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Abstract

Purpose: To develop a classification of pseudoexfoliation
syndrome (PEX) for use in cataract surgery on the basis of
its features.

Material and Methods: This study included 67 patients
(67 eyes; age, 61 to 84 years) with PEX-associated cataract
who underwent phacoemulsification with intraocular lens
(IOL) implantation. Patients were divided into the following
categories based on the features of surgical strategy: those
that underwent standard phacovitrectomy without zonular
protection; those that underwent phacoemulsification and no
nucleus rotation during hydrodissection, those that required
a capsular tension ring (CTR) implantation due to zonular
weakness,; and those that required suture IOL fixation.

Results: The patient distribution based on the features
of PEX and severity of the effect of PEX on the features of
phacoemulsification cataract surgery allowed to determine
the relationship of the surgical strategy with the maximum
pupil dilation, severity of zonular weakness, increased lens
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mobility, and capacity of an IOL to maintain its correct posi-
tion independently. Determining the relationship allowed us
to systematize these features and develop a surgical classifi-
cation of PEX. The classification scheme defines four stages
of the syndrome; stage II is subdivided into two categories,
category A and category B.

Conclusion: The classification proposed was developed
on the basis of the assessment of PEX in the above number
of patients, and enabled systematizing the features of patients
according to the features of the anterior segment of the eye.
Moreover, the study is universal for the stages proposed. The
classification can be used as a basis for further research on
PEX.

Keywords: pseudoexfoliation syndrome, cataract, cataract
associated with pseudoexfoliation syndrome, pseudoexfo-
liative glaucoma, phacoemulsification, intraocular lens po-
sition, intraocular lens fixation, pseudoexfoliation syndrome
classification

Pestlome

Mema. Pospobumu xracugikayiro ncesdoexcgoniamus-
HO20 CUHOPOMY OJIs1 BUKOPUCIAHHSL 6 XIpYpeii Kamapaxkmu Ha
0CHOGi iT ocobausocmeli.

Mamepian ma memoou. B oocnioscenni 63510 yuacmo 67
nayienmis (67 ouetl) 3 nNCcegOOEKCHONIAMUBHUM CUHOPOMOM
ma kamapakmoio sikom 6i0 61 0o 84 pokis, sikum 6y10 npo-
6e0eHO harkoemynbCcughikayio KpUmMaiuka 3 IMnJIGHMAayiero
10JI. B 3anexcrnocmi 8i0 ocobnusocmeii Xipyp2iuHoi makmuxu
JIKYB8AHHS, NAYIEHMIE PO30LIeHO HA HACMYNHI Kame2opii: mi,
Komy ¢hakoemynbcugiayis xamapaxmu npogoounacs Cmam-
0apmHo Memoouxow 6e3 000amK08020 3axXUCmy YUHHOBUX
36’530K, mi, KoMy OY10 HEOOXIOHO npoeoOUmU (akoemyib-
cughikayiro 6e3 nonepeduvboi pomayii 40pa KpUUWMAaiuKa Ha
emani 2iopooucekyii; mi, Komy HACTIOOK CIAOKOCMI YUHHO-
8UX 368 'A30K OY1a HeOOXIOHA IMNIAHMAYIA IHMPAKANCYIbHO2O0
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niOMpuMy04020 Kinvys, i mi, komy Oyia HeobXiOHa WOBHA
NIOMPUMKA NOTONCEHHSL IHMPAOKYIAPHOL TTH3U.

Pesynomamu. Po3nodin nayienmis 3a 0coonugocmsamu
HASIBHO20 NCeBOOEKCHONIAMUBHO2O CUHOPOMY | CHIYHEHIO
6NIUBY OCAHHLO20 HA XAPAKmep NPOGeOeHHs. Onepamus-
HO20 NUKYBAHHSA Memooom parkoemynbcugikayii 003601ue su-
6ecmu 3aKOHOMIPHOCMI 3A71eHCHOCNT MAKMUKU XIPYP2AUHO20
JUKYBAHHSL 8I0 MAKCUMATLHO2O MIOpUA3sy, CMynenio ciabkoc-
mi YUHHOBUX 38 'A30K, PYXOMOCMI KPUUMAIUKA | 30amHOCmi
CAMOCMILIHO MPUMAMUCS THMPAOKVAAPHILL JIIH3I 8 NpaUlb-
HOMY nonodicenni. Bcmanognenna makoi 3anesjcnocmi 00360-
JULO CUCMEMAMU3Y8amu yi 03HAKU [ po3pobumu Xipypeiuny
Kaacu@ixayiro nces00exkchonriamueno2o cuHopomy. 32i0HO
3 0aHolo Kaacugixayicio, sudineno yomupu cmaoii ncesdo-
excghoniamueHo2o cuHOpomy, opyea cmadis nodiieHa Ha 08i
Kamezopii — kamezopito «A» i kamezopito «By.

