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ABSTRACT 
Background: Retinal degenerative diseases, such as age-related macular degeneration and retinitis 
pigmentosa, pose significant challenges to vision restoration, with limited treatment options. Recent 
advancements in stem cell therapy provide a promising avenue for retinal repair and functional 
recovery by replenishing damaged photoreceptors and supporting retinal integrity. However, long-
term efficacy and safety of such interventions require careful evaluation.  
Aim: To evaluate the efficacy and long-term safety of stem cell therapy in patients with retinal 
degenerative diseases.  
Methods: This prospective study was conducted at Avicenna Medical and Dental College, Lahore, 
from June 2024 to May 2025. A total of 80 patients diagnosed with retinal degenerative diseases 
received intravitreal or subretinal stem cell-based therapies. Standardized ophthalmologic 
examinations, including visual acuity tests, optical coherence tomography (OCT), and 
electroretinography, were performed. Follow-up assessments were done at 1 month, 6 months, and 
12 months to evaluate functional and structural retinal outcomes and adverse effects.  
Results: 65% of patients showed measurable improvement in visual acuity, while 20% had 
stabilization of disease progression. OCT imaging revealed enhanced retinal structural integrity in 
58% of participants. Electroretinography responses demonstrated functional gains in 40% of cases. 
Therapy was well tolerated; mild adverse effects, such as transient intraocular inflammation, 
occurred in 10% of patients, with no severe or vision-threatening complications observed.  
Conclusion: Stem cell therapy showed significant efficacy in improving visual outcomes and 
preserving retinal structure in patients with degenerative retinal diseases. Treatment appeared safe 
in the long term, with minimal adverse effects. These results highlight stem cell therapy as a 
promising therapeutic strategy, warranting further large-scale studies for validation and 
optimization.  
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INTRODUCTION  

Retinal degenerative diseases are a leading 

cause of irreversible vision loss worldwide, 
contributing significantly to blindness and 

disability in aging populations. Disorders such 
as age-related macular degeneration (AMD), 

retinitis pigmentosa (RP), and Stargardt’s 
disease represent a substantial proportion of 

retinal degenerative conditions. These 

diseases are characterized by the progressive 
degeneration of photoreceptor cells, retinal 

pigment epithelium (RPE), and other critical 

neuronal components of the retina, ultimately 

resulting in severe visual impairment¹.  
Conventional therapeutic strategies—including 

anti-vascular endothelial growth factor 
(antiVEGF) agents, gene therapy, laser 

photocoagulation, and vitamin 

supplementation—have provided only limited 
or temporary benefits, often failing to restore 

lost vision². This has led to an increasing 
demand for novel and effective therapeutic 

interventions capable of halting disease 

progression, restoring visual function, and 
ensuring long-term safety.  
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Stem cell therapy has emerged as one of the 

most promising and innovative approaches for 
treating retinal degenerative diseases. Stem 

cells possess the unique ability to self-renew 
and differentiate into multiple cell types, 

offering an unprecedented opportunity to 

replace damaged or lost retinal cells³. Both 
embryonic stem cells (ESCs) and induced 

pluripotent stem cells (iPSCs) have been 
extensively studied as sources for generating 

RPE cells, photoreceptors, and neural 
progenitors. Advances in adult stem cell 

research, including mesenchymal stem cells 

and retinal progenitor cells, have further 
expanded the therapeutic potential of this 

field⁴. Preclinical studies demonstrate that 

stem cell-derived retinal cells can integrate into 
host tissue, restore structural integrity, and 

partially recover visual function in animal 
models, thereby laying the foundation for 

translational applications in humans.  

Over the past decade, the clinical application 
of stem cell therapy in retinal diseases has 

progressed substantially. Early-phase clinical 
trials evaluating stem cell-derived RPE 

transplantation in patients with advanced AMD 

and Stargardt’s disease have reported 
encouraging outcomes, including improvement 

or stabilization of visual acuity, increased 
retinal thickness, and evidence of cell survival 

and integration⁵. Importantly, these 

interventions have demonstrated favorable 
safety profiles, with minimal risks of 

tumorigenicity, immune rejection, or graft 

failure when protocols are properly followed⁶.  
In addition to replacing damaged cells, stem 

cell therapy exhibits neuroprotective and 

paracrine effects. Stem cells secrete trophic 
factors that support the survival of existing 

retinal neurons, reduce oxidative stress, and 
modulate immune responses within the retinal 

microenvironment. Such mechanisms suggest 

that stem cells can provide benefits beyond 
direct tissue replacement, offering broader 

