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Abstract
Purpose: Optimal screening for ocular toxicity caused by
chloroquine and hydroxychloroquine is still controver-
sial. With the multifocal pattern electroretinogram
(mfPERG), a new electrophysiological technique has re-
cently become available to detect early changes of gan-
glion cells. In this study this new technique is applied to a
series of 10 patients seen consecutively receiving long-
term chloroquine medication. Methods: In 10 patients
receiving chloroquine medication, clinical examination,
Amsler visual field testing and computerized color vision
testing were performed. If toxicity was suspected, auto-
mated perimetry was carried out. In addition, in all
patients conventional pattern electroretinogram (PERG)
and mfPERG testing were performed. Results: On clinical
examination 8 patients showed no chloroquine-associ-
ated maculopathy, while 2 patients did. Of these 2, only

1 reported abnormalities when viewing the Amsler chart,
while automated perimetry showed typical, ring-like
paracentral scotomas in both affected patients and color
vision was significantly abnormal. In the normal pa-
tients, 4 of 8 had a mild color vision disturbance, which
correlated to age-related macular changes. The ampli-
tudes of the PERG and the central (approximately 10°)
responses of the mfPERG were markedly reduced in
chloroquine maculopathy, while the latencies were un-
changed. The peripheral rings of mfPERG (ranging to
48°) were not affected by chloroquine toxicity. Both
PERG and mfPERG were less affected by age-related
macular changes. Conclusions: The reduction of PERG
and central mfPERG responses in chloroquine maculo-
pathy may help with the early detection of toxicity.

Copyright © 2004 S. Karger AG, Basel

Introduction

Screening strategies for antimalarial retinal toxicity are
still controversial, because there is a difficulty in defining
the early stages of retinopathy, and in well-monitored
patients, the incidence of retinopathy is low. Macular
changes and transient defects in visual field testing as well
as in color vision testing may be symptoms of a ‘prereti-
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nopathy’, but are difficult to differentiate from other
causes such as age-related changes. While all screening
strategies include visual acuity testing and a dilated fun-
dus exam, and many include fundus photographs, other
tests like fluorescein angiography [1] or more frequently
visual field tests ranging from Amsler grid [2] to auto-
mated macular perimetry [3–5] have been used. Also, var-
ious color vision tests have been proposed [6] and differ-
ent electrophysiological tests (electro-oculogram and elec-
troretinogram, ERG) have been evaluated [7–14]. The
efficiency of all such ophthalmologic screening proce-
dures is controversial. This is reflected in surveys of cur-
rent practice patterns showing quite inhomogeneous re-
sults [15]. Recently, proposed screening requirements are
more and more limited to clinical tests [5, 16] and for
hydroxychloroquine no routine ophthalmologic screening
is recommended by the Royal College of Ophthalmolo-
gists [17]. The recent recommendations of the American
Academy of Ophthalmology [5, 16] adopt screening inter-
vals after a baseline exam for both antimalarials because
of the anticipated risk to the patient. The proposed rou-
tine screening includes an ophthalmologic exam and
visual field testing by an Amsler grid or Humphrey 10-2.
Optional tests include color testing, fundus photography,
fluorescein angiography and multifocal ERG.

While early studies and some recent literature [5, 16]
assumed that a binding of chloroquine to melanin caused
retinal toxicity [18, 19], there is strong proof that melanin
is not at all concerned in ocular toxicity [20]. This is sup-
ported by the fact that retinopathy can be reproduced
equally both in albino and in pigmented rabbits, rats and
cats [21–25]. Several histopathologic investigations report
retinal changes, which showed membranous cytoplasmic
bodies predominantly in the ganglion cells of the retina in
man [26], monkey [27] and rodents [28], whereas the pig-
ment epithelium was affected only in very advanced reti-
nopathy. This mechanism of first impairing ganglion cell
function proposes that the strategy for chloroquine reti-
nopathy screening must focus on those cells. Of the elec-
trophysiological tests, therefore, theoretically the pattern
ERG (PERG) should be the most effective [29], but has
been applied in only a few cases [30]. As retinopathy is
known to occur predominantly in the macula, multifocal
techniques are very promising [5]. Therefore, the aim of
the current study was to investigate if screening for ocular
toxicity of antimalarials can be improved by using the
PERG and multifocal PERG.

