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Abstract: While ocular complications of systemic medications are uncommon, it is important to
recognize that vision-threatening toxicities can occur. This review details the vision-threatening
adverse effects of a select group of commonly prescribed systemic medications and describes the
recommended screening guidelines for those that are particularly high risk.
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1. Introduction

Ocular complaints often represent a significant diagnostic challenge to non-ophthalmic
healthcare providers, making it difficult to parse out serious vision-threatening conditions
from those more benign in nature. While a comprehensive eye examination cannot be
performed without proper training, obtaining a thorough history is useful in forming a
differential diagnosis as well as triaging a referral to an eye care specialist. In particular,
considering a patient’s medication regimen may raise suspicion of ocular side effects related
to systemic medications. In this article, we review vision-threatening complications of
commonly prescribed systemic medications and discuss the screening guidelines for certain
high-risk medications. This review is among the most comprehensive peer-reviewed
overviews of the ocular side effects of systemic medications and adds to the limited
literature on the topic.

2. Corticosteroids

Corticosteroid medications (e.g., prednisone and dexamethasone) are known to put
patients at increased risk for premature cataract formation (opacification of the crystalline
lens) as well as increased intraocular pressure, potentially leading to glaucoma (optic
nerve damage related to high intraocular pressure that typically causes progressive loss
of peripheral vision). Corticosteroids are classically known to cause the development
of cataracts in the posterior aspect of the lens (posterior subcapsular cataracts), which
tend to be more visually significant than other forms of cataracts. Fortunately, surgical
treatment of these cataracts is similar to those of other forms. While topical and periocular
corticosteroids confer the highest risk of cataract formation, systemic corticosteroids can
have a similar effect, particularly when taken at moderate to high doses over many years [1].
The association of cataracts with inhaled and topical dermatologic corticosteroid use is
more controversial [2—4].

More concerning, however, is the risk of glaucoma associated with corticosteroid
use, which, unlike cataracts, causes irreversible vision loss. Furthermore, while cataracts
tend to cause perceptible visual symptoms early on, the gradual vision loss that occurs
from glaucoma typically goes unnoticed by patients until it has already reached advanced
stages. It has been estimated that intraocular pressure (IOP) steroid response occurs in
approximately 1/3 of the population [5]. The extent of IOP elevation is dependent on
the method of administration and steroid potency, with topical corticosteroid eyedrops
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and periocular corticosteroid injection being the highest risk [6]. Similar to corticosteroid-
induced cataracts, steroid-induced glaucoma typically only occurs in cases of chronic
steroid use at moderate to high doses [6]. Additionally, as with cataracts, the association
between inhaled and topical dermatological corticosteroid treatment with intraocular
pressure elevation is controversial [2—4]. Given the asymptomatic nature of steroid-induced
ocular hypertension, referral to an eye care provider for IOP monitoring is recommended
for those using steroids chronically.

Finally, a rarer association with corticosteroids is the occurrence of central serous
chorioretinopathy (CSCR), which typically affects young healthy males and results in a
central area of blur in one eye.

3. Chloroquine and Hydroxychloroquine

Chloroquine and hydroxychloroquine, which are used for their anti-malarial and
immunosuppressive properties, have the potential to cause irreversible retinal damage
with prolonged use. By binding to melanin in the retinal pigment epithelium (RPE), these
medications can accumulate underneath the retina and cause permanent toxicity to the
overlying macula (which is the region of the retina responsible for central vision). In non-
Asian patients, the center of the macula is typically affected, whereas Asian patients can
develop para-central damage initially. This toxicity classically causes a “bull’s eye macu-
lopathy” on fundus examination, though vision loss occurs well before the development of
this examination finding. The risk of toxicity is lower for patients taking <5.0 mg/kg/day
of hydroxychloroquine or <2.3 mg/kg/day of chloroquine, though toxicity can still occur
with long-term use even at these doses [7]. The risk of maculopathy at recommended doses
is <1% after 5 years and <2% after 10 years but then rises significantly to 20% after 20 years
of use [8]. Additionally, concomitant renal or hepatic disease and the concurrent use of
tamoxifen elevate the chances for the development of toxicity.

