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ABSTRACT

Background: Persistent corneal epithelial defects (PCEDs) represent a significant clinical challenge characterized by the failure of the
corneal epithelium to heal within the normal period, leading to potential sight-threatening complications. These defects arise from a
variety of underlying etiologies, including limbal stem cell deficiency, neurotrophic keratopathy, dry eye syndrome, and systemic
diseases such as diabetes mellitus. Despite advances in ophthalmic care, PCEDs remain difficult to treat due to diverse
pathophysiological mechanisms and variable response to conventional therapies. Recent developments in growth factor therapies,
biological treatments, surgical techniques, and regenerative medicine have expanded therapeutic options but necessitate comprehensive
review to guide clinical practice.

Methods: A comprehensive narrative review was conducted through a systematic search of major electronic databases including
PubMed/MEDLINE, Embase, Scopus, and Google Scholar. The search incorporated keywords and Medical Subject Headings related to
“persistent corneal epithelial defects”, “corneal epithelial healing”, “limbal stem cell deficiency”, “neurotrophic keratopathy”, “amniotic
membrane transplantation”, and “emerging treatments”. Peer-reviewed original studies, clinical trials, reviews, and meta-analyses
published between 1 January 2000 and 31 March 2025 were included. Articles were critically appraised and selected according to their
relevance, methodological quality, and contribution to understanding PCED pathophysiology, diagnosis, and treatment advancements.
Results: The review delineates the anatomy and physiological roles of the corneal epithelium, highlighting mechanisms that lead to
epithelial defect persistence, including impaired basement membrane integrity, stem cell deficiency, inflammation, and neurotrophic
factors. Clinical presentation and diagnostic modalities such as fluorescein staining and advanced imaging techniques are discussed.
Standard management with lubricants, therapeutic contact lenses, infection control, and autologous serum eye drops is described,
alongside medical therapies targeting epithelial regeneration, including recombinant human nerve growth factor and platelet-rich
plasma. Surgical interventions like amniotic membrane transplantation and novel regenerative approaches involving stem cell therapy
and corneal neurotization show promising results in refractory cases. Emerging molecular therapies and bioengineered drug delivery
systems represent the forefront of innovation in PCED treatment.

Conclusion: PCEDs pose complex therapeutic challenges necessitating a multifaceted treatment approach. Advances in molecular,
cellular, and surgical therapies have substantially expanded management options and improved healing outcomes. However, continued
research into personalized therapies, optimization of delivery methods, and long-term safety is essential. This review provides a
comprehensive synthesis of current knowledge and emerging trends to inform clinicians and researchers in the effective management
of PCEDs, ultimately aiming to preserve vision and enhance quality of life. Future research should focus on minimally invasive
sustained-release therapies, biomarker-guided personalized interventions, and combination approaches targeting epithelium,

inflammation, and nerves.
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INTRODUCTION

Persistent corneal epithelial defects (PCEDs), also known as persistent epithelial defects (PEDs), represent a clinical condition
characterized by failure of the corneal epithelium to undergo rapid and complete re-epithelialization within the normal healing
window of 7 to 14 days following injury or surgery despite standard supportive treatment [1-3]. The corneal epithelium serves
as a crucial protective barrier that maintains corneal transparency and prevents microbial invasion. Disruption that impairs
timely epithelial closure exposes the underlying stroma to environmental insults, increasing the risk of infection, stromal
ulceration, scarring, melting, or perforation, with potentially severe visual consequences [1-3].

The etiology of PCEDs is multifactorial, involving diverse ocular and systemic diseases that perturb epithelial cell
migration, adhesion, proliferation, and differentiation. Common predisposing factors include neurotrophic keratopathy, limbal
stem cell deficiency (LSCD), dry eye syndromes, infections such as herpes simplex keratitis, postoperative complications from
procedures such as penetrating keratoplasty and vitrectomy, and systemic conditions including diabetes mellitus and
autoimmune diseases. These conditions can disrupt the epithelial basement membrane, impair corneal innervation, or
destabilize the tear film, culminating in chronic non-healing defects [2, 4-6].