Introduction

Pseudoexfoliation syndrome (PEX) is a disorder
characterized by the accumulation of aberrant
extracellular matrix material on the intraocular structures
and other internal organs [1, 2]. The prevalence of PEX
increases markedly with age. It is estimated that up to
20% of the over-60 population may be affected [3, 4].
Additionally, PEX is one of the most common causes of
glaucoma worldwide, and is associated with 20-60% of
open glaucoma cases in many regions of the world [1].
Moreover, PEX is known to be associated with cataract,
which may require cataract surgery [S]. PEX is a risk factor
in cataract surgery [6]. Surgery in patients with PEX may
be additionally complicated due to pupil rigidity, poor
mydriasis, zonular weakness, and, consequently, potential
dislocation of the lens or intraocular lens (IOL) [7, 8, 9].
With regard to phacoemulsification in eyes with PEX, it
is recommended to (1) avoid excessive pressure on the
lens, (2) avoid making excessive efforts when moving or
rotating the lens in the capsular bag, and (3) perform major
phases of surgery at physiological intraocular pressure
(IOP) and low vacuum parameters [10, 11, 12]. Such
cases may also require options for capsular bag support
(e.g., a capsular tension ring (CTR) implantation for more
even distribution of tension on the zonular ligaments)
[13]. Suture IOL fixation techniques are used in especially
challenging cases of a partial or complete defect of the
zonular ligaments, when it is impossible to achieve a
correct IOL position postoperatively [14]. Means of
sutureless or suture fixation are used to stabilize the
IOL position during and after surgery [15]. Distributing
patients according to the severity of PEX during surgery
is important, because the above-mentioned features are
present not in each case of surgery for cataract associated
with PEX [16].

Bucnosku. 3anpononosana kiacugixayis, nposedena Ha
ocnogi oyinku IIEC y suwesasnayenoi Kinbkocmi nayicHmis,
003801IUNA HIMKO CUCMeMamuU3y8amu 0coOnUeoCmi nayicH-
mie 8i0N0BIOHO 00 0CODIUBOCMEN NEPEOHBO2O Ce2MEHNY OKd.
Binvwe moeo, docnioscenns € ynieepcanoHum 01 cmaoit,
SKI MU 3aNPONOHY AU,

Jana knacugixayis mooice Oymu 0CHOB010 0151 NOOANLUIUX
00CHIOMHCEHD NCEBOVEKCPHONIAMUBHO2O CUHOPOM).

Knrwouoei cnosa. I[lcesdoexcgoniamugnuii cunopom, Ka-
mapaxkma, YCKIaoHeHa nced00eKchoNiamusHUM CUHOPOMOM,
ncesdoexchoriamuena 2naykoma, akoemynbcugpikayis, no-
JIOJCEHHSL THMPAOKYIAPHOL NiH3U, (hiKcayis THMpaoKyIsapHol
JH3U, KIACUDIKayis nces0oekcihoniamusHo20 CUHOPOMY.

At present, there is no stage-by-stage differentiation
of the syndrome; this differentiation, if present, could be
helpful for surgical management of PEX.

Therefore, there is the need for a clinical classification
of PEX that can be applied to determine the intraoperative
strategy beforehand to prevent possible intraoperative
complications.

The purpose of the study was to develop a classification
of PEX for use in cataract surgery on the basis of its
features.

