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INTRODUCTION
Pseudoexfoliation is a complex, progressive, systemic 
age-related disorder. The early stage of extracellular 
fibrillar material deposition on ocular and extraocular 
tissues is referred to as pseudoexfoliation syndrome 
(PEX). The severe advanced stage of this syndrome is 
known as pseudoexfoliation glaucoma (PEXG), which 
manifests with elevated intraocular pressure (IOP) and 
optic nerve damage [1]. As early as 1987 it was recog-
nized that PEX is common and possibly responsible 
for a larger proportion of glaucoma cases than previ-
ously thought [2]. It is estimated that PEX may occur 
in 10–20% of the global population over 60 years old 
(approximately 70 million people). The prevalence of 
PEX is increasing worldwide, and many patients with 
this condition may remain undiagnosed [3].

The pseudoexfoliative material (PEXM) that forms in 
PEX mostly accumulates on various structures of the 
anterior segment of the eye. The nature of this material 
is predominantly fibrillar, consisting of fibers made up of 
microfibrils coated with amorphous material. The com-
position of these fibrils is diverse, including components 
of the basement membrane as well as enzymes involved 
in extracellular matrix maintenance [4]. Accumulation of 
PEXM contributes to early diffuse decompensation of the 
corneal endothelium, and the severity of PEX is signifi-
cantly associated with a reduction in corneal endothelial 
cell density [5]. Through the accumulation of PEXM, local 
inflammation of the ocular surface increases, leading to 
stenosis of the lacrimal puncta [6].

Interest in PEX is also driven by the fact that it is a 
systemic condition and a risk factor for other diseases. 
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PEX is statistically significantly associated with a history 
of angina pectoris, hypertension, or a combined history 
of angina, acute myocardial infarction, or stroke. Signs 
of PEX detected with a slit-lamp can identify individu-
als with increased vascular risk, highlighting vascular 
associations with PEX in the context of the widespread 
elastosis affecting many tissues, including the walls of 
blood vessels [7].

Thus, the main complication of PEX is undoubtedly 
open-angle glaucoma, although angle-closure glauco-
ma can also occur due to pupillary or ciliary block [8]. 
The prevalence of PEX increases markedly with age. 
Individuals with PEX tend to have thinner and flatter 
corneas; however, no differences have been found in 
cataract characteristics or age-related macular degen-
eration compared to those without PEX [9].

The various manifestations of PEX need to be investi-
gated and systematized, as knowledge of them can help 
improve the classification of PEX and thus pave the way 
for better-targeted treatment of both PEX and PEXG.

AIM
To develop an updated and refined classification of PEX 
in the context of its complication by PEXG, taking into 
account current understanding of the morphological 
and clinical criteria of PEX and its treatment methods.

MATERIALS AND METHODS
The study analyzed and systematized global and 
domestic scientific literary sources and electronic re-
sources regarding the modern understanding of PEX 
and PEXG from the scientometric databases PubMed 
and Scopus. The search for publications was carried 
out using keywords and their logical combinations: 
ophthalmology, PEXG, PEX classification, symptoms and 
treatment of PEX. A total of 35 sources were analyzed, 
mainly from the period 2015-2024 (only 7 of them were 
published earlier). The inclusion criteria were the pres-
ence of existing PEX classifications in the publications, 
as well as a description of the symptoms of PEX and 
PEXG, surgical methods of their treatment. Analytical 
and bibliographic methods were employed.

REVIEW AND DISCUSSION 
Clinical and histopathological manifestations of PEX 
involve damage to the lens, the zonular apparatus, the 
ciliary body, the iris, the trabecular meshwork, and the 
cornea [10]. PEX is not limited to the anterior segment 
of the eye. Information exists about histopathological 
characteristics of PEX in various structures – fibrillar and 

eosinophilic deposits on the anterior lens capsule, as 
well as on the eyelid and conjunctiva – indicating sys-
temic distribution of PEXM. Understanding the systemic 
consequences of PEX for ocular and extraocular tissues 
may lead to more comprehensive treatment strategies 
for patients with this condition [11].

PEX has been associated with ocular surface diseases, 
specifically chronic eyelid redness caused by the long-
term use of multiple glaucoma medications (with or 
without preservatives), due to the more aggressive 
disease course and late-stage glaucoma [12].

