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INTRODUCTION 
 

Glaucoma is an eye disease, which accounts for 2‒10 % individuals 

above the age of 50 years, and it takes the main place as a cause for irreversible 

blindness. Primary open-angle glaucoma (POAG) is the most common form of 

aging-related disease. The primary and most important risk factor for glaucoma 

is elevated intraocular pressure above the normal range (normal 10‒21 mmHg). 

Other important risk factors are genetic predisposition, age, sex, race, as well as 

cardiovascular diseases and diabetes (Liu et al., 2014). 

With every year in the world, including Latvia, the number of patients is 

getting higher. So, in 2010 an average of 60.5 million people in the world 

suffered from glaucoma (Quigley and Broman, 2006), but in 2013 the number 

of patients increased to 64.3 million; the number of patients expected in 2020 is 

76 million, but in 2040 it will reach an average of 111.8 million (Tham et al., 

2014). The increase in the number of patients both in the world and in Latvia 

should be related to the rise in the average life expectancy of the population, 

which in Latvia according to the data of the Central Statistical Bureau has 

increased by an average of 5 years in the last 18 years (Centrālā statistikas 

pārvalde, 2018). There is no glaucoma registry in Latvia, which is why a 

precise number of glaucoma patients is unknown. The incidence of the disease 

is increasing in the world and Latvia: the prevalence of glaucoma in the world 

averaged 2.65 % in 2010 (Quigley and Broman, 2006), while in 2014, Tham 

and co-authors estimated that global glaucoma prevalence was 3.54 % (Tham et 

al., 2014). Indirectly on the increase in the incidence of the disease, in Latvia it 

can be judged from the data of the State Agency of Medicines, evaluating the 

defined daily dose (DDD) of medicines over the period from 2013 to 2017. The 

data show that in 2013 0.18 % of the population of Latvia consumed one 

therapeutic dose of glaucoma medication, whereas in 2017 the number of this 

population had increased to 0.22 %. (Zāļu valsts aģentūra, 2018) 
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The most common forms of POAG are related to age – these forms start 

in middle–age, progress slowly but continuously. The course of the disease is 

invisible, as central vision is usually maintained up to the advanced stage of 

glaucoma. The disease may not be diagnosed in a long time unless an 

ophthalmologist is visited. Thus, patients do not start treatment promptly, 

which could help to preserve vision and avoid irreversible loss of sight 

(Fernandez et al., 2010). There are often situations, when a patient consults a 

doctor too late, when the disease is already in the advanced stage. Vision 

functions are lost irreversibly, and to bring them back or improve them is not 

possible anymore. Also, in Latvia this problem is very topical. Patients visit a 

doctor very often in the advanced stages of the disease, and there is no national 

screening system for early glaucoma diagnosis. From this it can be concluded 

that there are still many undiagnosed glaucoma cases in Latvia, and all the 

necessary resources have to be invested in order to achieve timely diagnosis of 

the disease. Glaucoma is a disease that has a significant personal, social, and 

economic impact. According to the data of the 9th National Commission for 

Medical Expertise on Health and Work Ability (Ausekle, 2015), the number of 

first-time visually impaired people increases every year due to glaucoma. 

Reducing intraocular pressure in glaucoma treatment is the main and 

only proven method of treatment so far (Quigley and Broman, 2006). Treatment 

of glaucoma starts with locally used medications. If intraocular pressure with 

medical therapy is not lowered enough, and the target intraocular pressure is not 

reached, by which the progression rate of the disease would allow maintaining 

patients sight functions for the estimated overall life expectancy, then a laser 

treatment or surgery is applied. A surgical treatment method is also used when, 

despite reduced eye pressure, a progression of the disease is observed, or other 

methods do not apply to the patient (poor compliance or side effects from 

topical medications). Surgical approach is also indicated in cases where high 

eye pressure is already present at the time of detection in the case of advanced 
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glaucoma, and it is predictable that other treatment methods will not produce 

the desired effect (European Glaucoma Society, 2014). In practice and clinical 

trials, reduction of intraocular pressure by a surgical method has been shown to 

affect the rate of progression of glaucoma (Bertrand et al., 2014). Surgical 

treatment may improve structural (Sarkar et al., 2014; Irak et al., 1996) and 

functional parameters of the eye (Bertrand et al., 2014). 

There are very few studies on the effect of glaucoma surgery on 

structural and functional characteristics of the eye in various stages of 

glaucoma, and the results obtained are contradictory. Cases where disease 

progression continues even at fully compensated, reduced intraocular pressure 

are known. Approximately 1/3 of patients after surgical intraocular pressure 

reduction over the next five years slowly progresses to both structural and 

functional glaucomatous changes (Kotecha et al., 2009). This confirms the 

multifactorial nature of glaucoma, emphasising the eye pressure is not the only 

factor affecting the progressive neuropathy of the optic nerve. Both humoral 

and genetic factors can influence the results of glaucoma treatment. Therefore, 

it is essential to identify any factors that affect the outcome of the treatment and 

use this knowledge as much as possible to achieve the best possible treatment 

result.  

Although there have been significant studies and discoveries in 

pathogenesis of glaucoma in recent years, there is still a great deal of 

uncertainty about the direction in which to continue examinations and seek 

significant relationships (Knepper et al., 2016). One such trend is detection of 

atrial natriuretic peptide (ANP) receptors in the eye (Diestelhorst and 

Krieglstein, 1989; Goldmann and Waubke, 1989) and monitoring of elevated 

ANP levels in intraocular fluid in glaucoma patients (Salzmann et al., 1998).  
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1. AIM, OBJECTIVES AND HYPOTHESES 
 

1.1.  Aim of the Thesis 
 

The aim of the study is to investigate the effect of primary open–angle 

glaucoma surgical treatment on functional and structural parameters of the eye 

and to evaluate the role of ANP in pathogenesis of glaucoma. 

 
1.2.  Objectives of the Thesis 
 

1. To determine the effect of glaucoma surgery on functional parameters 

of the eye, evaluating changes in the visual field examination in 

patients with different stages of POAG. 

2. To assess the effect of glaucoma surgery on structural parameters of 

the eye thickness of the retinal nerve fiber layer and nerve c/d ratio in 

patients with different stages of POAG. 

3. To determine changes in the level of NT-pro ANP in plasma and 

anterior chamber fluid in POAG and cataract patients (as a control 

group) and assess whether there is any relationship between them. 

 
1.3.  Hypotheses of Thesis 
 

1. Glaucoma surgical treatment – reduction of intraocular pressure by 

trabeculectomy method – improves eye function: mean deviation of 

the visual field decreases. 

