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Hydroxychloroquine retinopathy is an increasingly recognized cause of iatrogenic, irreversible visual impairment due to the expanding use of hydroxychloroquine in combination with improvements in disease detection following advances in retinal imaging techniques. The prevalence of disease is estimated to be greater than 5% amongst individuals who have used the drug for 5 years or more. In addition to conventional imaging modalities, such as spectral-domain optical coherence tomography (OCT) and fundus autofluorescence (FAF), novel retinal imaging techniques such as en face OCT, OCT angiography, fluorescence lifetime imaging ophthalmoscopy, quantitative autofluorescence, and retromode imaging are capable of detecting structural changes in the retina. These novel retinal imaging techniques have shown promise in detecting earlier disease than is possible with current mainstream imaging modalities. Moreover, these techniques may identify disease progression as well as enabling functional correlation. In the future, these novel imaging techniques may further reduce the risk of visual loss from hydroxychloroquine retinopathy through the earlier detection of pre-clinical disease.
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Introduction

Hydroxychloroquine retinopathy is a well-recognized toxic retinopathy resulting from exposure to hydroxychloroquine, a drug widely used for the treatment of rheumatologic and dermatologic disorders, such as systemic lupus erythematosus and rheumatoid arthritis (1–3). Hydroxychloroquine retinopathy may lead to irreversible, progressive visual loss in long-term users of hydroxychloroquine, particularly if the retinopathy is detected in the symptomatic phase when damage to the retinal pigment epithelium (RPE) is observed (4). Early detection of pre-symptomatic disease through retinal monitoring or screening is imperative to reduce the risk of visual loss in long-term hydroxychloroquine users who are increasing in number due to the proven systemic benefits of the drug, and expanding indications for its use (5).

Retinal imaging is particularly important for the early detection of hydroxychloroquine retinopathy. Indeed, the advent of spectral-domain optical coherence tomography (SD-OCT) has significantly improved the detection of retinopathy (6). In the optical coherence tomography (OCT) era, the prevalence of retinopathy has been estimated at over 5% using OCT-based diagnostics in long-term users (7, 8), having previously been estimated at less than 1% before the advent of SD-OCT (9). In recent years, retinal imaging techniques have been favored in the early detection of hydroxychloroquine retinopathy as they are objective, widely available, reproducible and time efficient when compared to functional tests (i.e., visual field testing, electroretinography).

Despite advances in retinal imaging, the detection of early hydroxychloroquine retinopathy remains challenging. However, novel retinal imaging techniques may enable the detection of disease at an earlier stage than is possible with current mainstream retinal imaging techniques. Accordingly, this review aims to summarize current data obtained from the application of novel imaging techniques and advanced image analysis in patients with hydroxychloroquine retinopathy, and considers the prospects for earlier disease detection in the future using these emerging techniques.



Conventional imaging used for screening hydroxychloroquine retinopathy

Fundus photography and clinical examination techniques are routine, relatively low-cost tests performed in ophthalmology clinics. Currently, fundus examination and photography are not recommended as the only standard screening tests for hydroxychloroquine retinopathy (4). This is mainly due to the lack of sensitivity in the detection of early disease as fundus examination/photography can only detect severe retinopathy once RPE changes have developed. Diagnosing early retinopathy requires the identification of pre-fundoscopic signs (10). Nevertheless, the American Academy of Ophthalmology (AAO) guidelines (2016) recommend color fundus photography at baseline (within 1 year of hydroxychloroquine use) in order to exclude or document other pre-existing retinal or macular diseases (4).

Hydroxychloroquine retinopathy has been defined by the AAO as two or more tests demonstrating abnormalities consistent with toxicity, at least one of which should be objective. The Royal College of Ophthalmologists (RCOphth) guideline (2020) defines “definite retinopathy” as two abnormal tests consistent with disease, in order to reduce the risk of inappropriate cessation of the drug (4, 5). The RCOphth do not directly specify the objectivity of the tests, although since monitoring is undertaken with SD-OCT and fundus autofluorescence (FAF) imaging primarily, at least one objective test will be supportive in each case. The two recommendations differ in their screening protocols. The AAO suggests SD-OCT, FAF, multifocal electroretinography (mfERG), and/or automated visual field testing for annual screening, whereas the RCOphth recommends annual SD-OCT and FAF, with visual field testing reserved for those with a structural abnormality detected on retinal imaging. Most studies in literature use SD-OCT and FAF as part of monitoring protocols (4–6, 11–14), due to their ability to detect objective characteristic findings suggestive of hydroxychloroquine toxicity.