Routine asymptomatic screening is critical in these patients as toxicity is irreversible
once it occurs and may progress even after cessation of treatment. For patients without
risk factors for toxicity, the American Academy of Ophthalmology (AAO) [9] recommends
baseline screening prior to or within one year of initiation to rule out preexisting maculopa-
thy (which may mask the onset of toxicity) followed by annual screening examinations
beginning after 5 years of treatment. Patients at higher risk of toxicity should be screened
earlier and more frequently based on clinical judgment. Recommended screening includes
visual acuity testing, fundus examination, optical coherence tomography (OCT), and visual
field testing (10-2 testing for non-Asian patients and 24-2 or 30-2 for Asian patients). Multi-
focal electroretinography and fundus autofluorescence imaging can also be used. These
aforementioned medications should be stopped at the first sign of retinal toxicity.

4. Pentosan Polysulfate Sodium

Pentosan polysulfate sodium (PPS) is currently the only oral treatment for interstitial
cystisis/bladder pain syndrome approved by the US Food and Drug Administration (FDA).
In 2018, a case series of 6 patients initially described the development of macular disease
after long-term use of PPS [10]. PPS maculopathy has been shown to occur after a median
of 14.5 years (range 3-21.9 years) of treatment [11] and is believed to be dose-dependent
with rates of 12.7%, 30.0%, and 41.7% in patients with a cumulative exposure of 500-999 g,
1000-1500 g, and greater than 1500 g, respectively [12]. Patients most often present with
difficulty reading and delayed dark adaptation [10]. While visual acuity may remain
preserved early on, late-stage toxicity can result in significant vision loss secondary to
macular edema, RPE atrophy, or choroidal neovascularization [11]. It is not unusual for
such late-stage patients to carry the diagnosis of dry age-related macular degeneration. The
AAOQ has not yet released screening guidelines for these patients, though other groups have
suggested obtaining a baseline examination with fundus autofluorescence, near-infrared,
and OCT imaging prior to initiation of treatment followed by annual monitoring as the
cumulative dose approaches 500 g (approximately 5 years with standard dosing) [13].
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Providers should consider avoiding this medication in patients with baseline macular
disease which may increase the risk of toxicity or mask its onset. The medication should be
stopped at the first sign of retinal toxicity.

5. Amiodarone

While the most common ocular side effect of the antiarrhythmic medication amio-
darone are corneal deposits, these lesions are normally not visually significant. More
concerning is the rarer optic neuropathy that can result from amiodarone use. Affecting
an estimated 1.76% of amiodarone users [14], amiodarone-associated optic neuropathy
(AAON) causes insidious, slowly progressive vision loss that usually becomes symptomatic
within one year of amiodarone initiation (median 6 months; range 1-84 months) [15]. Pa-
tients typically have bilateral involvement, though unilateral cases do occur (approximately
20% of cases) [14]. Additionally, patients with bilateral disease may present with unilateral
symptoms or may be completely asymptomatic initially [15]. Discontinuation of amio-
darone should be considered at the first sign of optic neuropathy. After discontinuation,
approximately 60% have an improvement in vision, whereas 20% remain the same and
20% continue to lose vision [15]. Disc edema may persist for a few months after discontin-
uation given the 100-day half-life of amiodarone. There is currently no formal guideline
for screening AAON, but some have recommended multiple examinations within the first
year and then annually thereafter [15].

