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Introduction

Several pharmaceuticals are associated with tox-
icity in the retina, the retinal pigment epithelium
(RPE), and their blood supplies. It is important to
be aware of these associations because prompt recog-
nition and discontinuation of the agent may amelio-
rate its effect. Alternatively, some medications only
cause problems when they are overdosed. In these
patients, the ophthalmologist may make a vision-
sparing or life-saving diagnosis.

Drugs causing pigmentary degeneration

Quinolines

The quinoline antimalarial chloroquine (Aralen)
and its safer derivative hydroxychloroquine (HCQ;
Plaquenil, Sanofi Winthrop Pharmaceuticals, New
York, NY) cause a well-documented retinopathy—
bull’s-eye maculopathy. Signs of visual dysfunction
typically precede symptoms. Loss of the foveal light
reflex (Fig. 1) may progress to macular pigment
stippling and then to a bull’s-eye lesion (Fig. 2).
Pigment mottling in the retinal periphery may ad-
vance to a tapetoretinal-like degeneration with vas-
cular attenuation and optic disc atrophy (Fig. 3). An
asymptomatic, verticillata-like change of the corneal
epithelium may also occasionally be seen [1–4].

Perimetry often demonstrates a paracentral sco-
toma, which may be the first evidence of disease,
particularly with the use of a red test object [5].
Similarly, a red Amsler grid may indicate abnor-
mal results early [6], and color vision defects are
frequent [7].

Chloroquine toxicity is more dependent on daily
rather than cumulative dosage. Most cases occur in
patients ingesting more than 250 mg/d for at least
1 year [8].

With prompt recognition of toxicity and discon-
tinuation of chloroquine therapy, early maculopathy
may resolve. In contrast, more advanced cases may
progress even after the medication has been discon-
tinued [9,10]. Retinopathy may not develop until
years after the medication is discontinued [11,12],
perhaps because of the exceptionally long clearance
time of the drug [13].

Hydroxychloroquine toxicity is clinically iden-
tical to toxicity caused by chloroquine (Fig. 4),
though it occurs less frequently. The reason for the
relative safety of hydroxychloroquine is unknown.
Retinopathy rarely occurs at or below the theoret-
ically safe dosage of 6.5 mg/kg per day [14,15] and
generally is not seen before 7 years of usage of
the medication.

Because of the rarity of hydroxychloroquine
toxicity, several authors have questioned the neces-
sity of screening these patients [16–18]. Recently, a
Task Force from the American Academy of Oph-
thalmology established new monitoring guidelines,
and these guidelines were recently published [19]. It
should be noted that obese patients and possibly
those with renal and hepatic disease may be at
increased risk for toxicity. Quinolines are stored in
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the intracellular compartment; thus, relatively more
drug is taken up into leaner tissues than into body
fat. Therefore, dosages calculated on actual body
weight rather than lean (or ideal) body weight may
cause overdoses [19,20].

Phenothiazines

The antipsychotic agent thioridazine (Mellaril,
Sandoz Pharmaceuticals, East Hanover, NJ), a piper-
idine phenothiazine, causes decreased vision, dys-
chromatopsia (red or brown), and nyctalopia [21].
The first fundus change is mild stippling of the RPE
or a salt-and-pepper pattern (Fig. 5), followed by
circumscribed nummular areas of RPE and chorioca-
pillaris atrophy in the macula and midperiphery
(Fig. 6) [22]. This may progress to extensive com-
plete atrophy, with alternating areas of hypopigmen-
tation and pigment clumping, associated with
vascular attenuation and optic atrophy (Fig. 7) [23].

As in the quinolines, the daily dose rather than
the cumulative dose of thioridazine predicts future
toxicity [24]. A daily dose of 800 mg or less is rec-
ommended, though long-term administration of low-
dose medication may be toxic as well [25,26]. Prompt
discontinuation of medication may result in spon-

taneous improvement [27]; however, even early ret-
inopathy may progress. Progressive vision loss may
ensue [22] because of the continued decline of pre-
viously damaged cells rather than a prolonged effect
of medication [27].

Chlorpromazine (Thorazine, GlaxcoSmithKline,
Research Triangle Park, NC) is a non-piperidine
phenothiazine. Its toxic potential is uncertain
[28,29], but several reports of pigmentary retinop-
athy have been described [30–32]. Some of these
patients, however, had also previously ingested thi-
oridazine [33].

Quinine

Quinine (Quinamm, Marion Merrell Dow, Inc.,
Kansas City, MO), a quinoline similar to chloroquine
and hydroxychloroquine, is capable of causing a
unique form of toxicity. When used at the recom-
mended dosage (250–500 mg), it is a safe medica-
tion. Acute overdose (greater than 4.0 g) may cause
headache, nausea, vomiting, tremor, hypotension, and
loss of consciousness. On awakening, the patient may
report total blindness, which may partially recover
over time. Frequently, only a small central island of
vision returns [34].

Fig. 1. Photograph (A) showing loss of foveal reflex with development of early bull’s-eye maculopathy, and fluorescein

angiogram (B) showing macular hypofluorescence.

Fig. 2. Photograph (A) documenting development of classic bull’s-eye maculopathy, with fluorescein angiogram (B) revealing

hyperfluorescence compatible with a central transmission defect.
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Acute features of toxicity include mild retinal
edema, mild venous dilation, and normal-appearing
arterioles. Over several weeks, the arterioles become
attenuated and optic atrophy develops (Fig. 8). The
end-stage fundus resembles that of a central retinal
artery occlusion [34,35].

