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Abstract

Purpose of review—To review commonly encountered adverse ocular effects of illicit drug 

use.

Recent findings—Drug and alcohol abuse can produce a variety of ocular and neuro-

ophthalmic side effects. Novel, so-called “designer,” drugs of abuse can lead to unusual ocular 

disorders. Legal substances, when used in manners for which they have not been prescribed, can 

also have devastating ophthalmic consequences.

Summary—In this review we will systematically evaluate each part of the visual pathways and 

discuss how individual drugs may affect them.
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Introduction

Drugs of abuse are substances which are either illicit, and are used by individuals 

recreationally, or are legal substances which are used in a manner for which they were not 

prescribed. Effects of these substances on the visual system can range from mild 

keratopathy, to severe vision loss from endophthalmitis or occipital lesions. The effects of 

drugs of abuse on the visual system is best addressed anatomically. Routes of administration 

include, but are not limited to, oral ingestion, nasal inhalation, intravenous injection, 

smoking, topical application, or application to other mucosal surfaces. The development of 

novel substances of abuse and novel routes of administration may surprise even the most 

astute clinician if substance abuse is not suspected.
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Pre-corneal tear film

Abnormalities of the tear film can induce severe visual dysfunction due to the creation of an 

irregular refracting surface.

Smoking has been associated with an increased incidence of dry eye.[1] The Beaver Dam 

Eye Study found that dry eye symptoms were related to a history of heavy alcohol 

consumption, but not current alcohol consumption.[2]

A recent investigation of patients following ethanol ingestion described detection of ethanol 

in the tears, along with a decreased tear breakup time. The proposed mechanisms for the 

altered tear function were that ethanol increased tear osmolarity, acted as a solvent, and 

could disturb cytokine production.[3*] In this manner, ethanol could exacerbate the signs 

and symptoms of dry eye syndrome. A comparative case-control study between men who 

drank heavily (≥4 drinks per day) and non-drinkers showed that heavy ethanol ingestion was 

associated with a decreased tear break up time, lower Schirmer I test, as well as altered 

conjunctival impression cytology in comparison to non-drinkers.[4]

Conjunctiva

Conjunctival and ciliary injection is associated with use of marijuana [5] and with heroin 

use.

One of the more creative routes of use for heroin was recently described in a case report 

from Iran in which an individual presented with an unusual chronic conjunctival lesion.[6] 

Conjunctival biopsy revealed chronic inflammatory changes secondary to repeated topical 

applications of crystallized heroin into the inferior fornices.

Cornea

The cornea contains the highest concentration of nerve endings in the entire body. Both 

prescribed and illicit drugs of abuse topically-applied may anesthetize the cornea, leading to 

injuries of the ocular surface and predisposition to infectious corneal ulcers. Agents often 

implicated in these injuries include cocaine, crack cocaine,[7] and topical anesthetics.

Poulsen et al. described a case series of presumed methamphetamine-related corneal 

ulceration with devastating keratitis that resulted in perforation requiring penetrating 

keratoplasties.[8]

Self-prescription of topical anesthetics is well known to induce severe corneal damage. A 

series of 19 patients from Turkey described individuals who had suffered occupational 

injuries such as metallic foreign bodies, welding flash, or chemical injury. These patients 

either self medicated with proparacaine hydrochloride (available over the counter in Turkey) 

prior to hospitalization for corneal disease, or self medicated while hospitalized. Despite 

warnings of the devastating ocular consequences of anesthetic abuse, 12 of these patients 

continued to abuse their topical anesthetic. These patients were followed for at least one 

year, with 15.4% of the patients becoming legally blind.[9] A psychiatric evaluation may be 

indicated for patients with topical anesthetic abuse if they exhibit signs of Munchausen’s 
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syndrome.[10] Finally, an orally ingested anti-tussive agent, benzonatate, has been reported 

to be abused as a topical anesthetic by breaking the capsules and directly applying the 

contained gel.[11]

Iris

Multiple drugs of abuse affect pupil size and reaction. Use of opiates, both legally and 

illicitly, leads to pupillary miosis.[5**] Cocaine’s inhibition of reuptake of norepinephrine 

causes pupillary mydriasis (useful in clinical practice in determining the presence of a 

