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Abstract. Pseudoexfoliation syndrome (PEX) is characterized
by the deposition of proteinaceous material in the anterior
ocular segment (resulting in ophthalmic pathologies such
as glaucoma and increased risk of complications in cataract
surgery), but also by several systemic manifestations. The
involvement of peri‑ocular tissues in PEX, including the eyelid
skin, lacrimal gland, conjunctiva, orbital fat and vessels, as
well as the optic nerve, has been reported by several previous
studies. The peri‑ocular effects of PEX include the development
of eyelid laxity, conjunctival chalasis, tear film abnormalities,
pronounced orbital fat atrophy in response to the administra‑
tion of prostaglandin analogues in pseudoexfoliative glaucoma,
deficient orbital vascular supply and biomechanical changes in
both the eyeball and the optic nerve. These effects may have
important clinical implications, including increased difficulty
in cataract surgery, ocular surface disease and eyelid margin
malpositions.
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1. Introduction
Pseudoexfoliation syndrome (PEX), first described in 1953 by
Dvorak‑Theobald (1), is characterized by the diffuse deposi‑
tion of grey‑white flakes in the anterior ocular segment (Fig. 1)
without previous exposure to heat (infra‑red irradiation), as
opposed to true exfoliation, in which the eye has been exposed
to high heat, often as an occupational hazard (such as in glass‑
blowers, blacksmiths or bakers) (2). The latter, first described
in 1922 by Elschnig (2), is characterized by the deposition of
material on the anterior lens surface, frequently in the form of
a distinct circular flap, the so‑called double‑ring sign or capsu‑
lorrhexis masquerade (3). In PEX, the accumulated material
possibly results from a disturbed basal membrane metabolism
and is similar to amyloid (4). Several previous studies have
reported the detection of pseudoexfoliative material in various
extra‑ocular sites, giving rise to the concept that PEX is
actually a systemic disease, with multi‑organ clinical impli‑
cations (5,6). The present review focuses on the peri‑ocular
manifestations of PEX, their importance in clinical manage‑
ment of affected patients and as indicators of the disease.
2. Epidemiological, pathogenetic and clinical features
PEX is relatively more prevalent in the areas of Scandinavia,
the Mediterranean basin and the Arab world (7). It is also an
age‑related condition with a slight female predominance (8).
Although exposure to increased amounts of ultraviolet (UV)
radiation may in part explain this geographic distribution,
other factors, such as genetic predisposition, auto‑immunity
or viral infections (including slow‑acting viruses or Herpes
simplex infections) may also have pathogenetic roles (9‑11).
Indeed, there have been reports of an increased immunore‑
activity in PEX and PEX‑related glaucoma, in comparison
with age‑ and gender‑matched controls (12). Mutations on the
lysil‑oxidase‑like 1 (LOXL1) gene have been proposed as a
risk factor for PEX, whereas caffeine intake and vitamin defi‑
ciency may also be involved in the pathogenesis of PEX (13).
Genome‑wide association studies employing a DNA‑pooling
approach have explored the potential role of genetic vari‑
ants in PEX and have reported associations with several
single‑nucleotide polymorphisms in various genes, apart
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from those in the LOXL1 gene, including other genes such as:
OR11L1, CD80, TNIK, CADM2, SORBS2, RNF180, FGF14,
FMN1 and RBFOX1, implying that neuronal development and
actin remodeling are potentially involved in the pathogenesis
of PEX (14).
The importance in PEX diagnosis, as confirmed by clinical
examination, from an ophthalmological standpoint, lies in
the fact that it has been correlated with several ophthalmic
pathologies, more importantly glaucoma, age‑related macular
degeneration and complications of anterior ocular segment
surgery (15‑17). Pseudoexfoliative glaucoma is an aggres‑
sive form of open‑angle glaucoma, frequently displaying
non‑linear progression and necessitating surgical intervention
for adequate intraocular pressure control (18), whereas poor
mydriasis, Zinn zonule instability and floppy iris behavior are
frequent causes of complications in cataract surgery performed
on eyes with PEX (Fig. 2) (17).

Figure 1. Characteristic appearance of pseudoexfoliation syndrome in the
anterior ocular segment in a 75‑year‑old male patient. (A) Whitish flakes of
pseudoexfoliative material visible in the pupillary plane. (B) Deposition of
the material in the form of a membrane on the anterior lens capsule (blue
arrow).

