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Abstract  

 

Background: The endothelial layer of the cornea is crucial to corneal clarity and function and 

the cell density of this layer gradually decreases with age and due to disease processes. 

Primary open angle glaucoma, a subtype of glaucoma, has been shown to be associated with 

reduced corneal endothelial cell density in various populations.  

 

Methods: This cross-sectional, descriptive, observational study assessed the corneal 

endothelial density of a group of black South Africans with primary open angle glaucoma on 

topical medical management only and compared it to a control group from the same 

population.  

 

Results: 112 participants were included in the study with an equal number in each group. The 

baseline characteristics of the two groups were similar. Corneal endothelial cell density in 

cells per square millimetre was found to be significantly lower in the group of participants 

with primary open angle glaucoma compared to the group of control participants with healthy 

corneas – mean endothelial cell density overall was 2323 (SD 331, 95% CI 2261-2385) with 

the glaucoma group having a mean of 2213 (SD 365, 95% CI 2115-2311) and the control 

group having a mean of 2433 (SD 251, 95% CI 2365-2500).  

 

Conclusion: The corneal endothelial cell density of a group of black South Africans with 

primary open angle glaucoma only being managed with topical mediation was found to be 

significantly lower than a control group from the same population. The clinical significance 

of this difference is not certain.  

 

Introduction 

 

Corneal endothelial cells form a single layer dividing the stroma of the cornea from the 

aqueous humour filled anterior chamber of the eye (1). The cells maintain the relative 

dehydration of the corneal stroma which is one of the contributing factors to corneal clarity 

(2). Corneal endothelial cells have a poor ability to divide and the density of cells reduces 

gradually throughout life (2). Endothelial cells in a healthy state are hexagonally shaped; as 

cells are lost, the remaining cells cover over the gaps and become irregularly shaped (2).  
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Corneal endothelial cell density (CECD) is the number of endothelial cells per mm2 (3) . It is 

measured using a specular microscope which can assess “cellular size, shape, density and 

distribution”(1). Normal adult CECD is between 2000-3000mm2 and decreases throughout 

adult life as part of the ageing process: 0.6% density is lost per year in healthy individuals (3–

5). As density is lost, the size and shape of corneal endothelial cells becomes less uniform; 

these phenomena are respectively termed polymegathism and pleomorphism (3).  

 

A specular microscope is a high powered compound microscope which can obtain an image 

of the light reflected off the junction of the corneal endothelium and Descemet membrane 

(due to the differing refractive indices of the two layers) (6). The image obtained is analysed 

by the machine in order to measure cell size and density and calculate values of the 

coefficient of variance of cell size (1). Figure 1 illustrates the images and calculated values 

which can be obtained using a commercially available specular microscope set up to assess 

corneal endothelial density – the images are from the machine used in this study (TOMEY 

EM-4000) 

 

 
Figure 1: Example of automated corneal endothelial cell density measurement 

 

There are disease processes which can cause significant decline in cell density which can 

cause corneal oedema and result in haze and reduced vision (2) . Intra-ocular surgery can also 

result in a dramatic loss of corneal endothelial cells; the most common surgery to do this is 

cataract surgery (7) although glaucoma surgeries which penetrate into the anterior chamber 

can also cause significant and ongoing endothelial loss (5,8–10). The use of mitomycin C as a 
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surgical adjunct in order to reduce fibrosis and increase chance of surgical success and 

longevity can also cause loss of endothelial cells (8). Patients with POAG who undergo 

phacoemulsification cataract surgery have been shown to lose an average of 9% of CECD by 

two years following surgery (7). This is similar to the 7% CECD loss at six months to one 

year following phacoemulsification surgery in the non-glaucomatous eyes (4,11). This loss 

appears to be due to the single insult of the intraocular surgery and the rate of loss after 

surgery slows to what would be expected with normal aging (8).  

 

Glaucoma is a an umbrella term for a variety of diseases which result in a common outcome 

of a typical pattern of progressive optic nerve atrophy caused by loss of retinal nerve fibre 

layer ganglion cells and consequential irreversible vision loss;  primary open angle glaucoma 

(POAG) is the most common type of glaucoma (12,13). Glaucoma represents a significant 

burden of disease, especially in Africa where it is the second largest cause of blindness (14). 

Glaucoma disproportionately affects black people in Africa – it is responsible for 

approximately 15% of blindness (15,16) in Sub-Saharan Africa and an additional 4% of 

moderate to severe visual impairment (16). This represents a greater proportional burden of 

disease than in other parts of the globe – the average global rate of blindness due to glaucoma 

is 8,3% (16). In addition to higher rates of glaucoma, black people who have the disease tend 

to develop it earlier in life and have vision loss which progresses at a faster rate than other 

race groups (17,18).  

 

Primary open angle glaucoma has been shown to be associated with lower corneal endothelial 

cell density in multiple populations (3–5,19,20). The cause of this reduced cell density has 

been postulated to potentially be due to multiple factors which include the disease process 

itself,  raised intraocular pressure, topical medications used to treat the condition, and 

preservatives in these topical medications (3,8,19). In vitro studies have pointed to 

benzalkonium chloride (BAK), a commonly used preservative, being a cause of decreased 

CECD (4). Surgical and laser procedures form part of the management of primary open angle 

glaucoma. As discussed above, glaucoma and cataract surgery are associated with significant 

loss of corneal endothelial cells (5,7–10). Selective laser trabeculoplasty is a procedure used 

to reduce intraocular pressure by the application of laser spots to the trabecular meshwork 

situated in the iridocorneal angle – its effect on corneal endothelial cell density is not certain 

(21).  
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Normative databases of CECD have been described for various African populations but not 

for black South African people (22–24). These studies show contradictory findings. A 

Nigerian study of healthy eyes concluded that CECD in Nigerians is lower than “that reported 

in the Japanese, American and Chinese eyes, and is comparable to that seen in Indian and 

Malaysian eyes.” (22). Similar research done in the Democratic Republic of Congo and 

Egypt described normative values of CECD in healthy eyes (23,24). The normative values for 

the Congolese population are “greater than in most other populations” (23) while the 

Egyptian database showed similar CECD to the Nigerian database (24). 

