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Abbreviations used in the Thesis 

AH Aqueous humour 

BKUS Children’s Clinical University hospital 

CMEC Central Medical Ethics committee 

CYP1B1  Cytochrome P450 family 1 subfamily B member 1, protein 

DNA Deoxyribonucleic acid 

FOXC1 Forkhead box C1, protein 

FOXC2 Forkhead box C2, protein 

IOP Intraocular pressure 

LTBP2  Latent transforming growth factor beta-binding protein 2 

MMC Mitomycin C 

MYOC  Myocilin 

OCT Optical coherence tomography 

PCG Primary congenital glaucoma 

PITX2 Paired-like homeodomain transcription factor 2 

TEK Tyrosine kinase, endothelial 

WGS Whole genome sequencing 
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Introduction  

Primary congenital glaucoma (PCG) is a rare, potentially blinding disease that affects 

children worldwide (Aponte et al., 2010; Papadopoulos et al., 2007). The underlying 

pathogenesis is characterised by isolated dysgenesis of the anterior chamber angle, resulting in 

abnormalities of the trabecular meshwork and, less frequently, Schlemm’s canal. Dysgenesis 

of the aqueous humour (AH) outflow pathway promotes the development of elevated 

intraocular pressure (IOP), which, if left untreated, leads to progressive optic nerve damage and 

irreversible blindness (Spaeth, 2021). Epidemiological data indicate that PCG is the most 

common cause of childhood glaucoma worldwide, with an average incidence ranging from 

1:10,000 to 1:20,000 live births in Western populations (Sarfarazi & Stoilov, 2000).  

Clinically, PCG most commonly manifests during the first year of life (Fung et al., 

2013). Elevated IOP results in characteristic ocular changes, including Haab’s striae (ruptures 

in Descemet’s membrane), corneal clouding, enlargement of the globe (buphthalmos), and loss 

of the neuroretinal rim of the optic nerve head. Patients typically present with the classical triad 

of symptoms: epiphora (excessive tearing), photophobia (marked light sensitivity), and 

blepharospasm (involuntary eyelid muscle contractions) (Badawi et al., 2019).  

The primary goal of treatment is to reduce IOP and prevent further damage to retinal 

ganglion cells. Management of PCG is predominantly surgical. Goniotomy and trabeculotomy 

are considered the gold-standard procedures for this condition, whereas more complex cases 

may require trabeculectomy with or without mitomycin C (MMC), implantation of glaucoma 

drainage devices, or cyclophotocoagulation (Badawi et al., 2019).  

PCG is a genetically heterogeneous disorder, and pathogenic variants in several genes 

have been associated with its development. The most frequently implicated gene is CYP1B1 

(Cytochrome P450, family 1, subfamily B, polypeptide 1). The enzyme encoded by this gene 

is involved in the development and function of the trabecular meshwork and regulates the ocular 

response to elevated IOP (Bejjani et al., 2002; Zhao et al., 2013, 2015). In addition, PCG has 

been associated with variants in LTBP2 (Latent Transforming Growth Factor Beta-Binding 

Protein 2), MYOC (myocilin), TEK (Tyrosine Kinase, Endothelial), FOXC1 (Forkhead Box 

C1), FOXC2 (Forkhead Box C2), and PITX2 (Paired-Like Homeodomain Transcription Factor 

2), highlighting the importance of molecular genetic testing in the diagnosis of this disease 

(Leysen et al., 2022).  

Early diagnosis and effective treatment are essential to preserve visual potential and 

ensure an adequate quality of life for children affected by PCG throughout their lifetime 

(Gothwal et al., 2020).  
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Aim of the Thesis 

To evaluate the long-term treatment outcomes of patients with a clinically confirmed 

diagnosis of PCG and to identify genetic variants associated with the development of  

the disease. 

Objectives of the Thesis 

To achieve the aim of the Doctoral Thesis, the following objectives were established: 

1 To determine the incidence of PCG by identifying patients diagnosed with PCG at 

the Eye Disease Clinic of the Children’s Clinical University Hospital (BKUS). 

2 To record the age of the patients and document the objective clinical findings at  

the time of diagnosis. 

3 To evaluate the surgical treatment modalities and associated complications.  

To analyse IOP values during the postoperative period and at the final follow-up 

visit. 

4 To assess visual function and structural changes of the optic nerve by performing 

visual field testing using standard automated perimetry and objective evaluation of 

the optic nerve with optical coherence tomography (OCT). 

5 To identify and analyse factors potentially associated with blindness or with better 

long-term visual outcomes. 

