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Abstract

Introduction—The eye is considered as the most privileged organ because of the blood-ocular
barrier that acts as a barrier to systemically administered xenobiotics. However, there has been a
significant increase in the number of reports on systemic drug-induced ocular complications. If
such complications are left untreated, then it may cause permanent damage to vision. Hence,
knowledge of most recent updates on ever-increasing reports of such toxicities has become
imperative to develop better therapy while minimizing toxicities.

Areas covered—The article is mainly divided into anterior and posterior segment
manifestations caused by systemically administered drugs. The anterior segment is further
elaborated on corneal complications where as the posterior segment is focused on optic nerve,
retinal and vitreous complications. Furthermore, this article includes recent updates on acute and
chronic ocular predicaments, in addition to discussing various associated symptoms caused by
drugs.

Expert opinion—Direct correlation of ocular toxicities due to systemic drug therapy is evident
from current literature. Therefore, it is necessary to have detailed documentation of these
complications to improve understanding and predict toxicities. We made an attempt to ensure that
the reader is aware of the characteristic ocular complications, the potential for irreversible drug
toxicity and indications for cessation.
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1. Introduction

Patient safety is one of the primary concerns in drug therapy. In current treatment
modalities, much emphasis is placed on medication errors, drug-dependent adverse events;
information on adverse drug reactions and preventive strategies for drug-related adverse
effects [1]. Ample disclosure on adverse reactions would make favorable impact on patient
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safety to a certain extent. Information on ocular adverse effects from systemically
administered xenobiotics has gained recent attention.

Rich vasculature and miniature mass of the eye render it particularly vulnerable to various
drug-induced toxicities. Xenobiotics or drug molecules administered systemically may
selectively distribute into specific ocular tissues such as the cornea, lens, retina, and optic
nerve leading to drug toxicity. Early detection of adverse reactions can prevent such ocular
toxicity. If such reactions are ignored or undetected, toxicity may cause irreversible ocular
damage, ultimately leading to vision or permanent loss [2,3].

Adverse ocular reaction can be a consequence of many factors. For example, use of a
particular medicament for prolonged periods may increase the chances of ocular adverse
effects. It may be perplexing to establish, whether a certain ocular pathology is due to
current condition which is being treated or by drugs employed to treat such a condition.
Also, systemic administration of a similar medication or a combination of various drugs may
yield different adverse reactions depending on the age and health condition of the patients.
Elderly patients often use multiple medicaments for prolonged periods. In such conditions,
both metabolic and renal excretion rates may be affected by altered efficiency of the liver
and/or kidney. Sometimes, drug response cannot be expected from drug levels alone.
Genetic and environmental factors may cause unpredictable and irregular responses.

Incidence of adverse reactions is often directly associated with drug dosage. Current
literature also confirms that most ocular adverse reactions occur when drug doses are
typically above the therapeutic concentrations during a particular disease condition. Since
the eye is a highly sensory organ, an introduction of newer systemic drugs and alterations in
dosing regimens has caused an increase in ocular toxicities [2,4,5]. It is necessary for
clinicians to determine whether the observed adverse reactions are due to initiation of drug
therapy or caused by a change in dosage. Nevertheless, reactions can occur at any time
during or after certain duration and may even persist for many years after drug cessation.
However, anticipation of treatment-associated side effects may allow pharmacists or
physicians to develop intervention strategies that could reduce or eliminate adverse
toxicities. Though there are plethora of prescription and non-prescription drugs that can
cause serious ocular drug toxicities, this review article is intended to describe toxicities
affecting the cornea, retina, and optic nerve.

manifestations

Drugs administered by systemic route may reach the cornea via the tear film, aqueous humor
and limbal vasculature, which may potentially lead to toxicity. The location and extent of
corneal involvement often determine the corneal toxicity. All layers of the cornea can be
affected by systemic medications. Corneal depositions of systemically administered
xenobiotics often include corneal changes comprising epithelial, stromal, and endothelial
alterations (Table 1). In most situations, corneal deposition can be resolved by cessation of
drug therapy. Several studies suggest that the potential for alteration in corneal morphology
is dependent on the chemical properties of the drugs rather than its pharmacologic action [6].
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2.1 Epithelial complications

The most common corneal epithelial complications include vortex keratopathy and
formation of epithelial cysts.

2.1.1 Vortex keratopathy—Vortex keratopathy, also known as cornea verticillata, is
typically differentiated by a distinctive bilateral corneal subepithelial whorl-like fashion of
grayish or golden-brown deposits in corneal epithelium. Ocular manifestations such as
cornea verticillata are common in Fabry’s disease and are often a consequence of
progressive deposition of glycosphingolipids in various ocular structures. Other specific
ocular complications of Fabry’s disease include conjunctival vascular abnormalities, lens
opacities, and retinal vascular abnormalities [7]. Francois was the first one to report the
corneal verticillata of Fabry’s disease that was observed with amiodarone and chloroquine
therapies [8]. Currently, several systemic medications have been reported to cause
intralysosomal accumulation of lipids and vortex keratopathy identical to Fabry’s disease.

The cationic, amphiphilic properties of a drug can allow it to penetrate lysosomes even
though the molecules inducing lipidoses causes diverse pharmacologic actions. Upon
lysosomal entry, active molecule or metabolites bind with cellular lipids resulting in the
formation of drug-lipid complexes. Such complexes may lead to accumulation of lysosomal
inclusions and corneal depositions due to their inability to evade lysosomes or resist
enzymatic degradation. The whorl-like pattern may result from the centripetal migration of
deposit-laden limbal epithelial cells [9,10]. However, the corneal deposits of drug-induced
lipidoses seem to be resolved shortly after cessation of drug therapy.

