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ABSTRACT

Pseudoexfoliation� syndrome� (PXS)� is� a� systemic,� age-related� 𿿿brillopathy�
characterized by the progressive accumulation of abnormal extracellular material 
throughout the body, most notably in the ocular tissues. This deposition can 
lead to a variety of ocular complications, including glaucoma, cataract, and 
zonular�weakness,� signi𿿿cantly� impacting�vision.�This�paper� aims� to�provide� a�
comprehensive overview of PXS, encompassing its epidemiology, pathogenesis, 
clinical manifestations, diagnosis, management, and current research directions.

AUTHOR’S AFFILIATION: 
Private Practitioner, Noida, Uttar Pradesh, India.

CORRESPONDING AUTHOR: 
Dinesh K., Private Practitioner, Noida, Uttar Pradesh, India.
E-mail: dineshrfp@gmail.com

�Received: 12.04.2025  �Accepted: 14.05.2025

INTRODUCTION
Pseudoexfoliation� syndrome,� 𿿿rst� described�
by John G. Lindberg in 1917, is a relatively 
common condition, particularly in individuals 
of Scandinavian and Mediterranean descent. 
Its� de𿿿ning� feature� is� the� presence� of�
distinctive, grayish-white, dandruff-like 
deposits on the anterior lens capsule, iris, 
and other intraocular structures. While these 
deposits are often observed during routine 
eye examinations, their systemic nature 
and� propensity� to� induce� signi𿿿cant� ocular�
morbidity make PXS a clinically important 
entity. Understanding its pathophysiology 
and management strategies is crucial for 
ophthalmologists and other healthcare 
professionals to effectively address the visual 
challenges faced by affected individuals.

EPIDEMIOLOGY
The prevalence of PXS varies widely 

across different populations, highlighting 
the role of genetic and environmental 
factors. Scandinavian countries, particularly 
Iceland, exhibit the highest prevalence 
rates, exceeding 20% in individuals over 60 
years of age. Other regions with elevated 
rates include Mediterranean countries and 
certain populations in Africa and Australia. 
Prevalence increases with age, and a slight 
female predominance is generally observed. 
While the exact cause of these geographical 
variations remains unclear, they underscore 
the importance of considering ethnicity and 
geographic origin in risk assessment.



92 Ophthalmology and Allied Sciences

OAS/ Volume 10 Number 3/ September - December 2024

ETIOLOGY AND PATHOGENESIS
The precise etiology of PXS remains 

incompletely understood, but it is considered 
a complex multifactorial disease. Genetic 
predisposition� plays� a� signi𿿿cant� role,� with�
the LOXL1 gene on chromosome 15q24.1-
2 being the most consistently implicated. 
Polymorphisms in this gene, particularly 
rs1048661, rs3825942, and rs2569190, have been 
strongly associated with PXS susceptibility 
across various populations. LOXL1 encodes 
lysyl oxidase-like 1, an enzyme involved in 
cross-linking� of� elastin� and� collagen� 𿿿bers,�
suggesting a potential role in abnormal 
extracellular matrix deposition.

However, genetic factors alone do not fully 
explain the pathogenesis of PXS. Environmental 
factors, such as exposure to ultraviolet 
radiation, oxidative stress, and homocysteine, 
are also thought to contribute. The proposed 
mechanisms include the following:

• Abnormal Extracellular Matrix Production: 
Dysregulation of LOXL1 function may lead 
to the aberrant synthesis and assembly of 
extracellular matrix components, resulting in 
the formation of pseudoexfoliative material.

• Immune-Mediated Mechanisms:� InÁammatory 
processes and immune responses may 
contribute to the production and deposition of 
pseudoexfoliative material.

• Oxidative Stress: Increased oxidative 
stress, linked to aging and exposure to 
environmental toxins, can damage cellular 
structures and promote the formation of 
abnormal protein aggregates.

• Vascular Dysregulation: Evidence suggests 
that PXS may be associated with vascular 
dysfunction, contributing to ischemia and 
cellular stress, further exacerbating the 
pathological process.

