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<> Purpose. To study the main morphological features of the corneal endothelium in patients with pseudo-
exfoliative glaucoma (PEG). Methods. We included 193 subjects aged from 55 to 75 years. The main study
group (PEG) included 96 patients (192 eyes), the primary open angle glaucoma (POAG) group included
36 patients (72 eyes) with POAG, the PEX group included 31 patients (62 eyes) with pseudoexfoliation
syndrome without glaucoma. The control group consisted of 30 healthy subjects (60 eyes). Main corneal
endothelium parameters were evaluated using a non-contact endothelial microscope EM-935 (Haag Streit,
Switzerland). Data were analyzed by STATISTICA 9 software for Windows. Results. The patients with
PEG had lower endothelial cell density (ECD) in comparison to the control group (p < 0.01), and PEX
group (p < 0.05). The polymegatism level in patients with PEG and POAG was higher than in the control
group (p < 0.001, and p < 0.01, correspondingly). In patients with moderate and advanced PEG, the ECD
was significantly lower (p < 0.01), and the polymegatism level was significantly higher (p < 0.01) than
the same parameters in patients with early PEG. The lowest ECD and the highest polymegatism percent-
age were observed in PEG patients with more pronounced PEX manifestations, p < 0.05. No effect of
[OP-lowering eye drops on the corneal endothelium parameters was revealed, p < 0.05. Conclusions. Sig-
nificant morphological changes of the corneal endothelium (decreased endothelial cell density, increased
polymegatism percentage) were revealed in patients with PEG. It was established that the severity of these
changes is associated with the PEG and PEX severity. No effect of IOP-lowering eye drops on the corneal
endothelium parameters was detected.

<> Keywords: pseudoexfoliative glaucoma; pseudoexfoliation syndrome; endothelial microscopy.
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<> Leas. Vzyunth mopdosioruieckne 0COGEHHOCTH SHAOTE U POrOBHILBI Y GOJIbHBIX MCEBI0IKCHOH-
atuBHoOl ryiaykomoil (I1917). Memodet. B uccinenopanue BkJoueHo 193 dyesoBeka B Bo3pacTte oT 55 Jio
75 net. OchHouyto rpynny (I19I) cocraBuaun 96 GosbHbix (192 raasa), rpynny [TIOYD — 36 nauu-
eHTOB (72 ryiaza) ¢ mepBHUYHOU OTKPBITOYroJibHOH ryaykomoit, rpynny [I19C — 31 uesnoBek (62 rua-
3a) C MceB03KCOMMATUBHBIM CHHAPOMOM 6e3 rimaykoMbl. B rpynny koutpoas (I'K) Boman 30 uesnopek
(60 rsnas), COOTBETCTBYIOUIUX KPUTEPUAM BKJtOUeHUsA. [lapaMeTpbl SHI0TEUS POTOBUIBI UCCJIEI0BAJIH
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npu nomoln 6eCKOHTAKTHOIrO 3HJ0TeHaNbHOro MuKpockona EM-935 (Haag Streit, lsefinapus). Tos-
IIMHY LEeHTpaJsibHOU 30HbI poroBullbl (LI3P) nuamepsisin yasrpassykosbim naxumerpom AL-3000 (Tomey,
Japan). [TosiyueHHble B npoliecce UCCJIe0BaHUs JaHHble 06pabaThiBajiu ¢ UCIIOJb30BAHHEM MPOrpaMM-
no#t cucrembl STATISTICA nns Windows (Bepcusi 9). Peadyasmamot. Y 60JbHbIx [191 BhisiBieHa GoJgee
HU3Kasi MJIOTHOCTb SHJAOTEJIUsI POTOBHULLbI 110 cpaBHeHHIO ¢ KoHTpoJieM (p < 0,01) u [1DC (p < 0,05). ¥po-
BeHb nosuMeratuama npu [ u [TOYT 6b1a1 Boile, uem B 'K (p < 0,001 u p < 0,01 cooTBeTCTBEHHO).
Y 6osbHbIX [13] ¢ MpOABUHYTBHIMH CTATHSIMHU MJIOTHOCTb SHAO0TEJHs Oblja gjocToBepHo HUXKe (p < 0,01),
a ypoBeHb rnoJiuMeratuama okasaJgcs Bbitie (p < 0,01), yem npu HauasbHolt craguu. Haumenbiias [19
¥ HauOOJbLIKI MPOLEHT MoJuMeratiama Habaoaanuch y 60JbHbIX [19I ¢ 6osee BbipaKeHHBIMH MPOSIB-
aenusimu [19C (p < 0,05). [To cpaBuennio ¢ 'K naumenbias tonunna LI3P BeisiBiena y 6osbubix [139T
(p < 0,05). Bnusnusa runoTeH3UBHBIX MVIA3HBIX KarneJ b W UX KOMOWHAUWN Ha mapameTpbl Mopdosaoruu
SHJOTEJINsI POTOBHILI BLISIBJIEHO He Ob110. Botgodot. Y 6onbubix [191 nMeuchk sHaunTeIbHbBIE MOP(OJIO-
rHYeCKre H3MEeHEHUs SHJ0TEJ U POTOBHUILBI (CHHYKEHHE TIJIOTHOCTH SHAOTENHAJbHBIX KJIE€TOK, MOBbIILIEHHE
MPOLEHTA MOJIUMEraTu3Ma) U BbIpa’KEHHOCTD BbIsIBJEHHBIX HAPYILIEHU I OblJla aCCOIIMMPOBAHA C TSHKECThHIO
[191 v crenenbto BoipazkeHHOCTH [1DC. BausiHUA rTHNIOTEH3UBHBIX [M1a3HbIX KameJb Ha apaMeTpbl 3HJ0-
TeJIUS POTOBHUILLI 06HAPYXKEHO He OblJIO.

<> Karouesoie cnrosa: HCeBLLOSKCCbOJIHaTHBHaH rjlaykoma, HCGBHOSKC(*)OJIHEITHBHbII/UI CHUHAPOM; SHAOTEJH-

ORIGINAL RESEARCHES / ORIGINAL RESEARCHES

aJibHasi MUKPOCKOIIHS.

INTRODUCTION

Pseudoexfoliation syndrome (PES) is an age-
related generalized elastic microfibrillopathy (extra-
cellular matrix pathology) characterized by chronic
progressive accumulation of fibrillar material in the
extraocular and intraocular tissues [1, 2].

Currently, the presence of PES is one of the main
risk factors for pseudoexfoliative glaucoma (PEG) with
both open and closed irido-corneal angle (ICA)[2, 3].
In addition to the eye, PES affects many other or-
gans and tissues, in particular, skin, connective tis-
sue elements of visceral organs, basal membranes of
blood vessels, smooth and striated muscle tissue, and
myocardium [4, 5]. There is evidence that PES may
be associated with numerous extraocular diseases,
including the pathology of the cardiovascular system,
peripheral capillary disorders, vascular dysregulation,
and neurodegenerative diseases, such as Alzheimer’s
disease [6—9].

The results of electronic microscopy showed that
in the eye, pseudoexfoliative material (PEM) is ca-
pable of producing epithelial cells of the lens pre-
equatorial zone, non-pigment epithelium of the cili-
ary body, pigment epithelium, almost all cell types
of the iris stroma and vascular network, endothelium
cells of the trabecular zone, and corneal endothelium.
All of these conditions show signs of active fibril-
logenesis [2].

Various studies have shown that PES affects
most layers of the cornea, causing the develop-
ment of a specific slowly progressive keratopathy
and concomitant disturbances of the tear film and
ocular surface [10—12]. Aspects of keratopathy in

PES are expressed through increased thickness of
the Descemet’s membrane of the PEM and result
in its uneven thickening as well as in the capture
of melanin by endothelial cells (ECs) [10]. In ad-
dition, a decrease in density and an increase in
the level of polymegethism and polymorphism of
the corneal endothelium were found in PES pa-
tients [11, 13, 14]. According to the results of
several studies, patients with PEG have an even
more pronounced degree of morphological changes
in the endothelial layer of the cornea than patients
with PES [13, 15, 16].

