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Introduction
Glaucoma is a complex, genetically diverse disease 

characterized by the progressive apoptosis of retinal 
ganglion cells, leading to optic nerve damage and eventual 
visual ϐield loss [1]. It ranks as the second leading cause of 
blindness globally [2,3], with an estimated 64.3 million cases 
among individuals aged 40-80 years in 2013, particularly 
concentrated in Asia [4].

The disease is primarily categorized into open angle and 
angle closure types, with Primary Open Angle Glaucoma 
(POAG) being the most prevalent subtype. POAG is marked 
by gradual, bilateral optic nerve ϐiber loss and characteristic 
optic disc cupping, often associated with elevated intraocular 
pressure (IOP) [1]. India accounts for approximately 18.9% 
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of global open angle glaucoma cases [5], with a prevalence of 
1.6% in southern India, where many remain undiagnosed [6]. 

In contrast, Pseudo Exfoliative Glaucoma (PEXG) is 
a secondary form that results from the accumulation of 
exfoliative material in the trabecular meshwork [3]. Although 
it shares similarities with POAG, PEXG is more aggressive, less 
responsive to medical treatments, and poses a higher risk of 
surgical complications [3]. Its management often necessitates 
more frequent follow-ups and earlier surgical intervention 
due to its unpredictable progression.

The progression of glaucoma is typically assessed through 
visual ϐield deterioration, with guidelines recommending 
regular visual ϐield testing to monitor changes. Key parameters 
for evaluating progression include the Visual Field Index (VFI), 
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Mean Deviation (MD), and Guided Progression Analysis (GPA). 
Understanding the differences in visual ϐield progression 
between POAG and PEXG is crucial for optimizing management 
strategies.

Subject and methods
In the present prospective longitudinal study, we evaluated 

60 eyes of which 30 eyes were diagnosed as POAG and 30 
eyes as PEXG and were assessed for visual ϐield progression 
analysis using Humphreys 24-2 visual ϐield analyzer for a 
period of 2 years. The study was conducted at department of 
ophthalmology at JJM medical college, Davangere, Karnataka, 
India between June 2022 and July 2024.

Inclusion criteria include

· Patients with visual acuity of CF ≥ 3 m 

· Intraocular pressure by Goldmann Applanation 
Tonometry ≥ 20 mm Hg. 

· Shaffer Grading of 3 or more for at least 180° in both 
eyes by gonioscopy. 

· Vertical Cup-disc Ratio (VCDR) ≥ 0.6 in either eye or 
VCDR asymmetry of ≥ 0.2 

· Patients with signs of PEX either unilateral and/or 
bilateral presentation in all patients presenting in OPD 
during the period.

· Patients already on antiglaucoma drugs.

· Patients who required glaucoma surgery during follow-
up period and uneventful cataract surgery.

· Frequency doubling technology perimetry (FDP) 
results suggestive of glaucomatous damage

Exclusion criteria include 

· Patients with visual acuity less than CF 2 m 

· Wrong diagnosis or insufϐicient information.

· Patients with prior history of any ocular surgery except 
cataract and glaucoma surgery or, uveitis, keratopathy, 
complicated cataract, trauma to eye, mental disorders. 

· Patients with any intraocular tumours and true 
exfoliation syndrome

· Patients that cannot perform reliable visual ϐields at the 
beginning. Reliable visual ϐields were deϐined as: false 
positives ≤ 20% and/or false negatives ≤ 20% and/or 
ϐixation losses ≤ 30%.

· Patients suffering from another eye disease that could 
alter visual ϐields under study period like central vein 
occlusion, retinal detachment, etc.

· Patient not willing to be a part of study.

Method of collection of data

All the patients who satisϐied the inclusion and exclusion 
criteria were taken for the study and the demographic data 
with detailed history was noted. 

After obtaining written informed consent, all the patients 
underwent a detailed ophthalmic examination which 
included -

· Best corrected visual acuity for distance using Snellen’s 
chart and near vision using Jaeger chart. 

· Detailed slit lamp examination of anterior segment to 
identify grey white ϐibro granular material accumulated 
on lens capsule.

