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<> Background: Confocal microscopy is a modern examination method that enables real-time, noninvasive
in vivo imaging of the cornea, limb, and conjunctiva. Aim: To evaluate the main morphological changes
observed using confocal microscopy in patients with pseudoexfoliation (PEX) syndrome. Methods: Overall,
21 patients were examined: 12 with PEX syndrome were enrolled in the examination group and nine patients
without PEX in the control group. Results: In patients with PEX, a decreased cell density in the epithelium
and stroma of the cornea as well as a significant increase of hyper-reflective intercellular microdeposits and
dendritic cells was observed (p < 0.05).
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<> KondokanbHasi MHKPOCKOMHST — COBPEMEHHBIH METOA HCCJEJOBAaHUSI, MO3BOJSIONIHE B pPEXHUME
peaJsibHOr0 BpeMeHH OlleHUTh HEHHBA3UBHO i1 Viv0 CTPYKTYPY POrOBHUILbI, TUMOA H KOHBIOHKTHBLIL. I]eat —
OLEHHTb OCHOBHble MOP(OJIOrHuecKe H3MEHEHHUs] POTOBHUILbI, HAaGJI0aeMble TPU KOH(OKAJIbHON MHUKDO-
CKOIMHHU Y TAIMEHTOB ¢ rceBaoskcdosnatuBHbiM cunapomom (I[19C). Mamepuaaor u memodet. boin
ob6cnenoBat 21 mauuent. OcHoBHy0 rpynny coctaBuu 12 naunentos ¢ [19C, rpynny kontposas — 9 nauu-
entoB 6e3 [19C. Pesyavmamet. Y naunenTos ¢ [19C na6/1104a/10Ch CHHKEHHE JIOTHOCTH KJETOK SMUTE IS
M CTPOMbI POTOBHILbI, GOJIbIIOE KOJUUECTBO THHEPPEDJIEKTHBHBIX MEXKJIETOUHBIX MHKPOBKJHOUYEHHUIH
W IeHJpUTHUYECKUX KJeToK (p < 0,05).

<> Karouesole caosa: KoHokasbHas MUKPOCKOTIHS; MICEBIOIKCHOTUATUBHBIN CHHIPOM.

BACKGROUND

Pseudoexfoliation syndrome (PEX) is a systemic
age-related disease characterized by the production
and accumulation of extracellular matrix similar to
amyloid [3, 5—7]. PEX affects various tissues and
organs, but ophthalmologic manifestations may be

the most important for the diagnosis 3, 4, 6] because
routine microscopic examination is sufficient to detect
pseudoexfoliation material (PEM). PEM usually ac-
cumulates on the anterior capsule of the lens and on
the pupillary margin of the iris. PEM clusters can
also be found on the endothelium, anterior chamber
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angle, surface of the iris, and zonules of Zinn [3, 6].
PEX is considered a risk factor for a wide spectrum
of intraocular complications including phacodonesis,
lens subluxation, angle-closure glaucoma, poor my-
driasis, and keratopathy [3—7].

PEX causes the development of the so-called aty-
pical endothelial dystrophy. PEX-associated endothe-
liopathy is an always bilateral asymmetric, slowly pro-
gressive disease of the corneal endothelium. It may
lead to early decompensation of the corneal endothe-
lium, which subsequently causes the development of
bullous keratopathy and acute vision loss [8, 9].

According to the data from several studies, PEX is
also characterized by a decreased corneal sensitivity,
reduced central corneal thickness, and the tear-film
instability, resulting in damage to the ocular surface
tissues [1, 8, 10, 11]. The nature of morphological
changes underlying these manifestations remains
unclear. Cellular structures of the cornea, limbus,
and conjunctiva can be assessed in vivo using con-
focal microscopy. High resolution of confocal micros-
copy enables tissues visualization at the cellular level,
measurement of the layers thickness, and evaluation
of the number, shape, and size of the cells, including
those of corneal epithelium, stroma, and endothe-
lium [12—16].

The aim of this study was to evaluate morpho-
logical features of the cornea in patients with PEX.

MATERIALS AND METHODS

Overall, 21 patients admitted to the 5th De-
partment of Ophthalmology at the City Hospital
No. 2 were the subjects of the study. Patients were

divided into two groups: the main group included
12 patients with PEX (PEX group) and the control
group included nine patients without PEX (non-PEX
group). PEX diagnosis was based on the detection
of PEM in the anterior capsule of the lens, pupillary
border of the iris, or in the anterior chamber angle.
Patients in both groups were matched for gender
and age (Table 1).

