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Retinal Toxicity With the Use of
Chloroquine or Hydroxychloroquine

Gerald A. Fishman

The 4-aminoquinoline derivative chloroquine was
first used in humans on a large scale during World
War II as a treatment of malaria. At much higher
doses, this drug was used in 1950 for the treatment
of rheumatoid arthritis and in the following year for
the treatment of patients with systemic lupus
erythematosus. Hydroxychloroquine, which has
been used since 1955, is also a 4-aminoquinoline de-
rivative and is similar to chloroquine except that a
hydroxyethyl group has been substituted for an
ethyl group. It is marketed as a sulfate compound
(Plaquenil). Both compounds are water soluble and
well absorbed in the gastrointestinal tract after oral
administration.

Patients receiving high dosages of chloroquine
diphosphate (Aralen, Resochin) or chloroquine sul-
fate (Nivaquine) for extended periods can experience
any of the following: tinnitus and imbalance on
rapid head movements; cutaneous hyperpigmenta-
tion; whitening of the scalp hair, eyebrows, and eye-
lashes; temporary diplopia from extraocular muscle
palsies affecting particularly the sixth cranial nerve;
reduction in the amplitude of accommodation; de-
creased corneal sensitivity; intraepithelial corneal de-
posits; and retinal changes.

CORNEAL TOXICITY

The use of chloroquine and hydroxychloroquine
can be associated with intraepithelial deposits in a
whirl-like configuration, mainly in the lower third of
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the cornea. These deposits have some phenotypic
similarities to those seen in carriers of Fabry’s dis-
ease as well as those seen with the use of, among
other drugs, amiodarone and certain aminoglycoside
antibiotics. No relation has been demonstrated be-
tween the development of these corneal deposits
and retinopathy. Although some reports in the liter-
ature indicate that as high as 30% to 45% of patients
receiving long-term chloroquine therapy will de-
velop these corneal changes, a more realistic expec-
tation is closer to 10%. The development of these
changes does not generally appear to be related to
total drug dosage. Their occurrence is not a contrain-
dication to continued treatment since they are grad-
ually reversible when medication is withdrawn. In
most instances, the corneal changes do not affect vi-
sual acuity, although perhaps as many as 50% of pa-
tients with corneal involvement will complain of see-
ing halos around lights, manifest some degree of
photoaversion, and show a decrease in corneal sen-
sation. Corneal deposits may appear as early as 2 to
3 weeks after antimalarial therapy is begun.

RETINAL TOXICITY

Retinal toxicity associated with the use of chloro-
quine was first clearly recognized by Hobbs and co-
workers®! in 1959. The clinical characteristics consist
initially of a subtle parafoveal and, to a lesser de-
gree, foveal granularity as the result of hypopigmen-
tation and mottling of the retinal pigment epithe-
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lium. A reduction in the foveal light reflex may be
apparent. These changes can be difficult to identify
with certainty unless patients have been examined
prior to therapy. At this early stage, the patient is
frequently symptom free since central visual acuity
is often entirely normal. However, testing of
parafoveal function with static perimetry will not in-
frequently detect a decrease in sensitivity in the
parafoveal region of each eye. As retinal toxicity
progresses, a bull’s-eye-like pattern of hypopig-
mentation of the parafoveal retinal pigment epithe-
lium becomes apparent by ophthalmoscopy. Its
presence and pattern can be more apparent on fluo-
rescein angiography as a regionalized hyperfluores-
cence. In addition to elevations of threshold (de-
crease in sensitivity) on static perimetry, a
pericentral or paracentral scotoma can often be de-
tected within 2 to 3 degrees of fixation by kinetic pe-
rimetry. At this stage, patients are frequently aware
of visual disturbance, particularly while reading,
that are associated with the parafoveal or perifoveal
scotomas or with a reduction in central acuity.
Subsequently, the foveal lesion can become more
extensive, with loss of its bull's-eye pattern (Fig
77-1). Additionally, the retinal periphery may sub-
sequently show initial pigmentary changes in the

FIG 77-1.

Atrophic-appearing foveal lesion in the right eye from a pa-
tient with retinal toxicity associated with the use of chloro-
quine.

FIG 77-2.

Extensive pigmentary degeneration of the retina including
large areas of hypopigmentation and bone spicule—like pig-
ment clumping. Also note the attenuated retinal vessels and
optic nerve pallor.

form of nonspecific granular hyperpigmentation, fol-
lowed by areas of retinal pigment epithelial cell hy-
popigmentation with anterior pigment migration
and clumping in the form of bone spicule-like
changes. In the more advanced stages, the periph-
eral pigmentary changes can become extensive and
associated with narrowing of retinal arterioles, pallor
of the optic disc, and peripheral visual field restric-
tion (Fig 77-2). Infrequently, peripheral field restric-
tion, peripheral pigmentary changes, and attenuated
retinal vessels can be noted before the appearance of
an atrophic or bull's-eye—appearing change within
the fovea.”

