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Exfoliation Syndrome
The age-related systemic condition called pseudoexfoliation syndrome or exfoliation syndrome underlies a myriad of ocular findings and abnormalities. The best known relationship is to glaucoma; however, all parts of the eye may be affected. The link to
systemic diseases is not as clear despite the systemic nature of the
condition. Recently, genetics and environmental factors have been
found to play a role in its development.

Terminology
The condition was first identified in 1917 by the Finnish ophthalmologist John G. Lindbergh who described whitish material
on the lens capsule and pupillary border [1]. The term pseudoexfoliation syndrome (PEX, PXE, PES, PXF. XFS) was used because the condition was similar in appearance to true exfoliation
(peeling) of the lens capsule that occurred as a result of excessive infrared radiation or heat exposure to the crystalline lens of
glassblowers [2]. With the widespread use of protective measures
to reduce infrared and heat exposure and resultant reduction in
prevalence of true exfoliation, the pseudo- is now being dropped
and the term exfoliation syndrome (ES) is taking hold in the literature. Following suit, we will use this term along with exfoliation glaucoma (EG) rather than pseudoexfoliation glaucoma in
this review. However, the reader should understand that the terms
pseudoexfoliation and exfoliation are still used interchangeably.

Epidemiology
Historically, ES has been thought to be mostly associated with

people of Scandinavian descent but it is now clear that ES occurs across all races and ethnicities with differing prevalence in
specific populations and geographic areas. In some Scandinavian
countries, the prevalence of ES may be greater than 20% in persons over age 60 [3] but it is also highly prevalent in populations
as diverse as Greeks [4], in the Bantu tribesman in South Africa
[5], the Inuit population [6], in Australian aborigines [7] and in
South India [8]. ES appears to be uncommon in those of Chinese
descent [9] and occurs in differing degrees across Africa [10].
Strong relationships have been shown with increasing age and the
development of ES [11, 12]. Although studies looking at prevalence among gender have varied widely, most evidence indicates
that female gender is associated with an increased risk of ES [13].

Genetics and Environmental Factors
In Caucasians, two different single-nucleotide polymorphisms
(SNPs) of the lysyl oxidase-like 1 (LOXL-1) gene on chromosome 15 have been shown to be related to ES [3, 14]. LOXL-1
is associated with the formation and maintenance of elastic tissue. These SNPs occur in nearly identical frequency in populations with markedly diverse prevalence of ES [3, 15] suggesting
the likelihood of other factors modifying the expression of these
gene variants. ES is known to occur at higher prevalence with
increased latitude in populations throughout Europe, the Middle
East, Asia and in the United States [13]. It is reported that living in
the southern tier of the United States is associated with a marked
reduction in risk for both ES and EG as compared with living in
the northern tier of the United States. Numbers of days of sunshine and average temperature appear to be at least in part major
determinants of the expression of the gene [13, 16].
A number of other gene variants have been found to be associated with both ES and EG; their significance is now being investigated [17, 18].

Pseudoexfoliation Material Composition and
Production
Exfoliative material (EM) is actively produced by numerous cell
types throughout the body. Within the eye, the corneal endothelium, pre-equatorial lens epithelium, non-pigmented ciliary epithelium, trabecular endothelial cells and iris epithelial cells have all
been shown to produce EM [19]. Systemically, the EM is usually
found in areas high in connective tissue and specifically from connective tissue fibroblasts, smooth and striated muscle tissue and
cardiomyocytes [11, 20].
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While the exact pathophysiology is not completely known, it appears that EM is a fibrillar extracellular material that progressively
deposits itself onto intraocular and extraocular tissues. Extensive
investigation has revealed multiple important components of the
material. The fibrillar extracellular matrix is composed of a highly
cross-linked combination of glycoproteins and proteoglycans.
Using immunohistochemistry, the exfoliation fibrils are shown
to contain primarily fibrillin-1 but other epitopes of the elastic
fiber system have also been identified in smaller amounts. It is
theorized that EM is a result of excessive production and aggregation of elastic microfibrillar components [19]. Components of
the basement membrane system (i.e. fibronectin, laminin, etc.) are
also present within EM, thus suggesting its production is a result of abnormal basement membrane metabolism [19]. Active
LOXL-1, which serves as an extracellular chaperone for clusterin
in addition to its role in elastic fiber homeostasis, has also been
found within EM in early ES [21, 22]. The presence of active
LOXL-1 suggests involvement in the abnormal cross-linking and
improper protein folding leading to the aggregation and accumulation of EM. In late stages of ES/EG, LOXL-1 expression is
down-regulated which may lead to insufficiency in cross linking
and elastic matrix alterations contributing to glaucomatous damage and progression [19].
An increased expression of matrix metalloproteinase (MMP)-2
and tissue inhibitors of matrix metalloproteinase (TIMP)-1 and
TIMP-2 is evident in cells that produce EM [19]. The upregulation of TIMP-1 and TIMP-2 are more pronounced than the upregulation of MMP-2. This imbalance contributes to a low grade
inflammatory response, increased oxidative stress and accumulation of EM which can play a role in ES/EG development [19].

