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Abstract
Objective: To establish morphological criteria for diagnosing clinical stages of pterygium
using histological and immunohistochemical parameters and to evaluate pterygium as a
possible manifestation of chronic ocular surface microtrauma associated with dry eye
syndrome.
Methods. A retrospective, multicentre, non-interventional study was conducted. The
clinical and epidemiological analysis covered the period from January 28, 2019, to
December 25, 2024. The main clinical cohort included 219 patients who underwent
surgical treatment for pterygium in 2022-2023. Age, seX, lesion localisation, clinical stage,
disease duration, and recurrence were analysed. Excised pterygium tissues were
examined histologically using hematoxylin and eosin staining. Epithelial dysplasia,
stromal elastosis, vascular density, and inflammatory infiltration were assessed.
Immunohistochemical analysis was performed using Ki-67 as a marker of proliferative
activity and vascular endothelial growth factor as a marker of angiogenesis. Data were
processed using descriptive statistics and cross-tabulation.
Results. The surgical conversion rate ranged from 0.53% in Astana to 6.67% in Semey. In
one clinic in Astana, the number of pterygium surgeries increased by 284.2% in 2024
compared with 2019. Among 219 patients, men accounted for 51.6% and women for
48.4%. The mean patient age decreased by more than two years from 2022 to 2023. More
than 94% of surgeries were performed at stages 2-3. Ki-67 expression increased from 2.1%
at stage 1 to 55.8% at stage 4, while vascular endothelial growth factor expression
increased from 10.5% to 92.7%.
Conclusions. Clinical progression of pterygium was associated with increasing
histological severity and higher expression of Ki-67 and vascular endothelial growth
factor. The findings support the interpretation of pterygium as an active pathological
process involving chronic microtrauma, inflammation, angiogenesis, and abnormal
wound healing rather than a purely degenerative lesion.

Keywords: pterygium, dry eye syndromes, immunohistochemistry, Ki-67 antigen,
vascular endothelial growth factor A, angiogenesis, wound healing.
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1. Introduction

Pterygium is a common chronic disease of the
ocular surface, traditionally described as degenerative,
but it can also be interpreted as a consequence of
repeated microtrauma to the conjunctiva and corneal
limbus. Tear film instability, dry eye syndrome,
ultraviolet exposure, wind, dust, and blink-related
friction may act as persistent damaging factors.
Recurrent epithelial stress leads to inflammation,
stromal remodelling, vascularisation, fibrosis, and
gradual fibrovascular growth onto the cornea. The
absence of unified morphological criteria for clinical
staging makes diagnosis subjective and contributes to
differences in therapeutic approaches. Therefore, clear
morphological criteria are needed not only for staging,
but also for assessing the severity of chronic tissue
injury and choosing appropriate treatment tactics.

Clinical and morphological analysis has shown
that the most informative histological signs of
pterygium are elastosis, vascularisation, and
subepithelial fibrosis. From a trauma perspective, these
features reflect long-term ocular surface damage and
repeated repair. They also help distinguish primary and
recurrent pterygium and exclude similar lesions,
including pyogenic granuloma. A. Gupta et al. [1]
emphasised the importance of morphological
verification for accurate clinical prognosis. The
assessment of  pterygium  transparency also
demonstrated reproducible results among clinicians
with different levels of experience, suggesting that
visual and morphological grading can be standardised.
M. Hilmi [2] confirmed the possibility of reproducible
morphological assessment even without automated
systems.

A general review of pterygium aetiology and
treatment also supports the need to supplement
standard clinical diagnosis with structural assessment
of the lesion. I. Ilmawati [3] confirmed the need to unify
morphological classifications. This is especially relevant
when pterygium is viewed not only as a degenerative
lesion, but also as a chronic wound-healing response to
repeated ocular surface injury. The connection between
pterygium morphology and dry eye parameters is
particularly important: invasion length, lesion height,
and thickness correlate with tear osmolarity, tear
production, and epithelial erosion. Early stages are
often associated with desiccation changes, while
progressive forms show stronger inflammation. D. Ha.
and K. Kim [4] therefore demonstrated the value of
morphometric parameters in assessing the patient’s
clinical condition.

Clinical and pathological comparisons show that
vascular network severity and elastosis correlate with
the macroscopic “fleshy” appearance of pterygium.
These signs may indicate chronic irritation,
microvascular activation, and stromal repair.
Histological parameters also correspond to clinical
lesion size. S. Lodhi et al. [5] noted that morphological
features may help predict lesion aggressiveness. In an
epidemiological analysis of more than 160 thousand
patients, most pterygia were located along the nasal
edge and were wusually characterised by initial
morphological stages. A. Das et al. [6] noted that not
every lesion requires intervention, but morphological
assessment remains important when planning surgery,
especially in active or progressive cases.

Artificial intelligence may improve the early
identification of pterygium morphotypes associated
with chronic injury and progression. A deep learning
model showed high accuracy in distinguishing
clinically relevant stages and forms. W. Xu et al. [7]
demonstrated the potential of automated systems to
support morphological diagnosis. This is important for
detecting lesions that may reflect active microtrauma,
dry eye-related inflammation, or aggressive vascular
growth. Studies of mitomycin-C use in different
morphological types also showed that recurrence is
more common in “fleshy” forms. F. Khan and S.P.K.
Niazi [8] therefore stressed the importance of visual
morphological assessment for predicting treatment
outcomes.

The heneral prevalence of pterygium in Central
Asian countries, including Kazakhstan, according to a
population study by A. Hashemi et al. [9], is between
4% and 8% in the general adult population. In
Kazakhstan, environmental factors such as wind, dust,
ultraviolet exposure, and climate-related ocular surface
dryness may contribute to chronic irritation. Therefore,
early diagnosis of pterygium is especially important.
Patient-oriented ophthalmic care requires standard
clinical routes, trained personnel, and timely
differentiation from other conjunctival conditions. Y.
Rakhimova et al. [10] noted that insufficient differential
diagnosis may delay referral of patients with advanced
pterygium for morphological examination.