Material and Methods

The study cohort included 67 patients (67 eyes;
age, 61 to 84 years) with PEX-associated cataract
who underwent surgery at the Visiobud Clinic from
03.12.2024 to 17.04.2025. Patients with high ametropia
or ocular comorbidities were excluded. All patients
underwent cataract surgery by phacoemulsification
with IOL implantation. All surgeries were performed by
one fully-qualified ophthalmic surgeon. Patients were
divided into the following groups based on the features
of surgical treatment: group 1, patients exhibiting no
preoperative or intraoperative zonular weakness, and thus
requiring no zonular protection (during hydrodissection
of the nucleus, rotational mobility of the lens was easily
achieved without risk for the zonular ligaments); group 2,
patients exhibiting pronounced zonular weakness in the
form of increased lens mobility (these patients required
phacoemulsification with additional zonular protection,
including hydrodissection of the nucleus without
rotation and performing phacoemulsification phases at
physiological IOP and low vacuum parameters; a CTR
was employed in some of these patients due to significant
intraoperative zonular weakness); group 3 (patients with
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Table 1. Classification of pseudoexfoliation syndrome (PEX) in cataract surgery

St:?e Number of | Biomicroscopic Pupil width Phacodonesis or | Lens or IOL | Surgical intervention
PEX patients finding P iridodonesis dislocation of choice
PEM along the
papillary margin Standard
PEX 1 22 and on the anterior >8 mm No No phacoemulsification
surface of the lens in with I0OL implantation
a dilated eye
PEM along the
fhaepg:trgrirgf;%';égg Phacoemulsification at
PEX of the lensin a Mild and do not mgﬁ;ﬁﬁggiiﬁpiorx
oA 20 dilated eye, in the 5-8 mm require fixation No vacuum arame’ters
angle of the anterior device implantation . P L
chamber. and on w!th IOLllmp.Iantatlo.n
the iris a;l d comeal with no fixation device
endothelium
PaE'\i/lllaalor:E;??n on Clinically and Phacoemulsification at
tphepantrgrior s% rféce intraoperatively physiological IOP, no
of the lens in a pronounced, nucleus rotation, low
PEX . . : require vacuum parameters,
13 dilated eye, in the 5-8 mm . . No . . .
2B anale of the anterior implantation of with |OL implantation
chgmber and on a fixation device with a fixation device
the iris a;1d comeal (capsular tension (a capsular tension
endothelium ring, etc.) ring)
P:'\i/lllglor:g;r?n on Clinically and Phacoemulsification at
fhepantrgrior s% rféce intraoperatively physiological IOP, no
of the lens in a pronounced, nucleus rotation, low
PRX 3 1 dilated eye, in the <5mm . reqU|r.e No Vacuum parameters,
angle of the anterior implantation of with 10OL implantation
chamber and on a fixation device with a fixation device
the iris a;ld comeal (capsular tension (a capsular tension
endothelium ring, etc.) ring)
PEM along the
fhaepglsgrgfggégg Phacoemulsification at
. -~ Partial or physiological IOP, no
of the lens in a Clinically and complete nucleus rotation, low
PEX 4 1 dilated eye, in the <5mm intraoperatively -omple ’
. dislocation vacuum parameters,
angle of the anterior pronounced .
chamber, and on with an I0OL s.u'tured to
the iris and corneal the sclera or iris
endothelium

Note: IOP, intraocular pressure; PEM, pseudoexfoliative material; PEX, pseudoexfoliation syndrome. We report holding a
Copyright Patent for this classification (Copyright Patent No. 136593 issued on May 26, 2025).
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marked signs of phacodenesis and iridodonesis and
preoperative lens dislocation; these patients required
adequate capsular bag support in the form of capsular hooks
at all stages of surgery, and additional suture IOL fixation
to achieve a correct IOL position postoperatively). Pupil
diameter was measured intraoperatively in the presence
of epibulbar treatment with tropicamide 1% or atropine
1% and intracameral treatment with mesatone 1% for
maximal mydriasis. No intraoperative or postoperative
complications occurred.

The study followed ethical standards as outlined in
the Declaration of Helsinki and the European Convention
on Human Rights and Biomedicine, and relevant laws of
Ukraine. Informed consent was obtained from all subjects.