A few studies have shown that this group of pa-
tients is characterized by a decrease in the density of
basal epithelium cells, anterior and posterior kerato-
cytes, tortuosity and thinning of the nerve fibers of
the subbasal nerve plexus, an increase in the number
of dendritic cells, and the deposition of PEM in differ-
ent layers of the cornea [11—13]. It has been surmised
that the preceding changes may contribute to damage
to the ocular surface, manifested as a decrease in
the density of the superficial corneal epithelium, an
increase in its desquamation, and the development of
dry eye syndrome manifestations [11, 12, 17]. When
assessing the thickness of the central zone of the
cornea, PES patients and, to a greater extent, PEG
patients had smaller values of this indicator compared
with both the age-consistent control group and each
other [18, 19].

The present work aimed to study the morphologi-
cal aspects of the corneal endothelium in patients
with PEG and to reveal their possible relationship
with the manifestations of PES and glaucoma.
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MATERIAL AND METHODS
The study included 193 Caucasian patients

(39% men, 61% women) aged from 55 to 75 years

(mean age, 66.5 + 0.4 years) from St. Petersburg and

the Leningrad Region of Russia.

All patients were divided into three groups and a
control group. The PEG group consisted of 96 pa-
tients (192 eyes) with stage I-III PEG (38% men,
62% women), the primary open-angle glaucoma
(POAG) group consisted of 36 patients (72 eyes) with
stage I-111 POAG (31% men, 69% women), and the
PES group consisted of 31 patients (62 eyes) with
pseudoexfoliation syndrome without glaucoma (42%
of men, 58% of women). The control group included
30 patients (60 eyes) meeting the criteria for inclusion
and exclusion (47 % men, 53% women). The men-to-
women ratio in the groups were similar. All patients
signed a written informed consent to participate in
the study.

The study did not include patients with a history
of diabetes, cancer, and autoimmune diseases as well
as severe concomitant pathology of various systems
and organs. Referring to the eye, exclusion criteria
comprised a history of uveitis, acute circulatory dis-
orders in the central retinal artery and central retinal
vein, injuries, corneal diseases, and wet age-related
macular degeneration. In addition, contraindications
to inclusion in the study were cataract surgery, glau-
coma, a history of corneal pathology, and refractive
surgery. The patients examined did not receive gen-
eral or local therapy with glucocorticoids and immu-
nosuppressants.

To confirm the diagnosis, all participants un-
derwent a standard ophthalmologic examination,
including autorefractometry, visometry, Maklakov
tonometry, biomicroophthalmoscopy with undilated
and dilated pupils, gonioscopy using Goldmann
type lens (Olis, Russia), automated perimetry using
the “fast threshold” strategy (AP-1000, Tomey Corp.,
Japan), and Heidelberg retinal tomography (HRT-II).
The presence of pseudoexfoliative deposits was deter-
mined by biomicroscopy, biomicroscopy at medical
mydriasis, and gonioscopy.

Evaluation of PES severity was performed accord-
ing to the E.B. Eroshevskaya classification (1997),
taking into account the severity of atrophy of the iris
and number of pseudoexfoliative deposits [20]:

* First degree — mild atrophy of the iris, subtle
exfoliative deposits on the anterior capsule of the
lens and along the pupillary margin, pupil dilation
up to 5 mm

+ Second degree — pronounced exfoliation layering,
atrophy of the pupillary pigment margin, redis-

al
E

tribution of the pigment on the iris and anterior

chamber angle structures, pupil dilation up to

3.5—4.0 mm

Third degree — significant atrophy of the iris and

pigment border, deposits in the form of cellophane

film, pronounced mixed pigmentation of all struc-
tures of the anterior chamber angle, phacodonesis,
lack of pupil reaction to light

In addition, all patients underwent ultrasound
keratopachymetry (AL-3000, Tomey Corp., Japan).
The morphological state of the corneal endothelium
was studied using an EM-935 contactless endothelial
microscope (Haag-Streit AG, Koniz, Switzerland).
The EM-935 is a portable device installed on a slit
lamp (BQ 900, Haag-Streit AG, Koniz, Switzer-
land) that enables to analyze ECs in automatic and
semi-automatic modes. Normal indices included EC
density of more than 2000 cells/mm?, percentage of
hexagonal cells of >60%, and polymegethism level
of <30%.

The study was conducted at the Department of
Ophthalmology and at the clinical and diagnostic
center of the polyclinic, both of which are parts of
the Pavlov First State Medical University of St. Pe-
tersburg.

The medical and biological data obtained dur-
ing the study process were processed using STA-
TISTICA 9.0 for Windows (TIBCO Software Inc.,
Palo Alto, CA, US). The frequency characteristics
of the qualitative indices were analyzed using non-
parametric methods x?, Yates corrected x* (for small
groups), and Fisher criteria. Quantitative parame-
ters in the studied groups were compared using the
Mann—Whitney U test, Wald criteria, median y?, and
analysis of variance (ANOVA) module. Confidence
intervals for frequency indices were calculated us-
ing the exact Fisher method. The characteristics of
the samples were presented as mean + error of the
mean (M + m). To clarify the relationship between
the studied parameters, a correlation analysis was
performed and the Spearman correlation coeifficient
was calculated.

STUDY RESULTS

The results of the quantitative assessment of the
primary indices of the morphological state of the cor-
neal endothelium and the central corneal thickness
(CCT) in patients with PEG, POAG, and PES, and
in the control group are presented in Table 1.

As seen in Table 1, the lowest density of corneal
ECs was noted in patients with PEG compared to the
control group and PES group (p < 0.01 and p = 0.01,
respectively). The ED indicator in the PEG group
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compared to the POAG group and the ED indicator in
the POAG and PES groups compared to the control
group did not have significant differences (p > 0.05).
The percentage of hexagonal cells was not signifi-
cantly different in the groups under study (p > 0.05).

The most severe polymegethism was detected in
patients with PEG and POAG compared to the con-
trol group (p < 0.001 and p < 0.01, respectively).
In addition, the level of polymegethism in PEG pa-
tients was significantly higher than in PES patients
without glaucoma (p < 0.05).

Table 1/ Tabnnya 1

PEG patients had the lowest CCT compared with
the control group (p < 0.05). However, the CCT in
PEG patients did not differ from the same parameter
in the POAG and PES groups. It should be noted
that CCT values in the POAG and PES groups were
comparable with those of the control group.

In patients with PEG and POAG, the state of the
corneal endothelium and the CCT value were evaluated
depending on the stage of the glaucomatous process,
whereas patients with developed and advanced stages
of glaucoma were combined into one group (Table 2).

Endothelial cell density, percentage of hexagonal cells, and polymegathism, central corneal thickness in patients with pseudoexfoliative
glaucoma, primary open angle glaucoma, pseudoexfoliation syndrome, and in the control group

MnoTHOCTL 3HAOTENMANbHBIX KNETOK, NPOLEHT reKCaroHanbHbIX KNETOK U NONMMEraTu3Ma, TONLWMHA LEHTPanbHOM 30HbI POroBuLbl y 60NbHbIX

NCeBA0IKCHONMATUBHOI FNAYKOMON, NEPBUYHO OTKPbITOYrONLHON rMayKOMON, NCEB03KC(ONUATUBHBIM CHHAPOMOM U FPYNMbI KOHTPONSA

Parameters Control Group PEG POAG PES p

Endothelial cell P <001

ndothelial cells 2660.9 + 50.6 24985 + 29.8 25561 + 38.4 26439 + 418 p, = 0.05
density, cells/mm

ps = 0.01

Hexagonal cells, % 484 +13 449+ 08 473 +12 47413 p> 005

P < 0.001

Polymegethism, % 465+ 27 59.67 + 1.7 569 + 2.6 533+ 25 p, < 0.01

ps < 0.05

CCT, um 555.7 + 41 546.3 + 2.6 5496 + 5.0 553.0 + 3.6 p; > 0.05

Note. CCT, central corneal thickness; PEG, pseudoexfoliative glaucoma; PES, pseudoexfoliation syndrome; POAG, primary open-angle glau-
coma; py, comparison of indices between PEG and the control group, p,, comparison of indices between POAG and the control group,
ps, comparison of indices between PES and PEG.

