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ABSTRACT 

Background and Objective: 

Glaucoma is related to damage of the optic nerve due to death of retinal ganglion cells 

caused by increased intraocular pressure (IOP). 2 A vital marker of a healthy cornea, 

central corneal thickness (CCT) is 540 µm. Data suggests that people with thinner 

corneas may have lower IOP than the thick corneas, and vice versa.7 Gold standard for 

measuring IOP is  Goldmann Applanation Tonometry (GAT).9 Hence it is important 

to measure CCT routinely during initial assessment for glaucoma patients. Objective 

of this study, to assess and compare the correlation between CCT and IOP among 

primary open angle glaucoma (POAG), Pseudoexfoliative glaucoma (PXG), ocular 

hypertension (OHT) and normal population. 

Methods: 

This Case control study involving 20 patients in each of the three study 

groups were compared with 60 normal population as control attending the 

ophthalmology department at R L Jalapa hospital attached to Devaraj Urs 

Medical College, Tamaka, Kolar from between January 2021 and June 2022. 

Results: 

  The mean CCT among OHT was 555.3 µm that is greater than POAG (528.2 µm) 

followed by PXG (518.5 µm), and normal population (531.8 µm). The mean GAT  



IOP among POAG (18.4 mmHg), PXG (19.1mmHg), OHT (26.4 mmHg) and normal 

population (15.2 mmHg). The mean corrected IOP (CI IOP) among POAG (21.3 

mmHg), PXG (21.4 mmHg), OHT (22.9 mmHg) and normal population (15.2 

mmHg). POAG, PXG groups showed a mean higher CI IOP of 2.2 mm Hg and 3 mm 

Hg, respectively, than GAT IOP. Patients with OHT showed mean lower CI IOP of 

3.5 mmHg than GAT IOP. 

Conclusion and interpretation 

Overall, positive correlation was noted between IOP and CCT among POAG, PXG 

and the OHT patients. CCT was highest among OHT, while POAG and PXG had 

CCT thinner than normal population. Within the morbid groups, CCT was lower 

among PXG. Also, among POAG and PXG who had thinner CCT had underestima-

tion of GAT IOP but the CI IOP was little higher, while in OHT group who had thick-

er CCT showed overestimation of GAT IOP but the CI IOP was little lower. Further, 

multi-centric, prospective studies must be conducted between the groups of patients to 

establish the impact of CCT on these types of glaucoma. 

Keywords: central corneal thickness, Intra ocular pressure, Primary open angle glaucoma, 
Pseudoexfoliative glaucoma, Ocular hypertension. 
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1. INTRODUCTION 

 
A set of progressive optic neuropathies called glaucoma are defined as changes in op-

tic nerve head (ONH) due to degradation of retinal nerve fibre layers (RNFL) and ret-

inal ganglion cells (RGC).1 Glaucoma is related to damage to the optic nerve caused 

by raised IOP, that can lead to death of RGC.2 The primary cause of permanent blind-

ness globally is glaucoma, linked to a lower quality of life.3  

A vital marker of a healthy cornea, central corneal thickness (CCT) aids in diagnosis 

of corneal disorders. The corneal stroma, which is thought to be 450µ in diameter in 

the middle, makes up the majority of the average conventional CCT, which is roughly 

540 µ. This stroma provides crucial structural integrity and is crucial for maintaining 

corneal transparency.4  As eyes with corneal thickness of </= 555µm showed larger 

risk in developing glaucoma than with a corneal thickness of >/= 588 µm, central cor-

neal thickness of ocular hypertension patients is also thought to be a potent predictor 

of glaucoma development.5  

Any new patient who is suspected of developing glaucoma must have a central cornea 

thickness (CCT) examination.6 The CCT which affects IOP readings, might have an 

impact on diagnosing, screening, and treatment of glaucoma. Data suggests that  peo-

ple with thinner corneas may have lower IOP than those with thick corneas, and vice 

versa.7  

As it helps in interpretation of IOP data, risk stratification, setting of a target IOP, 

studies in the past have advocated that measuring of CCT routinely has to be included 

in assessment of all glaucoma patients initially. However, rather than relying solely on 
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the first CCT, following clinical therapy should take into account glaucoma investiga-

tion progress.8  

There are several instruments for measuring IOP, and the majority of them are suscep-

tible to changes in CCT. GAT which is a gold standard for measuring IOP, was creat-

ed using a 500 µm thick cornea.9 Though, it was shown that during cannulation trials  

CCT of about 520 µm was most reliable with GAT. The relationship between IOP, 

CCT in GAT is favourable.10–12  

Additionally, CCT has been found to be a significant indicator of the likelihood that 

ocular hypertension-related primary open angle glaucoma (POAG) may develop.5 

Thus, the role of CCT in diagnostic as well as prognostic attributes of glaucoma has 

been shown in previous studies. However, there is lacunae of studies on assessing the 

CCT between various types of glaucoma along with relation between CCT, IOP in our 

current study settings. Hence, we conducted the following study. 
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2. AIMS & OBJECTIVES

AIM 

• To assess and compare correlation between Central corneal thickness and IOP

among POAG, PXG, OHT and normal population.

OBJECTIVES 

• To assess central corneal thickness in POAG, PXG, OHT and normal eye.

• To   compare and correlate between CCT and IOP in POAG, PXG, OHT and

normal eye.



REVIEW OF 

LITERATURE
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3. REVIEW OF LITERATURE

Glaucoma: 

Glaucoma is one of the primary causes of lifelong blindness that occurs among older per-

sons.13 Adult glaucoma falls into two groups: primary open and closed angle glaucoma, and 

secondary open and closed angle glaucoma. A recognizable ONH changes and gradual vision 

loss are the effects seen in optic neuropathy, which is due to acquired loss of RGC and axons 

of optic nerve.14 

History of glaucoma 

Glaukos was a term used by the ancient Greeks to designate healthy, glaucous irides rather 

than sick eyes (light blue, gray, or green).15 Glaucoma has a long history and has a hazy repu-

tation as a disease. In 400 BC, the Ancient Greeks were the first to describe the condition that 

we now refer to as "glaucoma." The term "Glaykoseis" was initially used by Hippocrates to 

describe a sickness that mostly affects the elderly and causes blindness. The basic steps in 

comprehending the eye condition "glaucoma" will be discussed in this session. Since its in-

vention during the time of Hippocrates, the concept of glaucoma has undergone a significant 

modification. The word "glaucoma" was used in Hippocratic texts to describe blindness that 

seemed to grow with increasing age and was accompanied by a fixed look of the pupil. Rich-

ard Banister was the person to identify precise connection between increased IOP and glau-

coma in 1622.16  

The discovery of physostigmine in the calabar bean in 1862 marks the beginning of glaucoma 

pharmacology. Some 40 years later, the ability of epinephrine to reduce intraocular pressure  

was discovered. With the emergence of beta blockers, prostaglandin analogues, and carbonic 
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anhydrase inhibitors throughout the 20th century, drug research and development significant-

ly increased.17  

➢ Prevalence

Around the world, glaucoma-related visual neuropathy affects 60 million people. The open-

angle form is more prevalent in the African population. Those of African ancestry are up to 

15 times more likely than other ethnic groups to go blind from open-angle glaucoma.14 

Closed angle glaucoma is most common in the Inuit population and afflict women more fre-

quently than males and those with Asian ancestry at a greater rate, despite the fact that these 

people tend to have shallower anterior chambers.18 Japanese people are most likely to have 

normal-tension glaucoma. 

Age is significant risk factor for the loss of RGC across all kinds. Other risk factors of glau-

coma are primary relative (mother, father, brother, sister, or child) with the disease, as well as 

those who have high blood sugars, hypertension (HTN), cardiac diseases, trauma to eye, thin-

ner corneas, previous retinal detachment, eye tumours or inflammation, long-term steroid us-

age. In India, there are thought to be 1.12 crore people with glaucoma who are 40 years of 

age or older. 0.65 crore people are impacted with POAG. There are 0.25 crore population 

with POAG. There may be 2.76 crore people with primary angle-closure illness in some 

form. Hence the majority of those with the disease go undetected, detecting and treating those 

with disease presents significant challenges. 19 

➢ Pathophysiology

Anatomical considerations  

The balance between aqueous humor secretion in the posterior chamber from ciliary body, 

drainage of aqueous from anterior chamber angle, either through the trabecular  

outflow or the uveoscleral outflow controls IOP (normal range 10 - 21 mm Hg). An increased 

production of aqueous humor outflow or reduced outflow facility causes increased IOP.14 
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Figure 1: Glaucomatous and healthy eye’s aqueous humour drainage pathways 

Although the pathogenesis of glaucoma is unknown, RGC depletion is related with intraocu-

lar pressure. In open angle glaucoma patients the aqueous outflow via the trabecular mesh-

work is more restricted. In contrary, angle-closure glaucoma, the iris often blocks access to 

the drainage routes.2 

“As a result of IOP, posterior components of the eye, particularly the lamina cribrosa and ad-

jacent tissues undergo mechanical stress.20 RGC axons exit the eye via a perforation in the 

sclera near the lamina. Stress and strain caused by intraocular pressure can cause the lamina 

cribrosa to compress, deform, and remodel. As a result, mechanical axonal injury and axonal 

transport may be interrupted, preventing the retrograde release of vital trophic substances 

from their brainstem origin to retinal ganglion cells.21,22 Studies with experimentally induced 

Studies with experimentally induced OHT in cats and monkeys have shown that both or-
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thograde and retrograde axonal transmission are blocked at the lamina cribrosa level.23 Early 

in pathogenesis of glaucoma in experimental systems, disrupted axonal transport occurs, re-

sulting in vesicle collections and disruption of microtubules and neurofilaments in prelaminar 

and postlaminar areas. Postmortem human eyes with glaucoma also showed similar ultra-

structural alterations in the optic nerve fibers.20 The IOP induced metabolic stress demands 

high levels of energy that can be challenging to satisfy since retinal ganglion cells and astro-

cytes may also have mitochondrial malfunction.24” 

➢ Types of Glaucoma

Glaucoma is classified based on the aetiology as follows:25 

Primary glaucoma’s25 

❖ Open-angle glaucoma

❖ Normotensive glaucoma

❖ Closed angle glaucoma

❖ Congenital glaucoma

Secondary glaucoma’s25 

❖ Pseudo exfoliation glaucoma

❖ Neovascular glaucoma

❖ Uveitic glaucoma

❖ Pigmentary glaucoma

➢ Diagnosis

✓ Anterior segment examination

A vital component of examination is assessment of the angle of  anterior chamber (ACA).26 A 

thorough evaluation of the ACA should always be carried out on patients who have glaucoma 

or glaucoma suspicions. This will provide direct visibility of the primary structures responsi-

ble for the drainage of the aqueous humour, which will directly alter intraocular pres-
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sure.27,28A number of findings, including abnormal iris insertion, abnormal blood vessels in 

the angle, blood in the Schlemm's canal (SC), abnormal trabecular meshwork (TM) pigmen-

tation, the presence of synechiae, angle recession, dysgenesis of anterior segment and other 

abnormalities may be related to impaired aqueous humor outflow.28 

The objective assessment is provided by Anterior segment optical coherence tomography 

(AS-OCT), few technologies are developed recently for making of ACA evaluation more 

practical, quantitative.29

Few quantitative parameters that have been anticipated to describe the anatomical features of 

the anterior segment are angle opening distance (AOD), anterior chamber width (ACW), Van 

Herick's grading (VHG) and anterior chamber volume (ACV).29   

Figure 2: Parameters of Anterior segment29  
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▪ Gonioscopy

“Gonioscopy is essential for ACA evaluation of glaucomatous eyes because it serves as the 

clinical reference standard. The iris root, ciliary body band (CB), scleral spur (SS), the non-

pigmented and pigmented TM and the Schwalbe's line (SL) are the angle structures visible 

with gonioscopy from posterior to anterior.30”

Different grading systems of angles30 

To offer an uniform explanation of ACA anatomy , gonioscopy grading systems were devel-

oped. Today, a variety of grading systems are in use.30

The visualization of the angle structures is the foundation of the Scheie grading system. Fol-

lowing is the detailed explanation of the Scheie system: 

Table 1: Scheie classification system30 
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Angularity is the basis of the Shaffer system. It employs an number system, which is the op-

posite to Scheie system.  

Table 2: Shaffer’s grading system30 

Spaeth30 

The Spaeth method is far more intricate and specifies each specific anatomical aspect in great 

detail. The posterior trabecular meshwork’s pigmentation, iris insertion, angularity, configu-

ration are all described using this approach.  Iris Insertion is usually designated by letter A-E, 

indicating the depth of the insertion. Iris angularity which is the angle between 1st line that 

lies parallel to trabecular meshwork while the 2nd line is a tangent to the surface of the anteri-

or iris, in general is in the range from 10 degree to 40 degree. Iris configuration denotes the 

iris’ shape between its course from the margin of papilla to the point where it is inserted. S 

Steep or convex configuration, B anteriorly Bowing, P Plateau, R or F Regular or flat, Q 

Queer – deeply concave Pigmentations takes a grading between 0 and 4, according to the in-

tensity of pigmentation present in the posterior TM. Additionally, dynamic or compressive 
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gonioscopy is taken into consideration by the Spaeth system. 

Other screening procedures that can be done to evaluate the patients with glaucoma are meas-

urement of IOP, fundoscopic examination, visual field tests, OCT.  