 

This study was undertaken in order to investigate whether the black South African population 

mirrors other groups. This study aimed to assess whether the corneal endothelial cell density 

of a group of people with primary open angle glaucoma is lower than a comparable group of 

healthy controls.  

 

Methods 

 

Study design and setting 

 

This cross sectional, case-control study was conducted at St John Eye Hospital. St John Eye 

Hospital is part of the Chris Hani Baragwanath Academic Hospital complex of facilities in 

Diepkloof, Soweto, Johannesburg. It is staffed by specialist ophthalmologists, ophthalmology 

registrars in training and medical officers working exclusively in the discipline of 

ophthalmology. The hospital provides care across all of the sub-specialties of ophthalmology 

and serves the population of Soweto as well as being a referral centre for the South and West 

Rand areas of Johannesburg and North West Province. Primary through to tertiary level eye 

conditions are managed at this facility.  

 

Included study participants were 18 years or older and self identified as black South African. 

The participants in the glaucoma group were confirmed to have a diagnosis of primary open 

angle glaucoma and were only on topical mediation (one or more drugs). Participants in the 

control group were assessed to confirm the absence of pathology in the study eye (including 

but not limited to glaucoma and corneal disease) although cataract through which the optic 

nerve head was still visible was not an exclusion criterion.  
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Convenience sampling was used to recruit study participants who were either attending St 

John Eye Hospital for their own care (booked follow up for glaucoma or cataract pre-

operative appointments) or to recruit healthy family and friends escorting people with visual 

complaints to the eye hospital into the control group.  

 

Sample size was calculated by referencing previous studies done on the same topic in other 

populations. Sample size will be calculated using a Cohens D of 0.475, which is derived from 

a mean(+-SD) CECD of 2692 (+-358) and 2253(+-291) in non-glaucomatous eyes and 

glaucomatous eyes respectively (10,11,15,25). These studies were adequately powered to 

achieve statistical significance. Using a power of 80% and alpha of 5%, the minimum sample 

size needed for a one-tailed t-test, with 1:1 sampling is 112. Required sample size was 

calculated as 112 participants with 1:1 sampling, resulting in 56 in each group. Only one eye 

of each participant was included in the study; if both eyes were eligible then a random 

number generator was used to decide which eye to include.  

 

Non-contact specular microscopy was done using the TOMEY EM-4000 and the automated 

analysis of cell density and size generated by the machine was utilised. The machine does not 

run an automated analysis in the image obtained is of poor quality and thus quality of data 

collected was ensured.  

 

This study followed the principles of the Declaration of Helsinki and ethical approval was 

obtained from the Wits Human Research Ethics Committee. The study was registered with an 

NHRD number: GP_202307_044. All participants gave written consent before inclusion.  

 

Data collection 

 

Participant data was collected on a data collection sheet and then transcribed onto a 

spreadsheet for use in data analysis. Data was collected between 23 November 2023 and 1 

November 2024.  

 

Study variables – demographics, clinical variables 

 

Participant demographic data which was collected included age, sex, medical comorbidities, 

home language and province of birth in South Africa. Clinical data which was collected 
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included visual acuity, intraocular pressure, cup-disc ratio of the optic nerve head and 

keratometry. The TOMEY EM-4000 was used to do specular microscopy – the variables it 

provided are: corneal endothelial cell density, the coefficient of variance, average cell size, 

standard deviation, maximum and minimum cell sizes, central corneal thickness and 6A (a 

measure of the hexagonality of the cells).  

 

Data analysis  

 

Statistical analysis was performed used R version 4.1.2. For descriptive categorical analysis 

the Pearson Chi-square and Fisher exact test were used while for continuous variables the 

Wilcoxan rank sum test was used. An assessment of whether gender affected the outcome 

was performed as a sensitivity analysis.  

 

Results 

 

The baseline characteristics including age, sex, the eye examined and medical comorbidities 

of the122 study participants are shown in Table 1. The glaucoma and control groups were 

similar in terms of participant age and the eye examined. Although there was a difference in 

the proportion of male to female participants in each group, this was later sub-analysed in 

order to assess whether any bias was introduced by this difference. The difference in 

hypertension between the two groups was not found to affect the outcome in a multivariate 

analysis.  

 

The clinical indices which were similar when the two groups were compared were: visual 

acuity, intraocular pressure and keratometry. These clinical indices are also described in 

Table 1. The mean vertical cup-disc ratio of the control group was 0.3 (SD 0.08, 95% CI 

0.28-0.33) while that of the glaucoma group was 0.85 (SD 0.17, 95% CI 0.8-0.9); with a 

p<0.001 for this comparison.  
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Table 1: Descriptive statistics of study participants – glaucoma patients and healthy 
controls 

Characteristic Overall   
N = 112 

Control   
N = 56 95% CI Glaucoma   

N = 56 95% CI p-
value 

Age, Median (IQR)1 64 (13) 65 (13) 62, 68 64 (12) 62, 67 0.70 
Sex, n (%)2      0.005 

Female 57 (51) 36 (64) 50%, 
76% 

21 (38) 25%, 
51% 

 

Male 55 (49) 20 (36) 24%, 
50% 

35 (63) 49%, 
75% 

 

Eye Examined, n (%)2      0.78 
Left 49 (44) 25 (45) 32%, 

59% 
24 (43) 30%, 

57% 
 

Right 62 (56) 30 (55) 41%, 
68% 

32 (57) 43%, 
70% 

 