Horner syndrome). Methamphetamine also causes pupillary mydriasis. Increasing use of a 

newer designer drug, “bath salts,” comprised of a variety of molecules in a class of 

chemicals called phenethylamines (which includes methamphetamine, 3,4-methylenedioxy-

N-methylamphetamine (MDMA), and methcathinone) has led to a substantial number of 

poison control calls in the United States.[12] Route of administration of bath salts includes 

inhalation, oral ingestion, and injection.[12] Sale of 31 specific “bath salt” compounds in the 

United States was banned in July 2012. In an analysis of 1,633 emergency department visits 

for acute “bath salt” intoxication, 7.1% of patients had mydriasis, although co-ingestion of 

other intoxicants occurred at a rate of 26%.12 The ocular side effects of this class of drug of 

abuse will need to be further clarified if, despite their illegality, these drugs continue to 

increase in popularity.

Angle and Ciliary Body

Inhalation of marijuana leads to an acute short-term decrease in intraocular pressure,[13] 

suggesting the possible use of marijuana or its derivatives for the treatment of glaucoma. 

However, due to its short duration of action, lack of long-term studies, and the other 

deleterious effects of marijuana including decreasing blood pressure (and possible optic 

nerve head perfusion), the American Glaucoma Society issued a position statement that use 

of marijuana in the treatment of glaucoma is not recommended.[14] A single case of 

recurrent bilateral angle-closure glaucoma following the use of marijuana and MDMA was 

reported, with resolution of symptoms after cessation of MDMA use.[15]

The consumption of alcohol has been associated with elevated intraocular pressure and 

glaucoma in several studies.[16]

Lens

Drugs of abuse rarely directly affect the crystalline lens. However, multiple case reports of 

cataracts associated with fetal alcohol syndrome have been published.[17] A single case of 

bilateral congenital triangular cataracts in an infant of a methamphetamine-abusing mother 

was reported, but definite causation was not established.[18] Many studies have examined 

the association of alcohol consumption with cataract formation. These studies were 

summarized and analyzed by Wang, et al., who found that current evidence supports a mild 

protective effect of moderate alcohol consumption on cataract formation, and an increased 

prevalence of cataracts among heavy alcohol consumers.[16] The Beaver Dam Eye Study 

found that smoking cigarettes had a dose response relationship with the formation of 
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cataracts.[19,20] Further studies have confirmed the association of cigarette smoking with 

cataract formation.[1,20]

Retina

Retinal pathology from illicit drug use includes embolic phenomena resulting from 

intravenous drug delivery. Talc retinopathy (embolic phenomena resulting from drug 

impurities delivered intravenously) was first described in patients who self-injected 

methylphenidate hydrochloride.[21] Refractile particles in the perifoveal arterioles, with 

possible retinal ischemia, is seen in patients with talc retinopathy. It is well documented in 

the ophthalmic literature to occur with other intravenously injected drugs as well.[22] Talc 

retinopathy may actually represent the accumulation of microemboli, rather than single 

embolic particles.[23] Localization of talc retinopathy to the inner retinal layers is now 

possible by demonstrating hyperreflective areas on ocular coherence tomography, 

corresponding to refractile bodies seen on funduscopy.[24] A recent publication described 

crystalline retinopathy as a result of intranasal methamphetamine use.[25] The mechanisms 

proposed included uptake by lymphoid tissue, and diffusion into pulmonary capillaries.

The use of intranasal cocaine was associated with the development of a bilateral, symmetric 

maculopathy, presenting as decreased color sensitivity, possibly from an adulterant.[26] A 

class of designer drugs, the alkyl nitrites, including isopropyl nitrite and isobutyl nitrite, has 

been implicated in “poppers maculopathy.”[27,28,29] The offending agent is inhaled. 