A recent report demonstrated vortex keratopathy in both eyes of a patient treated with
vandetanib, a dual epidermal growth factor receptor (EGFR) and vascular endothelial
growth factor receptor 2 (VEGFR?2) inhibitor indicated in the treatment of non-small cell
lung carcinoma (NSCLC) [11]. This report suggests that anti-EGFR properties which affects
normal corneal epithelial cell migration and wound healing or drug-associated metabolite
deposition may be responsible for the formation of this corneal toxicity. Other ocular
complications due to the use of EGFR inhibitors include reversible recurrent corneal
erosions, conjunctival hyperemia, telangiectasia of the eyelid margins, meibomitis, and tear
film dysfunction. Also, tortuous eyelashes associated with gefitinib, corneal opacities with
administration of high doses of EGFR inhibitors, trichomegaly and periorbital rash after
erlotinib administration are reported [12—14]. Similarly, symptomatic corneal verticillata
was observed after vandetanib therapy for anaplastic astrocytoma [15].

Tamoxifen, an estrogen receptor antagonist, is indicated in the treatment of breast cancer. It
caused both keratopathy and retinopathy with both high-dose therapy of 180-200 mg/day
and low-dose therapy [16,17]. In another study, corneal verticillata was reported in 10.8% of
patients undergoing tamoxifen therapy [17,18]. Reversible and dose-related keratopathy may
be attributed to the cationic amphiphilic property of the drug.

Amiodarone is an anti-arrhythmic drug to treat and prevent certain types of serious, life-
threatening ventricular arrhythmias. It is often reported to cause vortex keratopathy within
1-4 months of the initiation of therapy [19-21]. Slit lamp examination of both eyes of a
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patient treated for 6 years showed a bilateral, symmetric, whorl-like pattern of brown
deposits in the infero-central corneal epithelium. Also, diffuse and fine deposits with
resemblance of keratic precipitation in the central portion of the endothelium are also
detected [22]. Electron microscopy analysis of amiodarone-induced keratopathy has shown
lipid-bearing intralysosomal inclusions in the corneal epithelium similar to that observed
with Fabry’s disease [23,24]. Keratopathy associated with Fabry’s disease cannot be
distinguished from amiodarone therapy by conventional slit-lamp microscopy. However,
Wasielica-Poslednik et al. tried to compare the microstructure of Fabry-induced cornea
verticillata with amiodarone-induced keratopathy by in vivo confocal laser-scanning
microscopy (CLSM). This technique allows the differentiation between both etiologies in
majority of patients, but does not allow quantitative monitoring of corneal changes in
Fabry’s patients under enzyme replacement therapy [25]. Amiodarone was also found in
tears and severe keratopathy has been reported in a patient wearing soft contact lenses,
potentially secondary to trapping of tears [26]. This drug may also lead to anterior
subcapsular lens opacities, retinopathy (choroidal neovascularization), and optic neuropathy
[20,27,28].

2.1.2 Epithelial cysts—Cytarabine (cytosine arabinoside or Ara-C) is a powerful
antimetabolite indicated in the treatment of acute myeloid leukemia (AML). It is a cell cycle
(S phase)-specific drug that inhibits DNA synthesis [29]. Systemic use of high-dose
intravenous cytarabine (> 1 g/m2) may cause corneal and conjunctival epithelial toxicity
with conjunctival hyperemia, punctuate keratopathy, anterior uveitis, and fine refractile
corneal epithelial microcysts [30-32]. Intermittent low-dose intravenous cytarabine therapy
resulted in the formation of bilateral corneal epithelial microcysts. The formation of
microcysts were more densely noted in the central region than the mid-periphery of cornea
(Figure 1) [29]. Formation of epithelial microcysts by intense degeneration of the rapidly
dividing basal epithelial cells was observed by histopathologic examination [32]. Upon
intravenous administration, cytarabine penetrates the blood—ocular barrier, affecting cornea.
The drug is also found in the aqueous and tears. Use of this agent may produce visual
symptoms including rapid tear turn over, photophobia, foreign body sensation, pain and
diminished visual acuity. Corneal toxicity has been reported to occur after 5-7 days of
treatment initiation and can be prevented by the use of topical corticosteroids. The
mechanism by which a topical corticosteroid reduces the toxic effects is unclear. Dosing of
topical corticosteroids 1 day prior to cytarabine administration is often recommended to
prevent or reduce the formation of corneal epithelial microcysts, keratopathy, and
conjunctival hyperemia [33-35].

2.2 Stromal complications

Potential drug entry to the cornea via aqueous humor, limbal vasculature, and tear film has
led to the development of corneal stromal deposition. Drug deposits in the stroma are
categorized predominantly as being pigmented, crystalline, or refractile. A variable visual
impact of stromal drug deposition is observed even after the drug administration has been
stopped.
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2.2.1 Pigmented deposition—Pigmentary changes in the cornea and lens are typically
due to drug or metabolite deposition through the aqueous humor. With low dosages, typical
corneal changes involve brown granular pigments in posterior stroma, Descemet’s
membrane, and endothelium. Anterior stroma, subepithelial layer, and epithelium may also
be affected at higher dose ranges.

Chlorpromazine is one of the most common psychotropic agents which can potentially
induce numerous and diverse unwanted ocular effects. At high dosages, the drug can
commonly cause abnormal pigmentation of the eyelids, interpalpebral conjunctiva, lens, and
cornea. It can also cause corneal edema [36]. Deposition of many white granules was
observed in the superficial subepithelial corneal stroma by HRT Il RCM in a patient
receiving chlorpromazine therapy [37]. Chronic chlorpromazine therapy may cause corneal
opacities, which can be seen with both direct and retro-illumination. Lenticular changes
have been reported to occur at lower doses, resulting in anterior subcapsular opacities which
can advance to form a stellate pattern.

