias computacionales para enfrentar la ceguera 

irreversible. Esta revisión analiza críticamente la evidencia científica internacional sobre prótesis 

retinianas, terapia génica, edición genética, optogenética, medicina regenerativa, tecnologías de 

ojo biónico e inteligencia artificial aplicada a la visión. La literatura disponible demuestra que las 

prótesis retinianas constituyen actualmente la estrategia neuroprotésica con mayor desarrollo 

clínico, mientras que la terapia génica representa el primer tratamiento molecular exitoso para 

determinadas enfermedades hereditarias de la retina. Paralelamente, la edición genética mediante 

CRISPR, la optogenética y las terapias con células madre continúan ampliando las posibilidades 

terapéuticas al intervenir diferentes mecanismos biológicos de la degeneración retiniana. La 

inteligencia artificial complementa estos avances mediante el procesamiento inteligente de 

imágenes y la optimización de la rehabilitación visual. Aunque aún no es posible restaurar 

completamente la visión fisiológica, se han documentado mejoras importantes en percepción 

luminosa, localización de objetos, movilidad, interacción con el entorno y calidad de vida. La 

mayor producción científica continúa concentrándose en Norteamérica, Europa y Asia, con una 

participación creciente de México, Colombia y Ecuador mediante investigación genética, 

innovación oftalmológica y programas de rehabilitación visual. Se espera que la integración de 

medicina molecular, neuroprótesis, biología regenerativa, inteligencia computacional y 

rehabilitación multidisciplinaria permita desarrollar tratamientos cada vez más personalizados 

para los pacientes con enfermedades retinianas irreversibles. 

 

 

PALABRAS CLAVE  
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ABSTRACT 

Artificial vision restoration has emerged as one of the most innovative fields in translational medicine, combining 

advances in ophthalmology, neurology, genetics, biomedical engineering, regenerative medicine, and computational 

sciences to address irreversible blindness. This review critically analyzes current international evidence regarding 

retinal prostheses, gene therapy, genome editing, optogenetics, regenerative medicine, bionic eye technologies, and 

artificial intelligence-assisted visual systems. The available literature demonstrates that retinal prostheses remain the 

most established neuroprosthetic approach for restoring functional vision, while gene therapy has become the first 

clinically successful molecular treatment for selected inherited retinal diseases. Emerging strategies such as CRISPR-

based genome editing, optogenetic interventions, and stem cell therapies continue to expand the therapeutic landscape 

by targeting different stages of retinal degeneration. Artificial intelligence further enhances image processing, 

environmental recognition, and personalized visual rehabilitation, improving the functional performance of existing 

technologies. Although complete restoration of physiological vision has not yet been achieved, substantial 

improvements have been reported in light perception, object localization, mobility, environmental interaction, and 

quality of life. Scientific production remains concentrated in North America, Europe, and Asia, with increasing 

contributions from Mexico, Colombia, and Ecuador through collaborative genetic research, ophthalmological 

innovation, and visual rehabilitation programs. Future progress will likely depend on the integration of molecular 

medicine, neuroprosthetics, regenerative biology, computational intelligence, and multidisciplinary rehabilitation to 

provide individualized therapeutic strategies for patients with irreversible retinal diseases. 

 

 

KEYWORDS  



 125 
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INTRODUCCIÓN 

Vision is one of the most complex and indispensable human senses, enabling individuals to interact with their 

environment through the integration of highly specialized ocular structures and sophisticated neural processing 

pathways. According to the World Health Organization, more than two billion people worldwide live with some degree 

of visual impairment, and at least one billion of these cases could have been prevented or remain inadequately treated. 

While conventional ophthalmological interventions, including cataract surgery, pharmacological therapies, laser 

procedures, and retinal preservation strategies, have significantly reduced preventable blindness, they remain 

insufficient for individuals affected by irreversible retinal degeneration or severe optic pathway damage. Consequently, 

hereditary retinal dystrophies, advanced age-related macular degeneration, glaucoma-related optic neuropathy, and 

traumatic injuries continue to represent major causes of permanent vision loss, imposing profound social, 

psychological, and economic burdens across healthcare systems worldwide (Hartong et al., 2006; Russell et al., 2017). 

Inherited retinal diseases constitute one of the most important causes of irreversible blindness among children and 

young adults, affecting millions of individuals globally despite their relatively low individual prevalence. These 

disorders encompass a heterogeneous group of genetic conditions characterized by progressive degeneration of 

photoreceptors and retinal pigment epithelial cells, ultimately disrupting visual signal transmission to the central 

nervous system. More than 300 genes have been implicated in inherited retinal disorders, including mutations affecting 

RPE65, RPGR, CEP290, ABCA4, CHM, and numerous additional genes responsible for retinal metabolism, 

phototransduction, and cellular maintenance. The remarkable genetic heterogeneity underlying these disorders has 

historically limited therapeutic development; however, recent advances in molecular genetics have substantially 

transformed the landscape of precision ophthalmology by enabling disease-specific therapeutic strategies (Dias et al., 

2018; Boye et al., 2017). 

Beyond hereditary diseases, degenerative retinal disorders associated with aging have emerged as one of the greatest 

public health challenges of the twenty-first century. Population aging has led to a continuous increase in age-related 

macular degeneration, diabetic retinal complications, ischemic retinal diseases, and neurodegenerative conditions 

affecting visual pathways. As life expectancy continues to increase worldwide, preserving visual function has become 

increasingly important not only for maintaining independence and quality of life but also for reducing healthcare 

expenditures associated with disability, falls, cognitive decline, and institutionalization. Consequently, vision 

restoration has evolved from a purely ophthalmological objective into a multidisciplinary challenge involving 

ophthalmology, neurology, genetics, biomedical engineering, artificial intelligence, neuroscience, regenerative 

medicine, and bioethics (Cehajic-Kapetanovic et al., 2023). 

Historically, the treatment of blindness focused primarily on slowing disease progression rather than restoring lost 

vision. However, the convergence of molecular medicine, bioengineering, neuroprosthetics, computational 

neuroscience, and gene editing technologies has fundamentally redefined therapeutic expectations. Instead of merely 

preserving remaining retinal tissue, emerging interventions increasingly seek to restore functional vision by replacing 

damaged biological components, reactivating dormant neural circuits, correcting pathogenic genetic mutations, or 

bypassing dysfunctional retinal structures through electronic interfaces. This paradigm shift has stimulated 

unprecedented international research efforts involving multidisciplinary collaborations across North America, Europe, 

Asia, and Latin America, accelerating clinical translation and expanding therapeutic possibilities for patients 

previously considered untreatable (Xue et al., 2020). 

Among the most transformative innovations are retinal prosthetic systems, commonly referred to as bionic eyes. These 

implantable neuroelectronic devices convert visual information captured by external cameras into electrical impulses 

capable of stimulating surviving retinal neurons or downstream visual pathways. Although current prosthetic systems 

cannot reproduce physiological vision, clinical investigations have demonstrated that they allow patients with profound 

blindness to recover meaningful visual perception, including light detection, object localization, obstacle avoidance, 

and recognition of large geometric shapes. Continuous improvements in electrode density, wireless energy transfer, 
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image processing algorithms, and biomaterials are progressively enhancing visual resolution and long-term device 

performance, suggesting that future generations of retinal prostheses may achieve substantially greater functional 

outcomes (Humayun et al., 2012; Stingl et al., 2013; Weiland et al., 2016). 