· IOP was measured using Goldmann Applanation 
tonometry.

· Gonioscopy to assess the trabecular meshwork and to 
check the presence of brown pigment along or in front 
of the Schwalbe’s line called the Sampaolesi’s line at the 
inferior angle.

· Pupillary dilation was achieved using Tropicamide 
(0.8% w/v) and Phenylephrine Hydrochloride (5% 
w/v) eye drops and to measure pupillary dilatation.

· Slit lamp fundus bio microscopy examination of the 
optic disc with a +90D lens through dilated pupil and 
the average of vertical cupping was recorded as the cup 
to disc ratio and optic nerve assessment.

· Visual ϐield analysis with Humphrey ϐield analysis 24-2.

Following complete clinical evaluation, patients were 
categorized into 2 groups

Group A - Those who were diagnosed as primary open 
angle glaucoma

Group B - Those who were diagnosed as pseudo exfoliative 
glaucoma.

Patients were followed up 6 monthly for a period of 2 years 
to follow up with the vision, IOP, and visual ϐields 24-2 using 
Humphreys’ ϐield analysis.

The visual ϐield progression was assessed based on the 
following 3 parameters-
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· Visual ϐield index (VFI)

· Mean deviation (MD)

· Guided progression analysis (GPA)

To classify the defects of the glaucomatous ϐield, Hodapp 
– parrish- Anderson criteria was used in our study where the 
Mean deviation criteria is used for grading the severity of the 
glaucomatous ϐield.

Statistical analysis

· The minimum required sample size to study the 
difference in the clinical presentation between the 
study groups was 30 eyes in each group. 

· Hence a total sample size of 60 eyes (30 eyes in POAG 
and 30 eyes in PEX glaucoma) were selected for this 
study.

Data is analyzed with IBM SPSS version 22 for windows. 
Categorical data was represented in the form of 
frequency and percentage. 

· Association between variable was assessed with Chi-
Square test. 

· Quantitative data was represented as Means and 
Standard Deviation (SD). 

· Intergroup comparison was done with unpaired t test.

· Follow up assessment within the group was done with 
paired t test. 

A p value < 0.05 was considered statistically signiϐicant.

The sample size formula is-

Sample size

2 22 Sd x (Z Z )ss 2d
 



Where,

· Zᵦ - Std normal variate for power 

80% power = 0.84

· Zα - 1.96

· d = mean difference between two groups

· Sd = Standard deviation

Results
A total of 35 glaucoma patients were enrolled, with 15 

patients having primary open-angle glaucoma (POAG) and 20 
with pseudo exfoliation glaucoma (PEXG). The patients were 
divided into two groups: Group A (POAG, 15 patients, 30 eyes) 

and Group B (PEXG, 20 patients, 30 eyes). The mean age was 
61.43 years with no signiϐicant difference between groups 
(p=0.921). Gender distribution also showed no signiϐicant 
difference (p = 0.207). Eye involvement was evenly distributed, 
with no signiϐicant difference between groups (p = 0.934) 
Group B exhibited signiϐicantly higher intraocular pressure 
(IOP) than Group A at all follow-up visits (p < 0.001). Cup-disc 
ratio (CDR) as seen in Table 1. 

The Mean value of visual acuity was signiϐicantly better 
in group B (PEXG) as compared to group (POAG) in all four 
follow-ups visit with p – value < 0.001 as shown in Figure 1, 
Table 2.

The mean value of VFI was signiϐicantly lower in group 
B (PEXG) compared to group A (POAG) in all four follow-up 
visits with p – value < 0.001 as shown in Figure 2.

The mean value of MD was signiϐicantly lower in group B 
(PEXG) as compared to group A (POAG) in all four follow up 
visit with p – value < 0.001 as shown in Figure 2.

In Group A- 46.7% eyes had early defect; 33.3%eyes had 
moderate defect and 20% eyes had severe defect. In Group B- 
3.3% eyes had early defect; 10% eyes had moderate defect; 
and 86.7% eyes had severe defect as seen in Figure 3.

It was found that the severity according to HPA score was 
signiϐicantly higher in group B as compared to group A with p 
value < 0.001. 