Methods

Patients
A series of 10 consecutive patients presenting at the electrophysi-

ological department of the ophthalmologic department at the Ludwig
Maximilians University were included in the study.

On every exam besides full clinical examination, Amsler visual
field testing and color vision testing with a computerized color vision
test as described below [31–33], applying 6.5° orthotypes, were per-
formed. If chloroquine retinopathy was suspected, automated perim-
etry (Humphrey 30-2 and/or 10-2; Carl Zeiss Inc., Dublin, Calif.,
USA) was also performed. The patient characteristics are given in
table 1.

As a control group we examined 25 age-matched normal eyes
from 25 healthy individuals. Informed consent was obtained from all
participants. Average mean and standard deviation (SD) of the
healthy subject ages was 61 B 12 (range 21–72) years. Healthy eyes
had no eye disease on ophthalmologic examination and no history of
any chronic eye disease or previous ocular surgery. Visual acuity for
normal volunteers was 1.0 (20/20) or better with correction.

PERG and Multifocal PERG Stimulation
For the PERG a RETIScan System (Roland Consult, Wiesbaden,

Germany) was used. The conventional, transient PERG was per-
formed according to the ISCEV Standards [34] applying a 1°25)
checkerboard and 200 averages. For each PERG a positive compo-
nent at approximately 50 ms (P-50) and a negative component at
approximately 95 ms (N-95) was determined. The total amplitude
P-50–N-95 was analyzed. Normal values were determined to have a
median of 13.7 ÌV with a 95% interval of 6.7–22.7 ÌV yielding a
lower limit of 6.7 ÌV.

For the multifocal, transient PERG also a RETIScan System
(Roland Consult) was applied, presenting a stimulus pattern of 19
patterned hexagons, each consisting of 6 triangles (which are alter-
nating black and white). No scaling factor was applied, which means
that the central hexagon (macula) had the same size (9.6° visual
field) as the peripheral hexagons. The stimulus was presented on a
21-inch monitor viewed at 30 cm distance within a central 48 °
visual field (visual angle of 24°). Mean luminance of the stimulus on
the monitor was 180 cd/cm² and the contrast was approximately
98%. Each hexagon changed at the frequency of 75 Hz with an on/off
probability of 0.5. A trace array of all multifocal PERG traces was
smoothed and plotted.

Recording and Response Analysis
For all recordings gold foil electrodes were used (reference elec-

trodes at the temple, ground electrodes at the forehead) after anesthe-
tizing the conjunctiva with oxybuprocain 0.4% eye drops. Near cor-
rection if necessary was applied. For fixation a red target of approxi-
mately 1° visual angle was placed in the center of the stimulus. The
room illumination was moderate and always the same [35], and no
mydriatic eye drops were given.

The pattern changed in accordance of the structure of a corrected
m-sequence [36]. Duration of data acquisition was approximately
5 min with a length of 512 divided into 10 sessions of 39 s each. The
signals were band-pass-filtered with a high cut at 300 Hz and a low
cut at 10 Hz. In case of artifacts due to ocular movement or eyelid
movement, the response was eliminated by the computer program.
By cross-correlation analysis between stimulation patterns and their
responses 19 focal multifocal PERGs were displayed topographi-
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Table 1. Patient data with results of computer color vision testing, conventional PERG, multifocal PERG (mfPERG) and clinical assess-
ment