6. Ethambutol

Ethambutol is an antibiotic used in the treatment of mycobacterial infections includ-
ing Mycobacterium tuberculosis (TB). Ethambutol is well-known to cause dose-dependent
bilateral optic neuropathy with a prevalence of 1% at doses of <15 mg/kg/day, 5-6% at
25 mg/kg/day, and 50% at doses of 60-100 mg/kg/day [16]. This adverse effect is thought
to occur due to the disruption of mitochondrial oxidative phosphorylation [17]. Ethambu-
tol optic neuropathy (EON) typically causes insidious bilateral, painless, and symmetric
loss of central vision with associated dyschromatopsia and often presents between 2 and
8 months after initiation of therapy, though it can occur at any time [16]. Because EON
causes retrobulbar optic neuropathy, optic nerve appearance will be normal in the acute
phase, with late-onset nerve pallor occurring if the disease is allowed to progress. Patients
of older age and those with hypertension or renal disease are at increased risk, making it
critical that clinicians use renal dosing when indicated and adjust for any changes in weight
during the course of treatment [18]. While the AAO does not provide formal guidelines
on the screening of EON, a recent consensus statement from India recommends baseline
visual acuity, color vision, contrast sensitivity, visual field, and retinal nerve fiber layer
OCT testing followed by repeat assessments every 2-3 months [19]. Patients should also be
encouraged to regularly perform visual acuity and Amsler grid testing at home and notify
their provider of any changes. The only treatment for EON is prompt discontinuation of
ethambutol, with 30-64% of patients showing some visual improvement when detected
early [17]. Maximal recovery may take up to 12 months after treatment cessation [20],
though patients who were initially treated for greater than 6 months are more likely to
suffer irreversible damage [21].

7. Topiramate

Topiramate is a sulfamate-substituted monosaccharide indicated for the treatment
of seizure disorders and as migraines prophylaxis but with a myriad of off-label uses
including weight loss, alcohol use disorder, binge eating disorder, bulimia nervosa, id-
iopathic intracranial hypertension (IIH), and essential tremor. Although the mechanism
remains unclear, topiramate is known to cause transient myopia (nearsightedness) and
acute angle-closure glaucoma. It is believed that topiramate causes increased permeability
of the choroidal vasculature of the eye which leads to choroidal effusion and ciliary body
swelling [22]. This causes increased lens thickness and anterior displacement of the lens,
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which changes the eye’s refractive error. These changes also cause anterior displacement
of the lens-iris diaphragm and subsequent shallowing of the anterior chamber, which
causes obstruction of the drainage pathway of the eye (i.e., closure of the angle) leading
to a sudden increase in IOP. If not promptly treated, this high IOP can cause permanent
glaucomatous damage to the optic nerve. Topiramate-induced acute angle closure (TIAAC)
has an estimated prevalence of 3 per 100,000 patients [23]. Classic symptoms of angle
closure include significant pain, headache, nausea and vomiting, decreased vision, and
eye redness. A review of 86 cases of suspected TIAAC found that 96.5% of cases were
bilateral and simultaneous, and 85% occurred within the first 2 weeks (range 1 to 49 days)
of topiramate initiation (with 5 cases occurring within hours of doubling their prior topira-
mate dose) [24]. The same study also reported cases of TIAAC at a wide range of dosing,
suggesting the adverse effect may not be dose-dependent. Treatment of this condition
includes urgent IOP-lowering medications—although miotics (i.e., pilocarpine) should be
avoided as this may exacerbate the condition by causing a pupillary block. Laser iridotomy
or iridectomies are not indicated given this condition does not cause a pupillary block.
While asymptomatic screening is not useful for this condition, vision changes in patients
on topiramate should prompt urgent referral to an ophthalmologist.

8. Tetracyclines

Tetracyclines are a class of antibiotics with both antimicrobial and anti-inflammatory
effects used acutely for bacterial infections and chronically for dermatologic conditions
such as acne vulgaris and rosacea. Agents in this class include minocycline, tetracycline,
and doxycycline. The use of these medications has been associated with intracranial
hypertension (IH)—also known as pseudotumor cerebri. Typical symptoms of IH include
headache, nausea and vomiting, pulsatile tinnitus, transient visual obscurations, decreased
vision, and diplopia. In most cases, this elevated intracranial pressure (ICP) is associated
with bilateral papilledema. If this papilledema becomes severe enough, it can lead to
permanent vision loss. Although the mechanism of tetracycline-associated IH (T-IH) is not
fully understood, decreased cerebrospinal fluid absorption at the arachnoid villi has been
suggested [25]. A review of 96 cases of T-IH found that minocycline was the most commonly
implicated medication (64.6%), followed by tetracycline (21.9%) and doxycycline (13.5%),
and that the mean length of therapy prior to the onset of IH symptoms was 18.9 weeks
(range of several days to 4 years) [26]. There is still some debate as to whether or not
tetracyclines cause IH primarily or if they are just an aggravating factor in patients already
predisposed to developing the condition. Young age, female sex, and weight gain are all
strong risk factors for the development of idiopathic IH (IIH), and while many studies
have found similar age and female predilections (~90% female) among cases of T-IH and
IIH, the association between T-IH and obesity is less consistent [26]. Additionally, the
incidence of IH in tetracycline users has been found to be significantly higher than in the
general population (63.9 vs. <1 per 100,000 person-years) [27]. Finally, T-IH patients have
been shown to be 4 times less likely to recur after tetracycline cessation and acetazolamide
treatment, which suggests the tetracyclines may be the primary cause of increased ICP in
many cases [26]. There is no role for asymptomatic screening in this condition, though
clinicians should consider patients’ risk factors for IIH prior to treatment initiation and
obtain urgent ophthalmology or neurology referral if symptoms of IH develop.

