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Abstract

Background: Glaucomas remain asymptomatic until severe, indicating that the actual number of affected
individuals may be higher than those diagnosed.

Objective: To study the clinical patterns of glaucoma cases in the Eastern Province of Saudi Arabia.
Patients and Methods: This retrospective study was conducted at King Fahd Hospital of the University,
Al-Khobar, and Dhahran Eye Specialist Hospital, Dhahran, Saudi Arabia. The medical records of all patients
with glaucoma who visited these hospitals from January 2015 to December 2018 were critically reviewed.
Data regarding patients’ demographic characteristic, clinical data and their medical and surgical management
techniques were collected and analyzed.

Results: A total of 999 patients were included, of which 52.9% were males, 94.8% were Saudi, and the
mean age was 58.8 years. Bilateral involvement was observed in 82.3% of cases. Primary open-angle
glaucoma (POAG) was the most prevalent type of glaucoma (27.7%), followed by secondary glaucomas (26.7%),
primary angle-closure glaucoma (PACG) (18.2%), primary congenital glaucoma (2.7%), and juvenile open-angle
glaucoma (2.2%), which were the most frequent glaucoma subsets.

Conclusion: The study population was most affected by POAG, secondary glaucomas and PACG.
Knowledge regarding prevalence of glaucoma is important to plan services, allocate resources, and
prevent blindness.
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INTRODUCTION

that these numbers would increase to 5.9 and 5.3 million,
respectively.!! According to a systemic review, the wotldwide

One of the preeminent global causes of irreversible blindness
is glaucoma.! In 2010, the global estimates indicated that 4.5
million people developed blindness secondary to open-angle
glaucoma and another 3.9 million developed blindness due
to angle-closure glaucoma. The projections for 2020 reveal
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prevalence of glaucoma is around 3.54%, with Africa having
the highest prevalence. By 2040, 111.8 million people will
be affected by glaucoma compared to 64.3 million in 2013,
signifying an expected increase by 74%.1
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Region-specific information regarding glaucoma patterns
is useful in addressing concerns associated with the
extent and burden of glaucoma-related visual disabilities.
Therefore, community-based studies are necessary to
determine the prevalence and incidence of the disease;
however, they are costly, time-consuming and challenging
to conduct. The patient populations in referral centers
are diverse and can provide a general overview of some
clinical disease profiles.

Prevalence of glaucoma is considerably varied in the
Middle East, Japan and South-East Asia, which warrants
caution while interpreting the reported data due to a
wide confidence interval in the prevalence rates and
the significantly large heterogeneity associated with the
published data from these regions."!

A population-based study conducted in one region in
India found that the estimated prevalence of open-angle
glaucoma (OAG) was 1.07%, while the prevalence
of primary angle-closure glaucoma (PACG) was
around 0.21%." In Germany, a study found that the
age-standardized prevalence of primary open-angle
glaucoma (POAG) at the age of >50 years was 2.79%
and the total incidence rate was 0.38 per 100 person—
years. In addition, age, female gender, ocular injury,
degeneration of iris and ciliary body, myopia, retinal
vascular occlusions, hypertension, and diabetes mellitus
were found to be strongly associated with POAG.P!
In a large-scale randomized cohort study conducted
in Northern Finland, the estimated prevalence of
glaucoma in 45-49-years olds was found to be 1.1%.1
In another national study from Australia, the prevalence
of confirmed glaucoma cases in non-Indigenous
Australians and Indigenous Australians was found to
be 1.5% and 0.6%, respectively.”

In Saudi Arabia, a study from the Central Province
suggested that the prevalence of glaucoma is 5.6%,"
which is similar to rates reported from other Middle East
countries.”""! However, Saudi Arabia is a geographically
vast country, and it would be useful to estimate regional
glaucoma patterns and currently there is a paucity of
information associated with the epidemiological profile
of glaucoma in the Eastern Province of Saudi Arabia.
Therefore, this study was conducted to determine
glaucoma patterns in Eastern Saudi Arabia and to assess the
demographic parameters associated with various glaucoma
types, measure the association between glaucoma types
and various parameters such as intraocular pressure (IOP)
and visual acuity (VA) and to recognize different treatment
methods.

