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ABSTRACT

Healthcare professionals frequently advise the use of topical steroid eye drops to manage and control
postoperative inflammation following phacoemulsification. Although there are many benefits associated
with steroid usage, it is imperative to recognize the potential negative repercussions that may arise. In
individuals who respond to steroids, the use of topical steroid drops can lead to an increase in intraocular
pressure (IOP). Increase in IOP resulting from the side effects of steroids typically manifests several weeks
following the initiation of eye drop therapy. The first documentation of steroid induced glaucoma (SIG)
can be traced back to the 1950s on the administration of systemic adrenocorticotropic hormones. The
elevation of IOP is a complex issue influenced by various factors, but the primary factor is the increased
resistance within the outflow mechanisms of the trabecular meshwork. Out of all the risk factors related
to ocular hypertension caused by steroid use, a preexisting glaucoma diagnosis is the most frequently
seen. The usage of different routes of steroids administration has been linked to the occurrence of ocular
hypertension. The current management approach prioritizes the exploration of steroid-sparing treatment
options, discontinuing steroid use, employing medications to lower intraocular pressure, and considering
interventional laser and surgical procedures.
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1. Introduction

devoted four years to research, Francois presented a
comprehensive report on the initial manifestation of

Using steroids as a treatment option for autoimmune
besides inflammatory conditions is widespread, resulting
in doctors frequently prescribing them to patients.’
Healthcare professionals frequently advise the use of topical
steroid eye drops to manage and control postoperative
inflammation following phacoemulsification.? Elevated
intraocular pressure (IOP) is a side effect of administering
topical steroids. The persistence of ocular hypertension over
an extended period can lead to an heightened stake of
developing steroid induced glaucoma by damaging the optic
nerve.® The earliest documented case of steroid induced
glaucoma (SIG) dates back to the 1950s, when systemic
adrenocorticotropic hormones were administered.* Having
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increased IOP resulting from the local application of steroid
drops.> This secondary glaucoma fascinated researchers, as
it has the potential to reveal the intricate mechanisms that
contribute to open angle glaucoma.

The elevation of IOP is a complex issue influenced
by various factors, but the primary factor is the increased
resistance within the outflow mechanisms of the trabecular
meshwork (TM). By introducing steroid drops, cross-
connecting can be induced in the network, enabling
alterations to the microstructure of the actin fiber chain.®
Another potential cause could be elevated collagen and
fibronectin within the extracellular matrix of the juxta-
canalicular region, leading to increased accretions.” The
influence of topical steroids on the turnover of constituents
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and enzymes in the TM leads to an escalation in outflow
resistance within this fundamental regulatory constituent of
IOP levels.® There are many situations where individuals
have the choice to opt for nonsteroidal alternatives
rather than resorting to steroids. Where attaining this is
improbable, it becomes vital to monitor the intraocular
pressure (IOP), regardless of the steroid’s usage. To prevent
vision-related complications, particularly in children, timely
intervention is imperative when dealing with the ocular
hypertensive response.

2. Etiology

Susceptible individuals who have administered steroids may
experience the occurrence of ocular hypertension (OHT).
The elevation of IOP in cases of SIG can give rise to
irreversible optic neuropathy.

Several definitions for steroid responsiveness have been
put forth over the years. Various thresholds can be employed
when evaluating elevated IOP. A raise in IOP greater than 5
mm Hg, an IOP above 21- or 24-mm Hg, an IOP increase
greater than 5 mm Hg with values above 24 mm Hg, or
an IOP increase greater than 10 mm Hg over baseline with
clinical significance. The last definition is the most widely
accepted. >0

Steroid responders experience IOP elevations, and this is
most observed after the administration of steroids through
topical, periocular, and intraocular routes. It is worth
emphasizing that OHT might arise after the administration
of substances through intranasal, inhalational, systemic, and
dermatological routes. !!

Medical professionals noted an elevation in IOP within
3 to 6 weeks after the use of steroid eye drops. It is
possible that it happened at a previous juncture. Normally,
it takes about two weeks for IOP to return to normal
following the discontinuation of steroid usage. Conversely,
there is a possibility of a rapid elevation in IOP because of
corticosteroid eye injections. !> Using alternative routes for
glucocorticoid administration may influence IOP.