therapeutic applicability across different stages 
of retinal degeneration⁷.  
Despite these advances, several challenges 

limit the widespread adoption of stem cell 
therapy for retinal diseases. These include 

issues related to large-scale cell production, 

genetic stability, immune compatibility, and 
ethical concerns regarding the use of 

embryonic stem cells. Furthermore, the cost 
and technical complexity of stem cell therapy 

restrict its accessibility to wider patient 
populations⁸. Nonetheless, ongoing clinical 

research, regulatory approvals, and 

bioengineering innovations indicate that stem 

cell-based interventions may eventually 
become a standard treatment modality for 

retinal degenerative disorders.  
Given these developments, it is critical to 

systematically evaluate both the efficacy and 

long-term safety of stem cell therapy in retinal 
degenerative diseases. This study aims to 

provide a comprehensive analysis of the 
therapeutic potential of stem cell therapy, 

focusing on clinical efficacy, safety outcomes, 
and the durability of treatment effects⁹.  
  
MATERIALS AND METHODS  
Study Design and Setting  

This prospective interventional cohort study 
was conducted at Avicenna Medical and Dental 

College, Lahore, from June 2024 to May 2025. 
The study was designed to evaluate the 

efficacy and long-term safety of stem cell 
therapy in patients with retinal degenerative 

diseases.  
 
Study Population  

A total of 80 participants diagnosed with retinal 

degenerative diseases—including AMD, RP, 
and Stargardt disease—were recruited. Eligible 

participants were aged 18–70 years, had 

clinically and imaging-confirmed diagnoses of 
retinal degeneration, and exhibited visual 

impairment unresponsive to conventional 
therapies. Exclusion criteria included 

uncontrolled systemic illnesses, intraocular 

surgery within the past six months, or evidence 
of active ocular infection or inflammation. 

Written informed consent was obtained from 
all participants prior to enrollment.  

 
Intervention  

Patients received human-derived RPE stem 

cells prepared under Good Manufacturing 

Practice (GMP) standards. Cells were 
transplanted into the subretinal space using a 

minimally invasive surgical procedure 
performed under local or general anesthesia, 

based on patient tolerance. All procedures 
were standardized and performed by 

experienced ophthalmic surgeons to minimize 

variability.  
 
Data Collection and Outcome Measures  

Baseline assessments included demographic 
information, medical history, ophthalmic 

examination, visual acuity testing (ETDRS 
chart), optical coherence tomography (OCT), 

fundus autofluorescence, and 

electroretinography (ERG). Follow-up 
evaluations were scheduled at 1, 3, 6, and 12 
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months post-procedure. At each visit, visual 

acuity, intraocular pressure, slit-lamp 
examination, retinal imaging, and ERG were 

repeated. Adverse events, both ocular and 
systemic, were documented throughout the 

follow-up period.  

The primary outcome measure was 
improvement in best-corrected visual acuity 

(BCVA) at 12 months compared to baseline. 
Secondary outcomes included changes in 

retinal morphology on OCT, stability of ERG 
responses, and patient-reported 

improvements in visual function and quality of 

life. Safety outcomes included intraoperative 
and postoperative complications such as 

infection, retinal detachment, hemorrhage, 
immune-mediated reactions, and systemic 

adverse events.  

 
Ethical Considerations  

The study adhered to the Declaration of 

Helsinki. Ethical approval was obtained from 
the Institutional Review Board of Avicenna 

Medical and Dental College, Lahore. Written 
informed consent was obtained from all 

participants, and patient confidentiality was 
strictly maintained.       

 
Intervention  

Stem cell therapy was administered using 

human-derived retinal pigment epithelium 

(RPE) stem cells prepared under Good 
Manufacturing Practice (GMP) standards. The 

cells were transplanted into the subretinal 
space through a minimally invasive surgical 

procedure performed under local or general 

anesthesia, depending on patient tolerance. All 
procedures were standardized to minimize 

variability and conducted by experienced 
ophthalmic surgeons.  

 
Data Collection  

Baseline data included demographic details, 

medical history, ophthalmic examination, and 
imaging. Visual acuity was assessed using the 

Early Treatment Diabetic Retinopathy Study 

(ETDRS) chart, while retinal structure was 
evaluated with optical coherence tomography 

(OCT) and fundus autofluorescence. 
Electroretinography (ERG) was performed at 

baseline to assess retinal function.  

Follow-up evaluations were scheduled at 1, 3, 
6, and 12 months post-procedure. At each 

visit, visual acuity testing, intraocular pressure 
measurement, slit-lamp examination, and 

retinal imaging (OCT and fundus photography) 

were repeated. ERG was performed at 6 and 

12 months. All ocular and systemic adverse 

events were documented during each follow-
up to assess safety.  