The typical findings of hydroxychloroquine retinopathy observed on SD-OCT and FAF imaging as described in previous studies are presented in Table 1 (4–6, 11, 15–19). Typical abnormalities of hydroxychloroquine retinopathy on SD-OCT and FAF—the most commonly used mainstream clinical imaging modalities–are loss or attenuation of outer retinal layers (e.g., the ellipsoid zone) and thinning or attenuation of the RPE/Bruch’s membrane complex on OCT imaging (Figure 1), and/or pericentral or parafoveal hyperautofluorescence/hypoautofluorescence (Figure 1) on FAF imaging. SD-OCT has become the most important and frequently used screening modality as it is widely available in ophthalmology clinics and enables non-invasive, detailed assessment of structural changes in the retina. Accordingly, both the AAO and RCOphth recommended OCT as a primary test for screening (4, 5). Outer nuclear thinning without overt qualitative photoreceptor defects, which have been suggested as an early change in hydroxychloroquine retinopathy (17), is usually difficult to discern based on the examination of raw OCT B-scans, even by retinal specialists. However, methods of automated image analysis or longitudinal comparisons of sequential OCT images may assist in the identification of more subtle signs of toxic retinopathy (11, 20).


TABLE 1    Findings, advantages, and limitations of the conventional, widely available imaging modalities used for screening hydroxychloroquine retinopathy.
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FIGURE 1
Representative images of hydroxychloroquine retinopathy in patients treated with hydroxychloroquine therapy (left: 200 mg/day for 21 years, middle: 200 mg/day for 20 years, right: 200 mg/day for 20 years). These cases demonstrate parafoveal, pericentral, and mixed (both) involvement on fundus examination (Fd), fundus autofluorescence (FAF), and optical coherence tomography (OCT) images. Yellow and white arrowheads indicate parafoveal and pericentral retinal damage, respectively.


Fundus autofluorescence is also a very useful imaging modality in hydroxychloroquine retinopathy as it is capable of capturing the topographic distribution of retinopathy with a single image (21). Furthermore, RPE damage, appearing as hypoautofluorescence on FAF imaging, can be easily determined on FAF images, enabling the classification of the severity of retinopathy, with severe stage defined as RPE loss on FAF imaging (Table 1; 6, 21, 22). However, FAF has limitations in the detection of early retinopathy since abnormalities may be subtle or absent in early disease (18, 22). In addition, FAF imaging, similar to other fundus imaging modalities, may be affected by cataract, vitreous and other media opacities, leading to poor image quality and hence difficulties in image interpretation (22).



Advanced optical coherence tomography-based analysis

Several novel OCT-based techniques and methods of image analysis have been developed and used to evaluate retinal diseases. Some of these techniques have also been evaluated for the detection and monitoring of hydroxychloroquine retinopathy (Table 2).


TABLE 2    Novel imaging techniques used for evaluation of hydroxychloroquine retinopathy in the literature.
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En face technologies

Using en face technology, OCT images perpendicular to the scanning axis, called C-scans, can be obtained (reconstructed) from three-dimensional volumetric data. As the depth or layer of the retina for en face imaging can be chosen by the investigator, the resulting en face images are similar to fundus photographs but with the benefit of exhibiting the information about the depth or layer of interest. En face OCT imaging encompasses wider retinal areas than conventional OCT B-scans, leading to immediate interpretation of the topography of changes occurring over a relatively wide field (17, 23). A recent study on en face ellipsoid zone (EZ) imaging for hydroxychloroquine retinopathy showed uneven reflectivity in areas with photoreceptor defects, whereas areas with intact photoreceptors appeared smoother (Figure 2; 23). The extent of retinopathy can be evaluated using a single en face OCT image, which may represent a more sensitive method of defining the distribution of early disease when compared to FAF imaging. However, further studies are required to directly compare their utility in early hydroxychloroquine retinopathy. Furthermore, the affected area can be quantified and used to evaluate disease progression over time (Figure 2), using sequential measurements derived from en face OCT imaging.
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FIGURE 2
En face optical coherence tomography (OCT) imaging in hydroxychloroquine retinopathy. En face OCT images demonstrate a smooth surface in the central area (inside the dashed line) on the areas with intact photoreceptors, whereas, the more granular reflectivity (outside the line) is noted in the pericentral area with retinal degenerative changes. The area with intact photoreceptors can be calculated and used as a quantitative measure of photoreceptor damage. Progression of photoreceptor damage is represented as a constricted ring at follow-up (10 months later). The quantitative measure, area with intact photoreceptors, decreases from 6.06 at baseline to 5.28 mm2 at the follow-up visit [Reprinted with permission from Ahn et al. (23)].


