Schematic Concise Review: Glaucoma (Eye Disease) and Its Associated
Diagnosis and Treatment Process

ABSTRACT

A class of eye conditions known as glaucoma can result in blindness and visual loss by harming
the optic nerve, a nerve located at the back of the eye. You might not notice the symptoms at first
because they can appear so slowly. A thorough dilated eye exam is the only way to determine if
you have glaucoma. While there is no known cure for glaucoma, vision protection and damage
can frequently be stopped with early intervention.Primary open-angle and angle-closure
glaucoma, as well as secondary open and angle-closure glaucoma, are the four main types of
adult glaucoma.Prescription eye drops are the most popular form of treatment for glaucoma.
They function by reducing intraocular pressure and shielding your optic nerve from harm.
Although these eye drops cannot reverse vision loss or treat glaucoma, they can prevent
glaucoma from worsening. Prostaglandins are one type of prescription eye drop medication. By
increasing the fluid's outflow from your eye, they aid in lowering intraocular pressure.
Latanoprost (Xalatan), Travoprost (Travatan Z), Tafluprost (Zioptan), Bimatoprost (Lumigan),
and Latanoprostene bunod (Vyzulta) are among the medications in this category. Alpha-
adrenergic agonists, such as brimonidine (AltaganP)orQoliana(lopidine,apraclonidine) Beta-
blockers such as Betimol, Istalol, Timoptic (timolol),andBetoptic(betaxolol) Inhibitors of
carbonic anhydrases, such as Azopt (brinzolamide) and Trusopt (dorzolamide).In this review
study, we discuss the aetiology, epidemiology, current management, and pathophysiology of
glaucoma.
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INTRODUCTION

Three main phases may be distinguished in the history of the conditions currently grouped under
the word "glaucoma." First, there is the early era between 400 BC and 1600 AD, when
"glaucoma” was used to describe a broad category of blinding eye disorders without the
distinctions that historians can now identify. Between the start of the 17th century and the middle
of the 19th century, written books started to identify the individual and combined cardinal
indications of glaucoma. The third historical period spans from the invention of the
ophthalmoscope in 1854 to the present.In medicine, glaucoma has been understood since
antiquity. According to Hippocrates, "glaykoseis" is a type of blindness that affects the eye. The
link between elevated ocular stress and glaucoma was initially established by the English
ophthalmologist Banister. The crucial development of the ophthalmoscope by von Helmholtz in
1850 allowed for the diagnosis of fundus glaucomatousalterations. Donders identified
"Glaukoma simplex," the condition he named after discovering in 1862 that elevated intraocular
pressure was linked to blindness. The development of the perimeter and tonometer, as well as the
usage of cocain, contributed to further advancements in glaucoma diagnosis. Von Graefe
performed the first iridectomy, a successful surgical treatment for glaucoma, in 1856. With the
discovery of pilocarpine in 1875, drug therapy got underway(1,2).A neurological disease
affecting the eyes called glaucoma is linked to elevated intraocular pressure (IOP). Patients may