Isotretinoin, an isomer of retinoic acid, is a well-known agent indicated in the treatment of
severe recalcitrant cystic acne. Though this drug has proven to be very effective, it is
frequently associated with adverse ocular effects such as conjunctivitis,
blepharoconjunctivitis, dry eye, pseudotumor cerebri, eye irritation, decreased tolerance to
contact lens, decreased vision, increased tear osmolarity, keratitis, myopia, ocular
discomfort, ocular sicca, and several other corneal opacities [38—40]. Recent reports suggest
additional adverse events associated with isotretinoin are including permanent sicca, corneal
ulcers, diplopia, and eyelid edema [41]. Typically fine, diffuse gray deposits in the
superficial stroma have been observed in patients treated with isotretinoin. These opacities
do not impede vision and generally do not appear after treatment cessation (within 2-10
months). However, persistent and recurrent stromal opacities were reported 6 years after
discontinuation of isotretinoin [38,39,42].

Clofazimine is a phenazine red dye derivative, recommended for the treatment of leprosy,
psoriasis, pyoderma gangrenosum, and discoid lupus. Systemic administration of
clofazimine has been reported to cause discoloration (reddish-brown) of the conjunctiva and
cornea. Effect of clofazimine on eye was studied in 76 patients with multibacillary leprosy
as part of multidrug therapy for 6-24 months. Reddish brown conjunctival and corneal
pigmentation was evident in 46 and 53% of the patients, respectively. Also, clofazimine
crystals in tears were found in 32% of the patients [43,44]. Ohman et al. reported that the
use of 100-300 mg drug/day produced subepithelial deposits in 38.5% of the patients
undergoing the treatment, while these deposits were lost following treatment termination
[45]. Fine, brownish pigmented superficial lines in a whorl-like pattern were seen in 10.5%
of psoriatic patients subjected to clofazimine treatment. No other functional disturbance was
observed and the changes were reversible [46]. Clofazimine at a dosage of 100 mg twice
daily produced polychromatic crystals in the cornea and perilimbal conjunctiva of both eyes.
Crystalline deposits in the anterior stroma of cornea and conjunctiva were noted, which
disappeared with discontinuation but reappeared upon reinitiation of clofazimine [47].
Similarly, long-term therapy with clofazimine resulted in numerous polychromatic
crystalline deposits within the cornea and conjunctiva in a leprosy patient [48]. A severe
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case associated with clofazimine therapy has been reported to induce bull’s eye retinopathy.
Such a treatment for 5 months showed bilateral anterior pigmentary corneal deposits in a
whorl pattern and caused infectious retinitis in the left eye as well as bilateral annular
macular pigmentary abnormalities [44].

2.2.2 Crystalline deposition—Crystalline keratopathy has been previously observed
with the use of immunoglobulins in the management of pyoderma gangrenosum, where a
corneal deposition was evident [49,50]. Crystalline deposition was observed after 4 years of
intravenous treatment with immunoglobulin G (IgG). This deposition is thought to be
originated from the limbal vessels. Also, a similar ring-like deposition was produced by
subconjunctival injections of human 1gG [51]. A 62-year-old female was diagnosed with
monoclonal gammopathy of undetermined significance (MGUS)-associated crystalline
keratopathy after corneal biopsy. MGUS is generally difficult to diagnose and may
eventually progress to loss of vision [52]. Recent studies have shown atypical corneal
immunoglobulin deposition in a patient with dysproteinemia. Amorphous, cloud-like
opacities in the midperiphery at the level of deep stroma and Descemet’s membrane is
evident by slit lamp examination. Immunotactoid keratopathy, a different form of
paraprotein crystalline keratopathy associated with a monoclonal immunoglobulin G kappa
light chain (IgGKk) protein has been reported [53-55].

2.2.3 Refractile deposition—Systemic administration of colloidal gold salts generally
indicated for the treatment of rheumatoid arthritis may allow gold deposition in the cornea.
This deposition is termed as chrysiasis. At a dosage of > 1 g, most patients demonstrate this
type of deposition in their corneas, devoid of inflammation. Higher deposition was found in
the posterior stroma relative to the endothelium and Descemet’s membrane. Prolonged
therapy may cause lenticular chrysiasis with anterior subcapsular deposition [56-58].

However, a recent study documented gold deposits with high reflectivity particularly in the
anterior stroma in a patient treated with gold sodium thiomalate [59]. Gold deposits started
appearing when dosage of sodium thiomalate exceeded 100 mg. Initial appearance was
observed after 7 months of therapy and persisted even after 9 months following treatment
cessation. Fortunately, no increase in the density of deposit was observed probably due to
the effect of epithelial turnover [57,60]

2.3 Endothelial complications

Endothelial complications are very minimal relative to epithelial or stromal complications in
terms of drug-related deposition affects. However, rifabutin, a derivative of rifampin,
indicated for the treatment and prophylaxis of Mycobacterium Avium Complex (MAC)
infections has caused endothelial deposition. MAC infections are commonly found in AIDS
patients. The most common side effect associated with rifabutin in both
immunocompromised and immunocompetent patients is the hypopyon uveitis [61-64]. A
number of patients with fine, diffuse, white, stellate corneal endothelial deposits occurring
predominantly in the periphery were noted. These deposits were found to be associated with
rifabutin use independent of the presence of CMV retinitis [65,66]. Several studies have
demonstrated that the normal laser cell flare photometry readings confirmed the absence of
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aqueous inflammation. In due course, these deposits appear to assume a golden color even
after the cessation of rifabutin. Moreover, deposition in anterior lens and a reversible retinal
dysfunction have been noted. Long-term treatment with rifabutin may also allow the drug to
accumulate irreversibly on the posterior surface of the cornea and on the anterior surface of
the lens [65,67,68]. Despite many observations, the mechanism underlying the endothelial
deposition still remains unclear.