2. Glaucoma surgical treatment – reduction of intraocular pressure by 

trabeculectomy – improves structural characteristics of the eye: 

thickness of the RNFL increases, vertical and horizontal dimensions of 

the C/D ratio decrease. 

3. ANP plays a role in POAG pathogenesis: as the rate of glaucoma 

progresses, the level of ANP increases in anterior chamber fluid. 
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2. STUDY MATERIAL AND METHODS 
 
2.1.  Study design 
 

Two separate studies were conducted. Both studies included glaucoma 

patients who needed traditional trabeculectomy in one eye due to the 

progression of glaucoma process and low intraocular pressure using medical 

therapy. Patients were stationed in the PSCUH Department of Ophthalmology 

for glaucoma surgery.  

In the first study, which was held from April 2, 2007 till  June 19, 2007, 

overall 96 glaucoma patients (96 eyes) were included, to whom functional and 

structural changes before and after glaucoma surgery were assessed. Patients 

were assigned for trabeculectomy surgery with metabolites during operation for 

PSCUH Department of Ophthalmology in terms of the progression of glaucoma 

and insufficiently low intraocular pressure with drug therapy. 

Patient inclusion criteria: 

1) a patient with uncompensated primary open-angle glaucoma; 

2) a patient over 18 years of age; 

3) intraocular pressure > 30 mmHg; 

4) the need to perform first-time glaucoma surgery; 

5) clear optical media;  

6) a patient who has signed a written consent form to participate in the 

study. 

Patient exclusion criteria: 

1) serious intraoperative or postoperative complications; 

2) postoperative intraocular pressure > 18 mmHg; 

3) unclear optical media. 

Patients included in the study were divided into three groups based on 

the availability and reliability of the data obtained. From the obtained 
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measurements, the leading indicators characterising structural and functional 

changes of the eye were selected: mean deviation of the visual field (MD), 

retinal nerve fiber layer (RNFL), optic nerve cup-to-disc ratio (c/d ratio) and 

intraocular pressure. All parameters were obtained up to one week before the 

surgery and one month (30‒40 days) after successful glaucoma surgery. 

Successfully performed glaucoma surgery was defined as an eye without any 

general signs of inflammation, absence of any postoperative complications, and 

intraocular pressure < 18 mmHg without medical therapy.  

In the second study, which was held from April 22, 2011 till June 14, 

2011, overall 58 glaucoma patients (58 eyes) to whom a surgical glaucoma 

treatment was necessary and 32 cataract patients (32 eyes), to whom a cataract 

surgery was required were included. Two patient groups were established: a 

study group of 58 patients with POAG and a control group of 32 patients with 

cataract. Unilateral surgery was performed in all patients in both patients 

groups. Before each operation, a blood plasma sample was obtained to 

determine the level of NTpro-ANP in the blood plasma. During surgery, a 

sample of anterior chamber fluid was obtained to assess the level of NTpro–

ANP in the eye.  

Patient inclusion criteria: 

1) a patient with uncompensated primary open-angle glaucoma; 

2) a patient over 50 years of age; 

3) absence of any other abnormal eye conditions such as uveitis, 

neovascularisation of the iris, secondary glaucoma; 

4) absence of any prior intraocular surgery, including laser therapy; 

5) a patient who has signed a written consent form to participate in the 

study. 

Patient exclusion criteria: 

1) dibetes mellitus; 

2) patients with clinical symptoms of heart failure. 
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Patients were informed about the course of the study, and each patient 

received an individual consent form, which was confirmed by the patient’s 

signature. To realise the clinical study, permission of PSCUH Development 

society clinical research ethics committee was received.  

 
Diagnosis of cataract 
 

Diagnosis of cataract was confirmed by examining a patient with a slit 

lamp biomicroscopy. For all patients, a full ophthalmological examination was 

performed.  

 
2.2. Tonometry – intraocular pressure measurement 
 

Intraocular pressure indices were obtained while a patient was in a 

sitting position. The same medical practitioner did all measurements. To 

measure the intraocular pressure, Goldman applanation tonometry method was 

applied. Tonometry was performed for every patient before and after the 

surgery. Tonometry was done with Goldman applanation tonometer. During the 

procedure where with a biprism tonometer head illuminated by blue light 

touches anesthetised corneal surface flattening it, it measures the force with 

which this corneal flattening occurs. The method is based on extrusion of 

approximately 0.5 microliters of tear film liquid at the point when the surface of 

the contact area reaches 3.06 mm in diameter.  

 
2.3. Ophthalmoscopy 
 

Patients were examined with an indirect ophthalmoscopy method. A slit 

lamp biomicroscopy and double spheric, condensing lens (Superfield lens 

(Volk)), which shows the converse, a real image were used. During 

ophthalmoscopy, the optic nerve was visualised, evaluating optic nerve disc 
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colour, size, sharpness of edges, disc excavation and cup-to-disc ratio, 

neuroretinal rim width in 4 quadrants.  

 
2.4. Optical coherence tomography 
 

Thickness of the retinal nerve fiber layer in glaucoma patients was 

analysed in four quadrants – upper, lower, nasal un temporal – and vertical and 

horizontal c/d ratio was assessed before glaucoma surgery and one month after 

glaucoma surgery, using Zeiss optical coherence tomograph Stratus OCT 

version 4.0.5 (Carl Zeiss Meditec Ophthalmic Systems inc., Dublin, CA, USA). 

The author of this study took all the measurements. The patient was examined 

after dilatation of the pupil when it was dilated at least 5 mm in diameter. 

RNFL thickness was assessed during one scan three times, scanning 256 points, 

which are aligned in circumferential line at 3.4 mm distance from the center of 

the optic nerve disc. The fast RNFL programme was used, acquiring mean 

values for RNFL thickness in 12 clock hours, for the thickness of four 

quadrants and the mean overall RNFL thickness in 360 degrees measurement. 

Acquired measurements were compared with the OCT-entered normative 

database derived from percentile values obtained from subjects of a particular 

age control group. 

 
2.5. Visual fields 
 

Visual fields were tested with Centerfield perimeter (OCULUS 

Optigerräte GmbH, Germany). The data were analysed with the full threshold 

SITA programme (Swedish Interactive Thresholds Algorithm) with a 

standardised 30-2 strategy. All included patients had good visual acuity, and 

previous experience in working with the perimeter (before at least five visual 

fields were performed with good test credibility). Patients crystal lenses were 

clear enough not to affect the result, and interpupillary distance was appropriate 
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to the requirements of the examination as well (not narrower than three 

millimeters). Visual fields of eyes, where credibility parameters were beyond 

the acceptable range of normality (false negative 33 %, false positive 33 % and 

fixation loss 20 %), were excluded from the analysis. The stage of glaucoma 

was determined following specific changes in the visual field, using the severity 

of glaucoma or modified Hodapp-Anderson-Parrish version of the severity 

staging system (Glaucoma Severity Staging System (GSSS)) (Mills et al., 

2006). In all examined test point MD was assessed, which is a difference 

between standard (age corrected) light perception and a patient retinal light 

perception. It was determined with the standard automatic perimetry (SAP), 

using a threshold detection tactic with the double testing tactic. 