eventually lose their ability to see and may perhaps lose their sight entirely if treatment is not
received. It ranks as the second most common cause of blindness worldwide.
A definition of glaucoma is a disorder that results in progressive neuropathy in the visual field
and is characterized by structural alterations to the optic disk or optic nerve head. The patient's
visual field may shift functionally as a result of this. Rangeofdisordersofthe
Eyesthatcanresultinblindness. The nerve that connects the eye to the brain is harmed in all forms
of glaucoma, typically as a result of elevated intraocular pressure.Other than gradual vision loss,
open-angle glaucoma, the most prevalent kind of the condition, frequently exhibits no symptoms.
Despite being uncommon, angle-closure glaucoma is a medical emergency with symptoms that
include nausea and abrupt vision disruption in addition to ocular pain(3).Glaucoma can be
classified into two main categories: primary and secondary. Both of these have two major
subgroups based on the underlying anatomy and pathophysiology: angle-closure and open-angle.
Both open-angle and closed-angle glaucoma without a known cause are referred to as primary or
idiopathic glaucoma, whereas secondary glaucoma has a known cause—an elevated intraocular
pressure that damages the optic nerve. There are three types of open-angle glaucoma: normal-
tension glaucoma (NTG), secondary open-angle glaucoma, and primary open-angle glaucoma
(POAG). Secondary open-angle glaucoma is characterized by elevated IOP and/or optic
neuropathy, while POAG is characterized by an increased IOP with progression of the optic
nerve; NTG is characterized by a normal IOP with progression and optic neuropathy.Primary
open-angle glaucoma (POAG) is thought to impact 57.5 million people globally. A higher risk of
glaucoma is associated with age over 60, family members of people already diagnosed with the
condition, steroid users, diabetics, high myopia, hypertension, central corneal thickness less than
5 mm, and ocular trauma. It is projected that 76 million people will have glaucoma by 2020, and
by 2040, the figure is likely to rise to 111.8 million(4).Based on epidemiological studies
involving individuals 40 years of age and older, the prevalence of glaucoma in Indians has been
estimated to be between 2.7% and 4.3%. By 2040, 27.8 million more people in Asia are expected
to suffer from glaucoma; China and India will bear the greatest part of this burden. Glaucoma is
one of the main causes of permanent blindness in India, accounting for 5.5% of all cases of
blindness and 1.2 million cases of blindness(5).

EPIDEMIOLOGY

An estimated 60 million individuals worldwide suffer from visual neuropathy as a result of
glaucoma. The open-angle form is most common among the African population. Those who
identify as African-decent are up to 15 times more likely than people from other demographic
categories to become blind from open-angle glaucoma. The Inuit people have the highest
frequency of angle closure, and studies have indicated that women are more affected than men,
as well as people of Asian descent, who typically have a shallower anterior chamber.Japanese
inhabitants are most commonly affected by the normal-tension kind of glaucoma. Age is a
significant risk factor for the ongoing loss of retinal ganglion cells in all types. An additional risk
factor for developing glaucoma is having a primary relative (mother, father, brother, sister, or
children) with a family history of the condition; medical conditions like diabetes, hypertension,
and heart disease; eye trauma; anatomical differences like thinner corneas; a history of retinal
detachment; eye tumours or inflammation; and long-term use of corticosteroids(6,7).

SYMPTOMS AND SIGNS



Increased intraocular pressure: the balance between aqueous production inside the eye and
aqueous drainage out of the eye through the trabecular meshwork determines the intraocular
pressure. Around 2 | of aqueous are produced by each typical eye each minute, or around 70 |
throughout a lifetime. The intraocular pressure should be between 10 and 21 mm Hg, but in
hypotony, it can drop as low as 0 mm Hg, and in some glaucomas, it can rise as high as 70
mmHg. Numerous variables, such as the pressure and the stage of glaucoma, determine how
quickly increased intraocular pressure damages the optic nerve.
Pressures between 20 and 30 mmHg often cause damage over some years, whereas pressures
between 40 and 50 mmHg can cause retinovascular occlusion and fast sight loss.hazy corneas
and haloes surrounding lights The endothelial cells' constant extrusion of fluid keeps the cornea
clear. Acute closed-angle glaucoma, a rapid rise in intraocular pressure, causes the cornea to
become waterlogged, impairing vision and producing haloes around lights that resemble frosted
glass.Anguish Pain is not a sign of glaucoma until the pressure is quite high if the rise in pressure
is gradual. The main hallmark of open-angle glaucoma is not pain. loss of visual field Damage to
the retinal nerve fibres is caused by pressure on the nerve fibres and persistent ischaemia at the
optic nerve head. This typically results in distinctive patterns of field loss (arcuate scotoma).
Nevertheless, the patient initially does not detect the abnormality because centre vision is spared.
Even in the last stages of glaucomatous field loss, vision can still be 6/6 (tunnel
vision).Variations in the optic disc designate where the retinal nerve fibres leave the eye. An
extended increase in intraocular pressure causes the nerve fibres to atrophy, resulting in the
cupped, pale optic disc that is indicative of chronic glaucoma. Obstruction of the veins
Increasesthe risk of retinal venous occlusion can result from elevated intraocular pressure, which
can block blood flow in the venous system(8).

