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(Abstract \

Background: glaucoma is a major cause of vision impairment and blindness worldwide. Africa has a unique clinical profile of
glaucoma presentation and disease progression. In Sudan, early diagnosis and treatment of glaucoma is a challenge especially
after the eruption of war and scarcity of eye care facilities.

Purpose: to describe glaucoma patients ‘demographics, clinical profile and response to medical treatment and surgical inter-
ventions.

Method: cross-sectional, retrospective and descriptive study. The data was retrieved from the medical records of a tertiary
hospital.

Result: 338 patients diagnosed with glaucoma were enrolled in the study. the mean age was 59.4 = 13.0 years (median 60
years, IQR 50-70; range 18-90 years). 209 patients (62.0%) were female and 128 (38.0%) were male. Only 81 patients were
sub-classified in the medical records to glaucoma types. The mean baseline intraocular pressure (IOP) was 20.98 + 10.87
mmHg in the right eye and 19.95 + 10.91 mmHg in the left eye. Elevated baseline IOP (>21 mmHg) was observed in 123 of
324 right eyes (38.0%), 99 of 321 left eyes (30.8%), and in either eye in 164 of 332 patients.

Only 81 patients were classified in the medical records into glaucoma sub-types. Primary open-angle glaucoma was identified
in 18 patients (22.2%), pseudoexfoliative glaucoma in 16 (19.8%), neovascular glaucoma in 13 (16%), angle-closure suspect
in 9 (11.1%), primary angle-closure glaucoma in 7 (8.6%), angle-closure glaucoma in 6 (7.4%), glaucoma suspect in 5 (6.2%),
and uveitic glaucoma in 3 patients (3.7%). Visual impairment was graded according to the best-corrected visual acuity (BCVA)
of the worse eye. Mean logMAR BCVA was 1.39 £ 1.12 for the worse eye. Of the 315 patients with available data, 74 (23.5%)
had normal or near-normal vision (>6/12), 42 (13.3%) had mild visual impairment (6/12—6/18), 41 (13.0%) had moderate
visual impairment (6/24—6/60), and 3 (1.0%) had severe visual impairment (<6/60—CF), whereas 155 patients (49.2%) had
profound visual loss or blindness (HM/PL/NPL). Among 152 patients with available data, 9 (5.9%) had mild disease structural
damage (CDR <0.5), 44 (28.9%) had moderate disease progression (CDR 0.6-0.8), and 99 (65.1%) had severe disease progres-
sion (CDR >0.9).

Overall, 302 patients (89.3%) received medical treatment including topical IOP-lowering therapy. Carbonic anhydrase inhibi-
tors were the most frequently prescribed medications, used by 241 patients (79.8%). A total of 189 patients underwent surgical
intervention. Trabeculectomy was the most common procedure, performed in 77 patients (40.7%), followed by phacoemulsi-
fication in 75 (39.7%), YAG laser peripheral iridotomy in 37 (19.6%), combined phacotrabeculectomy in 34 (18.0%),), trans-
scleral micropulse cyclophotocoagulation in 11 (5.8%).

Paired pre- and post-treatment IOP measurements: In the right eye, mean IOP decreased from 22.82 + 11.47 mmHg at base-
Qine to 16.93 + 10.64 mmHg at the last follow-up, corresponding to a mean reduction of 5.89 & 11.57 mmHg. In the left eyey
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respectively, achieved an IOP below 18 mmHg.

Cnean IOP decreased from 20.52 + 10.20 mmHg to 14.36 = 6.57 mmHg, with a mean reduction of 6.16 + 10.36 mmHg. These\
reductions were statistically significant in both eyes (Wilcoxon signed-rank test, p < 0.001). At the last follow-up, 134 of 169
right eyes (79.3%) and 144 of 168 left eyes (85.7%) achieved an IOP below 21 mmHg, whereas 118 (69.8%) and 127 (75.6%),

Conclusion: glaucoma is more prevalent among older population. Although more prevalent among females but the male’s
mode of disease is found to be more severe. 49% of the patients presented with blindness. IOP which is the only known modifi-
able risk factor has shown considerable response to variable options of medical and surgical interventions.