In the current research, the 2nd stage was defined as an early glaucoma 

with visual field MD parameters in the range ≤ 6dB, the 3rd stage as moderately 

severe glaucoma with MD in the range from 6‒12 dB and the 4th stage as severe 

glaucoma with MD greater than 12 dB. 

 
2.6. NT-proANP (1-98) level detection 
 

Preoperative analgesia of all patients was performed with local surface 

anesthesia in conjunctival sac using proxymetacaine 0.5 % and subtenonal 

block, using lidocaine 2 % in combination with bupivacaine 0.5 % in ratio 

50:50. Anterior chamber fluid of the eye was taken at the start of glaucoma 

surgery or cataract surgery with 27 gages anterior chamber cannula through a 

paracentesis cut. Obtained examples were frozen and stored at ‒ 80 °C 

temperature. Blood plasma examples were collected just before the eye surgery 

and were immediately frozen and stored at ‒ 80 °C temperature. 

The level of NT-proANP (1-98) in the anterior chamber fluid of the eye 

was assessed using enzyme immunological set proANP ELISA (Enzyme-

Linked Immunosorbent Assay) (Biomedica Medizinprodukte GmbH&Co KG, 
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Wien, Austria). Following the protocol of the manufacturer, the test was 

performed in two stages. 

 
2.7. Glaucoma surgery 
 

All glaucoma operations were trabeculectomies with the use of 

mitomycin C as an antifibrotic agent. All surgeries were performed by the 

author using the same surgical technique. During the operation in the upper 

temporal quadrant through a clear cornea, paracentesis was created, through 

which the anterior chamber fluid example with a 27 caliber anterior chamber 

cannula was taken. The anterior chamber fluid of the eye was inserted in a 

special sterile transportable container, which was frozen afterwards and stored 

in ‒ 80 °C temperature.  

 
2.8. Cataract surgery 
 

For all patients who were included in the study, cataract surgery was 

performed using phacoemulsification method. All cataract surgeries were 

performed by the author of this study, using the same surgical method and 

approach. During the operation, the anterior chamber fluid was evacuated 

through paracentesis with a 27 caliber anterior chamber cannula, which was 

then inserted in a special sterile transportable container, frozen and stored in ‒ 

80 °C temperature. 

 
2.9. Statistical procession of data 
 

Quantitative variables were described by mean arithmetic and standard 

deviation (SD). Results were expressed as mean ± SEM (Standard Error of the 

Mean). Comparison of normally distributed quantitative variables was 

performed by one-way ANOVA analysis, categorical or qualitative variables 
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were compared by Pearson’s chi-square test. The independent and paired t-test 

was used to evaluate the importance when it was needed. P value < 0.05 was 

considered to be the threshold for statistical reliability of bilateral tests. Pearson 

Correlation Analysis was used for two-point correlation analysis. ROC curve 

analysis was designed to detect the presence or absence of glaucoma using NT-

proANP levels in intraocular fluid and blood plasma. The area under the curve 

(AUC) was calculated as well as the 95 % confidence interval. The optimum 

reference value was determined, and the sensitivity, specificity, positive 

predictive value (PPV) and negative predictive value (NPV) was calculated 

using the crosstabs. Statistical processing of the data was performed with R 

3.1.1. (Core Team, 2014) programme, GraphPad Software (GraphPad 

Software Inc., USA) and IBM SPSS statistics programme version 24 (Armonk, 

NY: IBM Corp., 2016). 
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3. RESULTS 
 
3.1. Influence of trabeculectomy on structural and functional 

parameters of the eye 
 

For glaucoma patients, three different structural and functional 

parameters of the eye were analysed: MD, RNFL, and C/D ratio, also changes 

in intraocular pressure after glaucoma surgery were assessed. In the study, 

patients with stage 2 (early glaucoma stage), stage 3 (moderately severe stage) 

and stage 4 (severe glaucoma stage) glaucoma were included.  

For all patients who were included in the study, intraocular pressure was 

lowered when compared to parameters which were obtained preoperatively. 

One month after the surgery, the mean intraocular pressure was 12.3 mmHg. 

For patients who were included in the study, any severe postoperative 

complications were not observed. 

 
3.1.1. Visual field changes 
 

Changes in visual field mean deviation (MD) of patients were analysed 

comparing parameters before and one month after the performed glaucoma 

surgery. The data were obtained from 27 glaucoma patients, from which 51.8 % 

had stage 2 glaucoma, 26.0 % had stage 3 glaucoma and 22.2 % had stage 4 

glaucoma. 

The mean MD level before the performed glaucoma surgery was 10.93 ± 

4.79 dB, but after the performed glaucoma surgery, the mean MD level was 

decreased to 9.99 ± 4.75 dB, although the results had no statistical significance 

(p = 0.0916). When a patient group of each glaucoma stage was analysed 

separately, an improvement tendency was observed in the level of MD for stage 

3 and 4 groups; however, a statistically significant improvement was observed 

only in the stage 4 patient group. Respectively the mean value of MD for stage 
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4 patient group improved from 14.82 ± 0.29 dB to 13.24 ± 2.75 dB (p = 

0.0482). For stage 2 patient group, a small worsening in the value of MD was 

observed; however, the results were statistically insignificant (p = 0.7865). For 

stage 2 patient group, a decrease in the MD was observed, by contrast, an 

improvement tendency of the MD value was assessed for 85.7 % of patients in 

stage 3 glaucoma, which was not statistically significant. For 71.4 % of stage 4 

glaucoma patients, a statistically significant improvement in the MD was 

observed. Overall, an improvement tendency for the value of MD was observed 

in 70.4 % of patients – the results are represented in table 3.1.  

 
Table 3.1. 