▪ Intra ocular pressure (IOP) and its measurement

“IOP measures the amount of force the aqueous humour exerts on the interior surface area of 

the anterior eye because the pressure is the measure of force per area. IOP = (F/C) + P, where 

F denotes aqueous flow rate, C denotes aqueous outflow, and P is the episcleral venous pres-

sure, can potentially be used to calculate IOP.” The IOP will unavoidably change if any of 

these factors change or fluctuate. IOP is an intricate balance between aqueous humour gen-

eration and drainage.31 Abrupt IOP changes can result in mechanical stress and ischemic ef-

fect on RNFL. Conversely, rapid changes in the IOP can result in the formation of micro em-

boli from dissolved gases in the microvasculature that will increase in size and can lead to 

blockage in the microvessels and leadng to ischemia.32 

Since the 19th century, a variety of devices known as tonometers have been suggested to 

measure IOP.33,34 These devices may be divided into two primary groups according to their 

functioning principle: indentation Tonometers and applanation Tonometers. 

GAT is a commonly used method for measuring IOP since it estimates the pressure within the 

anterior eye based on how resistant a small portion of the cornea is flattened. 

 The usual range for pressures is 11 to 21 mmHg, and a diurnal variation in IOP is anticipat-

ed, with greater pressures commonly reported in the morning.31 

Although GAT is still primary method for determining IOP, rebound tonometry utilising 

portable tonometers has become a useful method for determining IOP in an emergency situa-

tion.31 
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✓ Goldmann Applanation Tonometry (GAT)

Hans Goldmann initially developed the Goldmann applanation tonometer (GAT) in 1948, and  

still regarded as the gold standard today. Tonometer is necessarily mounted onto slit lamp.9 

A truncated cone with blue light-illumination that is of 7.35 mm2 surface area and 3.06 mm in 

diameter is touched against the centre of anaesthetized cornea after staining with 1% sodium 

fluorescein dye. The doubling prism that is inserted in the cone divides the circular meniscus 

on the flattened cornea into two arcs, which must be positioned to provide an accurate and 

uniform applanation.35 

Figure 3: Goldmann Applanation Tonometer positioned to the slit lamp35 

GAT depends on “Imbert-Fick principle, which assumes that pressure inside a sphere is equal 

to the force required to flatten its surface divided by the area flattened.”36 The corneal wall's 

innate stiffness or biomechanical characteristics are not taken into consideration by this ap-

proach. It only functions based on the tear meniscus's capillary attraction force that resists 

corneal stiffness at 3.06 mm in diameter. 

However, as recently noted by Gazzard et al., there are a number of disadvantages that should 

be taken into consideration.37 GAT is impacted by corneal characteristics, such as curvature 
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of cornea, CCT when it deviates significantly from the normal (540 microns)38,39 Additional-

ly, GAT readings might vary as they are subjective. The visual acuity testing, pachymetry for 

measuring corneal thickness, tracking of developing alterations in the RNFL and visual field  

abnormalities are other important examinations for diagnosing glaucoma. Currently, the  

American Academy of Ophthalmology advises individuals with glaucoma risk factors to get  

complete eye exams on a regular basis, with the frequency depending on age, race, and family 

history.40  

▪ Fundus examination41 

Fundus examination will be helpful to differentiate the glaucomatous from non- glaucoma-

tous eyes. The different characteristics to look for during fundus examination are disc size 

and shape, optic cup depth and shape, cup-to-disk ratio (CDR), the neuroretinal rim (NRR), 

presence of disc haemorrhage and its location, RNFL defects, parapapillary chorioretinal at-

rophy. 

Figure 4: Ophthalmoscopic images of glaucomatous and healthy optic discs42 (Jonas) 
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A) “The NRR of healthy disc has its typical form, with the inferior area being the broad-

est, followed by superior region, then nasal region and lastly the temporal region

(ISNT rule).”

B) Glaucomatous optic disc has thinner NRR than that of the healthy optic disc, leading

to optic cup to become wider, deep.

A disc haemorrhage is a splinter or flame-shaped that is perpendicular to the disc margin and 

orientated radially. These are situated in the neighboring superficial retinal nerve fibre and the 

prelaminar region of the optic disc. In the general population, disc hemorrhage occurs be-

tween 0.6 and 1.4 percent of the time, but in glaucoma patients, it occurs between 1.9 and 

16.9 percent of the time.42 According to reports, overall incidence of optic disc hemorrhage’s 

is 0.5 percent among ocular hypertensives, 2.5 percent in the eyes with POAG.44 In 9 years of 

follow-up, 5.4 percent of incidence is noted in primary angle closure glaucoma (PACG).45  

Prevalence of optic disc haemorrhages is more in eyes with normotensive glaucoma (5-9 per-

cent) than POAG (4. 3 percent) or secondary open angle glaucoma (1.2 percent). According 

to reports, bilateral haemorrhages occur between 5.6 and 16.7 percent of the time while re-

peated haemorrhages occur between 45.6 and 53.6 percent of the time. 

Figure 5: Splinter haemorrhage, a classic glaucoma complication 
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The vertical CDR and vertical diameter are positively correlated. A huge disc will typically 

have huge cup, a medium sized disc will have a medium-sized cup and a small disc often 

none at all. It is important to remember that we may overlook early or even moderately ad-

vanced glaucoma by only assessing glaucoma based on the C:D ratio.41  

Figure 6: A large disc and a large cup, an average-sized disc and an average-sized cup, 

and a small disc with no cup. 

Examining RNFL is crucial for detecting early glaucomatous alterations even before 

perimetry. Examining the RNFL may also help to distinguish between glaucoma and 

nonglaucoma.42 RNFL defects can be localised wedge shaped or diffuse defects. Red 

free light or OCT or confocal scanning laser tomography can be used to see the de-

fects better. 

Figure 7: Superior and inferior RNFL defects with bipolar notching. 
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Baring of circumlinear vessels refers to the space between a superficial blood vessel travel-

ling from the superior/inferior portion of the disc towards the macula and the disc margin. 

Figure 8: Baring of circumlinear vessels 

Bayonetting of vessels denotes to kinking/bending of the vessel over the edge of the cup. 

Figure 9: Bayonetting of vessels 
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The laminar dot sign appears as glaucoma progresses. As the NRR retreats, the 

lamina cribrosa produces fenestrations that resemble grey dots. It can also be pre-

sent in healthy eyes. 

Figure 10: Laminar dot sign 

Peripapillary alterations (PPA) include alpha/outer zone atrophy from superficial changes in 

the retinal pigment epithelium. The beta/inner zone is because of chorioretinal atrophy. In 

glaucoma, these 2 zones are wider and more prevalent. 

Figure 11: Peripapillary changes 
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➢ Perimetry:46

Perimetry is majorly of two types. Depending on the moving stimulus it is classified into stat-

ic or kinetic. In static type the stimulus presented is stationary. In Kinetic type the moving 

stimulus is of specific shape, brightness, size is used to detect the field defect. Static type is 

superior and more reliable than kinetic perimetry for recognition of field defects due to glau-

coma. The Humphreys visual field analyser (HFA) is an example of static type of perimeter.46

Humphreys visual field analyser (HFA):47

Humphrey field analyser (HFA) is used to detect monocular visual field, but it may also be 

used for screening, monitoring, and helping with the diagnosis and monitoring of specific 

diseases like glaucoma and even brain lesions. Visual field anomalies indicates the damage in 

visual system that can be anywhere from retina to brain's visual cortex. 

Because non-congruous defects such as superior defect in one eye, inferior defect in the other 

eye might go missing when both eyes are tested together, this can be due to overlapping of 

normal field region in one eye to  defects in the other eye and can seem as normal binocular 

vision. visual field defects in early glaucoma are subtle, can be missed easily. Even the auto-

mated and sensitive visual field analyser cannot detect the field loss in glaucoma until there is 

loss of at least 30% of  RGC axons. To detect field loss in glaucoma the defects in upper, 

lower hemi-fields that is below, above the horizontal raphe are tested. However, for detection 

of neurological field loss defects on either side of the vertical meridian are seen. “The newer 

visual field testing equipment that are easier, reliable and affordable than standard perimetry 

such as frequency doubling technology (FDT), short-wavelength automated perimetry 

(SWAP) and motion displacement perimetry (MDP) are available and  can help in detecting 

glaucoma.47”
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Figure 12: Humphreys visual field analyser47 

Figure 13: Normal visual field of left eye47 
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Table 3: Anderson criteria 

The diffuse visual field defects are seen with cataract’s or corneal opacities etc. Visual field 

defects in glaucoma are non-specific, even though typical loss is related to arrangement of 

RGC axons within the RNFL.47

Figure 14: Types of Glaucomatous field defects47 
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➢ Measuring the CCT

Any new patient who is suspected of developing glaucoma must have a central cornea thick-

ness (CCT) examination.6 The CCT was said to be a important risk factor for ocular hyper-

tension progression to primary open angle glaucoma(POAG) according to Ocular Hyperten-

sion Treatment Study (OHTS). 48 

The most popular technique for measuring CCT is ultrasonic pachymetry (UP), which neces-

sitates the use of topical anaesthesia and a compliant patient because it needs contact with the 

eye and is generally simple to use, repeatable, and inexpensive. Other non-contact imaging 

methods include OCT, rotating Scheimpflug cameras, optical low-coherence reflectometry, 

specular microscopy and slit-scanning optical pachymetry. 6 

Ultrasonic Pachymetry: 

“The gold standard method for measuring of CCT. Works on a principle that the measure-

ment of time difference between echoes of ultrasonic signal pulses from the transducer of 

probe and the reflected signals from anterior and posterior corneal surface to the transducer” 

Obtaining the corneal thickness at a single location on the cornea is easily done using ultra-

sonic pachymetry. If more than one spot on the corneal surface is required, the measurement 

can be repeated. The morphological analysis is carried out by a specialised computer and de-

termines the corneal thickness.49 The benefit of ultrasonic pachymetry is its simple to use and 

can handle the equipment efficiently with little training. An ultrasonic pachymeter is portable 

and practical due to its tiny size. Since it is an applanation device that needs anaesthesia be-

fore use, this test should be carried out after the slit-lamp examination.50 

➢ Management:

Main goal of treatment is to achieve target IOP that is “the range of IOP below which further 

damage to the optic nerve head is unlikely. The target pressure is set as an individual basis, 
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based on the baseline IOP, level of pre-existing damage, rapidity with which the damage has 

occurred, systemic associations. Target IOP = INITIAL PRESSURE (1- INITIAL PRES-

SURE/100) Z+2, where Z is a constant. The target pressure for early glaucoma are < 21 mm 

Hg, < 18 mm Hg for moderate glaucoma, < 15 mm Hg for advanced glaucoma. Revised.” 

Medical Management51,52 

Table 4: Medical management of glaucoma 

There are several different chemical types that may be used topically to lower intraocular 

pressure.51 “Prostaglandin analogues (bimatoprost reduces the intraocular pressure by 5.61 

mm Hg, latanoprost reduces the intraocular pressure by 4.85 mm Hg, travoprost reduces the 

intraocular pressure by 4.83 mm Hg, tafluprost reduces the intraocular pressure by 4.37 mm 

Hg), followed by beta-blockers (levobunolol reduces the intraocular pressure by 4.51 mm Hg, 

timolol reduces the intraocular pressure by 3.70 mm Hg, carteolol reduces the intraocular 

pressure by 3.44 mm Hg, levobetaxolol reduces the intraocular pressure by 2.56 mm Hg,
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betaxolol reduces the intraocular pressure by 2.24 mm Hg), alpha2-adrenergic agonists 

(brimonidine reduces the intraocular pressure by 3.59 mm Hg, apraclonidine reduces the in-

traocular pressure by 2.52 mm Hg), and carbonic anhydrase inhibitors (dorzolamide reduces 

the intraocular pressure by 2.49 mm Hg, brinzolamide reduces the intraocular pressure by 

2.42 mm Hg) are the suggested common agents.52” 

Operative techniques51 

Table 5: Surgical management of glaucoma 

Laser51 

Laser therapy is considered if medical treatment is not adequately lowering the IOP or obtain-

ing target pressure is failed. Laser can moderately lower IOP by increasing aqueous outflow  
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following laser trabeculoplasty or decreasing aqueous generation after cyclophotocoagula-

tion. About 20% of IOP can be reduced by cyclophotocoagulation. Major complication of 

cyclophotocoagulation can be insufficient or extreme pressure reduction, inflammation.51 

Surgical management51 

A failed maximum tolerable medical therapy, likelihood that laser therapy may be 

insufficient or unsuitable. Early surgery may result in a better long-term prognosis for 

the therapy of choice in advanced diseases, but risks are calculated carefully on indi-

vidual basis.  

There are filtering and non-filtering methods of minimally invasive glaucoma sur-

gery. Minimally invasive technique, involves inserting a stent into the Schlemm canal 

to reduce resistance of outflow via TM. Unless the glaucoma is very mild, this proce-

dure, which may be combined with cataract surgery, does not typically reduce IOP 

sufficiently.  

Although a filtering method seems to have fewer adverse effects than minimally inva-

sive glaucoma surgery, it also decreases intraocular pressure less significantly. To 

decrease the generation of aqueous humour, cyclocryocoagulation is used. To enlarge 

the outflow routes without incising the eye, deep sclerotomy is performed. The pur-

pose of trabeculectomy is to provide a secondary conduit for the aqueous fluid to exit 

the eye via the conjunctiva.  

In a filtering surgery, an alternate aqueous flow pathway is created. Trabeculectomy 

is a standard type of filterating procedure. In advanced glaucoma patients trabeculec-

tomy is preferred than laser trabeculoplasty. Deep sclerectomy and canaloplasty are 

other surgical methods with low complication risk.51 
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• PRIMARY OPEN ANGLE GLAUCOMA (POAG)

“Primary Open-angle glaucoma is a chronic, progressive, and irreversible multifactorial optic 

neuropathy that is characterized by an open angle of the anterior chamber, optic nerve head 

changes, progressive loss of peripheral vision followed by central visual field loss. Intraocular 

pressure is an important and modifiable risk factor, it can also occur due to death of 

RGC.53,54” 

➢ Prevalence

The prevalence of POAG is more worldwide, escpecially in African and Western popula-

tion.55,56 

➢ Risk factors

Elevated intraocular presssure, elderly age group, black race, myopia, thinner CCT, family 

history of POAG are significant risk factors. 