3. Epidemiology

The specific occurrence of secondary glaucoma in relation
to other types remains unclear. The normal population
experiences a nonresponse rate of approximately 61 to 63%
with GC, which leads to IOP elevations below 5 mm Hg. In
comparison, around 33% of the general population shows
a moderate response, where IOP levels increase between
6 to 15 mm Hg. Conversely, a highly responsive subset of
four to six percent showcases IOP elevations exceeding 15
mm Hg. 3 Conversely, the application of steroid eye drops
resulted in a significant elevation of IOP in forty-six to
ninety-two percent of patients diagnosed with POAG. 4
The incidence of a steroid response in children is
comparable to that observed in the general adult population,

and there is evidence suggesting a greater occurrence
of this phenomenon in pediatric patients.!>!® Children
experience the onset of steroid response sooner and witness
a more rapid progression compared to adults, resulting in
an elevated IOP in some individuals after only one day
of taking glucocorticoids. Recent findings have shown the
upsurge in rate of SIG in children, entailing an escalation in
the unmonitored use of topical steroid eye drops. !’

3.1. Predisposing factors

Despite limited understanding, experts have identified
various factors that play a role in the development of
SIG. Presented below are several factors that have been
enumerated.

3.1.1. History of primary open angle glaucoma

A four-week treatment with topical steroid drops may lead
to an increase in intraocular pressure in around ninety
percent of patients with POAG. '* Individuals classified as
high steroid responders within the general population have
a higher incidence of POAG. Having first-degree relatives
with POAG increases the likelihood of being classified as
steroid responders.

The specific causes behind the elevated level of steroid
responsiveness in individuals with glaucoma, in contrast
to the general population, remain unclear at present. One
explanation for this could be attributed to the distinct
expression patterns exhibited by the two GR isoforms,
namely GRa and GRb. The comparison between TM cells
detached from glaucomatous eyes and TM cells secluded
from individuals without health issues revealed a significant
difference in the levels of GRb, with the former showing
notably lower levels. %19 The GRb isoform functions as an
endogenous dominant negative inhibitor of GRa-mediated
transactivation of glucocorticoid-responsive genes. "

3.1.2. Age

Age is also regarded as a contributing factor to risk.
Children under the age of ten show a significant increase
in IOP in response to the usage of steroids drops, placing
them at the highest risk for glaucoma.?! About 25% of
acquired glaucoma cases in children can be attributed to
this specific subtype.?? For children, the rise in IOP and
the potential glaucomatous damage that may follow can
begin earlier, exhibit greater severity upon presentation, and
show a more rapid progression in contrast to adults.?? The
vulnerability is higher among the geriatric demographic,
as well as children under six years old. Older individuals
have a greater likelihood of experiencing a surge in IOP
after receiving steroid eye drops. The calculated odds ratio
for glaucoma development in geriatric patients managed
with topical steroid drops was found to be 1.72.2 The
researchers of the Multicenter Uveitis Steroid Treatment
Trial reported that individuals under the age of 50 were
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identified as one of the risk factors linked to an increase of
10 mm Hg or more in IOP in eyes with uveitis treated with
intravitreal implant of fluocinolone acetonide. ?* With ocular
hypertension, the impact of topical steroids is observed to be
significantly greater in children than in adults, and there are
various factors that contribute to this disparity. Among these
factors, the underdeveloped trabecular meshwork is widely
recognized as the most influential.

3.1.3. Other predisposing factors

Multiple authors have suggested a genetic predisposition
for corticosteroid glaucoma.®'% According to existing
literature, patients suffering from particular connective
tissue diseases, type I diabetes, or progressive
myopia exhibit a heightened vulnerability to steroid
response. 1323730 Other effects that have been documented
include an increase in corneal thickness and a slight
dilation of the pupils. There is no evidence to support a
link between these changes and ocular hypertension. 33
Patients who have pigment dispersion syndrome, traumatic
angle recession, or endogenous hypercortisolism are more
susceptible to corticosteroid response. 3°

4. Routes of Steroid administration
4.1. Topical route

In addressing conjunctivitis, allergies, ocular inflammations,
and post-laser and surgery recovery, healthcare providers
often turn to topical steroids as an effective treatment
option.33 Self-administered topical steroids can explain the
high incidence of SIG in both children and adults. Increases
in IOP ranging from 6 to 22 mm Hg can persist for several
months following treatment. The application of topical
steroid drugs has been linked to a documented rise in IOP.3*
It is recommended to opt for newer topical formulations that
exert a reduced influence on IOP. Elevated IOP can endure
for a period of up to 18 months after the cessation of topical
therapy.>>3¢

