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Abstract: 

Background: Glaucoma is the second most common cause of blindness worldwide. A 

disproportionately high number of these patients live in low- and middle-income countries,  

placing a huge burden on the health care system. The purpose of this study was to describe 

how glaucoma patients presented to a dedicated glaucoma clinic at a large referral 

centre/tertiary hospital in central Johannesburg, South Africa. The objectives were to 

describe the spectrum of glaucomatous disease in these patients as well as the 

demographics, risk factors and severity of disease in this patient population. The secondary 

objective was to describe how glaucoma was being managed in the glaucoma clinic patient 

population.  

Methods: This study was a retrospective descriptive study which was a clinical audit of the 

Charlotte Maxeke Johannesburg Academic Hospital’s (CMJAH) glaucoma REDCap database. 

787 patient records were included in the study which were patients seen and managed in a 

5-year period. This study and the database had valid ethical clearance.  

Results: Of the 787 patients assessed the mean age at presentation was 59 years (n=739, 

SD=16), 50.3% were female and 49.7% male. The majority (74.9%) were black African, and 

the most common diagnosis was Primary Open Angle Glaucoma (POAG) (59%). Patients with 

secondary glaucoma (excluding exfoliation glaucoma) were significantly younger (49 years 

+/-18years) whereas patients with exfoliation glaucoma were older (68 years +/-10 years), 

P<0.001. Black African patients with POAG were significantly younger than other racial 

groups, p<0.001, with 7% being younger than 35 years. 23.3% of patients had a family 

history of glaucoma. The median intraocular pressure (IOP) was 15 mmHg (n=690) and 

median vertical cup to disc ratio (VCDR) was 0.9 (n=605). Using World Health Organisation 

(WHO) definitions, 32.2% patients had visual acuity (VA) ≤6/120 in the better seeing eye 

fulfilling criteria for blindness (n=686) and 64.6% of patients had VA≤6/18 in the better eye 

fulfilling criteria for visual impairment. 68% (n=722) patients were on medical therapy and 

most patients received on average three agents. There were 426 laser procedures 

performed, selective laser trabeculoplasty (SLT) accounting for the bulk (65.3%) and 210 

glaucoma surgeries were performed.  

Conclusion: This study supports and reinforces the notion that black South African glaucoma 

patients are most likely to have POAG, present at a younger age and have more advanced 

disease with very high rates of visual impairment and blindness. The management of these 

patients is largely medical with more than one medication. Glaucoma surgery is an 

important management tool in advanced glaucoma and is being underutilised. 

Keywords: Glaucoma, Primary open-angle glaucoma (POAG), epidemiology, South Africa, 

blindness, intra-ocular pressure (IOP) 

Funding: No funding was received for this study. 

Conflict of interest: The authors have no conflict of interest to declare with respect to this 
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Introduction:  

Glaucoma is a group of ocular conditions that encompasses an irreversible optic neuropathy 

associated with a characteristic structural damage to the optic nerve and associated 

functional visual loss. 1-8  

Glaucoma is the second most common cause of blindness worldwide, estimated to affect 

approximately 80 million people in 2020. 1-4, 9, 10 Over 11.1 million people are bilaterally blind 

because of glaucoma, a disproportionately high number of these patients live in low-to -

middle income countries, especially Sub-Saharan Africa. 1,2,4,9,10 Glaucoma places a huge 

burden on the healthcare system, and it is expected to increase exponentially.1,9 

The global prevalence of all types of glaucoma for patients above 40 years old is 3.5%. 1, 3, 11 

The prevalence statistics for glaucoma in Sub-Saharan Africa are a lot higher, in South Africa, 

Rotchford et al.12 found an overall prevalence of 4.5% in a Zulu population in KwaZulu Natal 

and a prevalence of glaucoma of 5.3% in black residents of Temba. 13  

Glaucoma can be classified according to the ISGEO (International Society for Geographical 

and Epidemiological Ophthalmology)2,8 criteria as open or closed angle based on the 

appearance on gonioscopy. Three-quarters of patients with glaucoma have open angle 

glaucoma (OAG).1-5 Both open and closed angle glaucoma can be divided into primary and 

secondary subtypes.8  

Primary open-angle glaucoma (POAG) is diagnosed if there is structural optic nerve damage 

in the form an enlarged vertical cup-disc ratio (VCDR) or on optical coherence tomography 

(OCT).2, 8 A VCDR of ≥0.7 (97.5th percentile), or VCDR asymmetry ≥0.2 with functional visual 

field defect is a category 1 diagnosis of glaucoma. Category 2 and 3 diagnosis requires a 

severe structural deficit, VCDR of ≥0.8 or asymmetry of ≥0.3 (99.5th percentile) in instances 

where visual field testing cannot be performed or an elevated IOP ≥99.5th percentile can be 

diagnostic if the disc cannot be visualised. 2,8 Gonioscopy examination of the drainage angle 

should reveal open angles with no identifiable secondary cause of the glaucoma. 8,14,20 POAG 

disproportionately affects Africans and people of African descent and 15-19 the prevalence of 

irreversible blindness as a result of glaucoma is also four times higher in Africans. 1-11,21 

Blindness is defined by the World Health Organisation (WHO) as a visual acuity of ≤6/120 in 

the better eye and visual impairment is defined as VA ≤6/18 in the better seeing eye.11,22,23.  