The clinical burden of PCEDs is substantial due to associated ocular discomfort, increased healthcare utilization, and the
potential for irreversible visual impairment. Despite the availability of treatments ranging from basic lubrication to advanced
surgical interventions, management remains challenging because of heterogeneity in pathophysiologic mechanisms and
variability in therapeutic response. Early identification and prompt intervention are essential to prevent secondary
complications that worsen prognosis [3]. Conventional treatments such as preservative-free artificial tears, bandage contact
lenses, and autologous serum eye drops aim to protect the ocular surface and create a favorable environment for healing. Recent
advances targeting molecular pathways involved in epithelial regeneration, including recombinant human nerve growth factor,
matrix-regenerating agents, and peptide-based therapies, have shown promise in refractory cases. Surgical innovations such as
amniotic membrane transplantation (AMT) and stem cell therapies further expand the armamentarium for managing complex
PCEDs [7-9].

Given the evolving landscape of PCED understanding and management, this article provides a comprehensive narrative
review of the anatomy and physiology of the corneal epithelium, pathophysiology, clinical presentation, diagnosis, current and

emerging treatment strategies, challenges encountered, and future directions in the field of PCEDs.

METHODS
A comprehensive literature search was conducted for this narrative review across major electronic databases including
PubMed/MEDLINE, Embase, Scopus, and Google Scholar. The search strategy employed a combination of keywords and

s

Medical Subject Headings (MeSH) relevant to the topic: “persistent corneal epithelial defects,” “corneal epithelial healing”,
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“ocular surface disorders”, “limbal stem cell deficiency”, “neurotrophic keratopathy”, “amniotic membrane transplantation”,
“therapeutic contact lenses”, “growth factors”, “autologous serum”, and “emerging therapies in ophthalmology”. The search
was limited to articles published between 1 January 2000 and 31 March 2025, to emphasize contemporary understanding and
recent advancements in the management of PCEDs.

Inclusion criteria encompassed peer-reviewed original research articles, randomized controlled trials, observational
studies, systematic reviews, meta-analyses, and relevant narrative reviews addressing the pathophysiology, clinical features,
diagnosis, and treatment modalities—both conventional and emerging—of PCEDs. Only articles published in English were
included to ensure precision and clarity of scientific communication. Exclusion criteria comprised case reports with limited
generalizability, conference abstracts without full-text availability, non-peer-reviewed publications, and articles not directly
relevant to human corneal epithelial pathology.

Selected studies were appraised for methodological quality based on study design, sample size, patient characteristics,
validation methods, and clinical applicability to PCEDs. Particular consideration was given to literature examining novel
therapeutic approaches, including cellular and molecular interventions, surgical techniques, and supportive care innovations.
Emphasis was placed on synthesizing findings that elucidate heterogeneous etiologies such as neurotrophic keratopathy and
LSCD while highlighting current challenges and future research needs.

Data extraction and synthesis involved iterative analysis and cross-referencing of eligible studies to ensure comprehensive
coverage and accurate interpretation. This narrative review provides an interpretative and critical summary of the current state

of knowledge, aimed at guiding clinicians and researchers in the effective and innovative management of PCEDs.

RESULTS and DISCUSSION
Anatomy and Physiology of the Corneal Epithelium
The corneal epithelium forms the outermost layer of the cornea and plays a critical role in protecting the eye, maintaining optical
clarity, and contributing to corneal homeostasis. This layer is composed of nonkeratinized stratified squamous epithelial cells
that provide a smooth refractive surface necessary for clear vision [10].

The corneal epithelium is approximately 40 to 50 micrometers thick and consists of 4 to 6 cell layers, which are organized
into three main types of cells: basal, wing, and superficial cells [11]. Basal cells form a single layer of cuboidal to columnar cells

attached to the underlying basement membrane by hemidesmosomes. These cells are mitotically active and serve as progenitors
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for the upper layers. The basement membrane itself is composed primarily of type IV collagen and laminin, providing structural

support and anchorage [11, 12]. Wing cells lie above the basal layer and are named for their characteristic wing-like shape. They
act as intermediate cells transitioning basal cells to superficial cells and express specific keratins essential for epithelial integrity
[10, 11]. Superficial cells form the outermost 2 to 3 layers and comprise flat polygonal cells with microvilli on their apical surface.
The microvilli increase the epithelial surface area, supporting tear film adherence and preventing desiccation. Tight junctions
between these cells create a barrier to prevent ingress of tears, toxins, and microbes [11].