Purely clinical evaluation is insufficient for the clear 
identification of PEX and PEXG signs. The level of IOP 
and the degree of trabecular dysfunction correlate 
significantly with the amount of pigmentation and 
PEXM in the anterior segment of the eye [13]. Indices 
of peripheral blood related to systemic immune inflam-
mation – including the systemic immune-inflammation 
index (SII), systemic inflammatory response index 
(SIRI), and aggregate index of systemic inflammation 
(AISI) – were elevated in patients with PEX compared 
to healthy control individuals. Therefore, these indices 
could serve as simple, practical, and cost-effective tools 
for assessing the degree of systemic inflammation in 
PEX patients, potentially guiding treatment [14].

The presence of PEX is associated with an increased 
risk of nuclear cataract [15]. The prevalence of PEX was 
significantly higher in older patients with mature cata-
ract. The mean IOP was significantly higher in eyes with 
PEX than in those without it [16]. However, other data 
indicate that only a small percentage of eyes with PEX 
had elevated IOP, and even fewer had glaucomatous 
optic neuropathy. Thus, no correlation was found be-
tween elevated IOP and the stage of PEX. Additionally, 
in eyes with early-stage PEX, good pupillary dilation 
was observed [17].

Damage to all tissues of the anterior segment of the 
eye leads to a spectrum of intraocular complications 
that are significant for the treatment strategy. Intra-
ocular complications occurring during or after ocular 
surgery in the context of PEX include phacodonesis, lens 
dislocation, and an increased frequency of vitreous loss 
during extracapsular cataract extraction. Other possible 
complications include pseudo-uveitis, anterior chamber 
hypoxia, hemorrhage in the iris stroma, dispersion of 
pigment epithelial melanin, and poor or asymmetric 
pupillary dilation. Due to the involvement of all cellular 
layers of the iris, posterior synechiae may form [8].

PEX is not designated as a separate nosological en-
tity and thus is not included in the International Clas-
sification of Diseases (ICD-10 or ICD-11), unlike PEXG, 
which is classified as a form of secondary glaucoma. 
Several classifications of PEX have been proposed, but 
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they are not used in clinical practice. PEX is considered 
a systemic disease, in which PEXM can deposit in the 
skin, heart, lungs, liver, kidneys, and other organs. Both 
unilateral and bilateral manifestations are possible. 
Myocardial infarction, cerebrovascular events, and 
systemic hypertension have also been associated with 
PEX. However, PEX was first described based on char-
acteristic findings of white-gray flakes on the anterior 
lens capsule [18].

One review article on PEX presented a classification 
based on light biomicroscopy data, distinguishing 
four stages of qualitative changes [19]: from initial 
manifestations of PEX as punctate deposits on anterior 
segment structures at Stage I to disturbances of the 
spatial relationships of anterior segment structures at 
Stage IV. Another classification divides PEX into three 
grades based on the pattern of PEXM distribution: mild 
(partial involvement of the pupil margin), moderate 
(entire pupil margin), and severe (entire pupil margin 
and the surface of the iris) [5].

A different classification concerns phenotypic variants 
of PEX: the pigmented form (thin radial pigmented lines 
on the lens surface, often not involving the pupil), the 
classic form (a “dandruff-like” appearance of deposits 
on the lens capsule, pupillary margin, or iris), and the 
combined form, which combines features of both pre-

vious types and is characteristic of a more advanced 
stage of PEX. In a study of eyes with PEX of different 
phenotypes, glaucoma with significant IOP changes, 
with or without optic disc damage, was observed in 
32% of eyes with the pigmentary form, 39% with the 
classic form, and 50% with the combined form of PEX. 
Different phenotypic variants of PEX were associated 
with a 30% risk of developing ocular hypertension and 
a 50% risk of developing glaucoma [20].

The treatment approach for patients with PEX, par-
ticularly the choice of surgical intervention, depends 
on the severity of degenerative changes in the iris, 
capsule, and zonular apparatus of the lens. Therefore, 
we propose an original classification of PEX (Table 
1) that takes into account the morphological and 
clinical changes in the anterior segment of the eye 
(the pattern of PEXM distribution, pupil diameter, 
degree of iridodonesis and phacodonesis, and the 
presence of lens or intraocular lens [IOL] dislocation) 
and simultaneously prescribes the corresponding 
surgical intervention. This classification is the result 
of an analysis of 67 ophthalmic surgeries performed 
from December 2024 through April 2025 on patients 
with various stages of PEX: 22 eyes with stage 1, 20 
with stage 2a, 13 with stage 2b, 11 with stage 3, and 
1 eye with stage 4 of PEX [21].