Deferoxamine

Deferoxamine (desferrioxamine, Desferal, Novar-
tis, East Hanover, NJ) chelates iron and aluminum
and is prescribed for patients receiving multiple blood
transfusions. High-dose therapy may result in
decreased vision, nyctalopia, and visual field loss
[128]. The fundus may initially demonstrate a dull
gray discoloration of the macula [36]. Over a period
of several weeks, pigmentary changes occur in the
macula and peripheral retina, with abnormal color
vision, visual fields, electroretinography (ERG),
electo-oculography (EOG), and dark adaptometry
[37,38]. Retinal toxicity, occasionally with permanent
abnormalities, may occur after a single dose of
medication [38,39].

Other agents

Two drugs used in the management of patients
with AIDS may cause retinal pigmentary retinopathy:
clofazimine (Lamprene, Ciba Pharmaceuticals, Sum-
mit, NJ) [40–42], used in the management of atypical
mycobacterial infections, and the reverse transcrip-
tase inhibitor didanosine (Videx, Bristol-Myers
Squibb, Princeton, NJ) [43,45].

Drugs causing crystalline deposits

Tamoxifen (AstraZeneca, Wilmington, DE)

The estrogen antagonist tamoxifen may cause
crystalline retinopathy. Patients may have decreased
vision and dyschromatopsia or they may be asymp-
tomatic [46,47]. Retinopathy was more frequent
when the medication was initially used at a higher
dosage level (60 mg). When used at 20 mg/d,
retinal crystals are infrequently seen. When they
do occur, numerous white refractile deposits are
noted in the paramacular retina (Fig. 9). Other
associated features include cystoid macular edema
(CME) and punctate retinal pigmentary changes.
Because the crystals are often a benign finding,
discontinuation of the medication in a patient with
crystals in the absence of CME or vision loss may
not be necessary [48].

Canthaxanthine

The carotenoid pigment canthaxanthine (Oro-
bronze, Dewitte, Greenville, SC), used in the
treatment of vitiligo and photosensitivity disorders,
is also sold as an over-the-counter oral tanning
agent. Patients present with an asymptomatic ring-
shaped deposition of yellow-orange crystalline

Fig. 3. Photograph depicting long-term effects of chlo-

roquine, with disc pallor, vascular attenuation, and diffuse

retinal pigmentary disruption, resembling end-stage retini-

tis pigmentosa.

Fig. 4. Photograph (A) showing a classic bull’s-eye maculopathy in a patient taking hydroxychloroquine for rheumatoid arthritis.

Fluorescein angiogram (B) revealing a central zone of blocked fluorescence, surrounded by a ring of hyperfluorescence.
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material in the macula (Fig. 10) [49]. The material
is more prominent in eyes with preexisting retinal
disease and with concurrent use of [beta]-carotene
[50,51]. Abnormalities may be noted on perimetry,
ERG, EOG, or dark adaptometry [52,53,130].
Long-term effects are not fully known, though it
is generally recommended that the agent be dis-
continued, especially when used for sun tanning.

Methoxyflurane

After prolonged administration, the inhalational
anesthetic methoxyflurane may occasionally be asso-
ciated with irreversible renal failure partly caused by
the deposition of calcium oxalate crystals in the
kidney [54]. Similarly, numerous yellow-white punc-
tate lesions are seen in the macular region and
surrounding the arterioles [55,56].

Drugs causing no visible fundus changes

Cardiac glycosides

Xanthopsia caused by cardiac glycosides (includ-
ing digitalis) was probably the first reported toxic

retinopathy [57]. Other reported symptoms include
blurred or ‘‘snowy’’ vision, photopsias, diplopia, or
pain with eye movement [58]. Ocular symptoms
generally occur in patients with systemic digitalis
toxicity, though on occasion the digitalis level may
be normal. Vision is variably affected, but color
vision is usually diminished. Fundus examination,
fluorescein angiography, and EOG results are typ-
ically normal, but ERG results may be abnormal.
Vision and ERG findings return to normal when the
medication is discontinued or the dose is lowered
[59,60].

Sildenafil

Sildenafil (Viagra, Pfizer, Inc., New York, NY),
a selective phosphodiesterase 5 (PDE-5) inhibitor,
is used to treat male erectile dysfunction. Although
sildenafil specifically inhibits the enzyme PDE-5
in the penile corpora cavernosa, it demonstrates
some activity against the PDE-6 in the photorecep-
tors [61].

Transient dyschromatopsia may last minutes to
hours after a therapeutic dose is ingested [62].
Objective changes are rare but include retinal hem-
orrhages, branch retinal vein occlusion, branch retinal

Fig. 5. Photograph (A) depicting a diffuse mottling of the RPE, with the fluorescein angiogram (B) confirming a salt-and-

pepper pattern.

Fig. 6. Photograph (A) revealing focal areas of loss of RPE in a patient on long-term thioridazine therapy, with the fluorescein

angiogram (B) showing nummular loss of the choriocapillaris.
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artery occlusion, anterior ischemic optic neuropathy,
and acceleration of proliferative diabetic retinopathy
[63–65]. Certain patients with retinal disease may be
at relatively increased risk for complications, includ-
ing those with ischemic retinopathies or retinitis
pigmentosa [64]. In the absence of objective retinal
findings, the long-term risk from dyschromatopsia is
not fully known.

Drugs causing retinal edema

Methanol

Methanol is occasionally ingested by alcoholics or
persons attempting suicide and results in decreased
central or peripheral vision. Extensive retinal edema
develops. Initially, the optic disc appears hyperemic
or edematous; this generally progresses to optic
atrophy. Methanol toxicity is associated with sys-
temic acidosis, the degree of which correlates not
only with visual disturbance [66–68], but also with
the prognosis for life.