Abbreviations: CAI - Carbonic Anhydrase Inhibitor; IOP - Intra-Ocular Pressure; POAG - Primary Open Angle Glaucoma

Introduction

Globally, glaucoma is the second cause of irreversible blind-
ness after cataract. Glaucoma is defined as the ocular disease
entity that is characterized by the progressive damage of gan-
glia cells of the retina. The main risk factor known is increased
intra-ocular pressure, although the retinal ganglia cell loss can
occur in glaucoma without an increase in intra-ocular pressure.
Other risk factors are: aging, decreased central corneal thick-
ness, myopia, family history and diabetes mellitus [1].

The clinical profile of glaucoma among African patients is
unique in the disease severity in younger age. Evidence re-
vealed blindness risk from glaucoma among Africans is 6-8
times more than patients from other ethnic groups [1].

Pathophysiology of glaucoma:

Increased prevalence of glaucoma especially of the open-angle
type among African patients is an outcome of multiple factors.
Environmental and genetic factors predispose to open- angle
glaucoma in African patients [2].

Glaucoma is classified according to etiology into second-
ary or primary. Each variant is classified further according to
pathophysiology into open or closed-angle glaucoma. Second-
ary glaucoma result from an insult to the eye, either caused
by trauma, inflammation (uveitis), neovascular or as a part of
pseudoexfoliation syndrome [3].

Medical and surgical intervention basically aim at control of
disease progression through lowering intra-ocular pressure.

Glaucoma is a public health burden. More than 60 million peo-
ple are diagnosed with glaucoma 8 million people lost their vi-
sion due to glaucoma. It is presumed that by 2040, 111 million
will be affected with glaucoma. The prevalence of glaucoma
in Sub-Saharan Africa is 4% among adult population above 40
years old compared to the 1% global prevalence [4].

In addition to being a public health concern, glaucoma is a
disease with an economic impact as it is considered a major
cause of visual impairment and hence profoundly affecting the
patient’s productivity [5].

Methods and Materials

This a cross-sectional descriptive study. The study was con-
ducted at Al-Jawareh hospital, Dongola —Sudan. Al- Jawareh
hospital is a tertiary care hospital established 2 years ago. Study
population was selected through systematic data sampling.

Inclusion and exclusion criteria:

The participants included in the study are patients diagnosed
with glaucoma during the year 2025 above 18 years old, not
known to have any other cause of optic neuropathy.

Parameters of the study:

Demographic data collected was sex, age occupation and resi-
dency. Concurrent ocular diseases were reported. Diabetes and
hypertension were also noted. Visual acuity with correction
was documented from the first visit. IOP of the first and last
visits were documented.

Medical treatment received by the patients as well as surgical
procedures were also noted. Detailed description of medical
eye drops for each patient was given. Surgical interventions
undergone for glaucoma management in the medical records
were noted. IOP before and after intervention were written
down to explore the patient’s response to treatment.

The severity of the disease was expressed as the cup disc ratio
for each patient.

Statistical methods:

This analysis was conducted on a clinic-based sample of 338
patients presenting to a glaucoma service. Continuous vari-
ables are reported as Mean + Standard Deviation (SD) and me-
dian with Inter-Quartile Range (IQR); categorical variables as
frequency and column percentage. Visual acuity was converted
from Snellen notation to the logarithm of the minimum angle
of resolution (logMAR) using the standard mapping. Disease
severity was graded by the Cup-to-Disc Ratio (CDR) of the
worse-affected eye: mild (< 0.5), moderate (0.6-0.8), and se-
vere (= 0.9). For paired pre-/post-treatment Intra-Ocular Pres-
sure (IOP) comparisons, the Wilcoxon signed-rank test was
applied to the subset of patients with both baseline and follow-
up measurements. Denominators reflect the number of records
with non-missing data on each variable. Analyses and figures
were produced in Python 3 (pandas, SciPy, Matplotlib).

Results

Three hundred and thirty-eight patient records were reviewed
in this study. Age data were available for 316 participants, with
a mean age of 59.4 + 13.0 years (median 60 years, IQR 50-70;
range 18-90 years). Age and sex:

The largest age group was 51-65 years, accounting for 141 pa-
tients (44.6%) (Figure 1). Sex distribution for the study popu-
lation: 209 (62.0%) were females and 128 (38.0%) were males.