Automated diagnostic systems may also help
detect early morphological signs before advanced
fibrovascular invasion occurs. Intelligent expert
systems based on ophthalmic image analysis may be
adapted to recognise trauma-related changes in
pterygium and support outpatient screening. O.
Mamyrbayev et al. [11] highlighted the importance of
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such technologies for pre-stratifying patients by lesion
type.

The importance of early diagnosis is also
supported by studies of other ophthalmic diseases. In
age-related macular degeneration, timely and accurate
diagnosis was shown to influence visual function and
quality of life. Although this is a different disease, the
same principle applies to pterygium: early detection of
structural changes and inflammation may help prevent
complications and reduce the need for late surgical
intervention. I. Ismayilova et al. [12] demonstrated the
relevance of a multidisciplinary approach, which is also
applicable to pterygium when it is viewed as a chronic
ocular surface injury involving clinical, morphological,
inflammatory, and environmental factors.

Y. Nurlybekova et al. [13] analysed pathogenetic
mechanisms of pterygium and focused on modern
surgical techniques that reduce recurrence risk. They
showed that an important surgical goal is to create a
morphological barrier preventing fibrous tissue from

2. Materials and Methods

Research design and ethical aspects

A retrospective, multicentre, non-interventional
study was conducted using clinical, epidemiological,
and pathomorphological data. The clinical and
epidemiological phase covered the period from January
28, 2019, to December 25, 2024, and the in-depth clinical
cohort analysis and pathomorphological study covered
the period from January 1, 2022, to December 31, 2023.

The study was conducted in accordance with the
ethical principles of the Declaration of Helsinki.
Permission to conduct the study was obtained from the
Ethics Committee of the Multidisciplinary City Hospital
No. 3 in Astana before data collection. The study was
based on retrospective analysis of depersonalised
medical records and archived surgical material. All data
were anonymised before analysis, and no information
allowing patient identification was wused in the
manuscript. Given the retrospective and anonymised
nature of the study, the requirement for individual
written informed consent was waived by the Ethics
Committee.

Data sources and sample formation

Data were obtained from three main sources. First,
generalised statistical data from the Astana Vision
network of ophthalmic clinics were used to assess
regional differences in diagnosis and surgical
treatment. The analysed branches included Pavlodar,
Shymkent, Semey, Ust-Kamenogorsk, Astana, Almaty,
and Karaganda. Second, surgical statistics from the
Astramed clinic in Astana were used to evaluate the
dynamics of pterygium operations over time. Third, the
main clinical cohort was formed from patients treated

growing into the cornea. This supports the trauma-
oriented model, because recurrent fibrous ingrowth can
be interpreted as continuation of abnormal wound
healing after chronic tissue injury. Their description of
fibrous component formation is also relevant for
developing morphological staging criteria.

Overall, the literature shows several gaps. First,
there is still no unified morphological classification of
pterygium stages, which makes comparison between
studies difficult. Second, clinical and instrumental
findings are not always sufficiently integrated with
morphological verification. Third, few studies in
Kazakhstan have examined pterygium through the
combined perspective of clinical morphology, chronic
ocular surface damage, and biological activity.
Therefore, the present study aimed to establish
morphological criteria for diagnosing clinical stages of
pterygium using histological and
immunohistochemical parameters.

surgically at the Multidisciplinary City Hospital No. 3
of the Astana Akimat.

The clinical cohort included all patients who met
the inclusion criteria and underwent surgery during
2022-2023. Inclusion criteria were a confirmed diagnosis
of pterygium, surgical treatment in hospital conditions,
and complete medical documentation containing
demographic and clinical data. Exclusion criteria were
incomplete records or concomitant conjunctival
pathology that could affect interpretation, such as
pseudopterygium or conjunctival intraepithelial
neoplasia. A total of 219 patients were included,
comprising 134 patients in 2022 and 85 patients in 2023.

Clinical variables and trauma-oriented interpretation

Clinical and demographic information was
collected by analysing and systematising data from the
medical records of inpatients. The following indicators
were recorded: age, gender, location of the lesion (right
eye — OD, left eye — OS, both eyes — OU), clinical stage
of pterygium, anamnestic duration of the disease, and
the presence of relapse. Clinical staging was performed
by attending ophthalmologists based on a standard
biomicroscopic examination.

Patients aged 20-39 and 40-49 were reviewed as
groups in which pterygium may be less dependent on
ageing and more related to chronic ocular surface stress,
tear film instability, occupational exposure,
environmental irritation or repeated mechanical friction

Statistical analysis

Statistical analysis of the obtained data was
performed using Microsoft Excel 2019 software.
Descriptive statistical methods were used. Mean values,
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standard deviations, medians, ranges, frequencies, and
percentages were calculated.

To compare regional surgical activity, a surgical
conversion rate (SCR) was calculated using the formula:

SCR = (NO /ND) x 100%, (1)

where NO - average number of operations; ND -
average number of diagnoses. Cross-tabulation methods
were used to explore the relationships between different
parameters (for example, age and stage, gender and
stage).
Pathomorphological and immunohistochemical studies
Removed pterygium tissue was fixed in 10%
neutral buffered formalin for 24 hours, processed
according to standard histological protocols, embedded

3. Results

Regional surgical activity and epidemiological context

The surgical conversion rate was used to reduce
the influence of differences in total patient flow

in paraffin, sectioned at 4-5 microns, and stained with
hematoxylin and eosin. A pathomorphologist assessed
epithelial dysplasia, stromal elastosis, vascular density,
and inflammatory infiltration using a semi-quantitative
approach.