3. Extra‑ocular manifestations
Of note, pseudoexfoliative material or associated abnormali‑
ties have been detected in several extra‑ocular sites, such as
visceral organs (including the lung, heart, liver, kidneys and
gallbladder) (19), vascular tissue (20,21) and the brain (22).
Based on these observations, it has been suggested that PEX
is a systemic condition, which may cause functional distur‑
bances at the affected sites (5,6). So far, associations between
PEX and various systemic pathologies have been described,
including acoustic impairment (evaluated by both audiometric
and tympanometric examinations) (23), obstructive sleep
apnea (24), chronic obstructive pulmonary disease (25), indi‑
rect inguinal hernia (26) and pelvic organ prolapse in female
patients (27). One of the most intriguing clinical associations
described is the potential connection between PEX and
Alzheimer's disease (AD) (28,29). Although there have been
reports linking the 2 entities based on epidemiological and
clinical observations, a 30‑year population‑based study has
failed to confirm this hypothesis (28). However, converging
evidence points towards biochemical and genetic similarities
between PEX and so‑called conformational diseases, which
are characterized by the accumulation of abnormal protein‑
aceous amyloid‑like material and include AD, Parkinson's
disease and amyotrophic lateral sclerosis (29‑32).
4. Eyelid skin involvement
Previous studies have reported the detection of PEX material in
biopsies from eyelid skin and have suggested that peri‑ocular
skin changes may actually precede the development of frank
intra‑ocular PEX (33). Periocular skin is particularly suscep‑
tible to senile degenerative changes due to the fact that it is
thin, undergoes constant mechanical stress associated with
blinking movements and, more importantly, it is exposed to
the oxidative effects of UV solar radiation (34). Exposure to
UV light results in the activation of degrading enzymes from
cutaneous lysosomes such as cathepsin K (a potent elastase),
resulting in photo‑aging and age‑related elastosis (35). In
fact, epidermal photo‑desquamation depends on two distinct
proteolytic activities, one of which is an analogue of chymo‑
trypsin and the other one is cathepsin D, with corresponding

Figure 2. Inadequate intraoperative mydriasis in cataract surgery of an eye
with PEX in a 87‑year‑old female patient, necessitating the use of iris hooks
to enhance pupil dilatation. Despite this measure, a posterior capsular rup‑
ture occurred in this case (blue arrow), a frequently occurring complication
during cataract surgery in eyes with PEX. Magnification, x18. PEX, pseudo‑
exfoliation syndrome.

proteinases being the stratum corneum chymotryptic enzyme
and the mature active form of cathepsin D (36). Such skin
changes have also been associated with PEX, which shares
common confounders with senile eyelid skin elastosis, such as
advanced age and exposure to UV radiation (37).
5. Tarsal and canthal tendon involvement
The accumulation of pseudoexfoliative material in the
peri‑ocular connective tissues includes the medial and
lateral canthal tendons, tarsal plates and orbicularis oculi
muscle (33,38). A study has reported that PEX may be
associated with atonic changes of the orbicularis oculi and
compromise the stability of medial and lateral canthal tendons,
resulting in horizontal and vertical lid laxity and predisposing
to the development of eyelid margin malpositions, such as
entropion or ectropion (Fig. 3) (38). Furthermore, the tarsal
attachments of the lower eyelid retractors may be weakened.
On the other hand, PEX has not been associated with upper
eyelid ptosis, possibly due to the fact that the upper eyelid
retractors (levator palpebrae superioris, Muller's muscle) are
comparatively stronger structures that are less likely to be
affected by PEX fibrilopathy (38). Alteration in the anatomical
stability of peri‑ocular connective tissue elements complies
with reports for similar extra‑ocular changes, such as inguinal
hernias (26) or pelvic organ prolapse in female patients (27).
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Figure 3. Horizontal and vertical eyelid laxity in the presence of pseudo‑
exfoliation syndrome. (A) Lateral traction test and (B) pinch test from a
68‑year‑old male patient. Eyelid laxity in the presence of pseudoexfoliation
syndrome predisposes to the patient to eyelid margin malpositions, such as
(C) inward rotation (entropion) from a 83‑year‑old female patient or (D) out‑
ward rotation (ectropion) from an 71‑year‑old male patient, both shown with
blue arrows.
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Figure 5. Schematic representation of periocular in pseudoexfoliation syn‑
drome. (A) Orbital changes include orbital fat atrophy and enophthalmos (red
arrow 1) and biomechanical changes in optic nerve and orbital vasculature
(red arrow 2). (B) Eyelid, lacrimal and conjunctival changes include con‑
junctival chalasis and lacrimal deficiency (red arrows 3) and horizontal and
vertical eyelid laxity (red arrows 4).

on all layers, including the tear film, corneal and conjunctival
epithelium, as well as eyelid apposition to the eyeball (38). PEX
has been reported to be implicated in OSD by several previous
studies (40,42). Of note, PEX has been reported to compromise
both the quality and quantity of the tear film, as indicated by
the defective Schirmer, tear break‑up time and tear osmolarity
tests (42‑45), as well as defective conjunctival goblet cell
activity (46), contributing to the development of DED.
7. Orbital involvement

Figure 4. Periocular fat atrophy. (A) Fat atrophy with deepening of the
superior palpebral sulcus (blue arrows) in a 69‑year‑old male patient with
pseudoexfoliation syndrome glaucoma under treatment with bimatoprost
(blue arrows). (B) Associated enophthalmos (retro‑grade displacement of the
globe), more pronounced in the left eye of the same patient (blue arrow),
visible when examining from an inferior point of view.