Mean visual field deviation (MD) after glaucoma surgery 

Glaucoma 
stage 

Number of eyes Mean MD value (dB) ± SD 

Total 
number 

Number (%) 
with 

improvement 

Before 
surgery 

After 
surgery m.d. p value 

2 6 3 (50.0) 3.72 ± 
2.08 

4.19 ± 
4.22 

‒ 
0.47 0.7865 

3 7 6 (85.7) 9.34 ± 1.8 8.46 ± 
2.36 0.89 0.1341 

4 14 10 (71.4) 14.82 ± 
0.29 

13.24 ± 
2.75 1.58 0.0482 

All stages 27 19 (70.4) 10.93 ± 
4.79 

9.99 ± 
4.75 0.94 0.0916 

*SD – standard deviation; m.d. – average difference between two average values 
 
3.1.2. Retinal nerve fiber layer changes 
 

The changes in RNFL before and after glaucoma surgery were analysed 

with the OCT method for 33 patients (11 women and 22 men, average age 68 ± 

8 years). Measurements were done in all four quadrants around the optic nerve 

disc, 3.4 mm from the center of the disc: in the upper, lower, nasal and temporal 

quadrant before and after the performed glaucoma surgery. The data were 
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obtained from 33 glaucoma patients, from which 27.3 % had stage 2 glaucoma, 

51.5 % had stage 3 glaucoma, and 21.2 % had stage 4 glaucoma.  

The obtained results showed that the average RNFL thickness does not 

differ statistically significantly for patients before and one month after surgical 

glaucoma therapy. Analysing RNFL in each of the four quadrants, a small 

statistically insignificant RNFL improvement tendency in the upper (p = 0.134), 

temporal (p = 0.114) and nasal (p = 0.984) quadrant was observed (Figure 3.1.). 

Analysing the obtained results separately for each glaucoma stage group, a 

statistically insignificant RNFL decrement tendency in all four quadrants was 

observed for stage 4 patient group.  

Figure 3.1. Total RNFL changes in four quadrants of the optic nerve disc.  

 
3.1.3. Nerve cup-to-disc ratio changes 
 

The optic nerve cup-to-disc ratio was analysed for the study patients 

before and one month after glaucoma surgery. Overall data from 36 patients 

with different glaucoma stages were obtained, from which 25 % had stage 2 

glaucoma, 52.8 % had stage 3 glaucoma, and 22.2 % had stage 4 glaucoma. The 
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cup-to-disc ratio was measured in both directions – horizontally and vertically, 

and any decrement of this parameter was assessed as an improvement. In total, 

an improvement tendency was detected in both horizontal and vertical cup–to–

disc ratio, for 61.1 % and 55.6 % patients respectively. The obtained results 

showed statistically significant changes in the mean values of the horizontal c/d 

ratio of the optic nerve after the glaucoma surgery. Respectively parameter 

improved from 0.84 ± 0.16 to 0.81 ± 0.2 with the mean decrement of 0.04 (p = 

0.033). In contrast, any statistically significant changes in the mean values of 

the vertical c/d ratio were not detected (p = 0.77). The obtained results are 

shown in table 3.2.  

Table 3.2. 

The optic nerve cup-to-disc (c/d) ratio after the glaucoma surgery 
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3.2. Changes of atrial natriuretic peptide in intraocular fluid 

Changes of atrial natriuretic peptide (ANP) in intraocular fluid were 

assessed for 58 POAG patients with different glaucoma stages, from which 

22.4 % had stage 1–2 glaucoma, 60.3 % had stage 3 glaucoma, and 17.3 % had 

stage 4 glaucoma. Parallel measurements from the blood plasma examples of 

these patients were taken. Patients age on average was 72 ± 8 years. As a 

control group, 32 cataract patients were included, where the mean age was 75 ±

9 years. In the study were included only those patients whose surgery went 

successfully and who in the postoperative period did not develop any severe 

complications.  

When comparing all three glaucoma patient groups, the intraocular 

pressure was significantly higher in the stage 4 glaucoma patient group (39.20 ± 

12.68 mmHg), using the ANOVA method (p = 0.0049); but in the other two 

groups – stage 1 to 2 glaucoma and stage 3 glaucoma – the mean intraocular 

pressure was similar to each other (respectively 28.46 ± 7.71 mmHg and 28.69 

± 8.02 mmHg) (Figure 3.2. A). 

NT-proANP concentration was significantly higher to PAOG patients, 

when compared to cataract (control) group (respectively 7.00 un 4.65 nmol/l, 

p = 0.0054) (Figure 3.2.B). 
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Figure 3.2. Intraocular pressure, NT-proANP concentration in the blood 
plasma and anterior chamber fluid in glaucoma and cataract patients 

 

NT-proANP level in the blood plasma was compared between different 

stage glaucoma groups and the control group, using the ANOVA test. 

Statistically significant difference was found (p = 0.0210). Similarly, also in the 

anterior chamber fluid, the concentration of NT-proANP was significantly 

higher than for cataract patients (0.47 against 0.09 nmol/l, p = 0.0112), and the 

difference was statistically significant comparing different POAG stage groups 

with the control group (p = 0.0001). The results showed that as POAG 

progresses from stage 1/2 to stage 4 of POAG, the mean value of NT-proANP 

level in the intraocular fluid gradually increases (Figure 3.2.C).  

Estimating the correlation between different analysed parameters, a 

statistically significant relationship between the blood plasma and intraocular 

fluid for NT–proANP level in cataract patients was observed (R = 0.5465, p = 

0.001). Meanwhile, using Pearson’s correlation analysis, no correlation was 

found between the level of NT–proANP in the blood plasma and intraocular 

fluid for POAG patients (R = 0.2579; p = 0.051). No statistically significant 

association was detected between the intraocular pressure and the NT–proANP 

level in the blood plasma and intraocular fluid (respectively, p = 0.800 and p = 

0.355). 
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3.2.1. Sensitivity and specificity of NT–proANP in glaucoma 
 

When performing ROC curve analysis for the NT–proANP level, a 

higher NT–proANP resolution ability in intraocular fluid for glaucoma was 

observed compared to NT–proANP in the blood plasma. As the result of NT–

proANP ROC analysis in the intraocular fluid, the following data was obtained: 

AUC 0.865, sensitivity 88.5 %, specificity 72.7 %, cut-off value 0.075 nmol/L, 

95 % CI 0.784‒0.947, PPV 0.857, NPV 0.774 (p < 0.001). When analysing 

NT–proANP in the blood plasma, the following data was obtained: AUC 0.689, 

sensitivity 75.4 %, specificity 48.5 %, cut-off value 3.950 nmol/L, 95 % CI 

0.575‒0.803, PPV 0.730, NPV 0.516 (p = 0.003) (Figure 3.3.). 