Drugs causing vasculopathies

Aminoglycosides

Intracameral aminoglycosides may cause signifi-
cant toxicity when injected into the vitreous cavity or
used in the irrigation fluid during cataract surgery
[69–72]. Patients have severe central vision loss,
intraretinal hemorrhage, retinal edema, cotton-wool
spots, arteriolar attenuation, and venous beading
(Fig. 11). This may progress to pigmentary retinop-
athy with optic atrophy and neovascular glaucoma.
Toxicity is caused by occlusion of the retinal micro-
circulation. There is no effective treatment.

Talc

Magnesium silicate, or talc, is used as a vehicle in
the manufacture of several oral medications, includ-
ing methylphenidate (Ritalin, Novartis Pharmaceu-
tical Corporation, East Hanover, NJ) and methadone.
Persons who abuse these compounds by dissolving
them in water and injecting them intravenously may
develop talc retinopathy [73,74].

Fig. 7. Photograph (A) showing total loss of the RPE in a patient on high-dose thioridazine, with the fluorescein angiogram

(B) showing the residual large choroidal vessels that can now be visualized only because of total loss of the RPE.

Fig. 8. Photograph showing the end-stage results of quinine

toxicity (2 months after ingestion) in a patient who

attempted suicide by ingesting quinine. Note the distinct

optic disc pallor and the retinal vascular attenuation. The

vision was hand motions.

Fig. 9. Photograph revealing a paramacular ring of in-

traretinal crystals in a patient with metastatic breast

carcinoma treated with tamoxifen. The patient was visu-

ally asymptomatic.
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Talc particles embolize to the retinal arterioles,
where they occlude the small vessels in the posterior
pole. In advanced cases a syndrome develops that
resembles other ischemic retinopathies (Fig. 12)
[75–78].

Hormone preparations

Oral contraceptives have been associated with
occlusion of retinal arteries, cilioretinal arteries, and
retinal veins (Fig. 13) [79–83]. Similar compounds,
prescribed for emergency contraception [84] or in the
management of transsexual patients [85], may cause
similar events. The synthetic estrogens and progester-
ones in these compounds induce a hypercoagulable
state. Most oral contraceptives manufactured in the
past 20 years contain lower concentrations of these
agents and have a decreased incidence of complica-
tions [86,87].

Interferon-[alpha]

The antiangiogenic agents interferon (IFN)-
[alpha]2a (Roche Pharmaceuticals, Nutley, NY)
and IFN-[alpha]2b (Schering Corporation, Kenil-
worth, NJ) have antiviral and antineoplastic prop-

erties. They may cause retinal vasculopathy, with
intraretinal hemorrhages and cotton-wool spots.
Visual acuity is usually [88], but not invariably
[89], unaffected. Coexisting systemic vascular dis-
ease predisposes to more severe retinopathy [53].

Drugs causing maculopathy

Epinephrine

In the aphakic eye, topical epinephrine may cause
CME that is indistinguishable from typical Irvine-
Gass edema [90]. Most, but not all, cases resolve
with the discontinuation of the drug. The pro-drug
dipivefrin (Propine) appears safer than epinephrine,
but similar cases of CME may arise, even in phakic
eyes [91].

Latanoprost

The synthetic prostaglandin analog latanoprost
(Xalatan, Pharmacia & Upjohn, Peapack, NJ) may
cause CME with or without iridocyclitis, probably
through its effects on inflammatory mediators
[92,93]. Less commonly reported posterior segment
effects include vitreitis [94] and choroidal effusion
[95]. The incidence of CME is increased by other
conditions that cause macular edema, including vit-
reous loss during cataract surgery [96,97].

Drugs causing other maculopathies

Niacin

The lipid-lowering agent niacin may cause de-
creased vision, paracentral scotoma, or metamor-
phopsia [98]. Although examination reveals that it
resembles typical CME, no vascular leakage is seen

Fig. 11. Photograph (A) showing a macular infarction in a patient who received a high dose of intravitreal gentamicin for

treatment of post-cataract surgery endophthalmitis. Fluorescein angiogram (B) revealing a complete lack of perfusion in the

macular region. The patient did not recover vision beyond the hand motion level.

Fig. 10. Photograph depicting a paramacular ring of

intraretinal crystals in a patient who ingested canthaxanthine

for sun-tanning purposes. The patient was encouraged to stop

ingestion of the agent.
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on fluorescein angiography [99,100]. The clinical
appearance, therefore, most likely represents intra-
cellular fluid accumulation, as opposed to true
edema (extracellular fluid) [101]. Discontinuation
of the agent leads to resolution of the atypical CME.

Drugs causing retinal folds

Sulfanilamide-like medications

Several medications, with a structure similar to
sulfanilamide, are associated with ciliary body swell-
ing or choroidal effusion with subsequent anterior
displacement of the lens-iris diaphragm. This leads
to transient acute myopia, anterior chamber shallow-
ing with angle closure, and retinal folds (Fig. 14a,b).
Fluorescein angiography reveals no vascular leakage,
and the folds are presumed to be due to vitreous
traction on the macula during axial elongation of the
eye. Drugs associated with this syndrome include
sulfa antibiotics, acetazolamide (Diamox, Lederle
Pharmaceuticals, Pearl River, NJ), hydrochlorothia-
zide, metronidazole, and others [102–105].

Drugs causing uveitis

Rifabutin (Pharmacia & Upjohn, Peapack, NJ)

Rifabutin, a semisynthetic antibiotic used in the
management of atypical mycobacterial infections in
patients with AIDS and other immunosuppressive
conditions, has been associated with uveitis [106–
108]. The inflammation is usually anterior but may
include vitreitis and retinal vasculitis [109–111].