Primary angle closure glaucoma (PACG) follows when the anterior chamber angle, seen on 

gonioscopy, is narrowed, or closed. 8 This form of glaucoma is more common in Asian ethnic 

groups due to anatomical predisposition.3, 4, 6,8,9,14 Secondary glaucoma is caused by an 

underlying ocular or systemic condition. These commonly include exfoliation glaucoma 

(XFG), pigment dispersion glaucoma, angle recession glaucoma (ARG), uveitic glaucoma, 

neovascular glaucoma (NVG) and crystalline lens related glaucomas. 8  
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Glaucoma can also uncommonly present in childhood. Determining glaucoma prevalence in 

childhood is difficult as few population studies exist due to its rarity. Primary childhood 

glaucoma includes congenital glaucoma (PCG) and juvenile open-angle glaucoma (JOAG). 20 

Risk factors for glaucoma development include increasing age1-9, African ethnicity, family 

history, increased intra-ocular pressure, myopia for open-angle glaucomas and hyperopia for 

closed-angle glaucomas. 1,12,13,17,19,20-23 

The available management options for glaucoma are medical, laser therapy and surgery all 

targeted at reducing IOP. Initial treatment is usually medical. Selective laser trabeculoplasty 

(SLT) has shown promising IOP lowering effects in patients with POAG and other open angle 

glaucomas in African patients.11 It is a safe, less invasive, and cost-effective option. 11 

Filtration surgery may be required to obtain optimal IOP in glaucoma patients.  

This study describes the spectrum of glaucomatous disease in patients who presented to a 

dedicated tertiary referral hospital in South Africa as well as their demographics, risk factors 

and severity of disease. The secondary objective was to describe how glaucoma was being 

managed in the adult glaucoma clinic patients. 

Methodology: 

The study was a retrospective clinical audit of the Charlotte Maxeke Johannesburg Academic 

Hospital’s (CMJAH) glaucoma REDCap electronic database.25,26 787 patients were included in 

the study which included all the patients’ clinical records over a 5-year period, from 01 

January 2016 till 31st December 2020. Missing or incomplete records were correlated with 

hard copy records that are kept in the glaucoma clinic.  

Patients were allocated a unique reference number to protect anonymity and data was 

exported to an excel spread sheet for statistical analysis. The demographic data collected 

included patients’ ethnicity (this was self-reported using the South African Census 

categories27), age, sex, medical history (hypertension, diabetes, HIV, asthma, migraine) and 

family history of glaucoma or blindness.  

The type of glaucoma diagnosis as well as the gonioscopic appearance of the angles were 

collected. Disease severity parameters including visual acuity (VA) and vertical cup-to-disc 

ratio (VCDR) where recorded. Where available, visual field mean deviation (MD) and optical 

coherence tomography (OCT) retinal nerve fibre layer (RNFL) thickness and macular ganglion 

cell complex (GCC) thickness was collected.  

Management data were collected including which topical medications patients received 

(Beta blocker, prostaglandin analogue, alpha agonist, topical carbonic anhydrase inhibitor 

(CAI) or pilocarpine) as well as acetazolamide (Diamox).  All procedures including laser and 

surgical procedures performed over the 5-year study period were collected.  

Ethical considerations: 

Ethical clearance to conduct this study was obtained from the University of the 

Witwatersrand Human Research Ethics Committee (No.M221019). Signed informed consent 
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was obtained from patients prior to entering their data onto the REDCap database and 

Ethical clearance for the database (M190671) was obtained by Prof Williams. Data exported 

from the database did not include any patient identifiers protecting confidentiality.  

Statistical analysis 

Data were exported from REDCap with specified patient reference numbers. Statistics were 

performed in Microsoft Excel and STATA. Skewness and kurtosis were calculated to assess 

for normality of distribution of continuous data. Mean and standard deviation were 

calculated for age. Median and interquartile ranges were calculated for the other 

continuous parameters. Frequencies were calculated for categorical variables. A Chi squared 

test or Fisher’s exact test, where appropriate, was performed to compare categorical data. 

An ANOVA was used to compare ages between diagnostic groups. A p-value less than 0.005 

was used to determine significance.  

