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Abstract:	 Introduction: Primary open-angle glaucoma is a multifactorial chronic neurodegenerative disease. Although the pathogenesis of glaucoma is not fully 
understood, it is known that the level of intraocular pressure is interconnected with the death of retinal ganglion cells. Neither significant advances in 
the surgical treatment of glaucoma nor the development of new minimally invasive surgical interventions and a significant expansion of the arsenal of 
antihypertensive drugs have been able to stop its constant progress.

	 Case report: During the study, the influence of biomarkers LOX1, TGFb2, and pNF-H in the blood plasma of patients with primary open-angle glaucoma 
before surgery on the frequency of progression of glaucomatous optic neuropathy after anti-glaucomatous surgery was determined.

	 Results: The results obtained indicated a statistically significant dependence of the level of LOX1 in the blood plasma of patients with primary open-angle 
glaucoma before surgery on the frequency of progression of glaucomatous optic neuropathy after surgical antiglaucoma treatment.
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Introduction
Glaucoma is the leading cause of irreversible blindness worl-

dwide and in Ukraine. Unfortunately, over the past 5 years, glau-
coma has been the leading cause of visual disability in Ukraine. 
This negative situation is due to the asymptomatic course of the 
subclinical and early stages of the disease and several medical and 
social factors. The most common type in both the United States 
and Ukraine is primary open-angle glaucoma (POAG) [1]. Prima-
ry open-angle glaucoma is a multifactorial chronic neurodegenera-
tive disease characterised by the acquired loss of retinal ganglion 
cells and subsequent atrophy of the optic nerve [2]. Although the 
pathogenesis of glaucoma is not fully understood, it is known that 
the level of intraocular pressure (IOP) is interrelated with the de-
ath of retinal ganglion cells. Neither significant advances in the 
surgical treatment of glaucoma nor the development of new mi-
nimally invasive surgical interventions and a significant expansion 
of the arsenal of antihypertensive drugs have been able to stop its 
constant progress [3].

Analysis of the literature of recent years shows that the 
number of necessary reoperations in glaucoma patients is about 
50% [4]. However, the pathogenetic mechanisms leading to canal 
overgrowth have not yet been fully elucidated, and the develop-
ment and implementation of modern devices (valves) does not 
solve the problem. We understand that any operation is an iatro-
genic trauma for the patient, and we always hope to minimise this 
impact and expect that the result of the operation will be long-
-lasting and effective. Unfortunately, this is not always possible 

to achieve, and the formed filtration cushions often undergo scar-
ring, which reduces the postoperative result and requires repeated 
interventions, this can negatively affect the surface of the eye, as 
well as accelerate the progression of the disease. Therefore, of 
course, we try to choose the gentlest method of treatment for the 
patient, which will allow us to postpone the destabilisation and 
progression of glaucoma.

The world literature suggests that increased IOP is the re-
sult of cellular and molecular changes in the trabecular mesh-
work (TM), which are caused by increased levels of transforming 
growth factor (TGF), in particular TGFb2, in the aqueous humo-
ur. TGFb2 expression is increased in the TM of POAG patients, 
which increases the contractile capacity of TM cells and promotes 
the formation of actin stress fibres, which increases the resistance 
to fluid outflow and thereby leads to increased IOP after surge-
ry [5].

Previous studies indicate that another important factor that 
may affect the strength and elasticity of the TM is lysyl oxidase-1 
(LOX1), a major component of fibrillar aggregates of the extra-
cellular matrix (ECM), which is involved in tissue fibrogenesis in 
glaucoma patients who have undergone antiglaucomatous surge-
ry [6].

Recently, there has been increasing evidence that neurofila-
ments (NFs) can influence the maintenance, regeneration, and 
plasticity of the neuronal cytoskeleton, and the dynamics and 
function of other cytoskeletal elements, including microtubules 
and actin filaments [7]. However, the role of the high-molecu-
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lar-weight neurofilament protein pNF-H in the induction of se-
lective neuronal degeneration and chronic pathology is currently 
unknown.

The use of new biochemical blood markers TGFb2, LOX1, 
and pNF-H to determine the risks of developing IOP decompen-
sation determine the degree of iatrogenic impact of surgery on 
the ocular surface, and the progression of glaucomatous optic neu-
ropathy after surgical antiglaucoma intervention in patients with 
POAG in the Ukrainian population is a solution to an urgent scien-
tific and applied problem in modern ophthalmology, which can 
help us understand the course of POAG and changes in the ocular 
surface after surgery, and be a relevant target for the prevention 
and treatment of glaucoma.

Case report
Eighty-eight patients participated in the study. All patients 

were informed about the nature of the study and signed an in-
formed consent form to participate. Patients were divided into 
2 groups. The main group consisted of 56 patients with primary 
open-angle glaucoma. The gender and age characteristics of the 
patients in the main group were as follows: among thse examined 
were 26 men (46.4%) and 30 women (53.6%), aged from 41 to 
88 years, whose average age was 61 ± 11 years.