Ocular perfusion pressure, ocular blood flow, myopia, and optic disc haemorrhages are ocular 

risk factors that have been suggested. 

Systemic factors include smoking, lipid dysregulation, African ancestry, atherosclerosis, ge-

netic factors, obesity, low blood pressure (especially at night), type 2 diabetes mellitus (DM), 

vasospasm, migraine, stress, and primary vascular dysregulation.57,58,59 

➢ Pathophysiology

Persistently elevated IOP has been related to the pathophysiology of POAG and leads to 

gradual loss of vision. “It is thought that genetic anomalies set off a chain of actions that 

causes glaucomatous optic nerve damage and remodelling. The myocilin, optineurin  and cy-

tochrome  CYP1B1 genes have been implicated with development of glaucoma.60,61” Fur-

thermore, single-nucleotide polymorphisms and sequence variations have been related to 

POAG in genome studies.62–65 Impact of several systemic factors on glaucoma development 

is still up for debate, notwithstanding the influence of genetic mutations and variations. 
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➢ Diagnosis

Several diagnostic methods can be used to clinically examine open-angle glaucoma, however 

the following triad has traditionally served as the basis for diagnosis:66 

1. Changes in Optic disc

2. Changes in Visual field

3. Raised IOP

Figure 15: Optic disc changes & field defects in POAG 
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When compared to the healthy eye, optic disc pictures (part a) of early glaucoma (middle 

panel) and advanced glaucoma (bottom panel) both reveal a narrower NRR with an elevated 

CDR (upper panel). Alterations in the supero-temporal quadrent (black arrow) infero-

temporal quadrent (white arrow)  of ONH are common locations for RNFL and ONH chang-

es. In advanced glaucoma patients, beta-zone PPA is seen (arrowheads). RNFL loss in both 

early-stage and severe glaucoma, according to OCT. Maps showing thickness of RNFL (part 

b) and OCT- RNFL thickness deviation maps (part c). On the maps showing thickness of

RNFL, warmer colours indicate thick RNFLs and cooler colours indicate thin RNFLs. The 

deviation maps are built using information gathered from healthy people. The 99th percentile 

and 95th percentile ranges are shown by the red and yellow areas, respectively. During early 

and late stage glaucoma both ganglion cell layer and inner plexiform layer are lost, as shown 

by OCT ganglion cell inner plexiform layer (GCIPL) thickness maps (part d) and OCT 

GCIPL thickness deviation maps (part e). According to part b and part c's descriptions, maps 

are colour coded. The diffuse loss of fields in advanced glaucoma (part f) and early superona-

sal abnormalities in early glaucoma are shown in the visual field greyscale plots.67 

 Management 

Preventing the advancement of alterations to the ONH & reducing risk of visual field degra-

dation are the objectives of POAG therapy. 

Target IOP was a notion that was created to help with this objective. 

Initially, medications are needed (for example, prostaglandin analogues like latanoprost or 

tafluprost, beta-blockers like timolol), and occasionally surgery like laser trabeculoplasty or 

filtration operation.68 
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• PSEUDO EXFOLIATIVE GLAUCOMA (PXG)

Pseudo exfoliation syndrome (PEX) is a systemic condition typically manifests as whitish-

gray protein deposition on the corneal endothelium, iris, lens, ciliary epithelium, and trabecu-

lar meshwork in the eyes. The periocular tissues, conjunctiva, epithelium of lens, TM, iris, 

ciliary processes are the source of material, according to pathologic analysis, despite attempts 

to identify it being unsuccessful. This material that is insoluble, floats in the aqueous humour, 

and then deposited in the TM. The endothelial cells of TM continue to produce the proteina-

ceous substance that clogs trabecular gaps and focally collapses Schlemm's canal. IOP rises 

and aqueous humour outflow declines as a result.69 

PEX may be bilaterally or unilaterally present. The most common cause of secondary open-

angle glaucoma. PEX is closely related to increased IOP in about 44 percent of patients and 

the subsequent onset of PXG.70 

➢ Prevalence

Prevalence of PXG is between 0.3 percent to 30 percent in persons who are 60 or older. Be-

tween 60 and 70 million people worldwide are affected by PEX.71,72 Pseudoexfoliation syn-

drome, however, considerably increases the risk of developing elevated IOP in people who 

are afflicted, and it causes glaucoma in 15 to 30 percent of cases.69 

➢ Risk factors

The following have been identified as PEX risk factors:73 

❖ Elderly age

❖ Nordic and Mediterranean racial groups
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➢ Pathophysiology

Although the precise cause of PEX is unknown, the disease's link with the human leukocyte 

antigen suggests a hereditary factor to it.74 

Uncertainty exists about the precise pathophysiological mechanisms underlying PEX. But 

PEX is now widely acknowledged to be a fibrillopathy. PEX material develops due to an ab-

errant buildup of elastic microfibrils, which are made up of proteins including vitronectin, 

fibrillin-1, clusterin, fibrillin-2, lysyl oxidase among others. Microfibrils are created by the 

accumulation of fibrillin molecules, and once they are crosslinked, PEX fibrils result. One 

important facilitator of the aberrant buildup of PEX material is thought to be transforming 

growth factor-beta 1 (TGF-β1). Synthesis higher β quantities have been discovered in aque-

ous humour of PEX eyes. Ascorbic acid levels have reduced and oxidative stress indicators 

have risen in aqueous humour, providing evidence that oxidative stress contributes to the de-

velopment of PEX. PEX is also linked to anterior chamber hypoxia and hypoperfusion of the 

iris.74 

➢ Diagnosis

Every patient who is having PEX should have a gonioscopy and  slit-lamp examination. The 

risk of developing OHT and PXG is more so, baseline IOP should be evaluated during diag-

nosis and then in any case once a year after that. Given that PEX is a clinical diagnosis, ge-

netic testing of the eyes is not frequently done.74 

IOP calculation: Pseudoexfoliation caused by glaucoma has a pronounced diurnal IOP 

change and is related with elevated intraocular pressure. Therefore, it is vital to check IOP 

during the course of the day. 

Optic disc changes 

A higher CDR than 0.5, an imbalance in CDR between the two eyes and disc haemorrhages 
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are classic symptoms of glaucomatous damage.75

Figure 16: A patient with Pseudoexfoliative glaucoma's left eye73

Type of field defects 

As a basic assessment in glaucoma suspects and for tracking the disease progression in con-

firmed glaucoma cases, static automated perimetry is helpful. It is common to observe diffuse 

visual fields, superonasal field defects are often more severe.75  

Optical coherence tomography (OCT): Glaucomatous damage is related to RNFL (retina 

nerve fibre layer) thinning in the peripapillary area.76 

➢ Management

There is no medication to stop the accumulation of PEX material in the eyes. Regular   exam-

ination for early identification and treatment is the main focus. Medical care is the primary 

line of defence for PXG. Prostaglandin analogues, beta-blockers, carbonic anhydrase inhibi-

tors, or a combination of them are among the topical drugs that can decrease IOP in PXG. In 

general, PXG is less responsive to medical treatment than POAG. In order to prevent more 

intrusive surgery, selective laser trabeculoplasty (SLT) may be utilised as the first line of 

therapy.74 
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• OCULAR HYPERTENSION (OHT)

“An intraocular pressure (IOP) more than 21 mm Hg, a healthy optic nerve, and a normal 

visual fields are the criteria for defining ocular hypertension.77 It has been described as the 

contrast of normal-pressure glaucoma, in which progressive glaucomatous optic neuropathy 

occurs despite a normal IOP.78” 

➢ Prevalence

Ocular hypertension affects between 2.7 and 3.8 percent of the general population. OHT rises 

with age, from 1.7 to 2.7 percent in the 40 to 49 year age range, 2.7 to 4.6 percent in the 50 to 

59 year range, to 4.1 to 7.5 percent in those over the age of 80.79-81 

➢ Risk factors:82

❖ Increased aqueous production.

❖ Poor aqueous drainage.

❖ Steroids.

❖ Trauma to eye

❖ Race, age, and family history are risk factors.

➢ Diagnosis:

Disc changes 

The primary characteristics of the disc alterations in ocular hypertension eyes are  

Increased cupping with pallor. Pallor is preceded by cupping. Cupping is contour of the optic 

disc, whereas pallor absence of blood vessels.83 

Type of field defects84

The visual field abnormalities seen with OHT group is paracentral scotoma being the most 

common followed by diffuse widespread loss and central visual field loss.84
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Figure 17: Total or pattern deviation plots are used to categorise aberrant nerve fibre 

bundles84 

➢ Management

In those with increased IOP, topical ocular hypotensive therapy proved successful in delaying 

or avoiding the onset of POAG. Incidence of glaucoma is reduced by 50 percent to 60 percent 
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when ocular hypertension is treated with topical medications, according to the OHTS.77 Con-

sidering the risk variables such as CCT, family history, and life expectancy they should be 

treated with prostaglandin analogue, selective laser trabeculoplasty (SLT), is the surgical 

management.85  

• Relation between CCT and IOP/Glaucoma

Studies by Ehlers and Hansen and Whitacre et al. said that the significant variable in assess-

ment of IOP is measuring CCT among the patients undergoing refractive and corneal trans-

plant surgery, also in contact lens wearers. In individuals with ocular hypertension, CCT was 

a reliable indicator of the onset of POAG. This study specifically showed that participants 

with lower CCT readings had a higher probability of developing POAG (1.71 for 40 µm re-

duction in central corneal thickness). Furthermore, glaucoma risk was three times higher in 

those with CCTs of 555 µ or less than it was in people with CCTs of 588 µ or above.5 

Furthermore, individuals with various forms of glaucoma have shown variances in mean 

CCT. The findings together imply that CCT levels have an impact on IOP readings. In reality, 

because individuals with NTG often have thin corneas and glaucoma suspicious patients have 

thick corneas, misdiagnosis frequently happens when CCT is not taken into account.36,86–88 

Studies comparing the CCT in POAG and/or PXG and/or OHT and/or normal eye. 

Gorezis et al. investigated and assessed the CCT in various glaucoma forms. In the following 

patient groups, an observational cross-sectional investigation evaluated CCT under a specular 

microscope: 60 eyes with POAG, 50 with PXG, 50 with OHT, and 60 had neither (control 

group). Pseudoexfoliative glaucoma patient’s CCT was much thinner (P <0.05) than those 

with ocular hypertension, and vice versa. These findings suggests the idea that CCT should 
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be taken into account when assessing instances of PXG and OHT since it differs in various 

kinds of glaucoma.89  

Yagci et al. had set out to ascertain the association between CCT and IOP assessed by GAT 

in glaucomatous, OHT, and normal eyes. The study involved 125 individuals in total 50 were 

normal healthy individuals, and 26 with POAG, 25 with pseudo exfoliative glaucoma (PXG), 

24 with OHT. CCT values were determined using an ultrasonic pachymeter, whilst IOP val-

ues were determined using a Goldmann applanation tonometer. CCT values in the OHT 

group (595.75±22.52 micrometer) were higher than those in the normal group (526.28±31.73 

micrometer), the POAG group (539.92±21.50 micrometer), and the PXG group 

(526.28±21.50 micrometer). (533.96±29.25 micrometer) (p<0.05). The authors of this study 

found that one-third of the IOP readings for the OHT group when reinterpreted using the 

CCT formulas were normal.90 

Using optical low coherence reflectometry, Ventura et al. measured the central corneal 

thickness in patients with normal tension glaucoma, primary open angle glaucoma, pseudoex-

foliation glaucoma, or ocular hypertension, as well as that of healthy individuals. Using 

Goldmann applanation tonometry, IOP was assessed. Ocular hypertension patients' central 

corneal thickness was significantly greater (p or <0.05) than that of healthy people, patients 

with normal tension glaucoma, primary open angle glaucoma and pseudoexfoliation glauco-

ma; there were no significant differences among the latter four groups. Additionally, patients 

with ocular hypertension were considerably younger than any of the three glaucoma groups 

(p <0.05). This study demonstrates that a considerable proportion of ocular hypertension pa-

tients have normal IOPs after making the necessary corrections for outliers in their central 

corneal thickness.91 

 According to Shetgar et al.  CCT of POAG, OHT with that of Normal Tension Glaucoma 

(NTG).  CCT’s were measured using UP and IOP was measured with GAT for all the sub-
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jects. They observed statistically significant (p<0.05) difference in mean CCT between the 

groups. The CCT among NTG patients was significantly lower than the controls and POAG 

patients, whereas central corneal thickness was significantly higher in OHT patients than con-

trols and POAG. The CCT of  POAG patients did not differ significantly from the controls.92 

Kumar et al. in their study examined the impact of CCT on clinical care in patients with 

NTG, POAG, OHT, and normal population. GAT was employed to measure the intraocular 

pressure. CCT was determined using UP. The mean CCT was 503.91±11.31µm, 504.36 

±11.07 µm in the right and left eye respectively among NTG group. The mean CCT of POAG 

patients was 525.25± 23.59 µm and 526.38± 21.98 µm in the right and left eye, respectively. 

