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Abstract: primary open-angle glaucoma is a multifactorial chronic neurodegenerative disease
characterized by acquired loss of retinal ganglion cells and subsequent optic nerve atrophy, and is
often associated with increased intraocular pressure (IOP). As the leading cause of blindness and
vision loss, glaucoma affects more than 70 million people worldwide (Tang et al., 2021), and unfor-
tunately, there is no downward trend. Most currently available glaucoma treatments tend to target the
formation of the aqueous humor or the uveal-scleral outflow pathway. They do not affect the primary
outflow pathway, which is usually responsible for 70-90% of aqueous humor drainage into the circu-
latory system. However, dysfunction and blockage of this major pathway can lead to increased outflow
resistance, increased 10P, and ultimately the development of glaucoma. Purpose: to investigate the
condition of the perilimbal tissues of the eye during the surgical treatment of patients with open-angle
glaucoma. Materials and methods: 22 patients with primary open-angle glaucoma who underwent
combined treatment for glaucoma and age-related cataract were included in the examination and
made up the main group of the examination. The comparison group, which consisted of 7 patients, in-
cluded patients who had age-related cataracts and did not have glaucoma. The main group of patients
was divided into two subgroups. In the first subgroup of the main group, the Tenon's sheath of the area
where anti-glaucomatous intervention was performed was studied. Trabecula examination was per-
formed in patients of the second subgroup of the main group. Results: on the histological preparations
of the patients of the main group, unlike the comparison group, signs of a chronic inflammatory pro-
cess were revealed: neovascularization with proliferation of endotheliocytes. It was established that
the nuclei of cells of fibrous tissue are changed, namely, they are increased in size and more intensely
colored. Significant swelling of the surrounding tissue was observed, which pathologically changed
the very structure of the tissue. Pathological deposition of diffusely located pigment was noted extra-
cellularly in tissue structures. Conclusions: The results obtained during the study of changes in the
perilimbal tissues of the eye in patients with primary open-angle glaucoma will open new ways of per-
sonalized management of this category of patients, which will make it possible to formulate additional
criteria for the diagnosis and treatment of glaucoma, aimed at overcoming the inflammatory process
and prolonging the postoperative result.
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Introduction

Glaucoma is the leading cause of irreversible
blindness worldwide. Glaucoma is characterized
by chronic neuropathy of the optic nerve, which
leads to vision loss. The disease is associated with
characteristic structural damage to the optic nerve
and associated visual dysfunction, which can be
caused by various pathological processes and in
which intraocular pressure (IOP) is a key factor
(Tang et al., 2021). Glaucoma is a major public
health concern because it is the second leading
cause of blindness in the world after cataracts, and
blindness caused by glaucomaisusually irreversible.
An estimated 57.5 million people worldwide have
primary open-angle glaucoma (POAG) and this
number is expected to reach 111.8 million by 2040
(Allison, Patel, & Alabi, 2020).

Although the pathogenesis of glaucoma is not
fully understood, it is known that the level of IOP is
interrelated with the death of retinal ganglion cells.
The balance between the secretion of aqueous
humor by the ciliary body and its drainage occurs
through 2 independent pathways — the trabecular
meshwork and the uveoscleral outflow pathway,
which determine the level of IOP (Miller & Tsai,
2023). However, while most currently available
glaucoma treatments target aqueous humor
formation or the uveal-scleral outflow pathway,
they do not affect the primary outflow pathway,
which is typically responsible for 70-90% of
aqueous humor drainage into the -circulatory
system. Dysfunction and blockage of this major
pathway can lead to increased outflow resistance,
increased IOP, and ultimately the development
of glaucoma. Although pathogenetically, the
mechanisms that lead to an increase in IOP are
still unclear, previous studies have identified a
section of the inner wall of Schlemm’s canal in
combination with the juxtacanal tissue (JCT) — a
section of the trabecular meshwork — as the main
site of outflow resistance (Tang et al., 2021).

