
Multifocal Electroretinographic Evaluation
of Long-term Hydroxychloroquine Users
Raj K. Maturi, MD; Minzhong Yu, PhD; Richard G. Weleber, MD

Objectives: To observe the long-term effects of hy-
droxychloroquine sulfate on retinal electrical activity by
multifocal electroretinography (mfERG) and to evalu-
ate the regional variation of retinal dysfunction in sub-
jects with hydroxychloroquine retinopathy.

Methods: Multifocal ERG with 103-hexagon stimula-
tion was performed on 19 patients (36 eyes) treated with
hydroxychloroquine for systemic lupus erythematosus,
rheumatoid arthritis, or localized atypical scleroderma.
Visual acuity testing, Amsler grid testing, and Ishihara
color vision testing were also performed. In 2 of the pa-
tients, hydroxychloroquine was discontinued due to con-
cerns about toxicity. Both of these patients had addi-
tional mf ERG performed after discontinuation of
medication.

Results: Twelve patients (19 eyes) had a normal re-
sponse density in one or both eyes, including 6 patients
(12 eyes) with a low lifetime dose (�438 g) of hydroxy-
chloroquine who had normal response densities in both
eyes. Eleven patients (17 eyes) had abnormal response den-
sities in one or both eyes, and 2 of these patients (4 eyes)

had significant attenuation of response densities in al-
most the whole tested field; 4 patients had a normal mfERG
result for one eye but had a slight decrease of response den-
sities for the other eye. There were 4 patterns of abnor-
mal mfERG amplitude change observed: (1) paracentral
loss, (2) foveal loss, (3) peripheral loss, and (4) general-
ized loss. Implicit times were abnormal for pericentral re-
sponses in 3 patients. The results of color vision and Am-
sler grid testing were normal, except for one patient with
a generalized loss pattern. In 2 subjects in whom hydroxy-
chloroquine toxicity was suspected, response densities im-
proved after termination of hydroxychloroquine.

Conclusions: Long-term hydroxychloroquine use may
be associated with mfERG abnormalities. The mfERG ap-
pears to detect retinal physiological change earlier than
visual acuity testing, color vision testing, or Amsler grid
testing can. The greatest value of the mfERG is in dif-
ferentiating a retinal cause and, hence, providing impor-
tant evidence for hydroxychloroquine toxicity, for what-
ever visual field loss is apparent on perimetry.
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A LTHOUGH CHLOROQUINE

and hydroxychloroquine
sulfate are 2 of several an-
tiprotozoal drugs that have
been used for many years in

the treatment of malaria, their preferred us-
age in the United States is for treatment of
various rheumatic diseases, particularly sys-
temic lupus erythematosus and rheuma-
toid arthritis. However, long-term hydroxy-
chloroquine and chloroquine use can cause
severe visual loss due to a toxic effect on
the outer retina and the retinal pigment epi-
thelium. Chloroquine retinopathy was first
reported by Hobbs et al1 in 1959, and hy-
droxychloroquine retinopathy was first re-
ported by Shearer and Dubois2 in 1967.
Ophthalmoscopy, slitlamp examination,
some psychophysical methods (Amsler
grid, perimetry, color vision testing, and vi-
sual field testing), and electrophysiology
(full-field electroretinography [ERG]) have
been used for the early detection of these

diseases.3,4 Because it is a sum response of
the whole retina, full-field ERG cannot sen-
sitively detect the local variation of the reti-
nal function in subjects with early hydroxy-
chloroquine retinopathy.5 Focal ERG is
more sensitive than full-field ERG for the
detection of hydroxychloroquine toxicity
in the retina5; however, focal ERG cannot
test the function in multiple areas of the
retina or provide topographical informa-
tion. Kellner et al6 observed characteristic
abnormalities in the multifocal ERG
(mfERG) response in 2 patients with dif-
ferent degrees of chloroquine retinopathy
and found the mfERG to be more sensi-
tive than Goldmann perimetry, visual acu-
ity testing, and the full-field ERG in detect-
ing early chloroquine retinopathy. One of
us (R.K.M.) previously reported a case7 of
hydroxychloroquine retinopathy, where the
response densities of the mfERG were at-
tenuated, while the full-field ERG was nor-
mal. The patient had a normal full-field ERG
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result. We postulated that the mfERG could be an objec-
tive and sensitive method for the early detection of hy-
droxychloroquine retinopathy. In this study, we retro-
spectively evaluated the mfERG results of asymptomatic
and symptomatic patients who took hydroxychloro-
quine and identified 4 patterns of topographic changes in
response density. The paracentral loss of amplitude with
prolonged implicit times was the most specific for hy-
droxychloroquine toxicity.