The current understanding posits that 
a combination of genetic vulnerability 
and environmental triggers leads to the 
accumulation of pseudoexfoliative material, 
ultimately resulting in cellular dysfunction 
and tissue damage.

CLINICAL MANIFESTATIONS
PXS is primarily an ocular disease, affecting 

various structures within the eye. Key clinical 

𿿿ndings�include:
• Pseudoexfoliative Material: The hallmark 

of PXS is the presence of grayish-white 
deposits on the anterior lens capsule, 
typically arranged in a central disc, a clear 
zone, and a peripheral granular zone (target 
pattern). These deposits can also be found on 
the pupillary margin, iris, ciliary body, and 
corneal endothelium.

• Pseudoexfoliation Glaucoma (PXG): A 
signi𿿿cant� proportion� of� individuals� with�
PXS develop glaucoma, characterized by 
elevated intraocular pressure (IOP) and optic 
nerve damage. PXG is often more aggressive 
and� dif𿿿cult� to� control� than� primary� open-
angle glaucoma (POAG). The exfoliative 
material clogs the trabecular meshwork, 
impairing� aqueous� outÁow� and� leading� to�
IOP elevation.

• Cataract: PXS is associated with an increased 
risk of cataract development, often of the 
posterior subcapsular type. Additionally, 
PXS�can�lead�to�weakened�zonules,�the�𿿿bers�
that support the lens, making cataract surgery 
more challenging and increasing the risk of 
complications such as zonular dehiscence 
and lens subluxation.

• Zonular Weakness: Degradation of zonular 
𿿿bers�is�a�common�𿿿nding�in�PXS,�increasing�
the risk of lens subluxation and vitreous loss 
during cataract surgery. This weakness may 
be due to direct damage to the zonules by the 
pseudoexfoliative material or to impaired 
synthesis and maintenance of zonular 
proteins.

• Corneal Endothelial Dysfunction: Studies 
have indicated that PXS can affect the 
corneal endothelium, leading to decreased 
cell density and increased polymegethism 
and pleomorphism, potentially increasing 
the risk of corneal edema after intraocular 
surgery.

• Iris Transillumination Defects: Loss of 
pigment from the iris pigment epithelium 
can result in transillumination defects, visible 
as areas where the iris appears thinner when 
illuminated from the back.

Beyond the eye, PXS has been linked 
to systemic manifestations, including 
cardiovascular disease, hearing loss, and 
Alzheimer’s disease, suggesting a broader 
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systemic�impact�of�the�𿿿brillopathy.�However,�
further research is needed to fully elucidate 
these associations.

DIAGNOSIS
The diagnosis of PXS is primarily based 

on clinical examination. Key diagnostic tools 
include:

• Slit-Lamp Biomicroscopy: This is the gold 
standard for identifying pseudoexfoliative 
material on the anterior lens capsule, iris, 
and other intraocular structures. Careful 
examination� under� high� magni𿿿cation� is�
essential for detecting subtle deposits.

• Gonioscopy: Examination of the angle 
between the iris and cornea to assess 
the trabecular meshwork and detect 
pseudoexfoliative material deposition in the 
angle structures.

• Intraocular Pressure (IOP) Measurement: 
Regular IOP monitoring is crucial for 
detecting elevated IOP and managing 
glaucoma.

• Optic Disc Examination and Visual Field 
Testing: These tests are used to assess optic 
nerve�damage�and�visual�𿿿eld�loss�associated�
with glaucoma.

• Dilated Fundus Examination: To evaluate 
the retina and optic nerve head.

• Optical Coherence Tomography (OCT): 
Used� to� assess� nerve� 𿿿ber� layer� thickness�
and ganglion cell complex loss, which can 
be helpful in diagnosing and monitoring 
glaucoma.

• Confocal Microscopy: Enables detailed in-
vivo imaging of corneal endothelial cells for 
assessment of cell density and morphology.