Immunohistochemical analysis was performed on
paraffin sections using monoclonal antibodies to Ki-67
and VEGF. Ki-67 was selected as a marker of epithelial
proliferative activity, while VEGF was selected as a
marker of angiogenesis. The reaction was visualised
using a polymer detection system with DAB
chromogen. Marker expression was quantified as the
percentage of positively stained cells in 10
representative high-power fields at x400 magnification
using Image] software.

between clinics. This rate was calculated according to
Formula 1 based on average data for the period 2022-
2024 (Table 1).

73
32 34 32
’ ’ I 23 I I

2019 2020 2021

2023 2024 2025

Figure 1 - Dynamics of the number of operations to remove pterygium in the Astramed clinic (Astana) for 2019-2025

The SCR varied substantially between regions.
Semey had the highest rate at 6.67%, meaning that
approximately seven out of every 100 diagnosed

patients underwent surgery. Ust-Kamenogorsk and
Shymkent also showed relatively high rates, at 3.28%
and 2.65%.

Table 1 - SCR for pterygium in the regions of Kazakhstan according to the network of clinics “Astana vision” (average data

for 2022-2024)

Average number of

Average number of

City diagnostics (n) operations (n) SCR (%)
Pavlodar 4475 65 1.45
Shymkent 8836 234 2.65
Families 4005 267 6.67
Ust-Kamenogorsk 7196 236 3.28
Astana 23375 124 0.53
Almaty 11977 79 0.66
Karaganda 6914 85 1.23

Note: SCR calculated as the ratio of the average number of operations to the average number of diagnoses, expressed as a percentage
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In contrast, Astana and Almaty had the lowest
rates, at 0.53% and 0.66%. The SCR in Semey was more
than 12 times higher than in Astana. Pavlodar and
Karaganda occupied intermediate positions.

Clinical cohort and demographic structure

The main clinical cohort included 219 patients who
underwent surgical treatment for pterygium in 2022-
2023. Of these, 134 patients were treated in 2022 and 85
patients in 2023. The distribution by sex is presented in
Table 2.

Table 2 - Distribution of patients by gender for the period 2022-2023

Year Number of % of the total Number of % of the total Total
men (n) amount for the year women (n) amount for the year  patients (n)
2022 63 47.0 71 53.0 134
2023 50 58.8 35 41.2 85
Total 113 51.6 106 48.4 219

During the two-year period, men accounted for
51.6% of patients and women for 48.4%. In 2022, women

predominated, accounting for 53.0% of patients. In 2023,

men predominated, accounting for 58.8% of patients.

The descriptive age statistics are presented in Table
3. The mean age of men decreased from 58.1 years in
2022 to 55.9 years in 2023.

Table 3 - Descriptive statistics of the age of patients (in years) who underwent surgery for pterygium

Indicator Men 2022 Women 2022 Men 2023 Women 2023
(n=63) (n=71) (n=50) (n=35)
Average age 58.1 59.4 55.9 57.2
Median 60.0 61.0 58.5 59.0
Age range 29-82 32-82 28-86 34-83

The mean age of women decreased from 59.4 years
in 2022 to 57.2 years in 2023. The age range was 28-86
years.

The age and sex distribution is presented in Table
4. The largest group consisted of patients aged 60 years
and older. Patients younger than 40 years were also
represented in both years of observation.

Table 4 - Age-gender distribution of patients with pterygium in 2022 and 2023

Age group (years) Men 2022 (n) Women 2022 (n) Men 2023 (n) Women 2023 (n)

20-29 1 0 1 0

30-39 4 6 4 5

40-49 10 8 11 3

50-59 16 15 7 3

60 and older 32 42 27 24

Total 63 71 50 35
Disease  duration, localisation, and  bilateral surface injury. A chronic trauma model is consistent
involvement with this observation: persistent tear film instability and

Data on disease duration were limited, but one
clinically important case involved a patient with a
severe progressive pterygium between stages 3 and 4
and a recorded disease duration of four years. This
suggests that advanced pterygium may result from
prolonged untreated or insufficiently controlled ocular

repeated epithelial damage may gradually transform a
small lesion into a biologically active fibrovascular
growth. The distribution of patients by localisation of
the pathological process in the context of gender and
year of follow-up is presented in Table 5.

https://doi.org/10.52889/1684-9280-2026-77-3-jto054
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Table 5 - Distribution of patients by lesion location, gender, and year

Localisation Men Women
2022 (n=63) 2023 (n=50) 2022 (n=71) 2023 (n=35)

OD (right eye) 23 20 34 14

OS (left eye) 38 27 30 16

OU (both eyes) 2 3 7 5

Men showed persistent predominance of left-eye
lesions in both years. Women showed a predominance
of right-eye lesions in 2022 but shifted toward left-eye
predominance in 2023 (Table 6). Bilateral pterygium
was less common but more frequent in women than

men. The proportion of bilateral involvement in women
increased from 9.9% in 2022 to 14.3% in 2023.

Bilateral pterygium was usually asymmetric. In
2022, all bilateral cases showed different stages between
eyes. In 2023, asymmetry remained dominant, although
some symmetric cases were observed.

Table 6 - Characteristics of lesion asymmetry in bilateral pterygium (OU)

With With an Prevalence of Predominance
Number of . . . of left eye
Year symmetric asymmetric right eye damage
OU cases (n) stage (n) stage (n) (OD>0S) (n) damage
8 8 (0S>0D) (n)
2022 9 0 9 2 7
2023 8 3 5 2 3

The predominance of one eye in bilateral disease
suggests that local exposure, mechanical factors, ocular

surface microenvironment, eyelid dynamics, or
asymmetric tear film instability may influence
progression.