METHODS

Multifocal ERG was performed on 19 patients (36 eyes; both eyes
were tested in 17 patients and only one eye was tested in 2 pa-
tients) treated for systemic lupus erythematosus, rheumatoid ar-
thritis, or localized atypical scleroderma with hydroxychloro-
quine sulfate (Plaquenil; Sterling Winthrop, Inc, New York, NY).
Visual acuity testing and, in some patients, color vision testing,
Amsler grid testing, Humphrey static perimetry (30-2), and fluo-
rescein angiography were performed. Eyes with concomitant dis-
eases (eg, age-related macular degeneration and histoplasmosis
scars) were not included in the analysis. The response densities
of the first-order kernel of mfERGs were analyzed ring by ring
at each eccentricity from fixation and compared with those of
our control values for response density and implicit time. Con-
trol values were obtained from 20 healthy age-matched sub-
jects (20 eyes; mean±SD age, 50.8±14.5 years; compared with
the ages of hydroxychloroquine users with a group t test, P�.05)
with a normal ophthalmoscopic appearance of the fundi and nor-
mal visual acuities (20/20 or better).

For the mfERG, the test was performed monocularly as the
subjects viewed the monitor screen through a video camera sys-
temthatallowedmonitoringof theeyeposition.Thestimuluswas
presentedona48-cmhigh-intensitymonochromaticmonitor,con-
sisted of 103 hexagon elements, and covered the central field 44°
horizontally.Thefixationtargetwasasmallcrossinthecenterhexa-
gon. The optics of the video camera corrected the refractive error
ofeacheye for the testdistance.Thehexagonsweremodulatedbe-
tweena light (400candelas [cd]/m2)andadark(1cd/m2) stateac-
cording to a binary pseudorandom m-sequence. The refresh rate
was75Hz.Thepupilsweredilated, andthecorneaswere topically
anesthetized before contact lens placement. The mfERG results
were recorded with bipolar contact lens electrodes (Burian-Allen
model; Hansen Instruments Inc, Iowa City, Iowa). The amplifier
gain was 100000, and the bandpass was 10 to 300 Hz. The total
recordingtimewas7minutes17seconds,dividedinto16segments.

The 103 traces were grouped from center to periphery into
6 rings (ring 1, foveal patch, 1 arc degree in diameter; ring 2,
1-6 arc degrees in diameter; ring 3, 6-12 arc degrees in diam-
eter; ring 4, 12-21 arc degrees in diameter; ring 5, 21-31 arc
degrees in diameter; and ring 6, 31-44 arc degrees in diameter).
In each group, the averaged first-order kernel was analyzed. The
N1-P1 (N1 indicates first negative wave; P1, first positive wave)
response densities (amplitude/area, measured in nanovolts per
degree squared) were measured from the N1 trough to the P1
peak. The normal ranges for these response densities and im-
plicit times were defined by calculation of mean±95% confi-
dence intervals of 20 age-matched control eyes.

RESULTS

Table 1 provides the clinical findings in all 19 patients,
ordered according to total cumulative dose (in grams).
Table 1 describes the ages of the patients, the daily dose
adjusted for weight, the duration of medication use, the
fundus findings, and the results of color vision testing, Am-
sler grid tests, and fluorescein angiography. The mean±SD

age of the patients analyzed was 54.4±14.9 years. The daily
dose ranged from 200 to 400 mg/d, and the duration of
treatment ranged from 1 to 20 years. The daily dose ad-
justed for body weight ranged from 2.0 to 9.0 mg/kg per
day. The cumulative dose ranged from 110 to 2920 g.

Table 2 contains the visual acuities and results of
Humphrey static perimetry, where available. The cor-
rected visual acuities ranged from 20/20 to 20/50. Also
in the table are Humphrey visual fields for 15 subjects
(30 eyes), and a description of the response densities.

