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Abstract
BACKGROUND AND OBJECTIVE— To describe the changes revealed by multifocal
electroretinography (ERG) in patients taking hydroxychloroquine.

PATIENTS AND METHODS— Six patients being treated for various inflammatory conditions
with hydroxychloroquine for periods ranging from 8 months to 7 years were consecutively evaluated.
Each examination included measurement of Snellen visual acuities, Amsler grid assessment, and
automated visual field testing. In some cases, funduscopic examinations were complimented by
photography and fluorescein angiography. Multifocal ERG was performed for all patients.

RESULTS— Three patients (six eyes) were found to have distinctive abnormalities on multifocal
ERG consisting of pericentral depression of ERG signals. The abnormalities on multifocal ERG
corresponded with the patients’ subjective descriptions and the visual field depiction of their
pericentral scotomas. All affected patients had been taking hydroxychloroquine for at least 7 years.
One patient with generalized depression on multifocal ERG had possible hydroxychloroquine
retinopathy. Two patients (three eyes) had relatively normal results on multifocal ERG.

CONCLUSION— Multifocal ERG objectively demonstrates depression of signals in the perifoveal
region in visually symptomatic patients with long-term hydroxychloroquine use. Even patients with
normal visual acuity and no fundus abnormalities can have abnormal results. Although we have not
yet identified patients with abnormalities on multifocal ERG before the onset of symptoms,
multifocal ERG may be useful in monitoring patients at risk and may provide an earlier opportunity
to identify maculopathy.

INTRODUCTION
Originally used as antimalarial agents, chloroquine and hydroxychloroquine are now being
used as effective treatment for various connective tissue diseases, especially systemic lupus
erythematosus and rheumatoid arthritis.1 In 1959, chloroquine retinopathy was first described
in three cases with classic bull’s eye retinopathy, which was attributed to lengthy treatment.2
Affected patients present with difficulty reading and blurred distance vision, along with
increased granularity or patchy depigmentation in a ring-shaped pattern circumscribing the
macula.3,4

Johnson and Vine examined nine patients taking a cumulative dose of hydroxychloroquine of
greater than 1,000 g and noted that eight patients taking 400 mg/d had no evidence of
retinopathy, whereas one patient taking more than 600 mg/d had retinopathy.5 Bernstein
concurred with this study, but noted that patients with chronic renal insufficiency have a higher
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risk for hydroxychloroquine retinopathy because most of the drug is normally excreted in the
urine.6 There have been no reported cases of hydroxychloroquine retinopathy when the dose
was no greater than 6.5 mg/kg of body weight per day.6,7

There are approximately 100,000 patients per year in the United States exposed to
hydroxychloroquine, yet no universal agreement on screening methods exists. Common
detection methods include baseline color fundus photographs,8 clinical examinations,
automated perimetry, and home Amsler grid testing.6 Easterbrook has suggested that the
presence of corneal chloroquine or hydroxychloroquine deposits should prompt the clinician
to carefully assess drug dosage per kilogram of body weight and macular function.9 The British
Cardiff group, which has concluded that color vision, Amsler grid testing, and perimetry testing
were not helpful in screening, has ceased screening for hydroxychloroquine retinopathy unless
the patient becomes symptomatic.10 However, they did not use any electrophysiologic
measures of retinal function.

Full-field electroretinography (ERG) has not been demonstrated to be a reliable method for
identifying early hydroxychloroquine retinopathy. Results of standard ERG may be normal in
early and well-established retinopathy.11 The scotoma needs to occupy a majority of the visual
field before full-field ERG results are considered abnormal.12

Multifocal ERG, as described by Sutter and Tran, is a relatively new technique to record the
electrical activity of the retina.13 The advantage of multifocal ERG over the older techniques,
including full-field and foveal ERG, rests in its ability to record and localize retinal electrical
contributions over 103 individual locations that span the central 45° (Fig. 1). Maturi et al. found
fundus mottling and otherwise normal full-field ERG results in a patient with
hydroxychloroquine retinopathy, but multifocal ERG revealed markedly decreased retinal
responses.14 We have been monitoring patients taking hydroxychloroquine with periodic
multifocal ERG, and our experience with 6 patients is described in this article.