The corneal epithelium acts as a dynamic physical barrier against environmental insults, including microbial pathogens
and mechanical trauma. Its cells have a rapid turnover with an average lifespan of 7 to 10 days, undergoing continuous renewal
through mitosis in the basal layer. This renewal process is vital for maintaining corneal transparency and smoothness essential
for vision [10, 11]. Moreover, the epithelium has a symbiotic relationship with the tear film: the mucin layer of the tear film,
produced by conjunctival goblet cells, interacts with the epithelial glycocalyx to ensure proper hydration and distribution of the
tear film across the corneal surface after each blink [11]. The epithelial barrier contributes to the regulation of corneal hydration
by maintaining controlled trans-epithelial water permeability —mediated in part by membrane-associated proteins such as
aquaporin-5—which helps preserve stromal hydration and prevents excessive swelling [13]. The basement membrane under the
epithelium is an active participant in wound healing, serving as a scaffold for epithelial cell migration and contributing

biochemical signals that regulate cellular differentiation during repair processes [11, 12].

Pathophysiology of Persistent Corneal Epithelial Defects

PCEDs are defined as corneal epithelial wounds that fail to heal within the normal repair period of 7 to 14 days following an
injury or surgery despite standard supportive treatments [1-3, 14]. This failure originates from disruptions in the tightly
regulated cellular and molecular mechanisms responsible for epithelial regeneration, leading to prolonged exposure of the
corneal stroma and increased risk of secondary complications such as stromal ulceration, infection, and scarring [14].

One of the critical mechanisms underlying PCEDs is defective adhesion of basal epithelial cells to the underlying basement
membrane. Normally, basal cells anchor to the basement membrane via hemidesmosomes and anchoring fibrils, which are
molecular complexes crucial for epithelial stability and migration during wound healing. Disruption of this adhesion, due to
basement membrane dystrophies, recurrent erosions, or toxic insults (e.g., topical anesthetics), leads to instability of the epithelial
layer and prevents effective closure of the defect [14, 15]. Overexpression of matrix metalloproteinases (MMPs) in recurrent
erosions can degrade the basement membrane, further compromising epithelial attachment and wound healing [14, 15].

Limbal stem cells located at the corneal periphery play an indispensable role in regenerating the corneal epithelium after
injury [11, 16, 17]. Deficiency or dysfunction of these stem cells disrupts epithelial renewal, resulting in persistent defects, stromal
inflammation, neovascularization, and conjunctivalization. LSCD can arise from chemical injuries, autoimmune diseases, or
iatrogenic causes, and is a well-established contributor to non-healing epithelial defects [16, 17].

Inflammation profoundly influences the healing process. Although certain cytokines like tumor necrosis factor-alpha (TNF-
a) and interleukin-1 (IL-1) promote epithelial proliferation and keratocyte activation to facilitate repair, excessive or chronic
inflammation disrupts epithelial regeneration. High levels of pro-inflammatory cytokines induce overproduction of proteases
such as MMPs, leading to stromal degradation and melting that delay epithelial closure. Chronic inflammatory disorders
including autoimmune keratitis, Stevens-Johnson syndrome, and graft-versus-host disease are common underlying pathologies
in PCEDs [14].

The cornea is one of the most densely innervated tissues, and trigeminal nerve [11, 18] input provides not only sensory
feedback but also neurotrophic support essential for epithelial health. Damage to corneal nerves from diabetes mellitus, herpetic
infections, surgical trauma, or chemical injuries causes neurotrophic keratopathy —a major cause of PCEDs. Loss of corneal
sensation diminishes metabolic support, epithelial cell proliferation, and tear secretion, contributing collectively to impaired
wound healing and persistent epithelial defects [18].

Mechanical trauma to the ocular surface—such as lid abnormalities (entropion, trichiasis), exposure keratopathy due to
lagophthalmos, or repetitive abrasions —deplete epithelial cells and overwhelm regenerative capacities, promoting persistent
defects. Furthermore, severe ocular surface dryness, often due to mucin deficiency or lacrimal gland dysfunction in diseases like
Sjogren’s syndrome, destabilizes the tear film and interferes with epithelial repair [2].

Chronic PCED cases may involve keratocyte apoptosis and fibrosis within the stroma beneath the defect. The resulting
disorganized extracellular matrix and stromal scarring further impair epithelial migration and adhesion, perpetuating the cycle
of delayed healing [15].