Figure 3.3. ROC curve analysis for NT-proANP in the intraocular 
fluid and blood plasma in the case of glaucoma 
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4. DISCUSSION 
 

4.1. Influence of glaucoma surgery on functional and structural 
parameters of the eye 

 
Precise examination of the optic nerve disc, retinal nerve fiber layer, and 

visual functions is essential for both determination of the stage of glaucoma and 

rate of progression of the disease. However, it is little known what the possible 

changes in these parameters are when successful glaucoma surgery results in a 

significant and rapid reduction in intraocular pressure. There are publications 

(Panda–Jonas et al., 2014; Yuen et al., 2010) that confirm the positive effects of 

successful glaucoma surgery on morphological changes in the optic nerve. In 

the current study, changes in the mean deviation (MD) of the visual field for 

POAG patients were analysed before and one month after glaucoma surgery. 

Results showed an improvement tendency in the MD of the visual field after 

the surgery, but a statistically significant improvement of the MD was observed 

only for patients with stage 4 glaucoma (p = 0.0482). This confirms that it is 

also essential to carry out glaucoma surgery in the late stages of glaucoma and 

to reduce intraocular pressure. Early–stage patients may have experienced 

visual improvement later than one month after the surgery. It is known that the 

development and progression of glaucoma are influenced by intraocular 

pressure, which is the leading risk factor for glaucoma and the only parameter 

to be treated and affected so far. This assertion is confirmed by both clinical 

experience and results of many publications by different authors (Heilj et al., 

2002; Miglior et al., 2007; Ekstrom, 2012). Also, the research in the Doctoral 

Thesis showed that reducing intraocular pressure through glaucoma surgical 

therapy can lead to improvement of the visual field within a month for patients 

with advanced glaucoma. Glaucoma clinical trials provide convincing evidence, 

which approves that reducing intraocular pressure reduces the risk of 
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progression of optic neuropathy. Each intraocular pressure mmHg, which is 

higher (or lower) in dynamics, changes the risk of progression by about 10 % 

by reducing or increasing it (Leske et al., 2003). Glaucoma surgical treatment 

has the same function as medical therapy or laser therapy: reducing intraocular 

pressure in the eyes affected by glaucoma, thereby stabilising eyesight and 

delaying further loss of visual field. However, studies have shown that surgical 

treatment is unable to restore the visual field loss due to glaucoma (Lamping et 

al., 1986). Similarly, the present study confirms that improvement of the visual 

field was observed only in patients with stage 4 glaucoma (p = 0.0482). The 

number of stage 2 and 3 patients included in our study was half the number of 

patients in stage 4. It may be that statistically reliable results would be 

obtainable by smoothing the number of patients.  

Some researchers have observed an improvement of visual functions and 

structures after glaucoma surgery (Aydin et al., 2003; Raghu et al., 2012; 

Chang et al., 2007). Raghu et al. have observed short-term fluctuations in 

changes of the RNFL thickness after glaucoma surgical treatment, detecting a 

short-term increase of RNFL thickness, which after three months returned in 

the preoperative level. The increase of RNFL thickness could be explained with 

postoperative edema. In contrast with this observation, Rebolleda et al. 

research, as well as Topouzis et al. did not find any significant changes in these 

parameters of the eye six and eight months after glaucoma surgery (Rebolleda 

et al., 2007; Topouzis et al., 1999). Similar results were obtained in a research 

done for 11 operated glaucoma patients by Wittström (Wittström et al., 2010). 

Wittström performed visual field and OCT examination for her patients two and 

six months after surgery. The results of these examinations did not show a 

significant difference between preoperative and postoperative outcomes. In 

turn, in additionally performed multifocal electroretinography an improvement 

of the central retinal functions was detected six months after the surgery. In our 

research measurements of the RNFL were done in all four quadrants around the 
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optic nerve disc: upper, lower, nasal, and temporal quadrant. Results showed 

that the average RNFL thickness did not differ statistically significantly before 

and one month after surgical therapy. These results match with the research 

carried out by Raghu et al. and confirms that glaucoma surgical treatment does 

not fundamentally impact RNFL thickness. 

In association with the positive changes in c/d ratio after successful 

glaucoma surgery, experimental research showed that reversion of the 

excavation is more possible in the early stages of glaucoma (Coleman et al., 

1991). In the study of the Doctoral Thesis, an improvement tendency of 

horizontal and vertical C/D ratio one month after surgery was detected in 61.1 

% and 55.6 % respectively. The observed changes in the research were 

statistically significant for the horizontal c/d ratio (p = 0.03); however, results 

for the vertical c/d ratio did not reach a statistical significance. Recent studies 

claiming that it is essential to reduce intraocular pressure aggressively suggest 

that patients should be recommended to undergo glaucoma surgery as soon as 

possible. In few types of research, it is recommended to perform glaucoma 

surgery earlier, for example, for patients with normal or low-pressure 

glaucoma, patients who are significantly uncollaborative, as well as patients to 

whom the visual functions are disappearing. The current research indicates that 

due to glaucoma surgery not only intraocular pressure decreases, which is 

essential to protect a patient from the progression of neuropathy, but also an 

improvement tendency of structural and functional parameters of the eye is 

observable. Although statistically insignificant, a small improvement tendency 

was detected for stage 2 and 3 glaucoma patients. For patients with stage 4 

POAG, statistically significant positive changes were assessed after surgical 

therapy. Thereby, an immediate surgical intervention would be recommendable 

in all cases of insufficiently lowered intraocular pressure, when maximal 

medicamentous treatment has been already used, and functional loss has been 

confirmed. 
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In literature data about the changes of optic nerve disc excavation, it can 

be found about the decrease of the optic nerve disc excavation after the therapy 

has been received (Azuara-Blanco et al., 1997), and that it occurs in 6‒31 % of 

cases (Lesk et al., 1999; Parrish et al., 2009; Katz et al., 1989; Kotecha et al., 

2001). Evidence suggests that it correlates with a decrease in intraocular 

pressure (Azuara-Blanco, 1997; Lesk et al., 1999; Parrish et al., 2009). Azuara-

Blanco et al. mention six possible mechanisms which could affect the c/d ratio. 

They are mechanical movement of tissues, extravascular fluid accumulation, 

tissue proliferation, optical illusion (pseudoreversion contrariwise to real 

excavation reversion), tissue decompression, changes in the optic nerve disc 

blood flow (Azuara-Blanco et al., 1997). However, there are conflicting 

research findings whether functional improvement is associated with reversion 

of the disc excavation. CIGTS (Collaborative Initial Glaucoma Treatment 

Study) did not detect improvement of visual field or visual acuity (Parrish et al., 

2009), while other studies confirm improvement of the visual field and RNFL 

thickness (Kotecha et al., 2001; Park et al., 1997; Harju et al., 2008).  