In the 15 eyes in which 500 g or less hydroxychlo-
roquine was used and for which mfERG and Humphrey
visual field data are available, 6 had normal mfERG find-
ings and normal automated perimetry findings, 8 had nor-
mal mfERG findings and abnormal automated perim-
etry findings, and 1 had abnormal mfERG findings and
normal automated perimetry findings. In the 14 eyes in
which more than 500 g of hydroxychloroquine was used
and for which mfERG and Humphrey visual field data
are available, 2 had normal mfERG findings and normal
automated perimetry findings, 3 had normal mfERG find-
ings and abnormal automated perimetry findings, 3 had
abnormal mfERG findings and normal automated pe-
rimetry findings, and 6 had abnormal mfERG findings
and abnormal automated perimetry findings.

Table 3 provides the control values of N1-P1 re-
sponse density and P1 implicit time from the 20 control
subjects. Table 4 shows the results of the mfERGs of the
19 patients (36 eyes). Twelve patients (19 eyes) had a nor-
mal response density in one or both eyes (cumulative dose,
110-2336 g; maximum, 16 years of use). Eleven patients
(17 eyes) had abnormal response densities (cumulative
dose, 438-2920 g; hydroxychloroquine administration from
the age of 3-20 years) in one or both eyes; 2 of these pa-
tients (4 eyes) had significant attenuation of response den-
sities in almost the whole tested field (cumulative dose,
1533-2482 g; 11-17 years of hydroxychloroquine use); and
4 of these patients had normal mfERG results in one eye
but had a slight decrease of response densities in another
eye (cumulative dose, 438-2336 g; 6-16 years of hydroxy-
chloroquine use). We identified 4 types of abnormal
mfERG results (Figures 1, 2, 3, and 4). (1) Some re-
sults showed a decrease in N1-P1 response density in the
paracentral area and/or prolongations of corresponding P1
implicit times (2 patients [4 eyes]). In patient 13, the re-
sponse densities and the implicit times showed paracen-
tral change (cumulative dose, 1095 g; 7.5 years of hy-
droxychloroquine use) (Figure 1). In patient 18, the
response densities showed generalized loss but the P1 la-
tencies were prolonged for paracentral responses (cumu-
lative dosage, 2482 g; 17 years of hydroxychloroquine use)
(Figure 4). (2) Some results showed a decrease in the cen-
tral area alone (7 patients [9 eyes]) (cumulative dose, 438-
2336 g; 3-16 years of hydroxychloroquine use) (Figure 2).
(3) Some results showed a decrease in the peripheral area
alone (1 patient [2 eyes]) (cumulative dose, 2920 g; 20
years of hydroxychloroquine use) (Figure 3). (4) Some re-
sults showed a generalized decrease in the entire tested
field (2 patients [4 eyes]) (cumulative dose, 1533-2482
g; 11-17 years of hydroxychloroquine use) (Figure 4). The
implicit times for the P1 peak of the mfERG responses were
normal when analyzed in the aggregate and in all indi-
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viduals except for patients 13 (Figure 1, Figure 5, and
Table 5), 18 (Figure 4), and 15 (rings 4 and 5 in the left
eye only). The results of color vision testing were normal

in all patients. The results of Amsler grid testing were
normal for all eyes, except for 1 patient (2 eyes) with 17
years of hydroxychloroquine use who demonstrated a gen-

Table 1. Medication Information of the 19 Patients (36 Eyes) Who Took Hydroxychloroquine Sulfate

Patient No./
Eye/Age, y/

Disease

Daily Dose
Adjusted

for Weight,
mg/kg of

Body
Weight

Period of
Hydroxy-

chloroquine
Use, y/Total
Cumulative

Dose, g

Description
of Response
Density (Eye)

Fundus Change Color Vision Amsler Grid Fluorescein Angiography

R L R L R L R L

1/L + R/62/RA 2.2 1.5/109.5 Normal
(L + R)

Normal Normal 12/12 12/12 Normal Normal NA NA

2/L + R/56/SLE 4.1 1/146 Normal
(L + R)

Normal Normal NA NA Normal Normal NA NA

3/R/49/SLE 6.2 1/146 Normal (R) Flecklike
changes
in the
macula

Flecklike
changes
in the
macula

NA NA Normal Normal NA NA

4/L + R/41/SLE 2.0 2.5/182 Normal
(L + R)

Normal Normal 12/12 12/12 Normal Normal Normal Normal

5/L + R/54/RA 2.9 3/219 Normal
(L + R)