PATIENTS AND METHODS

For the purpose of this retrospective study, two major
referral centers in the Eastern Province of Saudi Arabia,
namely, King Fahd Hospital of the University and Dhahran
Eye Specialist Hospital, were selected and all medical
records of glaucoma patients who visited the selected
medical settings between January 2015 and December 2018
were reviewed and their data were collected. This included
demographic data such as gender, age, and nationality as
well as clinical data such as diagnoses of glaucoma, site
of glaucoma, types of secondary glaucoma, values of VA
in different visits, IOP, topical ophthalmic medications
used, and surgical and laser interventions applied. Ethical
approval was provided by Institutional Review and Ethics
Board of both institutions and the study adhered to the
guidelines of the Declaration of Helsinki, 2013.

According to European Glaucoma Society, glaucoma

subtypes are defined as follows:!"”

1. Primary congenital/childhood glaucoma (PCG) is
a type of glaucoma that affects patients from birth
until the second year of life. Sub-type categorization
depends on the age-of-onset: neonatal, infantile and
late-onset. The etiology of PCG is angle dysgenesis
or maldevelopment of the trabecular meshwork. To
establish a diagnosis of PCG, patients are frequently
subjected to an examination under sedation/
anesthesia. The examiner usually looks for the presence
of high IOP, enlarged corneal diameter, corneal
oedema with/without Haab’s striae and/or uniform
cupping (CDR >0.3)

2. Primary open-angle glaucoma (POAG) is a chronic,
progressive disease thatis characterized by progressive
optic neuropathy, a visual field defect, an open-angle
on gonioscopy, and the absence of secondary ocular
causes. Depending on whether the IOP is high or not,
two subsets are defined: POAG with high pressure
and POAG with normal pressure. We defined ocular
hypertension (OH) as high IOP with the absence of
progressive optic nerve cupping and of a visual field
defect

3. Primary open glaucoma suspect is an eye that is
normal or suspicious with atleast one of the following
symptoms: visual field defects or optic disc and/or
nerve fiber layers (NFL). In these cases, the IOP could
either be normal or increased, and a gonioscopy reveals
an open angle

4. Primary juvenile glaucoma is a subset of glaucoma that
is diagnosed at a later stage following infancy, usually
after puberty or during early adulthood. This disease
is asymptomatic until the visual field defect progresses
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to an advanced stage. On gonioscopy, the angle is wide

open, and its structures are pootly differentiated

5. Primary angle-closure (PAC) is a type of glaucoma
that is defined by the presence of iridotrabecular
contact (ITC). Gonioscopy remains the gold standard
in diagnosing this subset of glaucoma. Following are
the three stages of PAC:!")

*  The primary angle-closure suspect (PACS) stage
is characterized by two or more quadrants of ITC
with normal IOP and an absence of peripheral
anterior synechia (PAS) and glaucomatous optic
neuropathy

e The PAC stage involves the presence of ITC,
PAS and an increase in IOP with no evidence of
glaucomatous optic neuropathy

e In the primary angle-closure glaucoma (PACG)
stage, glaucomatous optic neuropathy becomes
evident.

In this study, we only included cases involving the

PAC and PACG stages. In addition, we included cases

involving acute angle-closure crisis (AACC).

6. Secondary glaucomas form a heterogeneous glaucoma
group that is characterized by the presence of
secondary ocular causes, leading to elevated IOP
and, subsequently, to glaucomatous optic neuropathy.
Most types of secondary glaucoma involve intricate
mechanisms. These are subclassified into open- and
closed-angle glaucomas. In this study, we combined all
the types of secondary glaucoma under one category.
These types include secondary childhood glaucoma,
pseudoexfoliation glaucoma (PXFG), pigmentary
glaucoma, neovascular glaucoma (NVG), uveitic
glaucoma, lens-induced glaucoma, malignant glaucoma
or aqueous misdirection syndrome, post-surgery
glaucoma, post-trauma glaucoma, steroid-induced
glaucoma and glaucomas caused by other miscellaneous
causes.