9. Vitamin A and Retinoids

Vitamin A and its retinoid derivatives—which are used primarily in the treatment of
inflammatory dermatologic conditions such as severe or refractory acne vulgaris as well
as acute promyelocytic leukemia—can also cause increased ICP. IH is known to occur as
a result of hypervitaminosis A from excessive supplementation [28] and shows a dose-
dependent and cumulative effect [29]. A review of 179 cases of isotretinoin-associated IH
(I-IH) [30] found a median time of 2.3 months from initiation of isotretinoin therapy to
symptoms of I-IH. Resolution of I-IH occurred over a matter of weeks to months after
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discontinuation. Screening for retinoid-associated IH is not routinely recommended, though
some have suggested periodic ophthalmologic examination in patients taking retinoids
for greater than 6 months [31]. Additionally, simultaneous use of retinoids with vitamin A
supplementation or tetracyclines should be avoided and caution should be exercised in
patients with risk factors for IIH (young, obese females).

10. Niacin

Niacin (nicotinic acid, vitamin Bs), which is used to help reduce cholesterol and
triglyceride levels, can cause maculopathy in a minority of patients when taken in high
doses. This adverse effect has been reported in patients taking as little as 1.5 g daily [32,33],
which is well below the maximum dosing of 6 g daily for the treatment of dyslipidemia.
At these doses, niacin can cause edema to develop within the retinal layers of the macula.
Patients with macular edema typically experience blurred or dulled central vision but can
also report visual distortions (metamorphopsia). Patients who develop niacin maculopathy
typically do so within weeks to months of starting treatment and usually suffer mild
to moderate vision loss [33]. Fortunately, this adverse effect is rare, with an estimated
incidence of 0.67%, and resolves within 4 to 8 weeks after niacin discontinuation [33]. While
visual function often returns to normal with a resolution of macular edema, chronically
untreated macular edema can lead to irreversible vision loss. While routine screening is
unnecessary, prompt ophthalmologic evaluation should be performed in patients taking
niacin who experience vision changes.

11. Fingolimod

Fingolimod is an immunomodulatory medication used in the treatment of relapsing-
remitting multiple sclerosis and has been shown to cause macular edema in some patients.
Studies report an incidence of ~0.4% at the typical 0.5 mg/day dosing, with rates increasing
at higher doses or in those with preexisting uveitis or diabetes mellitus [34]. Sixty-eight
percent of patients who develop fingolimod-associated macular edema (FAME) do so
within 3-4 months of treatment initiation, and 84% of cases resolve with fingolimod discon-
tinuation [35]. As with other causes of macular edema, patients will usually present with
decreased central vision, though some may be asymptomatic. Patients being treated with
fingolimod, particularly those with a history of diabetes or uveitis, should obtain a baseline
eye examination prior to initiation of treatment followed by a repeat examination after
3—4 months of therapy [36]. Patients can be monitored annually thereafter. If possible, ther-
apy should be discontinued if macular edema develops. In cases where fingolimod must
be continued, FAME has been shown to occasionally respond with various corticosteroid
and non-steroidal treatments [34].