Table 1: Baseline demographic & clinical characteristics of patients included in the 
study (n = 35).

Group A (POAG) Group B (PEXG)  Test  p - value

Age (years) (SD) 61.67 (11.22) 61.25 (12.84)  t - test p = 0.921

Gender (M/F) 
(%)

(12 / 3) 
(80% / 20%)

(12 / 8) 
(60% / 40%)  Fischer test p = 0.207

Laterality (R/L) 
(%)

(15 / 15) 
(50% / 50%)

(16 / 14) 
(53.3% / 46.7%) Chi square test p = 0.934

IOP mmHg (SD)  29.50 (3.11) 46.60 (3.97) t - test p < 0.001

CDR (SD) 0.69 (0.08) 0.75 (0.05) t - test p = 0.002

Table 2: Comparison of Visual ϐield progression between the 2 groups.

Follow UP 
Visits Parameters 

Group A Group B 
p - value 
(t - test) Mean Standard 

Deviation Mean Standard 
Deviation 

Follow up - 01 

VFI 80.00 23.21 48.17 32.45 < 0.001 

MD -7.29 7.00 -18.32 10.19 < 0.001 

PSD 5.64 3.82 6.16 2.85 0.55 

Follow up - 02 

VFI 78.07 22.91 39.17 30.13 < 0.001 

MD -8.13 6.85 -20.75 8.94 < 0.001 

PSD 6.13 3.84 6.97 2.83 0.34 

Follow up - 03 

VFI 75.73 22.81 30.47 24.86 < 0.001 

MD -8.37 7.01 -22.66 7.99 < 0.001 

PSD 6.52 3.66 8.16 3.05 0.07 

Follow up - 04 

VFI 72.83 22.90 20.73 21.57 < 0.001 

MD -8.85 7.03 -24.09 11.75 < 0.001 

PSD 7.31 3.60 8.75 3.61 0.13 

VFI: Visual Field Index; MD: Mean Deviation; PSD: Pattern Standard Deviation
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In Group A- 13.3% eyes had fast progression; 33.3% eyes 
had moderate progression; 30 % eyes had slow progression, 
and 7% eyes had no progression. In Group B- 53.3% eyes had 
fast progression; 36.70% eyes had moderate progression; and 
10 % eyes had slow progression as seen in Figure 4.

It was found that the speed of progression according to 
GPA was signiϐicantly higher in group B as compared to group 
A with p value = 0.001. 

Discussion
Glaucoma is a chronic, progressive optic neuropathy 

affecting the optic nerve complex, including the optic nerve 
head, Retinal Nerve Fiber Layer (RNFL), and peripapillary 
region, leading to corresponding damage in the Visual Field 
(VF). The term “glaucoma” originates from a Greek word 

meaning “clouded,” which may have historically referred 
to cataracts or corneal edema due to prolonged elevated 
pressure. Today, glaucoma is understood as a collection of 
conditions that share similar characteristics, such as cupping 
and atrophy of the optic nerve head, often leading to visual 
ϐield loss and frequently associated with elevated intraocular 
pressure (IOP).

Primary Open-angle Glaucoma (POAG) is a multifactorial 
optic neuropathy deϐined by a characteristic acquired atrophy 
of the optic nerve, accompanied by loss of retinal ganglion 
cells and their axons. This occurs with open anterior chamber 
angles and results in speciϐic visual ϐield defects [7]. Primary 
glaucoma, such as POAG, are generally bilateral and are often 
linked to genetic predispositions. While various risk factors 
contribute to the development of POAG, elevated IOP remains 
the most signiϐicant.

IOP is regulated by the balance between the production 
of aqueous humor by the ciliary body, the resistance to its 
outϐlow at the anterior chamber angle, and episcleral venous 
pressure. Elevated IOP typically results from increased outϐlow 
resistance. Glaucoma-induced changes in the optic nerve and 
visual ϐield depend on the susceptibility of optic nerve axons 
to damage. POAG is a chronic, progressive optic neuropathy 
that manifests with open angles, optic disc cupping, visual 
ϐield loss, and optic atrophy in the absence of any identiϐiable 
ocular or systemic causes.