Clinical assessments and diagnoses

All the patients had undergone an assessment that included
the following tests: best-corrected visual acuity (BCVA),
central corneal thickness, visual field evaluation, pupillary
examination and slit-lamp examination of the anterior
segment. A Goldmann applanation tonometer (GAT)
mounted on the slit lamp was used to measure the IOP
for most patients, while for the young and uncooperative
patients, a tonopen was used. In these patients, angles
were examined using four-mirror Volk gonio lenses (Volk
Optical Inc., Mentor/Ohio, USA) or direct gonioscopy
lenses in the operation theater. Other ancillary tests
such as ultrasound biomicroscopy ot antetior segment
optical coherence tomography (OCT) were used in some

instances, for example, in case of patients with plateau
iris configuration/syndrome or pigment dispersion
syndrome. Posterior segment OCT was also used to
assess NFL loss. Finally, the estimation of the vertical
CDR was performed using 90D or 78D aspheric lenses
at the slit lamp.

Our management process aimed to achieve the ‘target’
IOP!" or to reduce the IOP recorded at presentation by
25% through medical therapy, laser and/or surgery.[”
The medical management consisted of the administration
of beta-blockers, alpha-agonists, topical and systemic
carbonic anhydrase inhibitors, prostaglandin analogues
and intravenous mannitol. The surgical procedures
that were performed in both the centers were cataract
extraction alone, a combination of cataract extraction
with filtration surgery or minimally invasive glaucoma
surgery, trabeculectomy with mitomycin C (MMC) (0.02%
or 0.04%), deep sclerectomy with MMC, goniotomy,
trabeculotomy and glaucoma drainage device (GDD)
implantation. In contrast, the laser procedures included
laser peripheral iridotomy (LPI), laser iridoplasty, laser
anterior hyaloidotomy, selective laser trabeculoplasty,
ultrasound cycloplasty, and diode and micropulse
cyclophotocoagulation (CPC). Since late 2017, micropulse
CPC replaced conventional CPC in both the centers.
Endoscopic cyclophotocoagulation is another laser
procedure that is performed in combination with cataract
extraction to control the IOP.

Calculating the average visual acuity

As recommended, the logarithm of the minimum angle of
resolution (LogMAR) method was used to assess VA. The
VA values were subsequently converted to their LogMAR
equivalents by converting them to decimal notation. The
negative value of the logarithm was calculated,'” and the
average LogMAR values were computed. An individual
who was able to count fingers that were displayed at a
distance of 2 feet was considered to have a vision of 2/200
or 20/2000. An individual who could detect hand motion
ata distance of 2 feet was considered to have an equivalent
Snellen acuity of 20/20,000. Light perception (LP) with
or without projection and no light perception (NLP) are
not VA measurements but merely the ability to detect a
stimulus. Therefore, these factors were excluded from the
analysis. Higher LogMAR values would indicate lower VA
since the negative logarithm was used to calculate VA.

Statistical analysis

All statistical analyses were conducted using Statistical Package
for Social Sciences (SPSS v. 24; IBM Corp., Armonk, NY, US).
Collected data were analyzed using descriptive statistics such
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as frequency and percentage for qualitative variables, mean
and standard deviation (SD) for quantitative variables while
Chi-square test, #test, and one way analysis of variance,
where applicable, were applied to compare dependent and
independent variables.

RESULTS

A total of 999 records were reviewed. Of these, 528 (52.9%)
were male. The mean age of participants ranged from 40
to 70 years (mean: 58.8 = 17.4 years). The majority of
the participants were Saudi (94.8%). Further, the most
common site was bilateral glaucoma (82.3%) followed by

unilateral glaucoma (16.7%) [Table 1].