Clinical stage distribution

Clinical stage at the time of hospitalisation reflects
when patients usually reach surgical treatment. The
distribution is shown in Table 7.

Table 7 - Distribution of patients by clinical stage of pterygium, gender, and year

Clinical stage Men Women
2022 (n=63) 2023 (n=50) 2022 (n=71) 2023 (n=35)
Stage 1 0 2 1 n
Stage 2 55 38 58 2%
Stage 3 8 ) 10 5
Stage 4 0 1 5 0

Note: in cases of bilateral damage, a higher stage was considered

Most patients underwent surgery at stage 2. Stage
3 was the second most common. Extreme stages were
rare: stage 1 operations were isolated, and stage 4 was
uncommon. Overall, more than 94% of patients were
treated surgically at stages 2-3. This suggests that
pterygium usually becomes surgically relevant after it
has progressed beyond early ocular surface changes.

From a trauma-oriented perspective, this is
important. If pterygium develops through repeated
microtrauma and chronic repair, then the optimal
preventive window may be before the lesion reaches
stage 2. Early identification of dry eye syndrome, tear
film instability, and limbal irritation may reduce
progression or delay surgery.

Table 8 - Distribution of patients by clinical stages in different age groups (total data for 2022-2023)

Age group (years) Stagel (n) Stage 2 (n) Stage 3 (n) Stage 4 (n) Total (n)
20-39 2 18 1 0 21
40-59 5 76 15 2 98
60 and older 0 93 30 2 125
Total 7 187 46 4 244

Note: the total number (244) exceeds the number of patients (219) due to the fact that in cases of bilateral asymmetric lesions, both eyes

with different stages were considered
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The proportion of advanced stages increased with
age. Stages 3-4 were rare in patients aged 20-39 but
increased in patients aged 40-59 and were most
frequent in those aged 60 and older (Table 8). This
confirms that cumulative exposure and duration
remain important. However, the presence of stage 2
disease in young patients indicates that clinically
meaningful fibrovascular growth can occur early,

possibly when chronic ocular surface trauma is intense
or persistent.

A comparative analysis of the distribution by stage
among men and women within the same age group was
performed to explore in more depth the possible effect
of gender on the clinical course of pterygium (Table 9).
The largest group of middle-aged patients (40-59 years)
was selected for the analysis.

Table 9 - Comparative distribution by clinical stages among men and women in the age group 40-59 years (total data for

2022-2023)

Clinical stage

Men 40-59 years old

Women aged 40-59

(n=52) (n=46)
Stage 1 1 4
Stage 2 40 36
Stage 3 10 5
Stage 4 1 1

In the 40-59 group, men had a higher proportion of
stages 3-4, while women were more frequently
represented at stage 1. This may suggest later
presentation or greater exposure among men, although
behavioural and occupational factors require further
study.

Recurrence and metachronous involvement

In 2023, two cases were documented as recurrent
pterygium, representing 2.35% of patients that year.
Both occurred in patients aged 50-59. In addition,
comparison of 2022 and 2023 records identified at least
three patients who underwent surgery on one eye in
2022 and required surgery on the paired eye in 2023.
These cases were not classical same-eye recurrences but
metachronous bilateral disease.

This pattern supports the idea that some patients
have a systemic or bilateral ocular surface
predisposition. Dry eye syndrome, environmental
exposure, inflammatory susceptibility, or tear film
instability may affect both eyes, even if clinical
progression is asymmetric. Such patients may require
long-term bilateral monitoring after the first operation.

Pathomorphological characteristics of clinical stages of
pterygium

Histological examination demonstrated consistent
structural progression across clinical stages. The main
parameters were epithelial dysplasia, stromal elastosis,
vascular density, and inflammatory infiltrate. The
systematised histological characteristics of pterygium
tissues corresponding to different clinical stages are
presented in Table 10.

Table 10 - Histological characteristics of pterygium tissues at various clinical stages

Stroma

. Characteristics of the - Vascular Inflammatory

Clinical s 1s characteristics . g

epithelium (degree of component infiltrate

stage dysplasia) (degree of (density) (intensity)

ysp elastosis) y y

Stage 1 None Insignificant Low Minimum

Stage 2 Mild atypia Moderate Moderate Moderate

Stage 3 Moderate dysplasia Expressed High Expressed

Stage 4 Severe dysplasia / CIS Pronounced Excessive Intensive

The histological pattern changed from mild
stromal degeneration and minimal inflammation in
early stages to marked epithelial atypia, pronounced
elastosis, high vascular density, intense
inflammatory infiltration in advanced stages. Stage 4

and

showed severe dysplasia or carcinoma in situ,
emphasising the need for oncological vigilance in
advanced or atypical lesions.

These findings are compatible with the chronic
trauma model. Repeated microinjury of the ocular
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surface may first produce epithelial stress and
inflammatory activation. Over time, persistent repair
may lead to stromal remodelling, fibrovascular
proliferation, and dysplastic epithelial changes. In this
model, dry eye syndrome functions as a mechanical and
inflammatory amplifier.

Immunohistochemical expression of Ki-67 and VEGF

Immunohistochemistry was performed to quantify
biological activity. Ki-67 reflected epithelial

proliferation, while VEGF reflected angiogenesis. The
results of the quantitative assessment of the expression
of proliferation and angiogenesis markers are presented
in Table 11.

Both markers increased strongly with clinical stage.
Ki-67 increased more than 25-fold from stage 1 to stage
4, demonstrating a major rise in epithelial proliferative
activity. VEGF increased almost nine-fold, confirming
progressive angiogenic activation.

