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ABSTRACT
Hydroxychloroquine-associated retinopathy is an important cause of progressive visual loss that is increasingly being diagnosed 
with the growing use of hydroxychloroquine and modern imaging techniques. Hydroxychloroquine acts through complex 
mechanisms and is commonly used to treat rheumatological and dermatological diseases. Optical coherence tomography, 
fundus autofluorescence, and automated perimetry are commonly used in retinal clinics for the diagnosis and monitoring of 
hydroxychloroquine-associated retinopathy. Owing to the potential for irreversible central visual loss with the development of 
retinopathy, early detection of toxicity is crucial. Advances in technology, wide-field imaging devices, new optical coherence 
tomography techniques and parameters, fundus autofluorescence techniques, and imaging methods such as optical coherence 
tomography angiography offer promise for the early detection of toxicity.
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INTRODUCTION 
Hydroxychloroquine (HCQ)-associated retinopathy was 
first described in the 1960s.1 Hydroxychloroquine is an 
antimalarial drug that acts through complex mechanisms 
as an anti-inflammatory, immunomodulatory, anti-
infective, and antithrombotic agent. It is commonly used 
in many rheumatological diseases due to its low cost and 
efficacy.2 Additionally, it has been shown to increase survival 
in patients with systemic lupus erythematosus (SLE).3 
Hydroxychloroquine is a lipophilic and lysosomotropic drug 
that accumulates in lysosomes within cells, causing lysosomal 
instability.4 Hydroxychloroquine retinopathy poses a threat 
of blindness by causing progressive visual loss, and toxicity 
can continue to cause damage even after discontinuation of 
the drug due to accumulation of hydroxychloroquine in the 
retinal pigment epithelium melanin.5,6 The term “bull’s eye 
maculopathy,” which was traditionally used to describe the 
end-stage manifestation characterized by parafoveal pigment 
epithelial changes, has been replaced by the early detection of 
outer retinal damage without fundoscopic changes following 
optical coherence tomography (OCT). Therefore, the early 
detection of this toxicity is important in ophthalmological 
practice.

PREVALENCE AND RISK FACTORS 
Before the widespread use of OCT and fundus 
autofluorescence (FAF), the prevalence was thought to 
be less than 0.5%.7 However, with the increasing use of 
OCT and FAF, a prevalence of 7.5% in patients using 
hydroxychloroquine for more than five years and 20-50% 
in those using it for more than 20 years has been reported. 
The dose used in the development of retinal toxicity is the 
most important factor, with the highest risk of toxicity 
observed at doses >5 mg/kg/day. It has been suggested that 
the risk is less than 2% with doses of 4-5 mg/kg/day for 
less than ten years.8 Another risk factor is the presence of 
concomitant renal disease. Current evidence suggests that 
stage 3 (glomerular filtration rate <60 ml/min/1.73 m2) and 
worse renal disease pose additional risk. It has also been 
found that concomitant use of tamoxifen increases the risk.8 

Since patients using hydroxychloroquine for rheumatological 
diseases are usually older, and concomitant retinal diseases 
are possible, which are important for both the differential 
diagnosis of hydroxychloroquine retinopathy and the 
resulting visual loss. Currently, there is insufficient evidence 
that preexisting retinal diseases pose an additional risk for 
hydroxychloroquine retinopathy. However, the detection 
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of previous retinal diseases is important for the differential 
diagnosis of hydroxychloroquine retinopathy.9 Genetic 
factors have been suggested to play a role in the development 
of the disease. In a study using exosome sequencing, the 
RP1L1, RPGR, RPE65, and CCDC66 genes were associated 
with the onset of the disease.10 A recent study in patients with 
SLE also suggests that the use of selective serotonin reuptake 
inhibitors (SSRIs), selective serotonin-norepinephrine 
reuptake inhibitors (SNRIs), and antiphospholipid syndrome 
are risk factors for the development of the disease.11

HYDROXYCHLOROQUINE RETINOPATHY 
PATTERNS
These patterns are based on the localization of the affected 
retinal pigment epithelium-photoreceptor complex in the 
fundus. 