Unknown 1 1  0   
Self-Reported Comorbidities       

HIV, n (%)3 8 (7.1) 2 (3.6) 0.62%, 
13% 

6 (11) 4.4%, 
23% 

0.27 

Hypertension, n (%)2 65 (58) 38 (68) 54%, 
79% 

27 (48) 35%, 
62% 

0.035 

Asthma, n (%)3 3 (2.7) 2 (3.6) 0.62%, 
13% 

1 (1.8) 0.09%, 
11% 

>0.99 

Diabetes Mellitus, n (%)2 27 (24) 17 (30) 19%, 
44% 

10 (18) 9.3%, 
31% 

0.12 

Clinical Measures       
Visual Acuity (LogMAR), Mean 
(SD)1 

0.38 (0.31) 0.37 
(0.30) 

0.28, 
0.45 

0.39 (0.32) 0.30, 
0.49 

0.77 

Intraocular Pressure (mmHg), 
Median (IQR)1 

13.00 (5.00) 13.00 
(3.50) 

13, 14 14.00 
(5.00) 

13, 15 0.90 

Vertical Cup-Disc Ratio, Median 
(IQR)1 

0.50 (0.60) 0.30 
(0.10) 

0.28, 
0.33 

0.90 (0.20) 0.80, 
0.90 

<0.001 

Keratometry K1, Median (IQR)1 42.94 (1.95) 42.81 
(1.96) 

43, 43 43.24 
(2.05) 

43, 44 0.94 

Keratometry K2, Median (IQR)1 43.63 (1.96) 43.58 
(2.01) 

43, 44 43.77 
(1.91) 

43, 44 0.78 

Flat Axis, Median (IQR)1 95 (114) 94 (100) 77, 108 95 (123) 73, 105 0.91 
1Wilcoxon rank-sum test 
2Chi-squared test 
3Fisher's exact test 

 
 

 

All participants in the glaucoma group were asked which topical medications they were 

using. The topical medications available for management of primary open angle glaucoma at 

St John Eye Hospital fall into one of the following categories: alpha agonists, beta blockers, 

prostaglandin analogues and carbonic anhydrase inhibitors. Table 2 details the medications 

which participants were using and shows that beta blockers and prostaglandin analogues were 

most commonly. Table 3 details the number and percentage of the total number of intra-

ocular pressure lowering drugs used by participants in the glaucoma group.   

 

Table 2: Table of medications among patients with glaucoma 
Characteristic N = 56  
Beta Blocker, n (%) 52 (93)  
Prostaglandin Analogue, n (%) 52 (93)  
Alpha Blocker, n (%) 45 (80)  
Carbonic Anhydrase Inhibitor, n (%) 19 (34)  
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Table 3: Table of number of agents among patients with glaucoma 
Characteristic N = 56 
Number of Agents, n (%)  

1 2 (3.6) 
2 13 (23) 
3 24 (43) 
4 17 (30) 

 

 

The primary outcome of the study was corneal endothelial cell density – overall, the mean 

endothelial cell density was 2323 (SD 331, 95% CI 2261-2385). The control group had a 

mean endothelial cell density of 2433 (SD 251, 95% CI 2365-200) while the mean of the 

glaucoma group was 2213 (SD 365, 95% CI 2115-2311) with p<0.001. The other 

measurements and relevant statistics taken from the TOMEY EM-4000 relating to endothelial 

cell density are described in Table 4. Figure 2 is a box and whisker diagram which illustrates 

this primary outcome.  

 

Table 4: Descriptive analysis of endothelial cell variables 

 Overall   
N = 112 95% CI Control   

N = 56 95% CI Glaucoma   
N = 56 95% CI p-

value1 
Corneal Endothelial Cell 
Density, Mean (SD) 

2,323 
(331) 

2,261, 
2,385 

2,433 
(251) 

2,365, 
2,500 

2,213 
(365) 

2,115, 
2,311 

<0.001 

Coefficient of Variation, Mean 
(SD) 

40.7 (8.3) 39, 42 40.8 (5.9) 39, 42 40.6 (10.3) 38, 43 0.49 

Average Cell Size, Mean (SD) 446 (88) 429, 462 422 (51) 408, 435 470 (108) 441, 499 0.003 
Standard Deviation, Mean (SD) 181 (51) 171, 190 173 (41) 162, 184 188 (59) 173, 204 0.33 
Maximum Cell Size, Mean (SD) 1,177 

(413) 
1,099, 
1,254 

1,120 
(264) 

1,049, 
1,191 

1,233 
(518) 

1,095, 
1,372 

0.53 

Minimum Cell Size, Mean (SD) 112 (32) 105, 118 106 (22) 100, 111 117 (39) 107, 128 0.040 
Central Corneal Thickness, 
Mean (SD) 

481 (46) 473, 490 489 (58) 474, 505 473 (28) 466, 481 0.002 

6a, Mean (SD) 44 (8) 42, 46 43 (9) 41, 46 45 (8) 43, 47 0.13 
1Wilcoxon rank sum test 
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Figure 2: Boxplot of corneal endothelial cell density among patients with glaucoma and 

healthy controls 

 

As a result of the differing proportion of baseline sex composition of the two groups, a 

sensitivity analysis was performed in order to assess the effect of sex on corneal endothelial 

cell density and other measured corneal variables. The analysis showed that sex had no effect 

on the outcomes with p>0.05. 

  

Discussion 

 

This study highlights the severe and frequently advanced nature of the glaucomatous disease 

seen in this population. The mean vertical cup:disc ratio of 0.85 (SD 0.17, 95% CI 0.8-0.9) 

illustrates this. The fact that the mean intraocular pressure in the glaucoma group was 13.71 

(SD 3.02, 95% CI 13-15) demonstrates that this group of participants had well controlled 

intraocular pressure at the time of inclusion in the study. This good control of intraocular 

pressure could have been a contributing factor to their being available to be included in the 
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study as they had not needed additional glaucoma management in the form of surgery or laser 

treatment.  