6. Conjunctival, ocular surface and lacrimal involvement
As in the case of eyelid skin and tendinous anatomical elements
of the peri‑ocular area, the conjunctiva has also been reported
to be affected in PEX, resulting in conjunctival chalasis (39) and
subsequent development or deterioration of pre‑existing ocular
surface disease (OSD). The latter is a chronic malfunction
of the physiological elements, contributing to the effective‑
ness of the ocular surface in supporting eyeball integrity and
preserving visual function (40). It has been associated with
several pathogenetic mechanisms, including Dry Eye Disease
(DED), drug toxicity, particularly from anti‑glaucomatous
medications, and viral infections, such as the human papil‑
lomavirus (40,41). Growing evidence has suggested that PEX
may also be involved through combined pathological effects

The presence of PEX material in the orbits has been reported
by several previous studies (4,47). Orbital fat pads, particularly
those of the superior eyelid, may be particularly susceptible to
atrophic changes induced by bimatoprost (frequently adminis‑
tered as an anti‑glaucomatous medication in pseudoexfoliative
glaucoma), resulting in enophthalmos (Fig. 4) (48). Apart from
the detection of pseudoexfoliative material in the orbital soft
tissues, the effect of PEX is particularly pronounced in the orbital
vasculature (49,50). Reduced end‑diastolic blood velocity at the
long posterior ciliary arteries (measured by color Doppler ultra‑
sound imaging) has been detected in eyes with PEX compared
with that in normal eyes or even eyes with primary open‑angle
glaucoma (POAG), implying PEX‑induced ischemic stress at the
anterior ocular segment (51). Such hemodynamic and hemorheo‑
logical changes may have important roles in the pathogenesis
and clinical course of pseudoexfoliative glaucoma (49,51).
8. Optic nerve changes
The importance of studying the potential detrimental effects
of PEX on the optic nerve is due to its connection with a
particularly aggressive form of glaucoma (pseudoexfoliative
glaucoma) (17). The adverse effects of PEX on the optic nerve
blood supply are supported by findings of reduced optic nerve
head vessel density and reduced peri‑papillary capillary vessel
density in PEX compared to eyes not affected by PEX (52‑54).
Of note, PEX may also affect the biomechanical behavior of
both anterior and posterior ocular segments (including the
peri‑papillary sclera and lamina cribrosa) (55,56), which may
offer potential explanatory mechanisms for the connection
between PEX and glaucoma (57). Biomechanical changes
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of the optic nerve per se have also been reported by a study
applying ultrasound elastography, which detected different
strain ratios of orbital fat to the optic nerve head in glaucoma
patients with PEX as compared with those in the POAG and
control groups, implying that such changes may be involved in
the pathogenesis of pseudoexfoliative glaucoma (58).
9. Clinical implications of peri‑ocular involvement in PEX
The effects of PEX material accumulation in peri‑ocular
tissues may be important concerning the clinical management
of affected patients (Fig. 5). Apart from the risks for cataract
surgery associated with intraocular PEX, enophthalmic changes
(the so‑called ‘deep‑set eyes’) due to the use of prostaglandin
analogues (particularly bimatoprost), frequently administered
in pseudoexfoliative glaucoma, may be an additional source of
surgical difficulty and potential intra‑operative complications.
Eyelid laxity, often resulting in changes of the eyelid margin
position such as entropion or ectropion, as well as in lacrimal
deficiencies, such as DED or OSD, may also be a source of
both intra‑operative and post‑operative complications in cata‑
ract or other forms of intra‑ocular surgery in the presence of
PEX. Such changes may be more detrimental on the ocular
surface, taking into account the reported mechanical corneal
sensitivity defects in PEX (59).
10. Conclusions
The PEX enigma has yet to be unraveled in the field of
Ophthalmology. However, there is growing evidence
connecting PEX with other systemic diseases, particularly
neurological conditions, associated with tissue and cellular
deposition of altered proteinaceous material, such as AD.
Several studies have indicated peri‑ocular tissue involvement
in PEX, including the eyelid skin, tarsus, canthal ligaments,
lacrimal secretions, orbital soft tissue, orbital vasculature and
optic nerve. Apart from the intraocular clinical effects of PEX,
which have been comparatively more extensively studied, the
peri‑ocular tissues may also have an important clinical role in
the overall management of patients with PEX.
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