4.2. Intraocular route

Intraocular steroid usage has significantly increased over the
past decade. This pertains to the utilization of intravitreal
injections or implants to treat choroidal, macular, and
retinal complications.? Fluocinolone is more often linked
to SIG, while dexamethasone presents reduced risks with
intravitreal injections.>* The occurrence of SIG can range
from 11% to 37% when these drugs are used, and in
combination with uveitis, it may increase to as high as
79%.35 Over the course of a few weeks, there is a
discernible increase in IOP, reaching its maximum at 7
months, followed by a subsequent decrease after three to
four months. 3

4.3. Periocular route

In steroid responders, the sub-tenon space is the preferred
periocular routes, although it presents a higher risk of SIG
as it is situated close to the anterior chamber angle.?” An
investigation conducted across multiple centers examined
the impact of diverse periocular cortisone treatments on
uveitis patients. The study revealed that roughly 35% of
individuals experienced an increase in IOP exceeding 24
mm Hg, with 2.4% of them requiring glaucoma surgery. 3%

4.4. Systemic route

For a multitude of chronic inflammatory diseases, the
standard course of treatment involves the prescription of
systemic steroids. The likelihood of SIG occurring is
decreased when systemic therapy is used instead of ocular
treatment. Patients who undergo prolonged systemic steroid
treatment may experience a notable increase in IOP, which
can persist for years.?* Based on findings from various
studies, some observe that systemic cortisone has been
prescribed to approximately 20% of individuals suffering
from glaucoma. These patients showed a decline in their
visual perception. 4?0

4.5. Inhalational route

A clear link has been established between the utilization
of inhaled steroids and the development of ocular
hypertension, with the risk amplifying in patients with
a familial predisposition to glaucoma, particularly with
escalated dosage and frequency of administration. The
IOP-elevating effect was hypothesized to occur because
of the systemic absorption of the drug or from a poor
administration technique that can lead to the direct entry of
the drug into the eye.

5. Duration of steroid use

In patients who respond to steroids, an increase in IOP
typically occurs within the initial weeks of steroid treatment.
The elevation can occur within an hour or extend over many
years following the chronic administration of steroids. The
normalization of intraocular pressure usually occurs within
four weeks after the discontinuation of steroid medication.

6. Pathophysiology

Many studies have observed a correlation between steroids
and increased outflow defiance in the pressure vulnerable
channel. The conclusive establishment of the association
between TM changes, elevated IOP, and steroid exposure
was not possible based on the findings of in-vitro
studies. *'~** Examination of protein assays showed marked
variations in the quantities of specific glycosaminoglycans
in eyes that received steroid treatment when compared
to control eyes.** Besides glycosaminoglycans, other
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elements of the extracellular matrix have been linked to
the diminished permeability of steroid-treated trabecular
meshwork.® In the trabecular meshwork, dysregulation of
phagocytosis, as well as autophagy, has been found to occur
because of steroid exposure. 4°

Several proteins signaling pathways have been studied
in tissue culture and animal models. Rho-associated
protein kinase (ROCK) signaling contributes to cytoskeletal
remodeling in steroid-treated trabecular meshwork, and
ROCK inhibitors reverse this remodeling.#’*° The
differential expression of the long-noncoding RNA
ANRIL and the pl5 gene has been observed in mice
with steroid-induced glaucoma, leading to the proposal that
ANRIL/p15 control of TM cell senescence contributes to the
pathophysiology of this condition.’® Aside from their role
in pressure-independent uveoscleral outflow, prostaglandins
might increase TM outflow.>! Transforming growth factor
B (TGFP) signaling has also been implicated. 3>

7. Clinic Features

Patients frequently exhibit symptoms reminiscent of those
found in individuals with POAG, with the presentation of
these symptoms varying based on age. The presentation of
congenital glaucoma in newborns may involve symptoms
such as increased tear production, contractions of the
eyelids, and heightened subtlety to light. Characteristics
displayed by teenagers are in line with developmental
POAG. Among adults, it is common to observe heightened
IOP, unobstructed angles during gonioscopy, optic disc
cupping, and impaired vision. The administration of
steroid eye drops in individuals diagnosed with vernal
keratoconjunctivitis (VKC) frequently results in the
emergence of SIG.>?