3. Optic neuropathy

Optic neuropathy is a physiologic condition which is characterized by a functional
disturbance or pathologic changes in the optic nerve. It mainly involves optic nerve
dysfunctioning and damages. Optic nerve damage can occur in presence of various toxic
substances, shock, radiation, or trauma. Optic neuropathy can be classified as hereditary
(leber’s hereditary optic neuropathy, congenital recessive optic atrophy, apparent sex-linked
optic atrophy, dominant optic atrophy, and autosomal recessive chiasmal optic neuropathy)
or acquired (vascular disturbances due to occlusions of the central retinal vein or artery or
arteriosclerotic changes within the optic nerve itself, degenerative retinal disease, e.g., optic
neuritis, pressure against the optic nerve, metabolic diseases, e.g., diabetes, glaucoma, and
toxicity due to alcohol, tobacco, or other poisons). Such drug-induced optic neuropathy is
often reversible upon drug withdrawal and eventually eases the associated symptoms.
Therefore, it is important to be aware of the adverse effects and symptoms associated with
optic neuropathy at the initial stage in order to avoid any further damage to the optic nerve
(Table 2).

Linezolid, an oxazolidinone derivative, is an antibacterial agent used for the treatment of
severe infections of gram positive bacteria (streptococci, vancomycin-resistant enterococci
(VRE), and methicillin-resistant staphylococcus aureus (MRSA)) that are resistant to other
antimicrobial therapies. Following few months of treatment, linezolid may cause reversible
optic neuropathy and irreversible peripheral neuropathy. Linezolid-induced optic neuropathy
appears to be dependent on the duration of treatment. Optic neuropathy was observed in
patients on this drug ranging from 5 to 10 months (mean of 9 months) [69,70]. Linezolid
also causes symmetric painless visual obstructions, bilateral visual field defect, swollen or
pale optic disc, bilateral central scotomas, and peripheral neuropathy [70-72].

Amiodarone, a potent antiarrhythmic medication, has been recommended in certain types of
life-threatening ventricular arrhythmias and atrial fibrillation. Amiodarone, a cationic
amphophilic moiety, has a long half-life (21-78 days) and high interaction with polar lipids.
These characteristics lead to subsequent accumulation of amiodarone and its metabolites as
lysosomal inclusion bodies in multiple tissues, including the optic nerve [73,74]. Moreover,
the simultaneous occurrence of optic neuropathy in both eyes upon administration of
amiodarone and reversal upon withdrawal of therapy clearly indicate a relation between
them. In contrast to other drug-induced optic neuropathies, amiodarone optic neuropathy is
not a dose-dependent phenomenon, and has no proven pathogenic mechanism. Amiodarone
optic neuropathy is often characterized by gradual onset, slow progression, bilateral vision
loss with prolonged disc swelling. On the other hand, non-arteric ischemic optic neuropathy
which is associated with amiodarone usage is often characterized by acute, unilateral vision
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loss, disk edema that resolves over several weeks [73,75,76]. The appearance of optic nerve
head in both the conditions is similar and sometimes indistinguishable (Figure 2) [76].
Amiodarone cause the visual acuity loss ranging from 0 to 11.4% in patients. Amiodarone
therapy is sometimes not interchangeable with other alternative drugs and therefore baseline
ophthalmic examination and frequent monitoring (every 6 months) is highly recommended
for such patients [71].

Ethambutol is an antimycobacterial drug commonly indicated as first-line defense against
tuberculosis. This treatment can be associated with toxic effect of optic neuropathy, which is
generally uncommon and mostly reversible upon withdrawal. Incidence of optic neuropathy
in patients on ethambutol is dose-dependent and the average duration of therapy until optic
neuropathy onsets is around 7-8 months [71]. Incidence of ethambutol-induced optic
neuropathy may occur in up to 6% at a daily dose of 25 mg/kg and rare with daily dose not
exceeding 15 mg/kg. However, the incidence of ethambutol-induced ocular toxicity is highly
unpredictable. Toxicity includes loss of visual function, visual field defect, decrease nerve
fiber thickness, normal or slightly swollen optic discs, central scotomas, impaired red-green
color vision, and damage to optic nerve [77-80]. Moreover, ethambutol induced rapid
“bleaching” or “decoloration” of tapetal fundus which is completely reversible upon
withdrawal even after prolonged dosing in dogs [81,82]. The mechanism of ethambutol
toxicity is still not clear, however, it chelates with copper in the retinal ganglionic cells and
their axons in the optic nerve. This chelation may affect cytochrome ¢ oxidase activity in the
mitochondria, which may lead to optic neuropathy [83].

Carboplatin, a platinum-based drug, is a chemotherapeutic agent applied for the treatment of
solid tumors like ovarian carcinoma, lung, head, and neck cancers. Long-term therapy of
carboplatin causes various ocular complications including visual obstruction. Ocular
complications include severe orbital inflammation that resulted in a loss of visual acuity,
proptosis, optic neuropathy, and loss of eye reflexes and movement [84]. However, the
patients overcome such ocular toxicities after a few months of treatment cessation.

4. Retinal manifestations

Blood-retinal barrier is the major hurdle for systemically administered drugs to enter into
the retina. However, drug molecules permeate into the retina via the circulatory system. In
addition, a wide variety of systemically administered drugs can generate retinal toxicity
(Table 3). However, in a majority of the cases, toxicity-induced loss of visual function is
minimal or reversible following discontinuation of therapy.

4.1 Retinopathy

Retinopathy is an indication of damage to the retina. Drugs involved in retinal disorders can
cause visual damage, which is sometimes irreversible. In drug-induced retinopathy, the
retina suffers from degeneration, edema, alterations in the pigment, detachment,
inflammation, hemorrhages, and crystalline deposits.