Cidofovir (Gilead Sciences Inc., Forest City, GA)

Cidofovir (HPMPC) is used in the prophylaxis
and management of cytomegalovirus infection. Intra-
venous and intravitreal administration may induce
severe iridocyclitis with hypotony and vision loss
[44,112–115]. With the decreasing frequency of
cytomegalovirus retinitis in the AIDS population,
along with the above-noted concerns, this medication
is infrequently used .

Drugs causing multiple toxicities

Corticosteroid preparations

Corticosteroids have little or no toxicity [116],
but their vehicles may cause diffuse retinal necrosis
if injected intravitreally. Two potentially toxic com-
pounds are Celestone Soluspan and Depo-Medrol
[117, 118]. In addition to their direct effects, cortico-
steroid compounds, when injected into the nasal
cavity, have been associated with retinal and cho-
roidal vascular occlusion [119]. Corticosteroids have
also been implicated as a possible causative factor in
select cases of central serous choroidopathy.

Fig. 12. Photograph (A) depicting retinal vascular talc crystals in a patient who was a known intravenous drug abuser

over a period of numerous years. Fluorescein angiogram (B) revealing significant nonperfusion of the entire posterior pole

and periphery.

Fig. 13. Photograph showing a nonischemic central vein

occlusion (CRVO) in a 22-year-old woman who recently

began taking oral contraceptives.
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Cisplatin (Baxter Healthcare Corporation Anesthesia
and Critical Care, New Providence, NJ) and carmus-
tine (Guilford Pharmaceuticals, Baltimore, MD)

The alkylating agents cisplatin and carmustine
(BCNU), when given as intracarotid infusions, may
cause retinal toxicity. Vascular damage usually oc-
curs. Patients receiving either agent may have ir-
reversible vision loss from retinal vasculitis with
arterial occlusions and optic disc edema [120–
122,129]. Selective infusion of these drugs distal to
the origin of the ophthalmic artery may prevent this
toxicity [123], but not invariably [124,125]. These
agents may also be associated with pigmentary ret-
inopathy and occasionally with optic atrophy [121,
126,127].

Summary

Approximately three dozen medications have been
associated with retinal toxicity, and it is important to
be aware of such associations. Several medications,
such as acetazolamide and latanoprost, are commonly
prescribed by the ophthalmologist. Most of the other
medications are commonly administered by the
patient’s primary physician. When assessing any
patient for a retinal disturbance, it is imperative to
question the patient regarding the use of systemic
medications. This is especially important as more and
more medications are brought to the market each year.

References

[1] Cambiaggi A. Unusual ocular lesions in a case of

systemic lupus erythematosus. Arch Ophthalmol

1957;57:451–3.

[2] Henkind P, Rothfield NF. Ocular abnormalities in

patients treated with synthetic antimalarial drugs.

N Engl J Med 1963;269:433–9.

[3] Hobbs HE, Sorsby A, Freedman A. Retinopathy fol-

lowing chloroquine therapy. Lancet 1959;2:478–80.

[4] Okun E, Gouras P, Berstein H, von Sallman L.

Chloroquine retinopathy. Arch Ophthalmol 1963;

69:59–71.

[5] Hart WM, Burde RM, Johnston GP, Drews RC. Static

perimetry in chloroquine retinopathy: perifoveal pat-

terns of visual field depression. Arch Ophthalmol

1984;102:377–80.

[6] Easterbrook M. The use of Amsler grids in early

chloroquine retinopathy. Ophthalmology 1984;91:

1368–72.

[7] Vu BLL, Easterbrook M, Hovis JK. Detection of col-

or vision defects in chloroquine retinopathy. Ophthal-

mology 1999;106:1799–804.

[8] Ochsendorf FR, Runne U. Chloroquine: considera-

tion of maximum daily dose (3.5 mg/kg ideal

weight) prevents retinopathy. Dermatology 1996;

192:382–3.

[9] Brinkley JR, Dubois EL, Ryan SJ. Long-term course

of chloroquine retinopathy after cessation of medica-

tion. Am J Ophthalmol 1979;88:1–11.

[10] Carr RE, Henkind P, Rothfield N, Siegel IM. Ocu-

lar toxicity of antimalarial drugs. Am J Ophthalmol

1968;66:738–44.

[11] Ehrenfeld M, Nesher R, Merin S. Delayed-onset

chloroquine retinopathy. Br J Ophthalmol 1986;70:

281–3.

[12] Sassani JW, Brucker AJ, Cobbs W, Campbell C. Pro-

gressive chloroquine retinopathy. Ann Ophthalmol

1983;15:19–22.

[13] Rubin M, Bernstein HN, Zvaifler NJ. Studies on the

pharmacology of chloroquine. Arch Ophthalmol 1963;

70:80–7.

[14] Shearer RV, Dubois EL. Ocular changes induced by

long-term hydroxychloroquine therapy. Am J Oph-

thalmol 1967;64:245–52.

[15] Weiner A, Sandberg MA, Gaudio AR, Kini MM,

Berson EL. Hydroxychloroquine retinopathy. Am J

Ophthalmol 1991;112:528–34.

[16] Fielder A, Graham E, Jones S, Silman A, Tullo A.

Fig. 14. Photograph (A) revealing subtle retinal folds in a patient who recently began taking hydrochlorothiazide for mild

hypertension. There was also a 3D myopic shift. (B) Two weeks after cessation of the medication, the folds dissipated, and the

refractive status returned to baseline.