In the absence of clinically apparent retinopathy,
mild degrees of foveal functional impairment may be
reversed when drug therapy is discontinued. When
retinopathy is recognized, even reasonably early,
and chloroquine or hydroxychloroquine therapy is
discontinued, in most instances the vision that has
been impaired is not recovered, and the appearance
of foveal pigmentary changes remains stable.”” 10 35
In a small proportion of cases, however, there may
be improvement or total recovery of normal visual
function and disappearance of the foveal abnormali-
ties.!” In a small but unfortunate number of cases,
loss of vision and progressive pigmentary changes
occur despite discontinuation of the drugs.'® 3% 3% In
rare instances, chloroquine-induced retinopathy can
first develop after chloroquine therapy has been dis-
continued.® Generally, it seems that the more ad-
vanced the fundus changes are at the time of cessa-
tion of therapy, the greater is the likelihood of
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progressive deterioration of visual function, and the
greater is the likelihood of progressive retinopathy.

RISK OF RETINAL TOXICITY

There has been considerable debate as to whether
the total cumulative dose of chloroquine and/or hy-
droxychloroquine is more relevant to the develop-
ment of retinopathy than are the maximal daily doses.
Initially, it was observed that the majority of cases of
retinal toxicity associated with the use of these anti-
malarial drugs occurred after at least 2 or 3 years of
treatment. This led some investigators®™ *' > to em-
phasize careful assessment of those patients who had
ingested a total cumulative dose of 100 g or more of
chloroquine. Subsequently, Nylander** emphasized
that enhanced vigilance was warranted primarily af-
ter patients had exceeded a total cumulative dose of
300 g. He observed that 79% of his patients with chlo-
roquine retinopathy had been treated for a period of
3 years with a mean total dose of 300 g. However,
other investigators® 16 26 31, 32,36, 46, 49,51, 53 g
phasized the importance of the maximal daily dose
rather than the total cumulative dose or duration of
therapy as being the critical factor in antimalarial
retinopathy. Johnson and Vine** emphasized that
patients receiving daily doses of 400 mg/day (or less)
or 6.5 mg/kg of body weight per day (whichever is
less) may tolerate large cumulative doses (ranging
from approximately 1,000 to nearly 4,000 g) of hy-
droxychloroquine without developing retinopathy.
Similarly, they emphasized that the incidence of
retinopathy with visual loss was negligible in pa-
tients ingesting 250 mg or less of chloroquine per
day.

Nevertheless, Bernstein® showed that in a review
of 65 cases from the literature in which antimalarial
retinal toxicity occurred, 7 patients had not ingested
more than 250 mg/day of chloroquine or 200 mg/day
of hydroxychloroquine. More recently, Easterbrook'?
noted 35 patients with bilateral irreversible chloro-
quine retinopathy who had received 250 mg or less
of chloroquine per day. Easterbrook suggested that
the recommended maximal daily dose of chloro-
quine should be adjusted downward. Thus, it would
appear as if both the total accumulative drug dose as
well as maximal daily doses are both likely to be risk
factors for the development of retinal toxicity.

The incidence of chloroquine-induced retinal tox-
icity has varied in different series from less than 1%
to 22%, depending on the definition of retinopathy
and the methods used for its detection.®® From a re-
alistic assessment of the literature, one would con-

clude that the incidence currently is from less than
1% to 6%,* '° particularly if adherence to currently
recommended daily dosages are maintained. Over-
all, there has been a considerably higher prevalence
of retinal toxicity with the use of chloroquine as
compared with hydroxychloroquine.' There is rea-
sonable speculation that the higher prevalence with
the use of chloroquine may relate to the higher dos-
ages of the drug that were employed during its ini-
tial use. Prospective, appropriately controlled inves-
tigations are necessary to convincingly resolve this
issue. It would seem prudent to exercise due caution
with the use of each of these drugs.