Vigabatrin, an analog of gamma amino butyric acid (GABA), irreversibly inhibits GABA
transminase and is considered as an antiepileptic drug. Visual dysfunction is a common side
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effect with vigabatrin. Many recent reports suggest that vigabatrin induces retinopathy. The
incidence of retinopathy in patients with vigabatrin is around 30-40% and the loss of visual
function is irreversible. Patients on vigabatrin treatment suffer from visual degradation,
hazziness, and loss in the field of vision. A previous published report has demonstrated that
vigabatrin in rabbit causes changes in retinal immunohistopathology characterized by an
enhancement of the glial cells located in the peripheral parts of the retina, which may
explain the mechanism of visual field defect found in patients on vigabatrin [85].

Interferon (INF) is a small protein that induces production of cytokine via immune system in
response to viral infections. INF therapy has been used to treat several types of infections
such as chronic hepatitis B & C, genital warts, leukemia, AIDS-related Kaposi’s sarcoma,
and malignant melanoma. A previous report has suggested that increase in retinal blood flow
and retinal wall shear rate in patients with INF therapy indicates that retinal vascular
endothelial dysfunction may be associated with INF-induced retinopathy [86]. Incidence of
retinopathy is reported to be dependent on initial dose of INF-a and patients receiving high
dosages are usually at increased risk of retinopathy. However, this condition is reversible
upon discontinuation of INF therapy [87]. Ocular manifestations include bilateral cotton
wool spot, retinal hemorrhage and edema, retinal microaneurisms, central retinal vein
occlusion, and loss of visual acuity.

Tamoxifen, a triphenylethylene nonsteroid estrogen antagonist, is widely indicated for the
treatment of breast cancer. Several reports suggested that tamoxifen increases cell
membrane fluidity and protein kinase c¢ activity which influences the rod outer segment
binding and ingestion by retinal pigment epithelial cells, suggesting membrane-mediated
pathways may contribute to the tamoxifen-induced retinopathy [88]. Tamoxifen can cause
severe bilateral pigmentary and crystalline retinopathy and such patients require
discontinuing therapy [17,89]. Tamoxifen is metabolized by cytochrome P450 and
myeloperoxidase. The resulting metabolite is then conjugated with glutathione causing the
depletion of glutathione resulting in oxidative stress and tissue damage, a possible
mechanism of tamoxifen-induced retinopathy [90]. Tamoxifen-induced ocular toxicities are
associated with a cumulative dose of 100 g or more. In contrast with current therapeutic
regimens, rare cases of crystalline retinal deposition (characterized by retinal crystalline
deposits that can be localized in the macular area or sometime in the whole retina) and
pigmentary changes of the macula such as macular edema have been reported with long-
term (typically greater than 2 years) use of tamoxifen [91]. Along with retinopathy,
tamoxifen therapy may also cause visual field loss and obstruction [92].

Nitrofurantoin, a synthetic nitrofuran, is an antibiotic generally used in the treatment and
prophylaxis of urinary tract infections. Long-term use may result in visual impairment
associated with superficial and deep intraretinal glistering crystalline deposits, distributed
throughout the retina [93]. Apart from the crystalline deposits, nitrofurantoin therapy may
cause peripheral neuropathy which is rare but a potentially reversible adverse effect [94].

4.2 Retinal pigment epithelium (RPE) detachment

Retinal detachment is a separation of the neurosensory retina from the retinal pigment
epithelium (RPE) layer. It is a vision-degenerating situation that is considered among one of
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the few ocular emergencies. Detachment of neurosensory retina from the RPE can occur via
different mechanism, e. g., rhegmatogenous, traction, exudative or serous, and combined
traction-rhegmatogenous. However, the main cause of retinal detachment involves
accumulation of subretinal fluids.

Serous or exudative retinal detachment may occur due to buildup of serous or hemorrhage
fluid in the subretinal space because of hydrostatic pressure or inflammation. There are
reports which indicate that long-term therapy of systemic corticosteroids causes severe,
chronic and recurrent central serous chorioretinopathy (CSC) and occasionally exudative
retinal detachment which may lead to vision loss [95]. The mechanism of corticosteroid-
induced retinal detachment may involve therapy-induced CSC. It is thought to occur in the
choroid, followed by the breakdown of the outer blood-retinal barrier in the RPE resulting
in development of serous retinal detachment [96].

Sunitinib, a small molecule and multitargeted tyrosine kinase inhibitor, is given orally to
treat metastatic renal cell carcinoma. It is administered at intermittent schedule of 4/2 (total
6 weeks, 4 weeks of therapy and 2 weeks off treatment) for the treatment of carcinoma. A
recent report suggests that ocular examination shows reduction in visual acuity, bilateral
neurosensory retinal detachment, and diffuse edema [97]. The primary mechanism of
subretinal exudation detachment was thought to be due to changes in choroidal vascular
permeability and perfusion. However, sunitinib-induced retinal detachment and loss of
visual acuity seem to be reversible upon discontinuation of therapy [97].

4.3 Macular degeneration

Macula, a miniature and highly sensitive part, is the center of retina mainly responsible for
sharp, clear, and straight-ahead vision. The center of the macula is called the fovea, an
indentation, which is packed with cone cells and responsible for central and high-resolution
vision. Any drug which exerts macular toxicity may cause persistent visual impairment and
subsequently vision loss. Along with drugs, some of the oxidative stress can also induce
macular degeneration through mitochondrial DNA damages [98].