Simultaneously, gene therapy has revolutionized the management of inherited retinal diseases by addressing the 

molecular origin of visual dysfunction rather than its secondary consequences. The approval of voretigene neparvovec 

for RPE65-associated retinal dystrophy represented a historic milestone, establishing the first clinically successful gene 

replacement therapy for an inherited ocular disorder. Long-term follow-up studies have demonstrated sustained 

improvements in functional vision, navigation under low-light conditions, and retinal sensitivity with favorable safety 

profiles. Furthermore, advances in viral vector engineering, particularly adeno-associated viruses, have expanded the 

potential applicability of gene replacement, gene silencing, exon skipping, and genome editing strategies to an 

increasingly diverse spectrum of retinal disorders (Russell et al., 2017; Bennett et al., 2020; Trapani & Auricchio, 

2018). 

The emergence of CRISPR-Cas9 genome editing has further expanded therapeutic possibilities by enabling direct 

correction of pathogenic DNA variants responsible for inherited blindness. Unlike conventional gene augmentation 

strategies, genome editing offers the theoretical possibility of permanently repairing disease-causing mutations at their 

genomic origin. Although numerous technical challenges remain regarding delivery efficiency, off-target effects, and 

long-term safety, early clinical investigations have demonstrated encouraging results that may ultimately broaden 

treatment options for patients carrying mutations previously considered unsuitable for conventional gene therapy. 

These developments represent one of the most promising frontiers in precision ophthalmology and personalized 

medicine (Boye et al., 2017; Apte, 2018). 

Parallel advances have occurred in regenerative medicine and stem cell biology. Human embryonic stem cells and 

induced pluripotent stem cells have demonstrated the capacity to generate retinal pigment epithelial cells, 

photoreceptors, and retinal organoids capable of partially reconstructing damaged retinal architecture in experimental 

models. Although several biological and immunological barriers remain unresolved, these technologies provide an 

attractive complementary strategy for restoring retinal function in advanced degenerative diseases where extensive 

cellular loss limits the effectiveness of isolated genetic interventions. The combination of regenerative medicine with 

gene therapy and bioelectronic devices may ultimately provide synergistic approaches capable of maximizing 

functional recovery (Ghasemi Falavarjani et al., 2019). 

Another rapidly evolving field is optogenetics, which introduces photosensitive proteins into surviving retinal neurons, 

enabling these cells to respond directly to light despite the absence of functional photoreceptors. Landmark clinical 

investigations have demonstrated partial restoration of visual function in individuals with advanced retinal 

degeneration through optogenetic therapy combined with specialized visual stimulation systems. Although visual 

acuity remains limited, these findings provide compelling evidence that residual retinal circuitry retains remarkable 

functional plasticity, opening new therapeutic opportunities for patients with end-stage retinal diseases who are not 

candidates for conventional gene replacement therapies (Sahel et al., 2021). 

Artificial intelligence has also emerged as a critical component of next-generation vision restoration technologies. 

Modern bionic vision systems increasingly incorporate machine learning algorithms capable of enhancing image 

quality, detecting obstacles, recognizing faces, identifying text, optimizing contrast, and adapting image processing 

according to individual patient needs. Deep learning architectures further facilitate personalized calibration of 

neuroprosthetic devices by continuously optimizing electrical stimulation parameters based on patient feedback and 

environmental conditions. The integration of artificial intelligence with wearable visual systems is expected to 

substantially improve functional independence and expand real-world applications of visual neuroprostheses over the 

coming decades (Kelarakis et al., 2023; Cehajic-Kapetanovic et al., 2023). 

Despite these extraordinary technological advances, significant scientific challenges continue to limit widespread 

clinical implementation. Long-term biocompatibility of implanted devices, durability of therapeutic gene expression, 

immune responses to viral vectors, optimization of neural stimulation patterns, variability in patient selection, 

economic accessibility, ethical considerations surrounding genome editing, and disparities in healthcare infrastructure 

remain major obstacles requiring coordinated international investigation. These limitations are particularly relevant in 
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low- and middle-income countries, including numerous Latin American nations, where inherited retinal diseases 

frequently remain underdiagnosed and access to advanced therapies is still restricted despite growing regional 

participation in ophthalmological research and genomic medicine initiatives (Duncan et al., 2018; Cehajic-Kapetanovic 

et al., 2023). 

Given the remarkable pace of scientific innovation and the increasing convergence between ophthalmology, neurology, 

genetics, biomedical engineering, regenerative medicine, and computational sciences, an updated synthesis of current 

evidence is essential for clinicians, researchers, educators, and healthcare decision-makers. Integrating these rapidly 

evolving disciplines facilitates a comprehensive understanding of the mechanisms underlying artificial vision 

restoration while identifying future directions for translational research and clinical implementation. 

 

 

DESARROLLO  

Artificial vision restoration has evolved from an experimental concept into a multidisciplinary field that combines 

retinal biology, clinical ophthalmology, neuroscience, genetics, biomedical engineering, and computational 

technologies. Its development responds to an important therapeutic gap: conventional medical and surgical 

interventions can prevent or delay vision loss in many ocular diseases, but they generally cannot restore useful visual 

function once photoreceptors, retinal pigment epithelial cells, or neural pathways have undergone extensive and 

irreversible degeneration. For this reason, current research has shifted toward strategies capable of replacing damaged 

structures, modifying surviving retinal cells, correcting genetic abnormalities, or bypassing dysfunctional components 

of the visual system. 

Retinal prostheses represent one of the most established approaches to artificial vision. These systems are primarily 

intended for individuals with severe outer retinal degeneration in whom photoreceptors have been lost but part of the 

inner retinal circuitry remains functional. A typical retinal prosthesis captures visual information through an external 

camera, processes the image, and converts it into electrical stimulation patterns delivered to retinal neurons. Depending 

on the position of the implant, prostheses may be classified as epiretinal, subretinal, or suprachoroidal. Each location 

offers specific advantages and limitations regarding surgical complexity, electrode proximity, spatial resolution, 

mechanical stability, and preservation of retinal organization (Weiland et al., 2016; Wu et al., 2023).  

Epiretinal systems stimulate ganglion cells from the inner retinal surface and allow external control of image 

processing. Clinical experience with the Argus II system demonstrated that electrical stimulation could provide 

individuals with advanced retinitis pigmentosa with improvements in light localization, object detection, orientation, 

mobility, and selected visual tasks. Five-year follow-up findings indicated that participants generally performed better 

when the device was activated than when it was deactivated, supporting the long-term feasibility of retinal 

neurostimulation. Nevertheless, the visual experience produced by these devices remained limited to patterns of light, 

contrast, movement, and low-resolution forms rather than natural vision (da Cruz et al., 2016; Humayun et al., 2012).  

Increasing the number of electrodes does not automatically produce proportional improvements in visual acuity. The 

quality of prosthetic vision also depends on electrode–retina distance, current spread, retinal remodeling, individual 

variability, neural adaptation, and the capacity of the visual cortex to interpret artificial stimulation. Comparative 

observations involving different generations of epiretinal implants have shown that higher electrode density may 

improve spatial perception, but functional gains remain constrained by the complexity of the interface between 

electronic stimulation and biological tissue (Yue et al., 2020).  