Results:  

There were 787 patients with glaucoma assessed over the study period. The mean age at 

presentation was 59 years ± 16 years old (n = 739). There were 50.3% females and 49.7% 

males (n = 760), with a male: female ratio of 1:1. Most of the patients presenting to 

Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) with glaucoma were black 

(74.9%), with the minority being white (11.7%), asian (6.8%), coloured (4.1%) and mixed 

race (2.5%) (n = 753). See Figure 1 comparing the race profile of CMJAH glaucoma clinic with 

that of Gauteng and South Africa as per the 2011 census (Stats SA). 27 

 

Figure 1: Race profile of CMJAH glaucoma clinic as well as 2011 census data of Gauteng and South 

Africa (Stats SA). 27 

The most common glaucoma diagnosis was POAG, comprising 59% of patients (n = 761) 

(Figure 2). In 26 patients the diagnosis was not captured or not known. Within the POAG 

Black African Coloured White Asian/Indian Other/Mixed

CMJAH Clinic 74.9 4.1 11.7 6.8 2.5

Gauteng 77.4 3.5 15.6 2.9 0.5

South Africa 79.2 8.9 8.9 2.5 0.7
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group, patients with normal tension glaucoma (NTG) comprised 15%. The second most 

common glaucoma was secondary glaucoma compromising a total of 26.8%. Exfoliative 

glaucoma (XFG), the most common type of secondary glaucoma accounted for 10.6% of all 

glaucomas (40% of the secondary glaucomas). Other secondary glaucomas (16.2%) with 

causes that included, secondary open angle glaucoma (OAG) (4.3%), angle recession 

glaucoma (ARG) (4.1%) and others. Angle closure glaucomas, which include primary angle 

closure glaucoma and secondary angle closure glaucomas such as Neovascular glaucoma 

(NVG) accounted for 6,7% of glaucoma. 

 

Figure 2: Glaucoma subtypes of patients at the CMJAH glaucoma clinic 

The median age of the patients was significantly different between the diagnostic groups (p 

< 0.001). Patients with secondary glaucoma were much younger (49 years ± 18 years) and 

patients with XFG were much older (68 years ± 10 years) (Table I). Figure 3 provides a 

graphical representation.   

Diagnosis n 
739 

Age (years) 
Mean ± SD 

POAG 438 61 ±15 

Secondary glaucoma 107 49 ± 18 

XFG 75 68 ± 10 

Angle closure 79 58 ± 17 
OHT and glaucoma 
suspect 

40 55 ± 19 

Table I: Age of patients per diagnostic group  

59.0%16.2%

10.6%
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Figure 3: Box and whisker plot showing age of patients with the different glaucoma 

diagnoses. 

Black African patients with POAG were significantly younger and white patients significantly 

older than other racial groups with POAG (p < 0.001) (Table II). There were no patients with 

POAG younger than 36 years in races other than black Africans and 7% of Black Africans with 

POAG were younger than 35 years. Figure 4 provides a graphical representation.  

Racial group n= 
417 

Age (years) 
Mean ± SD 

Black African 322 59 ±15 

Coloured 21 65 ± 14 

White 51 72 ± 9 
Asian/Indian 22 66 ± 11 

Mixed race/Other 1 62 ± 11 

Table II: Age of POAG patients per racial group 

 

Figure 4: Box and whisker plot showing age of POAG patients in different racial groups. 

The glaucoma diagnoses were significantly different between different race groups (p<0.001). 

Asian/Indian and mixed race patients were less likely to have POAG and more likely to have 
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secondary glaucoma. Black African patients were more likely to have XFG. Angle closure 

glaucoma was seen more in white patients. (Figure 5). 

 

Figure 5: Proportional diagnoses of patients at the glaucoma clinic per racial group 

In 23.3% of patients there was a family history of glaucoma (n = 524) and in 21.3% there was 

a family history of blindness (n=506). In 13.2% of the patients there was both a family history 

of blindness and glaucoma (n = 506). 

The commonest comorbidities were hypertension (28.2%) and type II diabetes (7.1%), while 

28.1% had no known comorbidities (n=720). HIV, migraine and asthma were so rarely 

reported they were excluded from statistical analysis. Patients with POAG were more likely 

to have hypertension and/or diabetes, while patients with secondary glaucoma were more 

likely to have no co-morbidities (p < 0.001, n = 715). 

The median intraocular pressure (IOP) for both eyes was 15 mmHg (IQR 12 – 20 mmHg) (n = 

690). 

The median vertical cup to disc ratio (VCDR) for the right eye was 0.9 (IQR 0.7 – 1.0 ) (n = 599) 

and for the left eye was 0.9 (IQR 0.6 – 1.0) (n = 605). The median visual field mean deviation 

(VF MD) performed on 24-2 Humphrey Visual Field of the right eye was -9.7dB (IQR -3.08dB 

to -13.20dB) (n = 165) and for the left eye was -9.8dB (IQR -4.0dB to -14.0dB) (n = 153). A 

normal mean deviation is between 0 and -2dB. 28 

The median optical coherence tomography (OCT) on the Cirrus HD-OCT (Carl Zeiss) macula 

ganglion cell (GCC) thickness for the right eye was 58.5µm (IQR 29 - 79) (n = 179) and for the 

left eye was 61µm (33 – 79.8) (n = 179). Average normal GCC is 97 +/-6.9µm.29 The median 