POAG progresses slowly and is typically asymptomatic 
until advanced stages. Most cases are identiϐied through 
screening or routine eye exams. Although elevated IOP is 
not responsible for all POAG-related damage, it remains the 
primary risk factor. Corneal thickness is also a critical factor, 
inϐluencing both IOP measurement accuracy and the risk of 
developing open-angle glaucoma [8]. The exact mechanism 
by which elevated IOP damages the optic nerve is unclear, but 
factors like ischemia, mechanical compression, local toxicity, 
or a combination of these may contribute.

Pseudo Exfoliative Glaucoma (PEXG) is a secondary form of 
open-angle glaucoma caused by the accumulation of exfoliative 
material in the trabecular meshwork. It mimics POAG in many 
ways and can often be overlooked. PEXG typically presents 
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Figure 1: Comparison of Visual acuity between the 2 groups during their 
follow up period.
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Figure 2: Comparison of Visual fi eld index between the 2 groups.
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Figure 3: Bar diagram showing the comparison according to HPA score 
between the groups.
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GPA between the 2 groups.
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with optic nerve cupping, elevated IOP, and visual ϐield loss in 
one eye, while the other eye shows no glaucoma signs. It tends 
to be more difϐicult to manage due to frequent IOP spikes, 
requiring regular follow-ups and often necessitating early 
surgical intervention due to medical therapy failure. 

Both POAG and PEXG result in visual ϐield defects, with their 
progression evaluated using the Hodapp-Parrish-Anderson 
(HPA) criteria, particularly focusing on the mean deviation to 
grade severity. 

Age and gender distribution

The present study found no signiϐicant difference in 
the mean age between the POAG (61.67 years) and PEXG 
(61.25 years) groups (p = 0.921), which aligns with Ayala 
et al. study [9] where POAG and PEXG ages were 69.6 and 
71.4 years respectively (p = 0.20). Similarly, there was no 
signiϐicant gender disparity between POAG (12M/3F) and 
PEXG (12M/8F), corroborating Ayala, et al.’s study (M:F ratio 
for POAG 28:26; PEXG 45:55, p = 0.57). Tarkkanen, et al. [10] 
reported comparable gender distributions, with 66% and 
68% females in POAG and PEXG, respectively, while Tolga et 
al. indicated lower percentages of females (POAG 26%, PEXG 
29%).

The lack of consensus on gender predilection for POAG 
mirrors broader literature inconsistencies. For example, the 
Baltimore Eye Survey [11] and Beaver Dam Eye Study [12] 
reported no gender difference in POAG prevalence, whereas 
studies like Framingham and Rotterdam indicated higher 
rates in males, and Blue Mountains Eye Study found higher 
rates in females [13,14].

Laterality

In this study PEXG was more likely to involve unilateral 
cases, with 10 patients presenting unilateral PEXG and 10 with 
bilateral involvement. This is consistent with Ayala, et al. [9] 
study that 78% of PEXG patients were unilateral, compared 
to 31% in the POAG group. Other studies, like studies by 
Astrom S, et al. and Musch, et al. [15,16] support this trend in 
unilaterality among PEXG patients.

Ayala et al. attributed the minimal chance of overlooking 
pseudo exfoliation to thorough dilated pupil examinations, 
noting that IOP in PEXG-affected eyes often exhibited 
disparities as large as 20–30 mmHg. Puska, et al. [17] reported 
a 38% conversion rate from unilateral to bilateral PEXG over 
a 10-year period, speculating that both eyes might harbor the 
disease, though its phenotypic expression may be asymmetric 
[18].

Visual acuity

In this study, Group B (PEXG) demonstrated signiϐicantly 
better visual acuity outcomes across all follow-ups (p < 0.001), 
culminating in a mean visual acuity of 1.09 in Follow-up 4, 

compared to 0.58 in Group A (POAG). The study by Ayala, et al. 
[9] showed visual acuity higher in the treatment group (mean 
0.91) than the comparison group (0.84, p = 0.027).

Intraocular pressure

Baseline IOP was signiϐicantly higher in PEXG (46.60 
mmHg) than POAG (29.50 mmHg). Ahrlich, et al. [19] and 
Kocaturk, et al. [20] reported similar trends, with PEXG 
patients showing higher IOP values and pachymetry readings 
compared to POAG.