Patient No.
and eye

Age Visual
acuity

Duration of
chloroquine
medication

Daily dose
mg/kg ideal
body weight

Color test
threshold, %

protan tritan

PERG
amplitude
P-50–N-95
ÌV

mfPERG amplitude
P-50–N-95 nV/deg2

ring 1 ring 2 ring 3

Clinical assessment

1 OD 62 0.8 4 years 5 17.8 38.2 1.9 7.2 7.0 3.6 chloroquine maculopathy
1 OS 1.0 18.4 39.0 4.8 4.3 6.0 3.7 chloroquine maculopathy
2 OD 64 0.3 20 years 10 40.0 70.0 4.0 2.6 2.9 2.1 chloroquine maculopathy
2 OS 0.5 21.0 22.0 6.0 6.7 2.5 2.7 chloroquine maculopathy
3 OD 62 0.9 6 years 4 2.9 8.1 15.0 8.9 9.1 4.5 dry ARM
3 OS 0.9 2.3 9.9 21.0 14.4 6.5 4.8 dry ARM
4 OD 30 1.25 1 year 2.8 5.2 6.0 7.7 12.6 7.6 3.4 normal
4 OS 1.25 5.0 3.7 7.8 20.4 7.4 6.7 normal
5 OD 42 1.0 3 years 2.5 6.4 7.0 21.0 36.6 13.6 6.2 normal
5 OS 1.0 6.4 6.2 23.0 31.8 12.6 6.7 normal 
6 OD 25 1.0 4 years 3.0 4.8 5.2 13.0 20.5 7.3 4.9 normal
6 OS 1.0 5.0 4.8 18.0 19.9 11.5 6.0 normal
7 OD 66 0.8 5 years 8 7.2 8.6 8.8 17.8 5.6 2.4 dry ARM
7 OS 0.6 7.8 9.1 8.3 22.4 2.8 4.9 dry ARM
8 OD 76 1.0 1 year 2.5 9.4 10.4 9.2 11.2 4.2 2.0 dry ARM
8 OS 1.0 8.4 9.8 12.0 8.9 6.0 3.5 dry ARM
9 OD 67 1.0 6 months 3.0 4.8 7.2 13.0 21.7 9.9 5.1 normal
9 OS 0.8 7.2 9.4 10.0 13.1 8.9 3.0 normal, corneal scar

10 OD 43 1.0 20 years 3.5 4.8 6.2 6.0 4.3 3.3 0.6 retinal scars, ARM
10 OS 1.0 4.6 6.4 7.5 13.0 5.0 2.6 retinal scars, ARM

Normal values for color testing were less than 8% threshold, for PERG amplitudes more than 6.7 ÌV. Multifocal PERG normal reference
intervals start from 21.7 nV/deg2 for the central ring, from 8.1 nV/deg2 for ring 2 and from 4.1 nV/deg2 for ring 3. ARM = Early forms of
age-related maculopathy.

cally. For analysis the 19 hexagons were grouped into one central
field and two peripheral rings.

For each multifocal PERG a positive component at approximate-
ly 50 ms (P-50) and a negative component at approximately 95 ms
(N-95) were determined. The P-50 often rises from a still earlier neg-
ative wave at approximately 35 ms (N-35). The positive component
is measured from this trough to the following positive peak of P-50.
The following negative N-95 component is measured from the peak
of P-50 to the following trough at approximately 95 ms. The total
amplitude P-50–N-95 was used for analysis and responses were
grouped into three regions: a central hexagon (macular hexagon), a
middle ring (6 hexagons) and a peripheral ring (remaining 12 hexa-
gons). The responses of the peripheral rings were averaged from the
underlying hexagons. Latencies (given in milliseconds) of N-35, P-50
and N-95 were also measured and analyzed for every ring. As they
did not show any alterations, data are not shown.

Color Vision Test
A computerized color vision test was used. The details of the

method are described in detail elsewhere [31–33]. In brief, the system
uses a calibrated 21-inch color monitor to present random letters as
targets to be identified. The letters are of equal luminance to the
background and can only be recognized because their hue differs
from the background. Color of the letters is varied along a chosen

confusion-confusion axis. A modified binary search is carried out to
determine the threshold color contrast along protan and tritan color
confusion lines. The resulting threshold should not exceed 8.0% in
normal probands and is known to be almost independent of age when
applying large 6.5° orthotypes as performed in this study [33].
Thresholds of 8.0% for protan and tritan axis were used according to
Berninger et al. [33], where 7.0% was found as an extreme value for
protan axis and 7.9% for tritan axis in normals. The threshold repre-
sents a deviation of more than 3 SD for protan and 2 SD for tritan
from the normal mean.

Statistics
All data were collected and analyzed using SPSS 11.0 for Win-

dows (SPSS Inc., Chicago, Ill., USA). In all cases nonparametrical
tests were used and always only the right eye of each patient (and
controls) included.

Results

The patient details are given in table 1. Mean patient
age was 54 B 17 years (range 25–76 years) and did not
differ from normal controls. In table 1 all results of test-
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ing: color vision, PERG, and multifocal PERG, are listed.
The results were analyzed for significant differences in col-
or vision thresholds, the amplitudes of the PERG, differ-
ences in amplitudes from negative N-95 to positive P-50 in
multifocal PERG and for differences in the latencies.