In addition to the standard ophthalmological ex-
amination, all patients underwent confocal micro-
scopic examination of the eyes. We used a confocal
laser scanning microscope Rostock Cornea Mod-
ule (RCM) of the Heidelberg Retina Tomograph 3
(HRT3, Heidelberg Engineering GmbH, Germany).
The examination was performed under epibulbar
anesthesia using sterile disposable caps. The HRT3-
RCM has a helium-neon diode laser with a wave-
length of 670 nm. It provides images representing
an area of 400 pym x 400 pm (384 x 384 pixels in
size).

Morphological features of the cornea were as-
sessed in its central area. The average number of
images per patient was 1,000. Three of the best
images of each layer (surface epithelium, basal cell
layer of the epithelium, the layer of sub-basal nerve
fibers, anterior stroma, and posterior stroma) were
chosen for the analysis. Images were evaluated by
an expert who was blinded to the patients’ data in-
cluding the information on the ophthalmic status.
To assess the morphological features of the cornea,
we used a specially developed algorithm for ocular
surface evaluation via in vivo confocal microscopy
(Table 2). A scoring system was used for the assess-

Table 1

Age and gender distribution of the patients (n = number of patients)

Tabauya 1

Pacnpeueﬂel—me rpynmn no noJy 1 Bo3pacry (Il — KOJIMYE€CTBO I'Ial.ll/leHTOB)

Parameters PEX group, n = 12 Non-PEX group, n = 9 Slggilffflgl:::e?;the
Age 72.2 + 3.8 73.3 + 4.1 0.51
Gender Male 3(25%) 3(33.3%) 0.91
Female 9 (75%) 6 (66.6%)
Table 2
Ocular surface assessment algorithm using the in vivo confocal microscopy
Tabauya 2
AJIrOpUTM OLIEHKH KaueCTBEHHbIX MOKa3aTeJseil COCTOSIHUSI POrOBHUILbI MPU NOMOLLM KOH(OKANbHOIH MUKPOCKONHUH in Vivo
Parameter Score
Dendritic cells (Langerhans cells) 0-3 points
Desquamation of the surface epithelium 0-3 points
Hyper-reflective intercellular microinclusions 0-3 points
Thickening of the Bowman’s membrane 0-3 points
Bead-like formations in the sub-basal nerve fibers 0-3 points

<> OPHTHALMOLOGY JOURNAL

Vol 10 No2 2017

ISSN 1998-7102



ORIGINAL RESEARCHES

a1

ment of parameters, depending on their severity. For
each group, we calculated the mean score reflecting
the severity of each change.

The following parameters were quantitatively eval-
uated: density of epithelial cells, stroma, and nerve
fibers of the sub-basal plexus along with their length
and tortuosity coefficient. Analysis of cell density was
performed for wing cells, cells of the basal layer, and
cells of the anterior and posterior stroma. Normal
density of the intermediate cells is approximately
5,000 cells/mm? and that of the basal cells is between
3,600 and 8,996 cells/mm? [12, 13, 17]. The high-
est density of keratocytes is observed in the anterior
stroma [18, 19—21].

The condition of the sub-basal plexus was evalu-
ated using the semi-automatic CCMetrics Image
Analysis Software v.1.1. We estimated the den-
sity of the nerve fibers, density of their branches,
and the tortuosity coeificient. Calculations were
performed according to the method described by
Kinard et al. The density of the fibers and their
branches was evaluated both in the field of view
and over an area of 1 mm2. The density of nerve
fibers was calculated as follows: length of the
nerve fibers x coefficient (0.00075)/scanning area.
The tortuosity coefficient was calculated automati-
cally [22].

Patients with corneal dystrophy and diabetes mel-
litus and those who used contact lenses were ex-
cluded. We also excluded patients on treatment with
hypotensive drops or artificial tears.

Statistical analysis was performed using SPSS
Statistics v 20.0. Normality of the data was checked
using the Kolgomorov—Smirnov test. Quantita-
tive variables were compared using the Student’s
t-test. Differences were considered significant for
p < 0.05.

RESULTS

The mean number of dendritic cells was higher in
patients in the PEX group than that in the control
group. One-third of the participants in the non-PEX
group had no dendritic cells in the optical center (Ta-
ble 3, Figure 1). Patients in both groups were found to
have desquamation of the surface epithelium of vary-
ing severity. Individuals in the PEX group mostly had
moderate desquamation, whereas the control group
had slight desquamation (Table 3, Figure 2).