S.G. Schwartz, W.F. Mieler / Ophthalmol Clin N Am 15 (2002) 517–528524



Royal College of Ophthalmologists guidelines: ocu-

lar toxicity and hydroxychloroquine. Eye 1998;12:

907–9.

[17] Morsman CDG, Livesey SJ, Richards IM, Jessop JD,

Mills PV. Screening for hydroxychloroquine retinal

toxicity: is it necessary? Eye 1990;4:572–6.
[18] Silman A, Shipley M. Ophthalmological monitoring

for hydroxychloroquine toxicity: a scientific review

of available data. Br J Rheumatol 1997;36:599–601.

[19] Marmor MF, Carr RE, Easterbrook M, Farjo AA,

Mieler WF, for the American Academy of Oph-

thalmology. Recommendations on screening for

chloroquine and hydroxychloroquine retinopathy.

Ophthalmol 2002;109:1377–82.

[20] Tekell JI, Silva JA, Maas JA, Bowden CL, Starck T.

Thioridazine-induced retinopathy. Am J Psychiatry

1996;153:1234–5.

[21] Weekley RD, Potts AM, Reboton J, May RH. Pig-

mentary retinopathy in patients receiving high doses

of a new phenothiazine. Arch Ophthalmol 1960;64:

65–76.

[22] Meredith TA, Aaberg TM, Willerson D. Progressive

chorioretinopathy after receiving thioridazine. Arch

Ophthalmol 1978;96:1172–6.

[23] Miller III FS, Bunt-Milam AH, Kalina RE. Clinical-

ultrastructural study of thioridazine retinopathy. Oph-

thalmoklogy 1982;89:1478–88.

[24] Connell MM, Poley BJ, McFarlane JR. Chorioreti-

nopathy associated with thioridazine therapy. Arch

Ophthalmol 1964;71:816–21.

[25] Neves MS, Jordan K, Dragt H. Extensive chorioreti-

nopathy associated with very low dose thioridazine

[letter]. Eye 1990;4:767–70.

[26] MacKenzie AH. Dose refinements in long-term ther-

apy of rheumatoid arthritis with antimalarials. Am J

Med 1983;75:40–5.

[27] Marmor MF. Is thioridazine retinopathy progressive?

relationship of pigmentary changes to visual function.

Br J Ophthalmol 1990;74:739–42.

[28] DeLong SL, Poley BJ, McFarlane Jr JR. Ocular

changes associated with long-term chlorpromazine

therapy. Arch Ophthalmol 1965;73:611–7.

[29] Wolfensberger TJ. Toxicology of the retinal pigment

epithelium. In: Marmor MF, Wolfensberger TJ, edi-

tors. The retinal pigment epithelium: function and

disease. New York: Oxford University Press; 1998.

p. 621–47.

[30] Mathalone MBR. Eye and skin changes in psychiatric

patients treated with chlorpromazine. Br J Ophthal-

mol 1967;51:86–93.

[31] Siddall JR. The ocular toxic findings with prolonged

and high dosage chlorpromazine intake. Arch Oph-

thalmol 1965;74:460–4.

[32] Zelickson AS, Zeller HC. A new and unusual reaction

to chlorpromazine. JAMA 1964;188:394–6.

[33] McClanahan WS, Harris JE, Knobloch WH, Tredici

RL, Udasco RL. Ocular manifestations of chronic

phenothiazine derivative administration. Arch Oph-

thalmol 1966;75:319–25.

[34] Brinton GS, Norton EWD, Zahn JR, Knighton RW.

Ocular quinine toxicity. Am J Ophthalmol 1980;90:

403–10.

[35] Bacon P, Spalton DJ, Smith SE. Blindness from qui-

nine toxicity. Br J Ophthalmol 1988;72:219–24.

[36] Gass JDM. Stereoscopic atlas of macular diseases:

diagnosis and treatment. 4th edition. St. Louis: Mos-

by-Year Book; 1997. p. 782.

[37] Davies SC, Hungerford JL, Arden GB, et al. Ocular

toxicity of high-dose intravenous desferrioxamine.

Lancet 1983;2:181–4.

[38] Spraul CW, Schicketanz C, Lang GE. Ocular side

effects of deferoxamine therapy in aplastic anemia

with transfusion-induced hemachromatosis. Klin

Monatsbl Augenheilkd 1996;209:31–6.

[39] Bene C, Manzler A, Bene D, Kranias G. Irreversible

ocular toxicity from single ‘‘challenge’’ dose of de-

feroxamine. Clin Nephrol 1989;31:43–8.

[40] Craythorn JM, Swartz M, Creel DJ. Clofazimine-in-

duced bull’s-eye retinopathy. Retina 1986;6:50–2.

[41] Cunningham CA, Friedberg DN, Carr RE. Clofazi-

mine-induced generalized retinal degeneration. Retina

1990;10:131–4.

[42] Forster DJ, Causey DM, Rao NA. Bull’s eye reti-

nopathy and clofazimine. Ann Intern Med 1992;116:

876–7.

[43] Cobo J, Ruiz MF, Figueroa MS, et al. Retinal toxicity

associated with didanosine in HIV-infected adults.

AIDS 1996;10:1297–300.

[44] Nguyen BT, Shay LE, Wyvill KM, et al. A pilot

study of sequential therapy with zidovudine plus acy-

clovir, dideoxyinosine, and dideoxycytidine in pa-

tients with severe human immunodeficiency virus

infection. J Infect Dis 1993;168:810–7.

[45] Whitcup SM, Butler KM, Caruso R, et al. Retinal

toxicity in human immunodeficiency virus-infected

children treated with 2’,3’-dideoxyinosine. Am J

Ophthalmol 1992;113:1–7.

