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Purpose: To investigate changes in multifocal electroretinography (mfERG) parameters
associated with high dose chloroquine therapy for treatment of malaria in the Amazonia
region of Brazil.

Methods: Forty-eight subjects who had received chloroquine treatment for single or
multiple malaria infections with a cumulative dose ranging from 1,050 to 27,000mg
were included. The control group consisted of 37 healthy aged-matched subjects. Data
was collected on amplitude and implicit time of the N1, P1 and N2 waves in the central
macular hexagon (R1) and in five concentric rings at different retinal eccentricities
(R2-Re6).

Results: No significant difference was observed in any mfERG parameter between
chloroquine treated patients and control subjects. A comparison with previous data
obtained from patients with rheumatologic disorders in the same region of Brazil who
had received larger cumulative doses of chloroquine and had displayed mfERG changes,
indicated that retinal toxicity seems to be dependent on cumulative dose.
Conclusion: Lack of mfERG changes in the current study suggests that intensive high
dose chloroquine therapy for treatment of malaria is not associated with retinal toxicity.
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INTRODUCTION

Chloroquine and its analogue, hydroxy-
chloroquine, are widely prescribed for
rheumatologic disorders,! but were originally
used for prophylaxis and treatment of malaria.?
These drugs may cause retinopathy with a
predominant feature of progressive maculopathy.
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Different methods have been used to explore
retinal dysfunction associated with chloroquine
use.*'2 Over the past two decades, multifocal
electroretinography (mfERG) has become
an important tool in studying chloroquine
retinopathy because it reveals functional retinal
integrity with spatial orientation.!??
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Relatively high doses of chloroquine are
prescribed over a few days for treatment of
malaria. In Brazil, malaria caused by Plasmodium
vivax is treated by a total chloroquine dose of 1,500
mg over three days.”” Although the total dose
per treatment may be low in malaria patients,
several treatments after repeated infections may
be necessary leading to a large cumulative dose.
Thus, the regimen for chloroquine treatment is
different in patients with malaria and those
with rheumatologic disorders. It remains
unknown whether treatment regimen, apart
from cumulative dose, affects functional retinal
integrity.

To our knowledge, the effects of high daily
doses of chloroquine on mfERG have not been
previously published. Malaria patients can be
studied as a model to evaluate the acute effects of
chloroquine on retinal function. Additionally, it
is unknown if the disease process per se has an
influence on chloroquine induced retinopathy.

In the present study, we evaluated mfERG
in patients with malaria who had received high
dose chloroquine therapy. We compared mfERG
in these patients with tracings obtained from
healthy subjects.

METHODS

This study included 48 patients (39 male and 9
female subjects) with mean age of 33.6+11.8 years
who had received chloroquine for treatment of
malaria, and 37 healthy matched controls (22
male and 15 female subjects) with mean age of
33.9+11.2 years.

All patients had malaria infections caused
by Plasmodium vivax. The standard therapy
included chloroquine (600 mg) plus primaquine
(30 mg) on the first day followed by 450 mg
of chloroquine and 30 mg of primaquine on
the second and third days. On the fourth to
seventh day, only primaquine (30 mg) was
administered.?” Therefore, the total dose of
chloroquine was 1,500 mg at the end of the one
week treatment period. For the purpose of this
study, we calculated total dose and total dose
per kilogram (kg) of body weight.

Control subjects had no history of
degenerative disease and had never taken

chloroquine as an antimalarial agent or for
treatment of rheumatologic disorders. They had
best corrected visual acuity of at least 20/30, no
ocular disorders and clear media as documented
by an ophthalmologist. All controls agreed to
participate in the study which adhered to the
tenets of the Declaration of Helsinki and was
approved by the Committee of Ethics in Research
with Humans of the Tropical Medicine Nucleus,
Federal University of Para, Brazil.

Recordings were performed on one
eye of each subject using a portable mfERG
system controlled by RETIscan Science 4.0.0.4
(Roland Consult, Brandenburg, Germany).
The protocol was in accordance with the
guidelines of the International Society of
Clinical Electrophysiology of Vision (ISCEV). All
patients received a drop of 2.5% phenylephrine
and 1% tropicamide to achieve maximal
mydriasis. A drop of proxymetacaine chloride
was instilled for topical anesthesia. Corneal DTL
electrodes were used as active electrodes and
were referenced by surface gold cup electrodes
placed at the temporal canthus. Surface gold cup
electrodes placed on the forehead were used as
ground electrodes. The contralateral eye was
occluded during recording. All measurements
were performed at the Evandro Chagas Institute
(Belém, State of Para, Brazil).

A computer-controlled monitor was used to
display the stimulus containing 103 hexagons
(total visual angle of 25°). The distortion factor
was 1:4. An m-sequence with exponent 15 was
used to present a luminance modulation from
less than 1 cd/m? (dark areas) to 200 cd/m?
(bright areas). Recordings were performed
under room lighting and took approximately 12
minutes. The test was paused on patient request.
A cross (52" of visual angle) at the center of
the display was used as the fixation point. If
artifacts were observed (such as those caused
by eye movements or blinks), the recording was
interrupted and the test was restarted earlier in
the m-sequence, after the potential returned to
baseline levels.