 

In this small study, it was shown that the corneal endothelial cell density of black South 

Africans with primary open angle glaucoma is lower than age matched healthy controls. This 

mirrors studies in other populations which showed a difference between endothelial cell 

density between eyes with glaucoma on medical management and healthy eyes (4,19). This 

study is the first of its kind done in a black South African population. A 2021 review of all 

glaucoma therapies on endothelial cell density concluded that high intraocular pressure in 

glaucoma was associated with increased loss of endothelial cells; in addition, other glaucoma 

subtypes such as angle closure glaucoma can result in very high pressure and significant 

reduction in corneal endothelial cell density over a short period of raised pressure (4). As this 

study was cross sectional, it is not possible to infer the rate of loss of endothelial cells in 

participants nor is it possible to determine when the loss occurred – prior to or following 

diagnosis of glaucoma.   

 

The medications (in drop formulation) used to lower intra-ocular pressure as well as the 

compounds used to preserve them have not conclusively been found to be contributory to this 

loss of endothelial cells(4). The drops available for lowering intraocular pressure at St John 

Eye Hospital are all preserved, almost all with BAK – BAK has been associated with corneal 

decompensation due to significant endothelial cell loss but case reports are centred around 

incidences of frequent drop administration(26). The effects of individual drug classes on 

endothelial cell density have been studied and, in a review by Realini et al, no one glaucoma 

medication has been shown to significantly reduce endothelial cell density (4). Janson notes 

that the studies of individual medications on corneal endothelial cells are generally 

undertaken for a period of weeks or months and that years or decades of use of these 

medications may be having effects that are not fully understood (8). A 2019 study found 

significantly lower endothelial cell density in participants with primary open angle glaucoma 

compared to healthy controls; this study also included glaucoma participants not yet on 

topical medication and found that glaucoma medication use was associated with lower 

corneal endothelial cell density – the authors concluded that this difference might be 

attributable to glaucoma medication toxicity(19). 
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With the increase of the use of selective laser trabeculoplasty for management of primary 

open angle glaucoma (as driven by the results of the LiGHT trial(27)), there are likely to be 

less patients with primary open angle glaucoma who will only be on topical medical 

treatment for the disease.  

 

Rho kinase (ROCK) inhibitors are a relatively new class of drug which have been developed 

to lower intraocular pressure and manage glaucoma (28) – they have been found to “promote 

corneal endothelial cell proliferation, increase intercellular adhesion, and suppress apoptosis” 

as well as affecting cellular migration and are thus have applications in treatment of 

endothelial pathology as well as in glaucoma management. They are not yet licenced for use 

in South Africa and so no study participants were using them. Once they are commercially 

available, their effect on corneal endothelium in this population is a potential area of study.  

 

There are several limitations to this study. As it was cross sectional in nature, it was unable to 

assess the rate of loss of endothelial cell density. Only participants on topical medical 

management were included in the glaucoma arm of the study and thus a large proportion of 

the population with primary open angle glaucoma was ineligible to participate as they have 

either undergone intraocular surgery or have had a laser procedure for the management of 

their glaucoma.  

 

This study compared the corneal endothelial cell density and other parameters between the 

two groups of participants and found a statistically significant difference. As there is no 

established normative database of corneal endothelial cell density in this population, it is not 

possible to comment on whether the group of healthy participants are representative of the 

population as a whole.  

 

Despite the statistical significance of the difference between the two groups assessed in this 

study, it is not possible to infer whether this translates to any clinical significance which 

could result in loss of corneal clarity or bullous keratopathy.  

 

Conclusion 

 

The comparison of the endothelial cell density of these groups of black South African 

participants showed a significantly lower density in the glaucoma group. This is in line with 
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what previous authors have described. The awareness of this parameter is important for the 

ophthalmologist when managing patients with primary open angle glaucoma – surgical 

decision making and long term post-operative corneal clarity will be affected by endothelial 

cell density.  A larger study establishing a normative database of corneal endothelial cell 

density in this population would also potentially add to how glaucoma in a black South 

African population is understood.  
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1. Introduction  

The human cornea is comprised of five layers, the innermost of which is called the 

endothelium – the endothelium is a single layer of hexagonal shaped cells.1 The 

function of this cell layer is to be a barrier to water and to pump ions out of the 

relatively dehydrated cornea in order to maintain corneal clarity.2 The cells of the 

corneal endothelium do not regenerate.3 As cells are lost through aging or disease 

process, the remaining endothelial cells cover over the gaps and the cells go from 

all having a hexagonal shape to being irregularly shaped.1  

 

Glaucoma is a an umbrella term for a variety of diseases which result in a common 

outcome of a typical pattern of progressive optic nerve atrophy caused by loss of 

retinal nerve fibre layer ganglion cells and consequential irreversible vision loss;  

primary open angle glaucoma (POAG) is the most common type of glaucoma.4,5 

Glaucoma represents a significant burden of disease, especially in Africa where it 

is the second largest cause of blindness.6 Glaucoma disproportionately affects black 

people in Africa – it is responsible for approximately 15% of blindness7,8 in Sub-

Saharan Africa and an additional 4% of moderate to severe visual impairment.8 This 

represents a greater proportional burden of disease than in other parts of the globe 

– the average global rate of blindness due to glaucoma is 8,3%.8 In addition to 

higher rates of glaucoma, black people who have the disease tend to develop it 

earlier in life and have vision loss which progresses at a faster rate than non-black 

people.9,10  

 

There are multiple risk factors for the development and progression of primary open 

angle glaucoma; intraocular pressure (IOP) is seen as the most important modifiable 

risk factor to prevent progression; genetic factors also have a significant 

contributing role in glaucoma.4,5,11,12   

 

2. Literature review  

Corneal endothelial cell density (CECD) is the number of endothelial cells per mm2. 