Table 2 / Tabnmnya 2
Endothelial cell density, percentage of hexagonal cells, and polymegatism, central corneal thickness in patients with mild and advanced
stages of pseudoexfoliative glaucoma and primary open angle glaucoma

MnoTHOCTb 3HAOTENNANbHBIX KNETOK, NPOLEHT rekcaroHanbHbIX KNETOK U NOAMMEraTu3Ma, TONLMHA LEHTPaNbHOM 30HbI POroBULbl Y 60MbHbIX
¢ HavanbHoil () v npopgsuHyTbIMK (I + 1ll) cTaguamMK nceBAO3KCONNATUBHON rNayKoMbl U NEPBUYHONA OTKPLITOYrONbHON FNayKOMbI

s (4= 1) PEG | PEG 11 + Il POAG | POAG 11 + I )

n =130 n=55 n=47 n=22
yeulgb‘gfel?sf /fn”nﬂ?the”a' 2568.7 + 30.7 23401 + 663 2568.4 + 45.9 25089 + 773 Py = 0.001
Hexagonal cells, % 4493 +1.07 454 513 482 515 445 519 D> 005
Polymegethism, % 563 + 2.0 66.8 + 3.0 545 31 611 + 54 by < 0.01
CCT, pm 5506 + 3.1 5378 + 47 5565 + 5.6 5411 + 106 by < 0.05

Note. CCT, central corneal thickness; PEG, pseudoexfoliative glaucoma; POAG, primary open-angle glaucoma; n, number of eyes; p;, com-
parison of indices between PEG | and PEG Il + IlI.
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As seen in Table 2, in patients with developed PEG,
the density of ECs was significantly lower than that in
patients with initial stage PEG (p = 0.001). Further,
high levels of polymegethism (p < 0.01) and lower CCT
(p < 0.05) were typical to patients with severe PEG.

In patients with different POAG stages, there were
no significant differences between the corneal endo-
thelium indices (p > 0.05). Also, the differences in
the indices listed in Table 2 were not established when
comparing patients with different stages of PEG and
POAG (p > 0.05).

The morphological state of the corneal endothe-
lium and CCT were also evaluated in patients with

Table 3 / Tabnuua 3

=
B
different PES severity in the PES and PEG groups
(Table 3). As seen in Table 3, the lowest density of
ECs and the highest level of polymegethism were ob-
served in PEG patients with pronounced manifesta-
tions of PES (p < 0.05). In addition, the EC density
in PEG patients with more severe manifestations of
PES was lower than in PES patients of the same
severity (p < 0.05).

Figure 1 shows the result of non-contact endo-
thelial microscopy (EM 935, Haag-Streit AG, Koniz,
Switzerland) and a photography of the anterior seg-

ment of the left eye of a 72-year-old patient with stage
[la PEG.

Endothelial cell density, percentage of hexagonal cells, and polymegatism, central corneal thickness in patients with different stages of
pseudoexfoliation syndrome (pseudoexfoliation syndrome and pseudoexfoliative glaucoma)

MnoTHoCTb 3HAOTENMANBHBIX KNETOK, NPOLEHT reKcaroHanbHbIX KNETOK U NONMMEraTu3ma, TONLLMHA LEHTPaNbHOH 30HbI
poroBuubl y NaUNEHTOB ¢ Pa3NU4HON CTENEHbHO BbIPAXKEHHOCTH NCEBAO3KCHONMATUBHOrO CHHAPOMA (NCEBAOIKCHIONMATHBHBINA

CHHAPOM M NCeBA03KcONMaTUBHAA TNAayKoMa)

Indicators (M + m) PEGT (n = 94) PEG2 (n = 95) PES1 (n = 36) PES2 (n = 26) p
e gthell 2575.4 + 38.2 24225 + 444 26547 + 63.6 2608.8 + 48.2 5; ) 882
Hexagonal cells, % 451 +09 448 +1.0 473 £19 475+ 18 p>0.05
Polymegethism, % 952 +24 64.0 + 24 515 +£35 559 +33 p; = 0.01
CCT, ym 5471 £ 3.6 5456 + 3.7 551.0 + 4.4 555.8 + 6.5 p>0.05

Note. CCT, central corneal thickness; PEG, pseudoexfoliative glaucoma; PEG1 and PES1, groups of patients with mild PES; PEG2 and PES2,
groups of patients with moderate and severe PES manifestations; PES, pseudoexfoliation syndrome; n, number of eyes; py, comparison of
indices between the PEG1 and PEG2 groups; p,, comparison of indices between PEG2 and PES2 groups.

Fig. 1. Pseudoexioliation material on the anterior segment structures (a); results of non-contact endothelial microscopy (EM-935,
Haag Streit) in 72 years old female patient diagnosed with moderate pseudoexfoliative glaucoma (b)

Puc.1. TlceBnoskcdosnatiuBHble OTJIOXKEHHSI Ha CTPYKTYpax MepeHero cerMeHTa riasa (a); pesy/abTaThl GeCKOHTaKTHOH HJ0-
TenuanbHoil Mukpockormun (EM-935, Haag Streit) y naunentkn 72 net. Jnarnos: o/y I «a» ncepnosxchoanaTHpHas

riaykoma (b)
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Fig.2. Corneal endothelial edema intensity in patients with pseudoexfoliative glaucoma, primary open angle glaucoma, pseudoex-
L foliation syndrome, and in the control group
Puc.2. Crenenb BbIpa)KeHHOCTH OTEKA SHJOTEJIHS POTOBHLBI Y MALIUEHTOB C MCEBA0IKCPONUATUBHOIN T1ayKOMOW, TEPBUYHON OT-
L KPbITOYTOJIbHOH TJ1ayKOMOH, MCeBA0KC(OMMATHBHBIM CHHAPOMOM H TPYMIbl KOHTPOJIS
%
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0 :
Control group POAG PEX
Tpynna I'ISF noyr nac
KOHTponst
- Enogenous pigmentation - Exogenous pigmentation
OHpOreHHasi MurMeHTaLus OK30reHHasi nurMeHTaLus
- Mixed pigmentation
CMelLuaHHasi nurmeHTaLus
Fig. 3. Type of the iridocorneal angle pigmentation in patients with pseudoexfoliative glaucoma, primary open angle glaucoma,
E pseudoexfoliation syndrome, and in the control group
Puc. 3. Xapaxrep nMUrMeHTalnM paaysKHO-POrOBUUHOTO YIja y MalUeHTOB C MCEBI0IKCOJIHATHBHON TJ1ayKOMOH, NepBUYHON OT-
L KPbITOYTOJIbHOH J1ayKOMOH, MCeBA0KCHOMMATHBHBIM CHHAPOMOM H T'PYIIIbl KOHTPOJIS