6 To perform exome sequencing or whole-genome sequencing (WGS) in patients and 

compile information on the results of genetic testing. To identify the most  

common genetic variants, evaluate their impact on disease course, and analyse  

genotype–phenotype correlations. 

Hypothesis of the Thesis 

1 Trabeculectomy provides a significant reduction in IOP during the postoperative period and 

results in favourable long-term visual outcomes in patients with infantile PCG. 

2 Pathogenic variants in genes associated with anterior segment dysgenesis play a significant 

role in the development of PCG in the Latvian population. 

Novelty of the Thesis 

This Doctoral Thesis represents the first study of PCG in Latvia, incorporating 

retrospective data analysis, prospective patient follow-up, and genetic investigations. 

PCG has a significant impact on visual function and overall child development.  

The rarity of the disease often delays early diagnosis. However, timely diagnosis and effective 
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treatment are the only means of ensuring an adequate quality of life and successful social 

integration for affected children (Dahlmann-Noor et al., 2017; Spaeth, 2021). 

Data regarding the clinical course of PCG in different European populations and  

the results of genetic testing remain very limited because of the rarity of the disease, thereby 

hindering research in this field. To date, the epidemiology, long-term clinical outcomes, and 

genetic causes of PCG have not been investigated in Latvia or the Baltic States. Furthermore, 

such studies remain scarce even at the European level. 

PCG has been extensively studied in regions with a high disease incidence, including 

Saudi Arabia, India, and the Slovak Roma population. However, comparatively little is known 

about populations in which PCG development is not associated with consanguinity or familial 

inheritance. By highlighting differences in clinical presentation, long-term outcomes, and  

the importance of evaluating genetic factors, this study contributes to a better understanding of 

disease pathogenesis and may facilitate the identification of novel therapeutic approaches. 

This study provides unique insights into the clinical characteristics and genetic 

background of PCG in the Latvian population, thereby making a significant contribution to  

the global understanding of the disease. Genetic analyses performed in probands support  

an opportunity to identify population-specific genes and evaluate the potential role of additional 

genes in disease development. Furthermore, the obtained data allow comparison of genetic 

findings with those reported in other European populations and contribute substantially to  

the investigation of the genetic basis of PCG. 

Pathogenic variants associated with disease development can be identified in only  

a proportion of patients within European populations (Giuffre’, 2011; Leysen et al., 2022; 

López-Garrido et al., 2013). This observation indicates that the complete genetic architecture 

of PCG has not yet been fully elucidated and that additional, as yet undescribed, candidate 

genes may be involved in the pathogenesis of the disease. 

Practical significance of the Thesis 

The results obtained during the development of this Doctoral Thesis will make  

a significant contribution to the counselling and management of newly diagnosed patients with 

PCG. 

As part of the study, a standardised examination protocol for newly diagnosed patients 

will be developed, based on the inclusion of clinically relevant diagnostic investigations, and  

a structured patient history questionnaire will be created. Furthermore, clinical management 

algorithms for the treatment and follow-up of newly diagnosed patients will be established at 

the Eye Disease Clinic of the CCUH. These algorithms will incorporate age-specific reference 
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curves to facilitate the interpretation and comparison of objective clinical findings during 

longitudinal follow-up. 

The identification of genetic variants will provide an opportunity to determine specific 

molecular causes of disease development, identify previously undescribed genomic alterations, 

and compare findings with data reported from other countries. In addition, these results will 

support genetic counselling by enabling more accurate assessment of inheritance risks for future 

generations. 

Ethical considerations 

The study was conducted in accordance with internationally recognised bioethical 

standards, including the World Medical Association’s Declaration of Taipei and Declaration of 

Helsinki, while ensuring full compliance with the applicable laws and regulations of  

the Republic of Latvia. 

The study received approval from the Ethics Committee of Rīga Stradiņš University 

(Approval No. 9, 25 May 2017, and Approval No. 2-PĒK-4/46/2022). 

Genetic analyses were performed following approval from the Central Medical Ethics 

Committee of Latvia (CMEC) (Approval Nos. 01-29.1.2/6407 and 01-29.1.2/4613) and  

the Genome Research Council (Approval Nos. A-8/19-04-26 and A-19/24-12-11). 

Author’s Contribution 

In collaboration with the supervisors, the study methodology was developed in 

accordance with fundamental ethical principles, and the study aims, objectives, relevance, and 

novelty were refined. The author coordinated the implementation of the study with  

the participating healthcare institution and prepared the necessary applications for submission 

to the ethics committees. 

The author retrospectively collected and reviewed all data from patients’ medical 

records and informed patients and their legal guardians about the opportunity to participate in 

the subsequent stages of the study. During the prospective phase, the author personally 

performed all diagnostic examinations during outpatient visits to assess treatment efficacy and 

determine the stage of glaucoma. The research grant awarded to the author was utilised to 

conduct genetic analyses in patients with PCG. 