While genetic testing for LOXL1 polymorphisms 
is available, it is not routinely used for diagnosis, as 
these polymorphisms are associated with increased 
risk but are not diagnostic of PXS.

MANAGEMENT
The management of PXS focuses on 

preventing or mitigating the associated ocular 
complications, particularly glaucoma and 
cataract.

Glaucoma Management
• Medical Therapy: Topical medications, such 

as prostaglandin analogs, beta-blockers, 
alpha-adrenergic agonists, and carbonic 
anhydrase inhibitors, are used to lower IOP.

• Laser Trabeculoplasty: Selective laser 
trabeculoplasty (SLT) and argon laser 
trabeculoplasty (ALT) can improve aqueous 
outÁow� and� lower� IOP.� However,� the�
response to laser trabeculoplasty may be 
variable in PXG.

• Glaucoma Filtration Surgery: Trabeculectomy 
or glaucoma drainage devices are considered 
when medical and laser therapies fail to 
adequately control IOP. These surgeries 
may have a higher complication rate in PXG 
patients.

• Minimally Invasive Glaucoma Surgery 
(MIGS): Newer MIGS procedures often offer 
a safer alternative to traditional glaucoma 
surgeries, but their long-term effectiveness in 
PXG remains under investigation.

Cataract Management
• Cataract Surgery: Cataract surgery is 

indicated�for�patients�with�visually�signi𿿿cant�
cataracts. Given the increased risk of zonular 
weakness, meticulous surgical technique is 
essential.

• Preoperative Assessment: Careful preoperative 
assessment of zonular integrity is crucial, 
including evaluating for phacodonesis (lens 
wobble) and performing thorough pupillary 
dilation.

• Surgical Techniques: Techniques such as 
capsular tension rings or segments, iris 
hooks,� and� gentle� phacoemulsi𿿿cation�
techniques can help stabilize the lens and 
minimize complications.

• Intraocular Lens (IOL) Implantation: The 
choice of IOL depends on the individual 
patient›s�needs�and�the�surgeon΄s�expertise.�
Multifocal IOLs should be used with caution 
due to the potential for increased glare and 
halos in PXG patients.

• Regular Monitoring: Patients with 
PXS require regular comprehensive 
eye examinations to monitor for the 
development of glaucoma, cataract, and 
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other complications. This includes IOP 
measurement,�visual�𿿿eld�testing,�optic�disc�
evaluation, and slit-lamp examination.

CURRENT RESEARCH DIRECTIONS
Ongoing research efforts are focused on 

several key areas:
• Elucidating the Pathogenesis of PXS: 

Identifying� the� speci𿿿c� mechanisms�
underlying the production, deposition, and 
degradation of pseudoexfoliative material. 
This includes investigating the role of 
LOXL1 and other potential genetic and 
environmental factors.

• Developing Diagnostic Biomarkers: 
Identifying biomarkers that can detect PXS 
at� an� early� stage,� before� signi𿿿cant� ocular�
damage occurs.

• Targeted Therapies: Developing therapeutic 
strategies that can prevent or reverse the 
deposition of pseudoexfoliative material. 
This could involve targeting LOXL1, 
reducing oxidative stress, or modulating the 
immune response.

• Improving Surgical Outcomes: Developing 
new surgical techniques and technologies 
to minimize complications associated with 
cataract surgery in PXS patients, particularly 
those with zonular weakness.

• Investigating Systemic Associations: 
Further exploring the potential systemic 
manifestations of PXS and their 
implications for overall health.

CONCLUSION
Pseudoexfoliation�syndrome�is�a�signi𿿿cant�

cause of ocular morbidity worldwide, 
particularly due to its association with 
glaucoma and complicated cataract surgery. 
Early diagnosis and careful management 
are crucial for preventing or mitigating 
the associated visual complications. 
Ongoing research efforts are aimed at better 
understanding the pathogenesis of PXS, 
developing targeted therapies, and improving 
surgical outcomes. Further progress in these 
areas will ultimately lead to better care and 
preservation of vision for individuals affected 
by this prevalent condition.
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