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Abstract: It is important for clinicians to consider exposure to toxic substances and nutritional defi-
ciencies when diagnosing and managing cases of vision loss. In these cases, physiologic damage can
alter the function of key components of the visual pathway before morphologic changes can be de-
tected by traditional imaging methods. Electrophysiologic tests can aid in the early detection of such
functional changes to visual pathway components, including the retina or optic nerve. This review
provides an overview of various electrophysiologic techniques, including multifocal electroretino-
gram (mfERG), full-field ERG (ffERG), electrooculogram (EOG), pattern electroretinogram (PERG),
and visual evoked potential (VEP) in monitoring the retinal and optic nerve toxicities of alcohol, amio-
darone, cefuroxime, cisplatin, deferoxamine, digoxin, ethambutol, hydroxychloroquine, isotretinoin,
ocular siderosis, pentosane, PDE5 inhibitors, phenothiazines (chlorpromazine and thioridazine),
quinine, tamoxifen, topiramate, vigabatrin, and vitamin A deficiency.

Keywords: toxicity; drug; electrophysiology; electroretinogram; electrooculogram; visual evoked
potential; eye; retina; optic nerve; functional exam

1. Introduction

It is not uncommon for the earliest manifestation of drug toxicity to be detected in
the ophthalmology clinic. In this situation, it often is a complex picture of clinical tools,
drug exposure, and electrophysiologic abnormalities that point to the offending agent.
Often, patients can be on multiple potentially retina-toxic or neurotoxic medications, and
establishing probabilities can be helped by advances in electrophysiologic testing. Here
we discuss drugs that are widely used currently (or were in the past) that are common
offenders. The testing techniques must be used in combination with a very skillful ocular
exam designed to quantitatively detect subtle abnormalities by appropriately qualified and
trained observers.

While this list is not exhaustive, the testing methods allow a discussion of the current
options available to ensure that a proper diagnosis is made. We examine the ocular
implications of a variety of widely used medications, which can be seen listed with generic
and brand names in Table 1. Occasionally, a drug may be lifesaving, and careful assessment
of the risk versus benefits must be made. The current drugs discussed will also allow
broad application potentially of similar techniques to detect similar toxicity of newer
analogues. Screening for toxicity may not be the best terminology used in these applications,
and detection of toxicity is a rather more appropriate term. We now discuss the agents
commonly implicated for ocular toxicity in the clinic.
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Table 1. Generic vs. brand names for all study medications.

Generic Brand

Amiodarone
Cordarone
Nextarone
Pacearone

Cefuroxime
Ceftin

Kefurox
Zinaceft

Cisplatin Platinol

Desferoxamine, desferrioxamine Desferal

Digoxin

Cardoxin
Digitek
Digox

Lanoxicaps
Lanoxin

Ethambutol Myambutol

Hydroxychloroquine
Quineprox
Plaquenil

Plaquenil Sulfate

Isoretinoin

Absorica
Accutane

Amnesteem
Claravis

Myorisan
Sotret

Zenatane

Pentosan Polysulfate Sodium Elmiron

Avanafil Stendra

Sildenafil Revatio
Viagra

Tadalafil Adcirca
Cialis

Vardenafil Levitra
Staxyn

Chlorpromazine
Ormazine
Thorazine

Thorazine Spansule

Thioridazine Mellaril

Quinine
QM-260

Qualaquin
Quinamm

Tamoxifen Nolvadex
Soltamox

Topiramate

Eprontia
Qudexy XR

Topamax
Trokendi XR

Topiragen

Vigabatrin Sabril
Vigadrone
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2. Alcohol

Alcohol intoxication from the ingestion of methyl alcohol can cause various forms
of vision dysfunction, ranging from acute optic neuropathy to fetal alcohol syndrome.
Alcohol may also contribute to or alter the development of other ocular pathologies such
as age-related macular degeneration, diabetic retinopathy, cataract, and glaucoma [1].
Here we review changes in electrophysiology related to the processes attributed mostly to
alcohol ingestion.