OCT (retinal nerve fibre layer) RNFL thickness for the right eye was 52µm (IQR 42 – 72) (n = 

181) and for the left eye was 52µm (IQR 41 - 75) (n = 180). Normal overall nerve fibre layer 

thickness on average is 99.2+/-9.9µm according to the Advanced Imaging for Glaucoma 

Study.29 

 

32.2% of patients had a VA of worse than 6/120 in the better eye fulfilling WHO criteria for 

blindness (n = 686). 64.6% of patients had VA’s worse than 6/18 in the better eye fulfilling the 

WHO criteria for visual impairment. 
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In this study 68% (n=772) of patients were receiving medical IOP lowering therapy. Most 

patients were receiving three topical agents. The commonest combinations of agents used 

were beta-blockers + prostaglandin + alpha agonist (30.4 %) and beta-blockers + 

prostaglandin + alpha analogue + topical carbonic anhydrase inhibitor (CAI) (15.6 %). 

There were 426 laser procedures performed. Selective laser trabeculoplasty (SLT) was the 

commonest laser procedure (65.3%), followed by Nd:YAG goniopuncture (20.7%) and YAG PI 

(5.9%). (Figure 6) 

 

Figure 6: Laser procedures per diagnosis. The accompanying table shows absolute counts. 

During the study period there were 210 glaucoma surgeries performed. The most common 

surgery performed in 59.5% of patients was deep sclerectomy. Secondary procedures (these 

included bleb needling, bleb revision and iris sweeps) were the second most common group 

of procedures (16.2%) and trabeculectomies were performed in 11.9% of patients. See figure 

7 for a graphical representation. 

There were 200 cataract surgeries performed. Phacoemulsification and IOL was the 

commonest cataract surgery, accounting for 79.5%.  

0 50 100 150 200 250 300 350

POAG

Angle closure

XFG

OHT and glaucoma suspect

Secondary glaucoma

POAG Angle closure XFG
OHT and

glaucoma suspect
Secondary
glaucoma

SLT 210 3 33 4 28

YAG goniopuncture 63 3 10 1 11

Cyclodiode 12 6 1 0 3

ALPI 1 0 0 0 0

YAG PI 4 19 2 0 0

Yag caps 9 1 0 0 2



 
12 

 

 

Figure 7: Glaucoma surgeries per diagnosis. The accompanying table shows absolute counts. 

 

Discussion: 

This study described the demographic, clinical characteristics and management received of 

glaucoma patients referred to a tertiary glaucoma clinic. The race profile of patients seen at 

the clinic is similar to the race distribution of Gauteng and South Africa, as per the 2011 

census27 and therefore is fairly representative of South Africa’s patient population.   

Literature suggests women appear statistically more affected by glaucoma because of their 

increased susceptibility to PACG as well as their longevity 10,15 16 If age is adjusted for and if 

only POAG was looked at, men are more likely affected. 1, 12, 13,17,19,23 Our study found males 

and females were equally affected.  

Our study found the most prevalent glaucoma diagnosis was POAG (59%) which is consistent 

with multiple other previously performed population studies. POAG was present in 56% and 

54% of patients in Rotchford et al.’s Themba and KwaZulu Natal studies respectively.12,13 

Studies from the Caribbean demonstrate the highest proportion of POAG amongst their 

black population. 19 Our study demonstrated that black patients with POAG were 

significantly younger than the other racial groups which has also been found in other studies 

across Africa. 6  
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POAG Angle closure XFG
OHT and
glaucoma
suspect

Secondary
glaucoma

Trabeculectomy 10 7 3 0 5

Deep Sclerectomy 72 9 23 0 21

Glaucoma drainage devices (GDD) 3 3 1 0 5

Secondary procedures 25 1 3 0 5

MIGS (Minimally invasive glaucoma
devices)

11 0 1 0 0

Angle based surgery 0 0 1 0 1



 
13 

 

Studies have demonstrated that individuals of African descent are 4-5 times more likely to 

develop open angle glaucoma, compared with people of European descent. 3,5,6,15,21 This 

increased susceptibility is likely due to a combination of genetic and environmental factors. 
7,17,21, 22 POAG in persons of African descent progresses more rapidly and affects on average, 

younger patients. 7,16,22 Anatomical predispositions in Africans, according to the African 

Descent and Glaucoma Evaluation Study (ADAGES), include higher refractive error, thinner 

corneal thickness, larger cup-to-disc ratios and larger disc areas.7 The South African Eye 