Topiramate, an analogue of B-D-fructopyranose sulfamate, is prescribed as an anticonvulsant
drug to treat epilepsy. Its anticonvulsant activity is attributed mainly due to Na* channel
blockade, activation of GABA receptors, and weak anti-carbonic anhydrase activity. The
incidence of maculopathy in patients on topiramate therapy for symptomatic epilepsy has
been observed [99]. Topiramate induced maculopathy and ocular complications seem to be
irreversible even upon discontinuation. Ophthalmologic examination in patient shows ocular
complications such as bilateral paracentral scotomas. Fundus examination indicates bilateral
maculopathy. The mechanism behind topiramate-induced retinopathy is unclear; however,
an interesting observation of oral administration of topiramate to rabbits is a significant
reduction in retinal function demonstrated by changes in the electroretinogram. Large
accumulation of gamma-amino butyric acid in the inner retina may explain the retinal
accumulation and toxicity of systemic topiramate [100].
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4.4 Bull's eye maculopathy

A variety of different conditions can lead to the formation of bull’s eye maculopathy. This
condition is usually referred to an area of center hyperpigmentation of the retina. It is
surrounded by an annulus of hypopigmentation and rarely surrounded circumferentially by
hyperpigmentation. The main causes of this type of maculopathy include central areolar
choroidal-RPE dystrophy, concentric annular macular dystrophy, cone dystrophy, the
Bardet-Biedl syndrome, and the Hallervoden-Spatz syndrome.

Chloroquine and hydroxychloroquine-induced bull’s eye maculopathy is very common in
patients on long-term therapy. Chloroquine diphosphate has been a drug of choice in the
treatment of various rheumatic diseases, including rheumatoid arthritis. A recent report
suggests that patients on long-term chloroquine therapy developed chloroquine-induced
maculopathy. Ocular manifestation involves initial chloroquine-induced maculopathy
lesions, which results in loss of the foveal reflex, parafoveal retinal pigment epithelium
irregularities, and light parafoveal hipocromic lesions [101]. Moreover, the report also
indicates that the progression of bull’s eye maculopathy even after withdrawal of
chloroquine demands systematic and frequent ophthalmologic examination particularly in
high-risk patients [101].

5. Choroidal effusion/edema

The suprachoroidal space, approximately 30 um thick, forms a transition and potential space
between the choroid and sclera which is composed of fibrous connective tissue. Since there
are virtually no capillaries or lymphatic spaces available to drain fluid that collects in this
area, it accumulates and generates choroidal edema (Table 3). Choroidal effusion is a
condition where there is an accumulation of fluid in the suprachoroidal space, i.e., between
the choroid and sclera. Clinical features of choroidal effusions include ocular hypotony or
scleral enfolding, ocular neoplasms, and inflammatory choroidal disorders. The clinical
features of a choroidal effusion involves choroidal edema, shallow anterior chamber, low
intraocular pressure, visualization of the ora serrata without scleral depression, Verhoeff’s
streaks, and Hagen’s sign. Acetazolamide, a carbonic anhydrous inhibitor, is clinically used
for the treatment of glaucoma, epilepsy, diuretics, and idiopathic intracranial hypertension.
A clinical report suggests that patients unresponsive to intravenous dexamethasone therapy
receiving oral acetazolaminde therapy after surgery to control glaucoma complains severe
pain in the eye few hours after the therapy. Ophthalmologic examination shows bilateral
choroidal effusion along with circumcorneal congestion, corneal edema, and elevated
intraocular pressure [102].

Chlorthalidone is a diuretic which is clinically used to treat the hypertension. A clinical
report suggests that chlorthalidone therapy may cause loss of vision due to the development
of acute myopia during the treatment of systemic hypertension. Ophthalmologic
examination of such case reveals ciliary spasm, shallow peripheral choroidal effusion, and
retinal irregularities at the macula. Moreover, increase in macular thickness is also observed
by optical coherence tomography. However, upon withdrawal of therapy these
complications are reversed completely reversal in case of chlorthalidone [103].

Expert Opin Drug Metab Toxicol. Author manuscript; available in PMC 2015 July 27.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gokulgandhi et al. Page 12

6. Vitreous opacification

Carmustine, a B-chloro-nitrosourea compound, is used as an alkylating agent. This drug can
penetrate strong barriers like blood-brain barrier, therefore it is widely indicated in the
treatment of brain tumor, multiple myeloma, and malignant melanoma [104]. However, due
to the excellent penetrability it can also cross blood-retinal barrier which may cause
posterior segment ocular toxicities. Carmustine has been used alone or in combination
following intravenous and intracarotid administration. Moreover, the occurrence of ocular
side effects is dependent on the dose as well as the number of carmustine administration,
and the rate of infusion. Most of the patients have shown ocular toxicities within 2-14
weeks of therapy. Ocular complications include vitreous opacification along with
nonspecific blurred vision, corneal edema and opacities, internal ophthalmoplegia, optic
neuritis, blindness with optic atrophy, and exudative retinopathy with exudates and
hemorrhage [105,106].

7. Melanin binding and drug toxicity

Retinal pigment epithelium (RPE) is a monolayer of cuboidal cells, lying between
choriocapillaris and light sensitive photoreceptors. The pigment melanin in the RPE plays an
important role as photoprotective by absorbing radiation and scavenging free radicals and
reactive oxygen species (ROS) [107,108]. Therapeutic agents can bind to ocular melanin.
However, the mechanism of drug binding to melanin responsible for retinal toxicity still
remains a topic of further research [109]. While some authors consider drug binding to
melanin and ocular toxicity as two separate entities [110], the others consider that binding of
drugs to melanin produce direct toxicities to retina [111-113].

Thioridazine, a phenothiazine, is an antipsychotic drug of low potency. It is an antipsychotic
drug indicated for the treatment of schizophrenia and disorganization. Ocular toxicity of
thioridazine is dose-dependent and at higher doses it can cause pigment disruption of the
retina. Phenothiazines have shown binding affinity toward pigmented tissue and
consequently remains bound to the RPE melanin [114]. It can lead to progressive retinal/
macular degeneration and loss of visual acuity if not closely monitored and treated.
Moreover, funduscopy revealed granular retinal pigmentary changes that form large plaques
of depigmented RPE with loss of choriocapillaries [115].