Symptoms include decreased central visual acuity, central scotoma, phosphenes, and 

metamorphopsia. These chemicals may lead to bilateral vision loss and altered structure of 

the macula, specifically altered structure at the inner segment/outer segment (IS/OS) retinal 

junction, as demonstrated on spectral-domain optical coherence tomography, and visible on 

funduscopy as a yellow spot at the fovea.[27,28] [Figure 1] The mechanism of deleterious 

action on the retina is unclear, but may include nitric oxide toxicity.[27,28,29]

One of the most devastating consequences of intravenous drug abuse is the development of 

endophthalmitis. Contaminated instruments of drug injection are often implicated in the 

injection of offending organisms into the bloodstream, which then travel to the eye.[30] A 

variety of organisms have been demonstrated, most frequently candida, aspergillus, bacillus, 

staphylococcus, and pseudomonas, among many others.[30]

Retinal vascular occlusive disease is known to occur with many drugs of abuse, including 

cocaine and methamphetamine.[31,32,33] Additionally, two cases of branch retinal vein 

occlusions in young men using anabolic steroids for enhanced muscle development have 

been reported, with proposed etiologic factors of increased blood viscosity, abnormal 

vascular walls, and hypertension.[34] In a study comparing African-American patients who 

used cocaine with those who did not use cocaine, investigators found a wider retinal venular 

caliber and increased arterial branching, and proposed this may reflect more generalized 

central nervous system (CNS) microvascular disease.[35]

Age-related macular degeneration (ARMD) is associated with alcohol and tobacco use. 

Smoking has been found to be related to the incidence and progression of ARMD in several 

population-based studies.[36] In addition, polymorphisms in several genetic loci, including 
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complement factor H, have been found to contribute to the additional risk of developing 

ARMD in smokers.[20] Several studies, both cross-sectional and prospective, have 

examined the effects of alcohol on the development of ARMD, but with no definite 

consensus.[1] There is a possible protective effect of moderate alcohol consumption, and 

possible adverse effect of heavy alcohol consumption on the development of ARMD.[16] A 

meta-analysis of published studies found that heavy drinking was associated with an 

increased risk of early ARMD.[37] The Beijing Eye Study found no association of moderate 

alcohol consumption on the development of ARMD.[38] However, the Melbourne 

Collaborative Cohort Study found an increased risk of both early and late age-related 

ARMD in individuals who consumed more than 20g of alcohol per day.[39]

Optic Nerve

The use of alcohol during fetal development can have the devastating consequential 

association of congenital abnormalities known as fetal alcohol syndrome. Optic nerve 

hypoplasia, although not a part of the diagnostic criteria described by the Centers for 

Disease Control and Prevention, is found in 61% of patients with fetal alcohol syndrome.

[17] Interestingly, a recent investigation of children who were exposed to high levels of 

alcohol in utero in comparison to unexposed children revealed no increase in risk of 

developing ocular defects. This study suggests that ophthalmic screening should not be used 

to determine the presence of fetal alcohol syndrome, but that children who meet the criteria 

for fetal alcohol syndrome should have systematic eye examinations.[40]

Methanol ingestion most often occurs due to accidental consumption, and may induce a 

severe irreversible bliateral toxic optic neuropathy. The optic disc may become hyperemic 

with edema, followed by pallor and cupping. [Figure 2] The insult appears to be 

demyelinating early, and necrotic late. In a retrospective case series describing visual 

outcomes of methanol poisoning in which 37 patients with visual disturbances at 

presentation were followed, 62% of patients had complete recovery, 14% had partial 

recovery, 14% had complete blindness, and 11% had initial partial recovery followed by 

deterioration and complete blindness.[41] Treatments include ethanol (which competes with 

methanol metabolism) and hemodialysis.

Visual evoked potentials (VEP) can be used to measure the integrity of the visual pathways, 

specifically optic nerve function. A study in children who had in utero exposure to 

methadone and other drugs of abuse had abnormal visual evoked potentials in 60%, 

suggesting a very high rate of optic nerve toxicity.[42]

Several patients with Wernicke’s encephalopathy (ataxia, ophthalmplegia, and confusion) 

have been reported with disc edema and visual loss from optic neuropathies.[43–36] Li et al. 

described a patient with Wernicke’s encephalopathy with optic neuropathies in whom they 

found a mitochondrial DNA mutation that causes Leber hereditary optic neuropathy 

(LHON).[43] They propose that when there is vision loss in cases of Wernicke’s 

encephalopathy, an underlying genetic predisposition for LHON should be investigated.

