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Abstract

Background: Intraocular pressure (IOP) normally ranges between 10 and 21
mmHg. Very high IOP (240 mmHg) represents a critical condition that, if not
promptly managed, can result in irreversible blindness in short period of time.
This study aims to assess the clinical profile and associated factors of very high
IOP. Methods: A hospital-based case-control study was conducted from Au-
gust 2022 to July 2023. Patients with very high IOP (=240 mmHg) were com-
pared to controls with high or normal IOP (<40 mmHg), with a focus on de-
termining whether sociodemographic, clinical, and medical conditions are as-
sociated with very high IOP as compared to IOP less than 40 mmHg. Results:
A total of 212 participants were included, comprising 82 cases with very high
IOP and 130 controls. The mean IOP among cases was 46.6 mmHg (SD +6),
ranging from 40 to 65 mmHg, while the mean IOP in the control group was 18
mmHg (SD £6.19). The most common glaucoma subtypes associated with very
high IOP were primary open-angle glaucoma (28%), pseudoexfoliative glau-
coma (24.3%), and juvenile open-angle glaucoma (17%). The distribution of
glaucoma subtypes was generally similar between cases and controls, except
that the third most common subtype in the control group was chronic angle-
closure glaucoma rather than juvenile open-angle glaucoma. About half of the
patients on follow-up were receiving anti-glaucoma medication at the time of
evaluation. Severe visual impairment was observed in 62% of patients with very
high IOP. No statistically significant association was found between very high
IOP and the sociodemographic, clinical, or medical factors assessed. Conclu-
sion: Very high IOP is strongly associated with severe visual impairment, em-
phasizing the need for early diagnosis and effective management. Sociodemo-
graphic, ocular, and medication-related factors are not associated with very
high intraocular pressure.
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1. Introduction

Glaucoma is a chronic and progressive optic neuropathy associated with charac-
teristic structural damage to the optic nerve and visual field dysfunction. It is
caused by multifactorial disease, which includes genetic and environmental fac-
tors [1] [2].

Recent studies from sub-Saharan Africa show that glaucoma remains highly
prevalent, with poor outcomes largely due to late presentation and health system
constraints.

Among the various known risk factors, increased intraocular pressure (IOP)
and advanced age are well-known and important risk factors for glaucoma devel-
opment [3]-[5].

Very high IOP (intraocular pressure) refers to significantly elevated pressure
within the eye, which can be dangerous if not managed properly and early. When
the pressure is too high, it will cause optic neuropathy within a short period of
time and lead to blindness [6].

While normal IOP typically ranges from 10 to 21 mmHg (millimeters of mer-
cury), very high IOP is usually considered to be greater than 40 mmHg, although
some sources may set this threshold slightly lower, depending on individual cir-
cumstances. Pressures significantly above this range require urgent medical atten-
tion to prevent optic nerve damage and preserve vision [7]-[10].

Very high IOP can be observed in various eye conditions, with glaucoma being
the most common, although it can also be associated with trauma or surgery and
steroid-induced ocular hypertension [6] [11].

IOP is typically measured using tonometry. The gold standard for IOP meas-
urement is Goldmann tonometry; however, I care rebound tonometry (IRT) is
widely used due to its ease of use, high reliability, and comparable results to Gold-
mann tonometry [11]-[15].

There is limited research on the prevalence and risk factors associated with
very high IOP, both globally, sub-Saharan Africa and within Ethiopia [16]-[19].
Therefore, this study aims to explore the major risk factors contributing to very
high IOP in our setting. Additionally, the research will provide an overview of
the characteristics of patients presenting with very high IOP and improved
clinical practices, providing valuable insights to healthcare professionals in
Ethiopia.
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2. Method

A hospital-based case control study was conducted at a glaucoma clinic depart-
ment of ophthalmology, Menelik II hospital, Ethiopia, from August 22, 2022 to
July 30, 2023.