There are many examples of structurally and pharmacologically unrelated agents that bind to
melanin. Anti-muscarinic drug (atropine), p-blocker drug (timolol), CNS acting
sympathomimetics (epinephrine) and antibiotics (fluoroquinolones) are considered to be
“gentle,” than anti-psychotics (chlorpromazine), and anti-inflammatory (chloroquine and
hydroxychloroquine), which binds to melanin for months to a year after single
administration. However, melanin binding is not a true predication of retinal toxicity [110].
It is evident that drug-related toxic effects on the retina are dependent on intrinsic toxicity of
the drugs rather than its ability to bind to melanin. Moreover, melanin binding has also been
found to be protective against ocular toxicity of a few agents [110].
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8. Conclusion

The overall purpose of clinical trial and safety management is to assure maximum benefit
from the treatment while balancing drug-associated risk factors. Unlike the toxicity to other
tissues such as kidney, liver or heart, toxicity associated with the eye is usually not
predictive for short-term systemic exposure of xenobiotics or their metabolites. Prediction
and evaluation of ocular adverse reactions upon systemic drug administration require careful
examination of prevalent symptoms following long-term medication history. This review
provides a critical insight about ocular adverse reactions following systemic administration
of several important therapeutic agents. This information may be helpful to guide
ophthalmologist for screening potential drug-induced toxicities and suggesting possible
alternative therapies. The side effects of cornea, lens, retina, and optic nerve are crucial and
if left untreated may impart vision loss. Corneal manifestations (corneal epithelium, stroma,
and endothelial) and retinal and optic nerve complications associated with systemic
medication possess immense threat to vision loss. In addition, the knowledge of microscopic
and clinical examination of these complications will further help to avoid vision
deterioration.

9. Expert opinion

There have been increasing reports of ocular complications due to systemic drug therapy
over the last decade. Knowledge of these complications paved a path to minimize the
strenuous efforts of ophthalmologists in identifying the cause of ocular ailments and
maximized the treatment options for effective therapy. However, ophthalmologic
examinations and frequent clinical monitoring of ocular complications associated with these
xenobiotics is an important aspect of long term systemic therapy. It is imperative that the
physician should have information about the nature (reversible/irreversible toxicity) and
duration of occurrence of complications which will not only help them to adjust the doses
but will provide directions to consider an alternative therapy.
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Figure 1.
Corneal epithelial microcysts visible with direct slit-beam illumination.

Reproduced with permission of Nature Publishing Group from Lochhead et al. [29].
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Figure 2.
(Left) An optic nerve appearance in non-arteritic ischemic optic neuropathy. (Right) An

optic nerve in amiodarone induced optic neuropathy has a similar appearance.
Reproduced with permission of Elsevier from Macaluso et al. [76].

Expert Opin Drug Metab Toxicol. Author manuscript; available in PMC 2015 July 27.



Page 24

Gokulgandhi et al.

Adesays Jo
uoIeNUIUOISIP uodn asead aJam S1994a apIs Je|ndQ
sapes|00]q o16J4auIj0yd

©00IS

BLIBOIMN DIUOIYD pUe ‘SiMulyl o1619|e

[2€1] pue o161auiwedop UsaMIaq adueleqW 8senND SIAIOUN[UOJ0IRISY U ‘UOISIA pain|q ‘sabueyd Asejjidng JeruuaJad ‘siuiyl o1bIs) e jeuosess auIzie)
Adelay) uajixowre) uo sjusired 190UBD
[oeT'27] 10} Aloyepuew aJe suoljeulwexa olwfeyydo Ajes A sysodap [eaulod pue sua 1se8.q 0 Juawabeurw ay) ui pasn A|BPIA uajIxowe |
uoI3essad BnJp UO S8A|0Sal YIIYm UOISIA paln|q
[seT'veT]  pantasqo si eAlouNnfuod ayy JO UOITeWIWEUI JUBISUEI | pue siIARoUN[U0d ‘BuLLIBIS PUE UOITRZIIEINISEAOSU [B3UI0D SaSeasIp Alojewweyul 1eal) 0] g1x02340Yy
sIs119 oABoINo0
pue ewapa [e1jayiida pue [ewons ‘sanioedo [erjayidagns
panIasqo s A1nae [ensiA Jo A1an0dal pue arenjound ‘siselipAw ‘sso| [ensIA ‘ewapa [eaulod
[eeT-0eT]  ®ewaps |eaul0d Jo UonNjosal pides ‘Uonessad Brip uQ 3|q1SIaNal 819A3S [eJ81e]1q ‘UORIUNYSAD [el]aylopua [eaulo) aseasip s,uosuided 40 siowal) aonpal 01 aulpeIURWY
suonearjdwod s16ojowyeyiydooinau pue
“eJa]9s pue ‘B3UI0D ‘BUIBJ UO S193)49 a|qeqold ‘s1oayap plats
a1} Ul PaNUIUOISIP pue [ensiA ‘suoioeal Aloyewlweljul Jejndo ‘uoisnya jeploioyd sayoepeay
[621-12T] AlJea pasouBeip uaym S108)43 apIs JeInao 8]qISIanay AAISSEW ‘SIIIAN JOLIBIUR [etdle]iq ‘ewodne|b ainsofo-9jfuy  auresBiw Bunuanaid pue Asdajids yealy o ajewelido |
auinbolojya-AxoipAy Jo asop ayr snsorewsayiAla sndnj o1wa1sAs
[9zT-v2T] Buronpa. 1o Buiddols uo tesjd susodap Bnip eauI0) Ayredojnoew a4a s,||nq ‘susodap |eaulo) pue SIILIYLE plofewnay) ‘eliejew 1ea 01 auinboliojydAxoIpAH
risdoyiuex pue
[ezT'2eT] 3]q1sianal ale sabueyod |ensiA uoisiA Azey ybi| Jo Buiyseys ‘s1oagep 10]09 UdaIB-ysippay ain|re} Leay aAnsabuod 1eas o uixobig
(selwyiAy.re oeipied) eay
[t21-61T] abesop Aep/buwi 00 T-007 UM PaAIasqo Aj[elauss) eigoydoloyd pue ‘Ayredoinau ondo ‘Ayredolelay 110y 3y Jo swyAys [ewouge ssaiddns o auoJepoIWy
10e.R1RD JRInsdeagns
Joug)ue pue ssaupullq 1ybiu ‘spijaAs ayp Jo uonejuswbid
[sTT'9€] sys1 A3191x0) asealoul Aep/bw 08 puno.e abesoq JewJouge ‘siARounfuodolelay ‘sysodap eaulo) AiaIxue pue uoissaidap 1ealy 01 saulzelyiousayd
eldoAw A10}i1Suel} pue UoISIA SUOIIPUOD UIS
[zTT'91T] papuBWILLIOda SI UOIeUILEXD 943 enuuy  JyBiu ul asealdap ‘9As Alp ‘sniinau ondo ‘Bulusdas)s [eaulo)  SnolJeA pue aude 911SAD ‘siseriosd Jeal) 0 IINENGY]
‘Joy SUETTITeYSSPIENIEN| 10949 apis olweyydo uoIeIIpuU| UaLIND Bnig