Color Vision Testing
Regarding color vision, patients with chloroquine

maculopathy showed a marked increase in thresholds for
protan (p = 0.06) and tritan color axis (p = 0.06; Mann-
Whitney U test) within the shown patient group. All toxic
maculopathies were by far exceeding the normal thresh-
olds of 8%. Eyes with a maculopathy due to early age-
related changes (ARM) showed also some abnormal color
test results as compared to the normal control group. For
the protan axis only 1 patient with ARM (patient 8 in
table 1) exceeded the threshold of normals, while most
patients with ARM showed slightly abnormal values for
the tritan axis.

PERG Testing
In the 2 patients with chloroquine maculopathy, the

amplitudes of conventional PERG testing (table 1) were
outside the lower reference limit for healthy individuals of
6.7 ÌV. In contrast, nearly all other patients including
those with early ARM did exceed this minimal amplitude.
Even when comparing within all 8 patients on chlo-
roquine to those 2 with chloroquine maculopathy (ta-
ble 1), a significant reduction in PERG amplitudes at p =
0.04 was obtained.

Multifocal PERG Testing
On multifocal PERG testing the multifocal PERG P-

50–N-95 amplitudes of the normal age-matched control
group were 37.37 B 7.83 nV/deg2 for the central ring,
15.82 B 3.87 nV/deg2 for ring 2 and 9.50 B 2.69 nV/deg2

for ring 3 (each representing mean B SD). This calculated
2 SD lower reference limits of 21.7 nV/deg2 for the central
ring, 8.1 nV/deg2 for ring 2 and 4.1 nV/deg2 for ring 3. For
all cases with established maculopathy a clear reduction
throughout all rings was observed with the central ring
showing the by far largest reduction of amplitudes (ta-
ble 1). The patients with ARM also exhibited some degree
of central reduction as did other pathologies such as cor-
neal or central retinal scars. However, those changes were
less pronounced than in chloroquine maculopathy.
Throughout all patients with any maculopathy the periph-
eral ring 3 was affected least.

When comparing the multifocal PERG amplitudes
within all patients taking chloroquine (all patients from

table 1), the 2 maculopathy cases exhibited the largest dif-
ference for the central ring (p = 0.07), less pronounced in
ring 2 (p = 0.19), while for the peripheral ring 3 no differ-
ence was found (p = 0.60). When those 4 patients with
ARM changes were excluded from analysis, similar re-
sults were obtained. When comparing within table 1 only
those eyes with age-related changes to those 2 with chloro-
quine-induced maculopathy, overall the largest statistical
differences were obtained for color vision testing (p =
0.06), the conventional PERG (p = 0.06) and ring 1 of
multifocal PERG (p = 0.17). One case example with
established maculopathy will be described here briefly to
illustrate the typical changes.

Case Example
The 62-year-old woman (table 1, patient 1) was first

seen 2 years ago with a developing bilateral bull’s-eye
maculopathy, the right eye more than the left eye (fig. 1a).
She had suffered from rheumatoid arthritis for 24 years
and taken a 250-mg chloroquine tablet daily for the last 4
years (cumulative dose 365 g). The recommended daily
dose for this patient, based on her ideal body weight for
her height (158 cm), would be only 175 mg/day, so the
actual dosage was high. The patient’s general ophthalmol-
ogist was following her with automated 30° visual fields,
where in both eyes central absolute scotomas developed
within the last 6 months before presentation to our
department (fig. 1b). These visual field changes had oc-
curred at first without any and later on with subtle fundus
changes (fig. 1a) alarming him of retinopathy. Best-cor-
rected visual acuity at first presentation was on the right
0.8 (20/25) and on the left 1.0 (20/20). The patient showed
a marked cornea verticillata and on funduscopy early
bull’s-eye maculopathy (fig. 1a). The patient herself had
recognized a slightly blurred vision for some months, but
could not localize any defect on Amsler grid testing. Con-
ventional multifocal ERG was completely normal, indi-
cating no photoreceptor dysfunction. However, the
PERG (fig. 1c, table 1) and central multifocal PERG am-
plitudes (fig. 1d, table 1) were markedly reduced. The col-
or vision test was highly pathologic. It yielded for protan
axis OD 17.8% and OS 18.4% (normal !8%), and for tri-
tan axis OD 38.2% and OS 39.0% (normal !8%). The
patient discontinued chloroquine and has had stable vi-
sual acuity for 2 years now with constantly improving col-
or vision and PERGs.
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Fig. 1. a Fundus picture of the left eye of patient 1 with chloroquine
maculopathy. Visual acuity was 1.0. The other eye showed similar
changes. b Central 10° visual field (Humphrey 10-2) of the left eye of
the same patient shows a typical paracentral scotoma. The defects
correlate well with the fundus picture in a. c Conventional PERG
shows markedly reduced amplitudes with a mean P-50–N-95 of
4.8 ÌV. The scale is 20 ms/Div and 5 ÌV/Div. d Multifocal PERG by
monitor stimulation on a RETIScan System (Roland Consult) shows
reduced central responses. In addition the curve form in the central
hexagon changed in a way so that N-95 could hardly be determined.
Each hexagon corresponds to 9.6° of visual field. The markers in the
traces represent N-35 and P-50. e The multifocal PERG trace of a
60-year-old normal patient is plotted for comparison.