ETIOLOGY

NTG, also known as normal pressure glaucoma or low tension glaucoma, is characterized by
optic disc fractures and cupping, with an intraocular pressure of less than 21 mmHg. Although
the results of NTG are commonly thought to be comparable to those of POAG, its aetiology and
damage mechanisms are distinct from those of POAG with high 10P.According to current NTG
theory, retinal injury may result from a loss of perfusion; observations of disturbed ocular blood
flow (OBF) suggest that retinal venous pressure (RVP) may have increased, damaging the axons
of the retinal ganglion cells that make up the optic nerve(9).Although the precise cause of
glaucoma is currently unknown, most cases of POAG exhibit a definite link with higher ocular
pressures. The main symptom of open-angle glaucoma is usually gradual, painless damage to the
optic nerve, which is believed to be caused by the eye's drainage system failing. Resistance to
aqueous humour drainage in glaucoma typically begins at the juxtacanalicular trabecular
meshwork, which is the inner wall of Schlemm's canal. The steady rise of intraocular pressure
(10P) and the characteristic damage pattern to the nerve fibre layer of the optic nerve ganglion



cell are caused by the decreased outflow facility and increased resistance to the outflow of
aqueous. Another explanation is that mild ischemia damage results from decreased blood supply
to the optic nerve fibres due to elevated IOP.In any case, increased intraocular pressure (IOP)
values are frequently observed in POAG patients, and these readings appear to be correlated with
distinct patterns of optic nerve injury. As the condition worsens, both eyes gradually lose their
peripheral vision, which, if undiagnosed or untreated, can eventually result in loss of central
vision. People who are impacted by this pattern of loss do not become aware of any changes in
their vision until the loss progresses and begins to impair central vision(6).Juvenile open-angle
glaucoma and low-tension/normal-tension glaucoma are two subtypes of open-angle glaucoma.
Patients with juvenile open-angle glaucoma often range in age from five to thirty-five. It is rare
and is usually discovered later in the course of the disease due to its early but progressive
elevation of IOP. Patients frequently have ocular pressures higher than 30 mm Hg when they
first arrive. Though it affects a younger patient population, juvenile open-angle is considered to
follow the same path of elevated I0OP leading to optic neuropathy as POAG. The peripheral
vision field loss and optic disc cupping that characterize POAG are also present in low-tension or
normal-tension glaucoma, although the IOP values are consistently less than 21 mm Hg.
Atherosclerosis/vascular insufficiency-related intermittent ischemia change or an unusually
sensitive optic nerve are two possible theories.VVasospastic disorders including migraines,
Raynaud phenomenon, autoimmune diseases, ischemic vascular diseases, and coagulopathies
seem to be more common in these patients, which may indicate a role for vascular autoregulatory
dysfunction in the pathophysiology of the disease. In comparison to those with open-angle type,
normal-tension patients also frequently experience haemorrhages in the nerve fibre layer and
have a smaller neuroretinal margin inferiorly and inferotemporal. Open-angle visual field defects
are not the traditional arcuate scotoma pattern; instead, they are more focused, deeper, and closer
to fixation(10,11).Angle-closure glaucoma may develop as a result of another factor. Lens
subluxation in Marfan's syndrome is one such reason. Acute pupillary obstruction may result
from the lens shifting into the pupil or anterior chamber. Because of ciliary processes that are
extended or positioned anteriorly, the plateau iris can also result in chronic angle closure and
acute pupillary block. These conditions push the iris's edges forward. The corneal endothelium is
uneven in iridocorneal endothelial syndrome and has the potential to migrate into the peripheral
iris and trabecular meshwork. This results in a contraction that raises the anterior synechiae in
the periphery, closing the angle and blocking outflow. By generating a fibrovascular membrane
that flattens and pushes the iris anteriorly, neovascularization can result in complete synechial
closure of the angle(12-17).Like the open-angle form of glaucoma, secondary open-angle type
glaucoma is caused by injury, eye disease, and infrequently, eye surgery that raises intraocular
pressure and damages the optic nerve. Laser surgery can induce pigment release, inflammatory
cells, debris, and mechanical deformation that obstructs the trabecular meshwork and raises
intraocular pressure. This is one mechanism of secondary open-angle glaucoma. The most
frequent cause of the secondary open-angle type is neovascularization-causing illnesses. Either
the outflow tracts can be physically blocked by neovascularization.When flaky material peels off
the outer lens capsule and gathers in the angle, obstructing the trabecular meshwork and
increasing eye pressure, this is known as the pseudoexfoliative type. The pigmentary type is
similar to the exfoliative type, but in usually myopic, or nearsighted, eyes, the debris are pigment