In all patients, the severity of corneal endothelial
edema was assessed. Subclinical edema, detected
only by endothelial microscopy, was noted in the over-
whelming majority of cases. The edema was graded
according to the following criteria: 0 — no edema of the
endothelium, 1 — edema of individual ECs, 2 — edema

of some sections of the endothelium, and 3 — edema
of large areas of the endothelium (subtotal edema).
Unlike the patients in the PEG, POAG, and PES
groups, those in the control group either did not have
edema at all or had a very mild edema of the corneal
endothelium. Thus, in patients with PEG, POAG,
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YMEPEHHO BbIpaKeHHas NUrMeHTaLus

Fig. 4. Pigmentation intensity of the iridocorneal angle in patients with pseudoexfoliative glaucoma, primary open angle glaucoma,
I

pseudoexfoliation syndrome

Puc.4. lIHTeHCHBHOCTb MUTMEHTALMH PaLy’KHO-POTOBUUYHOIO yIvia Y MALUEHTOB C NCeBA0IKCHONHATHBHON [1ayKOMOI, T€PBUUHON
! OTKPBITOYT0JIbHOM TVIayKOMOH, MCEBI03KC(HOIHATHBHBIM CHHIPOMOM

Table 4 / Tabmmua 4
I

Severity of iris dystrophy in patients with pseudoexfoliative glaucoma, primary open angle glaucoma, pseudoexfoliation syndrome, and in

the control group

BbipaXeHHOCTb ANCTPOUYECKUX USMEHEHUA PafyXHOW 060104KK Y NALUEHTOB C NCEBA0IKCHONMATUBHON rNayKOMOW, NEPBUYHOI
OTKPbITOYroNIbHOA FNayKoMOil, NCeBA03KC(ONUATUBHLIM CHHAPOMOM U rpynnbl KOHTPONS

Expression of Dystrophic
Iris Changes Control PEG POAG PES p
None, % 81.7 6.2 27.8 19.4
Mild, % 15.0 49.0 36.1 54.8 < 0.01
Severe, % 3.3 448 36.1 25.8

Note. PEG, pseudoexfoliative glaucoma; PES, pseudoexfoliation syndrome; POAG, primary open-angle glaucoma.

and PES, eyes with a more pronounced level of edema
(p < 0.01) prevailed (Fig. 2).

In addition to studying the state of the corneal
endothelium, the nature and intensity of ICA pig-
mentation was evaluated in all patients included in
the present study. Results indicated that in patients
with PEG and PES, mixed and exogenous pigmen-
tation of ICA was more common than endogenous
pigmentation (p < 0.01) (Fig. 3).

At the same time, in the PEG, POAG, and PES
groups, a more pronounced intensity of ICA pig-
mentation was more typical compared to the control
group, whereas in PEG patients, the number of eyes
with the maximum degree of pigmentation was sig-
nificantly higher (p < 0.01) (Fig. 4).

Currently, there is no single classification of
dystrophic changes of the iris in glaucoma [20, 21].
In the present study, in assessing the state of the
iris, the severity of changes in the mesodermal
layer, destruction and atrophy of the pupil margin,
and level of pigment dispersion were taken into
account. The disorders were classified according
to the criteria proposed by N.A. Puchkovskaya
et al. (1982) [22]. Changes corresponding to sta-
ges | and II of the process were joined in a group
of mild changes, whereas those corresponding to
stages Il and IV were joined in a group of severe
changes.

Table 4 shows that PEG patients had most se-
vere dystrophic changes in the iris (p < 0.01). In
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Table 5 / Tabnuua 5

Local 10P-lowering medications and corneal endothelium parameters in patients with pseudoexfoliative glaucoma and primary open angle

glaucoma

MecTHble rUnoTEH3UBHbIE Npenapartbl U NOKa3aTeNnu COCTOAHUSA 3HAOTENMUA POrOBULbI Y NALMEHTOB C NCEBAOIKC(ONMATUBHON rNayKoMoil

U NEPBUYHON OTKPbLITOYrONbHOM rNayKoMoi

|OP-lowering Eye Drops and Their PEC | POAG P . P P )
Combinations Number of Patients (%) %féhg?g;'g Hg:ﬁgo[,zll Polymeoiethlsm,
PGL 25.0 319
B-Blockers 3.6 56
ay-Adrenoceptor agonists 3.6 2.8
CAl 47 0
B-bl. + PGL 161 15.3
B-bl. + ay 0.5 0
PGL + CAl 14.6 8.3
> 0.05 > 0.05 > 0.05
PGL + oy 16 2.8
B-bl. + CAl 2.1 8.3
PGL + B-bl. + CAl 14.6 125
B-bl. + ay + PGL 0.5 0
PGL + a, + CAl 1.6 1.4
PGL + B-bl. + CAl + ay 31 0
No drugs 78 6.9

Note. a,, alpha-2-adrenoceptor agonists; B-bl., beta-blockers; CAl, carbonic anhydrase inhibitors; PEG, pseudoexfoliative glaucoma; PGL,

prostaglandin analogs; POAG, primary open-angle glaucoma.

the same group, the number of eyes with normal
structure of the iris was minimal (p < 0.01). Sig-
nificant changes were also observed in the POAG
and PES groups; however, the severity of changes
in these two groups was lower than that in PEG
patients (p < 0.01).

In patients with PEG and POAG, the possible effect
of IOP-lowering eye drops and their combinations on the
state of the corneal endothelium was assessed (Table 5).
The results of the analysis showed that local IOP-low-
ering therapy had little effect on the condition of the
corneal endothelium in either group (p > 0.05).
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Table 6 / Tabnuua 6
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E

Spearmen correlation analysis results in patients with pseudoexfoliative glaucoma, primary open angle glaucoma, pseudoexfoliation

syndrome, and in the control group

Pe3ynbTaThl KOPPENSLUMOHHOr0 aHanu3a no Spearmen y NaUNUEHTOB C NCEBAOIKCHIONMATUBHON FNAYKOMOH, NEPBUYHOI OTKPBITOYrONbHON

rNayKkoMoii, NCeBA03KCHONMATHBHBIM CHHAPOMOM M FPYNNbl KOHTPONSA

Control group PEG POAG PES
Parameters

r p r p r p R p
EC density (cells/mm?2) — hexagonal cells (%) - - 0.16 <0.05 - - 0.29 < 0.05
EC density (cells/mm?2) — polymegethism (%) —0.85 < 0.01 -0.87 < 0.01 -0.86 < 0.01 -0.73 < 0.01
Hexagonal cells (%) — polymegethism (%) - - - - - - -0.37 < 0.01
EC density (cells/mm?2) — CCT (um) - - 0.26 < 0.01 - - - -
Polymegethism (%) — CCT (um) - - —0.28 < 0.01 - - - -

Note. CCT, central corneal thickness (um); EC density — corneal endothelial cell density (cells/mm?); PEG, pseudoexfoliative glaucoma;
PES, pseudoexfoliation syndrome; POAG, primary open-angle glaucoma.

When conducting a correlation analysis in all
groups under study, a strong negative correlation
was found between the density of ECs and the level
of polymegethism (p < 0.01) (Table 6). In addition,
in patients with PEG and PES, a weak positive
correlation was found between pigment epithelial
cells and percentage of hexagonal cells (r = 0.16,
p<0.05 and r 0.29, p < 0.05, respectively).
In the group of PEG patients, a negative correlation
was established between the CCT and the level of
polymegethism (r = —0.28, p < 0.01), and a positive
correlation was established between the CCT and
the density of the corneal endothelium (r = 0.26,
p < 0.01). In PES patients, a negative correlation
was found between the percentage of hexagonal
cells and the level of polymegethism (r= —0.37,
p < 0.01) (see Table 6).