So called “tobacco-alcohol amblyopia,” in which an optic neuropathy is attributed to the 

toxic effects of combined tobacco and alcohol use, should be eliminated from the medical 
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lexicon.[47] This is not to say that tobacco does not contribute to the exacerbation of optic 

neuropathies. However, the contribution of alcohol use to the development of an optic 

neuropathy is likely due to malnutrition, and not the direct toxic effects of ethanol use. The 

Cuban optic neuropathy epidemic associated the use of tobacco, especially cigars, and 

malnutrition, to vision loss from an optic neuropathy.[48] Susceptible individuals who 

harbor the mitochondrial DNA mutations associated with LHON should be counseled to 

avoid smoking. Kirkman et al. found that smoking significantly increased the risk of vision 

loss in patients harboring mutations for LHON.[49] While not statistically significant, these 

individuals also had a trend toward visual loss with heavy alcohol intake.[49]

Orbit

Intranasal cocaine abuse can have devastating consequences for the orbit due to local 

ischemic damage leading to bony destruction, sometimes with pneumocele.[50] Intranasal 

cocaine abuse has led to severe sinusitis extending into the orbit causing an optic neuropathy 

and orbital apex syndrome.[51,52] In one case of orbital cellulitis, superior ophthalmic vein 

thrombosis resulted from direct intraorbital injection of heroin.[53]

Eye Movements (strabismus, cranial neuropathies and nystagmus)

Eye movement abnormalities may occur with numerous drugs of abuse, including 

phencyclidine, lysergic acid diethylamide (LSD), and opioids.[54] Cocaine may induce or 

exacerbate myasthenia gravis.[55] Previous cases of acute esotropia following heroin 

withdrawal have been described.[56] Heroin detoxification was found to lead to a trend 

toward an esodeviation at distance in a prospective study of patients undergoing 

detoxification.[57]

Fetal alcohol syndrome is also associated with strabismus, as well as with prolonged 

saccadic reaction times, saccadic direction errors, and decreased saccadic velocity, 

suggestive of frontal lobe dysfunction.[17,58] Strabismus is common with infantile exposure 

to other drugs of abuse as well, and has been reported in 14% of infants of opiate-dependent 

mothers, more than 10 times that of the general population.[59]

Severe malnutrition leading to thiamine deficiency, seen in some chronic alcoholics and 

post-bariatric surgery patients, can lead to Wernicke’s encephalopathy. The classic clinical 

triad of Wernicke’s encephalopathy is ophthalmoplegia, ataxia, and confusion, but this triad 

is rarely complete in patients with Wernicke’s. MRI findings include symmetric T2 

hyperintensities and contrast enhancement in the mammillary bodies, dorsal medial thalamic 

nuclei, tectal plate, and periaqueductal grey areas. [Figure 3] Wernicke’s can lead to 

extraocular motility disturbances including cranial nerve palsies, vertical gaze palsies, and 

nystagmus.[60]

The cranial nerves themselves are rarely affected in isolation by substance abuse. A case of 

isolated bilateral sixth nerve palsy presumed to be from MDMA abuse was attributed to the 

interaction of the drug with serotonin receptors in the sixth nerves.[61] Sixth nerve palsy 

may accompany papilledema following the intake of any drug which raises intracranial 

pressure, as seen, for example, in a case of of ethylene glycol ingestion.[62]
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Nystagmus is common with many drugs of abuse, including phencyclidine, opiates, 

marijuana, and barbituates. In utero exposure of the developing fetus to benzodiazepines and 

opiates can lead to a fine horizontal pendular nystagmus. The nystagmus can be associated 

with the development of a neonatal abstinence syndrome that is severe enough to require 

treatment.[42,63]

Central nervous system

Hallucinations are often a desired effect of numerous drugs of abuse, such as lysergic acid 

diethylamide (LSD), psilocybin, alcohol, barbituates, phencyclidine, MDMA, and 

marijuana. So-called flashbacks, or recurrent hallucinations, can occur years, or even 

decades, following even a single prior use of LSD.[64–66] An unusual side effect of LSD is 

palinopsia, prolonged or persistent afterimages.[64]