Type of glaucoma, visual acuity, and medication history
Data regarding type of glaucoma was missing in 174
(17.4%) patients and 75 (7.5%) were labeled as glaucoma
suspect. The three most predominant glaucoma types were
POAG (n = 277, 27.7%), secondary glaucoma (z = 268,
26.8%), and ACG (# = 155, 15.5%) [Figure 1]. Congenital
glaucoma (22, 2.2%) and juvenile glaucoma (18, 1.8%)
represented a small proportion of the study population,
while 10 patients (1%) were labeled as mixed mechanism
glaucoma. The most common types of secondary glaucoma
were PXFG (35.8%), followed by NVG (20.5%) [Table 2.
Regarding the different angle closure glaucoma (ACG)
subcategories, the PAC cases accounted for 9.3% of
the cases, while the primary chronic angle-closure
glaucoma (PCACG) cases comprised around 77.8% of
the entire ACG patient samples and 13.7% of the patients
presented with acute angle-closure crises (AACC) [Figure 2.

The VA of the participants is summarized in Table 3, the
mean and SD of LogMAR was used to summarize the VA
of the participants, which are 0.81 + 0.87 and 0.73 £ 0.85,
in the 1% and 2™ visit, respectively. The petrcentages of
LP are 2.60% and 1.92%, respectively, in the 1** and 2
visit, while the percentage of NLP are 5.9% and 8.41%,
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respectively, in the 1% and 2™ visit. We observed that the
mean VA recorded during the second clinic visit was lower
compared to the mean VA recorded during the first visit.

Regarding topical medical therapy, 145 (15.7%) patients
were not using any medications, 101 (10.9%) were being
treated with one type of 1OP-lowering eye drops, and
127 (13.8%) were using two types. Moreover, 237 (25.7%)
patients were using three medications, while 313 (33.9%)
were using four different types of drops.

Distribution across glaucoma subtypes

As mentioned in Table 4, the distribution of age and
site was significantly different among the glaucoma
subtypes (P < 0.05), while there was no statistically
significant difference between gender, nationality and
glaucoma subtypes (P > 0.05). The results associated

Table 1: Distribution of participants according to nationality,
mean age, and laterality of glaucoma (n=999)

Variables Total, n (%)
Nationality
Saudi 947 (94.8)
Non-Saudi 52 (5.2)
Gender
Male 528 (52.9)
Female 471 (47.1)
Age (mean+SD) 58.8+17.4
Site of glaucoma
Bilateral 822 (82.3)
Unilateral 167 (16.7)
No record 10 (1)

SD - Standard deviation

Table 2: Types of secondary glaucoma in the study
population (n=268)

Variable Number of patients, n (%)
PXFG 96 (35.8)

NVG 55 (20.5)

Uveitic glaucoma 29 (10.8)
Postsurgical glaucoma 20 (7.5)
Lens-induced glaucoma 17 (6.3)
Steroid-induced glaucoma 14 (5.2)
Posttraumatic glaucoma 13 (4.9)

Other 24 (9)

PXFG — Pseudoexfoliation glaucoma; NVG — Neovascular glaucoma

S00
800
700

500

300
200
100

PAC PACG AACC

Figure 1: Predominant glaucoma types

Figure 2: Different angle closure glaucoma subcategories
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with pairwise comparisons revealed that the mean age
was significantly higher in the POAG group compared
with that in the remaining groups (P < 0.05), apart from
that in the ACG group. Regarding the site of glaucoma,
the results revealed that the percentage of patients with
bilateral glaucoma was significantly higher among patients
with POAG compared to that among those with ACG and
secondary glaucoma (P < 0.05). Analysis also revealed that
the mean IOP was not significantly different between the

groups.

As mentioned in Figures 3 and 4, cataract surgery alone
was the most commonly performed operation, while LPI
was the most commonly performed laser procedure.

DISCUSSION

The findings of study indicates that the most frequent
glaucoma type in the Eastern Province of Saudi Arabia
is POAG followed by secondary glaucoma and PACG.
These findings are within the line of different studies
conducted in Saudi Arabia in the recent past.'" Further,
our findings also correlate with regional studies conducted
in Oman® and Qatar."”! However, the results differ with
those of international studies: POAG is more common
among the African population than among the European
or the Asian population, while ACG is more common
among Asians than Africans or Europeans.!!