Methyl alcohol ingestion can cause damage to the optic nerve and retina through
the accumulation of toxic metabolites of formaldehyde and formic acid [1]. Patients may
present with significantly reduced visual acuity and optic disc hyperemia, edema, or
pallor [2,3]. In acute intoxication episodes and chronic wine alcoholism, scotopic ffERG
findings include diminished a-wave and b-wave amplitudes [3,4]. Similarly, in mice
exposed to methyl alcohol, both scotopic and photopic ERGs have reduced a-wave and
b-wave amplitudes [5]. VEP was found to be abnormal in about 40% of patients with
methanol exposure [6]. The most common abnormalities on VEP were increased implicit
times followed by decreased N1P1 and P1N2 amplitudes [6].

Ninety percent of patients born with fetal alcohol syndrome (FAS) will have ocular
manifestations of the disease [7]. Common facial dysmorphic features include short palpe-
bral fissures, telecanthus, epicanthus, and blepharoptosis. Key functional structures of
the eye may be impacted, with common findings of optic nerve hypoplasia and strabis-
mus in these patients [8]. On scotopic ffERG, b-wave amplitudes are severely reduced
in more than 90% of the patients with FAS. Increased a-wave and b-wave implicit times
and reduced a-wave amplitude are also seen in a mixed rod–cone response to a bright
white flash. Compared to gender- and age-matched controls, FAS patients also have a
reduced Rmax (maximal b-wave amplitude) and increased log(k) (retinal sensitivity) on the
intensity–response series [8]. Photopic ERG is less affected compared to scotopic ERG [8].

3. Amiodarone

Amiodarone is a class III antiarrhythmic medication that is used in the treatment of
recurrent coronary rhythm abnormalities including ventricular tachycardia or fibrillation.
It prolongs the actional potential of cardiac myocytes by blocking the potassium channel
in cardiac tissues. It is associated with significant systemic adverse effects on the thyroid,
pulmonary system, and eye that are most likely due to the accumulation of the medication in
other tissues such as the retina [9,10]. The most common ocular dysfunction associated with
amiodarone is corneal verticillata, a vortex-shaped pattern of corneal epithelial deposits
which causes opacification and can lead to vision loss [11]. Retinopathy is only infrequently
seen in patients taking amiodarone, and there is no definite evidence associating the
medication with retinal toxicity [11,12]. Similarly, no significant changes were found on
ffERG and mfERG. While subnormal results were reported on mfERG, no clear pattern of
changes appeared in patients taking amiodarone [12].

4. Cefuroxime

Cefuroxime is a broad-spectrum cephalosporin antibiotic that is commonly used in
ophthalmic surgery for prophylaxis to reduce the risk of post-operative infection. Intra-
cameral cefuroxime and subconjunctival cefuroxime are commonly used during cataract
surgery and trabeculectomy surgery, respectively [13]. It achieves its bactericidal effect
through the inhibition of bacterial cell wall synthesis. Ocular adverse effects of cefuroxime
include intraocular inflammation [14], macular infarction with cystoid macular edema [15],
and cornea edema [16]. On optical coherence tomography (OCT), serous macular detach-
ment and disruption of the ellipsoid zone have been reported in a few cases [13]. While
still not fully understood, given that macular edema predominates in the outer nuclear
layer, transient sodium–potassium pump dysfunction in the retinal pigment epithelium
(RPE) might play a role in cefuroxime toxicity [14].
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Electrophysiologic changes are also seen in cefuroxime toxicity, which can result from
the RPE dysfunction from cefuroxime toxicity. On ffERG, reductions in a-wave and b-wave
amplitudes in dark-adapted and light-adapted conditions have been reported [13,14,17].
On the other hand, a case series noted that photopic b-wave amplitudes were normal
and only a reduction in scotopic b-wave amplitudes was noted [14]. The different results
in photopic b-wave amplitudes may be related to the higher dose of cefuroxime in the
case series (40–50 mg) compared to other studies with lower concentration (1–12.5 mg).
Cefuroxime is also associated with reduced signals in all rings of mfERG [13]. Further
investigations are needed to elucidate the relationship between cefuroxime dose and
electrophysiologic changes.