Study (SAES) found black South Africans had thinner corneas and higher IOPs when 

compared to other ethnicities. 19  

Asian/Indian and mixed race patients in our study were more likely to have secondary 

glaucoma while angle closure glaucoma (ACG) was seen more in white patients. Salmon et 

al. studied a mixed-race population in the Western Cape and found a majority of primary 

angle closure glaucoma (PACG), likely reflecting this population’s Asian heritage. 14 Although 

only accounting for approximately 26% of worldwide glaucoma ACG accounts for 50% of the 

global burden of blindness due to glaucoma. 4,9 

Secondary glaucomas occurred in 36% of patients in Rotchford’s South African Temba 

study.13 The vast majority (45% of secondary cases) were due to exfoliation glaucoma 

followed by 20% of cases being secondary to trauma. 13 Our study found 26.8% of patients 
had secondary glaucoma where 40% of these had exfoliation glaucoma. Excluding the XFG 

cases, the remainder of the secondary glaucomas were predominately angle recession 

glaucoma (ARG). These patients were considerably younger which can be explained by 

trauma often affecting younger individuals. The rates of secondary glaucomas elsewhere in 

the world are much lower, only 0.49% in Tanzania3 and 0.7% in Barbados.3,19  

Our study found 23.3% of patients had a family history of glaucoma which is in keeping with 

other studies which found a positive family history in 16.1%-35% of POAG cases, with family 

history, conferring a 3-fold increased risk of developing open-angle glaucoma. 16-18 

Hypertension/hypotension, migraine and diabetes have been postulated as possible risk 

factors for glaucoma and have been studied extensively but there is no good evidence 

supporting any systemic co-morbidies as risk factors for glaucoma development. 1, 6-8, 16-18, 21-

23 Our study demonstrated that hypertension and diabetes were more prevalent in the POAG 

patients as opposed to secondary glaucoma patients, but this is most likely due to the 

difference in ages between these groups. 

Intra-ocular pressure (IOP) remains the most important and only modifiable risk factor in 

glaucoma.1-16 African patients have higher presenting IOPs than other population groups. 21 

A subset of POAG, with normal IOP, known as normal tension glaucoma (NTG) has varying 

prevalences, for example a prevalence of 33% in the Barbados Eye Studies but a prevalence 

of as much as 85% in Asian populations. 1-11,16,18,21 We found a prevalence of only 15% of 

NTG in our POAG cohort. The median IOP of 15 mmHg found in our study is not 

representative of the presenting IOP in these patients as the CMJAH glaucoma clinic is a 

tertiary referral clinic. The patients on presentation to our clinic and enrolment into the 

database would already have been started on topical IOP lowering agents prior to referral. 
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Some would even have had a prior intervention such as cataract surgery, glaucoma surgery 

or laser. This is a limitation of the study. 

Our study found a mean vertical cup-to disc ratio (VCDR) of 0.9 which highlights the severity 

of glaucoma in our population sample. In patients who underwent automated perimetry a 

mean deviation of -9.7dB and -9.8dB for the right and left eye respectively was found. Based 

on the Canadian Ophthalmological Society Guidelines, the majority of our patients who had 

visual field testing are therefore graded as moderate glaucoma.6,30 (See table III) Only 

approximately 1 in 7 patients in our database underwent visual field testing which is also a 

limitation of the study. As visual fields are generally only performed on patients with fair 

visual acuities this biases the visual field data towards the less severe glaucoma patients who 

can fixate and perform the tests. The median macular ganglion cell thickness and retinal 

nerve fibre layer thickness on OCT, although not performed on all patients was incredibly 

thin which was in keeping with the severity of glaucoma seen in our clinic. 

Early Mild VF defect, MD better than -6dB 
Moderate MD of between -6dB to -12dB 

Severe MD worse that -12dB (or a field defect involving central 10 ̊of fixation 

Table III: Staging glaucoma damage according to Mean deviation (MD) on a 24-2 Humphrey 

Visual Field analyser 30  

The proportion of patients blind from glaucoma varies in the literature from none in Sweden 

to 22% in South Africa. 2,10, 12 Half of African patients are already blind in one eye at 

diagnosis, and 14% are binocularly blind at diagnosis. 6, 16-18, 21-23 Postulated reasons for this 

include higher prevalence, inadequate control, poor awareness and screening, 

socioeconomic factors, lack of access to health services and late presentation. 3,11,22 Our 

study found 32.2% of patients fulfilling WHO criteria for blindness (VA≤6/120 in better 

seeing eye) and 64.6% fulfilling the criteria for visual impairment (VA≤6/18 in better seeing 

eye). The visual acuities in the study are pinhole VAs and some patients possibly had poor 

VAs due to cataracts and uncorrected refractive errors and not only glaucoma so possibly 

these high rates of blindness and visual impairment may be overstated.  