12. Vigabatrin

Vigabatrin is an antiepileptic used in the treatment of seizure disorders in childhood
and adulthood. It has the potential to cause irreversible dose-dependent [37] visual field
loss, which led to its FDA approval being accompanied by a mandatory Risk Evaluation
and Mitigation Strategy program. While not fully understood, vigabatrin-associated visual
field loss (VAVFL) is thought to occur as a result of toxicity to retinal photoreceptor and
ganglion cells [38]. Some level of field loss is estimated to occur in 30-50% of patients taking
vigabatrin [39], with most cases occurring in those on treatment for over one year [40].
Vision loss from vigabatrin typically begins as peripheral field constriction and is therefore
usually asymptomatic at the onset. As a result, routine screening is required in those
patients, which involves baseline fundus examination with visual field, electroretinography,
or retinal nerve fiber layer OCT testing prior to initiation followed by testing every 3 months
during therapy and then 3 to 6 months after discontinuation [40,41]. Unfortunately, these
tests may be difficult to perform or interpret in young children. Withdrawal of therapy
should be strongly considered in cases where visual field loss is suspected.
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In addition to the medications detailed above, there are many other ocular compli-
cations associated with systemic medications many of which are summarized in Table 1.
Screening guidelines for the detection of ocular toxicity in a selection of high-risk medi-
cations are outlined in Table 2. Incidences of vision-threatening adverse effects of select
chemotherapeutic agents are reviewed in Table 3.

Table 1. Adverse Ocular Effects of Select Systemic Medications.

Medication

Adverse Effect

Anti-inflammatory

Antihistamines Dry eye decreased accommodation, mydriasis
Ocular hypertension, open-angle glaucoma, cataracts, central serous chorioretinopathy

Corticosteroids . R . .
Routine screening is recommended to detect ocular hypertension and glaucoma in
chronic users.

Indomethacin Corneal opacities, retinopathy

Anti-microbial

Cidofivir Uveitis
Optic neuropathy
Ethambutol
Routine screening is recommended to detect optic neuropathy.
. Iris depigmentation (moxifloxacin), uveitis (moxifloxacin), retinal detachment, optic
Fluoroquinolones . .
neuropathy (ciprofloxacin)
Rifabutin Uveitis
Sulfonamides Transient myopia, acute angle closure, uveitis
Tetracyclines Intracranial hypertension
Cardiovascular

Alpha-agonists

Intraoperative floppy iris syndrome

Amiodarone Corneal deposits, optic neuropathy

Digoxin Visual disturbances (including yellow discoloration of vision, photopsias)
Niacin Macular edema

Chemotherapeutics

Bortezimib Chalazia, dry eye

BRAF inhibitors Dry eyes, conjunctivitis, uveitis

Busulfan Cataracts

Carmustine Ischemic retinopathy

EGFR-inhibitors Blepharitis, dry eye, corneal epitheliopathy
Fluorouracil Blepharitis, dry eye

Imatinib Periorbital edema, macular edema, optic neuritis

Immune checkpoint inhibitors

Ophthalmoplegia (pembrolizumab), orbital inflammation, dry eye, uveitis, serous retinal
detachments (Vogt-Koyanagi-Harada disease-like syndrome)

Interferons

Serous retinal detachments (Vogt-Koyanagi-Harada disease-like syndrome), ischemic
retinopathy, optic neuropathy

MEK inhibitors

Dry eye, retinal vein occlusions, central serous retinopathy
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Table 1. Cont.

Medication

Adverse Effect

Platinum analogs

Ischemic retinopathy, optic neuritis

Tamoxifen Corneal deposits, cataracts, crystalline retinopathy, macular edema
Taxanes Epiphora, macular edema, scintillating scotomas, optic neuropathy
Vincristine Cranial nerve palsies, optic neuropathy

Immunomodulatory

Chloroquine /Hydroxychloroquine

Maculopathy

Routine screening is recommended to detect maculopathy.