Subretinal prostheses are positioned beneath the retina and are designed to replace part of the photoreceptor function 

while taking advantage of the remaining retinal processing network. Photovoltaic implants are particularly relevant 

because they convert projected light patterns into localized electrical currents without requiring extensive intraocular 

wiring. These devices have shown encouraging results in patients with advanced retinal degeneration and geographic 

atrophy, although their effectiveness depends on retinal integrity, implant positioning, stimulation thresholds, and 

patient rehabilitation. The recent development of photovoltaic systems illustrates the transition from basic light 
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perception toward more structured visual restoration, including measurable improvements in central visual tasks in 

selected populations (Palanker et al., 2020). Emerging clinical findings continue to support the potential of this 

approach, although broader validation and long-term surveillance remain necessary.  

Suprachoroidal implants are placed between the choroid and sclera. Their principal advantage is a comparatively less 

invasive surgical approach and a potentially favorable safety profile. However, the greater distance between the 

electrodes and the target retinal neurons may reduce stimulation precision and require higher electrical currents. First-

in-human research demonstrated that suprachoroidal devices could generate reproducible visual percepts and improve 

performance in selected orientation and visual detection tasks, supporting their continued development as an alternative 

for individuals with profound retinal blindness (Ayton et al., 2014).  

In parallel with electronic prostheses, gene therapy has become one of the most influential advances in restorative 

ophthalmology. This strategy is particularly suitable for inherited retinal diseases in which a defined pathogenic variant 

disrupts the production or function of a retinal protein. Gene augmentation introduces a functional copy of the affected 

gene, usually through an adeno-associated viral vector, with the objective of restoring cellular function before 

irreversible degeneration occurs. The clinical success of voretigene neparvovec for biallelic RPE65-associated retinal 

dystrophy demonstrated that genetic treatment can produce meaningful improvements in functional vision and mobility 

under low-light conditions (Russell et al., 2017). 

However, gene augmentation is not universally applicable. Its effectiveness depends on the size of the gene, the 

inheritance pattern, the stage of retinal degeneration, vector capacity, cellular viability, and the biological consequences 

of the mutation. Large genes may exceed the packaging capacity of commonly used vectors, while dominant-negative 

variants may require suppression or editing rather than simple replacement. Consequently, current research includes 

gene silencing, dual-vector systems, antisense oligonucleotides, RNA-based interventions, and genome-editing 

technologies intended to address a broader range of hereditary retinal disorders (Boye et al., 2017; Trapani & 

Auricchio, 2018). 

Genome editing through CRISPR-associated systems offers the possibility of directly modifying disease-causing 

sequences. Unlike conventional gene replacement, this approach may correct, remove, or regulate specific genomic 

alterations. Its relevance is especially notable for disorders caused by mutations that cannot be adequately addressed 

through standard vector-mediated augmentation. Nevertheless, clinical translation requires careful control of editing 

efficiency, unintended genomic changes, immune responses, and long-term cellular consequences. Therefore, genome 

editing is currently considered a promising but highly specialized component of precision retinal medicine rather than 

a universal solution. 

Optogenetics provides an alternative strategy for individuals with advanced degeneration and extensive photoreceptor 

loss. Instead of replacing the original disease-causing gene, optogenetic therapy introduces light-sensitive proteins into 

surviving retinal cells, such as bipolar or ganglion cells. These modified cells acquire the capacity to respond to visual 

stimulation and transmit signals toward the brain. A landmark clinical report described partial recovery of visually 

guided function in a person with advanced retinitis pigmentosa following optogenetic treatment combined with 

specialized light-stimulating goggles. The patient was able to detect, locate, and interact with objects under controlled 

conditions, demonstrating that surviving retinal networks may be functionally reprogrammed even after severe 

photoreceptor degeneration (Sahel et al., 2021). 

The principal advantage of optogenetics is its relative independence from the specific genetic mutation that originally 

caused the disease. This characteristic may allow a single therapeutic platform to be applied to several forms of end-

stage retinal degeneration. However, the sensitivity of currently available photosensitive proteins, the need for external 

stimulation systems, limited spatial resolution, and the requirement for intensive visual rehabilitation remain important 

barriers. The quality of restored perception is also influenced by cortical adaptation, since the brain must learn to 

interpret signals that differ substantially from physiological retinal activity. 

Regenerative medicine seeks to replace cells that have been permanently lost. Retinal pigment epithelial cells, 

photoreceptor precursors, and retinal tissues derived from embryonic stem cells or induced pluripotent stem cells have 

been investigated as potential therapeutic products. These approaches are especially relevant in advanced disease, 
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when surviving cells are insufficient for gene therapy alone. Experimental and early clinical studies suggest that 

transplanted retinal cells can survive, integrate partially, support surrounding tissue, or provide trophic effects. 

Nevertheless, functional integration into complex retinal circuits remains difficult, and outcomes may be affected by 

immune rejection, tumorigenic risk, abnormal differentiation, surgical delivery, and the degenerative 

microenvironment of the recipient retina (Ghasemi Falavarjani et al., 2019). 

Artificial intelligence and digital image processing are increasingly incorporated into prosthetic vision systems. 

Because current implants transmit limited visual information, preprocessing can prioritize clinically relevant elements 

such as edges, obstacles, faces, text, doors, pathways, or moving objects. Scene simplification and contrast 

enhancement may reduce unnecessary visual complexity and help users interpret prosthetic percepts more effectively. 

Contemporary research has therefore moved beyond increasing electrode counts and now considers how visual 

information should be selected, transformed, and encoded before stimulation (Holiel et al., 2024).  

The effectiveness of artificial vision cannot be evaluated solely through laboratory measures of visual acuity. 

Functional outcomes include orientation, mobility, object recognition, navigation, independence in daily activities, 

emotional adaptation, and quality of life. In addition, patients require structured rehabilitation to associate electrically 

or optogenetically generated percepts with meaningful environmental information. Neuroplasticity is therefore a 

central component of treatment, as visual restoration depends not only on the device or biological therapy but also on 

the capacity of the nervous system to adapt to a new sensory code. 

Despite major advances, no available strategy fully reproduces normal human vision. Retinal prostheses provide partial 

visual information but remain limited by resolution and device-related factors. Gene therapy can achieve significant 

benefits in selected genetic conditions but is most effective before extensive cellular loss. Optogenetics may address 

late-stage degeneration but requires specialized stimulation and training. Cell-based therapies offer regenerative 

potential, although stable functional integration remains under investigation. These limitations indicate that future 

restoration will probably depend on combined approaches rather than a single universal intervention. 

For Latin America, the development of artificial vision has particular relevance because the region combines growing 

scientific capacity with important inequalities in access to genetic diagnosis, specialized retinal services, clinical trials, 

and advanced neurotechnology. Regional participation may contribute through patient registries, genomic 

characterization, multicenter collaboration, rehabilitation programs, bioengineering research, and evaluation of 

implementation models adapted to middle-income healthcare systems. Including Latin American populations in 

international research is also essential because genetic diversity, access barriers, and healthcare conditions may 

influence diagnosis, treatment selection, adherence, and long-term outcomes. 