As the final barrier to aqueous humor
drainage, the cells of the inner wall of Schlemm’s
canal are in constant dynamic thanks to their
microenvironment, this is due to both shear flow
and aqueous humor flow from the basal-apical canal
through Schlemm’s canal endothelial cells (Hann
et al., 2022; Karimi et al., 2023; Xu et al., 2022).
Basal-apical flow for the cells of the Schlemm
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canal creates a large transcellular mechanical
load, which leads to the formation of fluid-filled
intracellular cavities or “giant vacuoles” that fuse
with other membrane cells (Xu et al., 2022; Martin
& Johnstone, 2022). These are pressure-dependent
protrusions into the canal lumen accompanied by
transcellular and/or paracellular pores that allow
aqueous humor to pass without disrupting the
blood barrier (Lewczuk, Jabtonska, Konopinska,
Mariak, & Rekas, 2022). In glaucomatous eyes, the
contractile ability of the cells of the Schlemm canal
and the rigidity of the basement membrane change
significantly. This prevents the formation of giant
vacuoles and pores, and leads to increased outflow
resistance and increased IOP (Karimi et al., 2023).
Understanding the underlying mechanism and role
of Schlemm’s canal cells in modulating IOP may
lead to the development of effective targets for future
pharmacology (Vincent et al., 2021). The role of the
biomechanical influence of the perilimbal tissues
of the eye on the drainage pathway of the aqueous
humor, including the distal venous outflow system,
and the regulation of IOP is not fully understood.
Preliminary studies in recent years indicate that the
number of necessary reoperative interventions in
glaucoma patients is about 50% (Jia et al., 2022).
However, to date, the pathogenetic mechanisms
that lead to the overgrowth of channels have not
been fully elucidated, and the development and
implementation of modern devices (valves) does
not solve the problem.

Thus, the search and research of new methods
of treatment for patients with POAG is relevant,
since untimely and ineffective treatment can have
significant negative consequences for individual
and public health. All this determined the relevance
of conducting research and determined the goal
and task of this work.

Aim

To investigate the state of perilimbal tissues of
the eye during surgical treatment of patients with
open-angle glaucoma

Materials and Methods

The examination included 22 patients with
primary open-angle glaucoma, who underwent
combined treatment for glaucoma and age-related
cataracts and made up the main group of the
examination. Patients who had age-related cataracts
and did not have glaucoma were included in the
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comparison group, which consisted of 7 patients.
The main group of patients was divided into
two subgroups. In the first subgroup of the main
group, the Tenon’s sheath of the area where anti-
glaucomatous intervention was performed was
studied. Trabecula examination was performed in
patients of the second subgroup of the main group. In
the patients of the comparison group, we examined
both the Tenon’s sheath and the trabeculae.

The research used the following selection

criteria:

— age from 50 years and older;

— aclinically established diagnosis of primary
open-angle glaucoma (main group) or its
absence (comparison group);

— age-related cataract;

— informed written consent of the patient (the
patient’s representative) to conduct research
and participate in dynamic observation;

— the patient’s ability to adequately cooperate
in the research process.

The exclusion criteria:

— age is less than 50 years;

— impossibility of visualization ofthe posterior
segment of the eye (ophthalmoscopy, OCT,
angio-OCT, etc.);

— the presence of concomitant ophthal-
mological diseases that can reduce visual
functions;

— operated detachment of the retina;

— presence inthe anamnesis ofacraniocerebral
injury;

— presence of endocrine diseases in the
anamnesis (diabetes, etc.);

— presence of autoimmune diseases in the
anamnesis;

— the presence of mental illnesses and
neurological disorders that will prevent the
patient from understanding the conditions
of participation in the study.
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Criteria for excluding subjects from the study:

— refusal of patients to undergo certain stages
of diagnostic studies or non-compliance
with the deadlines for conducting studies.