DISCUSSION

Currently, in clinical practice, several types of non-
contact endothelial microscopes from various manu-
facturers are used. The use of these microscopes,
which are safe for the patient, enables ophthalmolo-
gists to accurately assess the endothelial layer of the
cornea. Each of these tools has its own technological
aspects and software as well as the ability to operate
in automatic and/or semi-automatic modes, which is
ultimately reflected in the digital values and repeat-
ability of the examination results [23—27]. In our
study, the morphology of the corneal endothelium
was assessed using a non-contact endothelial mi-
croscope (EM 935, Haag-Streit AG, Koniz, Swit-

zerland) in semi-automatic mode. The EM 935 is
a portable device installed on a slit lamp (BQ 900,
Haag-Streit AG, Koniz, Switzerland) that enables
ophthalmologists to analyze ECs in automatic and
semi-automatic modes. In their work, Y. Goldich et
al. (2010) showed that the EM 935 in semi-automatic
mode provides higher repeatability and quality of re-
search [25].

Of neuroectodermal origin, the corneal endothe-
lium (posterior epithelium) is a metabolically active
layer of cells involved in the regulation of fluid and
the transport of dissolved matter between the aqueous
humor and the stroma components. Similar to other
organs and tissues of the human body, the cornea is
subject to age-related changes, and the repair capa-
bilities of ECs have certain limitations [28].

With continuous rapid growth of the cornea in
the prenatal period, in the early stages of pregnancy,
there is a sharp increase in the number of ECs due
to mitosis, whereas, in the later stages of pregnancy,
there is an increase in the area of ECs without a
significant change in their number. Accordingly, at
the time of birth, the endothelium density decreases
from 16,015 to 6167 cells/mm?. Further, the absence
of proliferation and the age-related loss of ECs usu-
ally determine a decrease in endothelium density over
the course of a person’s life [29]. S. Galgauskas et
al. (2013), when examining patients of European
origin aged 20—89 years (358 eyes), found that
patients without ophthalmologic pathology had an
age-related decrease in the density of ECs from an
average of 2,931 (SD = +371) cells/mm? at the age
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of 20—29 years to 2,222 (SD = +182) cells/mm? at
the age of 80—89 years. At the same time, scientists
revealed a strong negative correlation between age
and EC density (r= —0.65, p < 0.01) and a direct
correlation between EC size and age (r= 0.586,
p < 0.01). However, no correlation was found be-
tween age and polymegethism or between age and
hexagonal factor of the corneal endothelium [23]. Ac-
cording to different researchers, the average density
of the corneal endothelium in healthy representatives
of the European population older than 50 years is
2,200—2,600 cells/mm? [23, 24, 26, 30]. In addi-
tion, in the population older than 70 years, the risk of
decreasing EC density to 2,000 cells/mm? increases.
This value is considered to be the limit below which
the corneal endothelium loses the ability to perform
its functions normally, and when the number of cells
is below 500 cells/mm?2, the risk of corneal edema
significantly increases [28, 31].

The results of our study showed that the presence
of PES, particularly PEG, determines the decrease in
EC density in patients of the studied groups. In ad-
dition, a decrease in EC density compared with the
control group was also observed in POAG patients
(p < 0.05). In this case, the lowest EC density was not-
ed in patients with advanced PEG stages (p = 0.001).
It should also be noted that when comparing this in-
dex in patients with PES and PEG who have varying
severities of pseudoexfoliation syndrome, the mini-
mum value was also observed in PEG patients with
significant PES manifestations (p < 0.05). Further,
in patients with PES without glaucoma, no signifi-
cant differences were found depending on the degree
of its manifestation (p > 0.05). In our study, the mini-
mum EC density value was recorded in a 72-year-
old patient with advanced PEG and pronounced PES
manifestations (793 vs. 1,558 cells/mm? for the con-
trol group, 1,888 cells/mm? for the POAG group,
and 1,690 cells/mm? for the PES group). The data
obtained coincide with the results of previous studies
and confirm the hypothesis that a decrease in pigment
epithelial cells can be associated both with the pro-
gression of PES manifestations and with the develop-
ment of the glaucomatous process, and these factors
can act independently of each other [13—15].

It is believed that an increase in the intraocular
pressure and its fluctuations, activation of proteases
(in particular, matrix metalloproteinases), changes
in levels of transforming growth factors, and pro-
inflammatory cytokines in the anterior segment of
the eye contribute to increased apoptosis processes
and reduced viability of endotheliocytes in glauco-
ma [32—34]. Regardless, both ischemia and oxida-

tive stress observed in PES and the immunological
activity of PEM itself can influence the quantitative
and qualitative indicators of the morphology of the
corneal endothelium [12, 35—37].

It is well known that hexagonal cells are normal
representatives of the corneal endothelium. Usually,
by the time of birth, the corneal endothelium is repre-
sented mainly by cells having a hexagonal configura-
tion, which are identical in size and evenly distributed
over the entire posterior surface of the cornea, and by
the age of 30, the percentage of these cells is reduced
to approximately 70% [29]. Hexagonal cells, which
are closely interconnected and form a kind of network,
provide stability and constancy of the endothelial layer
in stretching, especially when EC density decreases,
and also create a barrier against penetration of aque-
ous humor from the anterior chamber, thereby main-
taining the stroma in a state of relative dehydration
and ensuring accuracy of light penetration through
the layers of the cornea [38]. It is believed that in a
healthy cornea in an adult, its content should be at
least 60% [23, 24, 26].

Data on the possibility of reducing the percentage
of hexagonal cells in patients with PEG, POAG, and
PES are contradictory. Some authors have found a
decrease in the percentage of hexagonal cells and an
increase in the level of pleomorphism in patients with
PEG and POAG [13, 15, 16]. No other differences
in these parameters were found [14, 39]. We did not
reveal differences in the percentage of hexagonal cells
among patients of the studied groups (p > 0.05).
However, it should be noted that all values in patients
of this age group were in the pathology zone, namely
less than 60% (48.4 + 1.3% for HC, 44.9 + 0.8%
for PEG, 47.3 + 1.2% for POAG, and 47.4 + 1.3%
for PES).

As mentioned, the lack of proliferation of ECs in
adults and a decrease in EC density with age require
compensatory replacement, which consists of an in-
crease in the size and shape of ECs [29]. Polymegeth-
ism reflects the presence of cells of different sizes in
the cell population studied. With age, a physiological
insignificant increase in the variation coefficient of the
cells is noted. However, the level of polymegethism in
the norm should not exceed 30% [23, 24, 26]. Conse-
quently, given the data on the decrease in EC density
in patients with PEG and POAG, we can expect to
observe an increase in the level of polymegethism.

The results of our study showed an increase in the
percentage of polymegethism in the PEG and POAG
groups compared to the control group (p < 0.01). The
values of this index in PES patients did not signifi-
cantly differ from the control group but were lower
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than that in PEG patients (p < 0.05). It should be
noted that the level of polymegethism in the control
group also exceeded the age norm (46.5 + 2.7%).
When evaluating polymegethism in patients with
PEG and POAG, depending on the stage of glau-
coma, it was found that in patients with advanced
PEG stages, this indicator was significantly higher
than in patients with initial stages of the process
(66.8 + 3.0% and 56.3 + 2.0%, p < 0.01), and was
not registered in the group of patients with different
stages of POAG. It should be noted that patients with
PEG and more pronounced manifestations of PES
had the highest level of polymegethism (p = 0.01).
In PES patients, no differences in this parameter
related to the severity of the manifestations of the
syndrome were identified.

The available data on the presence of changes
in cell size in PEG, POAG, and PES are ambi-
guous [13—16, 39]. This is probably due to the
characteristics of the instruments used and to size,
ethnic, and age characteristics of the samples as well
as other factors. Based on the results of our work, the
significant impact of both glaucoma and the severity
of PES manifestations on the level of polymegethism
was considered in the groups studied.