Table 1. Classification of PEX
PEX 

Stage Biomicroscopic Criteria Pupil 
Diameter

Iridodonesis / 
Phacodonesis

Lens or IOL 
Dislocation

Preferred Surgical 
Appro

1
PEXM on the pupillary margin 

and anterior lens surface during 
mydriasis

≥8 mm Absent Absent
Standard phacoemulsifi-
cation with IOL implan-

tation

2а

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

5-8 mm Mild, not requiring 
fixation devices Absent

Phacoemulsification at 
physiological IOP, no 
nucleus rotation, low 

vacuum, IOL implanted 
without fixation device

2b

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

5-8 mm

Clinically and in-
traoperatively pro-
nounced; require 

fixation devices (e.g., 
capsular tension 

ring)

Absent

Phacoemulsification at 
physiological IOP, no 

nucleus rotation, low vac-
uum, IOL implantation 

with fixation device (e.g., 
capsular tension ring)

3

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

<5 mm

Clinically and in-
traoperatively pro-
nounced; require 

fixation devices (e.g., 
capsular tension 

ring)

Absent

Phacoemulsification at 
physiological IOP, no 

nucleus rotation, low vac-
uum, IOL implantation 

with fixation device (e.g., 
capsular tension ring)

4

PEXM on pupillary margin and 
anterior lens surface during 

mydriasis, also in the anterior 
chamber angle, on the iris and 

corneal endothelium

<5 mm
Clinically and 

intraoperatively 
pronounced

Partial or com-
plete dislocation 

of the lens or 
IOL

Phacoemulsification at 
physiological IOP, no 

nucleus rotation, low vac-
uum, IOL implantation 

with scleral or iris fixation

Source: compiled by the authors of this study
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Fig. 1. The photos of eyes with different stages of PEX: А) PEX 1; В) PEX 2а; С) PEX 2b; D) 

PEX 3; E) PEX 4 

Source: compiled by the authors based on [21] 
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Source: compiled by the au-
thors based on [21]
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open-angle glaucoma. Therefore, first-line prostaglan-
din monotherapy is important for better control of 
elevated IOP and the tendency toward progressive 
glaucomatous vision loss. Timely selective laser tra-
beculoplasty and/or various micro-invasive glaucoma 
surgery (MIGS) procedures are also indicated for PEXG 
when other treatment methods prove ineffective. In 
particular, combined cataract surgery with translimbal 
trabeculotomy under gonioscopic guidance is highly 
effective in reducing IOP in PEXG (possibly by washing 
out PEXM from the anterior chamber and trabecular 
meshwork) [25]. Managing patients with concomitant 
PEXG and cataract is a complex task due to its worse 
prognosis compared to other types of glaucoma and 
the increased risk associated with surgical intervention 
for cataract [26].

Compared to primary open-angle glaucoma, PEXG 
demonstrates more pronounced optic nerve dam-
age and a weaker response to medical therapy. The 
effects of argon laser therapy and filtering surgery 
are similar for these two types of glaucoma, but pri-
mary laser trabeculoplasty has been shown to yield 
better results in PEXG than in primary open-angle 
glaucoma [27].

Laser trabeculoplasty and medical treatment of 
PEXG are equally effective, but both lose effectiveness 
over several years. It is also necessary to monitor the 
IOP in the contralateral eye, given the potential de-
velopment of glaucoma in it. A significantly high risk 
of complications (capsular rupture, vitreous loss, lens 
nucleus dislocation, and IOL dislocation) has been 
reported following cataract surgery in eyes with PEX. 
The use of modern phacoemulsification techniques 
and devices for capsular support substantially reduces 
these risks [28].

Due to zonular damage associated with pseudoex-
foliation, cataract surgery on eyes with PEX carries an 
increased risk of surgical complications [29]. Phacodo-
nesis and lens subluxation may occur, as well as late 
dislocation of an in-the-bag IOL even years after an 
uncomplicated cataract surgery [30]. The frequency of 
cataract surgery complications did not differ statistically 
between patients with bilateral PEX and those with 
clinically unilateral PEX [31]. Intraoperative difficulties 
occurred in 27,4% of operated eyes with PEX, with the 
most common problems being poor pupillary dilation 
and zonular dehiscence [32].