PATIENTS AND METHODS
Six patients who were taking hydroxychloroquine for a variety of conditions were examined
with multifocal ERG (Table). Both eyes were tested in all but one patient, who had no light
perception in one eye from previous vascular occlusion. Patients had been referred to the
Neuro-ophthalmology Service of The New England Eye Center from various sources. Three
patients complained of loss of vision in their central visual field despite relative preservation
of acuity at the time they were examined. The other three patients had vague visual symptoms.
Some patients were tested once and others underwent multiple tests.

All patients underwent an initial complete ophthalmic examination, including testing of Snellen
visual acuity, color (AOHRR plates), and visual fields (Humphrey Visual Field Instrument;
Carl Zeiss Meditech, Dublin, CA). Retinal findings were documented photographically, and
in some cases with fluorescein angiography. Multifocal ERG was performed using the Visual
Evoked Response Imaging System (VERIS; EDI, Inc., San Mateo, CA) for the 11 eyes tested.

The fellow eye was patched and a ground electrode was attached to the ipsilateral ear lobe.
After a topical anesthetic was administered, a Burian–Allen bipolar contact lens electrode was
placed in the test eye. Due to the refractive nature of the lens, the patient underwent refraction
with an external spherical lens to at least 20/30. The patient was seated with his or her chin on
the rest and forehead against the bar. The VERIS program created a multifocal flicker in
combination with periodic global flash stimuli on a monochrome monitor. Recordings lasted
less than 12 minutes and relied on the patient to fixate on a central circle. First-order kernel
amplitude responses were analyzed. Latencies were not measured. Multifocal ERG was
performed by either an optometrist or a certified technician specially trained to use the VERIS.
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RESULTS
The eyes of three patients showed distinctive abnormalities on multifocal ERG when compared
with those of a normal individual (Fig. 1). In each, this consisted of pericentral depression of
signals with relative preservation of the central peak and of signals from 15° outward to the
peripheral limits of the testing area at 20° (Table). The appearance of the abnormalities on
multifocal ERG was similar in each case (Fig. 2). The area of abnormality in each affected eye
corresponded to the areas in which each patient described the visual disturbance on an Amsler
grid. Each affected patient had relative preservation of visual acuity ranging from 20/15 to
20/20 and visual field abnormalities detected to varying degrees by the Humphrey Visual Field
Instrument, programs 30-2, 24-2, or 10-2 (Table). There was usually a small area of depression
within the central 5° to 10° (Fig. 3). Each affected patient had few or no abnormalities in the
retina, including on fluorescein angiography (Figs. 4 and 5).

One elderly patient showed generalized depression on multifocal ERG. She had been taking
hydroxychloroquine for 12 years. Only one eye was tested because she had ischemic optic
neuropathy in the other eye. The other relatively asymptomatic eye, which retained a visual
acuity of 20/25 and a normal visual field (Humphrey 24-2). It was believed that she had possible
hydroxychloroquine retinopathy.

The other two cases showed no abnormalities on multifocal ERG except case 4, in which there
was generalized depression of the signals from the right eye, presumably due to artifact from
poor contact between the electrode and the cornea. Repeated multifocal ERG was performed
for 2 patients who remained symptomatic after discontinuing the drug. In both cases, the
recordings were similar to the initial recordings.

DISCUSSION
The mechanism of retinopathy induced by chloroquine and hydroxychloroquine has not been
fully delineated, yet in vitro evidence suggests it affects the photoreceptors indirectly via the
retinal pigment epithelial cells. Bernstein and Ginsberg suggested that chloroquine binds to
pigment cells containing melanin, most prominently in the retinal pigment epithelium and iris.
15 In vitro, chloroquine can inhibit certain enzymes, including diphosphopyridine nucleotide–
cytochrome C reductase16 and erythrocyte and serum cholinesterase.17 The inhibition of
metabolism of the retinal pigment epithelium, which disrupts the metabolic support for the
photoreceptors, may be the mechanism of chloroquine-induced retinopathy.6