In a research about cases of morphological changes of the optic nerve 

disc in younger adults (mean age 28.7 ± 6 years) with glaucoma after reduction 

of intraocular pressure with the help of glaucoma surgery, Panda–Jonas with 

co-authors reported about a new finding in the changes of the optic nerve sizes 

(Panda–Jonas et al., 2014). In contrast, previous large–scale hospital studies did 

not reveal a significant difference in the disc size between healthy subjects and 

glaucoma patients. (Jonas et al., 1989; Quigley et al., 1999). Possible causes of 

discrepancies between the studies could be related to the age of patients 

included in the study. The data obtained by Panda-Jonas and co-authors 

coincide with Poostchi et al. data that showed that transient experimental 

increase in intraocular pressure up to 64 mmHg for less than 30 seconds in the 

eyes of an adult causes a small (3.89 %), but significant (p < 0.0001) increase in 

the area of the optic nerve disc and linear size of the disc (Poostchi et al., 2010). 
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These results are not also inconsistent with the results of a study by Nicolela 

and co-authors (Nicolela et al., 2006) that did not reveal changes in the optic 

nerve topography after a moderate elevation and reduction of the intraocular 

pressure of 5 mmHg, which are too small pressure fluctuations.  

Results that confirm the decrease of the size of the optic nerve disc for 

patients with glaucoma after a pronounced high intraocular pressure reduction 

could be similar to the finding when in cases of experimental glaucoma for 

chimpanzees an increase in the size of the optic nerve disc was detected (Yang 

et al., 2011). Findings in the research of Panda–Jonas allow us to talk about 

many observations which affect the optic nerve in younger glaucomatous eyes 

after decrement of the intraocular pressure. Observations that some eyes can 

react with the decrement in the optic nerve disc diameter allow for the 

conclusion that tissues on the edge of the optic nerve disc have preserved their 

elasticity; therefore, decrement of intraocular pressure is associated with a small 

disc size reduction. Since there is a known correlation between the size of the 

optic nerve disc and the size of the optic nerve disc excavation, decrement of 

the disc causes a secondary reduction of the optic nerve disc excavation and c/d 

diameter ratio. It is not fully understood why in some eyes decrement of the 

disc size appears and which factors affect this process. Some authors believe 

that it is directly related to the amount and time of reduced intraocular pressure 

in what it is done. Other authors, on the other hand, consider that the main 

factors might be the length of time during which the eye was exposed to 

increased intraocular pressure, the resulting postoperative intraocular pressure, 

and the age of the patient (Panda-Jonas et al., 2014). Dissertation changes in the 

optic nerve disc parameters caused by decreased eye pressure as a result of 

glaucoma surgery were analysed gathering data on its decline. The obtained 

data confirm that intraocular pressure reduction has a positive effect on such 

optic nerve parameters as the horizontal optic nerve disc excavation. In this 

study the amount and time of reduced intraocular pressure were not studied; 
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that is, the length of time the eye having been exposed to increased intraocular 

pressure before the surgery, and whether it has had an effect. In the current 

research, the mean age of the studied population was 68 ± 8 years, which 

differed essentially from the mean age of the research group in the study done 

by Panda–Jonas. It is possible that a greater mean age of patients in the current 

study was the reason why the expected decrease of excavation was not detected 

also in the vertical optic nerve c/d ratio. 

In this study, magnitude and changes of parapapillary atrophy of the 

optic nerve disc were not measured, while other authors analysed the size and 

alterations of this area, considering the changes in this area as significant, and 

characteristic signs of glaucoma progression and possible regression. Reasons 

for the decrease in size of the parapapillary atrophy beta zone are not clear 

(Panda–Jonas et al., 2014). Some authors consider that the factors influencing 

the parameters of the optic nerve disc also affecting the reduction of the beta 

zone. The fact that decrease in postoperative intraocular pressure results in a 

significant increase in the area of the neuroretinal border and returns to its 

standard shape has been described earlier. After recent studies with OCT 

measuring the distance from the Bruch’s membrane opening to the internal 

limiting membrane to determine its applicability to early glaucoma stage 

diagnosis (Panda-Jonas et al., 2014), it was concluded that this method is not 

accurate in the eyes with physiologically deep optic nerve excavation as well as 

Bruch’s membrane aperture-minimum edge width analysis does not correlate 

with existing visual field defects and circumpapillary RNFL analysis, possibly 

due to axonal convergence of the optic nerve disc. According to clinical studies 

of the optic nerve disc glaucomatous damage, where an OCT was used, the 

Bruch’s membrane does not reach the border of the optic nerve disc in all eyes 

(Lee et al., 2010; Na et al., 2010; Manjunath et al., 2011; Reis et al., 2012). 

Mostly, the Bruch’s membrane does not reach the border of the optic nerve disc 

on the temporal side of the optic nerve, especially in eyes with moderate degree 
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nearsightedness. It is not possible to define alpha and beta zones in such eyes, 

in such cases, one talks about gamma zone. Theoretically, the authors believe 

that the location of the posterior aperture of the Bruch’s membrane is identical 

to the size and shape of the optic nerve disc. In the case of moderate myopia, 

when a prolonged axis of the eyeball develops, an increase of the Bruch’s 

membrane aperture is observable, while the optic nerve disc itself does not 

change significantly. In this temporal parapapillary region of the optic nerve, 

where there is no Bruch’s membrane, the so-called sliding Bruch’s membranes 

concept works. The Panda-Jonas research discovery of changes in the optic 

nerve disc parapapillary area supports this sliding Bruch’s membrane concept. 

After lowering the intraocular pressure, the Bruch’s membrane can slide back 

closer to the edge of the optic nerve that causes changes in the size of the optic 

nerve parapapillary atrophy in the OCT. Further research is needed to 

investigate changes in the optic nerve parapapillary area associated with the 

reduction of intraocular pressure by the OCT method.  

A diagnostic feasibility study in which glaucoma patients and healthy 

control group patients of similar age were examined by SD-OCT confirmed that 

these optic disc parameters can distinguish between healthy and glaucoma eyes 

as well as measurements of the retinal nerve fiber layer thickness (Mwanza et 

al., 2011). However, another study with glaucoma, pre-perimetric glaucoma, 

and healthy control subjects demonstrated that determining thickness of the 

retinal nerve fiber layer better confirms the difference between the investigated 
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optic nerve disc parameters in the case of glaucoma diagnosis is still to be 

investigated.  

The research carried out confirms that thickness of the retinal nerve fiber 

layer is the diagnostically most accurate parameter for diagnosis of glaucoma. 