8. Evaluation

Upon inspection, there are usually no notable findings in
the eye. The patient’s IOP rises above the standard range
of 10 mm Hg to 22 mm Hg, and upon investigation of
their steroid usage history, it is revealed that the patient has
developed hypertension induced by steroid use. Tonometry
is a necessary instrument for diagnosing SIG, as it is for all
varieties of glaucoma.>*

By examining the patient’s medical history, we may
uncover potential factors contributing to this condition.
Individuals afflicted with various forms of allergic
conjunctivitis may employ prolonged use of steroid
eye drops. Steroid eye drops may be administered to
patients for postsurgical conditions like Photorefractive
Keratectomy, or they may have an embedded depot steroid.
Another subgroup at increased risk for glaucoma comprises
individuals who have undergone renal transplantation. The
assessment encompasses several components, and they are
listed below.

Recording visual acuity,

Examination of the anterior and posterior segments,
Tonometric assessment,

Ocular coherence tomography (oct) testing,
Gonioscopy.

SNhAPD -

9. Management

The initial measure in managing steroid-induced ocular
hypertension involves discontinuing the causative agent.
The involvement of the patient’s care team is crucial
in determining the feasibility of substituting systemic
or inhaled steroids with an alternative steroid-sparing
therapy. Where an ophthalmic steroid is the cause,
it is recommended to explore alternatives like non-
steroidal anti-inflammatory drugs (NSAIDs) and anti-
VEGF agents to address inflammation and/or macular
edema. In patients with glaucoma undergoing post-operative
ophthalmic steroid treatment, we advise the use of either
tapered topical steroids or the administration of a removable
depot instead of an irremovable depot. When topical steroid
withdrawal is not achievable, it is important to consider
different varieties of GC.>>
The three modes of management of SIG are:

9.1. Medical management

Beta-blockers are the most commonly prescribed drug in
SIG.! In 2017, the FDA granted approval to Netarsudil, a
ROCK inhibitor. Based on anecdotal evidence, netarsudil
has shown efficacy in lowering IOP in cases of steroid-
associated glaucoma that are unresponsive to alternative
medications.”® Between 2009 and 2012, anecortave
acetate provided promising results in managing SIG.>”-8
Derived from cortisol, anecortave acetate does not possess
glucocorticoid activity. As far as we are aware, there
has been no more recent development published on the
use of anecortave acetate for IOP. Multiple studies reveal
FML has a diminished ability to raise IOP compared
to dexamethasone, possibly because of its limited ocular
permeability relative to other topical steroids.>>

9.2. Laser trabeculoplasty

Where antiglaucoma drugs are ineffective, implementing
Argon laser trabeculoplasty (ALT) and selective laser
trabeculoplasty (SLT) is recommended for the management
of SIG. SLT specifically focuses on the dysregulated
trabecular meshwork. Despite the potential for intraocular
inflammation, SLT has proven effective in reducing IOP in
eyes with quiescent uveitis. >

9.3. Surgical management

Surgical intervention is recommended for patients who do
not show improvement in medical and laser treatments.
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It may also be advisable for individuals who are
likely to receive ongoing steroid treatment. Angle-based
surgery and/or trabecular bypass surgery are among the
surgical options available for treating glaucoma induced by
steroid usage.>® Trabeculectomy is the surgical procedure
most frequently used. Among the choices are deep
sclerectomy, canaloplasty, tube shunt surgeries, or cyclo-
photocoagulation procedures. !

10. Differential Diagnosis

In patients with POAG, it is necessary to consider whether
the increase in IOP after surgical management is because
of a steroid-induced response. Diagnostic challenges may
also arise in individuals who do not have a prior glaucoma
diagnosis but use steroids. Determining the exact cause
of increased IOP in uveitic glaucoma patients can present
considerable difficulties, and in certain cases, may be
deemed an unattainable goal.®*! Besides receiving long-
term steroid treatment, these eyes frequently display
elevated IOP because of various mechanisms, such as angle
closure, acute or chronic trabecular damage, and reduced
trabecular outflow. %2

Particularly in cases of trabeculitis, the level of anterior
segment inflammation may not accurately reflect the extent
of IOP elevation, making diagnosis difficult. The clinical
presentation of uveitic glaucoma patients becomes more
intricate because of intermittent reduction of intraocular
pressure (IOP) caused by decreased aqueous production
from the inflamed ciliary body.%> Another potential factor
may explain the observed decrease in IOP. This factor
involves the promotion of uveoscleral outflow, which
is facilitated by endogenous prostaglandins induced by
inflammation. 6>