It is measured using a specular microscope which can assess “cellular size, shape, 

density and distribution”.1 Normal adult CECD is between 2000-3000mm2 and 

decreases throughout adult life as part of the ageing process: 0.6% density is lost 
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per year in healthy individuals.2,3,13 As density is lost, the size and shape of corneal 

endothelial cells becomes less uniform; these phenomena are termed 

polymegathism and pleomorphism respectively.2  

 

A specular microscope is a high powered compound microscope which can obtain 

an image of the light reflected off the junction of the corneal endothelium and 

Descemet membrane (due to the differing refractive indices of the two layers).14 

The image obtained is analysed by the machine in order to measure cell size and 

density and calculate values of the coefficient of variance of cell size.1  

 

 
Figure 1 – an example of an image of normal corneal endothelium generated by a specular 

microscope 1 Kanski’s Clinical Ophthalmology 9th Edition. Salmon, J. 2020. p 208 

 

It is well described in multiple populations that people with glaucoma have a lower 

CECD than the healthy population.2,3,13,15,16 The reason for this lower CECD is not 

fully understood and may be multifactorial; it may be due to a combination of 

factors including raised intraocular pressure, topical medications, laser procedures 

and intraocular surgeries which are performed in order to control intraocular 

pressure.2,15,17 Intraocular pressure and CECD have been shown to have an inverse 

relationship in patients with glaucoma.17,18  

 

Measurement  of CECD by automated devices is not perfectly accurate at low cell 

densities.19 Minami et al looked at automated cell counts in patients with glaucoma 

and found that the automated counts were falsely high in corneas with very low 

endothelial density.19 They concluded that accepting the automated CECD reading 

could endanger patients as those at risk of corneal decompensation would not be 
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picked up as being at risk. Patients with glaucoma may be at risk of having very 

low cell density because of their disease process as well as use of topical 

medications preserved with endothelial-toxic preservatives, glaucoma surgery 

where anti-metabolites are used, and laser procedures.17  

 

Cataract extraction by means of phacoemulsification can cause trauma to the 

endothelium and reduced CECD.20 Patients with POAG who undergo 

phacoemulsification cataract surgery have been shown to lose an average of 9% of 

CECD by two years post surgery.20 This is similar to the 7% CECD loss at six 

months to one year following phacoemulsification surgery in the non-glaucomatous 

eyes.3,21 This loss appears to be due to the single insult of the intraocular surgery 

and the rate of loss after surgery slows to what would be expected with normal 

aging.17  

 

Surgical procedures to manage glaucoma also cause a reduction in endothelial 

density.13,17,22 These surgeries include procedures where drainage tubes are left in 

the eye in relatively close relation to but not in contact with the cornea (eg. Ahmed 

glaucoma valve and Baerveldt implant) as well as trabeculectomy where no 

drainage device remains but rather an alternative route for aqueous humour 

drainage is created.17,23 Procedures where tubes remain in an eye cause a higher rate 

of endothelial loss over time than those that do not involve drainage via an 

implanted tube.17,24 Glaucoma surgeries which involve the implantation of very 

small devices into the anterior chamber drainage angle (such as EX-PRESS) appear 

to cause even less loss of endothelial density.13,17 Mitomycin C is an anti-metabolite 

used during glaucoma surgery to prevent scarring and long term procedure failure 

– this medication is toxic to corneal endothelium.17 In contrast to endothelial cell 

loss following cataract surgery, loss of endothelial density following the above 

glaucoma surgeries happens at a higher rate than expected for many years following 

the procedure.17  

 

Selective laser trabeculoplasty (SLT) is commonly performed as part of the 

management of primary open angle glaucoma and its short term effects have been 

studied: a transient increase in dark spots on specular microscopy imaging has been 

documented.25,26 The long term effect of SLT on CECD is less certain.25  



 44 

 

Multiple classes of topical medication are used to reduce intraocular pressure (IOP) 

as part of the management of glaucoma and, although the effects of individual 

medications are difficult to study in a clinical setting, evidence points away from 

these medications affecting CECD.3,17 In vitro studies have pointed to 

benzalkonium chloride (BAK), a commonly used preservative, being a cause of 

decreased CECD.3 A large study of data from more than 19 000 donor corneas from 

an eye bank showed no difference in CECD between corneas from people on topical 

glaucoma medication and those not on medication.27   

 

Normative databases of CECD have been described for various African populations 

but not for black South African people.28-30 In 2018, a cross sectional study, the 

South African Eye Study (SAES), was carried out –  IOP and central corneal 

thickness (CCT) of people in Cape Town, South Africa were measured. The 

participants self-reported as either African, mixed ethnicity or Caucasian.7 This 

study reported significant differences between the CCT of these 3 groups with 

African participants having the lowest CCT and Caucasian patients having the 

highest. The measured IOP in all 3 groups was similar when measured by the 

investigators but was significantly different when the Dresden formula was used to 

adjust the IOP for CCT. It is unclear if this statistically significant difference is 

clinically significant. The study did not assess CECD. A study of healthy Nigerian 

eyes concluded that CECD in Nigerians is lower than “that reported in the Japanese, 

American and Chinese eyes, and is comparable to that seen in Indian and Malaysian 

eyes.”.28 Similar research done in the Democratic Republic of Congo and Egypt 

described normative values of CECD in healthy eyes.29,30 The normative values for 

the Congolese population are “greater than in most other populations”29 while the 

Egyptian database showed similar CECD to the Nigerian database.30  

 

Low CCT is known to be a risk factor for development and progression of 

glaucoma31; especially for development of primary open angle glaucoma in patients 

with ocular hypertension. The Goldmann applanation tonometer works on the 

Imbert-Fick principle and is prone to underestimating the IOP in an eye with a 

thinner cornea.32 There are calculations which can be used to compensate for this 
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phenomenon and glaucoma specialists take this into account when measuring IOP 

in patients known to have thin corneas.4,31  

 

It is thus apparent that there is a need for more research into glaucoma in African 

populations. The high burden of irreversible blindness due to glaucoma as well as 

the fast rate at which glaucoma progresses in this population point to the fact that 

there is much to be done to prevent blindness caused by glaucoma. An investigation 

into whether African people with glaucoma have lower CECD than the general 

population will serve to broaden the knowledge base on glaucoma in this 

population. It will also serve to assist those managing glaucoma to know what range 

of CECD to expect to measure in the patients they are treating when making 

decisions about potential glaucoma interventions and other procedures such as 

cataract surgery. Decisions on the use of anti-metabolites as well as the approach to 

cataract surgery could be affected by CECD and this investigation may highlight 

the need for more frequent measurement of CECD to find those at risk of 

endothelial decompensation.  As the population of South Africa ages,33 an 

increasing number of cataract surgeries will be performed. Some of these surgeries 

will be done on patients with glaucoma. It is important to investigate CECD in this 

population to assess whether South Africans with glaucoma who require cataract 

surgery are at risk of corneal decompensation post operatively.  