MONITORING PATIENTS FOR RETINAL
TOXICITY

There are a number of opinions in the literature
on how to best monitor patients receiving chloro-
quine for signs of retinal toxicity. Ideally, any sur-
veillance methods should catch signs of toxicity be-
fore there is irreversible damage. Some suggested
methods of monitoring such as electroretinography
(ERG) and fluorescein angiography do not meet the
goal of catching toxicity at a point when it can be re-
versed. The method of monitoring recommended by
the author is serial static perimetry. Because of the
short-term variability in threshold measurements, it
is vital to obtain baseline static threshold fields on all
patients before or shortly after the beginning of drug
therapy. This is also important for kinetic field mea-
surements, particularly if red test targets are imple-
mented since up to 6% of a normal population has
been noted to have small scotomas with the use of
this chromatic target as well as scotomas due to
other pathology.*” Therefore, during the first year of
drug ingestion, in addition to obtaining a best-cor-
rected visual acuity, it is recommended that two
static perimetry examinations evaluating the central
5 to 10 degrees be performed approximately 6 to 9
months apart. If kinetic perimetry methods are to be
used, at least one and preferably two baseline stud-
ies would be of merit. Color fundus photographs of
the disc, macula, and periphery are warranted. If
foveal changes are present at baseline, a fluorescein
angiogram would likely be indicated.

During the second year of drug ingestion, recom-
mended follow-up would include repeated visual
acuity and static perimetry examination within the
central 5 to 10 degrees 9 months after the last exam-
ination. If there is a change of 0.3 log units or less
from previous thresholds, the findings should be
considered unchanged. If a change greater than 0.3
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log units is apparent, particularly 0.5 log units or
greater, the examination should be repeated within
2 weeks. If a similar change is noted from the two
baseline examinations, serious consideration should
be given to termination of the drug therapy or at
least to careful and frequent monitoring. It is reason-
able to obtain color photographs. A fluorescein an-
giogram is probably not necessary unless baseline
changes are being monitored since it is unlikely that
retinopathy will be detected by fluorescein photog-
raphy before the development of functional foveal
defects discernible by static or even careful kinetic
perimetry. Although some authors advocate the use
of an Amsler grid test for patients,13 this examina-
tion is also not likely to be either as sensitive or
more sensitive than static perimetry testing. Never-
theless, isolated exceptions to this sentiment have
been noted.'* If patients are requested to monitor
themselves with an Amsler grid at home, it should
be emphasized that this self-assessment procedure
does not replace careful follow-up examination by
an ophthalmologist.

During the third year of drug ingestion, static pe-
rimetry as well as visual acuity assessment should
be repeated 9 months after the last examination.
Color photographs and kinetic perimetry are also
reasonable to repeat at this time. Some authors ad-
vocate the use of a photostress test. Although abnor-
malities in recovery of visual function after light ex-
posure can be apparent in patients with retinal
toxicity caused by antimalarial drugs, there is no ev-
idence that this procedure is more sensitive than
static perimetry testing. Furthermore, results must
be carefully interpreted by comparisons with age-
similar controls.

In subsequent examinations, visual acuity and
static perimetry testing should be performed. The
frequency of the testing cannot be determined with
precise accuracy, although evaluations every 9 to 12
months are probably reasonable since the examina-
tions are noninvasive and not particularly time-con-
suming. Although some authors advocate protecting
the eyes by tinted lenses for patients receiving anti-
malarial drugs,! there are no hard data to support
the benefits of this suggestion. Since approximately
40% of hydroxychloroquine and chloroquine is re-
nally excreted in an unchanged form,”' properly
functioning kidneys would likely be a factor to avoid
unnecessarily elevated drug levels and an increased
risk of retinal toxicity. Similarly, since up to 50% of
each drug is biotransformed and broken down,
probably mainly in the liver,®' it is conceivable that
patients with liver disease might be at greater risk

for the development of drug toxicity. Thus, patients
with renal or liver disease might warrant closer
monitoring. Similarly, the frequency of monitoring
for retinal toxicity might also be related to a patient’s
age since there is speculation that the development
of toxicity may at least partially be age related.?! *

It is further relevant to note that since these
agents can cross the placenta and have been associ-
ated with birth defects, their use during pregnancy
is probably contraindicated. Congenital defects such
as deafness, mental retardation, and convulsions
have occurred in the newborns of women who re-
ceived chloroquine during pregnancy.'® %

OTHER TESTS TO MONITOR TOXICITY

Although in the past, ERG, electro-oculography
(EOG),> "2 2% and color vision testing have all
been advocated as meaningful measurements of ret-
inal function for patients receiving antimalarial
drugs, my experience suggests that static perimetry
more reliably detects the early stage of retinopathy.
Thus, ERG and color vision test plates are not likely
to ascertain functional impairment of the retina in
patients at risk for developing retinopathy at a suffi-
ciently early stage to warrant their use in monitoring
these patients. ! & 12 20, 30, 31, 33, 47, 48

Infante and associates®> demonstrated in a group
of patients receiving chronic hydroxychloroquine
that a few patients developed abnormal EOG light-
to-dark ratios and abnormal values on the Farn-
sworth 100-hue test that reverted to normal values
on withdrawing the medication. A few patients re-
started after a period not receiving medication again
developed abnormal EOG values that reverted to
normal after drug withdrawal. No patients in their
test group developed maculopathy, so it is not
known whether any of their patients with abnormal
values would have developed retinal damage.