5. Cisplatin

Cisplatin (cis-diamminedichloroplatinum) is a platinum-based chemotherapy agent
that functions by alkylating DNA, widely used for the treatment of bladder, ovarian,
and testicular cancer. It can be administered either intravenously or intraarterially, and
both are associated with ocular toxicity. Cisplatin-related ocular toxicity may manifest
as vaso-occlusive pathologies (e.g., central retinal artery occlusion, cilioretinal artery
occlusion), [18,19] optic neuritis [20], or optic nerve ischemia. It is theorized that cisplatin
causes retinal toxicity by producing excessive oxidative stress, and symptoms commonly
include retinal ischemia [21,22].

On ffERG, patients with germinal cell cancer who were treated with intravenous
cisplatin were found to have significantly reduced b-wave amplitudes and prolonged
a-wave implicit time in testing for isolated cone response with 30-Hz flickering white
light [23]. On VEP, cisplatin retinopathy is associated with increased implicit times and
reduced amplitude. The effect on VEP appears to be independent of the cumulative dose of
cisplatin received [24,25]. On the other hand, for patients with reversible cisplatin-related
optic neuritis, VEP response was initially completely absent then returned with delayed
implicit times [20].

Cisplatin administered as part of intra-arterial chemotherapy has also been associated
with electrophysiologic changes. Case reports have found extinguished ERGs and dimin-
ished EOG in patients receiving cisplatin and BCNU (carmustine) or cisplatin alone [26].
In addition, VEP prolongation can be seen in patients with intra-arterial cisplatin either
before or after visual acuity loss was detected [24].

6. Deferoxamine

Deferoxamine is a chelator for the treatment of chronic iron overload due to a variety
of pathologies that require long-term treatment with blood transfusions. It can be used
in the treatment of a variety of hematologic conditions that result in chronic anemia [27].
It functions as a chelating agent by forming a covalent bond with ferric iron to form
ferrioxamine, which is eliminated by the kidney in urine.

Deferoxamine has multiple well-characterized ocular side effects, including retinopa-
thy, cataract, and optic neuropathy [28,29]. While not completely understood, apoptotic
changes in RPE cells have been linked to deferoxamine [27]. Patients can present with
night blindness, decreased visual acuity, and abnormal color vision [27,29,30]. On ffERG,
patients who received deferoxamine were found to have reduced a-wave and b-wave
amplitudes in scotopic conditions. In addition, prolonged b-wave implicit time can be seen
in photopic conditions [31]. On mfERG, statistically significant reduced retinal response
density (RRD) can be seen centrally, while prolonged P1 implicit time can be seen in the
peripheral area [31]. On EOG, reduced Arden ratio can be observed in patients treated
with deferoxamine. However, there appeared to be large variability in the reduction of the
light-peak to dark-trough ratio [28,32]. On VEP, two earlier studies reported a subset of
cases with increased VEP implicit time after deferoxamine therapy for some months, even
though an ophthalmological exam did not find any abnormality [29,33]. Recent studies,
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however, have found no statistically significant changes in both amplitudes and P100
implicit times on VEP for patients who received deferoxamine compared to controls [31,34].

7. Digoxin

Digoxin is a commonly used medication in cardiology for the treatment of heart
failure and supraventricular arrhythmia. It reversibly inhibits the sodium/potassium
ATPase pump in myocardial muscle cells and thereby increases myocardial contractility [35].
Digoxin-related ocular toxicity is most commonly associated with color vision deficiency,
which can be seen in about 20–30% of patients [36]. Other common symptoms include
blurred vision with or without dyschromatopsia and worse vision in bright light and
flashing or scintillating lights [37]. Visual symptoms can often be seen days or weeks after
drug initiation [35].