The recordings were amplified (x 100,000),
band-pass filtered between 5-100 Hz, and
digitized at 1 KHz. First-order kernels were
generated by the software. The recordings were

194 Journar or OpHTHALMIC AND VisioN ResearcH 2013; Vol. 8, No. 3



mfERG and High Dose Chloroquine; de Carvalho et al

Time (ms)

Figure 1. mfERG stimulus and analysis. (A) A 103
hexagonal array was used to elicit mfERG responses.
The responses were averaged according to six concentric
rings. The central hexagon was ring # 1 (R1). (B) An
example of a response waveform is shown together with
definitions of mfERG components. N1 and N2 amplitudes
were measured from baseline to the respective troughs;
P1 amplitude was defined as the voltage difference
between N1-trough to P1-peak.

averaged in six concentric rings of hexagons
(ring #1 being the central hexagon; Fig. 1). We
analyzed the amplitude and implicit time of the
mean waveform from each ring. N1 Amplitude
was defined as the voltage difference between
baseline and the negative peak in a time
window between 15 to 45 milliseconds (ms).
P1 amplitude was the difference between the
N1 trough and P1 peak (occurring between
35 and 75 ms). N2 amplitude was the voltage
difference between baseline and the negative
peak in the time window between 50 to 125
ms (Fig. 1). We also measured the component
amplitude ratio of each ring to ring #6 in order

to decrease interindividual variability.

Results are reported as mean values and
standard errors. We used a two-way ANOVA
(a=0.05, Bonferroni correction post-hoc test) to
compare controls to malaria treated patients in
the evaluation of mfERG parameters. The linear
correlation coefficient (r) was used to evaluate
the correlation between mfERG parameters with
total chloroquine dose and total dose per kg of
body weight.

RESULTS

The number of malaria infections ranged from
1 to 18 episodes in the patient group and mean
cumulative chloroquine dose was 5,429+782.3
(range, 1,050 to 27,000) mg. The cumulative dose
normalized to body mass varied from 14.58 to
545.45 mg/kg. Figure 2 shows mfERG responses
in all six rings averaged from individuals in the
control group (A) and in patients treated for
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Figure 2. mfERG waveforms from controls and malaria
patients. A-B: Mean waveforms for each of the six rings
in the control group (A) and malaria patients (B). C-F:
Recordings from single control subjects (C and E) and
single malaria patients (D and F).
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malaria (B). In addition, recordings from two
individual control subjects (Figures 2C and E)
and from two patients (Figures 2D and F) are
displayed.

No significant difference was observed
between chloroquine treated patients and
controls in any mfERG parameter including N1,
P1 and N2 amplitudes and implicit times at all
eccentricities (Fig. 3). The ratio of amplitudes in
each ring to the amplitude in ring #6 was also
comparable between the groups.

No correlation was observed between
cumulative dose or cumulative dose per kg of
body weight, and amplitudes of the mfERG
components (P>0.05).
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Figure 3. Amplitudes (left column) and implicit times
(right column) for different mfERG components at
different rings, plotted separately for controls (open bars)
and malaria patients (closed bars). Values for N1, P1 and
N2 components are displayed in the upper, middle and
lower plots respectively. None of the amplitudes and
implicit times differed significantly between the two
study groups.

Although the mechanism of chloroquine
retinopathy remains unclear, there is ample
evidence suggesting functional changes in the
retina.®*31%2 mfERG is a modality that can be used
to monitor visual function following chloroquine
therapy. This technique has revealed that the
central and paracentral retina are mainly affected
by long term administration of chloroquine and
hydroxychloroquine.'*!72022262 However, diffuse
retinal damage has also been reported.'®*

In Brazil, patients with malaria receive
relatively high daily, but low cumulative,
chloroquine doses and can therefore serve as a
model to study the acute effects of chloroquine
on the visual system. Moreover, the effect of
repeated treatments after recurrent malarial
infections could also be studied.

Previously, a histological study on the
retina of macaques exposed to chloroquine
showed alterations in retinal ultrastructure
before changes could be observed by retinal
examination and/or electroretinographic
abnormalities could be recorded.® The earliest
change was retinal ganglion cell degeneration
after acute chloroquine intake for one week.
Long-term exposure to chloroquine showed
degeneration of photoreceptors and the retinal
pigment epithelium (RPE). In the human
retina, chronic exposure to chloroquine leads
to histopatological changes especially in retinal
ganglion cells and also in the inner plexiform
layer, inner nuclear layer, photoreceptors and
RPE.*

Optical coherence tomography (OCT)
findings have also indicated that long-term
chloroquine users with clinical symptoms
have thinning of the outer nuclear layer in
the parafoveal area.®*** Retinal changes have
also been observed in OCT images of patients
without clinical signs.?>3¢ These changes were
observed in the outer retina and retinal nerve
fiber layer.

The malarial disease itself might cause
retinopathy in subjects with severe manifestations
of the disease as in cerebral malaria.’”” In the
present study, none of the patients had severe
or cerebral malaria.

To our knowledge, the present study is the
first to investigate the effect of acute chloroquine
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intake for treatment of malaria on mfERG
parameters. We observed no changes in mfERG
parameters in patients receiving high dose
chloroquine for malaria. Our results contrast
with that reported by Raster and colleagues®
on the effects of chloroquine administered for
rheumatologic indications on mfERG parameters
in the same region of Brazil. The latter study
reported decrements in amplitudes of the N1,
P1, and N2 components in the macular region.
As in other studies, the above-mentioned
study® included cumulative doses that were on
average 50 times larger than those employed in
the current series. Therefore, mfERG changes
seem to be dependent on the cumulative dose of
chloroquine or hydroxychloroquine rather than
acute high doses. This is consistent with previous
reports on a correlation between mfERG changes
and cumulative doses when high chloroquine
doses are used.?0?%272

Based on our results, the acute regimen
of chloroquine intake and the malarial disease
itself are not associated with retinal toxicity.
In the present study, follow-up was tenuous at
best because the patients came to the Evandro
Chagas Institute to receive medicine during the
treatment period and subsequently returned to
their remote villages.
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