2.1. Inclusion and Exclusion Criteria

Inclusion criteria:

Case: All consecutive patients that visited the glaucoma clinic with an intraoc-
ular pressure greater than or equal to 40 mmHg.

Control: A glaucoma patient, matched for age and sex, with intraocular pres-
sure (IOP) ranging from 8 to 39 mmHg, was included.

Exclusion criteria: childhood glaucoma, dense corneal scars or recent intraoc-

ular surgery were excluded.

2.2. Operational Definitions

1) Very high intraocular pressure was defined as IOP greater than or equal to
40 mmHg.

2) Patients were considered to have glaucoma if they had elevated IOP in the
presence of glaucomatous optic nerve head damage. Glaucoma severity was
graded based on the vertical cup-to-disc ratio (VCDR) according to the Canadian
glaucoma grading system.

3) A recent history of surgery was defined as surgery within 1 month.

4) Juvenile open-angle glaucoma-open angle glaucoma, which manifests be-
tween the ages of 5 - 40 years, is characterized by the absence of eyeball enlarge-
ment and corneal changes.

5) Glaucoma severity was classified according to the Canadian Glaucoma Clas-
sification. Mild glaucoma was defined as very high IOP with a vertical cup-to-disc
ratio of 0.65, moderate glaucoma as high IOP with a VCDR ranging from 0.7 to
0.85, and Severe glaucoma as high IOP with a VCDR greater than 0.9.

2.3. Hypotheses

Research Question: What sociodemographic, clinical, and medical factors are as-
sociated with very high intraocular pressure (=40 mmHg) compared to lower IOP
among glaucoma patients?
Null Hypothesis (Ho): There is no significant association between very high in-
traocular pressure (240 mmHg) and sociodemographic, clinical, or medical factors.
Alternative Hypothesis (H;): Very high intraocular pressure (240 mmHg) is
significantly associated with at least one sociodemographic, clinical, or medical

factor.

2.4. Sampling Technique and Sample Size

We use purposive sampling for cases. The source population for the case group
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consisted of glaucoma patients who received services at the glaucoma unit, regard-
less of the duration of follow-up. All consecutive patients seen during the study
period who met the inclusion criteria were included in the case group.

For the control group, participants were selected using systematic random sam-
pling till 1:1.6 proportional number was found. Specifically, 65 newly diagnosed
glaucoma patients and 65 glaucoma patients on follow-up were included.

Confidence Level: 95%, Margin of Error: 5%, Population Proportion: 20%. To-
tal Samples size is calculated is 79 (for cases) and 126 for controls, with a ratio of
1:1.6, making a total of 205. However, we included 212 participants with 82 cases
and 130 controls.

n=(za/,+zp)’[R(1-R)+B(1-B)]/(R-P)

If ratio = r, (controls per case) then ncontrols = 7' X Mcases
where:
n = sample size in each group (cases or controls)
Py = proportion of exposure among controls
P, = proportion of exposure among cases
Zal, = Z value for confidence level, 95% => 1.96

Zp= Zvalue for power, 90% power => 1.28, 80% power => 0.84

2.5. Recruitment of Study Participants

During routine glaucoma clinic appointment days, ophthalmic nurses measure
both visual acuity and IOP. Patients with very high IOP were referred to the prin-
cipal investigator for screening. Eligibility was determined using inclusion and
exclusion criteria. For patients meeting the inclusion criteria, the investigator ex-
plained the purpose of the study and obtained informed consent for participation.

The investigator evaluated the patients at the glaucoma clinic and consulted
consultants to plan further management. The eye that met the inclusion criteria
was selected; if both eyes were eligible, the one with the higher IOP was chosen.
Relevant information obtained from patient interviews and evaluations was col-

lected using a structured data collection tool.

2.6. Data Collection Instruments and Analysis

The structured data collection tool included information such as age, sex, educa-
tional status, occupation, address, family history of glaucoma, as well as systemic
illnesses like diabetes mellitus, hypertension, and other diseases. Ocular history
on previous ocular surgeries, trauma, and ocular diseases was recorded. Symp-
toms such as vision reduction, pain, discomfort, redness, headache, and their du-
ration were recorded.