Early screening devices such as fundus examinations, color vision testing, automated
perimetry, and Amsler grid testing are currently recommended to detect the changes of
hydroxychloroquine toxicity.6 In our experience, results of these tests have been normal unless
the patient has a visual complaint, at which point the damage appears to be irreversible despite
discontinuation of therapy. The early pigment stippling of the macula in an asymptomatic
patient is often reversible following discontinuation of the drug.6

Fluorescein angiography does not usually contribute additional information if fundus
photographs are normal. It does highlight the macular pigmentary changes seen in established
chloroquine and hydroxychloroquine maculopathy, but rarely enhances the accuracy of the
diagnosis. Fluorescein angiography may not be as sensitive as color photography in diagnosing
chloroquine retinopathy; however, there is utility in fluorescein angiography when considering
etiologies other than antimalarial-induced retinopathy.18 Serial electro-oculography was not
reliable for routine use in detecting hydroxychloroquine retinopathy.19 Definition of a
significant fall in electro-oculography ratio is not well established. Reports of reduced electro-
oculography in patients with untreated rheumatoid arthritis further makes this an unreliable
screening device.20
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In reported cases employing full-field ERG, the recordings have been unreliable for detection
of chloroquine or hydroxychloroquine toxicity. Using full-field and foveal ERG on 20 patients,
Sassaman et al. suggested only foveal ERG may be of some value in detecting retinal toxicity
prior to the onset of clinical signs.21 In Easterbrook’s study of 26 patients with early
chloroquine retinopathy, 4 of 6 with an absolute scotoma demonstrated normal findings on
full-field ERG. Easterbrook suggested that ERG findings are usually normal in early
retinopathy, thereby being of little utility.9 Full-field ERG findings were abnormal only in
advanced cases.3,12,15 Abnormal findings on ERG include diminished photopic and scotopic
responses.3

The enhanced resolution of the multifocal ERG over 103 locations illustrates the potential for
detection of early functional loss of drug-induced maculopathy. Other applications with
multifocal ERG include diabetic retinopathy,22 age-related macular degeneration,22
cytomegalovirus retinitis,23 retinitis pigmentosa,24 and central serous chorioretinopathy.25

In a previous case report, Maturi et al.14 found depressed central signals on multifocal ERG
in a 45-year-old patient with a 6-year history of hydroxychloroquine use. However, in this case,
abnormalities in the retinal pigment epithelium and fluorescein angiographic evidence of bull’s
eye maculopathy were present, along with decreased Snellen visual acuities to less than 20/50.
In our affected patients, the central peak on multifocal ERG was relatively preserved, consistent
with retention of visual acuities of 20/20 in each affected eye. Furthermore, in our 3 affected
patients, there was no clinically detectable maculopathy.

We believe that multifocal ERG is a more definitive test for demonstrating retinal dysfunction
from hydroxychloroquine toxicity in the setting of a normal-appearing fundus with changes
on Amsler grid and perimetry and with relatively normal visual acuity. Multifocal ERG has
the potential to be used as an early screening device for patients taking high doses of
hydroxychloroquine before they become symptomatic or show clinical signs of toxicity.
Because stabilization and perhaps reversibility are more likely if retinopathy is detected early,
the development of multifocal ERG for detection of the earliest stages of hydroxychloroquine
retinopathy is paramount.15

Future studies of chloroquine and hydroxychloroquine retinal toxicity with multifocal ERG
should be directed at the determination of the earliest point at which multifocal ERG detects
retinopathy. Additionally, such investigations would also be designed to evaluate whether
hydroxychloroquine-induced retinopathy is reversible when the hydroxychloroquine is
discontinued.
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Figure 1.
Normal multifocal electroretinogram. (Top) 3D density plot. (Bottom) Wave forms.
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Figure 2.
Multifocal electroretinograms of (A) the right eye and (B) the left eye of patient 1 showed
depressed 3D density plots and wave forms.
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Figure 3.
Humphrey visual field test (setting 10-2) of (A) the right eye and (B) the left eye of patient 1
showed pericentral ring defects.
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Figure 4.
Fundus fluorescein angiography of (A) the right eye and (B) the left eye of patient 1 appeared
normal.
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Figure 5.
Fundi of (A) the right eye and (B) the left eye of patient 1 appeared normal.
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