Author Manuscript

Author Manuscript

"S21101OUX paJtarsiuiwpe AjeolwalisAs yiim pajelrdosse (Juawbas JoLisiuy) suolealjdwod 1ejnaQ

T alqel

Author Manuscript

Author Manuscript

available in PMC 2015 July 27.

Expert Opin Drug Metab Toxicol. Author manuscript



Page 25

Gokulgandhi et al.

SIaNIWISUBI0INAU Sa18]dap Yd1uym SISBYIUAS aka

[osT] ajeydsoyd jexopiiAd jo apexoo|q pizetuos| b ayy ul abeyilowsay padeys-awely ajbuis pue uoIsIA painig ‘sasip ando a1waiadAy fessre|ig pizeiuos|
uolewiwR UL

[6vT'8vT] umouy 10N ando pue Ayredorjayida wawbid prooejd ainoe ‘abeyiowsay Alejjidedered ‘ewapa 9sip ondo uoleuIddeA g siiedaH

(wnipos ayeuoipiwed

[29T-5¥T] umou 10N SIAAN puUe SI11I3|0S ‘Bwapa [eliqloriad ‘siunau ondo ‘ewapa pIsA3  pue ajeuolpus|y) areuoydsoydsig
uibrew

[vrT'erT] anJau ondo Jo uoneuljpAwag 2s1p Je safeyioway Joulw ‘ewapa dsip a11do ‘siunau ondo [esale|iq ‘UoISIA palin|q ‘aydepesH qewIxijyu]
uoIeIN24I1d ploIoyd 1y61| 01 AlARISUBS

[zv1-0vT] pue JeqINqoJ1al Ul AJI90|8A MOJ4 POO|] Pasealdu| asealoul ‘(uoisia 01 abun anjq AjjeardAy) uondadiad 4010 ul aBueyd ‘UoISIA pasealdaq |1Jeusp|is
Ayredoinau SSO| UOISIA pue AJinoe

[6eT'8eT] BunreurjaAwap aq 01 3ybnoys Ing Jeajd 10N lensiA a2npal ‘erqoydoloyd ‘uoriewioe] pasessdul ‘euwo}0ds [eaded04uad ‘ewapa 9sIp ando 91eXaNoYIB N

JEN| sisauaboyied swordwAs Bnig

Author Manuscript

‘uoneasiuIwpe 1Wwa)sAs uodn A1191x01 aniau ando Buisned sa1101qousx Jo 1517

¢ ?olgel

Author Manuscript Author Manuscript

Author Manuscript

Expert Opin Drug Metab Toxicol. Author manuscript; available in PMC 2015 July 27.



Page 26

Gokulgandhi et al.

sabueyo juswibid jeunal pue

[¥0T]  S10848p pIals [eNSIA ‘SSAUPUI|Q PAONPUI-3UILIBX0.I8)Sap pasueyua ‘Ayredojnae|y 139U d11ealoued pue ‘1adued UBLIBAO ‘13dUed 1Seald uvIgnioxoq
[¥oT] Ayredounau jetayduad ‘sabueyd Juswbid Jejnae sewoydwA| pue Jadued UBLIBAO ‘13oued Bun| [|99-|[ews 40 Juswiyesl) ul asn unedsiy
(AIND) siunai sniinojebawolfo

[esT] SIHI9AN pUe JoeJEIRD [RJSTR|I] ‘BWapa [ep10Joyd & Yyum eidosawiadAH |eJare|iq pue (SAIv) Aduaioiep aunwiwi palinboe yum swuaired up  J1A0]919uUeH pue J1A0JOPID
UoISIA

[2GT]  u1 aseasdap ssajured ‘afeyrioway paxda]) SNOJBWINU PUB UOISN|II0 UIBA [eulldy ©3YJJOUBWISAP pue UORIPUOI Ured 8JnJe ‘SIIIYLIE plojewnayy (XX0IA) qIX093)0Y
ssaupul|q ybiu pue spLNau

[t5T] ando ‘AydoJre wniaynda Juawbid jeunas ‘uonelsuabap [eunal [esaydiiad UBJPJIYd Ul UoNdaul AH JO JuaWIeal) ay) o) wuabe [elinolaliue se asn aulsouepig

JEN| 10948 3pIS Je|N2O uo1eIIpUI UBLIND Bnig

Expert Opin Drug Metab Toxicol. Author manuscript; available in PMC 2015 July 27.

"uoleJISIUIWPE 21WaA]SAS uodn A1191X0)1 [epI0Joyd pue Jeullas Buisnes sa1101gouaXx Jo 1SI

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