In this study, the mean age of patients with POAG and
PACG at presentation was approximately 62 years, which is

consistent with the results obtained from previous reports.!'”

Table 3: Values of visual acuity of the participants included in
the study

First visit, n (%) Second visit*, n (%)

LogMAR (mean+SD) 0.81+0.87 0.73+0.85
LP 41(2.60) 33 (1.92)
NLP 93 (5.9) 144 (8.41)
Total number (n) 1442 1713

*LP — Light perception; NLP — No LP; LogMAR — Logarithm of the
minimum angle of resolution

The average IOP in our study was 14.5 mmHg across all
the glaucoma subtypes. The measurements were recorded
while patients were receiving medical therapy and/or after
they underwent surgical or laser procedures. The IOP of
around 25.7% and 33.9% of the participants was controlled
by three and four different types of topical IOP-lowering
medications, respectively. The most frequently performed
surgical procedures were cataract surgery alone (57.44%)
followed by trabeculectomy + MMC (22.91%), GDD
implantation (6.84%) and CPC (6.84%). According to our
data, the most frequently performed office-based procedure
was LPI (94.75%). Interestingly, cataract surgery was found
to have an IOP-lowering effect that has been reported in
several studies, most notably in the Ocular Hypertension
Treatment Study.”* In contrast, we found that LPI was
not as effective as a single modality treatment in managing
the PACG cases. These cases required additional treatments
including IOP-lowering medications and/or a surgical
intervention to control their disease.

Regarding the VA observed in our study, there was
a tendency among the participants to have poorer
vision at presentation (LogMAR 0.81 * 0.87 SD).
The percentages of cases with LP and NLP vision
at presentation were 2.60% and 5.90%, respectively.
Compared to the observations recorded during the first
visit, we observed both improvements and deterioration
in the vision. Examining the vision in the subsequent visit
revealed modest improvements (LogMAR 0.73 £ 0.85).
We speculate that the reason behind this improvement
was the correction of a pre-existent refractive error
and/or cataract extraction with the implantation of an
intraocular lens. Moreover, deterioration in vision was
also noted. A number of cases with LP vision exhibited
a reduction of 1.92%. In contrast, cases with NLP vision
displayed a rise of 8.41%. This discrepancy could be a
manifestation of late presentation, poor compliance to
medical therapy, and inadequate health literacy among the
Saudi population, which has been addressed in a recent
report.” Furthermore, the level of education may affect

Table 4: Distribution of sex, age, nationality, and site across glaucoma types (n = 740)

Variable POAG (%) Secondary (%) ACG (%) Congenital (%) Juvenile (%) P
Gender
Female 129 (46.6) 113 (42.2) 83 (53.6) 12 (54.5) 11 (61.1) 0.107
Male 148 (53.4) 155 (57.8) 72 (46.4) 10 (45.5) 7 (38.9)
Nationality
Non-Saudi 14 (5) 12 (4.5) 4(2.6) 2(9.1) 1(5.56) 0.281
Saudi 263 (95) 256 (95.5) 151 (97.4%) 20 (90.9) 17 (94.4)
Site
Bilateral 268 (96.8) 155 (57.8) 140 (90.3) 22 (100) 18 (100) 0.001
Unilateral 9(3.2) 113 (42.2) 15 (9.7) 0 0
IOP (+ SD) 15.2 (6.4) 15.2 (8.3) 14.8 (6.49) 11.7 (6.4) 15.5 (7.9) 0.16
Age (£ SD) 62.4 (13.3) 58.3 (19.2) 61.8 (11.6) 16.4 (12.7) 32.3 (14.4) 0.001

POAG — Primary open-angle glaucoma; ACG — Angle closure glaucoma; I0P — Intraocular pressure
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Cataract surgery alone

Trabeculectomy +MMC

Cataract surgery +MIGS

Endoscopic cyclophotocoagulation (ECP)
Deep sclerectomy (DS)

Glaucoma drainage device implantation (GDI)

Cytophotocoagulation (CPC)

Ultrasound cycloplasty (UCP)

0 100 200 300 400 S00 600

Figure 3: Summary of surgical and laser procedures performed (n=921)

the adherence to the required administration schedule of
IOP-lowering topical medications.>**!