Systemic Manifestations of Exfoliation Syndrome
While the target tissues of greatest significance appear to be in
the eye, ES has been found throughout the body. Using electron
microscopy and light microscopic immunohistochemistry, ES has
been found in the heart, lungs, liver, kidney, gallbladder and cerebral meninges of patients with ocular ES [11, 23]. Patients with
ES have elevated levels of homocysteine which is a well-known

risk factor for cardiovascular disease [24, 25]. Systemic associations have been found between ES and hypertension, myocardial
infarction, stroke, transit ischemic attacks, Alzheimer’s disease
and sensorineural hearing loss [23].

Ocular Manifestations of Exfoliation Syndrome
Ocular manifestations of ES appear unilaterally in 50%-75% of
patients with about 1/3 more developing the condition in the fellow eye within 10 years [26]. As expected with a systemic disease,
ultrastructural examination has shown that patients with a unilateral clinical presentation are actually affected bilaterally [27, 28].
The ocular findings in ES are diverse and affect the entire eye,
leading to a broad range of ocular complications.
The clinical diagnosis of ES is usually made by the discovery of
EM on the pupillary margin and anterior lens capsule where it
appears as a white, fluffy, dandruffy-like material. The EM often
has a patchy distribution along the pupillary ruff. Upon pupillary
dilation, the anterior lens capsule classically contains three distinct
zones: 1) a circular central disc of EM; 2) a surrounding area of
clear capsule surface where EM has been rubbed off because of
capsular contact with the iris; and 3) a peripheral deposition of
EM with a granular appearance (Figure 1). Lenticular contact with
the iris causes liberation of pigment from the posterior iris epithelial cells. Careful examination of the sphincter will reveal atrophy
with irregular areas of transillumination; this is often referred to
as a moth-eaten appearance of the iris sphincter (Figure 2). The
transillumination defects can be distinguished from those seen
in pigment dispersion syndrome (PDS) because of their irregular appearance and location closer to the pupil versus the regular
mid-peripheral defects seen in PDS. Liberated pigment from the
posterior iris epithelium is deposited onto the corneal endothelium and into the anterior chamber angle. On the cornea, the deposition can occasionally take the form of a Krukenberg’s spindle as
seen in PDS. Within the angle, the pigmentation is distinguished
from that of PDS in that the pigment seen in ES is patchy with
the highest density appearing in the inferior angle as opposed to
the 360 degree band of pigmentation in PDS. A Sampaolesi line is
often present. Its appearance may precede EMdeposition on the
anterior lens and other pigmentary signs of ES [11].

Figure 1. The classic appearance of exfoliative material deposited on the anterior lens capsule with inner and outer rings of
EM deposition with a central clear zone

Figure 2. Irregular iris transillumination defects near to the pupil in a patient with ES.
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Early cataract formation is common [11, 29]. Poor pupillary dilation due to iris sphincter hypoxia, weakened zonular attachments
with lens or IOL dislocation and an increased risk of capsular
tears make cataract surgery more problematic for the surgeon.
Careful pre-operative examination to recognize phacodonesis is
important to identify those with weak zonules. IOP spikes, significant anterior chamber inflammation, corneal edema and capsular
opacification are more common in the post-operative period.
The deposition of ESM on other ocular structures may also lead
to complications. A breakdown in the blood-aqueous barrier may
result in low-grade anterior chamber flare and subsequent posterior synechiae formation.
Persons with ES are more likely to have narrow angles with an
increased risk of angle closure because of zonular laxity and anterior migration of the lens [30].
EM development is closely related to vascular tissues, as previously discussed. As such, an increased risk of venous occlusions
and optic disc hemorrhages has also been reported in patients
with ES [11].