572.25± 22.71 µm and 572.67± 22.20 µm was the mean CCT among OHT group in right and 

left eye respectively. This study confirms that CCT was significantly higher among OHT 

group than controls and patients with POAG. In contrast, CCT is significantly lower in NTG 

group when compared to controls and POAG. There is no discernible difference between 

POAG and control groups.93 

 In a south Indian population, Natarajan et al. compared the central corneal thickness of in-

dividuals with primary open angle glaucoma with healthy controls. There were 50 primary 

open angle glaucoma patients and 50 controls in total for the study. The mean central corneal 

thickness in the control group was 536 µ (462-608 µ), but it was 531 µ (476-609 µ) in the 

group with primary open angle glaucoma. Between patients with primary open angle glau-

coma and the healthy controls, there was no appreciable variation in the central corneal thick-

ness.94 

Yazgan et al. compared the biomechanical characteristics of the corneas of healthy individu-

als with those who have pseudoexfoliation syndrome (PEX) and pseudo exfoliative glauco-

ma. (PXG). CCT was measured using ultrasound pachymetry (UP). Healthy subjects, PEX 

and PXG groups had mean CCTs of 546.3± 28, 525.5± 35, and 509± 36, respectively. Addi-
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tionally, there were significant variations in CCT across the three groups (p<0.05). They 

came to the conclusion that CCT had reduced, which was more pronounced in PXG patients 

than in PEX patients.95  

CCT and corneal curvature (CC) of pseudo exfoliative (PE) eyes with glaucoma, without 

glaucoma are measured by Ozcura et al. All PE and non-glaucomatous PE  eyes had sub-

stantially lower mean CCT than control eyes  with P value <0.05 and P value <0.05, respec-

tively). Among PXG and control eyes, CCT did not vary.  (P>0.05). CCT was noticeably nar-

rower in PEX-treated eyes compared to control eyes, but there was no discernible difference 

between PXG-treated and control eyes.96 

Pseudoexfoliative glaucoma (PXG) corneas' biomechanical characteristics were evaluated by 

Ozkok et al., and they were compared to those of individuals with primary open-angle glau-

coma (POAG). The mean CCT did not significantly differ across the groups.97 

In their cross-sectional study, Vieira et al. found that the central corneal thickness (CCT) was 

significantly thinner in POAG (526± 40.0 µm) and PXG (520± 38.2 µm) than in the control 

group. The study included 146 eyes from 146 subjects, including 37 healthy eyes, 23 eyes 

with OHT, and 86 glaucoma eyes (70 with POAG and 16 with PXG).  (553 ± 28.8 µm).98 

To compare healthy eyes and POAG eyes, Juan-marcos et al. measured the CCT and corne-

al endothelial morphometry in PE  eyes with POAG and without POAG. The mean CCT did 

not differ significantly among the four groups.99 

Past Studies comparing CCT and IOP: 

This prospective research study was done to compare IOP and ocular pulse amplitudes (OPA) 

in patients with POAG and PXG by Moghimi et al. IOP was assessed using the Pascal dy-

namic contour tonometry (DCT) and the Goldmann applanation tonometry (GAT) and also 

measured CCT. GAT IOP and CCT in the POAG and PXG groups were associated (r = 0.40, 
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P<0.05) although DCT IOP and CCT were not associated ( r = 0.35, P-0.05). DCT IOP and 

CCT did not correspond.100  

In order to determine whether there is any fluctuation in the central corneal thickness and in-

traocular pressure in PE, as well as whether there is any connection between them, Syed et al 

conducted research. 85 individuals with PEX who did not have glaucoma had 141 eyes each 

subjected to a prospective observational study. At four different intervals throughout business 

hours, CCT and IOP were assessed using a portable ultrasonic pachymeter (DGH Technology 

INC. Pachette 2, USA) and a Goldmann applanation tonometer, respectively. Over the course 

of the 4 sessions, there was a statistically significant (P<0.05) decrease of about 10 µ in mean 

CCT and 1.4 mmHg in mean IOP. In PEX eyes, IOP and CCT are consistently correlated in a 

major way throughout the day. (P <0.05). The CCT measurements reveal considerable day-

time thinning, and a corresponding decline in IOP was also seen. Our research demonstrates 

that the diurnal fluctuation of CCT and IOP are significantly correlated.101 

Kniestedt et al. evaluated the connection between central corneal thickness (CCT), Gold-

mann applanation tonometry (GAT), PASCAL dynamic contour tonometry (DCT), and glau-

coma stage in their prospective, cross-sectional tricenter observation research. Following ul-

trasonography pachymetry, intraocular pressure was assessed using Goldmann applanation 

tonometry and PASCAL. While PASCAL is not substantially related to central corneal thick-

ness, intraocular pressure as measured by Goldmann applanation tonometry exhibits a strong 

link with it. Patients with advanced stages of glaucoma are more likely to have thin central 

corneal thickness. One potential contributing cause is the underestimation of intraocular pres-

sure by Goldmann applanation tonometry.102 

Iyamu et al. conducted a research to see if CCT is a more accurate predictor than intraocular 

pressure (IOP) in identifying those who are more likely to develop glaucoma early on. Based 

on clinical traits of ocular risk factors, 65 participants were divided into normals, ocular hy-
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pertensives, and glaucoma subjects. A Goldmann applanation tonometer placed on a slit lamp 

was used to measure the IOP. The central corneal thickness (CCT) of both eyes was meas-

ured using the Sonomed PacScan 300AP Biometric/Pachymeter prior to applanation tonome-

try. Unpaired t-test; p<0.05; the difference in mean IOP between normal and glaucoma par-

ticipants was statistically significant. The mean CCT between normal and glaucoma partici-

pants also differed significantly (p<0.05). In glaucoma patients, the connection between CCT 

and Age was marginally significant, but it was not significant in normal people. According to 

a linear model, CCT will decline by 7 im per 10 years. For ocular hypertensives, a substantial 

correlation between CCT and IOP was discovered, with a prediction of an increase of 0.70 

mmHg for every 10 µ in corneal thickness. For glaucoma patients, there was a modest corre-

lation between CCT and IOP, with an indication of an increase in intraocular pressure of 0.35 

mmHg for every 10 µ in corneal thinning. When paired with other ocular risk factors, the 

central corneal thickness is a stronger indicator of people who are more likely to develop 

primary open-angle glaucoma than intraocular pressure.103 

Han et al. examined children's intraocular pressure (IOP) and risk factors for glaucoma. In a 

multivariable study, the following IOP-related parameters were evaluated: thicker CCT 

[standardized correlation coefficient (SRC) = 0.201, P<0.05) Greater refraction (SRC = 

0.090, P 0.001), lower mean corneal curvature (SRC = 0.123, P 0.001), shorter axial length 

(SRC = 0.086, P = 0.036), and a deeper anterior chamber depth (SRC = 0.059, P = 0.009) 

were all observed.104 

According to the level of intraocular pressure (IOP) and the stage of congenital glaucoma, 

Khamroeva et al. calculate the values of central corneal thickness (CCT) in children. An au-

tomated non-contact tonometer/pachymeter made by NIDEK was 

used to calculate CCT. They came to the conclusion that edema brought on by increased IOP 

is related with thicker CCT.105 
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Wei et al. used the NT-530P to map out the distributions and connections between the central 

corneal thickness (CCT) and intraocular pressure (IOP) in Chinese young people. CCT and 

IOP showed a significant connection in a linear regression study (r = 0.44, P 0.05). IOP will 

rise by 0.32 mm Hg for every 10 µ rise in CCT, according to the linear regression equation 

IOP = 2.35± 0.032 CCT. Corrected IOP (CIOP) had a mean of 15.32± 2.38 mmHg and no 

correlation to CCT. For every 10 µ increase in CCT, the IOP rises by 0.32 mmHg. Correctly 

assessing the real IOP depends on knowing the CCT value.106 
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4. MATERIALS AND METHODS

SOURCE OF DATA:. 

A total 120 patients. 20 patients in each of the three study groups that is POAG, 

PXG, OHT were compared with 60 normal population as control in this case control 

study, visiting the outpatient department of Ophthalmology at R.L.J. HOSPITAL 

AND RESEARCH CENTRE, attached to SRI DEVARAJ URS MEDICAL COL-

LEGE. 

STUDY DESIGN: Case control study 

STUDY PERIOD: January 2021 – June 2022 

INCLUSION CRITERA: 

1. POAG: IOP prior to treatment >21mm of Hg, current IOP on treatment </=21mmhg,

open angle on gonioscopy with optic disc changes and   glaucomatous field defects.

2. PXG: IOP prior to treatment >21 mm hg, current IOP on treatment </=21 mm of Hg,

pseudo exfoliative material in the anterior segment with optic disc changes and   glau-

comatous field defects.

3. Ocular hypertensive: IOP>21mmhg on at least 2occassions, healthy optic disc with no

glaucomatous field defects.

4. Normals: IOP</=21mmhg, normal optic discs, open angle on gonioscopy, no suspi-

cion of glaucoma.

EXCLUSION CRITERIA: 

1. Evidence of other anterior segment pathology including corneal opacities, corneal oe-

dema and keratoconus.

2. Previous intraocular or corneal surgery
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3. Diabetes mellitus

4. Use of contact lens

5. Any other optic nerve pathology or intracranial disease

6. Anterior segment infections and inflammation

Ethical clearance 

Prior to the commencement, the study was approved by the Ethics and Research 

Committee, Sri Devraj Urs medical college, Kolar. 

Informed Consent 

All the patients fulfilling selection criteria were explained about the nature of the 

study. A written informed consent was obtained from all the participants before en-

rolment (Annexure II and III). 

METHOD OF COLLECTION OF DATA 

1. Visual Acuity was done for both distant and near vision using Snellen’s chart and

jaeger’s chart respectively.

2. Slit lamp bio microscopy to asses anterior chamber depth, any anterior segment

abnormalities like corneal opacities, corneal edema and keratoconus, accumula-

tion of PEX material.

3. Ultrasonic pachymetry: Patient is made to sit comfortably on a chair, anaesthetic

eyedrops of 0.5% procaine are instilled into the eye before the acquisition of cor-

neal thickness. The probe of pachymetry is placed on the corneal surface centrally

in order to obtain the CCT.
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4. Fundus examination by direct and indirect ophthalmoscopy, including optic disc

evaluation to see for any glaucomatous disc changes.

5. Assessment of Intraocular Pressure using Goldmann Applanation Tonometer: “Pa-

tient is made to sit comfortably near the slit lamp, anaesthetic eye drops 0.5% pro-

caine drops are instilled into eye and stained with 1% sodium fluorescein dye

strip. Tonometer is kept perpendicular to the cornea and observed monocularly

through the biprism at lower magnification. Tonometer is advanced forward to the

patient until the tip gently touches the cornea and the semicircular mires are seen.

Adjust until the two semicircles are of equal size, optimum thickness and seen in

the center of the field of view. Tension knob is rotated until inner borders of the

fluorescein rings meet each other at

6. the midpoint of their pulsations. The reading measured in grams is multiplied by

10 to get the IOP in millimeters of mercury.”

7. Gonioscopy – Shaffer’s grading system used

8. Humphery visual field analysis

The findings were documented and patients found to have POAG, PXG, OHT are identified 

and compared with normal population. 
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the below mentioned formula and Med calc sample size software. With 10% nonresponse 

sample size of 59+ 5.9 ≈ 65 cases will be included in each group. 

STATISTICAL METHODS USED FOR THIS STUDY 

Data was entered into Microsoft excel data sheet and was analyzed using SPSS 26.0 version 

software. Categorical data was represented in the form of Frequencies and proportions. Nor-

mality of Continuous variables were tested by Kolmogorov Smirnov test and found to be not 

normally distributed. Mann-Whitney test was applied to test the association between various 

groups and continuous variables Spearman correlation was used to test the association be-

tween continuous variables. Appropriate graphs were made for the results. A p value of <0.05  

is considered statistically significant.

SAMPLE SIZE ESTIMATION 

 Was estimated by using the difference in Mean IOP between control and PXG   from the 

study Yagci et. al. as 15.58 ± 2.40mmhg and 17.55 ± 4.87 mm of Hg. Using these values at 

95% Confidence limit and 80% power sample size of 59 was obtained in each group by using 



RESULTS 
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5. RESULTS

20 patients in each of the three study group were there, with 60 normal population as control. 

Table :6 Distribution of study group  

Group Frequency Percent 

POAG 20 16.7 

Pseudoexfoliative Glaucoma 20 16.7 

ocular hypertension 20 16.7 

Normal Population 60 50.0 

Total 120 100.0 

Graph 1: Distribution of study group 

Males were the majority in POAG (60%) and ocular hypertension group (70%). Males and 

females were equal in PXG group. Females were the majority in normal population (53.3%) 
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Gender distribution 

Group Sex 

Male Female Total 

POAG Frequency 12 8 20 

Percentage 60.0% 40.0% 100.0% 

Pseudoexfoliative glaucoma Frequency 10 10 20 

Percentage 50.0% 50.0% 100.0% 

Ocular hypertension Frequency 14 6 20 

Percentage 70.0% 30.0% 100.0% 

Normal population Frequency 28 32 60 

Percentage 46.7% 53.3% 100.0% 

Total Frequency 64 56 120 

Percentage 53.3% 46.7% 100.0% 

Table 7: Gender wise distribution of study groups 
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Graph 2: Gender wise distribution of study groups 

POAG: 

The mean age among POAG group is 62.3 years, mean CCT is 528.2 µm, mean of GAT IOP 

is 19.1 mmHg, mean of  CI IOP 21.3 mmHg  and the difference in IOP is 2.2 mmHg.  

Parameter Mean SD Median IQR 

Age (years) 62.3 5.8 63 58,66 

CCT (µm) 528.2 12.7 520 518,539.5 

GAT IOP (mm Hg) 19.1 4.6 19 16,24 

CI IOP (mm Hg) 21.3 2.8 22 20,23.5 

IOP difference (mm Hg) 2.2 3 4 0,4 

Table 8: Mean of age, GAT IOP, CI IOP and IOP difference among POAG group 

Pseudoexfoliative Glaucoma (PXG): 

The mean of age, CCT, GAT IOP, CI IOP 62.7 year, 518.5 µm, 18.4 mmHg, 21.4 mmHg re-

spectively and the difference in IOP among the PXG group is 3 mmHg.  
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Parameter Mean SD Median IQR 

Age (years) 62.7 8.4 60.5 56.5,68.3 

CCT (µm) 518.5 10.6 516 512,528 

GAT IOP (mm Hg) 18.4 5.3 18 14,24 

CI IOP (mm Hg) 21.4 3.5 22 18,24 

IOP difference (mm Hg) 3 2.1 4 0,4 

Table 9: Mean of age, GAT IOP, CI IOP and IOP difference among PXG group 

Ocular hypertension: 

The mean of age, CCT, GAT IOP, CI IOP and the difference in IOP among the ocular hyper-

tension patients were 56.7 year, 555.3 µm, 26.4 mmHg, 22.9 mmHg and -3.5 mmHg, respec-

tively. 