granules from the back of the iris that break off and clog the trabecular meshwork because they
come into touch with the peripheral lens capsule and zonules. Due to the buildup of
glycosaminoglycans in the meshwork pores and the activation of glucocorticoid receptors on
trabecular meshwork cells, steroids can cause secondary glaucoma by increasing outflow
resistance. Steroids also inhibit phagocytic activity, which increases the expression of
extracellular matrix proteins and reduces the clearance of debris deposition from the
meshwork.An improper communication between the carotid artery and cavernous sinus is
brought on by a carotid-cavernous fistula. Elevated episcleral venous pressure results from
increased venous engorgement and arterial flow caused by this. Additionally, it results in the
enlargement of the optic disc and dilatation of the retinal veins, which might harm optic nerve
fibres at the same time. It has been observed that glaucomatous damage to the optic nerve over
time might result from recurrent acute incidents of elevated intraocular pressure that resolve
without therapy. This condition is known as a glaucomatocyclitic crisis(18-22).

PATHOPHYSIOLOGY

Although glaucoma genes have been categorized, they only make up a minor fraction of the
disease. Recent advances in genomic and proteomic technology have boosted the use of genetic
techniques.While primary angle closure glaucoma (PACG) can be acute or chronic and is
characterized by papillary block, angle crowding, or both, primary open-angle glaucoma
(POAG) is a progressive optic neuropathy linked to optic disc cupping and glaucomatous visual
field abnormalities.Even though the cause of glaucoma is uncertain, it has been suggested that a
vascular component plays a role in the disease's aetiology. Damage to the glaucoma is caused by
a first insult and a series of secondary events that follow. The progression of vision loss in
glaucoma begins with a paramacular lesion in the temporal field and moves along the arcuate
pattern created by the retinal vasculature and axons of retinal ganglionic cells (RGCs). Axon
damage is primarily caused by several interrelated causes that travel from the optic nerve head
(ONH) to the retina, including ischaemia at the optic nerve head located after the lamina. Next,
there is secondary damage that progresses more slowly and affects the nearby neurons. These
secondary lesions could develop if the neurovascular connection is disrupted or if ocular
perfusion pressure drops below the lower limit of autoregulation. The first-line medications for
treating glaucoma are prostaglandins and beta-blockers because they lower intraocular pressure
(IOP) by promoting the non-conventional outflow of agqueous humour and lowering the
production of aqueous humour. The second-line treatments are a2-agonists and carbonic
anhydrase inhibitors(23).As of right now, screening pressure results of more than 21 mm Hg are
regarded as abnormally high and suggest the possibility of future glaucomatous nerve injury. It
can be challenging to determine, though, whether patients are momentarily raising their blood
pressure throughout the day, doing harm without being noticed by screening. This contributes to
the fact that elevated screening pressure is not necessary for the diagnosis of glaucoma, but
rather can merely be a risk factor for the condition's development. IOP diurnal pressure
monitoring could be useful in identifying this patient group.In addition to having systemic
vascular diseases such as migraines, sleep apnea, carotid artery disease, and greater than usual
variations in blood pressure overnight, patients with normal-tension glaucoma also frequently
experience these symptoms.This trabecular meshwork drainage pathway is blocked in acute



angle-closure glaucoma due to either the iris being forced forward by fibrous tissue or being
pushed forward by pressure, such as an anteriorly displaced lens. The most common cause is a
pupillary block, in which the iris seals off the trabecular meshwork obstructing the aqueous
outflow, dilates to mid-position, and bows anteriorly in response to contact with the lens. As was
already established, there are several ways that secondary glaucoma can develop. These include
neovascularization or surgery that obstructsthe outflow tracts, which raises intraocular pressure,
and, if left untreated, linked glaucomatous optic nerve damage(24—26).