Parafoveal Retinopathy
Defined as defects in the outer retinal layer between 2° and 6°. 

Pericentral Retinopathy
Characterized by defects mainly near major retinal vascular 
arcades rather than parafoveal. A previous study has shown 
that this type of involvement is common in Asian patients. 
Additionally, it is noted that patients with this type of 
involvement are often in more advanced stages, as the defects 
are detected late on standard tests (OCT and automated 
perimetry).12

Mixed-Type Retinopathy
Characterized by defects in both the parafoveal and 
pericentral regions.

HYDROXYCHLOROQUINE RETINOPATHY 
STAGES 
HCQ retinopathy can be divided into early, intermediate, 
and advanced (severe) stages, based on the degree of 
involvement of the outer retinal layers. In the early 
stage, defects in the photoreceptor layer are <180°; in the 
intermediate stage, defects are >180°; and in the advanced 
stage, combined retinal pigment epithelium defects (mottled 
hyper-hypoautofluorescence on FAF) are observed.13 This 
classification is also important for disease progression. A 
study found that in early and intermediate stages, outer 
retinal involvement did not progress for up to 9 years after 
discontinuation of the drug, while in advanced retinopathy, 
progression continued for up to 20 years after discontinuation 
of the drug.5

HYDROXYCHLOROQUINE DIAGNOSTIC 
TESTS
The tests used for the diagnosis of HCQ retinopathy are 
divided into structural and functional tests.

Functional Tests 

Automated perimetry and visual field test: Visual field 
tests provide information about visual field loss resulting 
from retinopathy. They are considered subjective tests 

due to their variable results and dependence on patient 
compliance.14 The most common visual field defect is a ring 
scotoma in intermediate and severe stages, while in early 
stages, superonasal field defects may be seen, none of these 
are specific to HCQ retinopathy.15 The 10-2 test, although 
commonly used, may miss pericentral defects, which can be 
detected with the 24-2 and 30-2 tests.16,17 

Microperimetry: Microperimetry, which combines 
automated perimetry with real-time fundus photography, can 
be used to detect functional loss. Its disadvantages are that it 
is time-consuming and has a long learning curve for patients. 
Therefore, it has limited use.16,17

Electroretinography and multifocal electroretinography: 
Full-field electroretinography (ERG) is not recommended 
as a screening tool because widespread photoreceptor 
damage is usually observed only in severe cases. Multifocal 
electroretinography (MfERG) is more sensitive than 10-2 
visual field test. Unlike full-field ERG.18 It is an objective 
test for detecting decreased function due to retinal toxicity, 
MfERG can detect localized sensitivity changes in the 
macula, but it is generally expensive and time-consuming. 
One systematic review suggested that mfERG have the ability 
to detect HCQ retinopathy more earlier than other tests used 
in HCQ screening.19

Structural Tests
Structural tests can be classified into standard and newly 
described structural tests. Standard structural tests are easily 
accessible in routine practice. 

Standard structural Tests: These tests mainly include 
OCT and fundus autofluorescence (FAF). The earliest OCT 
finding in early retinopathy is the loss of the parafoveal 
ellipsoid zone.20-22 In FAF, parafoveal hyperautofluorescence 
is observed in early stages, while in advanced stages, patchy 
hypoautofluorescent areas due to RPE loss begin to appear.23,24 
OCT has been found to be more specific than FAF in a study 
comparing OCT with FAF.25 

Newly described structural tests and parameters:

•	 Newly described OCT techniques and parameters: 
Retinal thinning has been detected as a result of 
hydroxychloroquine use, and can occur in various forms, 
including parafoveal, perifoveal, mixed, or total macular 
thinning.26 Thinning may be more pronounced in any 
layer of the retina. Thinning of the inner retinal layers may 
be an early indicator of HCQ toxicity.27 Outer retinal layer 
involvement typically occurs in advanced stages. Thinning 
of the outer nuclear layer has been shown to be associated 
with HCQ toxicity.28 Additionally, these parameters 
examined by OCT can provide insights into progression 
during follow-up.29 Studies have shown that thinning 
occurs not only in retinal layers but also in choroidal 
layers.30,31 Because involvement is often parafoveal in 
Asian patients, wide-field OCT may be useful in detecting 
these patients.12,32 En-face OCT is a newly used imaging 
technique in daily practice that allows visualization of 
retinal layers in the coronal plane.33 Studies using en-face 
OCT have detected HCQ retinopathy, and quantitative 
measurements of the affected area have been possible with 
this imaging technique.34
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•	 Newly described FAF techniques and parameters: 
Although FAF has long been used in the detection of HCQ 
retinopathy, new tests based on FAF are being developed. 
The first is quantitative FAF measurements. Quantitative 
fundus autofluorescence (FAF) is a imaging method 
that primarily divides the macular area into segments of 
7°-9° and measures the autofluorescence emitted from 
stimulated photoreceptors using 488 nm light.35 Increased 
quantitative FAF signals have been observed in affected 
eyes, and it has been found that they begin to increase 
shortly after starting treatment and remain higher years 
after discontinuation of the drug.36,37 Near-infrared 
FAF is another type of FAF that is used. This imaging 
allows visualization of autofluorescence derived from 
melanin pigment in the retina.38 It has been suggested 
that HCQ retinopathy can be detected without OCT 
and fundoscopic signs using this imaging technique.39 
Wide-field FAF has been suggested to be useful in Asian 
patients.12,32 

•	 Newly described optic coherence tomography 
angiography parameters: OCTA, which is increasingly 
used in retinal practice, has been investigated for its 
usefulness in detecting HCQ retinopathy with various 
results. A study in 61 patients diagnosed with HCQ 
retinopathy using MfERG found that decrease in the 
density of the deep capillary plexus.40 Another study 
compared patients with rheumatoid arthritis with 
a control group and found no difference in vessel 
densities.41

How should imaging methods be used for 
hydroxychloroquine toxicity, and when? 

According to the American Academy of Ophthalmology 
(AAO) guidelines published in 2011 and 2016, the 
initial examination was recommended for patients 
starting hydroxychloroquine, whereas the Royal College 
of Ophthalmologists (RCO) did not require the first 
examination. Both guidelines recommend starting annual 
examinations five years later if the patient has no major 
risk factors. However, both guidelines recommend starting 
screening earlier if the patient’s dose is >5 mg/kg/day, if 
tamoxifen is used concomitantly, or if there is concomitant 
kidney disease (Table). When choosing a test for toxicity 
screening, AAO suggests that screening can be performed 
with OCT, FAF, automated perimetry, or mfERG (using 
wide-field imaging techniques in Asian patients), whereas 
RCO recommends OCT and FAF (preferably wide-field) as 
the first step. According to AAO, the presence of subjective 
findings confirming an objective test is for toxicity diagnosis. 
According to the RCO, abnormal OCT and FAF findings are 
diagnostic for toxicity. If a defect is found on OCT or FAF, 
automated perimetry and mfERG tests should be performed. 
If retinal toxicity is detected by an ophthalmologist, the 
rheumatologist or dermatologist should be informed, and 
the possibility of discontinuing the drug should be discussed 
because of the risk of central visual loss.42,43 There is currently 
no consensus on or documented screening guidelines in our 
country.

CONCLUSION 
HCQ retinopathy is a disease that is encountered more 
frequently in daily practice due to the increasing use of 
HCQ, and it is crucial to prevent irreversible vision loss by 
early detection. Owing to the limitations of commonly used 
examinations, such as OCT, FAF, and automated perimetry, 
in detecting early-stage disease, new imaging models for early 
disease detection are becoming more widespread in retinal 
clinics. These methods are gradually becoming a part of our 
daily use and are expected to continue to do so.
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