Both blunt and infiltrating eye injuries in patients who
have been treated with steroids can create challenges in
making a diagnosis.®® Individuals who have experienced
violent ocular surface chemical burns may display a
steroid-caused response, besides elevated IOP caused by
considerable sore in the anterior chamber. %

In children, steroid-induced IOP elevation or glaucoma
should be included in the differential diagnosis and work-
up of primary or secondary congenital glaucoma, pediatric
uveitic glaucoma, or aphakic and pseudophakic pediatric
glaucoma. %3

11. Conclusion

The development of glaucoma because of steroid use
is a preventable condition that is caused by medical
intervention. The inappropriate and illogical administration
of steroids, particularly in developing nations by local
healthcare providers and unsupervised usage by patients,
shows a lack of knowledge regarding the condition.
Through implementing a few basic precautions, the onset

of SIG can be prevented effectively. Despite notable
advancements in recent years regarding the comprehension
of corticosteroid-induced glaucoma mechanisms, additional
research is necessary. It is expected that a comprehensive
comprehension of the response induced by steroids may
yield innovative therapeutic approaches for various forms
of glaucoma, such as POAG.

12. Source of Funding

None.

13. Conflict of Interest

None.

References

1. Feroze KB, Zeppieri M, Khazaeni L, [cited 2023 Dec 12]. Steroid-
Induced Glaucoma. Treasure Island (FL): StatPearls Publishing; 2023.

2. Kawahara A. A very early steroid responder after cataract surgery: a
case report. BMC Ophthalmol. 2023;23:237.

3. Kersey JP, Broadway DC. Corticosteroid-induced glaucoma: a review
of the literature. Eye (Lond). 2006;20(4):407-16.

4. Phulke S, Kaushik S, Kaur S, Pandav S. Steroid-induced Glaucoma:
An Avoidable Irreversible Blindness. J Curr Glaucoma Pract.
2017;11(2):67-72.

5. Francois J. Cortisone and eye strain.
1954;187(9):805-16.

6. Clark AF, Wilson K, Mccartney MD, Miggans ST, Kunkle M, Howe
W. Glucocorticoid-induced formation of cross-linked actin networks
in cultured human trabecular meshwork cells. Invest Ophthalmol Vis
Sci. 1994;35(1):281-94.

7. Yue BY. The extracellular matrix and its modulation in the trabecular
meshwork. Surv Ophthalmol. 1996;40(5):379-90.

8. Jones RI, Rhee DJ. Corticosteroid-induced ocular hypertension and
glaucoma: a brief review and update of the literature. Curr Opin
Ophthalmol. 2006;17(2):163-7.

9. Pleyer U, Ursell PG, Rama P. Intraocular pressure effects of common
topical steroids for post-cataract inflammation: are they all the same?
Ophthalmol Ther. 2013;2(2):55-72.

10. Sheppard JD, Comstock TL, Cavet ME. Impact of the Topical
Ophthalmic Corticosteroid Loteprednol Etabonate on Intraocular
Pressure. Adv Ther. 2016;33(4):532-52.

11. Wijnants D, Stalmans I, Vandewalle E. The Effects of Intranasal,
Inhaled and Systemic Glucocorticoids on Intraocular Pressure: A
Literature Review. J Clin Med. 2022;11(7):2007.

12. Lebrize S, Arnould L, Bourredjem A, Busch C, Rehak M,
Massin P, et al. Intraocular Pressure Changes After Intravitreal
Fluocinolone Acetonide Implant: Results from Four European
Countries. Ophthalmol Ther. 2022;11(3):1217-29.

13. Armaly MF, Becker B. Intraocular pressure response to topical
corticosteroids. Fed Proc. 1965;24(6):1274-8.

14. Armaly MF. Effect of corticosteroids on intraocular pressure and fluid
dynamics. II. The effect of dexamethasone in the glaucomatous eye.
Arch Ophthalmol. 1963;70:492-9.

15. Nuyen B, Weinreb RN, Robbins SL. Steroid-induced glaucoma in the
pediatric population. J AAPOS. 2017;21(1):1-6.

16. Kwok AK, Lam DS, Ng JS, Fan DS, Chew SJ, Tso MO. Ocular-
hypertensive response to topical steroids in children. Ophthalmology.
1997;104(12):2112-6.