Ocular condition data on visual acuity (VA), intraocular pressure (IOP) that
was measured using I care rebound tonometry, corneal clarity, optic nerve head
(ONH) status, and type of glaucoma, were also collected.

Intraocular pressure was measured using I care rebound tonometry under
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standardized conditions. For each eye, three times consecutive readings were ob-
tained, and the average value was recorded for analysis. Measurements were per-
formed at a consistent time of day (between 9:00 and 11:00 AM) to minimize di-
urnal variation. If any reading differed by more than 2 mmHg, additional meas-
urements were taken and the median value was used. All elevated or borderline
values (approaching the 240 mmHg threshold) were repeated and confirmed in
the same session. The tonometer was calibrated daily according to the manufac-
turer’s guidelines, and routine quality checks were performed to ensure measure-
ment accuracy and reliability.

The data were entered, coded, and analyzed using SPSS (Statistical Package for
the Social Sciences) version 26. Statistical comparisons were made using appro-
priate tests, with a p-value of <0.05 considered statistically significant. The chi-
square test (X*) was employed to assess associations between dependent and in-
dependent variables.

The analysis focused on associations between sociodemographic characteristics
and very high IOP, and relationships with type of glaucoma, glaucoma medica-
tion, treatment duration, ocular characteristics, systemic associations, and ONH

status.

2.7. Ethical Considerations

This study was conducted in accordance with the principles outlined in the Dec-
laration of Helsinki. Ethical approval was obtained from the Research and Publi-
cation Ethics Committee of the Department of Ophthalmology, College of Health
Sciences, Addis Ababa University. Informed consent was obtained from each par-
ticipant prior to inclusion in the study. Participants were fully informed about the
purpose of the study, and patients with very high IOP were managed by glaucoma
specialist for urgent and appropriate management.

3. Results
3.1. Sociodemographic Characteristics

A total of 212 participants were included in this study, comprising 82 patients with
very high IOP and 130 patients with IOP less than 40 mmgh, who served as con-
trols. The majority of the study participants (44.3%) were 41 - 60 years of age,
while most of the controls (32%) were above 60 years old. The mean age of the
study participants was 56 years (SD £13.83). (See Figure 1)

The mean IOP was 29 mmHg (SD *15), ranging from 7 to 65 mmHg. The mean
IOP for cases was 46.6 mmHg (SD +6), with a range of 40 to 65 mmHg. In con-
trast, the mean IOP for the control group was 18 mmHg (SD +6.19).

The Female-to-male ratio was 1:1.5, with a male predominance (59%). Regard-
ing educational status, 39% of the participants were illiterate or had no formal
education. The majority of the cases 53.7% were rural dwellers, whereas 52.6% of
the control group were from urban areas. In terms of occupation, most of the cases

were farmers, with a mean IOP of 48 mmHg, while the majority of the controls
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were retired or no formal occupation. (See Table 1)

Histogram of IOP

Mean = 29.28
Std. Dev. = 15.132
N=211

Frequency

(@)
Histogram of Log(IOP)

Mean = 1.4033
20 Std. Dev. = 0.24173
N=211

Frequency

0.80 1.00 1.20 1.40 1.60 1.80 2.00

Log(IOP)
(b)
Figure 1. Histogram of mean IOP (a) and log of IOP (b) of the study participants.

Table 1. Scio-demographic characteristics of the study participants.