Clinical Presentation and Diagnosis

Patients with PCEDs typically present with ocular symptoms such as pain, foreign body sensation, tearing, photophobia,
redness, and blurred vision. Notably, in cases involving neurotrophic keratopathy, patients may experience reduced or absent
pain due to impaired corneal sensation, which complicates early detection [19]. On slit-lamp examination, PCEDs appear as
areas of epithelial loss, often with irregular borders. Fluorescein dye instillation is the gold standard for detecting epithelial
defects; the dye stains the exposed stroma where the epithelial barrier is compromised. Using a cobalt-blue light, the defect

fluoresces bright green, delineating the size and shape of the lesion [14, 20, 21]. Signs that may accompany PCEDs include
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conjunctival injection, stromal haze, neovascularization, and epithelial edema. Secondary complications visible on exam include

stromal ulceration, infiltrates, and, in advanced cases, corneal melting or perforation. Eyelid abnormalities such as entropion,
trichiasis, or lagophthalmos, potentially contributing to epithelial trauma, should be carefully assessed [14].

The key diagnostic criterion distinguishing PCEDs from acute epithelial defects is the duration of non-healing. In healthy
corneas, epithelial defects typically re-epithelialize within 7 to 10 days, whereas PCEDs persist beyond 14 days despite standard
treatment. Persistence despite adequate lubrication, antimicrobial prophylaxis, and removal of causative factors warrants the
diagnosis. Comprehensive history-taking is essential to identify predisposing systemic and ocular conditions such as diabetes
mellitus, herpetic infections, autoimmune diseases, neurotrophic keratopathy, or previous ocular surgeries that impair healing.
Examination of corneal sensation using esthesiometry may aid in identifying neurotrophic components [14, 19].

Apart from fluorescein staining, other diagnostic modalities can assist evaluation [14]. Anterior segment optical coherence
tomography (AS-OCT) can provide noninvasive imaging of the defect depth and underlying stromal changes [21]. Confocal
microscopy may assess corneal nerve density and morphology, particularly in suspected neurotrophic keratopathy [22, 23]. Tear
film assessment and ocular surface staining with lissamine green or rose bengal help evaluate ocular surface damage and areas

of mucin deficiency [24].

Current Treatment Strategies

Conservative and supportive care: Conservative and supportive care forms the cornerstone of initial management for PCEDs,
aiming to create an optimal environment for epithelial cell migration, proliferation, and regeneration. The goals are to protect
the denuded corneal stroma, prevent secondary infection, maintain ocular surface hydration, and reduce mechanical trauma
[25, 26].

Aggressive use of preservative-free artificial tears and ocular ointments is fundamental to maintaining a stable and moist
ocular surface. These lubricants reduce friction from blinking, supply essential moisture, and dilute inflammatory mediators
present on the ocular surface. Preservative-free formulations are preferred to avoid toxic effects of preservatives such as
benzalkonium chloride, which can exacerbate epithelial toxicity and delay healing. Ocular ointments provide prolonged
lubrication, especially during sleep, reducing exposure-related damage [26-28]. Punctal occlusion with silicone or collagen plugs
is frequently employed as an adjunct to increase retention time of lubricants and endogenous growth factors like epidermal
growth factor (EGF) in the tear film, thus enhancing epithelial healing [29]. Mechanical protection of the fragile epithelial defect
is critical. Bandage soft contact lenses (BCLs) are widely used to shield the cornea from eyelid-induced trauma and to maintain
a hydrated microenvironment conducive to healing. These lenses reduce pain and irritation while facilitating epithelial cell
migration. Close monitoring is necessary to prevent lens-related infections, which can complicate therapy [9, 30]. Alternatively,
pressure patching can be applied to protect the ocular surface especially when BCLs are contraindicated, but its use requires
careful daily inspection for potential complications such as hypoxia or bacterial colonization. Temporary cyanoacrylate glue
application combined with patching can also be employed to prevent stromal melting and provide a bacteriostatic barrier [31].

Secondary infection is a major concern in PCEDs due to the loss of the epithelial protective barrier. Prophylactic topical
broad-spectrum antibiotics are commonly prescribed in conjunction with contact lens use or in cases with signs of infection risk.
Careful antibiotic selection is important to avoid further epithelial toxicity. Tetracyclines, particularly oral doxycycline, are used
for their anti-inflammatory and anti-collagenolytic effects, which inhibit matrix metalloproteinases (MMPs) that degrade the
extracellular matrix and delay healing. They are particularly beneficial in inflammatory or infectious causes of PCEDs [9, 21, 30,
32, 33]. Corticosteroids require cautious use; while they reduce inflammation, their potential to induce stromal melting mandates

careful monitoring and restriction to selected cases like herpetic keratitis or severe immune-mediated epithelial breakdown [1].