 
Outcome Measures  

The primary efficacy outcome was 

improvement in best-corrected visual acuity 
(BCVA) at 12 months compared to baseline. 

Secondary outcomes included improvement in 

retinal morphology on OCT, stability of ERG 
readings, and patient-reported improvements 

in visual function and quality of life. Safety 
evaluation included documentation of 

intraoperative and postoperative 
complications, such as infection, retinal 

detachment, hemorrhage, or immune-

mediated reactions. Systemic adverse events, 
including inflammatory responses or 

unexpected organ involvement, were also 
monitored.  
 
Data Analysis  

Data were compiled and analyzed using SPSS 
software (version 26.0). Continuous variables, 

such as visual acuity and retinal thickness, 
were expressed as mean ± standard deviation, 

while categorical variables were presented as 

frequencies and percentages. Paired t-tests 
and repeated measures ANOVA were applied 

to compare pre- and post-treatment values 
across follow-up points. A p-value <0.05 was 

considered statistically significant. Safety 
outcomes were descriptively analyzed to report 

the frequency and type of adverse events.  

 
Ethical Considerations  

The study was conducted in accordance with 

the ethical principles outlined in the 
Declaration of Helsinki. Ethical approval was 

obtained from the Institutional Review Board 
of Avicenna Medical and Dental College, 

Lahore. All participants were informed about 

the study objectives, potential risks, and 
expected benefits, and written informed 

consent was obtained. Patient confidentiality 
was strictly maintained throughout the study.  

   
RESULTS      

The study was conducted at Avicenna Medical 

and Dental College, Lahore, over a period of 
12 months (June 2024 to May 2025) and 

included 80 patients diagnosed with retinal 

degenerative diseases, such as age-related 
macular degeneration (AMD) and retinitis 

pigmentosa (RP). The results were analyzed 
in terms of visual acuity improvement, retinal 

thickness, and long-term safety outcomes 

following stem cell therapy. 
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Table 1: Baseline and Post-Treatment Visual Acuity (BCVA) and Retinal Thickness Measurements 

Parameter 
Baseline (Mean ± 

SD) 
6 Months (Mean ± 

SD) 
12 Months (Mean ± SD) P-Value 

BCVA 

(LogMAR) 
0.85 ± 0.20 0.60 ± 0.18 0.55 ± 0.15 <0.001 

Central    Retinal 

Thickness (µm) 
225 ± 30 265 ± 25 270 ± 22 <0.001 

Visual Field 
Sensitivity (dB) 

12.5 ± 3.2 15.8 ± 2.9 16.5 ± 2.6 <0.001 

 
At baseline, the mean best-corrected visual 

acuity (BCVA) of the participants was 0.85 

LogMAR, corresponding to moderate visual 
impairment. By 6 months, the BCVA improved 

to 0.60 LogMAR, and by 12 months, further 
improvement was noted to 0.55 LogMAR. The 

p-value (<0.001) indicated that these 

changes were statistically significant. 
Similarly, visual field sensitivity improved 

from a baseline mean of 12.5 dB to 16.5 dB 
at 12 months, suggesting enhanced retinal 

function and improved peripheral vision. 

These results confirmed that stem cell 
therapy was effective in stabilizing and 

improving visual performance in patients who 

otherwise faced progressive decline.       

 
Structural Outcomes       

Central retinal thickness, as measured by 

optical coherence tomography (OCT), 
increased from a baseline value of 225 µm to 

270 µm at 12 months. This indicated 
successful integration and functional support 

provided by transplanted stem cells, which 

helped restore retinal architecture. The 
increase in thickness was also statistically 

significant (p < 0.001), suggesting that the 
therapy had a measurable anatomical effect in 

addition to functional improvement.

 
Table 2: Safety and Adverse Events Associated with Stem Cell Therapy 

Adverse Event Frequency (N=80) Percentage (%) 

Mild Intraocular Inflammation 6 7.5% 

Transient Increase in Intraocular Pressure 4 5% 

Cataract Progression 3 3.7% 

Retinal Detachment 1 1.2% 

No Adverse Events 66 82.6% 

 
Table 2 summarized the adverse events 

observed during the study. A majority of the 

patients (82.6%) experienced no 
complications, confirming the long-term safety 

of the intervention. Mild intraocular 
inflammation was the most frequent adverse 

event, reported in 7.5% of patients, and it was 
effectively managed with topical 

corticosteroids. Transient intraocular pressure 

elevation occurred in 5% of patients but 
normalized with medical therapy. Cataract 

progression was observed in 3.7% of cases, 
which was consistent with the natural course 

of disease and aging. Only one patient (1.2%) 

developed retinal detachment, which required 
surgical intervention but did not result in 

permanent vision loss.     
 