The comparison group included 32 patients without glauco-
ma. The age of the patients ranged from 49 to 77 years, the mean 
age was 58 ± 9 years, there were 17 women in the control group 
(53.1%), and 15 men (46.9%). Both groups were compared by 
age and sex. The distribution of patients into groups is presented 
in Table I.

During the study, the levels of biomarkers TGFb2, LOX1, and 
pNF-H in the blood plasma of patients were determined. All pa-
tients in the main group had a history of minimally invasive anti-
glaucoma intervention, but in some patients after surgery the IOP 
level was stable, while in others the IOP level remained uncom-
pensated. To determine the level of biomarkers in the blood pla-
sma of patients, the enzyme-linked immunosorbent assay (ELISA) 
method was used. The results were statistically processed using the 
licensed software packages EZR (R–statistics) and Excel 2010 (Mi-
crosoft Corporation, USA). The level of significance of differences 
between observation groups was calculated using the Fisher test. 
The critical value of the level of significance was taken as equal to 
0.05. ROC analysis was performed to determine the optimal thre-
shold values. The basis of this analysis was the construction of ROC 
curves, which allow us to obtain quantitative characteristics of the 
sensitivity of diagnostic tests used at given levels of their specificity.

The main objective of the study was to determine the possible 
influence of the level of biomarkers LOX1, TGFb2, and pNF-H 
in the blood plasma of patients with primary open-angle glaucoma 
before surgery on the frequency of progression of glaucomatous 
optic neuropathy after anti-glaucomatous surgery. To implement 

the tasks of determining the optimal value of the threshold va-
lue of progression of glaucomatous optic neuropathy after surgery, 
ROC analysis was used.

First, we assessed the possibility of the influence of the value of 
the LOX1 level in the blood plasma of patients with POAG on the 
progression of glaucomatous optic neuropathy after antiglaucoma-
tous surgery. Figure 1 presents the ROC curve of the logistic model.

The results show that in patients with POAG, the cut-off le-
vel of LOX1 in plasma ≥ 80.106 ± 27.3 pg/ml is a possible risk 
factor for progression of glaucomatous optic neuropathy in the 
postoperative period, with a sensitivity of 95.0% and a specificity 
of 41.7% (Fig. 1). The area under the ROC curve AUC = 0.664 
(95% CI 0.52 – 0.808) p <0.05.

Second, we analysed the dependence of progression of glau-
comatous optic neuropathy after antiglaucomatous surgery in pa-
tients with POAG on the level of TGFb2 in the plasma of these 
patients before surgery. Figure 2 shows the ROC curve of the lo-
gistic model.

Indicator
Gender Average age, 

yearsMen Women

Abs. / %

Main group, 	
n = 56 (112 eyes) 26 / 46.4 % 30 / 53.6 % 61 ± 10

Comparison group,
N = 32 (64 eyes) 15 / 46.9 % 17 / 53.1 % 58 ± 11

Level of significance 	
of the difference, p 0.2 -

Tab. I.	 Distribution of patients into groups, n = 88 (176 eyes).

Fig. 1.	 ROC curve of the logistic model for predicting the frequency of POAG progression 
after antiglaucomatous surgery depending on the value of LOX1 in the blood of 
glaucoma patients. AUC = 0.664.

Fig. 2.	 ROC curve of the logistic model predicting the frequency of POAG progression 
after antiglaucomatous surgery depending on the value of TGFb2 in the blood of 
glaucoma patients. AUC = 0.526.
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The results show (Fig. 2) that there is no correlation between 
the progression of glaucomatous optic neuropathy in patients with 
POAG after antiglaucomatous surgery and the level of TGFb2 in 
the blood plasma of patients. Area under the ROC curve AUC = 
0.526 (95% CI 0.368 - 0.683), p >0.05.

Third, we analysed the dependence of the frequency of pro-
gression of glaucomatous optic neuropathy after antiglaucomatous 
surgery in patients with POAG on the level of pNF-H in the blood 
plasma of these patients. Figure 3 presents the ROC curve of the 
logistic model.

In addition comparing the values ​​of the levels of the LOX1 
indicator in the blood plasma of patients with glaucoma (the main 
group) and patients without glaucoma (the comparison group) 
gave interesting results. Analysis of the obtained results shows 
that the level of the LOX1 indicator in the blood plasma is not 
only decisive for patients with glaucoma, but it can also be a mar-
ker for determining the frequency of IOP destabilisation and the 
frequency of progression of glaucomatous optic neuropathy after 
surgical antiglaucoma intervention. The value of LOX1 in the blo-
od plasma cut-off ≥ 63.634 ± 20.3 pg/ml is a risk factor for the 
development of glaucoma debut with a sensitivity of 84.4% and 
specificity of 41.7%. Area under the ROC curve AUC = 0.634 
(95% CI 0.51–0.758) p <0.05.

In our opinion, the moderate level of specificity of the test 
may be associated with several factors: first, with a small num-
ber of patients who were included in the study, and second, with 
the fact that glaucoma is a multifactorial disease, and the level of 
LOX1 in blood plasma is one of the additional possible pathoge-
netic factors of the disease development but not the only unified 
factor of glaucoma development. Thus, patients who have a LOX1 
value in blood plasma ≥ 63.634 ± 20.3 pg/ml should be classified 
as a high-risk group for glaucoma development and require more 
attention from ophthalmologists and dynamic monitoring.