Parameter Mean SD Median IQR 

Age (years) 56.7 6.6 57 51,62 

CCT (µm) 555.3 12.8 559 540.5,566 

GAT IOP (mm Hg) 26.4 7.4 28 18.5,32 

CI IOP (mm Hg) 22.9 5.4 24 17,26 

IOP difference (mm Hg) -3.5 2.9 -6 -6,0

Table 10: Mean of age, GAT IOP, CI IOP and IOP difference among OHT group 

Normal population 

The mean of age, CCT, GAT IOP, CI IOP were 57.3 year, 531.8 µm, 15.2 mmHg, 15.2 

mmHg respectively and there was no difference in IOP noted among the normal population. 
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Parameter Mean SD Median IQR 

Age (years) 57.3 7.3 56 52,63 

CCT (µm) 531.8 7.1 533 524,540 

GAT IOP (mm Hg) 15.2 2.6 16 12,18 

CI IOP (mm Hg) 15.2 2.6 16 12,18 

IOP difference (mm Hg) 0 0 0 0,0 

Table 11: Mean of age, GAT IOP, CI IOP and IOP difference among Normal popula-

tion. 

 p value <0.05 indicates statistically significant association. 

Correlation between the CCT and various IOPs among POAG 

Significant positive correlation was noted between IOP based on GAT and the CCT among 

POAG patients. 

IOP’s (mm Hg) Spearman correlation coefficient p value 

GAT 0.605 0.005 

CI 0.386 0.093 

Difference IOP -0.575 0.008 

Table 12: Correlation between the CCT and various IOP’s among POAG group 
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Graph 3: Scatter diagram of GAT IOP and CCT among POAG group 

Graph 4: Scatter diagram of CI IOP and CCT among POAG group 

Graph 5: Scatter diagram of difference in IOP and CCT among POAG group 



54 

Correlation between the CCT and various IOP’s among Pseudoexfoliative Glaucoma 

Significant positive correlation was noted between IOP and the CCT among Pseudoexfolia-

tive Glaucoma patients. 

Table 13: Correlation between the CCT and various IOP’s among PXG group 

IOP’s (mm Hg) Spearman correlation coefficient p value 

GAT 0.738 <0.001 

CI 0.742 <0.001 

Difference IOP -0.761 <0.001 

Graph 6: Scatter diagram of GAT IOP and CCT among PXG group 
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Graph 7: Scatter diagram of CI IOP and CCT among PXG group 

Graph 8: Scatter diagram of difference in IOP and CCT among PXG group 
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Correlation between the CCT and various IOPs among ocular hypertension 

Significantly positive correlation was noted between IOP and the CCT among ocular hyper-

tension patients. 

IOP’s (mm Hg) Spearman correlation coefficient p value 

GAT 0.676 0.001 

CI 0.519 0.019 

Difference IOP -0.750 <0.001 

Table 14: Correlation between the CCT and various IOP’s among OHT group 

Graph 9: Scatter diagram of GAT IOP and CCT among OHT group 
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Graph 10: Scatter diagram of CI IOP and CCT among OHT group 

Graph 11: Scatter diagram of difference in IOP and CCT among OHT group 
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Correlation between the CCT and various IOPs among normal population 

Significantly positive correlation was seen between IOP and the CCT among normal popula-

tion. 

IOP’s (mm Hg) Spearman correlation coefficient p value 

GAT 0.976 <0.001 

CI 0.976 <0.001 

Difference IOP - - 

Table 15: Correlation between the CCT and various IOP’s among Normal population 

group

Graph 12: Scatter diagram of GAT IOP and CCT among Normal population group 



59 

Graph 13: Scatter diagram of CI IOP and CCT among normal population group 

Comparison of CCT & IOP between study groups and normal population 

CCT was significantly lower among the POAG and Pseudoexfoliative Glaucoma patients 

than the normal population, while it was higher among the ocular hypertension patients than 

normal population. 

Significantly low CCT was noted among PXG group than POAG patients and ocular hyper-

tension patients. 

Significantly low CCT was noted among the POAG patients than the ocular hypertension pa-

tients. 

IOP between groups: 

IOP was significantly higher among the POAG group, Pseudoexfoliative Glaucoma and ocu-

lar hypertension patients than the normal population. 

Significantly higher IOP was reported among ocular hypertension patients than POAG and 
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Pseudoexfoliative Glaucoma 

 No significant difference in IOP was noted among POAG and Pseudoexfoliative Glaucoma. 

Parameter 

Group N Mean Rank p value 

CCT (µm) POAG 20 31.65 0.047 

Normal Population 60 43.45 

Total 80 

GAT IOP 

(mm Hg) 

POAG 20 56.15 <0.001 

Normal Population 60 31.90 

Total 80 

CI IOP (mm Hg) POAG 20 66.30 <0.001 

Normal Population 60 31.90 

Total 80 

Difference IOP 

(mm Hg) 

POAG 20 54.00 <0.001 

Normal Population 60 36.00 

Total 80 

Table 16: Comparison of CCT, IOP among POAG group and normal population 



61 

Graph 14: Boxplot showing comparison of CCT among POAG group and Normal 

population 

Graph 15: Boxplot showing comparison of GAT IOP among POAG group and Normal 

population  



62 

Graph 16: Boxplot showing comparison of CI IOP among POAG group and Normal 

population 

Parameter Group N Mean 

Rank 

p value 

CCT (µm) Pseudoexfoliative Glaucoma 20 20.20 <0.001 

Normal Population 60 47.27 

Total 80 

GAT IOP 

(mm Hg) 

Pseudoexfoliative Glaucoma 20 50.70 0.019 

Normal Population 60 37.10 

Total 80 

CI IOP (mm 

Hg) 

Pseudoexfoliative Glaucoma 20 64.95 <0.001 

Normal Population 60 32.35 
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Total 80 

Difference IOP 

(mm Hg) 

Pseudoexfoliative Glaucoma 20 61.50 <0.001 

Normal Population 60 33.50 

Total 80 

Table 17: Comparison of CCT & IOP between Pseudoexfoliative Glaucoma and normal 

population 

Graph 17: Boxplot showing comparison of CCT among PXG group and Normal popu-

lation 
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Graph 18: Boxplot showing comparison of GAT IOP among PXG group and Normal 

population 

Graph 19: Boxplot showing comparison of CI IOP among PXG group and Normal pop-

ulation 
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Parameter Group N Mean 

Rank 

p value 

CCT (µm) ocular hypertension 20 65.88 <0.001 

Normal Population 60 32.04 

Total 80 

GAT IOP 

(mm Hg) 

ocular hypertension 20 63.25 <0.001 

Normal Population 60 32.92 

Total 80 

CI IOP (mm 

Hg) 

ocular hypertension 20 62.40 <0.001 

Normal Population 60 33.20 

Total 80 

Difference IOP 

(mm Hg) 

ocular hypertension 20 21.00 <0.001 

Normal Population 60 47.00 

Total 80 

Table 18: Comparison of CCT & IOP between ocular hypertension and normal popula-

tion 



66 

Graph 20: Boxplot showing comparison of CCT among OHT group and Normal popu-

lation 

Graph 21: Boxplot showing comparison of GAT IOP among OHT group and Normal 

population 
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Graph 22: Boxplot showing comparison of CI IOP among OHT group and Normal 

population 

Parameter Group N Mean 

Rank 

p value 

CCT (µm) POAG 20 25.83 0.003 

Pseudoexfoliative Glaucoma 20 15.18 

Total 40 

GAT IOP 

(mm Hg) 

POAG 20 21.35 0.659 

Pseudoexfoliative Glaucoma 20 19.65 

Total 40 
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CI IOP (mm 

Hg) 

POAG 20 20.15 0.862 

Pseudoexfoliative Glaucoma 20 20.85 

Total 40 

Difference IOP 

(mm Hg) 

POAG 20 19.15 0.478 

Pseudoexfoliative Glaucoma 20 21.85 

Total 40 

Table 19: Comparison of CCT & IOP between POAG and Pseudoexfoliative Glaucoma 

Graph 23: Boxplot showing comparison of CCT among POAG group and PXG 
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Graph 24: Boxplot showing comparison of GAT IOP among POAG group and PXG 

Graph 25: Boxplot showing comparison of CI IOP among POAG group and PXG 
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Parameter Group N Mean 

Rank 

p value 

CCT (µm) POAG 20 12.20 <0.001 

ocular hypertension 20 28.80 

Total 40 

GAT IOP 

(mm Hg) 

POAG 20 14.73 0.001 

ocular hypertension 20 26.28 

Total 40 

CI IOP (mm Hg) POAG 20 17.73 0.134 

ocular hypertension 20 23.28 

Total 40 

Difference IOP 

(mm Hg) 

POAG 20 28.33 <0.001 

ocular hypertension 20 12.68 

Total 40 

Table 20: Comparison of CCT & IOP between POAG and ocular hypertension 
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Graph 26: Boxplot showing comparison of GAT IOP among POAG group and OHT 

Graph 27: Boxplot showing comparison of CCT among POAG group and OHT 
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Graph 28: Boxplot showing comparison of CI IOP among POAG group and OHT 

Parameter Group N Mean 

Rank 

p value 

CCT (µm) Pseudoexfoliative Glaucoma 20 10.70 <0.001 

ocular hypertension 20 30.30 

Total 40 

GAT IOP 

(mm Hg) 

Pseudoexfoliative Glaucoma 20 14.08 <0.001 

ocular hypertension 20 26.93 

Total 40 

CI IOP (mm Hg) Pseudoexfoliative Glaucoma 20 18.38 0.253 
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ocular hypertension 20 22.63 

Total 40 

Difference IOP 

(mm Hg) 

Pseudoexfoliative Glaucoma 20 29.45 <0.001 

ocular hypertension 20 11.55 

Total 40 

Table 21: Comparison of CCT & IOP between Pseudoexfoliative Glaucoma and ocular 

hypertension 

Graph 29: Boxplot showing comparison of CCT among PXG group and OHT 
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Graph 30: Boxplot showing comparison of GAT IOP among PXG group and OHT 

Graph 31: Boxplot showing comparison of CI IOP among PXG group and OHT 
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No correlation was noted between age and CCT/IOP values of POAG, patients. 

IOP’s (mm Hg) Spearman correlation coefficient p value 

CCT (µm) 0.002 0.994 

GAT 0.102 0.668 

CI 0.135 0.571 

Difference IOP 0.034 0.887 

Table 22: Correlation between the Age, CCT and various IOPs among POAG 

Graph 32: Scatter diagram showing the relationship between CCT and age among 

POAG group 
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Graph 33: Scatter diagram showing the relationship between GAT IOP, age among 

POAG group 

Graph 34: Scatter diagram showing the relationship between CI IOP, age among 

POAG group 
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Graph 35: Scatter diagram showing the relationship between difference in IOP, age 

among POAG group 

 No correlation was noted between age and the CCT/IOP values of Pseudoexfoliative Glau-

coma patients. 

IOP’s (mm Hg) Spearman correlation coefficient p value 

CCT (µm) -0.059 0.804 

GAT 0.217 0.359 

CI 0.181 0.444 

Difference IOP -0.237 0.315 

Table 23: Correlation between the Age, CCT and various IOPs among Pseudoexfolia-

tive Glaucoma 
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Graph 36: Scatter diagram showing the relationship between CCT, age among PXG 

group

Graph 37: Scatter diagram showing the relationship between GAT IOP, age among 

PXG group 
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Graph 38: Scatter diagram showing the relationship between CI IOP, age among PXG 

group 

Graph 39: Scatter diagram showing the relationship between difference in IOP, age 

among PXG group 
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There was no correlation between age and the CCT/IOP values of Ocular hypertension pa-

tients. 

IOP’s (mm Hg) Spearman correlation coefficient p value 

CCT (µm) -0.063 0.791 

GAT 0.049 0.836 

CI 0.087 0.717 

Difference IOP 0.077 0.748 

Table 24: Correlation between the Age, CCT and various IOPs among Ocular hyper-

tension 

Graph 40: Scatter diagram showing relation between CCT and age among OHT group 



81 

Graph 41: Scatter diagram showing relation between GAT IOP and age among OHT 

group 

Graph 42: Scatter diagram showing relation between CI IOP and age among OHT 

group 
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Graph 43: Scatter diagram showing relation between difference in IOP and age among 

OHT group 

There was no correlation between age and the CCT/IOP values of normal population. 

IOP’s (mm Hg) Spearman correlation coefficient p value 

CCT (µm) 0.130 0.323 

GAT 0.216 0.097 

CI 0.216 0.097 

Difference IOP - - 

Table 25: Correlation between the Age, CCT and various IOPs among normal popula-

tion 
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Graph 44: Scatter diagram showing relation between CCT and age among Normal 

population group 

Graph 45: Scatter diagram showing relation between GAT IOP and age among Normal 

population group 
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Graph 46: Scatter diagram showing relation between CI IOP and age among Normal 

population group 

Graph 47: Scatter diagram showing relation between difference in IOP and age among 

Normal population group 

No significant difference was noted in the CCT and IOPs of males and females of patients in 

all groups. 
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Parameter SEX N Mean Rank P value 

CCT (µm) Male 64 62.05 0.599 

Female 56 58.72 

Total 120 

GAT IOP 

(mm Hg) 

Male 64 63.28 0.341 

Female 56 57.32 

Total 120 

CI IOP (mm 

Hg) 

Male 64 63.81 0.259 

Female 56 56.71 

Total 120 

Difference 

IOP 

(mm Hg) 

Male 64 64.66 0.103 

Female 56 55.74 

Total 120 

Table 26: Comparison of CCT & IOP between males and females (overall) 

Graph 48: Boxplot comparing CCT Gender wise 
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Graph 49: Boxplot comparing GAT IOP Gender wise 

Graph 50: Boxplot comparing CI IOP Gender wise 
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No significant difference was seen in the CCT and IOPs of males and females of patients in 

POAG group. 