Table 11 - Indicators of expression of Ki-67 and VEGF markers at various clinical stages of pterygium

Clinical stage Ki-67 proliferation index (%) VEGF expression (%)
(mean *SD) (mean *SD)
Stage 1 2.1+0.8 10.5+2.8
Stage 2 8.5+2.3 35.245.1
Stage 3 25.3+4.1 68.9+7.3
Stage 4 55.8+6.7 92.7+6.8

These results provide objective support for the
view that pterygium is biologically active, especially in
advanced stages. In the context of chronic microtrauma,
persistent epithelial injury and inflammation may

4. Discussion

This study supports a stage-dependent model of
pterygium progression in which clinical severity
corresponds  to  increasing  histological and
immunohistochemical activity. The strongest evidence
is the progressive rise in Ki-67 and VEGF expression
from stage 1 to stage 4. These markers indicate that
pterygium is not simply a static degenerative
membrane but an active lesion characterised by
epithelial proliferation, angiogenesis, inflammation,
and stromal remodelling. Classical explanations of
pterygium emphasise ultraviolet radiation, dust, wind,
and age-related degeneration. These factors remain
important, especially in older patients and outdoor
workers. However, when pterygium appears or
progresses in younger adults, the role of chronic ocular
surface microtrauma should be considered more
actively. Dry eye syndrome is one of the most plausible
mechanisms linking environmental exposure,
mechanical friction, inflammation, and abnormal
wound healing.

The regional differences in surgical conversion rate
may reflect variation in referral pathways, surgical
availability, = environmental = exposure,  patient
awareness, clinician preference, or disease stage at
presentation. The increase in surgical activity in Astana
may be associated with improved access to surgery,
greater recognition of progressive pterygium, or an
increasing number of patients requiring surgical
treatment after unsuccessful conservative management.

stimulate proliferation and angiogenesis as part of
wound repair. When this response becomes chronic, it
may lead to pathological fibrovascular growth.

However, these assumptions further
prospective confirmation.

The presence of surgically treated pterygium in
younger and middle-aged patients supports the need to
consider not only cumulative ultraviolet exposure and
age-related degeneration, but also chronic ocular
surface microtrauma, dry eye syndrome, occupational
exposure, environmental irritation, and tear film
instability. In this model, an unstable tear film may
increase blink-related friction and epithelial stress,
contributing to angiogenesis,
fibrovascular proliferation, and abnormal wound
healing

A normal tear film protects the ocular surface from
friction. When the tear film becomes unstable, the
eyelid repeatedly rubs against a vulnerable epithelium.
Blinking, which is normally protective, becomes a
source of microtrauma. This repeated injury is
particularly important at the limbus, where epithelial
regeneration, vascular signalling, and inflammatory
responses are active. Over time, dry eye-related friction
may contribute to epithelial damage, inflammatory
mediator release, fibroblast activation, and new vessel
formation.

The histological findings in this study align with
that model. Early lesions had minimal inflammation
and low vascularity, while advanced lesions showed
stronger inflammatory infiltration, vascular density,
stromal elastosis, and epithelial dysplasia. This

https://doi.org/10.52889/1684-9280-2026-77-3-jto054
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sequence resembles chronic wound repair: injury is
followed by inflammation, matrix remodelling,
angiogenesis, and epithelial proliferation. The problem
is that in pterygium this repair response becomes
persistent and anatomically disorganised.

In the study by S. Ghosh et al. [14], the expression
of VEGF and Ki-67 in samples of pterygium and
adjacent healthy conjunctiva was analysed. The results
showed no statistically significant differences between
the groups. The authors suggested that the pathological
process may cover the entire surface of the eye,
including “normal” tissue. This contradicts the results
of the study, where healthy tissues did not show
increased expression. The likely cause of discrepancies
may be the location of the control tissue (from the same
eye, next to the pathology), which may have given a
blurred molecular profile.

Analysis of VEGF expression confirmed that
angiogenesis is a key mechanism in pterygium
pathogenesis, especially in advanced stages, where
VEGF increased almost ninefold compared with the
initial stage. This was supported by both histological
and immunohistochemical findings. ]. Martin-Lopez et
al. [15] showed that VEGF-165, one of the VEGF-A
isoforms, contributes to a shift toward angiogenesis
rather than lymphangiogenesis, with an increased
blood-to-lymphatic vessel ratio. These findings are
partially consistent with the present study, although
their work focused on a specific VEGF isoform and
microvascular remodelling, while the current study
assessed total VEGF expression.

Immunohistochemistry also showed a marked
increase in VEGF expression in stages III-IV, suggesting
that angiogenesis may be a potential therapeutic target,
including through VEGEF inhibition. M. Turan et al. [16]
similarly reported high VEGF expression in recurrent
pterygium and additionally highlighted the role of
inflammation through Cyclophilin A. Their findings
complement the present study, although they focus on
recurrence rather than stage-dependent progression.

The age and gender analysis showed a decrease in
the average age of surgically treated patients by more
than two years in 2023 compared with 2022. The
proportion of men aged 40-49 years and women aged
30-39 years also increased, which may indicate earlier
presentation or a higher frequency of active forms in
younger groups. M. Turan and G. Turan [17] did not
focus on age dynamics, but they reported increased Ki-
67 and Bcl-2 expression regardless of age, including in
younger patients, which partially supports the present
findings.

The study revealed regional differences in surgical
conversion rate, an increase in operations in Astana, a
trend toward disease “rejuvenation,” and a correlation

between clinical stage and microscopic severity,
especially Ki-67 and VEGF expression. C. Masitas et al.
[18] showed that MMP-14 plays a role in fibrosis and
recurrence of pterygium, suggesting that targeted
treatment may be useful at specific morphological
stages. Unlike their molecular focus, the present study

emphasised quantitative histological and
immunohistochemical indicators of severity and
progression.