* Any etiological factor (blockage of drainage canal)
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Fig.1:Glaucoma's pathophysiology(23).

DIAGNOSIS

Fundoscopic examination, visual field testing, tonometry, optical coherence tomography, and
gonioscopy are used as the basis for evaluation. Pachymetry, which measures corneal thickness,
visual acuity, which determines whether the vision is damaged, and retinal scans, which track
any progressive alterations in the retinal nerve fibre layer, are other useful tests.Based on the
above-mentioned testing modalities, glaucoma is diagnosed based on distinctive clinical signs of
progressive optic neuropathy or visual field abnormalities. The diagnosis of glaucoma cannot be
made with a single gold standard test. To correctly diagnose and stage glaucoma, healthcare
providers need to be aware of the distinctive look of the optic nerve, identify risk factors, and
compile the findings of ancillary testing. As of right now, the American Academy of
Ophthalmology advises individuals who have glaucoma risk factors to get routine, thorough eye
exams on a case-by-case basis, taking into account their age, race, risk factors, and family
history.It is necessary to rule out other medical conditions that can produce visual neuropathy to
diagnose primary open-angle glaucoma. A prior ischemic optic neuropathy, optic atrophy, and
compressive non-glaucomatous optic neuropathy are other possible diagnoses to consider. These
conditions can result in similar patterns of visual field loss and, in rare cases, "pseudo-cupping"”



of the optic nerve. Gonioscopy should be used to assess anterior chamber width and closure in
the event of high intraocular pressure (IOP) or classic glaucomatous optic nerve abnormalities. In
addition, it's critical to assess for the subtle symptoms of the many forms of secondary glaucoma,
look over the medication list for potential odd drug reactions or steroid responses, and obtain a
complete medical history of previous eye damage and surgery(27).In addition to iritis, traumatic
hyphema, conjunctivitis, episcleritis, migraine, cluster headache, corneal abrasion,
endophthalmitis, orbital compartment syndrome, corneal ulcer, periorbital infections, and
infectious keratitis are other possible diagnoses to consider with an acute presentation such as
that of acute angle-closure. The clinician can narrow the differential and make arrangements for
the proper evaluation and referral with the help of a thorough history and slit-lamp
examination(28-30).
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Fig.2:Diagnosis of Glaucoma.

OPTIONS FOR TREATING GLAUCOMA

The course of treatment for glaucoma depends on its particular kind and severity. Currently, no
cure can undo any already-acquired vision loss; treatments can only work to stop more harm and
loss of eyesight. Monitoring the development of the disease can be aided by mapping vision loss
and performing visual field testing.Eye drops: When latanoprost was introduced to the glaucoma
market in 1998, PGAs were the final class of medications to be offered. Twenty years later, the
rho kinase inhibitor netarsudil 0.02% was approved by the Food and Drug Administration. By
increasing trabecular outflow, decreasing aqueous humor secretion, and perhaps lowering
episcleral venous pressure, netarsudil, when taken regularly, decreases intraocular pressure. No
other 10OP-lowering medication on the market today lowers IOP by acting on the trabecular