Group Parameter 

SEX N 

Mean 

Rank P value 

POAG CCT (µm) Male 12 8.83 0.135 

Female 8 13.00 

Total 20 

GAT IOP (mm Hg) Male 12 8.13 0.025 

Female 8 14.06 

Total 20 

CI IOP (mm Hg) Male 12 9.92 0.624 

Female 8 11.38 

Total 20 

Difference IOP (mm Hg) Male 12 13.42 0.005 

Female 8 6.13 

Total 20 

Table 27: Comparison of CCT & IOP between males and females among POAG 
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Graph 51: Boxplot comparing CCT Gender wise among POAG group 

Graph 52: Boxplot comparing GAT IOP Gender wise among POAG group 
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Graph 53: Boxplot comparing CI IOP Gender wise among POAG group 

Pseudoexfoliative Glaucoma 

No significant difference was noted in the CCT and IOPs of males and females of patients in 

PEX group. 

Group Parameter SEX N Mean Rank P value 

PXG CCT (µm) Male 10 10.70 0.912 

Female 10 10.30 

Total 20 

GAT IOP (mm Hg) Male 10 10.50 1.000 

Female 10 10.50 

Total 20 

CI IOP (mm Hg) Male 10 10.45 0.971 

Female 10 10.55 
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Total 20 

Difference IOP (mm Hg) Male 10 10.70 0.912 

Female 10 10.30 

Total 20 

Table 28: Comparison of CCT & IOP between males and females among PXG 

Graph 54: Boxplot comparing CCT Gender wise among PXG group 
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Graph 55: Boxplot comparing GAT IOP Gender wise among PXG group 

Graph 56: Boxplot comparing CI IOP Gender wise among PXG group 

 No significant difference was noted in the CCT and IOPs of males and females of patients in 

ocular hypertension group. 
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Group Parameter 

SEX N Mean Rank P value 

OHT CCT (µm) Male 14 9.39 0.207 

Female 6 13.08 

Total 20 

GAT IOP (mm Hg) Male 14 9.61 0.312 

Female 6 12.58 

Total 20 

CI IOP (mm Hg) Male 14 9.86 0.494 

Female 6 12.00 

Total 20 

Difference IOP (mm Hg) Male 14 11.64 0.207 

Female 6 7.83 

Total 20 

Table 29: Comparison of CCT & IOP between males and females among ocular hyper-

tension 



93 

Graph 57: Boxplot comparing CCT Gender wise among OHT group 

Graph 58: Boxplot comparing GAT IOP Gender wise among OHT group 
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Graph 59: Boxplot comparing CI IOP Gender wise among OHT group 

No significant difference was noted in the CCT and IOPs of males and females of patients in 

normal population. 

Group Parameter SEX N Mean Rank P value 

Normal popu-

lation 

CCT (µm) Male 28 35.86 0.023 

Female 32 25.81 

Total 60 

GAT IOP (mm Hg) Male 28 34.29 0.099 

Female 32 27.19 

Total 60 

CI IOP (mm Hg) Male 28 34.29 0.099 
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Female 32 27.19 

Total 60 

Difference IOP (mm Hg) Male 28 30.50 1.000 

Female 32 30.50 

Total 60 

Table 30: Comparison of CCT & IOP between males and females among Normal Popu-

lation 

Graph 60: Boxplot comparing CCT Gender wise among Normal population group 
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Graph 61: Boxplot comparing GAT IOP Gender wise among Normal population group 

Graph 62: Boxplot comparing CI IOP Gender wise among Normal population group 



DISCUSSION
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6. DISCUSSION

The current case control study was carried out in Ophthalmology department, R.L.Jalappa. 

Hospital and Research Centre, Sri Devaraj Urs Medical College, Tamaka, Kolar between 

January 2021 and June 2022 with the aim to assess and compare the correlation between CCT 

and IOP among the patients with POAG, PXG, OHT and normal population. 20 patients in 

each of the three study groups were compared with 60 normal population as controls. Intra-

ocular pressure being the modifiable risk factor of glaucoma and can be the main parameter 

that can help in diagnosis. IOP reduction of about 1 mm Hg had shown to lower incidence of 

glaucomatous field loss by 10% in glaucoma patients.100 Hence accurate measurement of IOP 

has a vital role in glaucoma. But IOP measurement with GAT can be influenced by corneal 

factors like central corneal thickness and curvature and can lead to either underestimation or 

overestimation of IOP.101 The risk of glaucoma is higher among the patients with CCT of >/= 

555µm than in the patients with CCT of >/=588 µm.5 So CCT measurement became a stand-

ard procedure in diagnosing and glaucoma monitoring. Thus, it is important to assess CCT in 

the glaucoma patients and the relationship between the CCT and the IOP might also varies 

between different types of glaucoma.  

Moghimi et al determined the relation between the IOP and CCT in their study between 

POAG and pseudoexfoliative syndrome patients from Tehran, Iran.101 Ozkok et al evaluated 

the IOP and CCT, among the PEX and POAG patients from Turkey.97 Kniestedt et al as-

sessed the correlation of CCT with IOP among glaucoma patients in USA.102 Shetgar et al in 

their study from Karnataka, evaluated the CCT between the patients with NTG, POAG and 

ocular hypertension.92 Similar to Shetgar et al, Kumar et al also compared the CCT and 

IOP between similar patient groups from Puducherry.92.93 Copt et al evaluated the CCT in 

glaucoma and OHT patients from Switzerland. Natarajan et al compared the CCT between 
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POAG and normal patients from their study in South India.94 Yazgan et al evaluated the 

IOPs and CCT between the PEX patients with and without glaucoma from Turkey.95 Yagci et 

al assessed the CCT & IOP values among the various types of glaucoma, similar to our study, 

among patients of Ankara, Turkey.90  

The present study had males in majority among POAG (60%) and ocular hypertension group 

(70%). Males and females were equal in PXG group. Shetgar et al, Yazgan et al, Copt et al, 

Ozkok et al and Kumar et al also had males in majority in their study.92,93,95,97,107 In con-

trast, Moghimi et al, Yagci et al and Wei et al had majority of females.90,100,106 

In the current study, sex had no significant impact on the CCT, while majority of studies re-

ported males having increased CCT than females.6 No significant difference was noted in 

CCT and IOP’s between males and females among all the groups. Kumar et al showed no 

significant change in the CCT with respect to gender.93  

The mean age of the POAG patients, PXG, ocular hypertension patients and normal popula-

tion were 62.3 years, 62.7 years, 56.7 years and 57.3 years, respectively. Shetgar et al, Ku-

mar et al reported a similar pattern of mean age with 56.2 years and 55.6 years, respective-

ly.92,93 Moghimi et al had much older patients in POAG (68.9 years) as well as in pseudoex-

foliative syndrome (71.8 years) in their study.100 Ozkok et al also had older patients in 

POAG (67.6 years) and PEX group (70.3 years).97 Yagci et al  included younger patients 

among the OHT (50.4 years), while PXG patients were older (69.1 years) and POAG patients 

were of similar age (60.4 years) to our study.90 Copt et al had older patients in POAG (68.8 

years) than the OHT group (60.3 years) in their study.107 Ventura et al study had older pa-

tients in POAG (71.7 years) and PXG (76 years) and younger patients in ocular hypertension 

group (51.7 years).91  

This study found no correlation between age, CCT/IOP values of POAG, Pseudoexfoliative 

Glaucoma and Ocular hypertension patients, which is in contrast to majority of  previous 
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studies.6  Past studies have reported an inverse relation in  age and corneal thickness that is 

older the patient thinner was the CCT.6,93 

The mean CCT of POAG , PXG, ocular hypertension patients and normal population were 

528.2, 518.5, 555.3 and 531.8 µm respectively. The mean CCT among the POAG (525.3-

526.4 µm) was similar in Shetgar et al, while they reported higher CCT (572.6 µm) among 

the ocular hypertension patients in comparison to our study.92 Kumar et al reported similar 

mean CCT among POAG (525.3 µm) and normal population (527.7 µm) similar to our study, 

while CCT of OHT patients were higher (572.3 µm).93 The POAG patients in Moghimi et al 

had a thicker CCT (537.8 µm) while PXG group had thinner CCT (506.5 µm).100 In contrast, 

Ozkok et al reported thicker CCT in both POAG (549.1 µm) and PXG patients (546.1 µm) 

than our study.97 Copt et al  also reported thicker CCT among POAG (543 µm) and OHT 

(583 µm) than our study.107 Yagci et al observed a thicker CCT among POAG (539.9), PXG 

(526.3 µm) and OHT patients (595.8 µm) than the patients in our study.90 Yazgan et al re-

ported CCT thickness of 509 & 525.5 µm among PXG patient with and without glaucoma.95 

Natarajan et al observed a mean CCT thickness of 531 to 552 µm, increasing according to 

the age.94 Ventura et al reported thinner CCT among POAG (515 µm) and PXG (507 µm) 

and thicker CCT among OHT patients (563 µm) than our study.91  

The present study showed, significantly lower CCT among the POAG and Pseudoexfoliative 

Glaucoma patients than the normal population, while it was higher among the ocular hyper-

tension patients than normal population. Shetgar et al and Kumar et al also reported similar 

findings between ocular hypertension and normal population and no difference was seen be-

tween POAG and control group.92,93 No difference in the CCT was noted by Natarajan et al 

between the POAG and normal population.94 Vieira et al also reported thinner CCT among 

the POAG than normal people.98 

We found CCT to be significantly lower among Pseudoexfoliative Glaucoma patients than 
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the POAG and ocular hypertension patients. No such difference was reported by Ozkok et al 

between POAG and PXG patients.97 Yazgan et al reported significantly thinner CCT among 

the PXG patients.95  

Significantly lower CCT was noted among  POAG patients than the ocular hypertension pa-

tients, which is same as the observation by Shetgar et al and Kumar et al.92,93 Gorezis et al 

reported a similar finding of significantly thinner CCT among the PXG patients and thicker 

CCT among the OHT group.89 Ventura et al reported similar significantly higher thickness 

among OHT patients than all other types of glaucoma and the normal population.108  

Thinner CCT among the Pseudoexfoliative Glaucoma and POAG indicates much severe optic 

nerve damage among these patients.72  

The mean GAT IOP of the POAG patients, PXG, ocular hypertension patients and normal 

population were 19.1, 18.4, 26.4 and 15.2 mmHg respectively. Ozkok et al,  Yagci et al re-

ported a lower IOP by GAT among the POAG (16.5 & 15.9 mmHg) as well as PXG group 

(14.7 & 17.6 mmHg).90,97 OHT group in Yagci et al also found to have lower IOP (23 

mmHg) compared to our study.90 In contrast, POAG as well as OHT reported higher IOP 

among the patients of Copt et al.107 This might be due to varied severity of the glaucoma pa-

tients included in their studies and our study.  

The mean CI IOP of the POAG patients, PXG, ocular hypertension patients and normal popu-

lation were 21.3, 21.4, 22.9 and 15.2 mmHg respectively. Shetgar et al and Kumar et al 

reported higher corrected IOP among POAG than ours (29.6 & 29.6 mmHg), while it was 

lower in the Ocular hypertension group (24.5 & 24.5 mmHg).92,93 Ozkok et al also had lower 

IOP after correcting for the CCT in both POAG (16.9 mmHg) and PXG (16.7 mmHg) than 

ours.97 

The IOP difference in the POAG patients and PXG were 2.2 mmHg and 3 mmHg respective-

ly which was underestimated when calculated with GAT. Ocular hypertension patients had 
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overestimation of IOP of about 3.5 mmHg when calculated with GAT. Copt et al recorded a 

mean overestimation of 2.3 mm Hg among the ocular hypertension group, which was lower 

than our findings.107 Corrected IOP and GAT IOP difference was significantly higher in 

POAG and PXG patients, while it was lower in OHT than normal population in our study. In 

contrary, no such difference was noted between POAG and PXG patients by Ozkok et al but 

found a higher difference among PXG than POAG group.97 

IOP was significantly higher among the POAG group, Pseudoexfoliative Glaucoma and ocu-

lar hypertension patients than the normal population. Shetgar et al showed  similar findings 

in their comparison of POAG and ocular hypertension patients with normal population.92 

Iyamu et al also found a similar difference in IOP between normal and glaucoma patients.103 

Significantly higher IOP was reported among ocular hypertension patients than POAG and 

Pseudoexfoliative Glaucoma, in our study. In contrast, Shetgar et al found a higher IOP 

among POAG patients than OHT.92 

A positive correlation was noted between IOP based on GAT and  CCT among POAG, 

Pseudoexfoliative Glaucoma and ocular hypertension patients. This is similar to the findings 

of Moghimi et al who reported significant positive correlation in CCT and GAT IOP among 

PXG and POAG.100 In contrast, Yagci et al showed such significant association in the ocular 

hypertension group only, while other groups had no such correlation.90 Kniestedt et al also 

reported a significant correlation between the GAT based IOP and the CCT of the glaucoma 

patients.102 Iyamu et al in their study also noted  positive correlation between CCT and IOP, 

which is same as our study.103 For ocular hypertensives, a substantial association has been 

discovered between CCT and IOP, with a prediction of 0.70 mmHg rise in IOP for every 10 

µm increase in corneal thickness. The same correlation pattern was observed even among  

Children with glaucoma105 with glaucoma105  
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7. CONCLUSION

Overall, a positive correlation was noted between the intraocular pressure and the central cor-

neal thickness among POAG, Pseudoexfoliative Glaucoma and the ocular hypertension pa-

tients. CCT was highest among the ocular hypertensives, while POAG and Pseudoexfoliative 

Glaucoma patients had CCT thinner than normal population. Within the morbid groups, CCT 

was lower among Pseudoexfoliative Glaucoma patients than the POAG patients and ocular 

hypertension patients. CCT was also lower among the POAG patients than the ocular hyper-

tension patients. Also, among the patients with POAG and PXG who had thinner CCT 

showed underestimation of IOP when measured with GAT but the corrected IOP was little 

higher, while in OHT group who had thicker CCT showed overestimation of IOP when 

measured with GAT but the corrected IOP was little lower. 