According to the research objectives, all
patients who were examined within the framework
of this dissertation work were divided into groups.

Patients underwent standard examinations,
which included assessment of visual acuity,
Humphrey perimetry, tonometry, gonioscopy,
biomicroscopy, optical coherence tomography of
the optic disc, ganglion cells, and retina.

All clinical studies were conducted in
compliance with the basic bioethical norms and
requirements of the Declaration of Helsinki, the
Council of Europe Convention on Human Rights
and Biomedicine (1977), the relevant provisions
of the WHO, the International Council of Medical
Scientific Societies, the international code of
medical ethics (1983) and the Order of the Ministry
of Health of Ukraine No. 690 of 09/23/2009.

Statistical processing of the results was carried
out using the SPSS 61 11.0, MedStat and MedCalc
v.15.1 software package (MedCalc Software
bvba). In all cases, the differences were considered
statistically significant at p<0.05. The distribution
of studied patients in groups depending on gender
and age is shown in Table 1.

According to the data in Table 1, the study was
mainly attended by women, the average age of
which was 65+9 years. There was no statistically
significant difference in the distribution of patients
by gender in the main and comparison groups.

After the combined surgical intervention, we
conducted histological studies of the perilimbal
tissues of the eye (Tenon’s membrane and
trabeculae) of the patients. The material was
taken and fixed, followed by dehydration and
compaction of the samples. Next, the samples
were placed in a mixture of xylene and paraffin

Table 1. Distribution of patients by group, n=29 (29 eyes)

Indicator Sex Average age,
Men Women years
Main group I subgroup, n= 12 (12 eyes) 4/18,2% 8/36,3% 65+7
Abs. / % | Main group II subgroup, n=10 (10 eyes) 4/18,2% 6/273% 63+9
Comparison group, n=7 (7 eyes) 2/28,6% 5/71,4% 6519
The level of significance of the difference, p P<0.05 -
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and in pure liquid paraffin, which hardens when a
cooled. Sections were sequentially deparaffinized // )
in xylene, alcohols, and placed in water before B

staining. Sections were stained with hematoxylin- —

eosin, after which the sections were washed again,
illuminated and sealed in balsam.

Results

Histological studies of the perilimbal tissues
of the eye (Tenon’s membrane) of patients with
POAG revealed certain differences and features
of the tissue structure compared to the histological
structure of the tissue in the comparison group.

Pic. 2. Histological preparation of Tenon’s

Signs of neovascularization were established and membrane of a patient with POAG.
edema was located around it, which pathologically Hematoxylin-eosin staining.
changed the structure of the tissue (Picture 1). a — hypertrophy of cell nuclei;

b — increased staining intensity
of cell nuclei

a / b//

] -

\

Pic. 1. Histological preparation of Tenon’s
membrane of a patient with POAG.
Hematoxylin-eosin staining. a — a row of vessels in a
state of dilation; b — loose structure of the tissue with

Pic. 3. Histological preparation of a trabecula of a
patient with POAG. Hematoxylin-eosin staining.
a, b, ¢ — diffuse arrangement of pigment in tissue

illumination structures
Also, in the tissue structure of patients with
POAG, changed nuclei of fibrous tissue cells b
were found, namely, increased in size and more //
intensely colored, which is a sign of proliferation

in such patients (Picture 2). —

On samples of the II subgroup (trabecula), \
pathological deposition of diffusely located pigment
in extracellular tissue structures (accumulations of
various sizes) was noted (Picture 3), which was
not observed in the tissue structures of patients
of the comparison group. Thinning of the tissue,
unevenness of the structure with small light lumens

filled W ithp 1 gment is noted (Picture 4). patient with POAG. Hematoxylin-eosin staining.
Dlscuss19n ) . ) a — loose fabric structure with illumination;
On the histological preparations of patients of 5 — uneven structure of the fabric with openings
the first subgroup of the main group, unlike the filled with pigment

Pic. 4. Histological preparation of a trabecula of a
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comparison group, signs of a chronic inflammatory
process were revealed: neovascularization with
proliferation of endotheliocytes, which can lead to
overgrowth of the fluid outflow path and leveling
of the postoperative result.