For en face OCT, segmentation can be modified using different slabs according to the retinal layer of interest. In hydroxychloroquine retinopathy, EZ line topography may be particularly useful in the detection of retinal toxicity since changes in the EZ are characteristic on cross-sectional OCT B-scan images (23, 24). Furthermore, since outer retinal thinning is a characteristic early feature of hydroxychloroquine retinopathy, other outer retinal layers can be isolated for en face image analysis in order to potentially detect more subtle, early markers of toxicity.



Optical coherence tomography angiography

Optical coherence tomography angiography (OCTA) employs motion contrast imaging to obtain high-resolution volumetric blood flow information for the generation of angiographic images (25). It is a quick and non-invasive technique that has the clinical capability of localizing and delineating pathology, along with the ability to show both structural and blood flow information (25, 26). Although OCTA has a more obvious potential application in the evaluation of retinal vascular disease, this imaging technique has been evaluated in patients taking hydroxychloroquine. High-risk patients (with >5 years of hydroxychloroquine exposure) showed lower retinal vascular density and flow rates, and a wider foveal avascular zone than low-risk patients (hydroxychloroquine duration < 5 years) (27). Accordingly, Bulut et al. (27) suggested that OCTA evaluation has the potential to detect hydroxychloroquine-induced retinal toxicity at an early stage. A recent study showed that the mean vascular density in the deep capillary plexus layer decreased in those showing abnormal mfERG recordings, indicating a potential role of OCTA in the early detection of retinopathy (28). Moreover, another recent report showed a large number of signal void zones in the choriocapillaris of patients with hydroxychloroquine retinopathy, which were more remarkable in those with severe disease (15). The authors suggested an association between choriocapillaris involvement and disease progression after drug cessation, although the underlying mechanism is unclear (15).

However, it is questionable whether OCTA has any advantage over conventional OCT imaging for retinopathy screening. The role of OCTA in the early detection of retinopathy, together with the effect of hydroxychloroquine on the retinal and choroidal vasculature, should be explored in further studies.



Topographic thickness maps

In addition to the characteristic outer retinal defects on OCT B-scan images, outer retinal thinning is another hallmark feature of hydroxychloroquine retinopathy. Although easily overlooked during a clinician’s qualitative evaluation of B-scan images, total, inner, and outer retinal thickness maps can be generated using automated segmentation, and the areas with retinal thickness changes compared to age-matched controls can be visualized (16). Using this technique, outer retinal thickness maps demonstrated a characteristic parafoveal pattern of outer retinal thinning in eyes with parafoveal hydroxychloroquine retinopathy, whereas, the inner retina showed no focal defects (16). Based on the spatial characteristics of hydroxychloroquine-induced retinal thinning, topographic maps are likely to represent clinically valuable tools in the identification of early toxicity. In addition to identifying the area of outer retinal thinning, the map could be used to monitor disease progression.