S. Bergeron et al. [19] reported significant
histopathological variability in pterygium and noted
that clinical stage does not always directly correspond
to histological severity. This contrasts with the present
study, where morphological criteria showed a clearer
relationship with clinical stage. The difference may be
explained by variations in study populations,
classification methods, and inclusion of concomitant
lesions.

A.C.V. Wanzeler et al. [20] reviewed multiple
molecular mechanisms involved in pterygium
development, including gene methylation,
inflammatory mediators, microsatellite instability, and
cholesterol metabolism. These findings show that
pterygium pathogenesis is complex and cannot be fully
explained by morphology alone. Therefore, molecular
approaches may complement classical histological
staging and improve personalised prognosis.

The present study used traditional clinical and
morphological methods, while Q. Ji et al. [21] proposed
an automated grading system based on deep learning
and semantic segmentation of anterior eye images.
Their model showed high agreement with clinicians
and allowed non-invasive quantification of lesion size
and invasion. This suggests that artificial intelligence
may improve objectivity and support future integration
with classical morphology.

E.W.W. Tiong et al. [22] also demonstrated high
diagnostic accuracy of deep learning systems using
nearly 46,000 images, with sensitivity of 98.1% and
specificity of 99.1%. However, they noted limitations
related to selection bias and lack of external validation.
These findings contrast with the present study’s
histological and immunohistochemical approach, but
they highlight the potential of non-invasive digital
screening.

D. Ghorab et al. [23] showed that a broader
immunohistochemical panel, including glutathione,
topoisomerase 1, p53, and VEGF, may help distinguish
primary and recurrent pterygium. This suggests that
Ki-67 and VEGF, although useful, may not be sufficient
alone for universal prediction. A wider biomarker panel
may be needed for more accurate risk stratification.

The present study analysed epidemiology,
morphology, immunohistochemistry, and surgical
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dynamics in Kazakhstan. M. Palewski et al. [24]
reviewed surgical methods and showed that recurrence
rates vary widely, from 6.7% to 88%, depending on
technique. This indicates that surgical standardisation
is also crucial and may influence outcomes
independently of regional differences.

B. Chen et al. [25] discussed artificial intelligence in
pterygium diagnosis and showed that modern Al
systems can classify and localise pterygium with
accuracy comparable to experienced clinicians. M.
Khan et al. [26] compared surgical techniques and
found that recurrence was more related to stromal
features than epithelial characteristics. These findings
differ from the present study, which focused on clinical
stage, epithelial proliferation, and angiogenesis.

Recent studies also expand the understanding of
pterygium pathogenesis. J. Yang et al. [27] identified
FN1, SPRR1B, SERPINB13, and EGR2 as potential
biomarkers and showed increased Th2 lymphocyte
infiltration, highlighting the role of the immune
microenvironment. H. Ge et al. [28] described a
minimally invasive surgical protocol without scalpel or
electrocoagulation, associated with low pain and a
recurrence rate of 4.3%. ]J. Wolf et al. [29] used
sequencing and immunohistochemistry to identify
fibrosis, autophagy, and apoptosis modulation as
important disease mechanisms. These findings support
a broader, multifactorial view of pterygium.

The present study included 219 patients in
Kazakhstan and found that men accounted for 51.6%
and women for 48.4% of cases. The average age
decreased from 58.1-59.4 years in 2022 to 55.9-57.2 years
in 2023. Most patients underwent surgery at stage 2,
while Ki-67 increased from 2.1% at stage 1 to 55.8% at
stage 4, and VEGF increased from 10.5% to 92.7%. The
surgical conversion rate ranged from 0.53% in Astana to
6.67% in Semey, and the number of operations
increased by 284.2% in 2024 compared with 2019.

J. Yu et al. [30] identified 536 differentially
expressed genes and 78 circRNAs involved in IL-17,

5. Conclusions

This study analysed pterygium in Kazakhstan
using clinical, epidemiological, histological, and
immunohistochemical data and showed that clinical
progression of the disease was associated with
increasing morphological severity and higher biological
activity. The surgical conversion rate varied from 0.53%
in Astana to 6.67% in Semey, while surgical activity in
one Astana clinicincreased by 284.2% between 2019 and
2024. Among 219 surgically treated patients, men
accounted for 51.6% and women for 48.4%, and the
mean age decreased by more than two years from 2022
to 2023. Most operations were performed at stages 2-3.

extracellular matrix receptor interaction, and epithelial-
mesenchymal transition pathways. These molecular
findings partially overlap with the present study’s focus
on proliferation and angiogenesis but provide a deeper
regulatory explanation. S.A. Gujrathi et al. [31] reported
male predominance, a dominant 50-60-year age group,
and mostly nasal lesions, which differs from the more
balanced gender structure in the Kazakh cohort. Y. Xu
et al. [32] described the LINCO00472-miRNA-mRNA
regulatory network, including pathways related to
pterygium progression, supporting the role of genetic
regulation in proliferation and angiogenesis.

Thus, the correlation between clinical stage and Ki-
67 and VEGF expression supports the use of
morphological and immunohistochemical criteria for
objective pterygium staging. At the same time, regional
differences, younger patient presentation, artificial
intelligence, and molecular studies indicate the need to
combine classical morphology with modern diagnostic
and personalised treatment approaches.

Strengths and limitations

The strengths of this study include the combined
clinical, epidemiological, histological, and
immunohistochemical assessment of pterygium, the
inclusion of 219 surgically treated patients, and the
analysis of regional surgical activity in Kazakhstan. The
use of Ki-67 and vascular endothelial growth factor
allowed the biological activity of pterygium to be
assessed across clinical stages. However, the study also
has limitations. Its retrospective design limits causal
interpretation. Data on disease duration and dry eye
parameters were incomplete. Tear film stability, ocular
surface staining, tear osmolarity, and symptom severity
were not systematically assessed. The study did not
include a prospective control group, and the statistical
analysis was mainly descriptive. Future prospective
studies should directly evaluate dry eye syndrome
parameters and correlate them with clinical stage,
lesion morphology, recurrence, and
immunohistochemical activity.