[46] Heier JS, Dragoo RA, Enzenauer RW,WaterhouseWJ.

Screening for ocular toxicity in asymptomatic patients

treated with tamoxifen. Am J Ophthalmol 1994;

117:772–5.

[47] McKeown CA, Swartz M, Blom J, Maggiano JM.

Tamoxifen retinopathy. Br J Ophthalmol 1981;65:

177–9.

[48] Gorin MB, Day R, Constantino JP, et al. Long-term

tamoxifen citrate use and potential ocular toxicity.

Am J Ophthalmol 1998;125:493–501.

[49] Espaillat A, Aiello LP, Arrigg PG, et al. Canthax-

anthine retinopathy. Arch Ophthalmol 1999;117:

412–3.

[50] Chang TS, Aylward W, Clarkson JG, Gass JDM.

Asymmetric canthaxanthine retinopathy. Am J Oph-

thalmol 1995;119:801–2.

[51] Cortin P, Boudreault G, Rousseau AP, Tardif Y, Mal-

enfant M. La retinopathie a la canthaxanthine,

II: facteurs predisposants. Can J Ophthalmol 1984;

19:215–9.

[52] Harnois C, Cortin P, Samson J, et al. Static perimetry

S.G. Schwartz, W.F. Mieler / Ophthalmol Clin N Am 15 (2002) 517–528 525



in canthaxanthine maculopathy. Arch Ophthalmol

1988;106:58–60.

[53] Willson RL, Ross RD, Willson LM, Cohen G, Red-

field TL, Gitter KA. Interferon-associated retinopathy

in a young, insulin-dependent diabetic patient. Retina

2000;20:413–5.

[54] Stoelting RK, Miller RD, editors. Basics of anesthe-

sia. 2nd edition. New York: Churchill Livingstone;

1989. p. 64.

[55] Bullock JD, Albert DM. Fleck retina: appearance sec-

ondary to oxalate crystals from methoxyflurane anes-

thesia. Arch Ophthalmol 1975;93:26–31.

[56] Novak MA, Roth AS, Levine MR. Calcium oxalate

retinopathy associated with methoxyflurane abuse.

Retina 1988;8:230–6.

[57] Withering W. An account of the foxglove, and some

of its medical uses: with practical remarks on dropsy

and other diseases. London: Robinson; 1785.

[58] Piltz JR, Wertenbaker C, Lance SE, Slamovits T,

Leeper HF. Digoxin toxicity: recognizing the varied

visual presentations. J Clin Neuro-Ophthalmol 1993;

13:275–80.

[59] Madreperla SA, Johnson MA, Nakatani K. Electro-

physiologic and electroretinographic evidence for

photoreceptor dysfunction as a toxic effect of digoxin.

Arch Ophthalmol 1994;112:807–12.

[60] Weleber RG, Shults WT. Digoxin retinal toxicity:

clinical and electrophysiologic evaluation of a cone

dysfunction syndrome. Arch Ophthalmol 1981;99:

1568–72.

[61] Ballard SA, Gingell CJ, Tang K, et al. Effects of

sildenafil on the relaxation of human corpus caver-

nosum tissue in vitro and on the activities of cyclic

nucleotide phosphodiesterase isozymes. J Urol 1998;

159:2164–71.

[62] Goldstein I, Lue TF, Padma-Nathan H, et al. Oral

sildenafil in the treatment of erectile dysfunction.

N Engl J Med 1998;338:1397–404.

[63] BurtonAJ, ReynoldsA, O’Neill D. Sildenafil (Viagra):

a cause of proliferative diabetic retinopathy [letter]?

Eye 2000;14:785–6.
[64] Marmor MF, Kessler R. Sildenafil (Viagra) and oph-

thalmology. Surv Ophthalmol 1999;44:153–62.

[65] Tripathi A, O’Donnell NP. Branch retinal artery

occlusion: another complication of sildenafil [letter].

Br J Ophthalmol 2000;84:928.

[66] Baumbach GL, Cancilla PA, Martin-Amat G, et al.

Methyl alcohol poisoning, IV: alterations of the mor-

phological findings of the retina and optic nerve.

Arch Ophthalmol 1977;95:1859–65.

[67] Hayreh MS, Hayreh SS, Baumbach GL, et al. Methyl

alcohol poisoning, III: ocular toxicity. Arch Ophthal-

mol 1977;95:1851–8.

[68] Ingemansson SO. Clinical observations on ten cases

of methanol poisoning. Acta Ophthalmol 1984;

62:15–24.

[69] Brown GC, Eagle RC, Shakin EP, Gruber M, Arbizio

VV. Retinal toxicity of intravitreal gentamicin. Arch

Ophthalmol 1990;108:1740–4.

[70] Campochiaro PA, Conway BP. Aminoglycoside

toxicity – a survey of retinal specialists: Implica-

tions for ocular use. Arch Ophthalmol 1991;109:

946–50.

[71] Campochiaro PA, Lim JI, et al. Aminoglycoside tox-

icity in the treatment of endophthalmitis. Arch Oph-

thalmol 1994;112:48–53.

[72] McDonald HR, Schatz H, Allen AW, et al. Retinal

toxicity secondary to intraocular gentamicin. Ophthal-

mology 1986;93:871–7.

[73] AtLee WE. Talc and cornstarch emboli in eyes of

drug users. JAMA 1972;219:49.

[74] Tse DT, Ober RR. Talc retinopathy. Am J Ophthalmol

1980;90:624–40.

[75] Brucker AJ. Disk and peripheral neovascularization

secondary to talc and cornstarch emboli. Am J Oph-

thalmol 1979;88:864.