It is known that with age, the CCT decreases. Sci-
entists have also found a negative correlation between
CCT and age [23, 24]. In addition, the presence of a
thin cornea may be one of the risk factors for glauco-
ma [40]. The results of recent studies have shown that
patients with PES and PEG can also be characterized
by a decrease in the CCT. In most of these patients,
a statistically significant decrease in CCT index was
shown in patients with PEG compared to those with
PES [15, 18, 19]. However, there is evidence of the
absence of significant differences in this parameter
in the preceding patient groups [14, 16, 41]. More-
over, there is evidence that severe PES manifestations
with pronounced morphological changes are asso-
ciated with thickening of the central corneal zone.
It is assumed that an increase in CCT in PES and
PEG may be associated with an uneven thickening
of the Descemet’s membrane and impaired pump-
ing function of the endothelium, which may lead to
an increase in hydration of the cornea [10, 13, 42].
The results of the CCT examination in patients with
POAG are also ambiguous [15, 16].

In the course of our study, a significant decrease
in the CCT was revealed in the group of PEG patients
compared to the control group (546.3 + 2.6 pm and
555.7 £ 4.1 pm, p < 0.05). In addition, a thinner
cornea was detected in patients in the advances stag-
es of PEG compared to patients in the initial stage

=)
E
(p <0.05). In patients with POAG and PES, there
was no significant difference in CCT as compared to
the control group and as related to the stage of glau-
coma or PES severity (p > 0.05). There were also no
differences when comparing this parameter between
the PEG, POAG, and PES groups (p > 0.05). It is
believed that a decrease in the CCT in PES and PEG
may be associated with a decrease in EC density and
a decrease in the density of the anterior and posterior
keratinocytes as well as the basal epithelium layer.
In addition, there is a possibility that detecting PEM
in the cornea may induce apoptosis of keratocytes
and deterioration of the structure of the extracellular
matrix [11—13]. The importance of detecting a subtler
CCT in PEG patients, including in our study, con-
sists of the possibility of underestimating intraocular
pressure values and therefore increasing the risk of
untimely diagnosis of glaucoma in PES.

We expected that the indices obtained in assessing
polymegethism would have a negative feedback with
the EC density indicator. In the studied groups and
in the control group, there were indeed strong nega-
tive correlations between ED and percentage of poly-
megethism (r = —0.85, p < 0.01 for control group;
r= —0.87, p < 0.0l for PEG; r = —0.86, p < 0.01
for POAG; r = —0.73, p < 0.01 for PES). How-
ever, negative correlations between the percentage of
hexagonal cells and the level of polymegethism were
only observed in PEG patients (r = —0.37, p < 0.01).
Mild positive correlations between the percentage of
hexagonal cells and ED were recorded in the PEG
and PES groups (r = 0.16, p < 0.05 and r = 0.29,
p < 0.05, respectively).

When assessing the state of the ICA in patients
with PEG and PES, the prevalence of exogenous and
mixed pigmentation was established (p < 0.01), with
the greatest pigmentation intensity detected in PEG
patients (p < 0.01). Our data are consistent with the
results of Djordjevi¢Jocic et al. (2012) [43]. In addi-
tion, the authors found a positive correlation between
the levels of matrix metalloproteinase-2 and trans-
forming growth factor-Bl in the anterior chamber
fluid and the degree of pigmentation of ICA (r = 0.36
and r = 0.31, p < 0.05) in PEG patients, which is
consistent with data on the participation of these sub-
stances in the development of PES and PEG [33].
It should be noted that patients with PEG and to a
lesser extent PES had the most pronounced dystro-
phic changes in the iris (p < 0.01), which confirms
the data on the involvement of the tissues of the iris
in the pathogenesis of PES [2, 44].

In addition, we evaluated the possible influ-
ence of IOP-lowering eye drops of known groups
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(carbonic anhydrase inhibitors, prostaglandin an-
alogs, B-blockers, ay-adrenoceptor agonists) and
their combinations on the parameters of the cor-
neal endothelium. In our study, no reliable data
were obtained on the potential of such an im-
pact (p > 0.05).

CONCLUSION

1. In patients with PES and, to a greater extent,
PEG, significant changes in the morphology of
the corneal endothelium were revealed (decrease
in the density of ECs, increase in the percentage
of polymegethism).

2. The severity of changes in PEG patients was as-
sociated with the severity of the glaucomatous
process and PES manifestations.

3. In PEG patients, the most pronounced dystrophic
changes in the iris and the intensity of ICA pig-
mentation were registered.

4. Patient use of IOP-lowering eye drops and their
combinations did not have an efiect on corneal
endothelium morphology.

There is no conflict of interest.

Authors’ contribution:

The concept and design of the study were imple-
mented by 1.S. Beletskaya and S.Yu. Astakhov.

Collection and processing of materials were per-
formed by LS. Beletskaya and N.V. Tkachenko.

Analysis of the data obtained and writing of
the text were performed by LS. Beletskaya and
S.Yu. Astakhov.

REFERENCES

1. Acraxos 10.C. naykoma. // PyKoBOfCTBO MO KNMHMYECKOA OG-
Tanbmonorui / Mop pen. A.®. bposkuHoii, 10.C. Actaxosa. — M.
MennumrHckoe nHdopmauuoHHoe areHTcTBo, 2014. [Astakhov YS.
Glaukoma. Rukovodstvo po klinicheskoy oftalmologii. Ed. by
A.F. Brovkina, Y.S. Astakhov. Moscow: Meditsinskoe informatsi-
onnoe agentstvo; 2014. (In Russ.)]

2. Ritch R, Schlotzer-Schrehardt U, Konstas AGP. Why is glau-
coma associated with exfoliation syndrome? Prog Retin Eye Res.
2003;22(3):253-275. doi: 10.1016/51350-9462(02)00014-9.

3. Grodum K, Heijl A, Bengtsson B. Risk of glaucoma in ocular hy-
pertension with and without pseudoexfoliation. J Ophthalmol.
2005;112(3):386-390. doi: 10.1016/j.0phtha.2004.09.024.

4. Schlotzer-Schrehardt U, Naumann GO. Ocular and systemic pseu-
doexfoliation syndrome. Am J Ophthalmol. 2006;141(5):921-937.
doi: 10.1016/j.2j0.2006.01.047.

5. Streeten BW, Li ZY, Wallace RN, et al. Pseudoexfoliative fibrillopa-
thy in visceral organs of a patient with pseudoexfoliation syndrome.
Arch Ophthalmol. 1992;110(121):1757-1762. doi: 10.1001/ar-
chopht.1992.01080240097039.

10.

12.

13.

14.

15.

16.

Cumurcu T, Dorak F, Cumurcu BE, et al. Is there any relation be-
tween pseudoexfoliation syndrome and Alzheimer's type demen-
tia? Semin Ophthalmol. 2013;28(4):224-229. doi: 10.3109/0882
0538.2013.793726.

Wang W, He M, Zhou M, Zhang X. Ocular pseudoexfoliation
syndrome and vascular disease: a systematic review and meta-
analysis. PLoS One. 2014;9(3):€92767. doi: 10.1371/journal.
pone.0092767.

Cousins CC, Kang JH, Bovee C, et al. Nailfold capillary morpho-
logy in exfoliation syndrome. Eye (Lond). 2017;31(5):698-707.
doi: 10.1038/eye.2016.312.

Wirostko B, Allingham R, Wong J, Curtin K. Utah Project on Exfo-
liation Syndrome (UPEXS): Insight Into Systemic Diseases Asso-
ciated With Exfoliation Syndrome. J Glaucoma. 2018;27(7):75-77.
doi: 10.1097/1JG.0000000000000936.

Naumann, GOH, Schlétzer-Schrehardt U. Keratopathy in pseudo-
exfoliation syndrome as a cause of corneal endothelial decompen-
sation. J Ophthalmology. 2000;107(6):1111-1124. doi: https://
doi.org/10.1016/50161-6420(00)00087-7.