Drusen
in the
macula

Drusen
in the
macula

NA NA Normal Normal NA NA

6/L + R/58/SLE 2.9 3/219 Normal
(L + R)

Normal Normal NA NA Normal Normal NA NA

7/L + R/72/RA 3.2 3/438 Foveal loss
(L + R)

Rare
drusen

Rare
drusen

13/14 13/14 Normal Normal Normal Normal

8/L + R/56/RA 5.6 3/438 Normal
(L + R)

Rare
drusen

Rare
drusen

11/11 11/11 Normal Normal NA NA

9/L + R/56/RA 3.0 6/438 Normal (R)
and foveal
loss (L)

Rare
drusen

Rare
drusen

14/14 14/14 Normal Normal Normal Normal

10/L + R/54/RA 3.6 5/730 Foveal loss
(L + R)

Drusen Few flecks NA NA NA NA Normal Normal

11/L/44/SLE 6.2 5/730 Foveal loss
(L)

Normal Normal 14/14 14/14 Normal Normal POHS scar
in macula

Small window
defect

12/L + R/15/SLE 6.3 5/730 Normal (R)
and foveal
loss (L)

Normal Normal 13/14 13/14 Normal Normal NA NA

13/L + R/73/SLE 8.0 7.5/1095 Paracentral
loss
(L + R)

Normal Normal 10/12 10/12 Normal Normal NA NA

14/L + R/60/SLE 4.1 8/1168 Normal
(L + R)

Normal Normal 10/16 11/16 Normal Normal Staining 2°
drusen

Staining 2° drusen

15/L + R/61/LAS 3.8 10.5/1533 Generalized
loss
(L + R)

Normal Normal 14/14 14/14 Normal Normal Normal Normal

16/L + R/67/RA 4.4 15/2190 Normal (R)
and foveal
loss (L)

Normal Normal 14/14 14/14 Normal Normal NA NA

17/L + R/60/SLE 4.7 16/2336 Normal (R)
and foveal
loss (L)

Normal Normal 12/12 12/12 Normal Normal Significant for
a few areas
of RPE
pigment
mottling in
the early and
late frames
without any
evidence of
significant
leakage

Significant for a
few areas of
RPE pigment
mottling

18/L + R/25/RA 8.0 17/2482 Generalized
loss
(L + R)

Normal Normal 14/14 12/14 Wavy Distortion NA Hyperfluorescence
in the area of
atrophy
temporal to
fixation

19/L + R/70/SLE 9.0 20/2920 Peripheral
loss
(L + R)

Normal Normal 14/14 14/14 Normal Normal NA NA

Abbreviations: L, left eye; LAS, localized atypical scleroderma; NA, data not applicable; POHS, presumed ocular histoplasmosis syndrome; R, right eye;
RA, rheumatoid arthritis; RPE, retinal pigment epithelium; SLE, systemic lupus erythematosus.
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eralized pattern loss (patient 18). A decrease in visual
acuity, when present, was usually because of anterior seg-
ment findings.

In 2 of the patients (patients 9 and 13) who under-
went a longitudinal mfERG study, the response densi-
ties demonstrated a trend toward improvement after the
cessation of hydroxychloroquine use. Figure 6 shows
the change of their averaged response density in rings 1
and 2 relative to the period of termination of hydroxy-
chloroquine use. Significant prolongations of implicit
times occurred for patient 13, particularly for those re-
sponses that correspond to rings 2, 3, and 4. At this time,
early hydroxychloroquine retinopathy was clinically rec-
ognized on this patient (Figures 1C and 5 and Table 5).
The patient stopped drug treatment and follow-up
mfERGs continued to demonstrate prolonged implicit
times. The visual acuities for these 2 patients improved
mildly in the same period. An additional patient (pa-
tient 18) with a generalized loss pattern stopped using
hydroxychloroquine due to mfERG findings and cen-
tral visual field loss. Follow-up mfERG test results were
not available for this patient.