As several different retinal cells, including photoreceptors, RPE, and Müller cells,
express the isoforms of sodium/potassium ATPase that are sensitive to digoxin, digoxin
ocular toxicity can lead to RPE or photoreceptor dysfunctions that lead to electrophysiologic
changes [36]. On ffERG, digoxin use has been associated with findings such as decreased
b-wave amplitudes of cone-mediated response and prolonged b-wave implicit time [37,38].
The prolongation in b-wave implicit time is reversed after the discontinuation of the
medication, which makes it feasible to use ERG to monitor for digoxin visual toxicity [38].
These changes may be related to the reversible inhibition of sodium/potassium ATPase
by digoxin that disrupts ion transportation, which can lead to a prolonged period of
repolarization on rods/cones and prolonged duration of action potential on retinal ganglion
cells. mfERG showed a diffuse reduction in amplitudes in the central 10 degrees of the
macula [35]. The EOG light-peak to dark-trough ratio is reported to be high during clinical
toxicity, but it is likely to be normal [39].

8. Ethambutol

Ethambutol is an antimycobacterial medication that achieves its therapeutic effect
through the inhibition of arabinosyltransferase. It prevents mycobacterial cell wall synthesis
and is commonly used as part of the treatment for Mycobacterium tuberculosis in combination
with other agents. The most commonly reported ocular side effect is ethambutol-related
optic neuropathy (EON) and happens in about 1.3–1.5% of patients who are treated with
ethambutol [40,41]. Patients with EON present with decreased visual acuity and deficits in
color vision that are reversible after cessation of therapy. EON can be subdivided into the
axial (central) form, associated with cecocentral scotoma, and the periaxial form, associated
with changes in the peripheral visual field [42]. While the exact mechanism of ocular
toxicity of ethambutol remains unclear, metal chelation by ethambutol, including zinc
and copper, may be related as it causes disruption to mitochondrial homeostasis in retinal
ganglion and neuronal cells [42].

Electrophysiologic changes reported with EON include a reduction in the difference of
the maximum b-wave amplitude relative to the maximum a-wave amplitude between light
adaptation and dark adaptation [43]; an increase in b-wave implicit time in light-adapted
ffERG [44]; and a decrease in amplitude in pattern ERG [45]. On mfERG, significantly
delayed implicit time of P1 (the peak of the first positive wave) in rings 4–6 was seen in
patients with EON [46]. Other case reports reported reduced amplitudes of N1 (from the
baseline to the trough of the first negative wave) and P1 (from the baseline to the peak of
the first positive wave) near the macula [47,48], but these changes were not statistically
significant in a larger study [46]. On EOG, supranormal Arden ratio can be seen in early
toxicity; however, reduced Arden ratio can also be seen [49]. On VEP, delayed implicit time
and reduced peak amplitudes can be seen in EON patients [45]. Specifically, a “scotomatous
response” can be seen months after the start of ethambutol therapy, whereby the normal
P100 signal is replaced by a paramacular positive–negative–positive response [50]. Taken
together, the electrophysiology changes associated with ethambutol suggest that EON
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likely affects not only the optic nerve, but also the retinal pigmentary epithelium and the
peripheral neurosensory retina.

9. Hydroxychloroquine

Hydroxychloroquine (HCQ, Plaquenil®) is an antimalarial medication also commonly
used in the treatment of a variety of autoimmune diseases, including lupus, rheumatoid
arthritis, and Sjorgren’s disease. It achieves its therapeutic effect through an increase in
lysosomal pH and suppression of the activation of the innate immune system. The retinal
toxicity of hydroxychloroquine and chloroquine has been studied extensively. Risk for
retinal toxicity is associated with a higher dosage (>5 mg/kg) and has a reported 10% risk
at 10 years of use [51]. The disease is characterized clinically by RPE abnormalities on OCT
in early stages and “bull’s-eye” maculopathy in the later stage of the disease process [52].
The mechanism of HCQ’s ocular side effect remains uncertain but may be related to the
disruption of RPE and/or photoreceptor metabolism [52]. Given the need for the immediate
cessation of the medication once retinal toxicity is detected in the early stage of the disease to
prevent future loss, routine ophthalmologic screening plays an important role in preventing
visual loss due to HCQ use. Visual fields and OCT are the most common modalities in the
current guideline for the screening for HCQ retinopathy [51]. However, as more emphasis
is put on “objective” screening methods rather than “subjective” screening methods (i.e.,
visual fields), electrophysiology testing, especially mfERG, can play an important role in
screening for the disease [52–54]. Furthermore, after discontinuation of HCQ, recovery
of visual function can also be detected in the reversal of mfERG changes [55]. Systematic
review also found mfERG to be a modality with 90% sensitivity and 52% specificity, which
further supports the use of mfERG as an adjunct tool in the screening of HCQ retinal
toxicity [53].