. Zheng X, Shiraishi A, Okuma S, et al. In vivo confocal micro-

scopic evidence of keratopathy in patients with pseudoexfoliation
syndrome. Invest Ophthalmol Vis Sci. 2011;52(3):1755-1761.
doi: 10.1167/iovs.10-6098.

MotémkuH B.B., Bapranosa T.C., Akonos E.J1., Areesa E.B. Bnu-
AHWE NCEBO3KCAONMATMBHOTO CUHAPOMA Ha MOPCONOrnye-
CKME CBOIACTBA POroBMLbI MO [aHHbIM KOHOKaNbHOA in Vivo
Mukpockonun // Ocptanbmonoriyeckue Begomoctn. — 2017, —
T.10. — N°2. — C. 49-55. [Potemkin VV, Varganova TS, Ako-
pov EL, Ageeva EV. The influence of pseudoexfoliative syndrome
on corneal morphology based on in vivo confocal microscopy.
Oftalmologicheskie vedomosti. 2017,10(2):49-55. (In Russ.)].
doi: 10.17816/0V10249-55.

Yiksel N, Emre E, Pirhan D. Evaluation of corneal microstructure
in pseudoexfoliation syndrome and glaucoma: in vivo scanning la-
ser confocal microscopic study. Curr Eye Res. 2016;41(1):34-40.
doi: 10.3109/02713683.2014.1002046.

Anoctonosa A.C., T'ypmxuan K.M., Wununos B.M. Coctoanue
SHMOTENNA POrOBULLI NPU MCEBAOIKCAONMATUBHOM CUHAPOME
(N0 JaHHLIM 9HOOTENManbHoW Mukpockonui) // OdbtanbMo-
norua. —2017. = T. 14. = N°4. — C. 347-354. [Apostolova AS,
Gurdzhiyan KM, Shipilov VA. Corneal endothelium in eyes
with pseudoexfoliation syndrome (data of endothelial mi-
croscopy). Ophthalmology. 2017,14(4):347-354. (In Russ.)].
doi: 10/18008/1816-5095-2017-4-347-354.

Sarowa S, Manoher JM, Jain K, et al. Qualitative and quantita-
tive changes of corneal endothelial cells and central thickness in
pseudoexfoliation syndrome and pseudoexfoliation glaucoma.
Int J Med Sci Public Health. 2016;5(12):2526-2530. doi: 10.5455/
ijmsph.2016.20052016518.

de Juan-Marcos L, Cabrillo-Estevez L, Escudero-Dominguez FA,
et al. Morphometric changes of corneal endothelial cells in pseudo-
exfoliation syndrome and pseudoexfoliation glaucoma. Arch Soc Esp
Oftalmol. 2013;88(11):439-444. doi: 10.1016/j.0ftal.2013.06.010.

<> O®TANIbMOJIOTMYECKME BEAOMOCTM. 2018.T. 11. Ne 4

ISSN 1998-7102



ORIGINAL RESEARCHES / ORIGINAL RESEARCHES

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

bpextes Al0., baparos B.W., Metpos C.10. MceBnoskcdonua-
TUBHBIV CHOPOM KaK (DaKTOp pUCKa PasBUTUA CUHAPOMA «CyXOro
rnasa» // PMXX. Knuruueckas ocotanemonorua. —2016. —N° 1. —
C. 30-34. [Brezhnev AY, Baranov VI, Petrov SY. Psevdoeksfolia-
tivnyy sindrom kak faktor riska razvitiya sindroma “sukhogo glaza”.
RMZh. Klinicheskaya oftal'mologiya. 2016;(1):30-34. (In Russ.)]
Akdemir MO, Kirgiz A, Avar O, et al. The effect of pseudoexfoliation
and pseudoexfoliation induced dry eye on central corneal thick-
ness. J Curr Eye Res. 2016;41(3):305-310. doi: 10.3109/027136
83.2015.1030505.

Tomaszewski BT, Zalewska R, Mariak Z. Evaluation of the endothe-
lial cell density and the central corneal thickness in pseudoexfo-
liation syndrome and pseudoexfoliation glaucoma. J Ophthalmol.
2014;2014:123683. doi: 10.1155/2014/123683.

maykoma. HaumonanbHoe pykosoacTso / lMoa pen. E.A. Ero-
poa. — M.: T30TAP-Memua, 2013. [Glaukoma. Natsional’noe
rukovodstvo. Ed. by E.A. Egorov. Moscow: GEOTAR-Media; 2013.
(In Russ.)]

Bonkos B.B. TunnyHble ana 0TKPbITOYrONbHOM TNAyKOMbl CTPYK-
TYPHO-(DYHKLMOHANbHbIE HAPYUEHUA B FNa3y — OCHOBA [ANA NO-
CTPOEHWA e& COBPEMEHHOM Knaccudnkauum // BeCTHUK odTanb-
monorim. — 2005. — T. 121. — N°4. — C. 35-39. [Volkov VV.
Ocular structural and functional disturbances, typical for open-
angle glaucoma, are the basis for the development of its present-
day classification. Vestn Oftalmol. 2005;121(4):35-39. (In Russ.)]
Odpransmorepuarpusa / Mon pen. H.A. Myukosckoi. — M.: Menu-
umHa, 1982. [Oftalmogeriatriya. Ed. by N.A. Puchkovskaya. Mos-
cow: Meditsina; 1982. (In Russ.)]

Galgauskas S, Norvydaite D, Krasauskaite D, et al. Age-related
changes in corneal thickness and endothelial characteristics.
Clin Interv Aging. 2013;8:1445-1450. doi: 10.2147/CIA.S51693.
Duman R, Tok Cevik M, Gorkem Cevik S, et al. Corneal endothelial
cell density in healthy Caucasian population. Saudi J Ophthalmol.
2016;30(4):236-239. doi: 10.1016/}.sjopt.2016.10.003.

Goldich Y, Marcovich AL, Barcana Y, et al. Comparison of corneal
endothelial density estimated with 2 noncontact specular micro-
scopes. Eur J Ophthalmol. 2010;20(5):825-830. doi: 10.1177/11
2067211002000503.

bubkos M.M., bukbynatosa A.A., Cypkosa B.K., Macukosa B.K. Konu-
YECTBEHHAA 1 KA4ECTBEHHAA OLIEHKA COCTOAHNA SHOOTENNAMbHbIX KTE-
TOK B OTHANEHHOM Nepuofe nocne paauansHoi keparotomim // Od-
TanbMonorua. — 2016. — T. 13. = N°4. — C. 241-246. [Bibkov MM,
Bikbulatova AA, Surkova VK, Pasikova VK. Long-term Quantitative
and Qualitative Assessment of the Comneal Endothelium after Anterior
Radial Keratotomy. Ophthalmology. 2016;13(4):241-246. (In Russ.)].
doi: 10.18008/1816-5095-2016-4-241-246.

Huang J, Maram J, Tepelus TC, et al. Comparison of manual
and automated analysis methods for corneal endothelial cell
density measurements by specular microscopy. J Optometry.
2018;11(3):182-191. doi: 10.1016 / j. optom.2017.06.001.
Eghari, AO, Riazuddin SA, Gottsch JD. Qverview of the cornea:
structure, function, and development. Prog Mol Biol Trans! Sci.
2015;134:7-23. doi: 10.1016/bs.pmbts.2015.04.001.

29.

30.

31.

32.

33.

34.

3.

36.

37.

38.

39.

40.

4.