COMMENT

Although hydroxychloroquine originally was thought to
be a safer drug than chloroquine, retinal toxicity from hy-
droxychloroquine can occur. The long-term safety of hy-
droxychloroquine and most effective means of screening
for retinal toxicity are still subject to debate. In the study
by JohnsonandVine,8 patients receivingdosagesup to400
mg/d (�6.5 mg/kg per day) seemed to tolerate massive
cumulative doses (1054-3923 g) of hydroxychloroquine
without developing abnormalities in their visual acuity,
Amslergrid result, colorvision testing, andvisual field test-
ing. Toxicity has been shown when a cumulative dose of
more than 800 g of the drug is ingested.9 Also, a toxic re-
action has been reported for those undergoing long-term
therapy (10 years, for a total cumulative dose of 1460 g)
in whom the adjusted daily dose was never greater than
6.3 mg/kg per day.10 This suggests that other factors, pos-
sibly genetic and acquired, may influence which patients
develop retinal toxicity. For example, Shroyer et al11 have
suggested that the carrier state for mutation of the gene
ABCA4 (thegene that isdefective inStargardtdisease)may
increase susceptibility to hydroxychloroquine and chlo-
roquine retinal toxicity. Furthermore, because hydroxy-
chloroquine isclearedthroughrenalandhepatic functions,
those with severe kidney or liver disease may be at greater
risk of toxicity.

Most of our patients (10 of 11) who had abnormal
mfERG results had taken hydroxychloroquine for at least
5 years. This implies that, in the first 5 years of hydroxy-
chloroquine use, the incidence of retinopathy caused by
toxicity of the drug is low or nonexistent. This finding
supports the recommendation from the American Acad-
emy of Ophthalmology12 that, for individuals using less
than 6.5 mg/kg of hydroxychloroquine per day, screen-
ing can be modified for the first 5 years to account for
the minimal risk of a toxic reaction at this dose.

Table 2. Visual Acuity and Static Perimetry Results

Patient
No.

Snellen Visual
Acuity Perimetry

Description of Response DensityR L R L

1 20/20 20/25 Scattered defects Scattered defects Normal (L + R)
2 20/20 20/20 Normal Defect in the upper nasal field Normal (L + R)
3 20/50 20/30 Normal Scattered temporal defects Normal (R)
4 20/25 20/20 Scattered defects Scattered defects Normal (L + R)
5 20/20 20/25 Normal Scattered defects Normal (L + R)
6 20/40 20/30 Normal Normal Normal (L + R)
7 20/25 20/25 NA NA Foveal loss (L + R)
8 20/25 20/20 Scattered defects Scattered defects Normal (L + R)
9 20/20 20/20 Normal Normal Normal (R) and foveal loss (L)

10 20/25 20/25 NA NA Foveal loss (L + R)
11 20/25 20/25 Mild peripheral constriction Mild peripheral constriction Foveal loss (L)
12 20/20 20/20 Normal Normal Normal (R) and foveal loss (L)
13 20/30 20/40 NA NA Paracentral loss (L + R)
14 20/20 20/20 Mild peripheral constriction Mild peripheral constriction Normal (L + R)
15 20/25 20/20 NA NA Generalized loss (L + R)
16 20/50 20/40 Scattered defects Perifoveal loss and scattered defects Normal (R) and foveal loss (L)
17 20/20 20/20 Normal Scattered defects Normal (R) and foveal loss (L)
18 20/30 20/30 Central loss Central loss Generalized loss (L + R)
19 20/25 20/40 Normal Normal Peripheral loss (L + R)

Abbreviations: See Table 1.

Table 3. Values of P1-N1 Response Density and P1
Implicit Time From 20 Healthy Control Subjects (20 Eyes)*

Ring Response Density† Implicit Time, ms

1 163.8 ± 32.6 28.2 ± 1.6
2 83.5 ± 14.2 28.5 ± 1.6
3 54.4 ± 8.7 27.3 ± 1.1
4 42.8 ± 7.1 27.4 ± 0.9
5 35.1 ± 6.5 27.9 ± 1.0
6 33.8 ± 7.4 28.4 ± 1.1

*Data are given as mean ± SD.
†Measured in nanovolts per degree squared.
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Figure 1. Multifocal electroretinogram of the right eye of patient 13 (taken February 1, 2002), showing subnormal response densities and prolonged implicit times
in the paracentral area. A, Trace array. B, Three-dimensional scalar product plot. The response density is measured in nanovolts per degree squared. The total
response was 7.72 nV per degree squared. C, Latency plot. The implicit times for P1 were mildly, but significantly (Table 5), delayed for rings 2, 3, 4, and 5.