Overall, the available evidence supports artificial vision restoration as a rapidly advancing field with demonstrated 

clinical feasibility but variable functional effectiveness. Its future development will require improved electrode 

interfaces, higher-resolution stimulation, safer and more versatile genetic interventions, better cellular integration, 

personalized image-processing algorithms, and standardized functional outcome measures. International cooperation, 

including stronger Latin American participation, will be necessary to ensure that these technologies progress from 

isolated experimental achievements toward accessible, clinically meaningful, and sustainable forms of visual 

rehabilitation. 

 

OBJETIVO GENERAL Y OBJETIVOS ESPECÍFICOS 

General Objective 

To critically analyze the current international scientific evidence regarding artificial vision restoration through retinal 

prostheses, gene therapy, genome editing, optogenetics, regenerative medicine, and bionic eye technologies, in order 

to understand their biological mechanisms, evaluate their clinical applications, identify their therapeutic limitations, 

and recognize their future potential for improving the management of irreversible visual impairment. 

 

Specific Objectives  
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Cognitive Domain  

 

Objective 1. To identify the anatomical, physiological, neurological, and genetic mechanisms responsible for normal 

visual function and the pathological alterations associated with inherited and acquired retinal diseases that lead to 

irreversible vision loss. 

Objective 2. To describe the biological principles, technological foundations, mechanisms of action, and clinical 

indications of retinal prostheses, bionic eye technologies, gene therapy, genome editing, optogenetics, and regenerative 

medicine for artificial vision restoration. 

Objective 3. To analyze the current international scientific evidence regarding the effectiveness, safety, therapeutic 

outcomes, advantages, and limitations of the principal artificial vision restoration strategies currently available or under 

clinical investigation. 

Objective 4. To compare retinal prostheses, gene therapy, genome editing, optogenetic therapies, stem cell-based 

regenerative medicine, and bionic eye technologies according to their mechanisms of action, clinical applications, 

therapeutic effectiveness, and future potential for restoring functional vision. 

Objective 5. To evaluate the contribution of multidisciplinary collaboration among ophthalmology, neurology, 

genetics, biomedical engineering, artificial intelligence, and regenerative medicine in the development of innovative 

therapeutic approaches for visual rehabilitation and functional vision restoration. 

 

Psychomotor Domain  

Objective 6. To interpret the sequential operation and clinical workflow of retinal prostheses, gene therapy delivery 

systems, optogenetic interventions, and visual neurostimulation technologies through the integration of their 

technological components and therapeutic applications. 

Objective 7. To integrate current scientific knowledge into the interpretation of clinical scenarios involving patients 

with irreversible retinal degeneration by relating diagnostic findings, therapeutic indications, and emerging artificial 

vision restoration technologies for evidence-based decision-making. 

 

 

Affective Domain 

Objective 8. To recognize the importance of ethical responsibility, equitable access to advanced therapies, 

multidisciplinary collaboration, and patient-centered care in the development and implementation of artificial vision 

restoration technologies worldwide. 

Objective 9. To promote an evidence-based professional attitude toward continuous scientific learning, responsible 

innovation, critical appraisal of emerging technologies, and lifelong education in restorative ophthalmology, 

neurotechnology, and precision medicine. 

 

 

OBJETO DE ESTUDIO 

The object of study of this review is the set of biological, technological, clinical, and rehabilitative strategies currently 

developed to restore partial visual function in individuals with severe or irreversible retinal degeneration. The analysis 

focuses on retinal prostheses, bionic eye systems, gene therapy, genome editing, optogenetics, regenerative medicine, 

and artificial intelligence-assisted visual technologies. 

The phenomenon under investigation is artificial vision restoration understood as the recovery, substitution, or 

reactivation of visual function through electronic, genetic, cellular, or neurobiological interventions. This includes 

technologies capable of stimulating surviving retinal neurons, correcting disease-causing genetic alterations, replacing 

damaged retinal cells, transforming residual retinal cells into light-sensitive elements, or processing visual information 

through external and implantable systems. 

The population of interest comprises patients with advanced inherited or acquired retinal diseases associated with 

severe visual impairment or blindness, particularly retinitis pigmentosa, RPE65-associated retinal dystrophy, 

geographic atrophy secondary to age-related macular degeneration, and other degenerative conditions in which 

conventional treatments are unable to recover lost visual function. Studies involving animal models, healthy 
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volunteers, and experimental systems were considered when they provided relevant information regarding 

mechanisms, safety, device development, or translational potential. 

The technological systems included in the review comprise epiretinal, subretinal, and suprachoroidal prostheses; 

photovoltaic retinal implants; gene replacement and gene-editing platforms; optogenetic interventions; stem cell-

derived retinal products; visual neurostimulation systems; wearable image-processing devices; and artificial 

intelligence algorithms designed to improve scene recognition, contrast enhancement, navigation, and interpretation 

of prosthetic visual signals. 

The study also examines the interaction between these technologies and the central nervous system. Therefore, 

neuroplasticity, visual cortex adaptation, perceptual learning, and structured visual rehabilitation are considered 

essential components of the object of study, since the effectiveness of artificial vision depends not only on the 

intervention itself but also on the ability of the nervous system to interpret nonphysiological visual inputs. 

From a geographical perspective, the object of study is international and incorporates evidence generated in North 

America, Europe, Asia, Oceania, and Latin America. Particular attention is given to the potential application of these 

technologies in Latin American healthcare systems, considering regional differences in genetic diagnosis, access to 

specialized ophthalmological care, technological infrastructure, rehabilitation services, clinical research participation, 

and economic resources. 

The main analytical dimensions are therapeutic effectiveness, safety, durability, functional visual outcomes, patient 

selection, technological complexity, accessibility, rehabilitation requirements, and future clinical applicability. 

Consequently, the review does not evaluate artificial vision solely through visual acuity, but also through mobility, 

object localization, recognition of environmental elements, autonomy in daily activities, and quality of life. 

Accordingly, the object of study is defined as the multidisciplinary process of restoring functional vision through 

electronic, genetic, cellular, optogenetic, and computational interventions in patients with irreversible retinal 

degeneration, analyzed from an international clinical and translational perspective with consideration of Latin 

American participation and implementation. 

 

 

METODOLOGÍA 

This study was conducted using the Scientific Method as the methodological framework for the systematic 

identification, selection, analysis, synthesis, and interpretation of current scientific evidence related to artificial vision 

restoration. This methodology was selected because it provides a structured, reproducible, and evidence-based 

approach for reviewing multidisciplinary scientific information originating from ophthalmology, neurology, genetics, 

biomedical engineering, regenerative medicine, and artificial intelligence. 

The investigation was designed as an international narrative review of the scientific literature. Peer-reviewed 

publications indexed in internationally recognized databases, including PubMed/MEDLINE, Scopus, Web of 

Science, ScienceDirect, and Google Scholar, were consulted to identify the most relevant evidence available. 

Additional information was obtained from clinical practice guidelines, regulatory reports, and publications from 

internationally recognized scientific organizations specializing in ophthalmology, genetics, neuroscience, and 

biomedical research. 

The literature search was performed using combinations of controlled vocabulary and free-text keywords, including 

artificial vision, vision restoration, retinal prosthesis, bionic eye, gene therapy, retinal dystrophy, retinitis pigmentosa, 

optogenetics, genome editing, CRISPR, stem cell therapy, retinal regeneration, visual neuroprosthesis, artificial 

intelligence, and visual rehabilitation. Boolean operators (AND, OR, and NOT) were employed to optimize search 

sensitivity and specificity. 
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Publications were considered eligible when they addressed the biological mechanisms, engineering principles, clinical 

applications, therapeutic effectiveness, safety, rehabilitation strategies, or future perspectives of artificial vision 

restoration. Priority was given to systematic reviews, meta-analyses, randomized clinical trials, prospective cohort 

studies, multicenter investigations, landmark experimental studies, and consensus statements published in high-impact 

peer-reviewed journals. 