 

In light of the fact that people of African descent have thinner CCT than other 

populations, it will be valuable to assess whether there is any correlation between 

low CCT and endothelial density. It will also be valuable to assess whether there is 

an inverse relationship between CECD and IOP, as has been shown in other 

populations.  This investigation will be novel; South African people are known to 

have thinner CCT than other populations and there is not yet normative data on 

CECD in South Africans, nor is there published data on CECD in South Africans 

with glaucoma.  

 

3. Research question  

Is the corneal endothelial cell density of  black South Africans with glaucoma lower 

than that of black South African controls with healthy eyes? 
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The rationale for this study is that this type of study has never been undertaken in 

this population. Other populations have been investigated and patients with 

glaucoma have been shown to have lower corneal endothelial cell counts than 

healthy controls. Black South Africans have been shown to have different corneal 

thickness and rates of progression of glaucoma – it will be of value to assess whether 

corneal endothelial cell density differs between people with glaucoma and healthy 

controls in this population.  

 

4. Research aim  

The aim of this study is to establish if primary open angle glaucoma is associated 

with a lower CECD than a healthy cohort of African patients.  

 

5. Research objectives  

- To measure and compare the CECD of South African people with glaucoma 

with that of healthy controls.  

 

6. Research methods  

a. Design  

This research project will be a prospective case-control study which will 

compare cases of people with glaucoma to controls who have healthy eyes. 

 

b. Study site  

The study will be done at St John Eye Hospital in Diepkloof, Soweto in 

Johannesburg. This is a tertiary facility which is part of the Chris Hani 

Baragwanath Academic Hospital complex of facilities and is staffed by 

specialist ophthalmologists, ophthalmology registrars in training and 

medical officers working exclusively in the discipline of ophthalmology. 

The hospital provides care under all of the sub-specialties of ophthalmology 

and serves the population of Soweto as well as being a referral centre for the 

South and West Rand areas of Johannesburg and North West Province.  
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c. Study populations 

There will be two groups of people invited to participate in the study:  

o Patients known with primary open angle glaucoma who are being 

managed for this disease at St John Eye Hospital who self-identify as 

black South African people. This group will be referred to as “patients 

with glaucoma” 

o People with healthy eyes, with no evidence of glaucoma or other ocular 

diseases, who self-identify as black South African people. This group 

will be referred to as “healthy controls”.  

Inclusion criteria  

Patients with glaucoma will be included based on the following criteria:  

o Age of 18 years or older  

o South African  

o Black ethnicity  

o Confirmed diagnosis of primary open angle glaucoma under 

management at St John Eye Hospital using one or more topical agents 

 

Healthy controls will be included based on the following criteria:  

o Age of 18 years or older  

o South African  

o Black ethnicity  

o Normal intra-ocular pressure (10 - 21mmHg) in the study eye 

o Clinically normal ocular examination including normal gonioscopy and 

normal optic disc in the study eye 

o Absence of other ocular pathologies in the study eye 

 

Exclusion criteria  

Patients with glaucoma will be excluded based on the following criteria:  

o Co-existing ocular disease including corneal pathology or significant 

cataracts which prevent assessment of the optic disc in the study eye  

o Previous surgical or laser management of glaucoma in the study eye 

o Previous cataract surgery in the study eye 
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o Contact lens use 

 

Healthy controls will be excluded based on the following criteria:  

o Co-existing ocular disease including corneal pathology or significant 

cataracts which prevent assessment of the optic disc in the study eye  

o Previous intraocular surgery or laser in the study eye 

o Contact lens use  

 

Sampling  

Convenience sampling will be used to recruit participants who are known 

to, and attending St John’s eye hospital.  

 

Sample size has been calculated by referencing previous studies done on the 

same topic in other populations. These studies were adequately powered to 

achieve statistical significance. Sample size has been calculated using a 

Cohens D of 0.475, which is derived from a mean (+-SD) CECD of 2692 

(+-358) and 2253 (+-291) in non-glaucomatous and glaucomatous eyes 

respectively2,15,16,18,21. Using a power of 80% and alpha of 5%, the minimum 

sample size needed for a one-tailed t-test, with 1:1 sampling is 112. 

o Patients with glaucoma who are known to St John Eye Hospital will be 

invited to participate on days which they attend for routine 

appointments.  

o People with healthy eyes (nursing staff, medical students, people 

accompanying patients to St John Eye Hospital) will be invited to 

participate in the study so as to recruit the group of age matched healthy 

controls.  

 

Potential participants will be informed about the study and given an 

information sheet which explains the details of the study (Appendix A). 

Potential participants who are willing to participate in the study will be 

asked to give written consent (Appendix B). For each group, the following 

will then be done: history (age, sex, province, home language, co-

morbidities, date of diagnosis of glaucoma*, current medications for 

glaucoma*, previous interventions for glaucoma*) will be taken and 
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examination (visual acuity (VA), intraocular pressure (IOP), vertical 

cup:disc ratio, gonioscopy grading) will be done on all patients. In addition, 

the following non-contact special investigations will be done: central 

corneal thickness, keratometry readings, retinal nerve fibre layer thickness 

on ocular coherence tomography, and spectral microscopy to assess CECD 

as well as related endothelial cell parameters including pleomorphism and 

mean cell area. These history, examination and special investigation finding 

will be captured as per Appendix C.  

* denotes parameters on patient history only relevant to patients with 

glaucoma  

 

Only one eye per patient will be used for the study. The eye will be selected 

using a computer generated randomised number sequence. If the selected 

eye cannot be used for some reason, the fellow eligible eye will be used.  