Systemic co-morbidities:

Regarding systemic comorbidities, a history of diabetes melli-
tus was present in 74 of 149 participants (49.7%), while hyper-
tension was reported in 50 of 118 participants (42.4%).

Ocular co-morbidities:
Among ocular comorbidities, cataract was the most common
finding, affecting 92 patients (27.2%). Diabetic retinopathy
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(a) Age distribution (n = 316)

(b) Sex (n = 337)
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Figure 1: Demographic profile of study participants.
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was present in 14 patients (4.1%), age-related macular degen-
eration in 6 (1.8%), and central retinal vein occlusion in 5 pa-
tients (1.5%).

Visual acuity:

Visual impairment was graded according to the best-corrected
visual acuity (BCVA) of the worse eye. Mean logMAR BCVA
was 1.39 £ 1.12 for the worse eye. Of the 315 patients with
available data, 74 (23.5%) had normal or near-normal vision
(>6/12), 42 (13.3%) had mild visual impairment (6/12—6/18),
41 (13.0%) had moderate visual impairment (6/24—6/60), and 3
(1.0%) had severe visual impairment (<6/60—CF), whereas 155
patients (49.2%) had profound visual loss or blindness (HM/
PL/NPL).

Glaucoma classification:

Only 81 patients were classified in the medica records as
glaucoma sub-types. Primary open-angle glaucoma was iden-
tified in 18 patients (22.2%), pseudoexfoliative glaucoma in
16 (19.8%), neovascular glaucoma in 13 (16%), angle-closure
suspect in 9 (11.1%), primary angle-closure glaucoma in 7
(8.6%), angle-closure glaucoma in 6 (7.4%), glaucoma suspect
in 5 (6.2%), and uveitic glaucoma in 3 patients (3.7%).

Intra-ocular pressure IOP (the first visit):
The mean baseline intraocular pressure (IOP) was 20.98 +
10.87 mmHg in the right eye and 19.95 + 10.91 mmHg in the
left eye. Elevated baseline IOP (>21 mmHg) was observed in
123 of 324 right eyes (38.0%), 99 of 321 left eyes (30.8%), and
in either eye in 164 of 332 patients (49.4%).

Pre-versus post treatment I0P:
Paired pre- and post-treatment [OP measurements were avail-

Right eye Left eye
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able for 169 right eyes and 168 left eyes. In the right eye, mean
IOP decreased from 22.82 + 11.47 mmHg at baseline to 16.93
+ 10.64 mmHg at the last follow-up, corresponding to a mean
reduction of 5.89 + 11.57 mmHg. In the left eye, mean IOP
decreased from 20.52 + 10.20 mmHg to 14.36 + 6.57 mmHg,
with a mean reduction of 6.16 + 10.36 mmHg. These reductions
were statistically significant in both eyes (Wilcoxon signed-
rank test, p < 0.001). At the last follow-up, 134 of 169 right
eyes (79.3%) and 144 of 168 left eyes (85.7%) achieved an
IOP below 21 mmHg, whereas 118 (69.8%) and 127 (75.6%),
respectively, achieved an IOP below 18 mmHg.

Cup/disc ratio (CDR):

Disease severity was graded by the cup-to-disc ratio (CDR) of
the worse-affected eye: mild (< 0.5), moderate (0.6-0.8), and
severe (> 0.9).

Disease severity was assessed according to the cup-to-disc ra-
tio (CDR) of the worse eye. Among 152 patients with available
data, 9 (5.9%) had mild disease (CDR <0.5), 44 (28.9%) had
moderate disease (CDR 0.6-0.8), and 99 (65.1%) had severe
disease (CDR >0.9)

Medical treatment:

Overall, 302 patients (89.3%) received medical treatment in-
cluding topical IOP-lowering therapy and topical steroid. Car-
bonic anhydrase inhibitors were the most frequently prescribed
medications, used by 241 patients (79.8%), followed by be-
ta-blockers in 237 (78.5%), alpha-2 agonists in 129 (42.7%),
prostaglandin analogues in 127 (42.1%), and topical cortico-
steroids in 3 patients (1.0%).