After identification of potentially relevant studies, duplicate records were removed and the remaining publications 

underwent title and abstract screening followed by full-text evaluation. Studies presenting incomplete methodological 

descriptions, insufficient scientific quality, duplicated results, or lacking direct relevance to the objectives of the review 

were excluded from the final analysis. 

The selected literature was organized into thematic categories corresponding to retinal prostheses, bionic eye 

technologies, gene therapy, genome editing, optogenetics, regenerative medicine, artificial intelligence, 

neuroplasticity, visual rehabilitation, and future technological developments. Information extracted from each 

publication included study design, population characteristics, intervention type, principal findings, therapeutic 

outcomes, limitations, and clinical implications. 

Subsequently, a qualitative synthesis of the evidence was performed to integrate the available scientific knowledge 

and identify similarities, differences, strengths, limitations, and emerging trends across the various restorative 

approaches. Particular attention was given to translational applicability, multidisciplinary integration, patient-centered 

outcomes, and the potential implementation of these technologies within diverse healthcare systems, including those 

of Latin America. 

The methodological procedures described above provide sufficient detail to enable reproducibility by other 

investigators conducting similar literature reviews while ensuring methodological transparency, scientific rigor, and 

consistency throughout the development of the present review article. 

 

FASES DEL DESARROLLO 

Phase 1. Problem Identification 

The investigation began with the identification of irreversible visual impairment as a major global health challenge for 

which conventional ophthalmological treatments remain insufficient. A preliminary assessment of current scientific 

literature revealed the rapid emergence of novel therapeutic strategies, including retinal prostheses, gene therapy, 

genome editing, optogenetics, regenerative medicine, and bionic eye technologies. This phase established the research 

problem, justified the relevance of the review, and defined the scope of the investigation. 

Phase 2. Scientific Literature Search 

A comprehensive search of the scientific literature was conducted using internationally recognized electronic 

databases, including PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, and Google Scholar. Controlled 

descriptors and free-text keywords related to artificial vision restoration were combined using Boolean operators to 

maximize retrieval of relevant publications. Landmark clinical trials, systematic reviews, meta-analyses, experimental 

investigations, and consensus statements were prioritized. 

Phase 3. Study Selection and Critical Evaluation 

Publications identified during the search process were screened according to predefined eligibility criteria. Duplicate 

records were eliminated, followed by title, abstract, and full-text evaluation. Priority was given to peer-reviewed 

studies with high methodological quality and direct relevance to retinal prostheses, gene therapy, optogenetics, 

regenerative medicine, neuroprosthetics, and visual rehabilitation. Studies with insufficient scientific rigor or unrelated 

objectives were excluded from further analysis. 

Phase 4. Data Organization and Classification 
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The selected evidence was systematically organized into thematic categories according to the principal restorative 

technologies investigated. Information regarding biological mechanisms, technological characteristics, study design, 

patient population, therapeutic interventions, clinical outcomes, safety profiles, limitations, and future perspectives 

was extracted and classified to facilitate comprehensive comparative analysis. 

Phase 5. Qualitative Analysis and Evidence Synthesis 

The scientific evidence obtained from the selected publications was critically analyzed through qualitative synthesis. 

Similarities, differences, strengths, limitations, and emerging research trends were identified across the different 

artificial vision restoration strategies. Special emphasis was placed on evaluating translational potential, 

interdisciplinary integration, technological innovation, patient-centered outcomes, and the applicability of these 

interventions in diverse healthcare systems, including Latin American countries. 

Phase 6. Interpretation and Scientific Integration 

Finally, the available evidence was integrated into a comprehensive narrative that addressed the objectives of the 

review. The findings were interpreted within the context of current advances in ophthalmology, neurology, genetics, 

biomedical engineering, artificial intelligence, and regenerative medicine. This final phase enabled the identification 

of existing knowledge gaps, future research priorities, and the potential impact of emerging technologies on the clinical 

management of irreversible blindness worldwide. 

 

RESULTADOS Y DISCUSIÓN 

Figure 1.  

Distribution of the Reviewed Scientific Evidence According to Therapeutic Modality 

 

The distribution of the reviewed scientific evidence demonstrates that retinal prostheses constitute the therapeutic 

modality with the largest representation in the published literature, accounting for approximately one-third of the 

studies included in this review. This predominance reflects more than two decades of continuous technological 

development involving epiretinal, subretinal, suprachoroidal, and photovoltaic implant systems, together with multiple 

clinical investigations evaluating their safety, feasibility, and functional performance in patients with advanced retinal 

degeneration. The large number of publications also indicates the maturity of this research field compared with other 

restorative strategies that remain at earlier stages of development (da Cruz et al., 2016; Luo & da Cruz, 2016). 

The second largest proportion corresponds to gene therapy, highlighting the rapid expansion of molecular 

ophthalmology following the successful clinical implementation of gene replacement therapy for inherited retinal 

diseases such as RPE65-associated retinal dystrophy. The scientific literature increasingly reports advances in viral 
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vectors, genome editing technologies, mutation-specific therapies, and precision medicine approaches that seek to 

preserve or restore retinal function before irreversible cellular degeneration occurs. These developments have 

significantly changed the therapeutic landscape of inherited blindness by shifting treatment from supportive care 

toward disease-modifying interventions (Russell et al., 2017; Trapani & Auricchio, 2018). 

Studies involving regenerative medicine and optogenetics represent smaller but steadily growing proportions of the 

available evidence. Regenerative medicine primarily focuses on retinal pigment epithelium replacement, stem cell-

derived photoreceptors, retinal organoids, and tissue engineering, whereas optogenetic research explores the possibility 

of converting surviving retinal neurons into light-sensitive cells capable of generating functional visual responses after 

extensive photoreceptor loss. Although both fields remain largely experimental or in early clinical development, the 

increasing number of publications reflects substantial international investment in these innovative therapeutic 

strategies (Sahel et al., 2021; Reh, 2016). 

The remaining proportion corresponds to artificial intelligence-assisted visual technologies, which have emerged as 

complementary tools rather than independent restorative therapies. Current evidence indicates that machine-learning 

algorithms enhance object recognition, obstacle detection, contrast optimization, and visual scene simplification, 

thereby improving the functional performance of retinal prostheses and wearable visual assistance systems. These 

technologies are expected to become increasingly integrated into future generations of artificial vision devices, 

particularly as computational processing becomes more efficient and personalized (Ting et al., 2019; Topol, 2019). 

From an international perspective, the predominance of retinal prosthesis and gene therapy research reflects the 

concentration of clinical trials and biomedical innovation in North America, Europe, and Asia. Nevertheless, emerging 

contributions from Mexico, Colombia, and Ecuador demonstrate increasing regional participation through genetic 

characterization of inherited retinal diseases, ophthalmological research networks, clinical rehabilitation programs, and 

collaborative translational investigations. Although Latin American scientific production remains comparatively 

limited, these countries represent important opportunities for expanding future multicenter studies and facilitating 

equitable access to advanced restorative technologies. 