Several studies assess diagnostic capabilities obtained by examing and 

analysing individual macular and optic nerve disc parameters whose diagnostic 

significance is comparable to the retinal nerve fiber layer examination. Various 

retinal nerve fiber layer thickness measurements from different SD-OCT 

examinations have been reported, linked to the difference in optical capabilities 

and segmentation algorithms between different devices. This means that 

measurements made with various OCT equipments are not comparable to each 

other and a patient should be tested in dynamics with the same equipment used 

for previous investigations (Pierro et al., 2012). However, although such 

differences exist, all OCT equipment has similar diagnostic capabilities (Akashi 

et al., 2013). In the current study, the same OCT method used provided an 

opportunity to analyse dynamics of the retinal nerve fiber layer (RNFL) and 

cup-to-disc ratio changes precisely at the same site, which allowed to 

successfully evaluate the influence of glaucoma surgical treatment on structural 

parameters of the eye. The aim of the Doctoral Thesis was not to assess the 

usefulness of RNFL and C/D measurements as diagnostic parameters, therefore 

the diagnostic abilities of these indicators were not analysed.  

 
4.2. Role of natriuretic peptides in pathogenesis of primary open–

angle glaucoma 
 

Presence of natriuretic peptides in ocular tissues, their ability to affect 

vascular tone and reduce intraocular pressure confirm that they play a 

significant role in POAG pathogenesis. Also, interactions have been observed 

and confirmed as well as relationship between cardiovascular function and risk 
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factors and development and progression of many eye diseases, including 

glaucoma (Flammer et al., 2013). The study carried out in the Doctoral Thesis 

found a correlation between the level of NT–proANP in blood plasma, in 

anterior chamber fluid and POAG. In blood plasma and anterior chamber fluid, 

the concentration of NT–proANP was significantly elevated in the POAG 

patient group compared to the cataract (control) patient group. In addition, the 

average level of NT–proANP concentration in anterior chamber fluid was 

found to vary between the stages of glaucoma and gradually increasing as the 

disease progressed. Progressing the POAG from POAG stage 2‒3 to stage 4, 

the mean values of the NT–proANP level in anterior chamber fluid gradually 

increased, respectively, the mean value of the NT–proANP level in the anterior 

chamber fluid was 0.21 ± 0.18 for stage 2‒3 and 1.16 ± 1.78 for stage 4 (p = 

0.0001). Difference between stages 3 and 4 in the NT–proANP concentration 

level in anterior chamber fluid was observed for the POAG patients, but the 

NT-proANP level in the blood plasma was practically the same for the exact 

glaucoma stage patient groups. This observation is reinforced by the fact that in 

POAG patients, the correlation between the level of NT–proANP in blood 

plasma and anterior chamber fluid was not statistically significant (p = 0.0506) 

compared to cataract patients for whom this correlation was statistically 

significant (p = 0.0012).  

Several studies have demonstrated the role of natriuretic peptides, 

including the role of atrial natriuretic peptide in regulation of intraocular 

pressure through cGMP pathway. It has been found that the cGMP pathway by 

activating protein kinase causes inhibition of ROCK, resulting in smooth 

muscle relaxation and relaxation of trabecular meshwork, which improves 

intraocular fluid outflow (Quigley et al., 2000; Wareham et al., 2018; Tanna 

and Johnson, 2018; Kotikoski et al., 2002, 2003). The results obtained in the 

Doctoral Thesis could indicate a compensatory increase of ANP to increment of 

intraocular pressure, as the glaucoma process progresses, which is also 
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confirmed by results obtained in other clinical studies with both humans and 

experimental animals (Fernandez–Durango et al., 1999; Goldman et al., 1989; 

Wolfensberger et al., 1994). Such statistically significant increase of ANP in 

intraocular fluid allows to promote the NT–proANP as a possible glaucoma 

biomarker. So far, there have not been many studies in which the ANP would 

be identified as a possible glaucoma biomarker. In the study done by Salzmann 

et al., the level of ANP and BNP was assessed in anterior chamber fluid for the 

first time in humans, compared with each other between glaucoma and control 

group (cataract) patients. The study found that ANP levels in glaucomatous 

eyes tend to be higher than in the control group (Salzmann et al., 1998). In the 

research of the Doctoral Thesis, analysis of the ROC curve was performed for 

the level of NT–proANP in intraocular fluid and blood plasma. NT–proANP in 

intraocular fluid was identified as a good resolution biomarker in the case of 

glaucoma. The obtained AUC was 0.865 with sensitivity of 88.5 %, specificity 

72.7 %, assessed cut–off value of 0.075 nmol/L (p < 0.001). In turn, the level of 

NT–proANP in the blood plasma was with lower sensitivity and specificity 

(accordingly 75.4 % and 48.5 %, p = 0.003). In many studies it has been 

detected, that potential candidates for POAG biomarkers are such molecules 

which take part in changes of trabecular meshwork extracellular matrix, 

promoting trabecular meshwork matrix synthesis, degradation, and 

modification. However, the acquisition of intraocular fluid samples is referred 

to as a highly invasive procedure that requires surgical approach (Duan et al., 

2008; Alvarado et al., 2005; Fuchshofer and Tamm, 2009). The above explains 

the situation why in the literature there are not widely available studies about 

biomarkers in anterior chamber fluid for POAG. Studies conducted so far have 

concluded that glaucoma biomarkers can be used well in epidemiology, disease 

prevention, screening, evaluation of the disease progression and effectiveness 

of the treatment applied (Agnifili et al., 2015). Considering that the ANP is 

pathogenically related to trabecular outflow pathway and regulation of the 
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intraocular fluid outflow resistance, the increase in the NT–proANP level found 

in the study of the Doctoral Thesis could be attributed directly to the classic 

POAG process and its progression. The cut–off value of NT–proANP in 

intraocular fluid in the promotion work was set at 0.075 nmol/L. Identifying the 

level of NT–proANP in the intraocular fluid above this defined level would be 

more likely to detect presence of glaucoma.  

In the research of the Doctoral Thesis, it is confirmed that the level of 

NT–proANP in intraocular fluid increases with the degree of glaucoma stage. 

This observation coincides with the increase of NT–proANP in intraocular 

pressure when its level compensatory increases to the rise in intraocular 

pressure. In the study of the Doctoral Thesis, glaucoma patients were included 

to whom intraocular pressure was not compensated at different stages of 

glaucoma, with an average intraocular pressure of 28.46 ± 7.71 mmHg for stage 

1‒2, 28.69 ± 8.02 mmHg for stage 3 and 39.20 ± 12.68 mmHg for stage 4 (p = 

0.0001). Since glaucoma is a progressive neuropathy which continues to 

progress also with compensated eye pressure (intraocular pressure < 21 mmHg) 

(Heijl et al., 2009), further studies should be devoted to the detection of NT–

proANP level in intraocular fluid in eyes with compensated intraocular 

pressure, when it could be possible to assess whether the NT–proANP level 

increases with compensated eye pressure with the glaucoma stage increasing. 