meshwork, except the infrequently used miotics. Although netarsudil is not as effective as PGAs,
it is still a viable second-line agent that can be used either alone or in conjunction with PGAs.
Despite having a higher rate of conjunctival hyperaemia than timolol, it is safer for the body
overall.Late in 2017, latanoprostene bunod was also approved by the Food and Drug
Administration. It is a PGA that donates nitric oxide. Aqueous outflow via the trabecular
meshwork is improved by nitric oxide. In terms of effectiveness and safety profile,
latanoprostene bunod is superior to latanoprost.medication delivery: Phase 1 and 2 clinical
studies are being conducted on several innovative medication delivery technologies. The
objective is to enhance medication delivery to the right receptors, which will increase adherence,
boost efficacy, and lessen the negative effects of the current topical IOP-lowering medications.
Subconjunctival injections and implants, intracameral implants, conjunctival ocular ring inserts,
and drug-eluting punctual plugs are all under investigation. This is a promising field that will
enhance many patients' treatment outcomes(31).For the sake of completeness, the osmotic agents
(mannitol, glycerin, and urea) are included. These powerful medicines are employed in two
contexts: either as a preventive measure against expulsive suprachoroidal haemorrhagebefore
incisional surgery in cases where the eye may be open for an extended time or in the acute
therapy of increased IOP (e.g., acute angle closure glaucoma). According to conventional
wisdom, these medications work by contracting the vitreous by raising the osmotic gradient
between the plasma and the eye, which lowers the intraocular pressure by decreasing the volume
in the eye(31).First-line treatment for open-angle glaucoma often involves lowering ocular
pressure with medicines. Prostaglandin analogues, beta-blockers, alpha-2 agonists, carbonic
anhydrase inhibitors, miotic agents, and, more recently, rho-kinase inhibitors and nitric-oxide
donating drugs are among the pharmaceutical types. In certain situations, laser trabeculoplasty is
also the main course of treatment. Procedures like as laser trabeculoplasty, trabeculectomy,
insertion of a drainage valve/tube shunt, or laser treatment to the ciliary body to diminish
aqueous production can be utilized to establish better control of IOP if medicinal management is
not successful. For people with mild-to-moderate glaucoma, there is also an emerging option
called minimally invasive glaucoma surgery (MIGS). In comparison to traditional
trabeculectomy and tube shunts, MIGS has a better overall safety profile and a quicker recovery
period, and it is successful in lowering 10P to the mid-high teens. The idea that MIGS placement
can minimize the quantity of blood pressure-lowering drugs needed to sustain desired 10P levels
is further supported by studies. In addition to treating any potential underlying medical issues,
medicines to lower intraocular pressure can be used to treat normal-tension glaucoma.
Prostaglandin analogues, alpha-2 agonists, carbonic anhydrase inhibitors, and miotics are among
the medications.Because of concerns about reduced perfusion of the optic nerve head,
particularly in light of the possible aggravation of the early morning blood pressure nadir, beta-
blockers are contentious. If vision loss progresses further and medical therapy is ineffective,
laser trabeculoplasty or filtration surgery may be used. Patients with normal-tension glaucoma
have been demonstrated to halt or stabilize their field loss following a 30% decrease in
intraocular pressure (IOP) in the Collaborative Normal-tension Glaucoma study. Angle-closure
needs to be handled like an emergency. This is due to the possibility that pressures could be high
enough to result in retinal vascular blockage, ischemic nerve injury, or glaucomatous optic nerve
damage. To lower eye pressure as soon as possible, patients can take medication, however laser



peripheral iridotomy is typically necessary.To alleviate pupillary block and balance the pressure
gradient between the anterior and posterior chambers, this laser makes a tiny hole in the iris. This
opens the anterior chamber drainage angle and resolves the iris bombe. Laser rhinoplasty and,
less frequently, laser phalloplasty can be used to flatten the peripheral iris. It is crucial to have a
follow-up gonioscopy to confirm that the angle has reopened and to determine the percentage of
the angle with peripheral anterior synechia from the acute or previous subacute attacks.
Decreased intraocular pressure is not always a sign that the angle has reopened because the
ciliary body can experience ischemic damage during an attack and have decreased production for
a few weeks.Patients should be evaluated for gonioscopy and, if narrow, preventive iridotomy in
the opposite eye once the acute crisis has been managed, as they are highly susceptible to an
attack in the contralateral eye. The underlying cause of secondary glaucoma should be addressed
to treat the condition, and depending on that cause, medicine to lower intraocular pressure may
need to be added(32-35).

DISCUSSION AND CONCLUSION

Our review articles begin with an introduction to glaucoma, including its various causes,
epidemiology, pathophysiology, and alternative therapy. According to our findings, medications
do indeed treat. Further randomized controlled trials are needed to address the treatment of
glaucoma. In the future, we would like to do a preliminary investigation of glaucoma. With the
help of our colleagues, future counselling-based research in our country or state will assess the
physical and mental health of patients and produce more accurate data on glaucoma and its
treatment.
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