Histological examination showed progressive epithelial
dysplasia, stromal elastosis, vascularisation, and
inflammatory infiltration, while
immunohistochemistry demonstrated an increase in Ki-
67 expression from 2.1% to 55.8% and vascular
endothelial growth factor expression from 10.5% to
92.7% from stage 1 to stage 4. These findings support
the interpretation of pterygium as an active
pathological process involving chronic ocular surface
microtrauma, inflammation, angiogenesis, and
abnormal wound healing, especially in patients with
factors associated with dry eye syndrome. Future
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prospective studies should directly assess dry eye
parameters and correlate them with clinical stage,
lesion progression, recurrence, and surgical outcomes.
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MUIKpO>KapaKaTTaHYBbIHBIH KOPiHici peTiHae: PeTpocrieKTHBTI K6IOPTaabIKTBI 3epTTey
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Tyiingeme

3epTTeyAiH  MakcaTbl:  NTePpUTMYMHBIH  KAMHMKAaABIK  caThIAapblH  AMarHOCTMKaJlayfa  apHaJAfaH
MOpP(}OAOTUAABIK KPUTEPUILAEP A ITMCTOAOTMAABIK JKOHE MMMYHOTUCTOXMMISIABIK KOPCETKIIITep Heri3iHAe aHBIKTay,
COHJal-aKk ~ NTePUIUYMABl  KYpFak Ke3 CUHAPOMBIMEH 0OalldaHBICTBI ~ Ke3  OeTKelfiHiH  CO3BLAMAABI
MIKpO>KapaKaTTaHyBIHBIH BIKTIIMA/ KepiHici peTiHae Oaraaay.

Oaicrepi. PeTpocnexTusTi, KOIOPTAaABIKTB, WMHTePBEHIIMAABIK eMecC 3epTrey >Xyprisiagi. KamuHmxaarx-
IUAEMUOAOTUAABIK Taaday 2019 xprarel 28 kanTapdan 2024 >xplarel 25 >KeATOKCaHFa JAEWiHTI Ke3eHAi KaMTBIABL
Herisri kamHmukaaslk, xoroprtara 2022-2023 >Kplagapbl OTepurnyM OOMBIHINIA XUPYPIUAABIK eM aafaH 219 Haykac
eHrisiaai. JKacsl, >KbIHBICHI, 3aKbIMAaHY >KaFbl, KAMHMKAABIK CaTBICHI, aypy Y3aKTBIFBI KoHe KallTalaHy >KaFjaiilapbl
TaajdaHAbL. AAbIHFaH TiHAep TeMaTOKCUAMH >KoHe DO3MHMeH 00sy apKbIAbl TMCTOAOTMAABIK >KOAMEH 3epTTeaji.
DnmreanaaAbl AVUCIAA3Ms, CTPOMAaABIK DAacTO3, TAMBIPABIK, THIFBI3ABIK JKoHe KaOBIHY MHPNUABTPaLVCH OaralaHABL.
VMMMyHOTHNCTOXUMMAABIK 3epTTey Ki-67 mpoandepaTusTik 6eaceHAiaiK MapKepi SKoHe TaMBIPABIK DHAOTeANAaAABIK
ecy ¢aKTOpHI aHTMOTeHe3 MapKepi peTiHAe KOAAAHBIABII KYpPriziaai. Jepekrep cumaTTaMaablK, CTaTMCTUKa KoHE
aliKkac Kecreaep ajicrepiMeH eHJeaAl.

Hoatmxeaepi. Xupyprusaslk, koHBepcusa kepceTkimni AcraHaga 0,53%-4an Cemeiige 6,67%-Fa AeiiiH esrepai.
AcraHagarbl Oip KAMHMKaAa nrepurnyM OoribiHIa ota caHbl 2024 >xbrabl 2019 >XbLAMeH caabICThIpraHaa 284,2%-ra
apTThL. 219 HaykacThiH 51,6%-5b1 epaep, 48,4%-51 siteasep 60a4b1. Haykacrapasig opramra >xacer 2022 xbragan 2023
JKBIAFAa Kapall eki >KblAdaH actaM TeMmeHAeai. OrtazapawsiH 94%-gaH acramsl 2-3-caTelLiapga >kacaaabl. Ki-67
sKcpeccuscsl 1-catoiga 2,1%-aan 4-cathida 55,8%-Fa AeifiH, aa TaMBIPABIK DHAOTeAMAAABIK ©Cy (aKTOPBIHBIH
sxcrpeccusacel 10,5%-aan 92,7%-ra AeitiH apTTEL

KopoiteiHAbL.  IITepUIrMyMHBIH KAMHMKAABIK YA€yl TIMCTOAOTMSABIK ©3TepicTepaiH  aliKbIHABLABIFBIHBIH
apTybIMeH >koHe Ki-67 MeH TaMBIPABIK BDHAOTEAMAAABIK ©Cy (HaKTOPBI BDKCIIPECCHUSICBHIHBIH >KOFapbliaybIMeH
GariaaHBICTEL 60AABL. AABIHFaH AepeKTep ITEePUIMyMABI TeK AeTeHepaTuBTi 3aKbIMJAaHy peTiHJe eMec, CO3bLAMAaAbI
MIKpOXKapaKaTTaHy, KaOBIHy, aHIVOTeHe3 >KoHe TiHAepAiH NaTOAOIVAABIK >Ka3blly yAepicrepimeH OailaaHBICTHI
GeaceHAl MaTOAOTMAABIK, IIPOLiECC peTiHAe KapacThIpyFa MyMKIiHAIK Oepeai.