Medical therapies targeting epithelial healing: In addition to conservative supportive care, medical therapies that actively
promote corneal epithelial healing play a vital role in managing PCEDs. These therapies aim to enhance cellular proliferation,
migration, and differentiation by supplying growth factors and bioactive molecules that are deficient or dysfunctional in PCEDs
[21]. Several growth factors have been investigated for their potential benefits in treating PCEDs. EGF stimulates mitogenesis
and enhances epithelial cell migration, contributing effectively to re-epithelialization. Similarly, insulin-like growth factor 1 (IGF-
1) supports epithelial proliferation and survival, often exerting synergistic effects with EGF [34]. Topical recombinant human
nerve growth factor (thNGF), commercially known as Cenegermin, has gained FDA approval for neurotrophic keratitis, a
prominent cause of PCEDs. thNGF restores corneal sensation by promoting nerve regeneration, plus directly stimulates
epithelial healing along with tear-secretion modulation. Clinical trials have evidenced significant healing rates and symptom
improvement in patients treated with rhNGF over 8 weeks [21, 35]. Thymosin 4 is another bioactive peptide with anti-
inflammatory and wound-healing properties that enhances epithelial restoration by regulating cytokines and promoting cell
migration. Early clinical data suggests beneficial effects though more studies are needed to establish standardized protocols [26].

Autologous serum eye drops (ASEDs) have become a cornerstone therapy for refractory PCEDs because of their rich
content of growth factors (EGF, IGF-1, fibronectin), vitamins, and immunoglobulins, which closely mimic natural tears and
create a nutritive environment that supports epithelial regeneration. Clinical studies report healing rates exceeding 50% in
patients with PCEDs [36-39]. Preparation protocols for ASEDs vary, but typically involve diluting the patient’s serum with sterile
saline to concentrations between 20% and 100%. ASEDs offer advantages, including promotion of epithelial cell migration and

enhanced lubrication, making them superior to artificial tears in many cases [40, 41].

Med Hypothesis Discov Innov Optom. 2025; 6(3) 124



Persistent corneal epithelial defects
—_ m e - / e e e m,
Platelet-rich plasma (PRP) eye drops serve as another promising autologous blood-derived option, concentrated to deliver

high levels of platelet-derived growth factor (PDGF) and transforming growth factor-beta (TGF-), which accelerate tissue repair
and reduce inflammation. PRP has shown efficacy in reducing healing time in refractory corneal ulcers and PCEDs [25, 30, 42].
Umbilical cord blood serum and platelet-rich fibrin tears are emerging modalities that similarly promote corneal epithelial
regeneration with a favorable safety profile, though these require more extensive clinical validation [30, 21]. Furthermore,
platelet releasate shows promise as a growth-factor-rich therapy for PCEDs [43].

Topical insulin, a novel agent recently studied, has shown significant epithelial wound closure benefits in PCED patients
by improving cellular metabolism and migration, especially in diabetic keratopathy. Matrix-regenerating agents such as
ReGeneraTing Agents and amniotic membrane extract eye drops are also being explored for their ability to enhance extracellular

matrix remodeling and provide anti-inflammatory effects [44].

Role of therapeutic contact lenses and amniotic membrane transplantation: Therapeutic contact lenses and AMT have emerged
as pivotal interventions in the management of PCEDs, especially when conservative medical therapies fail to achieve complete
healing. BCLs are widely utilized in PCEDs due to their ability to protect the compromised epithelium from mechanical trauma
caused by blinking and eyelid movements. These lenses create a stable, hydrated microenvironment that facilitates epithelial
cell migration and reduces pain and irritation. By acting as a physical barrier, BCLs reduce friction between the eyelids and the
corneal surface while aiding in tear film stabilization [7, 30, 45]. Advanced contact lens designs such as gas-permeable mini-
scleral lenses have recently gained attention for their therapeutic role in refractory PCEDs, especially in cases complicated by
severe dry eye or neurotrophic keratopathy. These lenses vault over the cornea entirely, maintaining a fluid reservoir that
continuously bathes the ocular surface in lubricating tears or autologous serum, greatly enhancing epithelial regeneration. It is
important to monitor patients on therapeutic lenses closely to mitigate risks of infection, hypoxia, and lens intolerance.
Concurrent prophylactic use of topical antibiotics is common to minimize infectious complications [25].