On mfERG, abnormal results associated with HCQ retinopathy include amplitude
reduction, prolonged implicit time, reduction in ring response, and ring ratios greater
than the normal limit. Additionally, color difference plots indicate decreased response
density [53,56]. The amplitude reduction appears to be most commonly seen pericentrally
as compared to full-field or central loss [54,57]. Therefore, compared to mfERG, ffERG
appears to be less sensitive to HCQ retinopathy, and only a subset of cases with mfERG
deficits have a reduction in the amplitude of ffERG [57]. These findings may be related
to the different effects of HCQ on photoreceptors in different locations, but further work
is necessary to elucidate the mechanism of HCQ ocular toxicity. On VEP of patients with
HCQ toxicity, P100 implicit time increased, while the VEP amplitudes were not significantly
different compared to those of controls [58].

10. Isotretinoin

Isotretinoin (13-cis-retinoic acid) is a vitamin A derivative that is commonly used in the
treatment of severe refractory acne vulgaris by reducing sebum production [59]. As vitamin
A plays a central role in the visual cycle, the use of isotretinoin has also been associated
with impaired dark adaptation and night blindness [60]. Once a patient develops ocular
symptoms, cessation of isotretinoin therapy is typically associated with recovery of night
vision [61].

On ffERG, a patient who has visual toxicity associated with isotretinoin can be seen
with reduced a-wave amplitude in scotopic conditions [60,62], reduced b-wave ampli-
tude, and low a-wave to b-wave amplitude ratio [63]. The subclinical changes in ERG
appear to persist even after cessation of the therapy and can be seen months or years after
therapy [60,63]. EOG can be either normal or slightly subnormal with a reduced light-peak
to dark-trough ratio in some patients with isotretinoin-associated visual toxicity [60,62]. In
summary, electrophysiologic techniques, particularly ERG, may be used as a diagnostic
tool in both diagnosing and monitoring isotretinoin-associated visual toxicity.
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11. Ocular Siderosis

Ocular siderosis is a condition in which an iron-containing intraocular foreign body
(IOFB) is retained in the eye, commonly following trauma. While large fragments are likely
to cause intraocular hemorrhages or symptomatic cataracts that are managed surgically,
retained smaller foreign bodies can result in ocular siderosis. Typical clinical signs include
deposits beneath the anterior capsule, heterochromia, pupillary mydriasis, and iron de-
posits on the corneal endothelium [64]. Patients usually present 2–24 months after the
inciting trauma and have reduced visual acuity.

On ffERG, patients with early stage ocular siderosis show reduced b-wave amplitude
and lack of oscillatory potential [64]. However, if left untreated over years (i.e., lack of
surgical removal of the IOFB), the reduction in ffERG amplitudes can further worsen
and eventually become unrecordable [65]. After surgical treatment, ffERGs typically
recover in response amplitudes, with the exception of oscillatory potentials [66]. Therefore,
electrophysiologic testing can be a useful tool to not only diagnose but also help monitor
the progression of patients with ocular siderosis.

12. Pentosan

Pentosan polysulfate sodium (PPS) is an oral medication currently approved for
the treatment of interstitial cystitis. The association between PPS use and pigmentary
maculopathy was first reported in 2018 in six patients [67]. While its exact mechanism
remains uncertain, patients most commonly present with blurry vision, impaired subjective
dark adaptation, and metamorphopsia [68]. PPS is characterized by hyperpigmented
macular spots with pale yellow deposits bilaterally on fundus exam and RPE elevation and
thickening on OCT. Fundus autofluorescence (FAF) also characteristically shows a pattern
of hyperfluorescent and hypofluorescent spots in an array pattern that extends from the
macula to the peripheral retina [68,69].