Combined medication:
Combination therapy was common, with 253 patients (83.8%)
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(a) Disease severity by CDR (n = 152)
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Figure 3: Disease severity and visual function profile.
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Figure 5: Disease severity (worse eye) stratified by selected patient characteristics.

receiving more than one class of IOP-lowering medication.
Among the treated patients, 108 (35.8%) were receiving two
medications, 106 (35.1%) three medications, and 39 (12.9%)
four medications, whereas 47 patients (15.6%) were controlled
on a single drug class.

Surgical intervention:

A total of 189 patients underwent surgical intervention. Tra-
beculectomy was the most common procedure, performed in
77 patients (40.7%), followed by phacoemulsification in 75
(39.7%), YAG laser peripheral iridotomy in 37 (19.6%), com-
bined phacotrabeculectomy in 34 (18.0%), bleb needling in
16 (8.5%), transscleral micropulse cyclophotocoagulation in
11 (5.8%), and intravitreal anti-VEGF injection in 7 patients
(3.7%).

Response of IOP to intervention:

Postoperative complications:

were documented in 20 patients (5.9%) among those with
available surgical follow-up data relation between disease se-
verity and age, sex and diabetes:

Discussion

Demographics:

Age:

In our study most of the patients age ranged from 51-65 years.
The same fact was proved by Kyei and colleagues. They even
found glaucoma prevalence among population above 40% in 4
times more among sub-Saharan population than another ethnic

group [5].
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The pathophysiology of glaucoma explained the increased
prevalence of the disease among adults above 50 years.

Incidence of glaucoma is increased among aging population.
Aging is a known risk factor as neurological damage at the cel-
lular level through oxidative stress. Ocular tissues involved in
this process are the trabecular meshwork and schlemm’s canal.
The disturbance of those structures would decrease the aque-
ous fluid outflow.

Laboratory studies have shown that retinal ganglia cells and
axons are more vulnerable to IOP changes among older popu-
lation. Structural changes associated with aging will increase
the morbidity of the disease [6].

Sex:

Male gender predilection for glaucoma was noted by studies
from South Korea, Ghana and Nigeria. In our study, female
noticeably out rated males (62% and 38% respectively).

In our study, females considerably outnumbered males af-
fected with glaucoma. The study by Vajaranant and colleagues
revealed that female hormones might be a risk factor for glau-
coma as females with early menopause are more susceptible to
open angle glaucoma. Also, normal tension glaucoma is more
prevalent among females. Previous studies found that women
are at higher risk of developing angle closure glaucoma [7].

Intraocular pressure:

IOP is not only the most important risk factor of glaucoma, it
is also the main modifiable factor which is targeted by medi-
cation and surgical intervention to slow or stop the disease’s
progression [8].

In our study, 164 of 332 patients presented with IOP greater
than 21. Only ten patients presented with IOP above 50 mm
Hg.

Any patient presenting with IOP above 21mmHg is considered
glaucomatous if this IOP is associated with the characteristic
optic nerve head changes [9].

Glaucoma classification:

Primary open angle glaucoma is the most prevalent classifica-
tion of glaucoma.

1 in 100 of general population might be affected with open
angle glaucoma, POAG is usually asymptomatic in the early
stages. On the other hand, angle closure glaucoma presents ear-
lier with on and off visual symptoms and severe pain associ-
ated with the acute attacks [10].

Optic nerve head changes and glaucoma progression:
Optic nerve head cupping and pallor can be found in cases of
compressive optic neuropathies, but the structural changes of
the optic nerve head seen in glaucoma patients are unique and
not usually seen in other etiologies of the optic nerve neuropa-
thies. The variations of the normal optic nerve C/D ratio add to
the challenge. Nevertheless, the longitudinal direction of CDR
enlargement is found to be characteristic for glaucoma struc-
tural changes of the optic nerve head [11].

In the study by Kokou and colleagues, a vertical increase of
CDR £ 1.79% occurs annually is the study population, asso-
ciated with neuro-retinal rim thinning and RNFL thinning of
1.64% and 0.93% respectively [12].

Increased diameter of the nerve cup optic associated with glau-
coma indicating the loss in the retinal ganglion cells. The cup-

disc ratio (CDR) 1s a known diameter of the disease progres-
sion and the resulting structural damage reflecting glaucoma
severity.