Compared to the findings of Al Obeidan ez a/!'" and
AlZuhairy ez al.,™ in our study, POAG cases were higher
than of PAC, which could be attributed to presence of
certain POAG-related risk factors that have been not
addressed here, such as, myopia, diabetes mellitus and
a family history of this condition. Wang e a/Pl found
a correlation between air pollution and glaucoma. The
Eastern Region harbors the Jubail industrial city, which
is a global hub for chemical industries, and this may be
responsible for these unique glaucoma patterns compared
to other Saudi provinces. However, further studies are
necessary to confirm a causal association between air
pollution and glaucoma. Finally, many studies have reported
that over 50% POAG cases are not detected.”” Similatly,
the overdiagnosis of POAG was studied in the Thessaloniki
Eye Study (2018),”* and the authors stated that 1.3% of
the cases were falsely diagnosed as POAG and that around
two-third of them were receiving IOP-lowering drops.

PCACG cases comprised 77.8% of the PAC cases.
Notably, the percentages of the PAC subcategories may
reflect the natural progression of the disease if it is not
detected early and treated adequately. Approximately 13%
of the cases presented with AACC and two-thirds of
them required long-term medical therapy and/or surgical
intervention due to the development of PAS, high IOP,
and subsequently, the development of glaucomatous optic
neuropathy.

The prevalence of PCG among Saudi Arabian individuals
(1 in 2500) is considered the second highest in the world
after the prevalence among Slovakian gypsies (1 in
1250).” In our study, PCG accounted for 2.62% of all
the glaucoma cases, while JOAG accounted for 2.14%.
Similar figures were reported by Al Obeidan e a/!'”
Both these diseases are managed surgically. In our study,
trabeculectomy and deep sclerectomy were observed to

Laser peripheral iridotomy (LP1)

Selective laser trabeculoplasty ( SLT)

Suture lysis

0 50

100 150 200 250 300 350

Figure 4: Summary of office-based laser procedures performed (n=305)

be the most frequent surgical interventions that were
performed to treat these cases.

Consistent with findings of Al Obeidan ez4/,"" in our study,
secondary glaucoma was found to be the second most
common type of glaucoma. PXFG was the predominant
subset (35.8%) followed by NVG (20.5%), uveitic
glaucoma (10.8%), postsurgical glaucoma (7.5%), and
lens-induced glaucoma (6.3%). According to Wang ¢t al.,*!
exposure to solar ultraviolet radiation could increase the
risk of glaucoma, mainly PXFG. Pasquale e a/"" reported
a similar finding.

Finally, it is worth mentioning that around 7.5% of the
patients were labelled as primary open-angle glaucoma
suspects. These patients were referred to the glaucoma
clinic due to an enlarged CDR; however, factors such as
the size of the disc, the presence of a tilted disc in myopic
patients and over-estimated IOP with high central corneal
thickness values were not taken into consideration.
Based on the recommendations published by the
European Glaucoma Society in the fourth edition of
the Terminology and Guidelines for Glaucoma (2017),!?
such cases should be scheduled for a follow-up every
6—12 months, and the patients should be examined for
changes or abnormalities in the optic nerve head, NFL
and visual field test results.

Several limitations need to be acknowledged. Because of
the retrospective nature of this study, there were some
missing data. In addition, misdiagnosis and misclassification
might be an issue as well. Therefore, a large national survey
is needed to estimate the prevalence and the burden of
glaucoma and to identify its risk factors.

CONCLUSION

This study showed that in the Hastern Province of Saudi
Arabia, POAG, secondary glaucoma and PACG were the
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most common types of glaucoma observed. Knowledge
regarding prevalence of glaucoma is important, especially
for the planning of services, allocation of resources, and
prevention of blindness.
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