17. Gupta S, Shah P, Grewal S, Chaurasia AK, Gupta V. Steroid-
induced glaucoma and childhood blindness. Br J Ophthalmol.
2015;99(11):1454-6.

18. Zhang X, Clark AF, Yorio T.
responsiveness in  glaucomatous

Ann Ocul (Paris).

Regulation of glucocorticoid
trabecular meshwork cells



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Zhang X, Ognibene CM, Clark AF, Yorio T.

Ajith et al. / Indian Journal of Clinical and Experimental Ophthalmology 2024;10(3):408—414

by glucocorticoid receptor-beta.
2005;46(12):4607-16.

Invest Ophthalmol Vis Sci.

Dexamethasone
inhibition of trabecular meshwork cell phagocytosis and its
modulation by glucocorticoid receptor beta. Exp Eye Res.
2007;84(2):275-84.

Roberti G, Oddone F, Agnifili L, Katsanos A, Michelessi M,
Mastropasqua L, et al. Steroid-induced glaucoma: Epidemiology,
pathophysiology, and clinical management. Surv  Ophthalmol.
2020;65(4):458-72.

Ohji M, Kinoshita S, Ohmi E, Kuwayama Y. Marked intraocular
pressure response to instillation of corticosteroids in children. Am J
Ophthalmol. 1991;112(4):450-4.

Kaur S, Dhiman I, Kaushik S, Raj S, Pandav SS.
Ocular Steroid Hypertensive Response in Children.
2016;25(4):343-7.

Garbe E, Lelorier J, Boivin JF, Suissa S. Risk of ocular hypertension
or open-angle glaucoma in elderly patients on oral glucocorticoids.
Lancet. 1997;350(9083):979-82.

Friedman DS, Holbrook JT, Ansari H, Alexander J, Burke A, Reed SB,
et al. Risk of elevated intraocular pressure and glaucoma in patients
with uveitis; results of the Multicenter Uveitis Steroid Treatment Trial.
Ophthalmology. 2013;120(8):1571-9.

Gaston H, Absolon MIJ, Thurtle OA, Sattar MA. Steroid
responsiveness in connective tissue diseases. Br J Ophthalmol.
1983;67(7):487-90.

Becker B, Hahn KA. Topical corticosteroids and heredity in primary
open-angle glaucoma. Am J Ophthalmol. 1964;57:543-51.

Becker B. Diabetes mellitus and primary open-angle glaucoma.
The XXVII Edward Jackson Memorial Lecture. Am J Ophthalmol.
1971;71(1 Pt):1-16.

Davies TG. Tonographic survey of the close relatives of patients with
chronic simple glaucoma. Br J Ophthalmol. 1968;52(1):32-9.

Podos SM, Becker B, Morton WR. High myopia and primary open-
angle glaucoma. Am J Ophthalmol. 1966;62(6):1038-43.

Spaeth GL. Traumatic hyphema, angle recession, dexamethasone
hypertension, and glaucoma. Arch Ophthalmol. 1967;78(6):714-21.
Miller D, Peczon JD, Whitworth CG. Corticosteroids and functions in
the anterior segment of the eye. Am J Ophthalmol. 1965;59:31-4.
Spaeth GL. The effect of autonomic agents on the pupil and the
intraocular pressure of eyes treated with dexamethasone. Br J
Ophthalmol. 1980;64(6):426-9.

Amoaku WM, Ghanchi F, Bailey C, Banerjee S, Banerjee S, Downey
L, et al. Diabetic retinopathy and diabetic macular oedema pathways
and management: UK Consensus Working Group. Eye (Lond).
2020;34(Suppl 1):1-51.

Aref AA, Scott IU, Oden NL, Ip MS, Blodi BA, Vanveldhuisen PC,
et al. Risk Factors, and Timing of Elevated Intraocular Pressure After
Intravitreal Triamcinolone Acetonide Injection for Macular Edema
Secondary to Retinal Vein Occlusion: SCORE Study Report 15. JAMA
Ophthalmol. 2015;133(9):1022-9.

Bollinger KE, Smith SD. Prevalence and management of elevated
intraocular pressure after placement of an intravitreal sustained-release
steroid implant. Curr Opin Ophthalmol. 2009;20(2):99-103.