[76] Friberg TR, Gragoudas ES, Regan CDJ. Talc emboli

and macular ischemia in intravenous drug abuse. Arch

Ophthalmol 1979;97:1089.

[77] Jampol LM, Setogawa T, Rednam KRV, Tso MOM.

Talc retinopathy in primates: a model of ischemic ret-

inopathy, I: clinical studies. Arch Ophthalmol 1981;

99:1273–80.

[78] Kresca LJ, Goldberg MF, Jampol LM. Talc emboli

and retinal neovascularization in a drug abuser. Am J

Ophthalmol 1979;87:334.

[79] Gombos GM, Moreno DH, Bedrossian PB. Retinal

vascular occlusion induced by oral contraceptives.

Ann Ophthalmol 1975;7:215–7.

[80] Perry HD, Mallen FJ. Cilioretinal artery occlusion

associated with oral contraceptives. Am J Ophthalmol

1977;84:56–8.

[81] Stowe GC, Jakov AN, Albert DM. Central retinal

vascular occlusion associated with oral contracep-

tives. Am J Ophthalmol 1978;86:798–801.

[82] Varga M. Recent experiences on the ophthalmological

complications of oral contraceptives. Ann Ophthal-

mol 1976;8:925–34.

[83] Walsh FB, Clark DB, Thompson RS, Nicholson DH.

Oral contraceptives and neuro-ophthalmologic inter-

est. Arch Ophthalmol 1965;74:628–40.

[84] Lake SR, Vernon SA. Emergency contraception and

retinal vein thrombosis [letter]. Br J Ophthalmol 1999;

83:628.

[85] Reddy A, Edesten C, Hardman-Lea S. A transsexual

patient with bilateral central retinal vein occlusions

[letter]. Eye 2000;14:104–5.

[86] Garg SK, Chase P, Marshall G, et al. Oral contracep-

tives and renal and retinal complications in young

women with insulin-dependent diabetes mellitus.

JAMA 1994;271:1099–102.

[87] Petersson GJ, Fraunfelder FT, Meyer SM. Oral con-

traceptives. Ophthalmology 1981;88:368–71.

[88] Guyer DR, Tiedeman J, Yannuzzi LA, et al. Interfer-

on-associated retinopathy. Arch Ophthalmol 1993;

111:350–6.

[89] Hejny C, Sternberg P, Lawson DH, Greiner K,

Aaberg Jr TM. Retinopathy associated with high-

S.G. Schwartz, W.F. Mieler / Ophthalmol Clin N Am 15 (2002) 517–528526



dose interferon alfa-2b therapy. Am J Ophthalmol

2001;131:782–7.

[90] Thomas JV, Gragoudas ES, Blair NP, Lapus JV. Cor-

relation of epinephrine use and macular edema in

aphakic glaucomatous eyes. Arch Ophthalmol 1978;

96:625–8.

[91] Mehelas TJ, Kollarits CR, Martin WG. Cystoid mac-

ular edema presumably induced by dipivefrin hydro-

chloride (propine). Am J Ophthalmol 1984;94:682.

[92] Hoyng PFJ, Rulo AH, Greve EL, Astin M, Gjotter-

berg M. Fluorescein angiographic evaluation of the

effect of latanoprost treatment on blood-retinal bar-

rier integrity: a review of studies conducted on

pseudophakic glaucoma patients and on phakic

and aphakic monkeys. Surv Ophthalmol 1997;

41(suppl 2):S83–8.

[93] Warwar RE, Bullock JD, Ballal D. Cystoid macular

edema and anterior uveitis associated with latanoprost

use. Ophthalmology 1998;105:263–8.

[94] Ayyala RS, Cruz DA, Margo CE, et al. Cystoid

macular edema associated with latanoprost in aphakic

and pseudophakic eyes. Am J Ophthalmol 1998;126:

602–4.

[95] Rowe JA, Hattenhauer MG, Herman DC. Adverse

side effects associated with latanoprost. Am J Oph-

thalmol 1997;124:683–5.

[96] Lima MC, Paranhos Jr A, Salim S, et al. Visually

significant cystoid macular edema in pseudophakic

and aphakic patients with glaucoma receiving latano-

prost. J Glaucoma 2000;9:317–21.

[97] Moroi SE, Gottfredsdottir MS, Schteingart MT, et al.

Cystoid macular edema associated with latanoprost

therapy in a case series of patients with glaucoma

and ocular hypertension. Ophthalmology 1999;106:

1024–9.

[98] Fraunfelder FW, Fraunfelder FT, Illingworth DR.

Adverse ocular effects associated with niacin therapy.

Br J Ophthalmol 1995;79:54–6.

[99] Gass JDM. Nicotinic acid maculopathy. Am J Oph-

thalmol 1973;76:500–10.

[100] Millay RH, Klein ML, Illingworth DR. Niacin mac-

ulopathy. Ophthalmology 1988;95:930–6.

[101] Jampol LM. Niacin maculopathy. Ophthalmology

1988;95:1704–5.

[102] Grinbaum A, Ashkenazi I, Avni I, Blumenthal M.

Transient myopia following metronidazole treatment

for trichomonas vaginalis. JAMA 1992;267:511–2.

[103] Maddalena MA. Transient myopia associated with

acute glaucoma and retinal edema: following vaginal

administration of sulfanilamide. Arch Ophthalmol

1968;80:186–8.

[104] Ryan EH, Jampol LM. Drug-induced acute transient

myopia with retinal folds. Retina 1986;6:220–3.