 

Both groups (patients with glaucoma and healthy controls) will be age 

stratified into bands of 10 years in order to be able to compare groups.  

 

d. Measurement tools  

Corneal endothelial cell parameters and central corneal thickness will 

be measured with the TOMEY EM-4000 Specular Microscope. 

Keratometry readings will be done with a Nidek Optical Biometer. 

Retinal nerve fibre layer thickness will be assessed with Heidelberg 

Optical Coherence Tonometer. All of the above machines perform 

their measurements without making contact with the eye.   

 

e. Data collection  

The following information will be collected and captured as in 

Appendix C: 

Demographic information (age, sex, home language, province of 

origin)  

Which eye was examined  
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Medical information (co-morbidities, date of diagnosis of glaucoma*, 

current medications for glaucoma*, previous interventions for 

glaucoma*)  

Visual acuity  

Intraocular pressure  

Vertical cup:disc ratio  

Corneal endothelial cell properties: endothelial cell density, average 

cell size, coefficient of variance of cell size, standard deviation, 

minimum and maximum size 

* denotes parameters on patient history only relevant to patients with 

glaucoma  

 

f. Data management  

Appendix C will serve as a data collection sheet  

Microsoft Excel will be used to capture and securely store all data. 

The computer which the data is entered onto will be password 

protected and kept locked up at all times. Patient names, file numbers 

and other potentially identifying details will not be captured in 

appendix C or entered into the Excel document.  

o Data analysis  

Statistical analysis will be performed in the following manner:  

- descriptive statistics (mean and standard deviation; median and 

interquartile range) will be used to describe continuous variables 

- categorical variables will be described in terms of proportions 

- differences between the groups will be assessed using Chi-

squared and t-tests 

- statistical significance will be accepted with a p-value of <0.05 

- statistical analysis will be performed using STATA version 16 

(Stata, College Station, Texas, USA) 
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g. Time schedule (including Gantt chart) 

The study will commence once approval is granted by the post-

graduate and ethics committee as well as Chris Hani Baragwanath 

Academic Hospital. The study is expected to take 6 months to 

complete.  

 

The data collection for this study will be done by the principal 

investigator as soon as permission to commence the study is granted. 

The data will be collected during the course of patients attending the 

clinic for their booked follow up appointments or from willing 

participants escorting patients to the hospital. Data collection for each 

individual participant is expected to take approximately 20 minutes. 

The period of collection of data for the 112 required participants is 

expected to be 6 months.  
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h. Ethical considerations  

o Participant autonomy  

Autonomy of all potential participants will be respected. Everyone 

invited to participate in the study will have explanation of the 

voluntary nature of the study explained verbally as well as in 

written form (Appendix A). Once a person has consented to 

participate in the study, their autonomy will be respected by them 

being allowed to withdraw at any point.  

 

o Participant confidentiality  

Confidentiality will be maintained by not collecting identifying 

data (names, folder numbers) of study participants in any of the 

data collection. Each participant will be allocated a unique number 

which will be used on the data collection sheet and in the capturing 

of the data in Excel. There will be a page which contains the file 

numbers of patients along with the unique study numbers and this 

will be kept separate from the collected data – it will be used if 

needed for cross checking and will be stored in a locked cupboard.  

 

o Beneficence  

The study id of potential benefit to all participants. Patients known 

with glaucoma may have glaucomatous disease progression 

detected during the study. Participants without glaucoma may have 

other ocular conditions detected – if this is the case they will be 

referred for management at St John Eye Hospital. In a broader 

sense, this study may be beneficial on a population level. It will 

contribute data on a topic on which there is a dearth of evidence.  

 

o Non-maleficence  

There are no potential negative patient outcomes anticipated 

during the study. The special investigations which will be 
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conducted do not require contact with the ocular surface and this 

the risk for trauma and/or infection are avoided. The testing is not 

physically or psychologically demanding.  

 

i. Costs and required funding  

o Stationery and consumables  

The anticipated stationery requirements are copies of the patient 

information sheets, informed consent documents and data 

collection forms. One of each of the above will be required per 

participant. The cost of the printing and copying will be covered 

by the principal investigator.  

 

o Publication costs  

Should the research be accepted for publication in a Department of 

Higher Education and Training (DoHET) approved journal, 

application for reimbursement of the publication fee will be made 

to the Wits School of Clinical Medicine MMed Fund.  

 

7. Reporting plans  

The goal of this research project is to publish a report on the results of the 

study in a DoHET accredited medical journal. This publication will also be 

submitted to Wits University in order to be awarded a Masters in Medicine.  

The primary investigator will also apply to present the research findings at 

conferences (both general ophthalmology conferences and glaucoma specific 

conferences).  
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8. Role players and investigators  

Principal investigator: Dr C Dold  

Registrar, Department of Neurosciences, Division of Ophthalmology, 
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Consultant Ophthalmologist, Head of Clinical Unit at St John Eye Hospital, 

University of the Witwatersrand 
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10. Appendices  

Appendix A – Participant information sheet  

University of the Witwatersrand  

Study Title: Comparison of corneal endothelial cell density between South 

Africans with glaucoma and healthy controls  

 

Hello, my name is Dr Catherine Dold. I am a doctor working in eye care at St 

John Eye Hospital which is part of Chris Hani Baragwanath Academic Hospital. 

I am supervised by Professor Ismail Mayet.  

 

I am doing a research study on a topic called corneal endothelium. Research is a 

way of trying to learn new things about illnesses. In this study I am measuring 

the corneal endothelium of people who have a disease called glaucoma and 

people with healthy eyes. Corneal endothelium is a layer of cells that lines the 

cornea (the clear portion of the eye); these cells help to keep the cornea clear and 

able to see. I am going to compare healthy people and people with glaucoma to 
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see whether the corneal endothelium of these two groups are different. In future 

this might help to know which patients are at risk of further corneal problems. 