The author compiled the study database, performed the statistical analyses, and prepared 

all resulting publications. As part of the Doctoral Thesis, a standardised examination protocol 

for newly diagnosed patients was developed based on clinically relevant diagnostic 

investigations, and a structured patient history questionnaire was created. Clinical management 

algorithms for the treatment and follow-up of newly diagnosed patients were established for 
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use at the Eye Disease Clinic, incorporating age-specific reference curves for the comparison 

and interpretation of objective clinical findings during longitudinal follow-up. 

In addition, a PCG Registry was established at the clinic, and participation was initiated 

in the international paediatric glaucoma registry, the Robison Harley Childhood Glaucoma 

Research Network International Paediatric Glaucoma Registry. 
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Conclusions 

1 The incidence of PCG in the study cohort between 2003 and 2021 was comparable to that 

reported in other Western populations, with the unilateral form of the disease being 

predominant. 

2 In the majority of patients, the diagnosis of PCG was established before one year of age.  

The most common clinical finding was enlargement of the anterior segment of the eye, which 

developed as a consequence of elevated IOP. 

3 Trabeculectomy resulted in a substantial reduction in IOP with a low rate of complications. 

Furthermore, the use of MMC was associated with a significantly higher long-term success 

rate. A substantial reduction in IOP without the need for additional medical therapy was 

maintained in the majority of patients at the final follow-up visit. 

4 At the final follow-up visit, more than half of all eyes affected by PCG achieved good visual 

acuity (visus ≥ 0.5), corresponding to the proportion of eyes demonstrating only mild visual 

field defects. In contrast, severe visual loss was observed in approximately one-tenth of eyes. 

Amblyopia was diagnosed in more than half of the eyes included in the study, highlighting 

that successful management requires not only surgical treatment but also identification and 

correction of amblyogenic factors. 

5 Analysis of preoperative factors did not reveal any statistically significant predictors of 

favourable or unfavourable long-term visual outcomes. However, larger horizontal corneal 

diameter and older age at diagnosis were associated with a greater likelihood of significant 

visual loss. In addition, patients presenting with Haab’s striae had a lower probability of 

achieving a favourable visual outcome. 

6 DNA from PCG probands and their first-degree relatives was analysed, providing unique 

insights into the potential molecular genetic determinants of the disease and, for the first 

time, characterising the genetic findings associated with PCG in Latvia. Next-generation 

sequencing did not identify pathogenic variants in the most commonly reported  

PCG-associated genes in any of the probands. These findings suggest the possible 

involvement of other candidate genes specific to our region, as well as a potential polygenic 

contribution to disease risk. These factors warrant further investigation in future PCG 

research. 

7 The hypothesis of the study was partially confirmed. Trabeculectomy was shown to provide 

a significant reduction in intraocular pressure during the postoperative period and favourable 

long-term visual outcomes. However, no pathogenic genetic variants associated with  

the development of PCG were identified. 
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Proposals 

1 Further research should be continued by expanding the study cohort with additional patients 

diagnosed with PCG. Longitudinal evaluation of clinical findings is recommended to 

provide a more accurate characterisation of disease progression and clinical outcomes within 

our population. 

2 Early clinical manifestations, including photophobia, blepharospasm, epiphora, and 

enlargement of the anterior segment of the eye, should be considered potential indicators of 

congenital glaucoma. In such cases, comprehensive ophthalmological evaluation at BKUS 

is warranted to establish the diagnosis promptly, initiate appropriate treatment, and include 

patients in the unified clinical registry. 

3 Long-term follow-up after trabeculectomy is essential, with particular emphasis on  

the assessment of visual function, taking into account potential surgical complications and 

sequelae that may resemble those observed in adult populations. Systematic evaluation of 

the long-term impact of trabeculectomy on visual outcomes in patients with PCG is 

recommended. 

4 Further genetic investigations should be pursued through detailed analysis of the already 

acquired exome sequencing and WGS data, with the aim of identifying previously 

undescribed genes that may be associated with disease development. Future collaboration 

with other clinics and research centres specializing in the genetic basis of PCG is encouraged 

to facilitate the identification and analysis of genotype–phenotype correlations. 

5 WGS and mitochondrial DNA analysis in all patients included in the study may provide 

deeper insights into the genetic causes of PCG. Such an approach would enable  

the investigation not only of coding regions but also of regulatory and non-coding genomic 

regions, while additionally assessing the potential role of mitochondrial genes in disease 

pathogenesis. 
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