 

Figure 2.  

Functional Outcomes Reported Following Retinal Prosthesis Implantation 

 

 

Figure 2 summarizes the principal functional outcomes reported after retinal prosthesis implantation across the 

reviewed literature. The evidence indicates that the greatest therapeutic benefit is consistently observed in light 

perception, which represents the most reproducible clinical outcome following implantation. Most clinical 

investigations describe substantial recovery of the ability to detect light sources and distinguish illuminated from dark 
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environments, representing the first stage in functional visual restoration. This improvement forms the foundation upon 

which more complex visual tasks may subsequently develop through structured rehabilitation and cortical adaptation 

(da Cruz et al., 2016; Humayun et al., 2021). 

The second most frequently reported outcome is object localization. Patients receiving retinal prostheses commonly 

demonstrate improved capacity to identify the position of large objects within their surroundings, facilitating 

orientation and interaction with the environment. Although visual resolution remains limited, this ability significantly 

contributes to environmental awareness and supports greater independence during everyday activities. Several 

multicenter clinical studies have shown that localization performance improves progressively with rehabilitation and 

continued device use, emphasizing the importance of neuroplastic adaptation after implantation (Luo & da Cruz, 2016; 

Stingl et al., 2017). 

Mobility also exhibits consistent functional improvement. Many participants acquire better navigation skills, including 

the ability to follow pathways, avoid obstacles, recognize doorways, and move safely through unfamiliar environments. 

Rather than restoring normal vision, retinal prostheses provide sufficient visual information to complement auditory 

and tactile cues, allowing patients to perform mobility-related tasks with greater confidence. Consequently, mobility 

has become one of the most clinically meaningful endpoints reported in retinal prosthesis trials because it directly 

influences autonomy and quality of life (Ho et al., 2015; da Cruz et al., 2016). 

Intermediate improvements are observed in contrast recognition, particularly when high-contrast objects or simplified 

visual scenes are presented. The incorporation of advanced image-processing algorithms and artificial intelligence has 

enhanced the extraction of visual information before electrical stimulation reaches the retina, enabling users to 

recognize basic shapes, edges, and environmental structures more efficiently than earlier prosthetic generations. These 

advances suggest that future improvements in software may be as important as increases in hardware complexity (Ting 

et al., 2019; Topol, 2019). 

In contrast, reading ability remains the most limited functional outcome. Although isolated studies report recognition 

of large letters or short words under controlled experimental conditions, continuous reading comparable to 

physiological vision has not yet been achieved with current retinal prosthesis technology. This limitation primarily 

reflects the restricted spatial resolution of existing electrode arrays, the complexity of retinal signal encoding, cortical 

adaptation requirements, and the current technological constraints of implantable neuroprosthetic systems (Fernández, 

2018; Humayun et al., 2021). 

From an international perspective, similar outcome patterns have been documented across studies conducted in North 

America, Europe, Asia, and Oceania, demonstrating consistent reproducibility despite differences in implant design 

and rehabilitation protocols. In Mexico, Colombia, and Ecuador, although experience with implantable retinal 

prostheses remains limited, specialized ophthalmological centers increasingly participate in inherited retinal disease 

diagnosis, low-vision rehabilitation, genetic counseling, and international collaborative research. These developments 

may facilitate future incorporation of advanced visual neuroprosthetic technologies within Latin American healthcare 

systems as accessibility improves. 

 

Figure 3.  

Clinical Development Stage of Biological Strategies for Artificial Vision Restoration 
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Figure 3 illustrates the relative stage of clinical development of the principal biological strategies investigated for 

artificial vision restoration. The distribution of the evidence demonstrates clear differences in the maturity of each 

therapeutic modality, reflecting the complexity of their biological mechanisms, regulatory pathways, and clinical 

translation. 

Among all biological interventions, gene therapy represents the most advanced therapeutic strategy. The literature 

consistently reports that gene replacement has progressed from experimental investigation to routine clinical 

application for selected inherited retinal diseases, particularly those associated with pathogenic variants in the RPE65 

gene. Clinical studies have demonstrated sustained improvements in functional vision, retinal sensitivity, and 

navigation under low-light conditions, supporting gene therapy as the first molecular treatment capable of modifying 

the natural history of inherited retinal degeneration. These achievements have stimulated the development of numerous 

additional gene-based clinical programs targeting other retinal disorders (Russell et al., 2017; Trapani & Auricchio, 

2018). 

In contrast, genome editing remains predominantly in the preclinical and early clinical phases. CRISPR-Cas systems 

have demonstrated considerable potential for correcting disease-causing mutations directly within retinal cells, offering 

the theoretical possibility of permanent genetic correction. However, concerns regarding delivery efficiency, off-target 

mutations, long-term genomic stability, and treatment safety continue to limit widespread clinical implementation. 

Current investigations are therefore focused on optimizing editing precision, improving viral and non-viral delivery 

systems, and identifying appropriate patient populations for future therapeutic application (Maeder et al., 2019; 

Gillmore et al., 2021). 

A similar developmental pattern is observed for optogenetic therapy, which remains largely within early clinical 

evaluation despite highly encouraging experimental results. Published studies demonstrate that surviving bipolar cells 

and retinal ganglion cells can be genetically modified to regain photosensitivity, thereby generating visual responses 

even after complete photoreceptor degeneration. Early human clinical investigations have confirmed the biological 

feasibility of this approach and have reported recovery of basic visually guided behaviors when optogenetic treatment 

is combined with specialized light-stimulation devices. Nevertheless, additional research is required to improve image 

resolution, visual acuity, long-term safety, and patient adaptability (Sahel et al., 2021; Bi et al., 2006). 

Regenerative medicine occupies an intermediate position between laboratory investigation and early clinical 

translation. Stem cell-derived retinal pigment epithelial cells, retinal organoids, and photoreceptor precursor 

transplantation have demonstrated encouraging anatomical integration and cellular survival in experimental models 

and selected clinical studies. However, consistent restoration of complex visual function remains challenging because 

successful therapy depends not only on cell survival but also on functional synaptic integration within the existing 

retinal circuitry. Consequently, regenerative medicine continues to evolve as one of the most promising long-term 

strategies for irreversible retinal degeneration (Reh, 2016; Schwartz et al., 2015). 

From an international perspective, these biological therapies are being developed primarily through collaborative 

research programs involving institutions in the United States, the United Kingdom, France, Germany, Japan, China, 
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and Australia. In Mexico, Colombia, and Ecuador, participation has progressively increased through molecular 

diagnosis of inherited retinal diseases, genomic research, clinical registries, ophthalmological referral centers, and 

international collaborative networks. Although advanced biological therapies are not yet routinely available throughout 

Latin America, these countries are strengthening the scientific infrastructure necessary for future implementation and 

participation in multinational clinical trials. 

Figure 4.  

Comparative Advantages and Limitations of the Principal Artificial Vision Restoration Strategies 

 

Figure 4 compares the relative balance between the principal advantages and current limitations of the major 

therapeutic strategies investigated for artificial vision restoration. The evidence demonstrates that although each 

intervention offers significant clinical potential, none currently provides complete restoration of physiological vision. 

Instead, every modality exhibits a distinct combination of strengths and challenges that determines its present clinical 

applicability and future research priorities. 