Fibrovascular proliferation of the anterior
segment causes the formation of progressive
peripheral anterior synechiae, which close the
angle of the anterior chamber and cause an increase
in IOP, and negate the postoperative outcome.

It was established that on the histological
preparations of the patients of the first subgroup
of the main group, in contrast to the comparison
group, slightly changed nuclei of fibrous tissue
cells located around them were found, namely,
increased in size and more intensely colored,
which may indicate changes in the functions of the
cells of the tissue being studied and, in the future,
as a result, it can affect postoperative scarring.
Significant swelling of the surrounding tissue was
also observed, which pathologically changed the
very structure of the tissue, which was not noted
on the histological samples of Tenon’s sheath of
the comparison group, this may lead to an increase
in outflow resistance and an increase in IOP.

In the samples of the second subgroup of the
main group, unlike the samples of the trabeculae of
the comparison group, a pathological deposition of
a diffusely located pigment was noted, which can
also cause an increase in IOP due to the blockage
of the main path of outflow of intraocular fluid and
blocking of the postoperative result and, as a result,
the further progression of glaucoma.

Conclusions

The results obtained during the study will
open new ways of personalized management of
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patients with glaucoma. This will make it possible
to formulate additional criteria for the diagnosis
and treatment of glaucoma aimed at overcoming
the inflammatory process and prolonging
the postoperative result. The pathogenesis of
glaucoma has not been fully studied to date, so the
identification of new links of pathological changes
in the perilimbal tissues of the eye that occur in
patients with primary open-angle glaucoma may
lead to the development of new effective targets
for future pharmacology. Glaucoma should not
become a kind of sentence for a person. The
sooner we can begin to act on the main risk
factors of the disecase, the faster we will affect
the quality and length of life of patients, which is
especially important for this category of patients
and necessary at the current state of development
of science and technology.

Financing

This research did not receive external funding.

Conflict of interests

There are no conflicts of interests.

Consent to publication

All authors have read the text of the article and
article and gave consent to its publication.

ORCID ID and authors contribution

0000-0002-7056-0877 ( B, C, D) Olha Sas

0000-0001-8958-1849 ( A, E, F ) Iryna
Shargorodska

A — Work concept and design, B — Data
collection and analysis, C — Responsibility for
statistical analysis, D — Writing the article, E —
Critical review, F — Final approval of the article.

Ukrainian scientific medical youth journal, 2024, Issue 4 (150)

http://mmj.nmuofficial.com

93


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
https://orcid.org/0000-0002-7056-0877
https://orcid.org/0000-0001-8958-1849

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 4 (150), 2024 eISSN 2786-667X

Creative Commons «Attribution» 4.0

REFERENCES

Allison, K., Patel, D., & Alabi, O. (2020). Epidemiology of Glaucoma: The Past, Present, and Predictions for the Future.
Cureus, 12(11), e11686. https://doi.org/10.7759/cureus.11686

Hann, C. R., Bentley, M. D., Vercnocke, A., Roy Chowdhury, U., & Fautsch, M. P. (2022). Evaluation of neural innervation
in the human conventional outflow pathway distal to Schlemm’s canal. Experimental eye research, 221, 109132. https://doi.
org/10.1016/j.exer.2022.109132

Karimi, A., Crouch, D. J., Razaghi, R., Crawford Downs, J., Acott, T. S., Kelley, M. J., Behnsen, J. G., Bosworth, L. A., &
Sheridan, C. M. (2023). Morphological and biomechanical analyses of the human healthy and glaucomatous aqueous outflow
pathway: Imaging-to-modeling. Computer methods and programs in biomedicine, 236, 107485. https://doi.org/10.1016/].
cmpb.2023.107485