Visual fi eld progression

This study revealed that PEXG patients had a more rapid and 
severe decline in visual ϐields than POAG, with PEXG showing 
faster progression according to VFI, MD, and GPA scores. This 
ϐinding aligns with Leske MC, et al. [21] Heijl A, et al. [22] and 
Kim, et al. [23] studies, which also found accelerated visual 
ϐield progression in PEXG. For example, Ayala et al. reported a 
more signiϐicant MD difference in PEXG (-3.17 dB) compared 
to POAG (-1.25 dB) over three years. Moraes, et al. [24] also 
highlighted pseudo exfoliation as a risk factor for faster visual 
ϐield loss, with a rate of -0.65 dB/year for MD values.

Guided progression analysis

The Guided Progression Analysis (GPA) is a pointwise 
event analysis program based on the pattern deviation (PD) 
data from the Swedish Interactive Thresholding Algorithm 
(SITA) tests or Full-Threshold tests and is based on the Early 
Manifest Glaucoma Trial progression criteria [25]. To establish 
a baseline, the procedure averages the patient’s ϐirst 2 reliable 
visual ϐields. The GPA compares each consecutive test to this 
baseline, point by point, to ϐind any points that deviate beyond 
the 95% conϐidence interval for expected test-retest variability 
obtained from a group of stable glaucoma patients [26].

If 3 or more locations are conϐirmed in 2 consecutive tests, 
the GPA outcome is “possible progression” and if 3 or more are 
persistent in 3 consecutive tests, the GPA outcome is “likely 
progression”.

The diagnosis of progression using the GPA was found to 
closely correlate with clinical assessments. Arnalich-Montiel 
and coworkers reported that the “possible progression” 
criterion achieved a sensitivity and speciϐicity of 93% and 
95% respectively, and a positive likelihood ratio based on a 
thorough objective clinical assessment [27].

The GPA is clinically useful because it presents both the 
statistical signiϐicance of the changes compared with baseline 
tests, as well as whether these changes are conϐirmed and 
persistent on subsequent tests. This allows clinicians to 
distinguish true pathologic changes from test-retest variability.

The eyes in which more than three test locations showed 
progression. We could further classify these eyes into:
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· Fast progressors (MD ≥ 2 dB/year)

· Moderate progressors (MD -1 to -2dB/year)

· Slow progressors (MD -0.5 to - 1dB/year)

In our study, 76.6 % eyes in POAG group showed 
progression out of which 30.00% showed slow progression, 
33.30% showed moderate progression and 13.30% showed 
fast progression and 100% eyes of PEXG group showed 
progression out of which 10% showed slow progression, 
36.70% showed moderate progression, and 53.30% showed 
fast progression. Though progress shows a large variability 
among individuals which helped to determine the rate of 
progression in each individual to choose the best treatment 
modality.

Conclusion
· Compared to individuals with primary open-angle 

glaucoma, those with pseudo exfoliation exhibited 
more rapid and frequent visual ϐield progression, as 
determined by three separate methods of testing Visual 
Field Index (VFI), Mean Deviation (MD) and Guided 
Progression Analysis (GPA).

· In order to prevent further loss of vision, people with 
pseudo exfoliation glaucoma must be treated and 
managed more stringently than those with primary 
open-angle glaucoma.

· Given the increasing average life expectancy, long-term 
follow-up and treatment plans become more important 
in progressive and chronic diseases like glaucoma.

· Progression rates may vary among patients even within 
the same diagnostic or clinical subgroups.

· We recommend that long-term glaucoma progression 
be closely monitored, with treatment individualized 
based on visual ϐield progression.

This study has several limitations such as it was a short 
follow up study. This study did not include data about 
anatomical progress using optical coherence tomography 
(OCT). One of the most signiϐicant limitations of the study is 
the exclusion of very advanced glaucoma subjects. Patients 
were excluded to avoid “ceiling effects.” Unfortunately, there 
is still no suitable method to evaluate glaucoma progression 
in advanced cases.
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