Among the evaluated approaches, gene therapy demonstrates the most favorable balance between therapeutic benefits 

and current limitations. This finding reflects the substantial progress achieved in treating inherited retinal diseases 

through mutation-specific molecular interventions. Clinical investigations have consistently reported improvements in 

retinal sensitivity, functional vision, and navigation in selected patient populations, particularly when treatment is 

administered before extensive photoreceptor degeneration occurs. Nevertheless, important limitations remain, 

including mutation specificity, the need for viable retinal tissue, vector capacity constraints, and the inability of current 

gene replacement strategies to reverse advanced retinal damage (Russell et al., 2017; Trapani & Auricchio, 2018). 

Retinal prostheses continue to represent the most established neuroengineering solution for patients with end-stage 

retinal degeneration. Their principal advantage lies in providing functional visual information independently of the 

underlying genetic mutation, allowing patients to recover light perception, object localization, environmental 

orientation, and improved mobility. However, current devices remain limited by low spatial resolution, restricted visual 

acuity, surgical complexity, device cost, and the extensive rehabilitation required to achieve optimal functional 

outcomes. Furthermore, successful adaptation depends heavily on cortical neuroplasticity and patient motivation, 

factors that contribute to considerable variability in clinical performance (da Cruz et al., 2016; Humayun et al., 2021). 

The figure also highlights the considerable potential of genome editing, despite the substantial scientific challenges 

that continue to limit widespread clinical implementation. CRISPR-based technologies offer the theoretical possibility 

of permanently correcting pathogenic mutations responsible for inherited retinal diseases. Nevertheless, optimization 

of delivery systems, long-term genomic safety, editing precision, and minimization of off-target effects remain 

essential prerequisites before large-scale clinical application becomes feasible. Consequently, current evidence 

supports genome editing as one of the most promising future strategies rather than an established therapeutic standard 

(Maeder et al., 2019; Gillmore et al., 2021). 
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Similarly, optogenetics presents important advantages by offering mutation-independent treatment options for 

individuals with complete photoreceptor loss. Experimental and early clinical studies have demonstrated that surviving 

retinal neurons can be transformed into photosensitive cells capable of generating useful visual signals. Despite these 

encouraging results, limitations related to image resolution, dependence on external stimulation devices, specialized 

rehabilitation, and long-term functional adaptation continue to restrict its present clinical use. Ongoing technological 

improvements are expected to progressively enhance visual performance in future applications (Sahel et al., 2021; Bi 

et al., 2006). 

Regenerative medicine demonstrates substantial therapeutic promise through stem cell transplantation, retinal 

organoid technology, and retinal pigment epithelial replacement. These approaches address one of the fundamental 

limitations of other therapies by attempting to replace damaged retinal tissue rather than simply bypassing or modifying 

existing structures. However, successful clinical translation continues to face challenges involving immune 

compatibility, stable cellular integration, synaptic connectivity, long-term survival, and consistent functional recovery. 

Consequently, regenerative medicine remains an area of intense international investigation with considerable long-

term potential (Reh, 2016; Schwartz et al., 2015). 

From an international perspective, the comparative profile observed in Figure 4 is consistent across the major scientific 

regions leading artificial vision research. North America, Europe, and Asia continue to dominate technological 

innovation and clinical trials, while Mexico, Colombia, and Ecuador increasingly contribute through collaborative 

genetic research, ophthalmological referral centers, retinal disease registries, rehabilitation programs, and participation 

in international scientific networks. These collaborative efforts are expected to facilitate future access to advanced 

restorative therapies within Latin American healthcare systems. 

 

Figure 5.  

International Distribution of Scientific Research on Artificial Vision Restoration 

 

 

Figure 5 illustrates the international distribution of the scientific literature analyzed in this review according to the 

principal geographical regions contributing to the development of artificial vision restoration technologies. The 

evidence demonstrates that research activity is concentrated predominantly in North America, Europe, and Asia, 

whereas Latin America represents a smaller but progressively expanding proportion of the global scientific 

production. 

North America contributes the largest proportion of published studies, reflecting the presence of internationally 

recognized academic institutions, specialized ophthalmological centers, biotechnology companies, and multicenter 
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clinical trial networks. The United States has played a leading role in the development of retinal prostheses, gene 

therapy, retinal imaging technologies, artificial intelligence applications, and visual neuroprosthetics. Numerous 

landmark clinical investigations, including studies evaluating retinal implants and gene replacement therapy, have 

originated from North American research programs, substantially influencing current clinical practice worldwide 

(Humayun et al., 2021; Russell et al., 2017). 

Europe constitutes the second largest contributor to the scientific evidence. European collaborative research programs 

have generated major advances in retinal prostheses, optogenetics, stem cell therapies, inherited retinal disease 

genetics, and translational ophthalmology. Countries such as France, Germany, Italy, Switzerland, and the United 

Kingdom have established multidisciplinary collaborations integrating ophthalmology, neuroscience, molecular 

genetics, biomedical engineering, and rehabilitation sciences. These initiatives have facilitated the rapid translation of 

laboratory discoveries into early clinical applications (Sahel et al., 2021; Stingl et al., 2017). 

Asia also demonstrates substantial scientific productivity, particularly through research conducted in Japan, China, 

and South Korea. Investigations from these countries have contributed significantly to regenerative medicine, retinal 

tissue engineering, genome editing, biomaterials, high-resolution imaging systems, and artificial intelligence-assisted 

diagnostic technologies. Rapid technological innovation, increasing investment in biomedical research, and expanding 

international collaborations have positioned Asia as one of the fastest-growing contributors to artificial vision research 

during the past decade (Ting et al., 2019; Maeder et al., 2019). 

Although Oceania contributes a smaller proportion of publications, its scientific impact remains considerable. 

Australian institutions have participated in the development of retinal prostheses, inherited retinal disease registries, 

genomic medicine, and multicenter ophthalmological trials. Collaborative partnerships between Australian researchers 

and international organizations continue to strengthen innovation in retinal neuroprosthetics and precision medicine 

(Luo & da Cruz, 2016). 

The figure also highlights the growing participation of Latin America, where research activity has progressively 

expanded despite limited technological infrastructure compared with higher-income regions. Within this context, 

Mexico, Colombia, and Ecuador have emerged as countries with increasing involvement in inherited retinal disease 

diagnosis, molecular genetics, ophthalmological research, visual rehabilitation, and international collaborative 

networks. Mexico has strengthened genomic medicine and specialized retinal services through tertiary referral 

hospitals and academic institutions. Colombia has increased participation in multicenter ophthalmological 

investigations and clinical registries focused on inherited retinal disorders. Ecuador has progressively incorporated 

collaborative genetic studies and university-based biomedical research, contributing to regional scientific development 

despite more limited research resources. 

The expanding participation of these Latin American countries reflects an important transition from predominantly 

clinical management toward greater involvement in translational research, genomic diagnosis, and international 

scientific collaboration. Continued investment in specialized ophthalmological services, molecular diagnostics, 

biomedical engineering, and multidisciplinary training will likely enhance regional capacity to implement advanced 

restorative therapies as they become increasingly available. 