Results
Recently, many mechanisms have been identified that are crucial 

in the pathogenesis of glaucoma; however, none of them characterises 
the disease sufficiently, and the multifactorial aetiology of glaucoma 
remains, unfortunately, a fundamental problem today that requires 
the search and development of new treatment strategies [8].

When the first-line treatment of glaucoma, i.e. medical the-
rapy, fails, doctors resort to laser treatment, and when the latter 
fails to lower IOP to the desired target level, surgery is performed. 
Surgical treatment plans may vary depending on the type of glau-
coma and the individual patient. Surgical options, such as trabe-
culectomy and tubular shunt implantation, are usually considered 
when other treatments do not produce the desired results [9].

Recently, minimally invasive glaucoma surgery (MIGS) has 
become very popular due to its less invasive nature and increased 
safety. As a rule, MIGS are aimed at various ways of reducing IOP, 
providing an effective reduction in intraocular pressure with in-
creased safety. However, despite significant advantages, the effect 
of reducing IOP after surgical anti-glaucomatous intervention is 
often levelled. As shown by studies in recent years, the percen-
tage of regression of the result of IOP stabilisation after surgical 
treatment in patients with POAG can reach more than 50% [4]. 
Despite modern technologies and innovative surgical materials, 
the filtration pads of the conjunctiva and Tenon’s membrane for-
med during surgery are scarred, and the pores and holes formed in 
the trabecular meshwork are clogged with pigment, newly formed 
vessels, and synechiae.

There is currently no unified standardised glaucoma surgery, 
and even surgeries of the same type performed by the same surge-
on vary from patient to patient.

The use of ultrasonic phacoemulsifiers and ultrasonic scalpels 
in cataract surgery has opened a new era for minimally invasive 
eye surgery and the ability to perform the procedure with an inci-
sion of less than 1.0–1.2 mm without collateral traumatic damage 
to the eye tissues [10].

However, the use of ultrasonic cavitation in the surgical tre-
atment of glaucoma has not yet found its proper application. Al-
though, as previous studies show, the use of an ultrasonic scalpel 
to clean the trabecular meshwork of the anterior chamber angle 
due to the secondary effects accompanying the phenomenon of 
ultrasonic cavitation has certain prospects [11].

Today, it is well known that there is a fairly high percentage 
of positive results after anti-glaucomatous operations, especially 
with minimally invasive surgery and, especially, when the surgical 
intervention was performed in the early stages of the glaucoma 
process [9]. Our study was devoted to elucidating pathogenetic 
factors that may affect the duration of IOP stabilisation in the po-
stoperative period in the surgical treatment of POAG, and accor-
dingly lead to progression or stabilisation of the glaucoma process.

Our results indicated a statistically significant relationship be-
tween the level of LOX1 in the blood plasma of patients with 
POAG before surgery and the frequency of progression of glau-
comatous optic neuropathy after surgical antiglaucoma treatment.

Having received negative results regarding the lack of corre-
lation between TGFb2 and pNF-H levels in the blood plasma of 
patients with POAG with the results of IOP levelling after sur-
gical antiglaucoma intervention and the lack of influence on the 
further progression of glaucomatous optic neuropathy, we still 
consider this direction to be very promising for further research. 
In our opinion, the negative result may be associated with the very 
specific design of our study. For the most part, we included in the 
main group glaucoma patients who suffered damage after surgi-
cal antiglaucoma intervention. Perhaps, in the future, it would be 
more appropriate to determine TGFb2 and pNF-H markers in 
another category of patients, for example, those who had POAG 
but had no history of glaucoma surgery. We also believe that for 
further research, the number of patients in the main group sho-
uld be expanded, or patients with other types of glaucoma should 
be included, for example, secondary, pseudoexfoliative, etc. Sin-
ce determination of TGFb2 and pNF-H levels in the intraocular 
fluid of the anterior chamber by foreign colleagues revealed their 

Fig. 3.	 ROC curve of the logistic model predicting the frequency of POAG progression 
after antiglaucomatous surgery depending on the value of pNF-H in the blood of 
glaucoma patients. AUC = 0.525.
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positive correlation with the glaucoma process, these markers can 
be very useful for monitoring the glaucoma process.

Conclusions
Clinical management of glaucoma requires individualisation, 

taking into account the needs of the individual patient, the expe-
rience of the treating ophthalmologist, and the socio-economic 
environment.

Ocular surgery can cause increased intraocular pressure thro-
ugh various mechanisms. Without appropriate treatment, this can 
lead to irreversible glaucomatous damage to the optic nerve and 
potentially irreversible vision loss.

The study of LOX1 levels in the blood plasma of patients with 
POAG before surgery has a prognostic role in determining the 
risks of IOP levelling after surgical antiglaucoma intervention and 
further progression of glaucomatous optic neuropathy.
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