Our study found patients in our glaucoma clinic were predominately being managed 

medically (68%) and most patients were on multiple agents. 54% of our patients had 

undergone a laser procedure for glaucoma and 27% had a glaucoma surgery. The Primary 

open angle African American glaucoma genetics study (POAAGG) study performed on 

African Americans with POAG found 67.1% were on topical medication, 36.2% had been 

treated with glaucoma surgery or laser and 33% of this group were also on topical glaucoma 

medication. 17 Challenges in medical treatment in African patients include the advanced 

stage of the glaucoma at presentation, local availably and affordability of certain treatment 

options, side-effects and their acceptability by patients all of which impact adherence and 

long-term success. 6,15 Major glaucoma landmark trials that guide medical treatment options 

were performed on largely non-African subjects. 11, 15, 21  

Glaucoma surgery was performed in 210 patients in this study which only represents 27% of 

the patient cohort. Given the advanced stages of glaucoma that our patients are presenting 
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with this rate is most likely too low. There are significant barriers to increasing glaucoma 

surgery numbers including training of ophthalmologists in specialised surgical skills as well as 

educating patients to overcome barriers to acceptance. It is especially difficult when 

glaucoma surgery is often offered to the remaining sighted eye for visual preservation rather 

than visual improvement.  

The main limitation of this study is its retrospective nature. Despite correlating missing and 

incomplete records with hard copies there was still some missing data. Entries into the 

Redcap database were performed by different staff members, which increases the risk of 

data capturing errors.  

Conclusion: This study supports and reinforces the notion that black South African patients 

are most likely to have POAG, present at a younger age and have more advanced disease 

with very high rates of visual impairment and blindness. Screening affected individuals’ 

family members for glaucoma should be offered. The management of these patients is 

largely medical with more than one medication. Glaucoma surgery is an important 

management tool in advanced glaucoma and is probably being underutilised in this clinic. 

Further studies are warranted.  

Acknowledgements: Dr Erica-Mari Nel who assisted with the data formatting and statistical 

analysis. 

Tables and figures: * I have included them in the text to make sense of the data but when I 

submit will separate them into this section because the journal wants it separately. 
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1. Introduction: 

Glaucoma is a group of ocular conditions that exhibit irreversible optic neuropathy 

associated with characteristic structural damage to the optic nerve and associated 

functional visual loss. 1-7 Elevated intraocular pressure (IOP) is an important risk 

factor although not a defining feature of glaucoma. 2,8  

Glaucoma is the second most common cause of blindness worldwide and is 

estimated, in 2020, to affect approximately 80 million people. 1-4, 9, 10 Over 11.1 

million people are bilaterally blind because of glaucoma and a disproportionately 

high number of these patients live in developing countries. 1,2,4,9,10 The blindness 

caused by glaucoma places a huge burden on the healthcare system which is 

expected to increase going forward.1,9 

 

2. Literature review: 

 

Prevalence:  

The global prevalence of all types of glaucoma for patients over 40 years old is 

3.5%. 1, 3, 11 The prevalence of glaucoma in Sub-Saharan Africa is a lot higher. 

Rotchford et al. (2002) found an overall prevalence of 4.5% in a Zulu population in 

KwaZulu Natal, South Africa. 12 In the town of Temba in the city of Tshwane, South 

Africa, Rotchford et al. (2003) found the prevalence of glaucoma to be 5.3% in black 

residents. 13  

 

The classification and spectrum of glaucoma: 

Glaucoma is classified as either open or closed angle glaucoma, based on 

gonioscopic appearance. Three-quarters of patients with glaucoma have open angle 
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glaucoma (OAG).1-5  Both open and closed angle glaucoma can be divided into 

primary and secondary subtypes. 8  

 

 Primary open angle glaucoma:  

Primary open angle glaucoma (POAG) can be diagnosed if there is structural optic 

nerve damage on optical coherence tomography (OCT), or in the form of an 

enlarged vertical cup-disc ratio (VCDR), which is a marker of neuroretinal rim 

fallout.2, 8  A VCDR of 0.7 represents the 97.5th percentile and a VCDR of 0.8 is used 

to represent the 99.5th percentile. 2, 8 Functional evidence of glaucomatous optic 

neuropathy, in the form of a characteristic visual defect typically measured by 

automated perimetry, should also be present. 2,8 In certain instances where the optic 

nerve cannot be seen, or visual field testing cannot be performed, an elevated IOP 

≥99.5th percentile may be diagnostic. 8 Gonioscopic examination of the drainage 

angle should reveal an open angle and no identifiable secondary cause of the 

glaucoma should be seen. 8  

 

POAG disproportionately affects Africans and people of African descent. 1-16 POAG 

was present in 56% and 54% of patients in Rotchford et al.’s Themba and KwaZulu 

Natal studies respectively.12,13 Studies from the Caribbean demonstrate the highest 

proportion of POAG amongst their black population. 19 

 

 Primary angle closure glaucoma:  

Primary angle closure glaucoma (PACG) follows when the anterior chamber angle, 

seen on gonioscopy, is narrowed or closed resulting in blockage of aqueous outflow 

and elevated IOP. 8 With the exception of Japanese populations, PACG is more 

common in Asian ethnic groups due to anatomical predisposition. 3, 4, 6,8 Salmon et 
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al. (1993) studied a mixed-race population in the Western Cape and found a 

preponderance of PACG, likely reflecting this population’s Asian heritage. 14 Despite 

only accounting for approximately 26 % of worldwide glaucoma, ACG accounts for 

50 % of the global burden of blindness due to glaucoma. 4,9 

 