Similar to the effects of sympathomimetics causing vascular occlusive and hemorrhagic 

disease within the eye, these substances can affect the brain. Cocaine and methamphetamine 

use are a classic cause of ischemic stroke, intracerebral hemorrhage, and subarachnoid 

hemorrhage.[67,68] Small vessel vasculopathy affecting the central nervous system can be 

induced by amphetamines.[68] Therefore, any young adult presenting with an acute 

hemorrhagic or ischemic stroke should be screened for substance abuse. Cardiogenic emboli 

in patients with a history of intravenous drug use may be infectious (endocarditis) and result 

in strokes and associated visual symptoms. [Figure 4]

Trauma

The use of alcohol and other substances of abuse is associated with a higher risk of 

penetrating ocular trauma and traumatic brain injury. Rates of drug and alcohol use among 

open globe injury patients range from 24–73%.[69]

The production of illicit drugs, in addition to the consumption, has proven hazardous to 

ocular health. A case series of four patients reported thermal and alkali burns from a “shake 

and bake” methamphetamine laboratory explosion.[70] A case series from the University of 

Iowa described the ocular thermal and alkalki injuries suffered by eight patients who 

presented to their burn care unit after methamphetamine production accidents.[71]

Conclusion

Drugs of abuse are an increasing cause of morbidity and mortality within our society, 

despite efforts to eliminate them from distribution and use. Novel materials are being used in 

the drug abuser’s arsenal of self-inflicted damage, and we must be able to recognize the 

effects of these compounds on the visual system. For patients with unusual presentations, 

maintaining a high suspicion of drug abuse is prudent.
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Key Points

• The abuse of drugs and alcohol can have serious consequences for the visual 

system.

• Novel routes of administration and use of novel drugs of abuse can have 

consequences for the visual system that surprise the most astute clinicians if 

drug abuse is not suspected.

• For patients who have unusual presentations, suspicion of drug abuse may be 

warranted.
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Figure 1. 
Poppers maculopathy: a) Fundus photographs demonstrating bilateral foveal yellow spots b) 

Ocular coherence tomography of the macula demonstrating bilateral damage to the foveal 

photoreceptors c) Fundus autofluorescence photographs demonstrating central 

hyperautofluorescence. Courtesy of Dr. Catherine Vignal and Pr. Michel Paques, Paris, 

France.
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Figure 2. 
Fundus photographs of a patient with bilateral optic neuropathies secondary to methanol 

ingestion. Photographs show bilateral disc atrophy following disc edema. The patient’s 

vision was light perception in each eye.
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Figure 3. 
MRI findings in Wernicke syndrome, a) FLAIR axial imaging demonstrating hyperintensity 

of periaqueductal grey area (arrow), b) T2 coronal imaging demonstrating hyperintensity of 

periaqueductal grey area (arrow).
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Figure 4. 
Axial CT scan of the brain without contrast demonstrating a left empyema with left 

hemorrhagic parietal-occipital infarction. Underlying etiology was an embolus in a patient 

with infectious endocarditis from intravenous heroin use. The brain lesion resulted in a right 

homonymous hemianopia.
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Table

Commonly abused drugs and frequent ophthalmic or visual manifestations

Drug Ocular/visual manifestation

Alcohol Dry Eye

Fetal Alcohol Syndrome

Ocular Trauma

Diplopia

Wernicke’s Encephalopathy

Methanol Toxic optic neuropathy

Cocaine Corneal anesthesia

Keratitis

Corneal ulceration

Mydriasis

Retinal emboli

Retinal venous occlusion

Orbital disease

Stroke

Hallucinations

Methamphetamine Keratitis

Corneal ulceration

Mydriasis

Retinal venous occlusion

Intraretinal hemorrhage

Talc retinopathy

Stroke

Hallucinations

Heroin/Methadone Talc retinopathy

Endophthalmitis

Miosis

Marijuana Conjunctival injection

Decreased intraocular pressure

Nystagmus

Hallucinations

LSD Mydriasis

Hallucinations

Palinopsia

Phencyclidine Decreased corneal reflex

Diplopia

Nystagmus

“Bath Salts” Mydriasis

Alkyl nitrites Maculopathy

Barbiturates Ptosis
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Drug Ocular/visual manifestation

Diplopia

Nystagmus
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