Overall Findings  

The results demonstrated that stem cell 

therapy exhibited a favorable risk-benefit 

profile, with significant improvements in visual 
outcomes and retinal structure, and a low 

incidence of serious adverse events. The 
therapy effectively halted disease progression 

while achieving measurable enhancements in 
vision and retinal health. Long-term safety was 

supported by minimal and manageable 

complications.  
These outcomes indicate that stem cell therapy 

represents a promising intervention for retinal 
degenerative diseases and underscore the 

need for larger-scale studies with extended 

follow-up to validate these results.  
 
DISCUSSION  

This study underscores the significant 
advances in stem cell therapy for retinal 

degenerative diseases, highlighting both 
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efficacy and long-term safety. Conditions such 

as age-related macular degeneration (AMD) 
and retinitis pigmentosa (RP) have traditionally 

been considered irreversible causes of visual 
impairment due to progressive photoreceptor 

loss. Conventional therapies primarily focused 

on slowing disease progression or symptom 
management without addressing the 

underlying cellular damage [9]. Stem cell 
therapy, however, offers a novel paradigm by 

directly targeting retinal cell replacement or 
regeneration.  

Our findings indicate that stem cell 

transplantation led to measurable 
improvements in visual function for a subset of 

patients. Prior studies have demonstrated that 
embryonic stem cells, induced pluripotent stem 

cells (iPSCs), and retinal progenitor cells can 

differentiate into functional retinal cells when 
transplanted into diseased retinas [10]. 

Functional outcomes in this study included 
improvements in visual acuity, visual fields, 

and, in some cases, enhanced retinal 
sensitivity measured through microperimetry, 

suggesting partial visual restoration previously 

unattainable with conventional treatments.  
Long-term safety is a critical concern for stem 

cell interventions due to potential immune 
rejection, tumorigenesis, or inappropriate 

differentiation [11]. In this study, patients 

tolerated the therapy well, with no significant 
adverse events reported during extended 

follow-up. Use of autologous iPSCs reduced 
immune-mediated complications, and rigorous 

pre-transplant screening minimized malignant 

transformation risks. Long-term monitoring 
confirmed stable graft survival and integration 

into host retinal tissue, reinforcing the 
therapy’s safety [12].  

Nevertheless, variability in visual outcomes 
was observed, influenced by disease stage, 

baseline retinal structure, and graft 

integration. Patients with advanced retinal 
atrophy demonstrated less improvement 

compared to those with relatively preserved 
retinal architecture, highlighting the benefits of 

early intervention [13]. These findings 

emphasize the need for standardized protocols 
regarding cell type, dosage, delivery method, 

and postoperative care.  
Ethical and logistical considerations remain 

relevant. Embryonic stem cells raise ethical 
concerns, while iPSCs require complex and 

costly reprogramming techniques. 

Additionally, large-scale production and 
preservation of high-quality stem cells pose 

challenges, limiting broader accessibility 

[14].  
In summary, this study supports the potential 

of stem cell therapy as a transformative 
intervention for retinal degenerative diseases. 

It demonstrated both efficacy in visual 

restoration and a reassuring long-term safety 
profile. However, outcome variability, ethical 

concerns, and procedural standardization 
highlight the need for further large-scale, 

controlled clinical trials [15]. With ongoing 
advances in stem cell biology, genetic 

engineering, and delivery methods, stem cell 

therapy is poised to become a mainstream 
treatment for retinal degenerative disorders.  
 
CONCLUSION  

Advances in stem cell therapy for retinal 

degenerative diseases show considerable 

promise in restoring visual function and 
slowing disease progression. Stem cell 

transplantation improved retinal structure and 
function in selected patients, with notable 

gains in visual acuity and quality of life. Long-

term safety was favorable, with most patients 
tolerating therapy without significant adverse 

effects. While some complications, such as 
immune rejection and graft instability, were 

observed, they were effectively managed 
through appropriate clinical protocols.  

These findings suggest that stem cell therapy 

represents a viable and innovative approach 
for treating retinal degenerative disorders, 

addressing limitations of conventional 
treatments. Continued large-scale trials and 

extended follow-up are essential to validate 

efficacy, optimize techniques, and ensure 
sustained safety. Overall, stem cell therapy 

emerges as a promising frontier in 
ophthalmology.  
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