Tyitie ce3aep: OTepuruyM, Kypfak Ke3 CUHAPOMBI, MMMyHorumcroxumus, Ki-67 aHTuUreHi, TaMBIPABIK
BHAOTeANAaAABIK ©cy PaKTOPHI A, aHTHOTeHe3, JKapaHbIH >Ka3blAYHI.

HTepI/II‘I/IYM KakK IIposiBA€HIIe XpOHI/I‘IECKOf/I MUKpOTpaBMaTMU3aninm raa3sHomn IIOBEePXHOCTN
Y MOA40ABbIX ITalTMeHTOB ¢ CMHAPOMOM CYyXOTIO raasa: PeE}yZleaTbI PEeTPOCII€EKTUBHOTO
MHOTIOLI€HTPOBOTO MCCA€AOBaHMSI
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Pe3some

Lleap wmccaeaoBaHMA: OIpeseAnTh MOpQOAOrMIecKre KPUTEPUM AMArHOCTUKM KAMHUYECKUX CTaAWit
NTepUrMyMa Ha OCHOBaHMM TIMCTOJAOTMYECKUX U MMMYHOTMCTOXMMMYECKMX IIOKa3aTedelf, a TakXe OIIeHUTb
OTepUTMyM KakK BO3MOXKHOe IpOsBJAeHMe XPOHMYeCKOM MMKpOTpaBMaTM3allMM TAa3HOM  ITOBEPXHOCTH,
accolIMMpOBaHHOMN C CMHAPOMOM CyXOTO Ilas3a.

Mertoasl. IlpoBegeHo peTpOCIIeKTMBHOe MHOIOLIEHTPOBOe HeMHTepBeHLIMOHHOe lccaedoBaHne. Kamnuko-
SINAEMUOAOTMIECKNI BTall OXBaThiBaa mepuog ¢ 28 suBaps 2019 roga mo 25 aexabpst 2024 roga. OcHoBHast
KAMHMYeCKasl KOropra BKaiodasda 219 manueHToB, IpoonepupOBaHHLBIX 110 IToBoAy nrepuruyma B 2022-2023 rogax.
AHaaM3MpoBaAMCh BO3pPACT, MO, AOKaAU3aLMs MOpakeHUs], KAMHUYIecKasl CTaAus, AAUTEABHOCTh 3ab0AeBaHUs U
HaAu4ue peryuAusa. Y JaleHHble TKaHU MCCAeA0BaAVCh TUCTOAOTMYECKM C OKPAacKO) reMaTOKCUMAMHOM U DO3MHOM.
OnennBaancy snmreamalabHas AUCIAA3Us, CTPOMAABHBIN 9AacTO3, COCYyAMCTas ILAOTHOCTL M BOCHaAMTeAbHas
nHpuAbTpanys. VIMMyHOIMCTOXMMUYIECKOe JccAeoBaHne IIPOBOANAOCH ¢ mcrnoap3oBaHneM Ki-67 xak mapkepa
npoandepaTMBHON aKTUBHOCTH ¥ COCYAVCTOTO DHAOTeANaAbHOTO (pakTopa pocTa Kak MapKepa aHruoresnesa. /lanHore
oOpabaTbIBaAyICh METOAaMU ONMCAaTeABHOM CTAaTUCTUKU U TTepeKPecTHBIX TabAMII.

Pesyabratel. [lokazaTeap xupyprudeckoit Konsepcun Bapbuposad ot 0,53% B Acrane 40 6,67% B Cemee. B
OAHOJI KAMHUKe ACTaHBI KOAMYECTBO OIlepalMil IO IIOBOAY IITepUTMyMa yBeAndnaoch Ha 284,2% B 2024 roay mo
cpasrenuio ¢ 2019 rogom. Cpean 219 narjmeHTOB MY>KUMHBI cocTasuau 51,6%, xenmunsl — 48,4%. Cpeannii Bo3pacTt
MTaIJMEeHTOB CHU3MACS Dolee yeM Ha ABa roda c 2022 o 2023 roa. boaee 94% omneparinii BEITIOAHSIANCH Ha 2—3 CTaAVISIX.
Okcenpecens Ki-67 yseamumaace ¢ 2,1% mpu 1 cragum g0 55,8% mpu 4 cragmm, a 9KCIpeccusi COCyAMCTOTO
®HAOTeAnaAbHOTO Ppakropa pocra — ¢ 10,5% 40 92,7%.

Brisogpr. KamHnyeckoe mporpeccupoBaHye MNTepurnymMa OBLAO CBA3aHO C HapacTaHMeM TIMCTOAO0TMYecKO
BBIPa’K€HHOCTM M3MEHEHUII U IOBbIIeHneM skcrpeccun Ki-67 u cocyaucroro sHAOTeAMaAbHOTO (pakropa pocTa.
IToayyenHrle JaHHbBIE TO3BOASIOT paccMaTpuBaThb HNTEPUTMYyM KaK aKTUBHBIM IIaTOAOTMYECKUII IIPOIecC,
BKAIOYAIOIINMII XPOHMYECKYI0 MUKPOTpaBMaTM3allMIO, BOCIIaA€HMe, aHIVIOTeHe3 I HapylleHMe IIpOLieccoB
3a’KMBAEHII TKaHell, a He TOAbKO KaK deTeHepaTUBHOe opa kKeHe.

Kaiodesble caoBa: NTepurnyM, CMHAPOM CYXOIO TAa3a, MMMYHorucroxmmus, antureH Ki-67, cocyAmcrsiii
®HAOTeAMaAbHBIN (paKTOp pocTa A, aHTMOTeHe3, 3a’K/MBAEHIE PaH.
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