Pinckers and Broekhuyse® note that even in the
presence of a bull’'s-eye-appearing foveal lesion re-
sulting from the use of chloroquine or hydroxychlo-
roquine, only 37% of such cases have a reduced
EOG ratio. These same authors caution that consid-
eration needs to be given the possible effect that the
underlying disorder for which antimalarials are be-
ing administered might have on EOG recordings.
For example, in their experience, 20% of untreated
rheumatoid arthritis patients were found to have
subnormal EOG ratios. Further, the intraindividual
variability in EOG ratios was found by Graniewski-
Wijnands and coworkers'® to be greater for patients
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with rheumatoid arthritis than for a control popula-
tion, and this resulted in more liberal criteria for
change and less reliability in the monitoring of pa-
tients receiving antimalarial treatment.

In one report, investigators suggest that a supra-
normal EOG ratio may represent evidence of a pre-
toxic state in patients receiving hydroxychloroquine
therapy.” This preliminary finding awaits confirma-
tion and verification by other investigators in addi-
tion to long-term follow-up on such patients.

Preliminary studies on two patients with chloro-
quine retinopathy suggest that reductions in the
ERG c-wave amplitude can be apparent while a- and
b-wave amplitudes as well as EOG ratios remain
normal.*?

Although fluorescein angiography may be helpful
in monitoring the progression of retinopathy once it
has developed, its sensitivity in detecting the earliest
drug-related foveal changes does not appear to par-
allel that afforded by static perimetry within the cen-
tral 5 to 10 degrees.

PATHOGENESIS OF DRUG TOXICITY

Although the exact mechanism(s) by which these
antimalarial drugs affect photoreceptor cell and reti-
nal pigment epithelial cell function remains uncer-
tain, it is of interest that chloroquine is known to
heavily adsorb to uveal melanin.*® This drug has a
special affinity for melanin granules and will bind to
melanin in the skin and hair as well as the pig-
mented tissues of the eye. Bernstein and coworkers®
emphasize that chloroquine accumulates in the ret-
ina in concentrations 80 times that in the liver. Law-
will and coworkers®” noted that chloroquine accu-
mulates in the human choroid in an amount related
to the dose and duration of drug ingestion. It has
been speculated that chloroquine affects retinal cell
function by inducing an inhibition of protein synthe-
sis within retinal pigment epithelial cells.'”” **> Alter-
natively, chloroquine is known to bind to DNA and
thus may block DNA and RNA synthesis.? There is
speculation as to the role of antimalarial drugs in af-
fecting subcellular organelles such as lysosomes and
smooth endoplasmic reticulum since lamellar mem-
branous cytoplasmic bodies have been observed to
occur in retinal cell neurons, particularly ganglion
cells, with the use of these drugs.? - **

Once evidence of chloroquine toxicity has devel-
oped, patients should be monitored even after drug
treatment has been terminated. A percentage of pa-
tients will continue to experience additional retinal
degeneration. In this regard, it has been noted that
metabolites of chloroquine have been detected in

plasma, red blood cells, and urine for as long as 5
years after treatment with the drug has been discon-
tinued.** The overall incidence of antimalarial drug
retinal toxicity is fortunately quite low, but in view
of the number of patients being treated with these
drugs, it seems wise to not entirely relax vigilance in
monitoring these patients since the consequence of
not detecting retinal toxicity during its earliest stages
is great in terms of loss in visual function. The man-
agement course outlined in this discussion seems
prudent since it balances the low risk of developing
retinal toxicity with the potentially dire conse-
quences. The majority of ophthalmic practitioners
are likely to have reasonably ready access to a device
for static perimetry testing. The application of this
test in the context of a regular ophthalmic examina-
tion every 9 to 12 months would seem justified in an
attempt to prevent the development or progression
of retinal toxicity with the use of antimalarial drugs.
Although, as noted, the relative importance of daily
dose vs. accumulative dose remains unresolved, it is
likely that a majority of patients who receive dos-
ages of chloroquine not exceeding 250 mg/day or hy-
droxychloroquine not exceeding 400 mg/day will be
relatively safe but not immune to the development
of retinal toxicity. With a total accumulative dose of
300 g, it is best to monitor patients with static perim-
etry assessment on at least an annual basis.

Portions of this chapter were previously pub-
lished in Ernest JT (ed): Year Book of Ophthalmology,
Chicago, Mosby-Year Book, Inc, 1988.
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