Lewczuk, K., Jabtonska, J., Konopinska, J., Mariak, Z., & Rekas, M. (2022). Schlemm’s canal: the outflow ‘vessel’. Acta
ophthalmologica, 100(4), e881—e890. https://doi.org/10.1111/a0s.15027

Martin, E. A., & Johnstone, M. A. (2022). A Novel Technique Identifies Valve-Like Pathways Entering and Exiting
Schlemm’s Canal in Macaca nemestrina Primates With Similarities to Human Pathways. Frontiers in cell and developmental
biology, 10, 868029. https://doi.org/10.3389/fcell.2022.868029

Miller, N. R., & Tsai, R. K. (2023). Optic Neuropathies: Current and Future Strategies for Optic Nerve Protection and
Repair. International journal of molecular sciences, 24(8), 6977. https://doi.org/10.3390/ijms24086977

Tang, Y., Pan, Y., Chen, Y., Kong, X., Chen, J., Zhang, H., Tang, G., Wu, J., & Sun, X. (2021). Metabolomic Profiling of
Aqueous Humor and Plasma in Primary Open Angle Glaucoma Patients Points Towards Novel Diagnostic and Therapeutic
Strategy. Frontiers in pharmacology, 12, 621146. https://doi.org/10.3389/fphar.2021.621146

Vincent, M. P,, Stack, T., Vahabikashi, A., Li, G., Perkumas, K. M., Ren, R., Gong, H., Stamer, W. D., Johnson, M., &
Scott, E. A. (2021). Surface Engineering of FLT4-Targeted Nanocarriers Enhances Cell-Softening Glaucoma Therapy. ACS
applied materials & interfaces, 13(28), 32823-32836. https://doi.org/10.1021/acsami.1c09294

Xu, D, Wu, E, Yu, Y., Lou, X., Ye, M., Zhang, H., & Zhao, Y. (2022). Sympathetic activation leads to Schlemm’s
canal expansion via increasing vasoactive intestinal polypeptide secretion from trabecular meshwork. Experimental eye
research, 224, 109235, https://doi.org/10.1016/j.exer.2022.109235

Oco0mmBoCTi cTaHy NepuIiM0ATbHUX TKAHNH OKA MPU XipypriyHoMy JiKyBaHHI
XBOPHX HA BiIKPUTOKYTOBY INIAyKOMY