Variable Categories No of participants (%) IOP (Means + SD)
20 - 40 31(14.6) 37.90(12.7)
Age 41 - 60 94(44.1) 31.05(15.6)
>61 87(40.8) 24.31(13.5)
Female 86(40.4) 29.94(15.2)
Gender
Male 126(59.2) 28.82(15.1)
Rural 103(48.4) 30.04(15.4)
Residency
Urban 109(51.2) 28.56(14.8)
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Continued
Illiterate 83(39) 29.17(15.7)
Elementary School 43(20.2) 29.79(14.5)
Educational level
Secondary School 47(18.3) 28.38(15.0)
College and above 39(18.3) 30.05(14.8)
Farmer 66(31) 31.03(15.8)
Daily Laborer 29(13.6) 33.93(16.7)
Occupation Retired 39(18.3) 32(15.88)
Civil servant 40(18.8) 27.23(13.5)
Merchant 36(16.9) 22.81(11.0)
Yes 6(2.8) 31.17(17.8)
Family history of glaucoma
No 206(96.7) 29.22(15.08)
Yes 4(1.9) 45.00(21.8)
Systemic steroid use
No 208(97.7) 28.98(14.88)

3.2. Associated Factors of the Study Participants

Among the study participants, 52% were newly diagnosed glaucoma patients, with
a mean IOP of 31 mmHg (SD +14.7). Only 2.4% of the cases and 3% of the con-

trols reported a family history of glaucoma.

3.3. Review of Ocular Characteristics and Anti-Glaucoma
Medication of the Study Participants

Forty-nine percent of the case used anti-glaucoma medication and 52.5% took two
or more medications. Seventeen percent discontinued anti-glaucoma medications
for at least one week. Forty-three present of the controls used mono-therapy. (See
Table 2)

Table 2. Factors associated with high IOP among study participants.

Variables Case (%) Control (%) Chi-X? P value
Duration of follow New 47(57.3) 65(50) 57.4 0.166
up Followup  35(42) 65(50)
Yes 19(23.2) 8(5.2) 17.4 0.68
Diabetes Mellitus
No 63(76) 74(90)
Yes 24(29.3) 11(8) 249 0.252
Hypertension
No 58(70) 119(91)

3.4. Type of Glaucoma, Visual Acuity and VCDR

The majority of study participants (30%) exhibited significant visual impairment
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(See Figure 2). Among the cases, 69.5% had a VCDR greater than 0.85, whereas
only 28% of the controls had a VCDR of 0.85 or higher (See Figure 2, Table 3.
Primary Open-Angle Glaucoma was identified as the most common cause of very
high IOP, with a mean IOP of 46.5 mmHg (SD +6), followed by Pseudoexfoliative
Glaucoma (PXG) (See Figure 3). Overall, 55% of the participants diagnosed with
advanced glaucoma, characterized by a VCDR greater than 0.85 (See Figure 4 and
Figure 5).

Table 3. Glaucoma Medical treatment of case group.

Variables Category No (%) Mean IOP (SD)
Yes 40 (48.8) 47.07 (6.63)
Anti-glaucoma medication
No 42 (51.2) 46 (5.58)
Timolol 13 (15.9) 45.31 (4.67)
Brimonidine 3(3.7) 57.33 (13.27)
Latanoprost 6(7.3) 45 (4.60)
Glaucoma medication
Timolol + Dorzolamide 9(11) 46.56 (4.21)
Brimonidine + Brinzolamide 2(24) 45
Systemic Acetazolamide 7 (8.5) 49 (8.48)
1 glaucoma Medication 22 (26.8) 46.26 (5.90)
Number of Anti-glaucoma L
o 2 glaucoma medication 7 (8.5) 47.92 (7.93)
Medication
>3 medication 11 (13) 47.75 (7.41)
Yes 12 (14.6) 46.58 (6.62)
Discontinued medication
No 28 (34.1) 47.29 (6.74)
<3 weeks 8(9.7) 47.29 (3.90)
Duration of discontinuation
>3 weeks 4(1) 49.89 (10.34)
45
40
35
30
25
20
15
10
5
0

6/6-6/18 6/18-6/36 6/36-6/60 <6/60
M Case mControl ®Both

Figure 2. Visual acuity distribution of study participants.
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Mean IOP and Type of Glaucoma
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Figure 3. Relation between types of glaucoma and mean IOP.