Macular edema

Fingolimod
Routine screening is recommended to detect macular edema.
Neurologic
Amantadine Corneal edema
Carbamazepine Ocular motility dysfunction
Phenytoin Ocular motility dysfunction
Topiramate Acute angle closure glaucoma, transient myopia, uveitis, oculogyric crisis
Visual field loss
Vigabatrin
Routine screening is recommended to detect visual field loss.
Psychiatric
Phenothiazines Eyelid and conjunctival pigmentation, corneal deposits, corneal epitheliopathy, corneal

edema, cataracts, retinopathy

Selective serotonin reuptake
inhibitors

Decreased accommodation, acute angle closure, cataracts

Tricyclic antidepressants

Mydriasis, decreased accommodation, acute angle closure

Other

Allopurinol Cataracts
Bisphosphonates Episcleritis, scleritis, keratitis, uveitis
Defuroxamine Retinopathy

Oral Contraceptives

Dry eye, uveitis, retinal vascular occlusion

Pentosan polysulfate sodium

Maculopathy

Routine screening is recommended to detect maculopathy.

Phosophodiesterase-5 inhibitors

Blue discoloration of vision, non-arteritic ischemic optic neuropathy, retinal vascular
occlusions

Thiazolidinediones (glitazones)

Macular edema

Vitamin A /Retinoids

Blepharoconjunctivitis, dry eye, chalazia, corneal
opacities, intracranial hypertension
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Table 2. Routine Screening for Ocular Toxicity in Select Systemic Medications.

Medication

Recommended Screening

Chloroquine/
Hydroxychloroquine

Baseline testing prior to or within one year of initiation. Annual screening beginning after 5 years of
treatment (sooner for high-risk patients) [9].
Testing: VA, DFE, macular OCT, and VE FAF and mfERG may also be useful.

Risk factors: >2.3 mg/kg/day (CQ) or >5.0 mg/kg/day (HCQ), renal disease, tamoxifen use, or
macular disease.

Corticosteroids

While no formal screening guidelines exist, routine evaluation is recommended for IOP measurement
and glaucoma screening in patients on chronic systemic corticosteroid treatment.

Ethambutol

Baseline examination (VA and color vision) at the time of initiation. Subsequent testing every

2 months while on treatment and regular self-assessments (VA and Amsler grid) have also been
recommended [19].

Testing: VA, color vision, contrast sensitivity, VF, and OCT RNFL.

Fingolimod

Baseline testing prior to initiation is followed by repeat screening every 3—4 months and annually
thereafter [36].
Testing: VA, DFE, and macular OCT.

Pentosan polysulfate
sodium

Baseline testing prior to initiation is followed by annual monitoring as the cumulative dose
approaches 500 g (~5 years at standard dosing) [13].
Testing: VA, DFE, macular OCT, FAF, NIR.

Vigabatrin

Baseline testing prior to initiation is followed by screening every 3 months during therapy and then 3
to 6 months after discontinuation [40,41].
Testing: VA and DFE. VF, ERG, or OCT RNFL depending on patient’s age.

Abbreviations: CQ = chloroquine; DFE = dilated fundus examination; ERG = electroretinography; FAF = fundus
autofluorescence; HCQ = Hydroxychloroquine; IOP = intraocular pressure; mfERG = multifocal electroretinogra-
phy; NIR = near-infrared; OCT = optical coherence tomography; RNFL= retinal nerve fiber layer; VA = visual
acuity; VF = visual field.

Table 3. Incidences of Select Chemotherapeutic-Related Vision-Threatening Adverse Effects.

Medication Incidence of Adverse Effect
Busulfan Cataracts: 10-79% [42].
Carmustine Ischemic retinopathy: 25% [43].
BRAF inhibitors Uveitis: 4% [44].

Immune checkpoint inhibitors Uveitis: 1% [45].

Interferons Ischemic retinopathy: 20% [46].

Retinal vein occlusion: 0.2% [47].

MEK inhibitors Central serous retinopathy 5-75% [48-50].

13. Conclusions

This study provides an up-to-date and wide-ranging overview of the ocular side
effects of systemic medications. In general, ocular complications of systemic medications
are uncommon. However, it is important to recognize medications that may place patients
at higher risk of potentially vision-threatening complications and to identify which medica-
tions require routine screening by an ophthalmologist for evaluation of ocular toxicity.
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