Parrish RK, Traverso CE, Green K, Danis RP. Quantitative
Assessment of Optic Nerve Changes in Patients With Diabetic
Macular Edema Treated With Fluocinolone Acetonide Vitreous
Implants. Ophthalmic Surg Lasers Imaging Retina. 2016;47(5):418—
25.

Mcghee CNJ, Dean S, Danesh-Meyer H. Locally administered ocular
corticosteroids: benefits and risks. Drug Saf. 2002;25(1):33-55.

Sen HN, Vitale S, Gangaputra SS, Nussenblatt RB, Liesegang TL,
Levy-Clarke GA, et al. Periocular corticosteroid injections in uveitis:
effects and complications. Ophthalmology. 2014;121(11):2275-86.
Razeghinejad MR, Katz LJ. Steroid-induced iatrogenic glaucoma.
Ophthalmic Res. 2012;47(2):66-80.

Bower T, Samek DA, Mohammed A, Mohammed A, Kasner P,
Camoriano D, et al. Systemic medication usage in glaucoma patients.

Outcome of
J Glaucoma.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

413

Can J Ophthalmol. 2018;53(3):242-5.
Kayes J, Becker B. The human trabecular meshwork in corticosteroid-

induced glaucoma. Trans Am Ophthalmol Soc. 1969;67:9-54.

Spaeth GL, Rodrigues MM, Weinreb S. Steroid-induced glaucoma:
A. Persistent elevation of intraocular pressure B. Histopathological
aspects. Trans Am Ophthalmol Soc. 1977;75:353-81.

Clark AF, Wilson K, DeKater AW, Allingham RR, Mccartney MD.
Dexamethasone-induced ocular hypertension in perfusion-cultured
human eyes. Invest Ophthalmol Vis Sci. 1995;36(2):478-89.

Johnson DH, Bradley JM, Acott TS. The effect of dexamethasone
on glycosaminoglycans of human trabecular meshwork in perfusion
organ culture. Invest Ophthalmol Vis Sci. 1990;31(12):2568-71.
Clark AF, Brotchie D, Read AT, Hellberg P, English-Wright S, Pang
IH, et al. Dexamethasone alters F-actin architecture and promotes
cross-linked actin network formation in human trabecular meshwork
tissue. Cell Motil Cytoskeleton. 2005;60(2):83-95.

Sbardella D, Tundo GR, Coletta M, Manni G, Oddone FE
Dexamethasone Downregulates Autophagy through Accelerated Turn-
Over of the Ulk-1 Complex in a Trabecular Meshwork Cells Strain:
Insights on Steroid-Induced Glaucoma Pathogenesis. Int J Mol Sci.
2021;22(11):5891.

Yuan Y, Call MK, Yuan Y, Zhang Y, Fischesser K, Liu CY,
et al.  Dexamethasone induces cross-linked actin networks in
trabecular meshwork cells through noncanonical wnt signaling. Invest
Ophthalmol Vis Sci. 2013;54(10):6502-9.

Ren R, Humphrey AA, Kopczynski C, Gong H. Rho Kinase Inhibitor
AR-12286 Reverses Steroid-Induced Changes in Intraocular Pressure,
Effective Filtration Areas, and Morphology in Mouse Eyes. Invest
Ophthalmol Vis Sci. 2023;64(2):7.

Fujimoto T, Inoue T, Kameda T, Kasaoka N, Inoue-Mochita M,
Tsuboi N, et al. Involvement of RhoA/Rho-associated kinase
signal transduction pathway in dexamethasone-induced alterations in
aqueous outflow. Invest Ophthalmol Vis Sci. 2012;53(11):7097-108.
Wan P, Huang S, Luo Y, Deng C, Zhou J, Long E, et al. Reciprocal
Regulation between IncRNA ANRIL and pl5 in Steroid-Induced
Glaucoma. Cells. 2022;11(9):1468.

Bahler CK, Howell KG, Hann CR, Fautsch MP, Johnson DH.
Prostaglandins increase trabecular meshwork outflow facility
in cultured human anterior segments. Am J Ophthalmol.
2008;145(1):114-9.

Kasetti RB, Maddineni P, Patel PD, Searby C, Sheffield VC, Zode
GS. Transforming growth factor f2 (TGFp2) signaling plays a key
role in glucocorticoid-induced ocular hypertension. J Biol Chem.
2018;293(25):9854—-68.