Discussion

Toxicity
While early studies assumed a binding of chloroquine

to melanin to cause retinal toxicity [18, 19], it is nowadays
known that melanin is not the primary mechanism of
ocular toxicity [20–25]. Histopathologic investigations
showed membranous cytoplasmic bodies predominantly
in the ganglion cells of the retina in both man [26], mon-

key [27] and rodents [28], whereas the pigment epithe-
lium showed only changes in very advanced retinopathy.
In this study it is shown on a small group of patients
receiving long-term chloroquine medication that both
full-field PERG and central multifocal PERG responses
are reduced in retinal chloroquine toxicity. Additionally,
the tritan color axis is earlier affected than the protan sys-
tem [37], which may support the theory that ganglion cells
in the macula are the primary site of chloroquine toxicity,



Multifocal PERG in Chloroquine
Retinopathy

Ophthalmic Res 2004;36:106–113 111

which mainly generate the PERG responses [34]. How-
ever, other more distal effects such as luminance-depen-
dent influences from photoreceptors or even pigment epi-
thelium damage may still contribute to the decrease of the
PERG responses. While the changes more altering the
response at N-95 than at P-50 (fig. 1d) hint towards a gan-
glion cell affection, the other causes mentioned cannot be
completely excluded from this limited patient series.

Regarding the underlying mechanism, lipid complex
accumulation causes ganglion cells to develop complex-
containing lysosomes, Müller and bipolar cells being first
affected [22]. As far as is known, chloroquine forms com-
plexes with gangliosides, inhibiting further degradation
[38] and finally leading to an accumulation of lipid com-
plexes in the neuroretina [39, 40]. Ultimately this may
cause irreversible damage to rods and cones even after
cessation of the drug [41, 42]. This explains why the mul-
tifocal ERG is suitable for detecting more advanced chlo-
roquine retinopathy [43, 44]. However, changes in rods
and cones occur in more advanced toxicity, thus limiting
all tests on this system [37].

Color Vision
Defects in color vision are known to occur with anti-

malarial treatment that causes retinal toxic changes [45]
and may precede visible fundus changes [46]. However,
changes may be subtle and frequently are not detected by
conventional color testing [47–52]. It is known that the
earliest changes resulting from retinal toxicity occur with
blue-yellow (i.e. tritan) colors, while protan defects occur
in more advanced cases [53, 54]. This explains why every
color test is not equally applicable. We have previously
shown that the computerized, quantitative color test used
in this study has a high sensitivity and specificity for
chloroquine-induced maculopathy [37]. Additionally, it
has the advantage that it can be performed fast and easily
(less than 5 min for both eyes). When using large opto-
types, there is only a trivial disturbance in color percep-
tion due to age [33].

Visual Field Testing
Visual field testing is frequently performed for moni-

toring [15] since it was first proposed by Hart et al. [3] in
1984. Definite maculopathy is defined by Easterbrook
[52, 55] as reproducible bilateral field defects, while early
maculopathy does not show visual field defects [56]. The
use of Amsler grid for testing is inexpensive and fast and
therefore is frequently recommended [2, 5, 15, 16, 57].
However, it is very dependent on the compliance of the
patient and nonspecific as approximately 6% of the nor-
mal population has defects [50]. Amsler grid testing may
still give hints and allow a less frequent use of automated
static perimetry [16].