Exfoliative Glaucoma
ES is the most common identifiable cause of glaucoma worldwide. The risk of developing glaucoma is cumulative with time,
echoing the increased prevalence of ES with age. Glaucoma is
5-10 times more common is ES patients than in those without
exfoliation.
Approximately 25% of ES patients have elevated IOP and one
third of these have glaucoma. It is estimated that about 60 to 70
million people worldwide have ES so about 5 to 6 million persons
have EG. This is about 10% of the world’s glaucoma [11].

likely to have damage at presentation, do not respond as well to
treatment, have more frequent and higher spikes in IOP, and are
more likely to progress regardless of the level of IOP [34]. In the
Early Manifest Glaucoma Trial, untreated EG patients progressed
at a rate of 3.13 dB/year as compared to untreated POAG patients who progressed at a rate of 1.31 dB/year, despite nearly
identical entering IOPs. Additionally, the EG group was much
more likely to have extremely high rates of progression, with the
highest being 11.33 dB per year. The median time to progression was 19.5 months in the EG group and 44.8 months for the
POAG group. Finally, in multivariate analysis, having ES increased
the hazard ratio of progressing by more than double as compared
to not having ES. The presence of ES was the strongest baseline
factor predicting progression in this study [35].
Treatment of EG is similar to POAG but treatment response is
less predictable. As with POAG, prostaglandin analogs are usually
the drug of first-choice unless contraindicated. Adjunctive medical therapy is also consistent with POAG therapy. EG patients will
not respond as well to treatment and will need more adjunctive
therapy sooner as compared to POAG patients.
Miotic therapy should be considered in EG patients. Miotics help
clear the aqueous and stabilize the pupil so that less exfoliative
material is available to deposit in the meshwork. Pilocarpine 2%
qid or less often or slow-release pilocarpine ointment have been
utilized. It should be noted, however, that miotics may aggravate
the blood-aqueous dysfunction found in ES and also increase the
risk of posterior synechiae and cataract formation [36].
Laser trabeculoplasty (ALT or SLT) has proven to be a very effective treatment in EG. This is not unexpected as these patients
have greater amounts of pigment in the anterior chamber angle.
However, as with medical therapy, IOP control may be lost earlier
and there is a greater risk of treatment failure in patients receiving
LTP [37].

Elevated IOP in ES is due to a reduction in outflow facility in
both the trabecular and uveoscleral outflow systems [31] presumably from deposition of EM and subsequent ultrastructural
changes in the outflow pathways. It is believed that the pigment
deposition in ES contributes to the reduction in outflow as well.
IOP elevation is correlated with both the amount of EM and pigment released [32].

Because of the higher IOP and greater morbidity in patients with
EG, these patients may go on to glaucoma surgery earlier than
POAG patients. Trabeculectomy results are comparable [11].
Newer surgical approaches and combination procedures are currently being investigated [38, 39].

While EG is commonly thought of as a high-pressure glaucoma,
evidence of increased optic nerve susceptibility to damage via
vascular or laminar routes indicates that the more involved eye
may have a greater risk of developing glaucomatous damage even
in the presence of equal IOPs [33]. The previously described variants in the LOXL-1 gene may play a role because of its function
as an important enzyme in the formation of elastin [11].

The systemic condition ES has its best known and greatest effect
in the eye. The glaucoma associated with ES is aggressive and difficult to treat. Early identification may be able to reduce the morbidity associated with it. Genetic and environmental influences
have been recently identified that may allow early identification
and reduction in ocular morbidity.

ES may also underlie an increased risk of developing angle-closure glaucoma (ACG). A combination of anterior lens movement
due to zonular weakness, posterior synechiae formation and increased iris thickness are proposed mechanisms for this increased
risk [30].
Exfoliative glaucoma is more severe than primary open-angle
glaucoma by any measure. Patients have higher IOP, are more
likely to convert from ocular hypertension to glaucoma, are more

Conclusion
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