Table 4. P1-N1 Response Density of the 19 Hydroxychloroquine Sulfate Users

Patient
No. Eye

Ring* Relative
Cumulative
Dose, g/kg1 2 3 4 5 6

1 R 154.6 86.0 56.6 43.2 37.5 38.5 1.2
L 107.0 65.4 45.0 34.1 28.1 26.5 1.2

2 R 117.6 104.4 79.0 62.1 52.5 51.3 1.7
L 130.7 79.1 57.7 47.3 40.8 38.6 1.7

3 R 117.1 71.3 47.7 38.6 32.1 30.8 2.3
4 R 214.5 127.7 96.2 77.2 68.7 60.8 1.8

L 202.3 119.0 86.0 72.4 64.2 58.3 1.8
5 R 193.6 93.7 62.6 50.4 40.2 33.8 3.2

L 147.4 89.7 68.3 50.3 39.1 38.4 3.2
6 R 144.9 71.9 42.6 30.3 27.8 25.8 3.2

L 163.2 73.2 41.4 31.8 28.0 27.0 3.2
7 R 87.5† 64.0 47.0 39.4 36.4 40.2 2.3

L 87.9† 61.3 48.8 40.9 37.8 42.3 2.3
8 R 159.3 85.0 61.4 56.2 48.1 47.4 6.2

L 150.5 79.8 55.6 51.2 43.4 40.4 6.2
9 R 186.1 97.5 60.7 40.8 33.4 32.4 6.6

L 89.7† 70.2 46.3 36.3 26.2 29.0 6.6
10 R 78.3† 49.0† 38.2 31.2 26.4 27.0 6.6

L 50.3† 52.7† 47.7 34.6 31.1 29.7 6.6
11 L 87.7† 67.8 50.8 42.3 35.8 34.0 11.3
12 R 186.1 97.5 60.7 40.8 33.4 32.4 11.6

L 53.8† 45.8† 36.7† 29.0 26.5 27.7 11.6
13 R 140.3 64.2 32.3† 30.6 33.9 32.0 21.9

L 139.5 74.8 36.3† 38.5 34.9 32.1 21.9
14 R 195.4 87.0 51.3 37.1 26.4 21.2 12.0

L 165.8 72.2 45.6 33.3 25.8 20.2 12.0
15 R 91.3† 51.6† 17.5† 11.9† 11.3† 13.9† 14.7

L 73.3† 36.3† 14.5† 7.6† 7.0† 9.0† 14.7
16 R 119.6 82.7 63.1 47.9 40.3 43.6 24.1

L 79.1† 64.7 50.4 40.4 35.4 36.4 24.1
17 R 110.6 66.3 42.1 36.4 32.0 29.8 27.1

L 101.0 50.4† 32.4† 30.6 26.5 24.4 27.1
18 R 69.4† 18.8† 6.4† 7.1† 9.2† 12.2† 49.7

L 22.1† 8.6† 5.4† 5.6† 7.0† 7.0† 49.7
19 R 123.7 46.5† 25.0† 23.5† 19.6 15.2† 65.6

L 105.5 44.1† 27.0† 21.2† 16.2† 11.3† 65.6

Abbreviations: See Table 1.
*Data are given as nanovolts per degree squared.
†Outside the normal range.

(REPRINTED) ARCH OPHTHALMOL / VOL 122, JULY 2004 WWW.ARCHOPHTHALMOL.COM
977

©2004 American Medical Association. All rights reserved.
Downloaded From: https://jamanetwork.com/ by Mark Bianchi on 02/16/2023



Three of the patients with abnormal mfERG results
(patients 13, 18, and 19) were ingesting higher dosages (8.0,
8.0, and 9.0 mg/kg per day, respectively) than recom-
mended at the time of our study. Both subjects with para-
central loss were taking a higher daily dose by weight, as
were the 2 subjects with the highest cumulative doses. How-
ever, overall, the incidence of retinal dysfunction did not
correlate significantly with the daily dose adjusted for
weight. Although the daily dose adjusted for weight may
be an important risk factor for toxicity, we found foveal
loss or generalized loss of response density for 8 patients
taking less than 6.5 mg/kg per day. Hydroxychloroquine
is not retained in fatty tissues.12 The daily dose adjusted
for weight is, thus, relatively lower for obese patients, and
this index will not reflect the real dose in lean weight. Thus,
we conclude that the duration of hydroxychloroquine use
and the total cumulative dose are still important risk fac-
tors for hydroxychloroquine retinopathy.