 

DISCUSIÓN 

Artificial vision restoration has evolved from an experimental concept into one of the most dynamic areas of 

translational medicine, integrating ophthalmology, neurology, genetics, biomedical engineering, regenerative 

medicine, and computational sciences. The evidence analyzed in this review demonstrates that meaningful progress 

has been achieved through multiple complementary therapeutic approaches rather than through the development of a 

single universal solution. The findings presented in the results indicate that each restorative strategy contributes distinct 

advantages according to the biological mechanisms involved, the stage of retinal degeneration, and the characteristics 

of the target patient population. 
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One of the principal findings identified in this review is the predominance of retinal prostheses within the published 

scientific literature. This observation is consistent with previous reports describing retinal implants as the first 

technologies capable of providing functional visual perception to patients with advanced retinal degeneration (da Cruz 

et al., 2016; Humayun et al., 2021). Although current prosthetic systems do not restore physiological vision, 

improvements in light perception, object localization, orientation, and mobility represent clinically meaningful 

outcomes that significantly increase patient autonomy and quality of life. These observations support the concept that 

successful vision restoration should be evaluated using functional performance rather than visual acuity alone. 

The review also confirms that gene therapy currently represents the most clinically consolidated biological intervention 

for inherited retinal diseases. Previous investigations have demonstrated that mutation-specific molecular therapies are 

capable of preserving retinal structure and improving visual function when administered before extensive 

photoreceptor loss occurs (Russell et al., 2017; Trapani & Auricchio, 2018). The present analysis reinforces these 

conclusions by highlighting that gene replacement has successfully transitioned from experimental investigation to 

clinical practice, while additional molecular strategies such as genome editing continue progressing toward broader 

therapeutic application. 

Genome editing technologies, particularly CRISPR-based systems, represent one of the most promising future 

directions identified in the reviewed evidence. Their potential to permanently correct pathogenic mutations offers 

important advantages over conventional gene replacement; however, the discussion of the available literature also 

reveals persistent challenges involving delivery efficiency, off-target modifications, long-term genomic stability, and 

regulatory considerations. Consequently, despite encouraging experimental findings, genome editing remains 

primarily an emerging therapeutic platform requiring further clinical validation before routine implementation. 

Similarly, optogenetics and regenerative medicine continue demonstrating remarkable scientific progress while 

remaining at relatively early stages of clinical translation. The reviewed publications indicate that optogenetic therapies 

may overcome several limitations associated with mutation-specific treatments by targeting surviving retinal neurons 

regardless of the underlying genetic defect. Likewise, regenerative medicine introduces the possibility of replacing 

damaged retinal cells and reconstructing retinal architecture rather than merely compensating for tissue loss. 

Nevertheless, stable cellular integration, functional synaptic connectivity, and long-term therapeutic durability remain 

major scientific challenges requiring continued investigation (Reh, 2016; Sahel et al., 2021). 

Another important finding emerging from this review is the growing role of artificial intelligence as an adjunctive 

technology within visual restoration. Rather than functioning as an independent therapeutic modality, artificial 

intelligence enhances image acquisition, object recognition, environmental interpretation, and personalized visual 

signal processing. The integration of computational algorithms with retinal prostheses and wearable visual systems has 

improved the practical usefulness of artificial visual perception and illustrates the increasing convergence between 

digital medicine and neuroprosthetic engineering (Ting et al., 2019; Topol, 2019). 

The international distribution of scientific production reveals important geographical differences in technological 

development. North America, Europe, and Asia continue to generate the majority of innovations, clinical trials, and 

technological advances. However, the increasing participation of Mexico, Colombia, and Ecuador demonstrates that 

Latin America is progressively strengthening its contribution through inherited retinal disease registries, molecular 

diagnostics, collaborative ophthalmological research, biomedical engineering initiatives, and visual rehabilitation 

programs. Expanding these collaborative networks will be essential for reducing disparities in access to emerging 

restorative therapies and promoting equitable implementation of future technologies across different healthcare 

systems. 

Despite the remarkable advances described throughout this review, several limitations remain common to all currently 

available approaches. Most interventions are applicable only to carefully selected patient populations, depend on 

residual retinal or neural integrity, require specialized multidisciplinary teams, involve considerable economic costs, 

and frequently necessitate prolonged rehabilitation before clinically meaningful improvements become evident. These 

limitations indicate that future innovation should not focus exclusively on improving individual technologies but also 

on optimizing patient selection, rehabilitation strategies, accessibility, affordability, and long-term follow-up. 
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The findings synthesized in this review suggest that future artificial vision restoration will likely rely on personalized 

therapeutic combinations integrating molecular medicine, regenerative biology, neuroprosthetics, computational 

image processing, and structured neurorehabilitation. Such multidisciplinary integration may ultimately provide 

greater functional recovery than any individual intervention currently available. Continued international collaboration, 

technological innovation, and high-quality clinical research will therefore remain fundamental for transforming 

irreversible blindness into a progressively manageable condition during the coming decades. 

 

CONCLUSIÓN 

Artificial vision restoration has become one of the most promising multidisciplinary fields in contemporary medicine 

by integrating advances in ophthalmology, neurology, genetics, biomedical engineering, regenerative medicine, and 

computational sciences. The scientific evidence analyzed in this review demonstrates that significant progress has been 

achieved through retinal prostheses, gene therapy, genome editing, optogenetics, regenerative medicine, and artificial 

intelligence-assisted technologies, each contributing unique mechanisms for improving visual function in patients with 

irreversible retinal diseases. 

Among the currently available strategies, retinal prostheses remain the most extensively evaluated neuroprosthetic 

intervention, providing clinically meaningful improvements in light perception, object localization, environmental 

orientation, and mobility. Gene therapy represents the most consolidated biological treatment, particularly for inherited 

retinal disorders with well-defined genetic mutations, whereas genome editing, optogenetics, and regenerative 

medicine continue to demonstrate substantial potential as emerging therapeutic approaches that may further transform 

future clinical practice as additional evidence becomes available. 

The review also highlights that restoration of vision should not be interpreted solely as the recovery of visual acuity. 

Instead, successful treatment should be evaluated according to improvements in functional independence, spatial 

orientation, mobility, object recognition, environmental interaction, and quality of life. Furthermore, the effectiveness 

of these technologies depends not only on the therapeutic intervention itself but also on neuroplastic adaptation, 

individualized rehabilitation, appropriate patient selection, and multidisciplinary clinical management. 

From an international perspective, scientific leadership remains concentrated in North America, Europe, and Asia; 

however, the growing participation of Mexico, Colombia, and Ecuador demonstrates the increasing contribution of 

Latin America through genetic research, specialized ophthalmological services, inherited retinal disease registries, 

visual rehabilitation programs, and collaborative scientific networks. Continued international cooperation will be 

essential to expand access to advanced restorative technologies and reduce disparities in the management of blindness 

worldwide. 

Although important biological, technological, economic, and clinical challenges remain, the rapid evolution of 

artificial vision restoration suggests that future therapeutic models will increasingly combine molecular medicine, 

regenerative biology, intelligent computational systems, and advanced neuroprosthetic engineering. The integration of 

these complementary disciplines is expected to improve therapeutic precision, expand treatment eligibility, and 

optimize long-term functional outcomes. 

In conclusion, artificial vision restoration is progressively transforming the clinical management of irreversible 

blindness from supportive care toward precision-based restorative medicine. Continued scientific innovation, 

interdisciplinary collaboration, rigorous clinical investigation, and equitable implementation of emerging technologies 

will be fundamental for improving visual rehabilitation and enhancing the quality of life of patients affected by severe 

retinal degeneration throughout the world. 
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