Further, multi-centric, prospective studies must be conducted between the groups of patients 

to establish the impact of central corneal thickness on these types of glaucoma. 
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8. SUMMARY

• CCT may have an impact on the diagnosis, screening, treating patients with glaucoma

and ocular hypertension.

• This case- control study was conducted to assess CCT among POAG, PXG, OHT and

compared with normal population.

• The study also compared and evaluated the correlation between CCT and IOP among

POAG, PXG, OHT and normal eye.

• The study included 60 patients with POAG, PXG, OHT and 60 normal population

• It was conducted among the patients visiting the outpatient of Ophthalmology de-

partment at R.L.J. Hospital And Research Centre, Sri Devaraj Urs Medical College

between January 2021 to June 2022

• The mean age of POAG, Pseudoexfoliative Glaucoma, Ocular hypertension patients

and normal population was 62.3 years, 62.7 years,56.7 years & 57.3 years, respective-

ly.

• The mean CCT among POAG, Pseudoexfoliative Glaucoma, Ocular hypertension pa-

tients and normal population was 528.2, 518.5, 555.3 and 531.8, respectively.

• The mean IOP (GAT) among POAG, Pseudoexfoliative Glaucoma, Ocular hyperten-

sion patients and normal population was 19.1, 18.4, 26.4 & 15.2 respectively.

• The mean IOP (CI) among POAG, Pseudoexfoliative Glaucoma, Ocular hypertension

patients and normal population was 21.3, 21.4, 22.9 & 15.2, respectively.

• Significant positive correlation has been noted between IOP, CCT among POAG,

Pseudoexfoliative Glaucoma, OHT patients and normal population.
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• Significantly lower CCT was noted among the POAG and PXG patients than the

normal population, while it was higher among the ocular hypertension patients than

normal population.

• Significantly lower CCT was noted among PXG patients than the POAG patients and

ocular hypertension patients.

• Significantly lower CCT was noted among the POAG patients than the ocular hyper-

tension patients.

• IOP was significantly higher among the POAG group, Pseudoexfoliative Glaucoma

and ocular hypertension patients than the normal population.

• Significantly higher IOP was reported among ocular hypertension patients than

POAG and Pseudoexfoliative Glaucoma

• No significant difference was noted in IOP between the POAG and Pseudoexfoliative

Glaucoma.

• No correlation was noted between age and the CCT/IOP values of POAG, Pseudoex-

foliative Glaucoma and Ocular hypertension patients.

• No significant difference was noted in CCT and IOPs between males and females

among POAG, PXG and OHT.

• POAG and PXG groups showed a mean higher IOP of 2.2, 3 mmHg, respectively, in

the corrected IOP than the calculated IOP by GAT, which shows that thinner CCT

groups (POAG, PXG) have falsely low IOP but when corrected, IOP is seen little

higher.

• Patients with OHT showed mean lower IOP of 3.5 mmHg in the corrected IOP than

the calculated IOP, which shows that thicker cornea groups (OHT group) have falsely

high IOP when calculated but when corrected IOP will be little less
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10. ANNEXURE-1

CASE PROFORMA 

Patient Name: -          UHID: - 

Age: - Gender: - 

Address: - 

BREIF HISTORY:- 

PAST HISTORY:- 

PERSONAL HISTORY: - Appetite/ diet 

Bowel and bladder 

Sleep 

Habits 

GENERAL PHYSICAL EXAMINA-

TION 

VITALS: - 

Pallor / icterus/ cyanosis/ clubbing/ edema 

PR: - BP: - 

RR: - TEMP: 

SYSTEMIC EXAMINATION CVS: - 

RS: - 

P/A: - 

CNS: 
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OCULAR EXAMINATION 

TESTS RE LE 

1. HEAD POSTURE

2. OCULAR POSTURE

3. FACIAL SYMMETRY

4. EXTRAOCULAR

MOVEMENTS

a) Ductions

b) Versions

c) Vergence

5. VISUAL ACUITY:

a) Distant

b) Near

6. ANTERIOR SEGMENT

a. Lids and Adnexa

b. Conjunctiva

c. Cornea

d. Anterior chamber

e. Iris

f. Pupillary reaction-

• Direct

• Indirect

• Consensual

g. Lens

h. Anterior Vitreous

a. 

7. RETINOSCOPY

8. CENTRAL CORNEAL THICK-

NESS-

 

9. FUNDUS

a. Distant direct ophthalmosco-

py

b. Direct ophthalmoscopy
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c. Indirect ophthalmoscopy

10. Intraocular pressure by Gold-

mann  applanation tonometer

11. Gonioscopy

a. shaffer’s grading

12. Humphrey visual field analysis
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ANNEXURE-II 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR - 563101. 

INFORMED CONSENT FORM 

Case no: 

IP no: 

TITLE: 

COMPARISION OF CENTRAL CORNEAL THICKNESS IN PRIMARY OPEN 

ANGLE GLAUCOMA, PSEUDO EXFOLIATIVE GLAUCOMA, OCULAR 

HYPERTENSION AND NORMAL POPULATION 

I, the undersigned, agree to participate in this study and authorize the collection and disclo-

sure of personal information as outlined in this consent form. 

I understand the purpose of this study, the risks and benefits of the technique and the confi-

dential nature of the information that will be collected and disclosed during the study. The 

information collected will be used only for research. 

I have had the opportunity to ask questions regarding the various aspects of this study and my 

questions have been answered to my satisfaction. 

 I understand that I remain free to withdraw the participation from this study at any time and 

this will not change the future care. 

Participation in this study does not involve any extra cost to me. 

Name Signature Date Time 

Patient: 

Witness: 

Primary Investigator/ Doctor: 
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    SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR - 563101. 

ತಿಳಿವಳಿಕೆಯ ಸಮ್ಮ ತಿ ನಮೂನೆ 

ಕೇಸ್ ಸಂಖೆ್ಯ : 

ಐಪಿ ಸಂಖೆ್ಯ : 

ಶೀರ್ಷಿಕೆ: 

 “ಪ್ರ ೈಮ್ರಿ ಒಪ್ನ್ ಅಂಗಲ್ ಗ್ಲ ೋಕಾಮ್, ಸೂಡೋ, ಎಕ್್ಸ  ಫೊಲಿಯೇಟಿವ್ ಗ್ಲ ೋಕಾಮ್, ಓಕುಲರ್ ಹೈಪರ್ ಟೆನಷ ಂನ್ ಉಳ್ಳ

ರೋಗಿಗಳ್ಲಿಲ  ಮ್ತ್ತು  ಸಾಮಾನೆ  ಜನರಲಿಲ  ಮ್ಧೆ್  ಕಾರ್ನಿಯಾದ ದಪಪ ವನ್ನು  ಹೋಲಿಕೆಯ ಅಧೆ್ ಯನ” 

ನಾನ್ನ, ಅಂಗಿೋಕರಿಸಿದ, ಈ ಅಧೆ್ ಯನದಲಿಲ  ಪಾಲ್ಗೊ ಳ್ಳ ಲು ಮ್ತ್ತು  ಈ ಸಮ್ಮ ತಿಯ ರೂಪದಲಿಲ  ವಿವರಿಸಿರುವಂತೆ ವೈಯಕ್ತು ಕ 

ಮಾಹಿತಿಯ ಸಂಗರ ಹ ಮ್ತ್ತು  ಬಹಿರಂಗಪಡಿಸುವಿಕೆಯನ್ನು  ಅನ್ನಮೋದಿಸಲು ಒಪ್ಪಪ ತೆು ೋನೆ. 

ಈ ಅಧೆ್ ಯನದ ಉದ್ದ ೋಶ, ತಂತ್ರ ದ ಅಪಾಯಗಳು ಮ್ತ್ತು ಪರ ಯೋಜನಗಳ್ನ್ನು  ಮ್ತ್ತು  ಅಧೆ್ ಯನದ ಸಮ್ಯದಲಿಲ

ಸಂಗರ ಹಿಸಲಪ ಟಿಿ ರುವ ಮ್ತ್ತು ಬಹಿರಂಗಪಡಿಸುವ ಮಾಹಿತಿಯ ಗೌಪೆ ತೆಗೆ ನಾನ್ನ ಅರ್ಿಮಾಡಿಕಂಡಿದ್ದ ೋನೆ. ಸಂಗರ ಹಿಸಿದ 

ಮಾಹಿತಿಯನ್ನು  ಸಂಶೋಧ್ನೆಗೆ ಮಾತ್ರ  ಬಳ್ಸಲಾಗುತ್ು ದ್. 

ಈ ಅಧೆ್ ಯನದ ವಿವಿಧ್ ಅಂಶಗಳ್ನ್ನು  ಕುರಿತ್ತ ಪರ ಶ್ನು ಗಳ್ನ್ನು  ಕೇಳ್ಲು ನನಗೆ ಅವಕಾಶವಿದ್ ಮ್ತ್ತು  ನನು  ತೃಪಿು ಗೆ ನನು  ಪರ ಶ್ನು ಗಳಿಗೆ 

ಉತ್ು ರ ರ್ನೋಡಲಾಗಿದ್. 

ಈ ಅಧೆ್ ಯನದಿಂದ ಭಾಗವಹಿಸುವಿಕೆಯನ್ನು  ಯಾವುದೇ ಸಮ್ಯದಲಿಲ  ನಾನ್ನ ಹಿಂಪಡೆಯಲು ಮುಕು ವಾಗಿರುತೆು ೋನೆ ಮ್ತ್ತು  ಇದು 

ಭವಿಷ್ೆ ದ ಕಾಳ್ಜಿಯನ್ನು  ಬದಲಿಸುವುದಿಲಲ  ಎಂದು ನಾನ್ನ ಅರ್ಿಮಾಡಿಕಂಡಿದ್ದ ೋನೆ. 

ಈ ಅಧೆ್ ಯನದಲಿಲ  ಭಾಗವಹಿಸುವಿಕೆ ನನಗೆ ಯಾವುದೇ ಹೆಚ್ಚು ವರಿ ವೆಚ್ು  ಒಳ್ಗ್ಳುಳ ವುದಿಲಲ . 

ಹೆಸರು ಸಹಿ/ಹೆಬೆ್ಬ ಟಿಿ ನ ಗುರುತ್ತ ದಿನಾಂಕ ಸಮ್ಯ 

ರೋಗಿಯ ಹೆಸರು 

ಸಾಕ್ತಷ ಗಳ್ ಹೆಸರು 

ಪಾರ ರ್ಮಿಕ ಸಂಶೋಧ್ಕರು/ 

ವೈದೆ ರು 
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ANNEXURE-III 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCA-

TION AND RESEARCH, TAMAKA, KOLAR - 563101. 

PATIENT INFORMATION SHEET 

This information is to help you understand the purpose of the study “COMPARISION OF 

CENTRAL CORNEAL THICKNESS IN PRIMARY OPEN ANGLE GLAUCOMA, 

PSEUDO EXFOLIATIVE SYBDROME, OCULAR HYPERTENSION AND NORMAL 

POPULATION”. You are invited to take part voluntarily in this research study, it is im-

portant that you read and understand the purpose, procedure, benefits and discomforts of the 

study.  

1. What is the purpose of this study?

Is to study and compare the correlation between CCT and IOP among the patients with

POAG, PXG, OHT and NORMAL POPULATION. 

2. What are the various investigations being used? Are there any associated risks?

Absolutely no risks are associated with various investigations involved in this study such

as

i) Ultrasonic pachymetry

3. What is the benefit for me as a participant?

Participation in this research study may not change the final outcome of your eye condi-

tion. However, patients in the future may benefit as a result of knowledge gained from

this study. You will not be charged extra for any of the procedures performed during the

research study. Your taking part in this study is entirely voluntary. You may refuse to

take part in the study or you may stop your participation in the study at any time, without

a penalty or loss of any benefits to which you were otherwise entitled before taking part

in this study.

CONFIDENTIALITY

Your medical information will be kept confidential by the study doctor and staff and will 

not be made publicly available. Your original records may be reviewed by your doctor or 

ethics review board.  