All of the patients in this study had visual acuities be-
tween 20/20 and 20/50 and normal color vision results, as

tested. We believe that color vision testing and fluorescein
angiographyshowfindings indicativeof toxicchanges typi-
cally late in thecourseof thedisease.Thus,colorvisiontest-
ing, although useful in defining visual function in cases of
suspected drug toxicity, may not have a significant benefit
asascreeningtoolforearlydisease.Onesubjecthadachange
on fluorescein angiography. Amsler grid testing has been
suggested to showchangeearlier in thediseaseprocess and
has been suggested for home screening.12 However, only
one subject in our series had an Amsler grid change.

Humphrey visual field testing was somewhat useful
as a method for evaluating early drug toxicity. Our study,
in most cases, did not incorporate retesting of visual fields
or mfERG to evaluate the reproducibility of abnormal find-
ings. However, many cases of abnormal visual fields can
be noted for patients in whom no hydroxychloroquine tox-
icity is expected. In some cases, repeat testing of visual fields
(data not shown) gave results that were still abnormal but
difficult to interpret. In the lower-dose hydroxychloro-
quine users in whom retinal toxicity was not expected, we
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Figure 2. Multifocal electroretinogram of the left eye of patient 16, showing
a decrease of response densities in the central area alone. A, Trace array.
B, Three-dimensional plot. The response density is measured in nanovolts
per degree squared. The total response was 8.72 nV per degree squared.
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Figure 3. Multifocal electroretinogram of the left eye of patient 19, showing
a decrease of response densities in the peripheral area alone. A, Trace array.
B, Three-dimensional plot. The response density is measured in nanovolts
per degree squared.
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found many instances in which perimetry showed scat-
tered defects. In these instances when the Humphrey vi-
sual field was abnormal and the mfERG was normal, we
were confidently able to reassure patients that the retina
was still functioning well and that they could continue hy-
droxychloroquine therapy despite the abnormal visual field.

In the higher-dose group of patients, we found 3 eyes
in which perimetry found abnormalities while the results
of mfERG testing were normal. In 2 of these eyes (patient
14), the perimetry results showed scattered abnormalities
with no other clinical findings of hydroxychloroquine tox-
icity. We believed that the patient displayed no signs of hy-
droxychloroquine toxicity. In the third eye (the right eye
of patient 17), it is possible that the mfERG did not detect
early hydroxychloroquine changes that were apparent on
perimetry (the findings on both tests showed abnormali-
ties in the fellow eye). Thus, while it is possible for perim-

etry to demonstrate changes associated with hydroxychlo-
roquine use earlier than mfERG, in most cases, mfERG
supplemented and confirmed abnormalities found on vi-
sual field testing. In addition, in the patient for whom we
were concerned about toxicity (patient 19), mfERG showed
abnormalities that were not detected on visual field test-
ing. The greatest value of the mfERG is in differentiating a
retinal cause and, hence, providing important evidence sup-
portive of hydroxychloroquine toxicity, whenever visual
field loss is apparent on perimetry.

We believe that mfERG testing can detect change in
retinal function far sooner than any other electrophysi-
ological modality in use. However, the clinician is re-
quired to interpret these changes and to determine whether
the mfERG abnormalities are significant enough to war-
rant discontinuation of hydroxychloroquine therapy. In this
retrospective study, 3 patients (patients 9, 13, and 18)
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Figure 4. Multifocal electroretinogram of the left eye of patient 18, showing a decrease of response densities in the entire tested field. A, Trace array.
B, Three-dimensional plot. The response density is measured in nanovolts per degree squared. The total response was 2.34 nV per degree squared.
C, Normalized ring averages. The implicit times for P1 were markedly delayed for all ring averages. RMS indicates root mean square. D, Latency plot.
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stopped using the medication for various reasons. Abnor-
malities were seen in the mfERG for each of these pa-
tients. Two of these patients (whose medication duration
ranged from 6-17 years) returned for subsequent mfERGs,
which, for both, showed an improvement in response den-
sity. Serial repeat studies in these 2 hydroxychloroquine
users who stopped using the drug showed a trend toward
electrophysiological recovery of mfERG response (Figure
6). This suggests that in early cases, the loss of retinal re-
sponse densities associated with hydroxychloroquine use
may be reversible. We did not observe significant reduc-
tion in the prolonged implicit times in the subjects. Im-
plicit time recovery, however, if it is to occur at all for hy-
droxychloroquine toxicity, may not take place within the
same time frame as recovery of response density, and the
observation period in our patients may have been too short.
Other retinal degenerations often show lack of correlation
of latency prolongations and changes in amplitudes.13