These measurements could be made during any ophthalmic surgical 

manipulation, such as cataract surgery or intravitreal drug administration. This 

would make it possible to determine the progression of the disease more 

effectively and intensify the treatment used. 

Several animal studies have identified several drugs, such as opioid K 

receptor agonist (bridazocine) and imidazoline-1 (alpha 2 agonist), which 

increased the level of ANP in intraocular fluid. It was concluded that the 

medication–induced release of NP from cellular epithelial cells could modify 

the level of intraocular pressure as an autocrine or paracrine factor 

 33 

intraocular fluid outflow resistance, the increase in the NT–proANP level found 

in the study of the Doctoral Thesis could be attributed directly to the classic 

POAG process and its progression. The cut–off value of NT–proANP in 

intraocular fluid in the promotion work was set at 0.075 nmol/L. Identifying the 

level of NT–proANP in the intraocular fluid above this defined level would be 

more likely to detect presence of glaucoma.  

In the research of the Doctoral Thesis, it is confirmed that the level of 

NT–proANP in intraocular fluid increases with the degree of glaucoma stage. 

This observation coincides with the increase of NT–proANP in intraocular 

pressure when its level compensatory increases to the rise in intraocular 

pressure. In the study of the Doctoral Thesis, glaucoma patients were included 

to whom intraocular pressure was not compensated at different stages of 

glaucoma, with an average intraocular pressure of 28.46 ± 7.71 mmHg for stage 

1‒2, 28.69 ± 8.02 mmHg for stage 3 and 39.20 ± 12.68 mmHg for stage 4 (p = 

0.0001). Since glaucoma is a progressive neuropathy which continues to 

progress also with compensated eye pressure (intraocular pressure < 21 mmHg) 

(Heijl et al., 2009), further studies should be devoted to the detection of NT–

proANP level in intraocular fluid in eyes with compensated intraocular 

pressure, when it could be possible to assess whether the NT–proANP level 

increases with compensated eye pressure with the glaucoma stage increasing. 

These measurements could be made during any ophthalmic surgical 

manipulation, such as cataract surgery or intravitreal drug administration. This 

would make it possible to determine the progression of the disease more 

effectively and intensify the treatment used. 

Several animal studies have identified several drugs, such as opioid K 

receptor agonist (bridazocine) and imidazoline-1 (alpha 2 agonist), which 

increased the level of ANP in intraocular fluid. It was concluded that the 

medication–induced release of NP from cellular epithelial cells could modify 

the level of intraocular pressure as an autocrine or paracrine factor 



 34 

(Alexandrescu et al., 2010). In the Doctoral Thesis, relationship between the 

level of ANP in intraocular fluid and its role in pathogenesis of glaucoma was 

confirmed. Considering that the treatment of glaucoma should be 

pathogenically justified, determination of the level of potential glaucoma 

biomarker NT-proANP in intraocular fluid would allow assessing the degree of 

disease compensation based on an existing therapy. In recent years, there has 

been a significant increase in interest in developing a new group of glaucoma 

drugs. The latest group of antiglaucomatous medications developed in last years 

are Rho kinase inhibitors, of which only two have been approved for clinical 

use in Japan and the USA. The neuroprotective activity of the Rho kinase 

inhibitors, improvement of blood supply to the eye, and antifibrotic action have 

been demonstrated. Various clinical studies have shown that Rho kinase 

inhibitors are highly effective as a complementary therapy to already existing 

classes of antiglaucomatous drug groups, taking into account the different 

mechanisms of action of Rho kinase inhibitors – reduction of intraocular fluid 

outflow resistance (Tanna et al., 2018). In a recent study in preclinical models, 

the ability of the topically used sGC activator MGV354 to reduce intraocular 

pressure was detected. In connection with this observation, early phase studies 

have been started to develop intraocular pressure reducing therapy for 

glaucoma (Buys et al., 2018). In recent studies, effectiveness of NO in 

reduction of intraocular pressure has been proven. In second and third phase 

clinical research, effectiveness of antiglaucomatous drug latanoprostene bunod 

has been detected, where a rapid in situ metabolism of the substance was 

observed, causing a prostaglandin effect, improving the uveoscleral outflow, 

and NO effect, lowering resistance in the trabecular meshwork and Schlemm’s 

canal (Wareham et al., 2018). Considering the close pathogenical association of 

ANP with Rho kinases and NO–sGC–cGMP signaling pathway, further 

research is needed to evaluate the ANP antiglaucomatous activity and 

determine the possible medical use.   
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Although statistically reliable results were obtained in the study, some of 

its limitations should be acknowledged. The relatively small number of samples 

does not allow the results of the study to be generalised. Further studies should 

include a higher number of samples to be studied, different populations, and 

different types of glaucoma (closed-angle glaucoma, secondary glaucoma). In 

conclusion, there is confirmation of a relationship between changes in POAG 

and NT-proANP levels in intraocular fluid and blood plasma. The data obtained 

in this Thesis supports the idea of the role of the natriuretic peptide system in 

the development of POAG and promotes the ANP as a potential glaucoma 

biomarker.  
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CONCLUSIONS 
 
1. Statistically significant functional changes after the performed glaucoma 

surgery were identified in POAG patients at stage 4 of the disease. The 

improvement in functional changes obtained in other POAG stages was not 

statistically significant. It was concluded that glaucoma surgery at the early 

stages of POAG had no significant effect on functional parameters of the 

eye one month after the surgery. 

 

2. Analysing the changes in the structure of the optic nerve, no statistically 

significant improvement in thickness of the retinal nerve fiber layer in 

POAG patients was observed after glaucoma surgery. A statistically 

significant reduction in the horizontal cup–to–disc ratio was identified in 

POAG patients following glaucoma surgery. It can be concluded that 

glaucoma surgery affects reduction of the horizontal cup–to–disc ratio one 

month after the surgery.  

 

3. An increased level of ANP in anterior chamber fluid was detected in 

POAG patients. A statistically significant correlation between ANP 

concentration in anterior chamber fluid and the glaucoma stage was 

identified. NT–proANP has a high–resolution ability in intraocular fluid for 

glaucoma with a sensitivity of 88.5 %, specificity 72.7 %, and a cut-off 

value of 0.075 nmol/L. ANP can be promoted as a potential biomarker for 

primary open-angle glaucoma.  
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