AMT offers a biologically active and surgical option for PCEDs refractory to medical and protective lens treatments. The
amniotic membrane possesses anti-inflammatory, anti-fibrotic, and pro-epithelialization properties, making it an excellent
substrate for promoting corneal surface healing [3, 14]. AMT can be applied as a graft or patch using sutures or fibrin glue to
secure it onto the corneal surface. It facilitates epithelial migration, downregulates pro-inflammatory cytokines, suppresses
protease activity, and promotes stromal remodeling. Clinical studies have demonstrated high success rates, with many patients
achieving complete re-epithelialization and symptomatic relief after AMT [3]. Recent advances include the use of dehydrated
and preserved amniotic membranes, which simplify storage and application while retaining biological activity. AMT is also
utilized in conjunction with other therapies such as therapeutic lenses, autologous serum, and nerve growth factor treatments

to optimize healing outcomes [7].

Challenges and Future Directions

Despite advancements in understanding and treating PCEDs, several challenges remain that complicate effective management.
One major difficulty is the heterogeneity of etiologies underlying PCEDs, including diverse conditions such as LSCD,
neurotrophic keratopathy, severe dry eye, and systemic diseases like diabetes mellitus. Tailoring treatment to address this broad
spectrum requires comprehensive diagnostic precision and personalized therapeutic approaches. Another challenge is the
frequent refractoriness of PCEDs to conventional therapies such as lubricants, bandage contact lenses, and ASEDs, necessitating
escalation to more advanced and costly medical or surgical treatments. Accessibility and cost of novel therapies like rhNGF and
limbal stem cell transplantation may limit widespread adoption, especially in resource-limited settings [14, 21].

Monitoring and compliance present additional barriers: many therapeutic regimens are complex and require frequent
administration or regular clinical visits for evaluation, demanding high patient adherence and clinical expertise to optimize
outcomes [14]. Emerging treatments, including advanced cell therapies, molecular agents, bioengineered scaffolds, and
innovative surgical techniques such as corneal neurotization, show great promise in overcoming some of these limitations.
However, further large-scale clinical trials and long-term safety studies are needed to establish standardized protocols, optimal
dosing, and integration into clinical practice [7].

Strengths of this review include its comprehensive synthesis of contemporary evidence across cellular, molecular, medical,
and surgical domains, providing an integrated framework for understanding the multifactorial nature of PCEDs and their
evolving therapeutic landscape. The inclusion of literature spanning two decades allows identification of both established
principles and emerging technologies with clinical relevance. However, as a narrative rather than systematic review, ours is
inherently subject to selection bias and may not capture all available evidence. Variability in study design, heterogeneous patient
populations, and limited high-quality comparative trials constrain the generalizability of conclusions. Additionally, the rapid
pace of innovation in regenerative and biologic therapies may outstrip currently published data, underscoring the need for
ongoing rigorous evaluation. Future research directions also emphasize development of minimally invasive, sustained-release
drug delivery systems and personalized medicine approaches leveraging biomarker profiling for targeted intervention.
Combination therapies that simultaneously address epithelial regeneration, inflammation, and nerve function may yield more

durable healing responses.
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CONCLUSIONS

PCEDs are a complex clinical entity marked by delayed or absent corneal re-epithelialization, with the potential for severe visual
morbidity if left untreated. This narrative review highlighted the anatomy and physiological underpinnings of the corneal
epithelium, and PCEDs’ multifactorial pathophysiology, clinical presentation, diagnostic considerations, and current
management strategies. Conservative care remains foundational, emphasizing ocular surface protection, lubrication, and
infection control. Medical therapies that supply growth factors, such as ASEDs and recombinant growth factors, have expanded
treatment options significantly. Therapeutic contact lenses and AMT provide important mechanical and biological scaffolds for
healing. Novel innovations in stem cell therapy, molecular agents, neurotization surgery, and bioengineered drug delivery hold
the promise to transform management of refractory cases. Nonetheless, treatment of PCEDs remains challenging due to the
diversity of causative factors and limited access to advanced therapies globally. Timely diagnosis, individualized care, and
adoption of emerging therapies supported by robust clinical evidence will be pivotal in improving outcomes. Continued
translational research is essential to refine treatments, enhance healing rates, prevent complications, and ultimately preserve

vision in patients suffering from this sight-threatening condition.
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