Although routinely many centers use static 10-2 auto-
mated perimetry, only few reports exist regarding its suit-
ability for screening. Easterbrook [58] found 91% sensi-
tivity and 58% specificity for a red perimetry, which is in
the range of color vision tests. Interestingly, in our case
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series, early visual field changes (see case report) showed
an arcuate scotoma similar to that seen in glaucoma. This
further supports the theory that ganglion cells are first
affected, as it is known that maximal ganglion cell densi-
ties are reached in a horizontally oriented, elliptical ring
0.4–2.0 mm from the foveal center [59]. This is also the
area where first changes are seen in chloroquine retinopa-
thy, leaving the foveal center unchanged (fig. 1), although
in the foveal center the highest melanin contents of the
overall low melanized macula are found [60, 61]. In more
advanced, later forms only the typical ring-like scotoma is
found at the area of highest ganglion cell density corre-
sponding to secondary changes of the retinal pigment epi-
thelium. As changes of ganglion cells can be well mea-
sured by the PERG [62], it is reasonable to apply this test
to detect early chloroquine retinopathy, representing a
‘ganglion cellopathy’ in early stages. In this study we could

show in a first case series that in chloroquine retinopathy
usually both full-field PERG and central multifocal
PERG responses are reduced, but no changes are found in
patients without retinal toxicity.

Conclusions

The reduction of PERG and central multifocal PERG
responses in chloroquine maculopathy may help with the
early detection of toxicity.

Acknowledgments

The authors thank Christel Hörmann for expert technical assis-
tance regarding electrophysiological examination and Doris Oepke
regarding visual field testing.

References

1 Cruess AF, Schachat AP, Nicholl J, Augsburger
JJ: Chloroquine retinopathy: Is fluorescein an-
giography necessary? Ophthalmology 1985;92:
1127–1129.

2 Easterbrook M: The use of Amsler grids in ear-
ly chloroquine retinopathy. Ophthalmology
1984;91:1368–1372.

3 Hart WM Jr, Burde RM, Johnston GP, Drews
RC: Static perimetry in chloroquine retinopa-
thy: Perifoveal patterns of visual field depres-
sion. Arch Ophthalmol 1984;102:377–380.

4 Easterbrook M, Trope G: Value of Humphrey
perimetry in the detection of early chloroquine
retinopathy. Lens Eye Toxic Res 1989;6:255–
268.

5 Marmor MF, Carr RE, Easterbrook M, et al:
Recommendations on screening for chloro-
quine and hydroxychloroquine retinopathy: A
report by the American Academy of Ophthal-
mology. Ophthalmology 2002;109:1377–1382.

6 Vu BL, Easterbrook M, Hovis JK: Detection of
color vision defects in chloroquine retinopathy.
Ophthalmology 1999;106:1799–1803;discus-
sion 804.

7 Kolb H: Electro-oculogram findings in patients
treated with antimalarial drugs. Br J Ophthal-
mol 1965;49:573–589.

8 Sverak J, Erbenova Z, Peregrin J, Salavec M:
The ERG and EOG potentials after long-term
Resochin therapy (in German). Klin Monatsbl
Augenheilkd 1970;157:389–392.

9 Graniewski-Wijnands HS, van Lith GH, Vijf-
vinkel-Bruinenga S: Ophthalmological exami-
nation of patients taking chloroquine. Doc
Ophthalmol 1980;48:231–234.

10 Percival SP: The ocular toxicity of chloroquine.
Trans Ophthalmol Soc UK 1967;87:355–357.

11 Reijmer CN, Tijssen JG, Kok GA, van Lith
GH: Interpretation of the electro-oculogram of
patients taking chloroquine. Doc Ophthalmol
1980;48:273–276.

12 Van Lith GH: Electro-ophthalmology and side-
effects of drugs. Doc Ophthalmol 1977;44:19–
21.

13 Pinckers A, Broekhuyse RM: The EOG in
rheumatoid arthritis. Acta Ophthalmol (Co-
penh) 1983;61:831–837.

14 Gouras P, Gunkel R: The EOG in chloroquine
and other retinopathies. Arch Ophtalmol 1963;
70:91–100.

15 Mazzuca SA, Yung R, Brandt KD, et al: Cur-
rent practices for monitoring ocular toxicity
related to hydroxychloroquine (Plaquenil) ther-
apy. J Rheumatol 1994;21:59–63.

16 Easterbrook M: Current concepts in monitor-
ing patients on antimalarials. Aust N Z J Oph-
thalmol 1998;26:101–103.

17 Fielder A, Graham E, Jones S, et al: Royal Col-
lege of Ophthalmologists guidelines: Ocular
toxicity and hydroxychloroquine. Eye 1998;12:
907–909.