[105] Soylev MF, Green RL, Feldon SE. Choroidal effusion

as a mechanism for transient myopia induced by hy-

drochlorothiazide and traimterene. Am J Ophthalmol

1995;120:395–7.

[106] Jacobs DS, Piliero PJ, Kuperwaser MG, et al. Acute

uveitis associated with rifabutin use in patients with

human immunodeficiency virus infection. Am J Oph-

thalmol 1994;118:716–22.

[107] Karbassi M, Nikou S. Acute uveitis in patients with

acquired immunodeficiency syndrome receiving

prophylactic rifabutin. Arch Ophthalmol 1995;113:

699–701.

[108] Rifai A, PeymanGA,DaunM,WafapoorH. Rifabutin-

associated uveitis during prophylaxis for Mycobac-

terium avium complex infection. Arch Ophthalmol

1995;113:707.

[109] Chaknis MJ, Brooks SE, Mitchell KT, Marcus DM.

Inflammatory opacities of the vitreous in rifabutin-as-

sociated uveitis. Am J Ophthalmol 1996;122:580–2.

[110] Johnson TM, Desroches G. Panuveitis associated

with rifabutin prophylaxis in a pediatric HIV-positive

patient. J Pediatr Ophthalmol Strabismus 1998;35:

119–21.

[111] KhanMA, Singh J, Dhillon B. Rifabutin-induced uvei-

tis with inflammatory vitreous infiltrate. Eye 2000;

14:344–6.

[112] Akler ME, Johnson DW, Bruman WJ, et al. Anterior

uveitis and hypotony after intravenous cidofovir for

the treatment of cytomegalovirus retinitis. Ophthal-

mology 1998;105:651–7.

[113] Davis JL, Taskintuna I, Freeman WR, et al. Iritis and

hypotony after treatment with intravenous cidofovir

for cytomegalovirus retinitis. Arch Ophthalmol 1997;

115:733–7.

[114] Kirsch LS, Arevalo JF, de la Paz EC. Intravitreal

cidofovir (HPMPC) treatment of cytomegalovirus ret-

initis in patients with acquired immune deficiency

syndrome. Ophthalmology 1995;102:533–43.

[115] Rahal FM, Arevalo JF, Munguia D, et al. Intra-

vitreal cidofovir for the maintenance treatment of

cytomegalovirus retinitis. Ophthalmology 1996;103:

1078–83.

[116] McCuen 2nd BW, Bessler M, Tano Y, Chandler D,

Machemer R. The lack of toxicity of intravitreally

administered triamcinolone acetonide. Am J Ophthal-

mol 1981;91:785–8.

[117] Hida T, Chandler D, Arena JE, Machemer R. Exper-

imental and clinical observations of the intraocular

toxicity of commercial corticosteroid preparations.

Am J Ophthalmol 1986;101:190–5.

[118] Pendergast SD, Eliott D, Machemer R. Retinal toxic

effects following inadvertent intraocular injection of

Celestone Soluspan. Arch Ophthalmol 1995;113:

1230–1.

[119] Yannuzzi LA, Guyer DR, Green WR, editors. The ret-

ina atlas. St. Louis: Mosby-Year Book; 1995. p. 709.

[120] Grimson BS, Mahely Jr MS, Dubey HD, et al. Oph-

thalmic and central nervous system complications

following intra-carotid BCNU (Carmustine). J Clin

Neuro-Ophthalmol 1981;1:261–4.

[121] Miller DF, Bay JW, Lederman RJ, et al. Ocular and

orbital toxicity following intracarotid injection of

BCNU (carmustine) and cisplatinum for malignant

gliomas. Ophthalmology 1985;92:402–6.

[122] Shingleton BJ, Bienfang DC, Albert DM, et al. Ocu-

S.G. Schwartz, W.F. Mieler / Ophthalmol Clin N Am 15 (2002) 517–528 527



lar toxicity associated with high dose carmustine.

Arch Ophthalmol 1982;100:1766–72.

[123] Kupersmith MJ, Frohman LP, Choi IS, et al. Visual

system toxicity following intra-arterial chemotherapy.

Neurology 1988;38:284–9.

[124] Khawly JA, Rubin P, Petros W, Peters WP, Jaffe GJ.

Retinopathy and optic neuropathy in bone marrow

transplantation for breast cancer. Ophthalmology

1996;103:87–95.

[125] Margo CE, Murtagh FR. Ocular and orbital toxicity

after intracarotid cisplatin therapy. Am J Ophthalmol

1993;116:508–9.

[126] Hilliard LM, Berkow RL, Watterson J, et al. Retinal

toxicity associated with cisplatin and etoposide in

pediatric patients. Med Ped Oncol 1997;28:31–3.

[127] Kupersmith MJ, Seiple WH, Holopigian K, et al.

Maculopathy caused by intra-arterially administered

cisplatin and intravenously administered carmustine.

Am J Ophthalmol 1992;113:435–8.

[128] Ravelli M, Scaroni P, Mombelloni S, et al. Acute

visual disorders in patients on regular dialysis given

desferrioxamine as a test. Nephrol Dial Transplant

1990;5:945–9.

[129] Wang MY, Arnold AC, Vinters HV, Glasgow BJ. Bi-

lateral blindness and lumbosacral myelopathy associ-

ated with high-dose carmustine and cisplatin therapy.

Am J Ophthalmol 2000;130:367–8.

[130] Weber U, Goerz G, Hennekes R. Carotenoid retino-

pathie, I: morphologische und funktionell befunde.

Klin Mbl Augenheilkd 1985;186:351–4.

S.G. Schwartz, W.F. Mieler / Ophthalmol Clin N Am 15 (2002) 517–528528