Results

Group 1 included 22 patients in whom the course
of surgical intervention was not different from that in
patients without PEX: the lens was stable; there was
no intraoperative evidence of zonular weakness; during
hydrodissection of the nucleus, rotational mobility of the
lens was easily achieved; intraoperative IOP and vacuum
were standard and required no correction; the implanted
IOL was stable in the capsular bag and correctly positioned
in the eye. The use of mydriatics allowed pupil dilation to
a diameter exceeding 8 mm. These patients were assigned
to group I of our classification of PEX.

Group 2 included 33 patients with preoperative
signs of increased mobility of the nucleus in the form of
iridodonesis during ocular movements and intraoperative
mobility of the lens due to zonular weakness when
creating an anterior capsulorhexis. No nucleus rotation,
but performing phacoemulsification at physiological
IOP and low vacuum parameters for preventing damage
to weakened zonules (Centurion Vision System, Alcon,
Fort Worth, TX) was required (with fragmentation and
aspiration vacuum settings of 90-120 mmHg and 180-
250 mmH, respectively) in these patients. Some of these
patients also required a CTR placement to stabilize the
IOL in the postoperative period. In all these 33 patients,
the pupil could be dilated to a diameter of < 8 mm. In
11 patients, the pupil could be dilated to a diameter of
< 5 mm; they required a CTR implantation. Therefore,
the patients exhibiting pronounced zonular weakness and
maximum pupil dilation of <5 mm were assigned to group
IIT of our classification of PEX. All such patients require
a CTR implantation. The patients exhibiting pronounced
zonular weakness (that required corresponding changes
in phaco settings) and maximum pupil dilation of 5 to 8
mm were assigned to group II. The patients not requiring
a CTR implantation were assigned to group IIA, and the
patients requiring a CTR implantation, to group IIB.

Patients with preoperative or intraoperative signs of
PEX or lens or IOL dislocation required the IOL to be
sutured to the sclera or iris, and were assigned to group [V
irrespective of the maximal pupil dilation.

The postoperative period was unremarkable in all
patients.

In 8 eyes (12%), topical hypotensive medications
were used due to early postoperative ocular hypertension.
The IOL was well centered in all patients.

It was proposed to systematize patients with PEX
into the classification system based on (1) the scores
of preoperative anterior segment biomicroscopy, (2)
maximal intraoperative pupil dilation, and (3) intervention
features.

Discussion

This surgical classification of PEX has a large practical
value since it allows determining preoperatively the
amount of surgical intervention in the anterior segment
based on the maximal pupil dilation and the presence or
absence of signs of zonular weakness and phacodenesis.
This is helpful in determining potential risks, the need for
the use of additional IOL fixation, and the eye surgeon
qualification level required to perform eye surgery
adequately.

Moreover, this enables providing a rationale for the
development of PEX [17]. The degree of PEX severity
is very important in the context of the prevention of
pseudoexfoliative glaucoma (PEG), because cataract
surgery in patients with PEX reduces the risk of PEG [17,
18].

The fact that not all patients with PEX will develop
PEG prompts a search for potential factors of PEG in these
patients; consequently, the possibility for classifying PEX
allows for more fundamental research on PEG.

PEX is typical not only in phakic patients, but also
in pseudophakic individuals. Undiagnosis of PEX is
common in pseudophakic patients [19].

The above classification of PEX can be used both in
phakic and pseudophakic individuals.

Conclusions

Since the presence of visual signs of PEX does not
determine the strategy of cataract surgery, there is a need
for a classification of PEX not on the basis of the presence
or amount of pseudoexfoliative material, but on the basis
of the signs that influence the strategy of surgery. These
signs include the maximum pupil dilation; evidence of
phacodenesis or iridodonesis; increased mobility of the
lens during phacoemulsification; the potential for using
various cataract surgery techniques without damage
to ligaments or dislocation of the lens or IOL; and,
correspondingly, the advisability of suture fixation in
cases with dislocation of the lens or IOL.
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This classification enables predicting the course of
surgery and the risks of intraoperative complications and
PEG.

The classification proposed was developed on the
basis of the assessment of PEX in the above number
of patients, and enabled systematizing the features of
patients according to the features of the anterior segment
of the eye. Moreover, the study is universal for the stages
proposed. The classification can be used as a basis for
further research on PEX, particularly in the context of the
development of PEG.
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