 

You have been asked to be part of this study either because you have glaucoma 

OR you have healthy eyes with no other problems and so you will be used as the 

healthy group to compare to the group of patients with glaucoma.  

 

Glaucoma can cause blindness. For this reason patients with glaucoma are given 

medication, sometimes offered surgery, and are reviewed in eye clinics 

frequently. When the corneal endothelium of Caucasians (white people) with 

glaucoma is measured, it can show a risk of corneal problems following various 

eye surgeries. There has not been research to show whether this is the case in 

black South African people. We would like to look at whether corneal 

endothelial properties are different in black South African people with healthy 

eyes and those with glaucoma.  

 

Your decision to take part in this study is voluntary. If you decide that you would 

like to take part in the study, you will be asked to sign a form confirming that 

you give your consent and that you understand the study. If you decide that you 

would not like to take part, all of your routine care will continue and you will 

not be at a disadvantage.  

 

Steps to being involved in the study  

• You will sign a consent form  

• You will be asked questions about your demographics and medical 

history  

• Your vision will be tested (on a reading chart)  

• You will be examined at a machine called a slitlamp which is the 

microscope that eye doctors use to routinely examine patients  

• Measurements will be done on one of your eyes using three other 

machines – the machines won’t touch your eye or hurt you  
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• The entire process will take approximately 20 minutes 

• No follow up will be required  

 

Risks of being involved in the study: There are no risks to the examinations and 

special investigations which you will go through as a participant in this study. 

The machines you will be measured on and tested with will not touch your eye 

or cause any pain.  

 

Benefits of being in the study: There is a chance that an eye abnormality may be 

detected while you are being examined. If this is the case you will receive a 

diagnosis and be offered management at St John Eye Hospital.  

 

Reimbursements: You will not be paid to participate in the study. You will not 

be charged for any of the tests done on your eye.   

 

Confidentiality: Your personal information will be kept confidential. No 

identifying data will be stored with your data which is collected. A unique 

participant number will be assigned to you so that your data can be stored without 

your identifying information.  

 

What will happen with the information from the study? We will analyse all of 

the data which we collect and aim to publish this in a scientific journal. This will 

also be used as a submission for a Masters in Medicine degree.  

 

Ethics: Before commencement of this study, ethical approval from the Human 

Research Ethics Committee (Medical) of the University of the Witwatersrand 

has been obtained. Professor P Ruff, Chairperson of the Human Research Ethics 

Committee (Medical) at the University of Witwatersrand, who may be contacted 

via any one member of the secretariat. The telephone numbers for the Committee 

secretariat are 011 717 2700/1234/2656/1252 and the e-mail addresses are 
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Zanele.Ndlovu@wits.ac.za, Rhulani.Mukansi@wits.ac.za, 

Mapula.Ramaila@wits.ac.za and  Iain.Burns@wits.ac.za 

 

Thank you for taking time to read this document and consider your participation 

in this research project. Please feel free to direct any further questions to me 

(Catherine Dold, principal investigator) in person or using the following contact 

details: email cjdold@gmail.com or telephone 084 580 9077. You are also 

welcome to contact my supervisor, Professor I Mayet at eyemay.im@gmail.com 

or 084 410 5769.  

 

 

 

 

Appendix B – Patient Consent Form  

Title: Comparison of corneal endothelial cell density between black South 

Africans with glaucoma and healthy controls  

 

Participant 

I confirm that I have been informed by Dr Catherine Dold about the nature of 

this research project. I have been provided with a patient information sheet which 

I have read or have had read to me and explained in a language which I 

understand. I have been given opportunity to ask questions about the study. I am 

participating in the study freely. I understand that I can withdraw my 

participation at any point and that, in doing so, I will still receive the same 

management.  

 

Name of participant:_______________________________________________ 

Date:___________________________________________________________ 

Signature:_______________________________________________________ 
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Researcher 

I have explained research project to the participant. I confirm that I have 

answered the questions of the participant and that the participant has given 

voluntary consent.  

 

Name of investigator:______________________________________________ 

Date:___________________________________________________________ 

Signature:_______________________________________________________ 
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Appendix C – Data collection sheet  

Age:         Participant no: 

Sex: M / F  

Eye examined: R / L 

Home language:  

Province of origin: 

Medical information: 

• Co-morbidities: 

• *Date of diagnosis of glaucoma: 

• *Current medications for glaucoma: 

• *Previous interventions for glaucoma: 

* denotes parameters on patient history only relevant to patients with glaucoma  

 

Parameter  Result 

Visual acuity (VA)  

Best corrected VA  

Intraocular pressure (IOP)  

Vertical cup:disc ratio  

Keratometry K1  

Keratometry K2  

Axis   

Corneal endothelial cell density 

Cell density  
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Coefficient of variation (in cell area)  

Average cell size   

Standard deviation   

Maximum cell size   

Minimum cell size   

Central corneal thickness  
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Appendix D – Turnitin report  
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Appendix E – Plagiarism declaration  

  

 
SCHOOL OF CLINICAL MEDICINE 
DEPARTMENT OF NEUROSCIENCES 
Neurology; Neurosurgery; Ophthalmology; Otorhinolaryngology (ENT) 

7 York Road, Johannesburg 2193, South Africa     Telephone:  27-11-717 2774 

  

 
Plagiarism declaration for written work 
 
 
I, Catherine Dold, as a postgraduate student registered for a MMed at the 
 University of the Witwatersrand declare the following: 
  

- I am aware that plagiarism is the use of someone else’s work without their permission and or 
without acknowledging the original source. 

- I am aware plagiarism is wrong. 
- I confirm that this written work is my own work except where I have stated otherwise. 
- I have followed the required conventions in referencing the thoughts and ideas of others. 
- I understand that the University of the Witwatersrand may take disciplinary action against me if 

there is a belief that this is not my own unaided work or if I have failed to acknowledge the 
ideas or writing of others. 

 
 
Signature:  
 
 
Date: 27 April 2023  
 