PPS-related maculopathy is also associated with changes in electrophysiology. On
ffERG, cases have been reported to have normal ERG, borderline low cone-derived response
amplitudes, or mildly attenuated rod-derived responses [67–69]. On mfERG, cases reported
have ranged from normal to mild attenuation of response densities and delayed peak
implicit times in central and pericentral areas, most prominently in rings 1–3 [67]. The EOG
light-peak to dark-trough ratio was reported to be normal in three cases [69]. No studies to
our knowledge have studied the VEP response to PPS-related maculopathy. Further studies
on the electrophysiology of PPS-related maculopathy will help us further understand the
mechanism of the toxicity.

13. PDE5 Inhibitors

Phosphodiesterases type 5 inhibitors (PDE5 inhibitors) are oral medications commonly
used in the treatment of erectile dysfunction. Examples include medications such as
sildenafil, tadalafil, and vardenafil. PDE5 inhibitors are theorized to cause visual side
effects by weakly (10% relative effectiveness) inhibiting phosphodiesterase type 6, which is
present on rods and cones and is a key component in the phototransduction cascade [70,71]
Patients most commonly present with blue-tinged vision and increased sensitivity to light
a few hours after receiving the medication [70].

PDE5-related visual changes can also be detected by electrophysiologic testing and
may be related to the dose-dependent alternation of rod/cone functions by PDE-5 in-
hibitors [71]. On ffERG, reductions in photopic a-wave and b-wave amplitudes were seen
1 h after administration of sildenafil before returning to normal within 6 h [72]. The im-
plicit times of photopic and 30 Hz flicker responses were also increased [71]. On mfERG,
sildenafil is also associated with delayed and attenuated responses across the posterior
pole [71]. Compared to the change in ERG, VEP appeared to be unchanged during clinical
toxicity [72].
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14. Phenothiazines (Chlorpromazine and Thioridazine)

Phenothiazines are a group of medicines for the treatment of schizophrenia and other
psychotic disorders. Chlorpromazine and thioridazine are phenothiazine anti-psychotic
medications that achieve their therapeutic effect by antagonism of postsynaptic dopamine
receptors [73,74]. Among the phenothiazines, chlorpromazine and thioridazine have been
studied extensively for their dose-dependent ocular side effects, which include pigmenta-
tion of eyelids, corneal edema, and pigmentary retinopathy [75]. Thioridazine has been
associated with more cases of retinal toxicity, but there have also been a few cases reported
for chlorpromazine [76,77]. Specifically, a dosage higher than 1000 mg/day of thioridazine
for some weeks is associated with retinal toxicity [75]. The retinal toxicity may be related to
the blockage of dopamine’s neuroprotective effect, leading to phototoxicity [75].

On ffERG, some studies have noted that chlorpromazine use is associated with re-
duced b-wave amplitudes [76,77], and delayed implicit times of ffERG, PERG, and pattern
VEP [78]. However, in studies with schizophrenic patients who took chlorpromazine, no
correlation between ERG a-wave amplitude and the dose of chlorpromazine was found [79].
On VEP, chlorpromazine is associated with increases in P100 implicit time [80].

Thioridazine, similarly, is associated with diminished b-wave amplitude, delayed
a-wave implicit time, and delayed b-wave implicit time in scotopic ffERG [81]. On EOG,
patients who received thioridazine showed either normal or reduced light-peak to dark-
trough ratio [77] On VEP, similarly, thioridazine is associated with increased implicit times
and decreased amplitudes [82].

15. Quinine

Quinine is a medication commonly used to treat malaria, with an additional off-label
use for treating nocturnal leg cramps. It achieves its antimalarial effect by disruption of
the nucleic acid and protein synthesis of the P. falciparum parasite, but it has a narrow
therapeutic window with significant systemic toxicity in high plasma concentrations and
common side effects including nausea, headache, and hypotension [83,84]. While the
exact mechanism of quinine-related ocular toxicity remains unclear, the most common
manifestations are loss of peripheral vision and a dramatic decrease in visual acuity early
on in the acute toxicity phase despite the fundus appearing normal [85]. In a later stage,
the retinal vessel may become attenuated, and optic disc pallor can develop.