Ang M, Ti SE, Loh R, Farzavandi S, Zhang R, Tan D, et al. Steroid-
induced ocular hypertension in Asian children with severe vernal
keratoconjunctivitis. Clin Ophthalmol. 2012;6:1253-8.

Brusini P, Salvetat ML, Zeppieri M. How to Measure Intraocular
Pressure: An Updated Review of Various Tonometers. J Clin Med.
2021;10(17):3860.

Levin AM, Sieck EG. New Concepts in Steroid Glaucoma. Curr
Ophthalmol Rep. 2023;11(4):78-82.
Li G, Lee C, Read AT, Wang K, Ha J, Kuhn M, et al. Anti-

fibrotic activity of a rho-kinase inhibitor restores outflow function and
intraocular pressure homeostasis. Elife. 2021;10:60831.

Stalmans I, Callanan DG, Dirks MS, Moster MR, Robin AL, Calster
JV. Treatment of Steroid-Induced Elevated Intraocular Pressure with
Anecortave Acetate: A Randomized Clinical Trial. J Ocul Pharmacol
Ther. 2012;28(6):559-65.

Robin AL, Suan EP, Sjaarda RN, Callanan DG, Defaller J. Alcon
Anecortave Acetate for IOP Research Team. Reduction of intraocular
pressure with anecortave acetate in eyes with ocular steroid injection-
related glaucoma. Arch Ophthalmol. 2009;127(2):173-8.

Xiao J, Zhao C, Liang A, Zhang M, Cheng G. Efficacy and Safety
of High-Energy Selective Laser Trabeculoplasty for Steroid-Induced
Glaucoma in Patients with Quiescent Uveitis. .  Ocul Immunol
Inflamm. 2021;29(4):766-70.

Siddique SS, Suelves AM, Baheti U, Foster CS. Glaucoma and uveitis.
Surv Ophthalmol. 2013;58(1):1-10.



414 Ajith et al. / Indian Journal of Clinical and Experimental Ophthalmology 2024;10(3):408—414

61. Smith SL, Pruitt CA, Sine CS, Hudgins AC, Stewart WC. Latanoprost
0.005% and anterior segment uveitis. Acta Ophthalmol Scand.
1999;77(6):668-72.

62. Baneke AJ, Lim KS, Stanford M. The Pathogenesis of Raised
Intraocular Pressure in Uveitis. Curr Eye Res. 2016;41(2):137-49.

63. Milder E, Davis K. Ocular trauma and glaucoma. Int Ophthalmol
Clin. 2008;48(4):47-64.

64. Kaur S, Kaushik S, SSPandav. Pediatric Uveitic Glaucoma. J Curr
Glaucoma Pract. 2013;7(3):115-7.

65. Kirwan C, O’Keefe M. Paediatric aphakic glaucoma. Acta Ophthalmol
Scand. 2006;84(6):734-9.

Author biography

Gayathri Ajith, Junior Resident
288X

https://orcid.org/0009-0002-6436-

Saravana Bhava, Professor @ https://orcid.org/0000-0002-9295-1350

Rajesh Kannan, Professor ( https://orcid.org/0000-0001-7197-9568

Bala Subramaniam, Assistant Professor
9943-3940

https://orcid.org/0009-0002-

Cite this article: Ajith G, Bhava S, Kannan R, Subramaniam B.
Corticosteroid-induced Glaucoma: An avoidable blindness. Indian J
Clin Exp Ophthalmol 2024;10(3):408-414.



https://orcid.org/0009-0002-6436-288X
https://orcid.org/0009-0002-6436-288X
https://orcid.org/0009-0002-6436-288X
https://orcid.org/0000-0002-9295-1350
https://orcid.org/0000-0002-9295-1350
https://orcid.org/0000-0001-7197-9568
https://orcid.org/0000-0001-7197-9568
https://orcid.org/0009-0002-9943-3940
https://orcid.org/0009-0002-9943-3940
https://orcid.org/0009-0002-9943-3940

	Introduction
	Etiology
	Epidemiology
	Predisposing factors
	History of primary open angle glaucoma
	Age 
	Other predisposing factors


	Routes of Steroid administration
	Topical route
	Intraocular route
	Periocular route
	Systemic route
	Inhalational route

	Duration of steroid use
	Pathophysiology
	Clinic Features
	Evaluation
	Management
	Medical management
	Laser trabeculoplasty
	Surgical management

	Differential Diagnosis
	Conclusion
	Source of Funding
	Conflict of Interest