60

50

40
30
20
10 I I
0 - I I I = . H = - A
POAG PXG JOAG NVG Trauma AACG Others CACG Lens
related Induced
glaucoma

m Case m Control

Figure 4. List of types of glaucoma of study participants.
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Figure 5. Distribution of intraocular pressure and vertical cup disc ratio.

4. Discussion

This study aimed to explore the clinical profile, sociodemographic characteristics,
and associated factors of patients with very high intraocular pressure (IOP) in

Ethiopia.
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Among the 212 eligible participants, more than 80% were over the age of 41,
with a mean age of 56 + 13.8 years. These findings are consistent with several
global studies that have reported a higher prevalence of glaucoma among older
individuals. This trend is primarily attributed to age being a major risk factor for
the development of glaucoma and elevated IOP [12] [16].

There are more men than women in both groups (n = 126, 59%), resulting in a
male-to-female ratio of 1.46:1. The mean IOP among men is 46.1 + 5.84 mmHg.
These findings align with previous studies [10] [12] [14].

The most prevalent type of glaucoma associated with very high IOP is primary
open-angle glaucoma (28%), followed by pseudoexfoliative glaucoma (24%) (Fig-
ure 3). These results are consistent with studies conducted in Zimbabwe [14] and
India [9]. The lower prevalence of juvenile open-angle glaucoma among cases may
be attributed to two factors: the relative rarity of the condition and a possible se-
lection bias favoring adult patients attending the clinic, leading to fewer juvenile
cases being included.

Glaucoma severity is classified based on the Canadian Glaucoma Strategy. The
majority of participants with very high IOP are in advanced stages of the disease,
characterized by a vertical cup-to-disc ratio >0.85, which is similar in both case
and control groups.

A significant proportion of the cases (57.3%) consist of newly diagnosed glau-
coma patients, with a mean IOP of 46.5 mmHg. Additionally, 51.2% are not using
any anti-glaucoma medications at the time of the study. This high IOP suggests
that their condition was likely inadequately managed before referral to the glau-
coma clinic.

To address this issue, the referral system should be revised to enhance the early
detection and management of glaucoma patients with very high IOP. Potential
strategies include implementing stricter referral guidelines and ensuring that pri-
mary care providers are equipped with the necessary knowledge and resources for
timely diagnosis and intervention.

Among patients receiving anti-glaucoma medications, the majority (52.5%) are
on combination therapy. This finding is consistent with studies conducted in Ba-
hir Dar, Ethiopia [12]. The preference for combination therapy attributed to its
greater efficacy in managing very high IOP. However, adherence challenges and
the complexity of managing multiple medications may pose difficulties for some
patients. In such cases, monotherapy—being simpler to administer and manage—
could be a more viable option, depending on the patient’s condition and adher-
ence capacity.

The majority of cases (70%) has advanced glaucoma, characterized by a vertical
cup-to-disc ratio of >0.85, whereas most of the control has mild to moderate glau-
coma with a VCDR of <0.85. This finding underscores the importance of priori-
tizing patients with very high IOP, as they are at significant risk of rapid disease
progression.

High IOP is a well-established risk factor for both the development and pro-
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gression of glaucoma. Early intervention in these patients is crucial to prevent fur-
ther visual impairment and blindness. Strengthening screening and referral mech-
anisms, along with timely treatment mitigate the impact of very high IOP on vi-

sion loss.

5. Limitations

The study was conducted in a glaucoma clinic where referred glaucoma patients
being evaluated and managed which often focus on detecting and treating adult-

onset glaucoma.

6. Conclusion

This study has shown very high intraocular pressure (IOP) is a significant con-
tributor to visual impairment and blindness. Sociodemographic, ocular, and med-
ication-related factors were not found to be significantly associated with elevated
IOP levels. These findings highlight the critical importance of timely diagnosis
and prompt, appropriate management to prevent irreversible vision loss due to
glaucoma associated with very high IOP.
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