Although recently there is a running debate regarding the spec-
ificity of CDR as an indicator for glaucoma diagnosis or prog-
nosis, CDR is still a recognized popular glaucoma progression
parameter. Therefore, OCT machines manufactured today usu-
ally include an in-built software for estimating CDR and com-
paring it with the saved data of normal population [13].

Glaucoma medical treatment:

Treatment options for glaucoma are chosen based on the clas-
sification of glaucoma and the baseline IOP. The most effective
anti-glaucoma drugs nowadays are Prostaglandin F2alpha ana-
logues. Topical beta-blockers can reduce the IOP by 20-27%.
Carbonic Anhydrase Inhibitors (CAI) are available in both
systemic and topical forms. Adrenergic agonists lower IOP by
reducing aqueous production. combination therapy showed
better efficiency and less side effects than prescribed multiple
eye drops. 35% of our participants received two drugs-therapy,
the percentage received three drugs. 13% required 4 drugs to
control IOP in some point of the course of the disease. Stud-
ies proved that beta-blockers when added to a prostaglandine
agonist, CAI, Adrenergic agonist or pilocarpine will provide
better IOP lowering effect compared to the effect of each drug
separately prescribed [14].

Prostaglandin analogue is considered the first line of medical
treatment of glaucoma. In our study only 42.1% were using
prostaglandin analogue while 79.3% were on CAI. According
to Sarfo and colleagues the choice of medication for glaucoma
in Sub-Saharan Africa depends on its price and availability. Su-
dan was in a state of war in the time of the study, unavailability
of certain drugs might limit medication choice [15,16].

Disease severity, associated factors:

The African population showed a severe form of the disease
compared with the Caucasians. They have a higher IOP on pre-
sentation and a more rapid progression of glaucoma [10,17].

Patients with diabetes: diabetic patients with uncontrolled fast-
ing blood sugar are more susceptible to elevated IOP. Glau-
coma is more prevalent among diabetic patients compared to
non-diabetic patients. Studies emphasize on oxidative stress
and cell apoptosis as common physiopathological processes
shared between diabetes and glaucoma. Glial cells dysfunc-
tion is also a degenerative process shared by both diabetes and
glaucoma which eventually leads to severe form of glaucoma
progression among diabetic patients. Additionally, diabetes
might cause structural changes of trabecular meshwork lead-
ing to elevation of IOP [18,19].

In our study, 74% of glaucomatous patients have a severe form
of the disease compared to 59% of the non-diabetic cases.

In the Canary Islands study by Gonzalez-Hernandez and col-
leagues, 203,115 diabetic patients were followed for 15 years,
the study revealed a higher glaucoma incidence over time, in-
creasing with advanced age. They also concluded that vascular
diabetic changes would add up to optic nerve structural chang-
es in glaucomatous patients. The researchers concluded that
diabetic patients are candidate for glaucoma screening espe-
cially with advanced age [20]. Aging process is associated with
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mcreased glaucoma severity and structural optic nerve head
changes expressed as CDR changes, although in our study the
age groups from (31-50 years), (51-65 years) and (>66 years)
showed very approximate percentages of glaucoma severity
which were: 64%, 67% and 68% respectively. Cases below 30
years showed only moderate CDR progression. These findings
support the evidence that glaucoma among Africans progresses
before 40 years into the severe form of the disease.

Glaucoma progression relation to the patient’s sex: in this
study 73% of the male patients presents with the severe form of
the disease compared to 60% of the females. As we discussed
above the female patients outnumbered the male patient in our
participants but they showed a milder form of the disease [21].
Sex hormone might have a protective role in glaucoma pro-
gression, estrogen in pre-menopausal females protects the op-
tic nerve head in glaucoma slowing structural damage of the
neural cells. On the other hands, males and post-menopausal
females develop more structural damage with the same levels
of IOP changes [22].

Conclusion

Glaucoma causes profound functional and structural damage
with almost half of the patients ending blind. Lowering IOP
which is the aim of different glaucoma therapies was achieved
considerably with medical treatment and surgical interven-
tions. Male gender, aging and diabetes are associated with
more optic nerve damage among glaucoma patients.

Limitations:

The data was retrospectively retrieved from medical records so
some parameters were missing.

The participants represent the Northern state, more diversity is
required for more generalization of Sudanese population.
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