For further information/ clarification please contact Dr.RASHMI.G, SRI DEVARAJ URS 

ACADEMY OF HIGHER EDUCATION AND RESEARCH, TAMAKA, KOLAR - 

563101.Contact no: 9886998871 or 8494906087 to Dr.POOJITHA M 
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ರೀಗಿಯ ಮಾಹಿತಿ ಪತ್ರ

“ಪ್ರ ೈಮ್ರಿ ಒಪ್ನ್ ಅಂಗಲ್ ಗ್ಲ ೋಕಾಮ್, ಸೂಡೋ 

ಎಕ್್ಸ  ಫೊಲಿಯೇಟಿವ್ ಗ್ಲ ೋಕಾಮ್, ಓಕುಲರ್ ಹೈಪರ್ ಟೆನಷ ಂನ್ ಉಳ್ಳ  ರೋಗಿಗಳ್ಲಿಲ  ಮ್ತ್ತು

ಸಾಮಾನೆ  ಜನರಲಿಲ  ಮ್ಧೆ್  ಕಾರ್ನಿಯಾದ ದಪಪ ವನ್ನು  ಹೋಲಿಕೆಯ ಅಧೆ್ ಯನ”. ಈ 

ಅಧೆ್ ಯನದ ಉದ್ದ ೋಶವನ್ನು  ಅರ್ಿಮಾಡಿಕಳ್ಳ ಲು ಸಹಾಯ ಮಾಡುವುದು. ಈ 

ಸಂಶೋಧ್ನಾ ಅಧೆ್ ಯನದಲಿಲ  ಸವ ಯಂಪ್ರ ೋರಿತ್ವಾಗಿ ಪಾಲ್ಗೊ ಳ್ಳ ಲು ರ್ನಮ್ಮ ನ್ನು  

ಆಹಾವ ರ್ನಸಲಾಗಿದ್, ಅಧೆ್ ಯನದ ಉದ್ದ ೋಶ, ಕಾಯಿವಿಧಾನ, ಪರ ಯೋಜನಗಳು ಮ್ತ್ತು  

ಅಸವ ಸಥ ತೆಗಳ್ನ್ನು  ರ್ನೋವು ಓದುವುದು ಮ್ತ್ತು  ಅರ್ಿಮಾಡಿಕಳುಳ ವುದು ಮುಖೆ್ವಾಗಿದ್. 

1.ಈ ಅಧೆ್ ಯನದ ಉದ್ದ ೋಶವೇನ್ನ?

ಪ್ರ ೈಮ್ರಿ ಓಪನ್ ಆಂಗಲ್ ಗುಲ ಕೋಮಾ, ಸೊಡೋ ಎಕ್್ಸ್‌ಫೊೋಲಿಯೇಟಿವ್ ಗ್ಲಲ ಕೋಮಾ, 

ಆಕೆು ಲರ್ ಹೈಪಟೆಿನಷ ನ್ ಮ್ತ್ತು  ಸಾಮಾನೆ  ಜನಸಂಖೆ್ಯ ಯಲಿಲ  ಸಂಟ್ರ ಲ್ ಕಾರ್ನಿಯಲ್ 

ಥಿಕೆು ಸ ರೋಗಿಗಳಲಿ್ಲ  ಸಿಸಿಟಿ ಮತ್ತು  ಐಒಪಿ ನಡುವಿನ ಪರಸ್ಪ ರ ಸಂಬಂಧವನ್ನು  ಅಧಯ ಯನ 

ಮಾಡುವುದು ಮತ್ತು  ಹೋಲ್ಲಸುವುದು. 

2. ಯಾವ ತ್ರ್ನಖ್ಯಗಳ್ನ್ನು ಬಳ್ಸಲಾಗುತ್ು ದ್? ಯಾವುದೇ ಸಂಬಂಧಿತ್ 

ಅಪಾಯಗಳಿವೆಯೇ? 

  ಈ ಅಧೆ್ ಯನದಲಿಲ ಒಳ್ಗ್ಂಡಿರುವ ವಿವಿಧ್ ತ್ರ್ನಖ್ಯಗಳಂದಿಗೆ ಯಾವುದೇ  

ಅಪಾಯಗಳಿಲಲ

I. ಅಲಿ ರಸೋರ್ನಕಾಪ ೆ ಕ್ತಮೆಟಿರ

3.ಭಾಗವಹಿಸುವವನಾಗಿ ನನಗೆ ಏನ್ನ ಪರ ಯೋಜನ?

ಈ ಸಂಶೋಧ್ನಾ ಅಧೆ್ ಯನದಲಿಲ  ಭಾಗವಹಿಸುವಿಕೆಯು ರ್ನಮ್ಮ  ಕಣಿ್ಣ ನ ಸಿಥ ತಿಯ 

ಅಂತಿಮ್ ಫಲಿತಂಶವನ್ನು  ಬದಲಿಸಬಾರದು. ಆದಾಗೆ್ಯ , ಭವಿಷೆ್ ದಲಿಲ  ರೋಗಿಗಳು ಈ 

ಅಧೆ್ ಯನದಿಂದ ಪಡೆದ ಜ್ಞಾ ನದ ಫಲಿತಂಶವಾಗಿ ಪರ ಯೋಜನ ಪಡೆಯಬಹುದು. 

ಸಂಶೋಧ್ನಾ ಅಧೆ್ ಯನದ ಸಮ್ಯದಲಿಲ  ನಡೆಸಿದ ಯಾವುದೇ ಪರ ಕ್ತರ ಯೆಗಳಿಗೆ ರ್ನಮ್ಗೆ 

ಹೆಚ್ಚು ವರಿ ಶುಲಕ  ವಿಧಿಸಲಾಗುವುದಿಲಲ . ಈ ಅಧೆ್ ಯನದಲಿಲ  ರ್ನಮ್ಮ  ಪಾಲ್ಗೊಳುಳ ವಿಕೆಯು 

ಸಂಪೂರ್ಿವಾಗಿ ಸವ ಯಂಪ್ರ ೋರಿತ್ವಾಗಿದ್. ಅಧೆ್ ಯನದಲಿಲ  ಪಾಲ್ಗೊ ಳ್ಳ ಲು ರ್ನೋವು 

ರ್ನರಾಕರಿಸಬಹುದು ಅರ್ವಾ ಈ ಅಧೆ್ ಯನದಲಿಲ  ಪಾಲ್ಗೊಳುಳ ವುದಕೆಕ  ಮುಂಚಿತ್ವಾಗಿ ರ್ನೋವು 

ಯಾವುದೇ ಅಹಿತೆಯಂದ ಯಾವುದೇ ದಂಡ ಅರ್ವಾ ನಷಿ್ ವಿಲಲ ದ್ಯೇ ಯಾವುದೇ 

ಸಮ್ಯದಲಿಲ  ರ್ನೋವು ಭಾಗವಹಿಸುವಿಕೆಯನ್ನು  ರ್ನಲಿಲ ಸಬಹುದು. 
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ಗೌಪಯ ತೆ 

ರ್ನಮ್ಮ  ವೈದೆ ಕ್ತೋಯ ಮಾಹಿತಿಯನ್ನು  ಅಧೆ್ ಯನದ ವೈದೆ ರು ಮ್ತ್ತು  ಸಿಬೆ ಂದಿ 

ಗೌಪೆ ವಾಗಿಡಲಾಗುವುದು ಮ್ತ್ತು  ಸಾವಿಜರ್ನಕವಾಗಿ ಲಭೆ ವಿರುವುದಿಲಲ . ರ್ನಮ್ಮ  ಮೂಲ 

ದಾಖ್ಲೆಗಳ್ನ್ನು  ರ್ನಮ್ಮ  ವೈದೆ ರು ಅರ್ವಾ ನೈತಿಕ ವಿಮ್ಶ್ನಿ ಮಂಡಳಿ ಪರಿಶೋಲಿಸಬಹುದು. 

ಹೆಚಿು ನ ಮಾಹಿತಿಗ್ಲಗಿ ಸಂಪಕ್ತಿಸಿ 

ಡಾ. ರಶಮ .ಜಿ, 

ಡಾ. ಪೂಜಿತ್. ಎಂ 

ಎಸ್ ಡಿ ಯು ಎಮ್ ಸಿ. 

ಟ್ಮ್ಕ, ಕೋಲಾರ ಸಂಪಕಿ ಸಂಖೆ್ಯ : 9886998871 ಅರ್ವಾ 8494906087. 
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ANNEXURE-IV 

    PHOTOGRAPH 1 : HUMPHREYS VISUAL FIELD ANALYSER 

  PHOTOGRAPH  2: GONIOSCOPY  PHOTOGRAPH 3: GOLDMANN APPLANATION TONOMETRY 

PHOTOGRAPH 4: LE- CCT measurement by Ultrasonic Pachymetry 



131 

PHOTOGRAPH 5:  Slit lamp ocular view of fluorescein semicircles indicating IOP during 

applanation tonometry. 



132 

ANNEXURE-V 

KEY TO MASTER CHART 

1. M- Male

2. F- Female

3. NP– Normal population

4. POAG- Primary open angle glaucoma

5. PXG- Pseudo exfoliative glaucoma

6. OHTN- Ocular hypertension

7. CCT- Central corneal thickness

8. GAT IOP- IOP measured by Goldmann Applanation Tonometry

9. CI IOP- Corrected IOP



MASTER CHART 



UHID AGE SEX GROUP CCT (µm) GAT IOP 

(mmHg) 

CI IOP 

(mmHg) 

901842 62 M NP 524 12 12 

887081 49 M NP 533 16 16 

881892 52 F NP 540 18 18 

902795 63 F NP 530 14 14 

897906 56 F NP 522 12 12 

899202 68 M NP 540 18 18 

896895 55 M NP 526 12 12 

879001 49 M NP 533 16 16 

896869 52 F NP 540 18 18 

896291 63 F NP 532 16 16 

896519 56 F NP 522 12 12 

668558 68 M NP 540 18 18 

893986 45 F NP 524 12 12 

864271 49 M NP 533 16 16 

894847 52 F NP 540 18 18 

894818 63 F NP 530 14 14 

890073 56 F NP 522 12 12 

881807 68 M NP 540 18 18 

700605 56 F NP 522 12 12 

937161 68 M NP 540 18 18 

929291 55 M NP 524 12 12 

927711 49 M NP 533 16 16 

911471 52 F NP 540 18 18 

942599 63 F NP 530 14 14 

941214 56 F NP 522 12 12 

939906 68 M NP 536 18 18 



UHID AGE SEX GROUP CCT (µm) GAT IOP 

(mmHg) 

CI IOP 

(mmHg) 

936102 68 M NP 540 18 18 

938771 55 M NP 526 12 12 

934211 49 M NP 533 16 16 

933906 52 F NP 540 18 18 

941968 63 F NP 532 16 16 

921729 56 F NP 522 12 12 

948745 68 M NP 540 18 18 

933386 45 M NP 524 12 12 

980112 49 M NP 533 16 16 

945009 52 F NP 540 18 18 

941267 63 F NP 530 14 14 

977143 56 F NP 522 12 12 

943750 68 M NP 540 18 18 

943766 56 F NP 522 12 12 

943754 68 M NP 540 18 18 

943771 55 M NP 524 12 12 

930391 49 M NP 533 16 16 

814048 52 F NP 540 18 18 

813983 63 F NP 530 14 14 

817830 56 F NP 522 12 12 

816148 68 M NP 536 18 18 

711982 62 M NP 524 12 12 

812123 49 M NP 533 16 16 

813893 52 F NP 540 18 18 

802189 52 F NP 540 18 18 

803590 63 F NP 532 16 16 



UHID AGE SEX GROUP CCT (µm) GAT IOP 

(mmHg) 

CI IOP 

(mmHg) 

802702 56 F NP 522 12 12 

577924 68 M NP 540 18 18 

793638 45 F NP 524 12 12 

603421 49 M NP 533 16 16 

793523 52 F NP 540 18 18 

797761 63 F NP 530 14 14 

790423 56 F NP 522 12 12 

792665 68 M NP 540 18 18 

828038 62 M POAG       520 18 20 

828671 71 F POAG       532 26 26 

850762 66 F POAG       554 24 24 

822836 60 M POAG       520 20 24 

830629 65 M POAG       520 12 16 

698307 64 M POAG       516 18 22 

824865 55 F POAG 548 24 22 

824165 58 F POAG 518 12 16 

831461 72 M POAG 512 14 20 

831463 66 M POAG 542 16 22 

849987 52 F POAG 516 16 20 

836412 71 F POAG 540 26 22 

833806 66 F POAG 534 24 22 

506490 60 M POAG 520 20 24 

830629 65 M POAG 518 12 16 

830130 64 M POAG 520 18 22 

830147 55 F POAG 538 24 22 

827681 62 M POAG 518 20 24 



UHID AGE SEX GROUP CCT (µm) GAT IOP 

(mmHg) 

CI IOP 

(mmHg) 

        845977 54 M POAG 546 18 22 

        848737 58 M POAG 532 20 20 

895200 62 F OHTN 566 30 24 

895204 51 M OHTN 542 16 16 

898328 63 M OHTN 538 12 12 

898339 48 F OHTN 558 32 26 

856896 55 M OHTN 540 16 16 

893850 58 M OHTN 563 38 32 

873110 48 M OHTN 554 28 22 

901794 62 M OHTN 560 36 30 

886198 72 M OHTN 550 28 28 

901797 52 F OHTN 552 28 28 

901800 60 F OHTN 566 26 20 

858831 51 M OHTN 538 16 16 

820819 63 M OHTN 532 20 20 

859859 48 F OHTN 563 30 24 

860119 55 M OHTN 540 18 16 

860470 58 M OHTN 568 32 26 

860522 48 M OHTN 570 28 26 

861422 62 M OHTN 566 32 26 

862784 56 F OHTN 569 32 26 

865218 62 M OHTN 570 30 24 

874926 59 M PXG 514 18 22 

874537 65 M PXG 516 20 24 

881676 69 F PXG 502 14 18 

874040 60 F PXG 536 26 26 



UHID AGE SEX GROUP CCT (µm) GAT IOP 

(mmHg) 

CI IOP 

(mmHg) 

877190 82 F PXG 528 24 24 

876484 61 M PXG 534 26 26 

876859 52 M PXG 516 12 16 

877031 60 M PXG 512 14 18 

879001 56 F PXG 510 14 20 

886193 66 F PXG 515 12 18 

891572 62 F PXG 510 14 18 

896452 69 M PXG 514 18 22 

881936 56 M PXG 516 20 24 

902859 69 F PXG 502 14 18 

873110 58 F PXG 536 26 26 

911010 82 F PXG 528 24 24 

908309 61 M PXG 534 26 26 

911471 52 M PXG 516 12 16 

908487 54 M PXG 512 16 20 

907260 60 F PXG 518 18 2 