Quinine toxicity is characterized by a reduction in ffERG a-wave and b-wave am-
plitudes in the acute phase. Later, the a-wave amplitude may partially or completely
recover with persistent b-wave amplitude reduction, leading to an electronegative wave
appearance [83–86]. On mfERG, the responses are attenuated in the whole tested field
and are more severe peripherally compared to centrally [83,84]. On pattern reversal VEP,
quinine toxicity is also associated with delayed implicit time [86,87]. EOG can appear to
have reduced light-peak to dark-trough ratio in the acute toxicity phase before returning to
normal [87,88].

16. Tamoxifen

Tamoxifen is a selective estrogen receptor modulator (SERM) that is commonly used
in the treatment of estrogen receptor positive (ER+) breast cancer. Tamoxifen is associated
with retinopathy characterized by refractile superficial crystalline deposits in the inner
retina and punctate gray lesions in the retinal pigment epithelium and outer retina [89].
The parafoveal hyperreflective deposits can be also seen on OCT in an affected patient [90].

On multiple studies of both ffERG and mfERG, the patients treated with tamoxifen
did not present significant changes compared to healthy controls in low- or high-dose
tamoxifen, even with the refractile deposit visualized on fundus exam [91–93]. A few case
reports reported that tamoxifen use is associated with slightly reduced a-wave and b-wave
amplitude on ffERG [94]. On mfERG, there is a case report that tamoxifen caused a reduc-
tion in response densities in the aracentral and pericentral retina [95]. However, further
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investigation is needed to clarify the variable effect of tamoxifen on the electrophysiology
of patients with different ocular diseases.

17. Topiramate

Topiramate is an anticonvulsant that is also used to treat migraines. It is a sulfa-derivative
monosaccharide that achieves its effect by the enhancement of gamma-aminobutyric acid
(GABA) transmission, blocking of neuronal voltage-gated sodium channels, and mild
inhibition of carbonic anhydrase isoenzymes. It has well-known common ocular side
effects, including inducing myopic shift and angle closure glaucoma [96,97]. In addi-
tion, it has some uncommon side effects, including retinal detachment and vitelliform
maculopathy [98,99].

A patient with topiramate-related vitelliform maculopathy was reported to have an
electronegative ffERG and normal EOG [99]. In rabbits treated with topiramate, ffERG
showed reduced b-wave amplitudes to 30 Hz flicker [100]. While the exact mechanism
remains uncertain, the electrophysiologic changes may be related to the modifications of
ion transportation by topiramate on the voltage-gated sodium channels and GABAergic
transmission that leads to the possible accumulation of GABA on the photoreceptor inner
segment [99]. On VEP, topiramate treatment of migraine-without-aura patients appeared
to not have a significant effect on the electrophysiologic response [101].

18. Vigabatrin

Vigabatrin (VGB) is an antiepileptic medication that achieves its effect by blocking the
GABA degradation enzyme GABA-transaminase, irreversibly inhibiting the degradation
of GABA [102,103]. It is an approved treatment for refractory complex partial seizures
and infantile spasms. VGB is a structural analog of GABA and functions by irreversibly
binding to the GABA transaminase, which increases the concentration of GABA in the
central nervous system, including in the retina [104,105]. Studies also demonstrated that
VGB has some impact in stimulating GABA release or inhibiting glial GABA uptake. The
accumulation of GABA also results in cellular excitability that has been hypothesized to
induce retinal excitotoxicity that eventually leads to retinal neuronal cell death [106]. The
underlying mechanisms are associated with VGB-induced taurine deficiency [107] and
the augmentation of the RRAG/mTOR pathway, [108] which can be enhanced by light
exposure [109].