Hyper-reflective intercellular microinclusions
were detected in both groups; however, this was sig-
nificantly higher in patients with PEX (Table 3, Fi-
gure 3). Thickening of the Bowman’s membrane was
observed in all patients in the PEX group; 58.4%
had medium degree of thickening and 33.3% had
heavy degree of thickening. In the control group,
these values were 33.3% and 12.8%, respectively
(Table 3, Figure 4). Patients with PEX demonstrated
severe tortuosity of the sub-basal nerve fibers (Ta-
ble 3, Figure 5). Bead-like formations in the sub-
basal nerve fibers were observed in all patients of the
PEX group and only in two patients of the control
group (Table 3, Figure 6). Therefore, patients with
PEX had more significant morphological changes
in the anterior corneal surface than control patients
(p =0.0004).

The rest of the parameters describing the con-
dition of the sub-basal nerve fibers (except for the
number of their branches) did not differ significantly
between the two groups. The number of branches
of sub-basal nerve fibers was significantly higher in
patients with PEX (Table 4). The density of cells in all
tested layers was significantly lower in the PEX group
than in the control group. The biggest difference was
observed in the basal cells and the smallest difference
in the keratocytes of the posterior stroma (p < 0.012

Fig. 1. Dendritic cells: @ — in control group, & — in PEX group

Puc. 1. Jenpputuueckue Kjaetku (J/lanrepranca): a — y na-
[HeHTOB 06e3 MCeBI0IKCHOIMaTUBHOIO CHHIPOMA,
b — y nauMeHTOB ¢ TCeBAO3KCHOJIHATUBBIM CHH-
JPOMOM

Fig. 2. Desquamation of superficial epithelium: a — in control
group, b — in PEX group

Puc. 2. Ouaru geckBaMal iy MOBEPXHOCTHOIO STUTEJUSA: @ —
y NalHeHTOB 6e3 NceB103KC(HOMNaTUBHOIO CHHAPOMA,
b — y nauMeHTOB € rceB103KCeHONMAaTHBHBIM CHHIPOMOM
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Table 3
Corneal morphological changes in the groups (n = number of patients)
Tabauya 3
Pe3ynbTaThl KauecTBEHHO! OLEHKU MOP(OIOrHUeCKUX CBOICTB POrOBHLbI B CCIENYEMbIX FPYNNax (71 — KOJHUYECTBO NaLEHTOB)
Parameter Mean score. Mean score. Significance of
PEX group, (n = 12) | Non-PEX group, (n = 9) | the difference, p
Dendritic cells (Langerhans cells) 1.75 1.3
Desquamation of the surface epithelium 1.75 1
Hyper-reilective intercellular microinclusions 1.75 0.2 0.0004
Thickening of the Bowman’s membrane 24 1.3 .
Bead-like formations in the 91 11
sub-basal nerve fibers ’ ’

Puc. 3.

Fig. 4.

Puc. 4.

Fig. 5.

Puc. 5.

Fig. 6.

Puc. 6.

Fig. 3. Hyperrellective intercellular micro-inclusions: a —

in control group, & — in PEX group

rHHeppe(b.}leKTI/IBHbIe ME2KKJIETOUHbIC MHUKPOBKJIIOYE-
HUS: @ — Yy nalueHTOoB 6e3 HCGBI[OSKCCt)O.}'[I/IaTI/IBHOFO
CUHApOMaA, b — Yy nauueHToB C HCQBJJ,OSKC(bOJII/IaTI/IB-
HbIM CHHAPOMOM

Bowman membrane stiffening: @ — in control group,
b — in PEX group

YrsotHeHHe GOyMeHOBOH MeMOpaHbl: @ — Yy Tnallu-
eHTOB 0€3 MCceB103KCPONMATHBHOTO CHHApoMa, b —
y NalMeHTOB ¢ MCeBA0IKCHOJIHATUBHBIM CHHAPOMOM

Tortuosity of subbasal nerve plexus: a — in control
group, b — in PEX group

MsBuTocTh cy606a3alibHbIX HEPBHLIX BOJIOKOH: @ —
y NalueHToB 6e3 NceB103KC(HONHaTHBHOIO CHHAPOMA,
b — y naumneHToB ¢ 1ceB10KC(HOIHATHBHBIM CHHAPOMOM

Structure of subbasal nerve plexus like granules:
a — in control group, & — in PEX group