18 Potts AM: Further studies concerning the accu-
mulation of polycyclic compounds on uveal
melanin. Invest Ophthalmol 1964;3:399–404.

19 Gonasun LM, Potts AM: In vitro inhibition of
protein synthesis in the retinal pigment epithe-
lium by chloroquine. Invest Ophthalmol 1974;
13:107–115.

20 Leblanc B, Jezequel S, Davies T, et al: Binding
of drugs to eye melanin is not predictive of ocu-
lar toxicity. Regul Toxicol Pharmacol 1998;28:
124–132.

21 Francois J, Maudgal MC: Experimental chloro-
quine retinopathy. Ophthalmologica 1964;148:
442–452.

22 Gregory MH, Rutty DA, Wood RD: Differ-
ences in the retinotoxic action of chloroquine
and phenothiazine derivatives. J Pathol 1970;
102:139–150.

23 Legros J, Rosner I: Electroretinographic modi-
fications in albino rats after chronic adminis-
tration of toxic doses of hydroxychloroquine
and desethylhydroxychloroquine (in French).
Arch Ophtalmol Rev Gen Ophtalmol 1971;31:
165–180.

24 Kuhn H, Keller P, Kovacs E, Steiger A: Lack of
correlation between melanin affinity and reti-
nopathy in mice and cats treated with chloro-
quine or flunitrazepam. Graefes Arch Klin Exp
Ophthalmol 1981;216:177–190.

25 Ivanina TA, Zueva MV, Lebedeva MN, et al:
Ultrastructural alterations in rat and cat retina
and pigment epithelium induced by chloro-
quine. Graefes Arch Clin Exp Ophthalmol
1983;220:32–38.

26 Ramsey MS, Fine BS: Chloroquine toxicity in
the human eye: Histopathologic observations
by electron microscopy. Am J Ophthalmol
1972;73:229–235.

27 Rosenthal AR, Kolb H, Bergsma D, et al:
Chloroquine retinopathy in the rhesus monkey.
Invest Ophthalmol Vis Sci 1978;17:1158–
1175.

28 Hodgkinson BJ, Kolb H: A preliminary study
of the effect of chloroquine on the rat retina.
Arch Ophthalmol 1970;84:509–515.

29 Arden GB: Comparison of new psychophysics
and perimetry with electrophysiological tech-
niques in the diagnosis of glaucoma. Curr Opin
Ophthalmol 1993;4:14–21.

30 Cursiefen C, Grunert U, Junemann A: Chloro-
quine-induced bull’s eye maculopathy without
electrophysiologic changes (in German). Klin
Monatsbl Augenheilkd 1997;210:400–401.



Multifocal PERG in Chloroquine
Retinopathy

Ophthalmic Res 2004;36:106–113 113

31 Arden G, Gunduz K, Perry S: Color vision test-
ing with a computer graphics system: Prelimi-
nary results. Doc Ophthalmol 1988;69:167–
174.

32 Gunduz K, Arden GB, Perry S, et al: Color
vision defects in ocular hypertension and glau-
coma: Quantification with a computer-driven
color television system. Arch Ophthalmol
1988;106:929–935.

33 Berninger T, Drobner B, Hogg C, et al: Color
vision in relation to age: A study of normal val-
ues (in German). Klin Monatsbl Augenheilkd
1999;215:37–42.

34 Bach M, Hawlina M, Holder GE, et al: Stan-
dard for pattern electroretinography. Interna-
tional Society for Clinical Electrophysiology of
Vision. Doc Ophthalmol 2000;101:11–18.

35 Bach M, Schumacher M: The influence of am-
bient room lighting on the pattern electroreti-
nogram (PERG). Doc Ophthalmol 2002;105:
281–289.

36 Sutter EE, Tran D: The field topography of
ERG components in man. I. The photopic
luminance response. Vision Res 1992;32:433–
446.

37 Neubauer AS, Samari-Kermani K, Schaller U,
et al: Detecting chloroquine retinopathy: Elec-
tro-oculogram versus colour vision. Br J Oph-
thalmol 2003;87:902–908.

38 Lüllmann-Rauch R (ed): Lipoidosis of the Reti-
na due to Cationic Amphiphilic Drugs: Rat.
Berlin, Springer, 1991, pp 87–92.