 Secondary glaucoma:  

Secondary glaucoma is caused by an underlying ocular or systemic condition which 

elevates the intraocular pressure.  Some secondary causes include Exfoliation 

glaucoma, pigment dispersion glaucoma, angle recession glaucoma due to trauma, 

uveitic glaucoma from ocular inflammation, neovascular glaucoma from vaso-

proliferative retinal conditions and crystalline lens related glaucoma’s. 8 Secondary 

glaucoma’s occurred in 36% (prevalence of 2.0%) of patients in Rotchford et al’s 

South African Temba study. 13 The vast majority (45 % of secondary cases) were 

due to exfoliation glaucoma followed by cases being secondary to trauma (20% of 

secondary cases). 13 The prevalence of secondary glaucoma elsewhere in the world 

is much lower, for instance only 0.49% in Tanzania 3 and 0.7% in Barbados. 3,19 

 

 Childhood glaucoma:  

Glaucoma can also present in childhood although this is uncommon. Determining 

prevalence is difficult as few population studies exist due to its rarity. Primary 

childhood glaucoma includes primary congenital glaucoma (PCG) and juvenile open-

angle glaucoma (JOAG). Secondary childhood glaucoma’s are more common than 

primary and can be present at birth or acquired anytime thereafter. Some typical 

secondary causes include previous ocular surgery, trauma, inflammation, systemic 

conditions, and ocular abnormalities. 20 
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Risk factors: 

1. Age: Prevalence increases exponentially with age for most types of glaucoma 

so as populations live longer, they are increasingly affected. 1-19 

2. Sex: Woman appear to be statistically more affected by glaucoma due to 

increased susceptibility to PACG as well as relative longevity. 10,15 16 When 

age is adjusted for, men are more often affected by POAG than 

women.1,12,13,17,19 

3.  Ethnicity: Studies have demonstrated that individuals of African descent are 

4-5 times more likely to develop open angle glaucoma, compared to people of 

European descent. 3,5,6,15-18 Whether the increased susceptibility is due to 

genetic or environmental factors is not yet fully understood. 7,17 POAG in 

persons of African descent progresses more rapidly and presents at an earlier 

age. 7,16 The ADAGES study (2009) demonstrated persons with African 

descent have anatomical predispositions to developing POAG. Examples 

include higher refractive errors, thinner corneal thicknesses, larger cup-to-disc 

ratios and larger disc and rim areas. 7 The SAES (2018) study found black 

South Africans had thinner corneas and higher IOP’s when compared to other 

ethnicities. 19  

4.  Family history: A positive family history of glaucoma or blindness in the 

family is a significant risk factor for POAG.16-18 Between 16.1 - 35% of patients 

with POAG reported a positive family history. This implies approximately a 3 

times increased risk of developing glaucoma with a positive family history 

present. 16-18   

5. Elevated IOP: IOP remains the only modifiable risk factor for glaucoma. 

Strong evidence exists that elevated IOP and fluctuations in IOP, are 

associated with glaucoma development and progression. 1-16 A subset of 
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POAG with normal IOP is known as normal tension glaucoma (NTG), and its 

prevalence varies across the literature. 1-11  

6. Other: Other possible risk factors for the development of glaucoma include 

myopia for POAG, and hyperopia for PACG. Hypertension and diabetes have 

been extensively studied as risk factors for glaucoma but there is no good 

evidence supporting this. 1, 6-8, 16-18 

 

Severity and prevalence of blindness: 

Not only is POAG glaucoma more prevalent in Africa and the developing world, but 

the prevalence of irreversible blindness because of glaucoma is also much higher in 

these regions. 1-11 Blindness is defined by the World Health Organisation as a visual 

acuity worse than, or equal to, 6/120 in the better eye.11 Postulated reasons for this 

include higher prevalence, inadequate control, poor awareness, poor screening, 

socioeconomic factors, lack of access to health services, and late presentation. 3,11  

The proportion of patients blind from glaucoma vary in the literature from none in 

Sweden 2,10 to 22% in South Africa. 2,10, 12 Half of patients diagnosed with glaucoma 

in the Baltimore eye survey and 87 % of South African patients (according to 

Rotchford et al) were unaware they had glaucoma.13,16 Olawoye et al. report that 

47% of patients in their African study were already blind in one eye at diagnosis. 6 

 

Management: 

The available treatment options for glaucoma are medical, laser therapy, and 

surgery. These are all targeted at reducing IOP. In the POAAGG (2015) study, which 

recruited African American patients with POAG, 67.1% were on topical medication, 

36.2% had been treated with glaucoma surgery or laser, and 33% of this group had 

received laser or surgery and were also on topical glaucoma medication. 17 
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 Medical treatment:  