PEXG is a more progressive disease than primary 
open-angle glaucoma, with higher IOP levels and 
greater diurnal fluctuation. Cases of PEXG usually 
require more aggressive antiglaucoma treatment, so 
glaucoma surgery is often performed in these patients 
[33]. Certain complications occurred more frequently in 

The photos of eyes with different stages of PEX, taken 
using a slit lamp, are presented in Fig. 1.[21].

Thanks to the proposed classification, it is possible 
to predict the extent of the necessary surgical inter-
vention. All classification criteria (maximum pupil 
width, extent of pseudoexfoliation spread, presence 
or absence of phacodonesis, and presence of lens 
dislocation in stage 4) are identified during the preop-
erative diagnostic stage. The scope and complexity of 
surgical treatment, as well as the need for additional 
IOL fixation devices, depend on the stage of PEX as 
defined in this classification. By determining the PEX 
stage according to this system, one can anticipate the 
volume, complexity, duration, and risk of potential 
postoperative complications. This creates a basis for 
determining the required level of surgical expertise, 
estimating the cost of the procedure, calculating the 
number of necessary consumables, and planning 
the involvement of additional resources (such as 
hospitalization or an anaesthesiologist). Moreover, 
this classification provides information to the patient 
(as well as to insurance companies, administrative or 
legal bodies, etc.) about the causes of complications 
and adverse outcomes.

An advantage of this classification is the ability to 
scientifically systematize results in clinical studies. Pa-
tients with different stages of PEX are expected to have 
differing risks of developing glaucoma. The availability 
of a clear and easily implementable patient grading 
system enables broad multicenter studies, in which all 
investigators can follow a unified principle of patient 
stratification, thereby contributing to the understand-
ing and prevention of glaucoma onset and progression.

Patients with PEX and PEXG require continuous 
monitoring and individualized treatment, taking into 
account the specifics of their medical history. In one 
population-based study of PEX patients, 16% required 
treatment following evaluation [10]. The use of topi-
cal medications in PEX patients usually leads to poor 
long-term outcomes, but various surgical methods 
have been proposed for treating PEX, such as argon 
laser or selective laser trabeculoplasty. When examin-
ing patients with PEX and/or PEXG, all relevant factors 
must be considered to determine the most appropriate 
treatment strategy. Patients should also be informed 
about the increased risk of potential complications 
[22]. Phacoemulsification for cataract removal results 
in significant IOP reduction and visual improvement, 
making it a more effective option for treating PEXG 
[23], particularly in cases with preoperative IOP below 
20 mmHg [24].

PEXG is characterized by larger IOP fluctuations 
and is more resistant to topical therapy than primary 
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patients with PEX is essential for continuous control of 
IOP and other PEX symptoms, as well as for the timely 
initiation of appropriate medical and surgical glaucoma 
treatments while taking into account the risk of surgical 
complications.

A review of global experience regarding PEX man-
ifestations, complications, and treatment methods 
has led to the development of a modern, refined 
classification of PEX that can be used in the education 
and clinical practice of ophthalmologists. In particular, 
the new classification provides the ability to predict 
the volume and complexity of the necessary surgical 
intervention, determine the required level of surgeon 
expertise, estimate the cost of the procedure, and 
assess the risks of potential postoperative compli-
cations. Additionally, this classification opens up the 
possibility of systematic categorization of patients in 
clinical research.

the PEXG group compared to the primary open-angle 
glaucoma group. For example, postoperative best-cor-
rected visual acuity of ≥20/40 was achieved in 20% 
of PEXG eyes versus 40% of primary glaucoma eyes; 
nonetheless, both groups experienced improvements 
in vision-related quality of life [34].

It is worth noting the need to study MIGS methods. It 
has been reported that most surveyed ophthalmology 
residents in the United States intend to treat glauco-
ma surgically in their future practice, but training in 
such procedures is not mandatory in ophthalmology 
residency programs [35].

CONCLUSIONS
PEX is a complex and prevalent ocular pathology that is 
difficult to diagnose and treat; it can lead to glaucoma 
and, ultimately, to blindness. Thorough monitoring of 
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