39 Meier-Ruge W, Cerletti A: Zur experimentel-
len Pathologie der Phenothiazin-Retinopathie.
Ophthalmologica 1966;151:512–533.

40 Tanenbaum L, Tuffanelli DL: Antimalarial
agents: Chloroquine, hydroxychloroquine, and
quinacrine. Arch Dermatol 1980;116:587–
591.

41 Duncker G, Bredehorn T: Chloroquine-in-
duced lipidosis in the rat retina: Functional
and morphological changes after withdrawal of
the drug. Graefes Arch Clin Exp Ophthalmol
1996;234:378–381.

42 Duncker G, Schmiederer M, Bredehorn T:
Chloroquine-induced lipidosis in the rat retina:
A functional and morphological study. Oph-
thalmologica 1995;209:79–83.

43 Kellner U, Kraus H, Foerster MH: Multifocal
ERG in chloroquine retinopathy: Regional
variance of retinal dysfunction. Graefes Arch
Clin Exp Ophthalmol 2000;238:94–97.

44 Wolfelschneider P, Kohen L, Wiedemann P:
Maculopathy in long-term chloroquine therapy
(in German). Ophthalmologe 1998;95:186–
187.

45 Okun E, Gouras P, Bernstein HN, von Sall-
mann L: Chloroquine retinopathy: A report of
eight cases with ERG and dark-adaptation
findings. Arch Ophthalmol 1963;58:774–778.

46 Nozik RA, Weinstock FJ, Vignos PJ: Ocular
complications of chloroquine: A series and case
presentation with a simple method for early
detection of retinopathy. Am J Ophthalmol
1964;58:774–778.

47 Carr RE, Gouras P, Gunkel RD: Chloroquine
retinopathy: Early detection by retinal thresh-
old test. Arch Ophthalmol 1966;75:171–178.

48 Henkind P, Carr RE, Siegel IM: Early chloro-
quine retinopathy: Clinical and functional
findings. Arch Ophthalmol 1964;71:157–165.

49 Nylander U: Ocular damage in chloroquine
therapy. Acta Ophthalmol (Copenh) 1966;44:
335–348.

50 Percival SP, Meanock I: Chloroquine: Oph-
thalmological safety, and clinical assessment in
rheumatoid arthritis. Br Med J 1968;iii:579–
584.

51 Bartel PR, Roux P, Robinson E, et al: Visual
function and long-term chloroquine treatment.
S Afr Med J 1994;84:32–34.

52 Easterbrook M: Ocular effects and safety of
antimalarial agents. Am J Med 1988;85:23–
29.

53 Jaeger W: Acquired colour-vision deficiencies
caused by side-effects of pharmacotherapy (in
German). Klin Monatsbl Augenheilkd 1977;
170:453–460.

54 Grutzner P: Acquired color vision defects sec-
ondary to retinal drug toxicity. Ophthalmologi-
ca 1969;158(suppl):592–604.

55 Easterbrook M: The ocular safety of hydroxy-
chloroquine. Semin Arthritis Rheum 1993;23:
62–67.

56 Percival SP, Behrman J: Ophthalmological
safety of chloroquine. Br J Ophthalmol 1969;
53:101–109.

57 Niemeyer G, Fruh B: Examination strategies in
the diagnosis of drug-induced retinal damage
(in German). Klin Monatsbl Augenheilkd
1989;194:355–358.

58 Easterbrook M: Detection and prevention of
maculopathy associated with antimalarial
agents. Int Ophthalmol Clin 1999;39:49–57.

59 Curcio CA, Allen KA: Topography of ganglion
cells in human retina. J Comp Neurol 1990;
300:5–25.

60 Weiter JJ, Delori FC, Wing GL, Fitch KA:
Retinal pigment epithelial lipofuscin and
melanin and choroidal melanin in human eyes.
Invest Ophthalmol Vis Sci 1986;27:145–152.

61 Dorey CK, Wu G, Ebenstein D, et al: Cell loss
in the aging retina: Relationship to lipofuscin
accumulation and macular degeneration. In-
vest Ophthalmol Vis Sci 1989;30:1691–1699.

62 Gerling J, Geiger K, Bach M: Atrophy of the
ganglion cells reduces pattern ERG not only in
fine but also in coarse test patterns (in Ger-
man). Fortschr Ophthalmol 1991;88:833–837.