0
B
Ko MK, Park WK, Lee JH, Chi JG. A histomorphometric study of
corneal endothelial cells in normal human fetuses. Exp Eye Res.
2001;72(4):403-409. doi: 10.1006/exer.2000.0964.
Sanchis-Gimeno JA, Lie6-Pérez A, Alonso L, et al. Corneal endo-
thelial cell density decreases with age in emmetropic eyes. Histol
Histopathol. 2005;20(2):423-427. doi: 10/14670/HH-20.423.
Abib FC, Barreto JJ. Behavior of corneal endothelial density
over a lifetime. J Cataract Refract Surg. 2001;27(10):1574-1578.
doi: 10.1016/50886-3350(01)00925-7.

Ang GS, Bochmann F, Townend J, et al. Corneal biomechani-
cal properties in primary open-angle glaucoma and normal ten-
sion glaucoma. J Glaucoma. 2008;17(4):259-262. doi: 10.1097/
1JG.0b013e31815¢3293.

Schidtzer-Schrebardt U, Lommatzsch J, Kiichle M, et al. Matrix me-
talloproteinases and their inhibitors in agueous humor of patients
with pseudoexfoliation syndrome/glaucoma and primary open-an-
gle glaucoma. Invest Ophthalmol Vis Sci. 2003;44(3):1117-1125.
doi: 10.1167/iovs.02-0365.

Pykuxa [.A., [oranosa J1.I1., Mapkenosa E.B., n op. VmmyHo-
NOTNYECKNE aCMeKTbl MaTOreHe3a NepBUYHONA OTKPbITOYrOMbHOIA
rnaykombl // PMXK. KnuHuyeckasa odpranbmonorua. — 2011, —
T.12.=N°4.-C. 162—165. [Rukina DA, Dogadova LP, Markelo-
va EV, et al. Immunologicheskie aspekty patogeneza pervichnoy
otkrytougol'noy glaukomy. RMZzh. Klinicheskaya oftal'mologiya.
2011;12(4):162-165. (In Russ.)]

Ovodenko B, Rostagno A, Neubert TA, et al. Proteomic analysis of ex-
foliation deposits. Invest Ophthalmol Vis Sci. 2007;48(4):1447-1457.
doi: 10.1167/iovs.06-0411.

Ferreira SM, Lerner SF, Brunzini R, et al. Antioxidant status in the
aqueous humour of patients with glaucoma associated with exfolia-
tion syndrome. Eye (Lond). 2009;23(8):1691-1697. doi: 10.1038/
eye.2008.352.

bapanos B.)., Mapkosa E.B. Onpenenexie Mapkepos cocyaucToil
3HOOTENNANbHOM AMCYHKLUMN B CNE3HOIA XWAKOCTW NpU NCEB-
[03KChoNMaTuBHoON rnaykome // MeauumMHCKIR BECTHUK batu-
kopTocTaHa. — 2018. — T. 13. = N°1. — C. 58-61. [Baranov VI,
Markova EV. Determination of vascular endothelial dysfunction
markers in the tear fluid in pseudoexfoliation glaucoma. Bashkor-
fostan medical journal. 2018;13(1):58-61. (In Russ.)]

Thiagarajah JR, Verkman AS. Aquaporin deletion in mice reduces
corneal water permeability and delays restoration of transpar-
ency after swelling. J Biol Chem. 2002;277(21):19139-19144.
doi: 10.1074/jbc.M202071200.

Bozkurt B, Guzel H, Kamis U, et al. Characteristics of the Anterior
Segment Biometry and Corneal Endothelium in Eyes with Pseu-
doexfoliation Syndrome and Senile Cataract. Turk J Ophthalmol.
2015;45(5):188-192. doi: 10.4274/tj0.48264.

European Glaucoma Prevention Study G, Miglior S, Pfeiffer N, et al.
Predictive factors for open-angle glaucoma among patients with ocu-
lar hypertension in the European Glaucoma Prevention Study. Oph-
thalmology. 2007;114(1):3-9. doi: 10.1016/j.0phtha.2006.05.075.
Kocabeyoglu S, Mocan MC, Irkec M, Karakaya J. In Vivo Confo-
cal Microscopic Evaluation of Corneas in Patients With Exfolia-

<> OPHTHALMOLOGY JOURNAL. 2018; | 1(4)

eISSN 2412-5423



ORIGINAL RESEARCHES / ORIGINAL RESEARCHES

a

1
tion Syndrome. J Glaucoma. 2016;25(2):193-197. doi: 10.1097/
1JG.0000000000000110.

42. Opbesa T.H. 3aKOHOMEPHOCTU W MeXaHW3Mbl (DOPMMPOBAHMA
bunarepansbHOro NceBaoakcchonuatuBHoro cuHapoma // Odtans-
moxupyprua. — 2011, — N° 2. — C. 74-80. [Yur'eva TN. Regulari-
ties and mechanisms of bilateral pseudoexfoliative syndrome for-
mation. Ophthalmosurgery. 2011;(2):74-80. (In Russ.)]

Information about the authors

43. Djordjevic-Jocic J, Zlatanovic G, Veselinovic D, et al. Transform-
ing growth factor betal, matrix-metalloproteinase-2 and its tissue
inhibitor in patients with pseudoexfoliation glaucoma/syndrome.
Vojnosanit Pregl. 2012;69(3):231-236. doi: 10.2298/VSP120323ID.

44, Hammer T, Schidtzer-Schrebardt U, Naumann GOH. Unilateral or
asymmetric pseudoexfoiation syndrome? An ultrastructural study. Arch
Ophthalmol. 2001;119(7):1023-31. doi: 10.1001/archopht.119.7.1023.

Csedenus 06 asmopax

Inessa S. Beletskaya — Ophthalmologist, Ophthalmology
Department. Academician I.P. Pavlov First Saint Peters-
burg State Medical University, Saint Petersburg, Russia. E-
mail: glaziki@list.ru.

Sergey Yu. Astakhov — MD, PhD, Professor, Head of the De-
partment, Ophthalmology Department. Academician I.P. Pav-
lov First Saint Petersburg State Medical University, Saint Pe-
tersburg, Russia. E-mail: astakhov73@mail.ru.

Natalya V. Tkachenko — MD, PhD, Assistant, Ophthalmology
Department. Academician 1.P. Pavlov First Saint Petersburg
State Medical University, Saint Petersburg, Russia. E-mail: na-
talyatkachenko@yandex.ru.

Hnecca CranucnaBoBHa bBeneukas — Bpau-odrasnbmoior,
nomikaniuka ¢ KIALL ®TBOY BO  «Ilepsoiii  CaHkr-
[leTepOyprekuil  rocylapcTBeHHbINH MEJAMLMHCKHH YHUBEPCH-
ter uMm. akan. W.IT. ITaBnoBa» MunsnpaBa Poccun, Cankr-
[Mereptypr. E-mail: glaziki@list.ru.

Cepreit FOpbeBuu AcraxoB — 1-p Mel. Hayk, npodeccop, 3a-
BellyloLLuil kadenpoit odranbmolioruu ¢ knunukoit. PIbOY BO
«ITepsbiit Cankr-ITeTepOyprekuil rocy1apcTBeHHbIH MeIULHH-
ckuit yuusepeuret uM. axkaz. M.I1. [TaBnosa» Munsnpasa Poc-
cuu, Cankr-TTerepGypr. E-mail: astakhov73@mail.ru.

Harasnbs BukropoBHa TkaueHKo — KaHJl. MeJl. HayK, aCCHCTEHT
kadenpol odranbmosiorn ¢ Kanuukoi. PIBOY BO «Ilep-
Boilii  Caukr-IleTepOyprekuil rocyrapeTBeHHbBIH MeIULIHHCKHI
yuuepeuter uM. akaa. M.IL. TlaBnosa» MunsnpaBa Poccuu,
Cankr-ITerep6ypr. E-mail: natalyatkachenko@yandex.ru.

<> O®TANIbMOJIOTMYECKME BEAOMOCTM. 2018.T. 11. Ne 4

ISSN 1998-7102