['panynonono6ueie cTpyKTypbl cy66a3aibHbIX HEpB-
HBIX BOJIOKOH: @ — Y MallUeHTOB 6e3 TceBposKedo-
JIMAaTUBHOTO CHHApPOMA, b — y MaLMEHTOB C TCEBJO-
9KC(OJIHATHBHBIM CHHAPOMOM
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Table 4
The condition of the sub-basal nerve plexus in the groups (n = number of patients)
Tabauya 4
[lokasateau cocTosiHusl cy06a3ajbHbIX HEPBHBIX CNJIETEHUI B MCCAEAYeMbIX rpynnax (71 — KOJMYeCTBO NMalUeHTOB)
Number of nerve fibers in the field 3.25 + 1.08 3.89 + 1.22 0.35
Number of nerve fibers per 1 mm? 20.3 + 6.77 24.3 + 7.64 0.35
Number of nerve branches in the field 7.67 + 1.2 2.56 + 0.8 0.045
Number of nerve branches per 1 mm? 479 + 13.5 16.0 + 4.94 0.045
Total length of all nerve fibers in the field 1390 + 294 1310 + 280 0.81
Density of nerve fibers, mm/mm? 6.49 + 1.3 6.13 + 1.1 0.81
Tortuosity coefficient 0.067 + 0.002 0.052 + 0.002 0.48

and p < 0.036, respectively). Our data suggested that
PEX mainly affects the density of corneal epithelium
(Table 5).

DISCUSSION

In vivo confocal microscopy allows rapid, non-
invasive, and microstructural imaging of the cor-
nea and generates high resolution images. There
are very few studies that have assessed the cornea
of patients with PEX using confocal microscopy.
None of them have evaluated parameters such as
the number of dendritic cells, hyper-reflective inter-
cellular microinclusions, severity of desquamation
of surface epithelium, and thickening of the Bow-
man’s membrane. Martone et al. reported a case
of PEX in which dendritic cells and hyper-reflective
intercellular microinclusions were detected [23].
Several authors have demonstrated the possibility
of PEM visualization using confocal microscopy
[12, 24, 25].

Our study was aimed at comprehensive assess-
ment of corneal morphological features using in vivo
confocal microscopy. Patients with PEX had more
significant desquamation of the surface epithelium,
which supported our hypothesis that PEX can result
in damage to the ocular surface tissues.

A substantial number of dendritic cells observed
near the sub-basal nerve plexus in patients with PEX
points toward the presence of local inflammation.

We assumed that clusters of hyper-reflective inter-
cellular microinclusions detected in the deep epithelial
cell layers and anterior stroma are the PEM clus-
ters that trigger local inflammatory changes. Excess
amounts of PEM along with dendritic cell infiltra-
tion may contribute to neuropathy development that
affects the sub-basal nerve plexus. Several studies
have reported reduced density and increased tortu-
osity of the sub-basal nerve fibers in patients with
PEX [8, 24, 25]. Our study failed to demonstrate a
significant decrease in their density in patients with
PEX. However, PEX was found to be associated with
a significantly larger number of the nerves branches
and bead-like formations in the sub-basal plexus,
which may indicate either damage or an increased
metabolic activity. Thickening of the Bowman’s mem-
brane was observed in both groups; however, in pa-
tients with PEX, it was more pronounced. We believe
that thickening of the Bowman’s membrane should
be considered as a sign of involutional changes, and
PEX further aggravates them.

Individuals with PEX were shown to have a signifi-
cantly decreased density of the wing epithelial cells,
basal cells, and cells of the anterior and posterior
stroma. The pathogenetic mechanisms underlying
these changes are still unclear. In our opinion, it may
be induced by oxidative stress and PEM accumula-
tion. Oxidative stress is one of the most important
mechanisms of cell damage.

Table 5
Evaluation of the cell densities in the groups (n = number of patients)
Tabauya 5
OueHKa NJIOTHOCTH KJETOK 3MUTENUsI U CTPOMbI POTOBHLbI B UCCJedyeMbIX Tpynnax (77 — KOJHWYeCTBO MaLUeHTOB
Wing cells 5465 + 600 6355 + 614 0.019
Basal cells 8315 + 705 9430 + 754 0.012
Cells of the anterior stroma 614 + 51 736 + 121 0.026
Cells of the posterior stroma 397 + 73 478 + 59 0.036
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The number of keratocytes may decrease with
age in response to increased oxidative damage and
reduced antioxidant protection. All ROS oxidize cel-
lular components; high concentrations of ROS may
cause irreversible cell damage. The defense against
ROS is achieved through the antioxidant system [26].
Demirdogen et al. showed that patients with PEX or
pseudoexfoliation glaucoma have a lower antioxidant
defense than control patients. Besides, they have
shown that the lack of antioxidants may contribute
to the development of these pathological conditions
[27]. The second possible reason for decreased cell
density is PEM accumulation. Some authors suggest
that hyper-reflective inclusions are PEM clusters that
cause local inflammation and activate apoptosis of
keratocytes [26, 27].

We conclude that PEX induces significant mor-
phological changes in the cornea; confocal micros-
copy is a unique method that enables detailed evalu-
ation of these changes.
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