We were not able to determine whether a particular
pattern of mfERG abnormality preceded another pattern,
except that foveal loss may be an early feature and gener-
alizeddecrease inresponsedensity is the finalpattern.Para-
central loss of amplitude (rings 2-4), particularly with pro-
longed implicit times,however, is themost specificpattern
forhydroxychloroquine toxicity.Wehavenotencountered
this latter specific pattern in more than 800 mfERGs that
wehaveobtained(forvariousdiseases) inthepast fewyears.
Seeliger et al14 reported that the latencies for P1 show low
topographical variability in control subjects. Thus, pro-
longations in latencies for the pericentral responses seem
to be a particularly diagnostic feature of focal retinal dys-
function. The fact that the most characteristic loss on
mfERG is located in the paracentral rings would suggest
that, for screening for hydroxychloroquine toxicity, the
Humphrey visual field 10-2 test may be a better program
than the 30-2 test.
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Figure 5. Longitudinal change in the latency plots of the right eye of patient 13 during the evolution of retinal toxicity. Time is given relative to the cessation of
medication on August 1, 2001. A, Minus 5 months (February 23, 2001). B, Minus 6 weeks (June 15, 2001). C, Plus 2 weeks (August 15, 2001). D, Plus 10 months
(June 12, 2002).
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The abnormalities in retinal electrophysiology, as de-
tected by the mfERG, occurred earlier than any morpho-
logic fundus change using ophthalmoscopy. We believe
that the mfERG may be the most sensitive objective test
for the early detection of hydroxychloroquine retinopa-
thy. Patients who take hydroxychloroquine in higher than
the recommended dose (�6.5 mg/kg per day) or for a long
duration (�5 years) should be considered for periodic
mfERG testing for the early detection of hydroxychloro-
quine retinopathy.

In summary, the evidence supports periodic test-
ing with mfERG, when possible and available, in pa-
tients undergoing long-term hydroxychloroquine therapy,
particularly if there is any clinical suggestion of drug tox-
icity. An mfERG is also an excellent choice for confirm-
ing the absence of retinal toxicity when perimetry or other
tests detect abnormalities. Further study is necessary to
evaluate the sensitivity of the mfERG in early detection

of hydroxychloroquine retinopathy and to determine the
role of mfERG in screening.
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Table 5. P1 Implicit Time for Patient 13 During the Evolution of a Toxic Reaction in the Retina

Ring Eye

Implicit Time, ms

Patient 13*
Control Subjects

(n = 20)†
Upper Limit of

the Normal Range2-23-01 6-15-01 8-15-01 2-1-02 6-12-02

1 R 30.8 30.8 30.0 30.0 29.2
28.2 ± 1.6 31.4

L 30.0 29.2 30.8 30.0 30.8
2 R 30.0 30.0 30.8 31.7‡ 31.7‡

28.5 ± 1.6 31.6
L 30.8 30.8 31.7‡ 30.8 31.7‡

3 R 29.2 30.8‡ 33.3‡ 33.3‡ 32.5‡
27.3 ± 1.1 29.4

L 29.2 31.7‡ 31.7‡ 32.5‡ 32.5‡
4 R 28.3 30.0‡ 30.0‡ 30.8‡ 32.5‡

27.4 ± 0.9 29.1
L 28.3 28.3 30.0‡ 30.8‡ 30.0‡

5 R 28.3 28.3 30.0‡ 30.0‡ 30.0‡
27.9 ± 1.0 29.8

L 28.3 29.2 29.2 29.2 30.0‡
6 R 27.5 29.2 30.0 29.2 30.0

28.4 ± 1.1 30.5
L 28.3 29.2 29.2 30.0 29.2

Abbreviations: See Table 1.
*Dates are given as M-DD-YY.
†Data are given as mean ± SD.
‡Outside the normal range.
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