Initial treatment is usually medical in the form of topical eyedrops. The major 

glaucoma landmark trials that guide medical treatment options largely included non-

African subjects. 11, 15, 21 There is a paucity of literature guiding treatment in African 

patients. Studies such as the Baltimore Eye Survey suggest a reduced efficacy of 

topical IOP lowering medications in black patients, possibly due to darker iris 

pigmentation. 15, 16 Additional challenges in treatment of African patients include 

advanced stage of the glaucoma at presentation, local availability, and affordability of 

certain treatment options. Furthermore, side-effects and their acceptability to patients 

impact adherence and long-term success of medical treatment. 6,15  

 

 Laser therapy:  

Selective laser trabeculoplasty (SLT) has shown promising IOP lowering effects in 

patients with POAG and other types of open angle glaucoma in African patients.11 It 

is a safe, minimally invasive, and very cost-effective treatment option. 11 

 

 

 

Surgical treatment:  

Filtration surgery is occasionally required to obtain optimal IOP in glaucoma patients. 

The most commonly performed procedure is the trabeculectomy, which represents 

the gold standard for surgical management. There is strong clinical evidence to 

suggest that black patients are at higher risk of filtration surgery failure. 11, 15, 21  



 
35 

 

Nguuyen et al (2018) concluded African descent was associated with a higher failure 

rate for trabeculectomy with mitomycin C, and a higher incidence of bleb leaks when 

compared to patients of European descent. 21 

 

3. Research aim: 

A clinical audit describing the demographics and spectrum of glaucomatous disease 

and the management of glaucoma patients at Charlotte Maxeke Johannesburg 

Academic Hospital (CMJAH).  

 

4. Study question: 

How does glaucoma present at a dedicated glaucoma clinic at a large tertiary 

academic hospital in Johannesburg?  

 

5. Study Objectives: 

• To describe the spectrum of glaucomatous disease at CMJAH  

• To describe the demographics of the glaucoma patients at CMJAH 

• To describe the risk factors, present in the patients with glaucoma at CMJAH 

• To describe the management of the adult glaucoma clinic population at 

CMJAH. 

 

6. Materials and Methods: 

 

Study Design: 

A clinical audit of patient records from the CMJAH glaucoma clinic database. The 

glaucoma clinic is situated in Parktown, Johannesburg. The study population 
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consists of patients diagnosed with glaucoma who have been referred for further 

management and follow up at the dedicated CMJAH glaucoma clinic.    

 

Data Collection:  

The CMJAH Glaucoma Clinic Database on Redcap will be used to retrieve the 

clinical records of patients who attended the clinic between 01/01/2016 and 

31/12/2020. Missing or incomplete records will be correlated with hard copy records 

that are kept in the clinic. Each of the 748 existing patient records will be analysed, 

and data will be exported to a Microsoft excel spreadsheet. All patients will receive a 

unique reference number to protect their identity. See Appendix A. Data collection 

sheet. 

Inclusion Criteria:  

Each of the available 748 records of patients who attended the CMJAH glaucoma 

clinic between 01/01/2016-31/12/2020 will be included in the study. 

 

Exclusion Criteria: 

Children under the age of 12 will be excluded from the study. 

 

 

7. Data Management:  

The data collection sheet will be populated manually from the Redcap Database. 

Patients will be allocated a unique identifier to ensure anonymity 

 

8. Data Analysis 

Simple statistical analysis will be performed using STATA. Descriptive statistics such 

as means, medians and standard deviation will be used for continuous variables. 
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Frequency distribution and percentages will be used for categorical variables. 

Regression analysis will be performed to analyse the risk factors. 

 

9. Ethics Approval 

Application for ethics approval will be submitted to the Human Research Ethics 

Committee of Study in August 2022. Data exported will not include any patient 

identifiers, thus protecting confidentiality. All patients have signed informed consent 

for inclusion of their data in the database. Ethics approval for the database itself was 

obtained (Clearance certificate no. M190671). 

 

10. Duration of Study 

 July 

2022 

Aug 

2022 

Sept 

2022 

Oct 

2022 

Nov 

2022 

Protocol preparation      

Protocol 

submission/correction 

     

Ethics application      

Data collection and analysis      

Write up for publication      

Submit for 

publication/corrections 

     

 

11. Funding 

This study will analyse existing patient records without incurring any cost. 

 

12. Limitations: 



 
38 

 

Single centre retrospective study with the possibility of previous incomplete data 

collection resulting in missing information in the database. 

 

12. Presentation Plans: 

Study to be submitted for publication in a South African peer reviewed journal and 

study findings are to be presented at a national ophthalmology conference. 
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Appendix A: Data Collection sheet 

Patient study 

no. 

Age Sex Ethnicity Diagnosis Family 

history 

BCVA Gonio VCDR IOP  VF 

MD 

No. 

meds 

Laser Surgery 

      R L R L R L R L R L R L R L R L 
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