Oubra Cac, Ipuna llapropoacska

Kadenpa odransmornorii Ta onToMeTpii MiCASAUIUIIOMHOT OCBITH [HCTUTYTY MICISAUIIIOMHOL
ocBitu Harionansnoro meauynoro yHisepcutety iMeHi O.0O. boromonsig, M. KuiB, Yipaina
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Anomauia: nepsunHa  GIOKpUMOKYmMo6a e2laykoma — ye OazamogakmopHe XpoHiuHe
HelipoOde2eHepamugHe 3ax80PH06AHHS, Ke XAPaAKmepu3yemvbCsi HAOymor empamoio aH2Ii03HUX KIIMUuH
CImMKIBKU mMa 8 NOOANbULOMY ampoghiclo 30p08020 Hepsa, ma HAcmo ACOYIEMbC 3 NIOBUUEHUM
eHympiwHboouHum muckom (BOT). Ak ocnosna npuuuna ciinomu i émpamu 30py, 21ayKoma 8paxcae
notao 70 minvtionie ocio y ecvomy ceimi (Tang et al., 2021), i na scanv, Hemae meHOeHYii 00 3HUNCEHHSL.
Binvwicme oocmynnux na oanuti momenm memooig NiKY8aHHs 2NAYKOMU, K NPAGUILO, CRPIMOBAHI HA
VMBOPeHHsT B0OAHUCOT 80102U AO0 HA VYBealbHO-CKIEPANbHULL WIAX 6i0MOKY. Bonu ne eniusaiomo
Ha NepeUHHULI WAX 8i0MOKY, AKull 3as3euyail gionogioac 3a 70—90% openadcy 6o0sanucmoi eonocu 6
cucmemy Kposoobicy. Oonak, oucghynkyiss ma 610Ky8aHHA Yb0O2O OCHOBHO20 ULIAX)Y MONCYMb NPU3BECMU
00 nidguujenozo onopy 6iomoky, niosuwenna BOT i, spewmoro, 0o pozsumxy eraykomu. Mema:
00CTIOUMU CIMAH NEPUNIMOATbHUX MKAHUH OKA NPU XIPYPSTUHOMY JIKYB8AHHI XBOPUX HA GIOKPUMOKYMOB)Y
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enaykomy. Mamepianu ma memoou: 8 obcmedcenHs Oyno 6xknoyeHo 22 nayienmieé 3 NepeUHHOI0
BIOKPUMOKYMOBOIO 2NAYKOMOI0, AKI NPOXOOUNU KOMOIHO8AHE NIKYBAHHS 3 NPUBOOY 2NAYKOMU Md 8IKOBOI
Kamapaxmu ma cKaaoanu OCHO8HY epyny obcmedicenns. B epyny nopienannsa, aky cknaoanu 7 nayicHmis,
OVIU BHeceHI X6OpI, AKI Manu 8iKo8y kamapakmy ma He manu 2naykomu. OcHoeHa epyna nayieumis 6yna
nooinena Ha 08i nioepynu. B nepwiti nioepyni 0CHOBHOI epynu 00CHiOHCY8AIACH MEHOHO8A 0DOJIOHKA
OLAHKY, Y AKIll BUKOHYBANOCS AHMULILAYKOMAMO3HE 8MPYYants. Y nayienmis opy2oi nioepynu 0CHOBHOIL
2pynu npo8ooulocy obcmedsicenuss mpabexyiu. Pesynomamu: na cicmonoziunux npenapamax nayicHmia
OCHOBHOI 2epynu, GIOMIHHO 8i0 2epynu NOPIGHAHHA, OY10 6UABNEHO O3HAKU XPOHIYHO20 3ANATbHO20
npoyecy: Heo8acKyiApuzayis iz nponigepayicio endomenioyumie. Bcmanogneno 3mineni 10pa KiimuH
BOJIOKHUCMOI MKAHUHU, a came 30LIbueH] 3a po3mipom ma inmeHcusHiute 3abapeneni. Cnocmepieascs
3HAYHUU HAOPAK HABKOIUWMHBLOI MKAHUHU, WO NAMONO2IYHO 3MIHIOBA8 | CAMy CMPYKMYypy MKaHuHu. B
CMPYKMYpax MKAHUHY NO3AKAIMUHHO 8I0MIYANLOCA NAMOJI02IUHe 8i0KIA0eHHs OUDY3HO PO3MAULOBAHO20
niemenmy. Bucnoexu: Ompumani y x00i 00CnioxHceHHs pe3yiomamu 3miHu NepuliMoOaibHUX MKAHUH
OKA ) XB0pUX HA NEPEUHHY BIOKDUMOKYMOBY 2NAYKOMY GiOKPUIOMb HOBI WLIAXU NEPCOHIPIKOBAHO20
MeHedHcMenmy yiei kameeopii nayicHmis, wjo 0acmv 3mocy c@opmynosamu 000amKoei Kpumepii
Ola2HOCMUKU I NIKYBAHHS 2NAYKOMU, HANPABILEH] HA NOOONANHA 3ANATbHO20 NPOYecy i NPOJIOHSYB8AHHS
niCcNA0Nepayiuno2o pe3yibmamy.

KurouoBi ciioBa: riaykoma, ricTosorisi, BHyTPIIIHbOOYHUHN TUCK, XIpypris, TpaOeKyIspHa CITKa.
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