The first reported visual adverse effects from VGB were primarily peripheral visual
field defects [110,111]. Patients can also present with reduced visual acuity and contrast
sensitivity and have reduced nerve fiber layer thickness on optical coherence tomography
(OCT) [112]. Patients who have been exposed to VGB also show electrophysiologic changes.
On ffERG, the most common abnormalities seen include reduced b-wave amplitudes in
both isolated rod response and mixed rod–cone response, 30 Hz flicker amplitude, and early
oscillatory amplitudes [104,113,114]. These changes were seen in both adults and children
who received VGB [115,116]. Specifically, the reduction in b-wave amplitude and the 30 Hz
flicker ERG amplitude are considered to be the early signs of VGB toxicity. In addition, the
30 Hz flicker response in ffERG is most vulnerable to the VGB-induced retinal change and
should be monitored regularly [111]. On mfERG, abnormal signals were found to correlate
well with visual field deficits [117]. On EOG, a reduced light-peak to dark-trough ratio was
also found, suggesting damage to the retinal pigment epithelium [106].

19. Vitamin A Deficiency

Vitamin A is a fat-soluble vitamin that is critical in the formation of rhodopsin from
opsin, and its deficiency has a significant effect on vision. Vitamin A deficiency (VAD)
can result in a variety of clinical presentations, including night blindness, xerophthalmia,
growth and developmental disturbances, and an increased risk for severe infection [118].
VAD may be a result of poor nutrition, decreased intestinal absorption, or reduced storage
due to liver pathologies [119]. Night blindness is one of the first signs of VAD, with other
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findings including conjunctival and corneal xerosis, Bitot’s spot, and xerophthalmic fundus
that is characterized by white peripheral dots [120,121].

VAD has a characteristic pattern on ffERG. Patients with VAD have a complete absence
of rod response bilaterally and reduced a-wave and b-wave amplitudes in cone responses
to both 30 Hz flicker and single flash [119,120,122]. Abnormalities have also been noted in
s-cone ERGs and PERGs [119]. On mfERG, macular responses are abnormal with diffusely
diminished amplitudes [122].

With vitamin A supplementation, the visual deficits noted by patients with VAD can
be reversed rather swiftly. The rod function and the generalized depression in cone function
are returned to normal within 3 days, and s-cone amplitude and cone latencies can be
recovered to normal within 12 days of supplementation [119].

20. Conclusions

This study summarizes some substances that can affect different visual electrophysio-
logic responses according to previous studies (Table 2). Different substances have different
molecular mechanisms that may cause different combinations of abnormalities in ffERG,
mfERG, PERG, VEP, and/or EOG. Combined with the other ocular exams, electrophys-
iologic exams which are more sensitive than other ocular exams in a few cases, provide
additional objective functional indices for differential diagnosis, as well as for monitoring
the side effects of some drugs on the retina and optic nerve.

Table 2. Parameters of visual electrophysiologic responses that are affected by different substances *.

Substance ffERG mfERG PERG VEP EOG References

Alcohol A−, I+ A−, I+ [3,6,8]
Amiodarone A− [12]
Cefuroxime A− A− [13,14,17]

Cisplatin A− A−, I+ A− [20,23,24,26]
Deferoxamine A−, I+ A−, I+ I+ A− [28,31–33]

Digoxin A−, I+ A− A− [35,37,38]
Ethambutol A−, I+ A−, I+ [43–45,50]

Hydroxychloroquine A−, I+ I+ [53,54,56–58]
Isotretinoin A− [60,62]

Ocular siderosis A− [64,65]
Pentosane A− A−, I+ [67–69]

PDE5 Inhibitors A−, I+ A−, I+ [71,72]
Phenothiazines A−, I+ A−, I+ A−, I+ A− [76–78,80–82]

Quinine A− A− I+ A− [83–86]
Tamoxifen A− [95]
Topiramate A− [99]

Vigabatrin A− A− A− [104,106,111,
113–117]

Vitamin A deficiency A− A− A− [119,120,122]

* A: Amplitude or light-peak to dark-trough ratio; I: Implicit time. + Increase. − Decrease.

With the development of new drugs and new studies of drugs’ adverse effects on
the retina and optic nerve that can be reflected in changes in visual electrophysiologic
responses, the content in this study can be expanded and updated in the future.
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