A recent study showed extensive retinal thinning in five recognizable patterns on a deviation map (Figure 3) based on whole retinal thickness in eyes with hydroxychloroquine retinopathy (11). The map showed excellent sensitivity in the detection of retinopathy (over 95% in two independent sets of patients) and early detection of retinopathy before the development of recognizable photoreceptor changes on OCT B scans (Figure 4), which further highlighted the clinical usefulness of topographic maps for hydroxychloroquine retinopathy screening. With advances in OCT image quality and more reliable segmentation algorithms, topographic maps obtained by segmentation of specific retinal layers may further improve suitability for screening or evaluation of hydroxychloroquine retinopathy.
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FIGURE 3
Five recognizable patterns [a pericentral ring (A), parafoveal ring (B), mixed ring (C), central island (D), and whole macular thinning (E)] of retinal thinning in retinal thickness deviation maps on swept-source optical coherence tomography in eyes with hydroxychloroquine retinopathy. Yellow (representing a thickness of <5% of the normative level) or red pixels (representing a thickness of <1%) indicate retinal thinning [Reprinted with permission from Kim et al. (11)].
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FIGURE 4
Retinal thinning noted on optical coherence tomography (OCT) retinal thickness deviation maps (left) at baseline (hydroxychloroquine [200 mg/day] use for 8 years) prior to the development of recognizable photoreceptor defects (yellow arrowhead) on OCT B-scan images noted 2 years later. At the follow-up visit, the thickness deviation map indicates more extensive retinal thinning in the inferior area.




Sequential retinal thickness

Some recent data suggest that careful and sequential measurement of regional retinal thickness changes may, in some instances, provide clues to very early stages of damage (24). Sequential thickness changes in parafoveal and pericentral retinopathy showed marked retinal thinning in parafoveal and perifoveal areas, respectively. The rapid decrease in retinal thickness preceded the appearance of any obvious qualitative morphologic changes on OCT B-scans; therefore, clinicians might identify drug-induced retinal toxicity early using these techniques (24). A recent study showed that 38 of 82 patients with rapid retinal thinning eventually developed conventional OCT or visual field signs of retinal toxicity (20). Accordingly, if validated, this characteristic pattern in the early natural history of retinal toxicity may be used to detect retinopathy at an earlier stage (e.g., 4–5 years before clinical diagnosis) than is possible with standard OCT image analysis (24). Further, rates of change of retinal thickness may be utilized for evaluation of retinopathy progression (29).



Wide-field scans

Wide-field imaging is now extensively used for various retinal diseases, such as diabetes mellitus, particularly to examine and document changes occurring in the peripheral retina (30). A recent guideline from the International Widefield Imaging Study group recommended that the term “widefield” be limited to areas of the retina beyond the posterior pole but posterior to the vortex vein ampulla in all four quadrants, and that the term “ultra-widefield” should describe retinal anatomic features anterior to the vortex vein ampullae in all four quadrants (31).

Several instruments provide widefield spectral domain or swept-source OCT imaging. The currently available OCT technology can capture up to 23 mm in a single scan, which may visualize retinal changes both in the posterior pole and beyond. This is particularly important for Asian patients, as retinal damage commonly occurs beyond the macular area in hydroxychloroquine retinopathy. Ahn et al. (32) suggested that 12 radial scans of 12-mm length could detect retinal damage in all pericentral cases, whereas conventional SD-OCT line scans of 6-mm length failed to demonstrate any outer retinal defects in approximately one-third of the Asian patients. Another report showed that wide field OCT imaging can improve the detection of peripheral retinal abnormalities associated with hydroxychloroquine toxicity (33). Wide-field OCT scans are therefore important in monitoring protocols in Asian patients (4, 29). Test protocols in other populations should ideally include a method of peripheral retinal examination (such as widefield FAF), since pericentral disease was identified in approximately 2% of Caucasian patients in one series (19).

The natural history of retinopathy in terms of whether the paracentral or pericentral area(s) or the more peripheral retina is involved first is unclear, since the peripheral retina has rarely been evaluated by OCT in this group. Since ultra-widefield FAF imaging showed significant peripheral degeneration in eyes with pericentral hydroxychloroquine retinopathy (22), the area of initial retinal damage might be further clarified using widefield or ultra-widefield OCT (33). Further investigation of the use of widefield OCT for hydroxychloroquine retinopathy is required to validate the usefulness of wide-field scans for hydroxychloroquine retinopathy screening and monitoring. If peripheral retinal degeneration occurs first, widefield OCT imaging may detect earlier signs of retinopathy undetectable by standard OCT scans.



Minimum intensity analysis

The minimum intensity analysis of OCT is another novel post-acquisition analysis of each A-scan to identify the lowest image intensity value in the area between the inner limiting membrane and RPE (34). The lowest reflectivity (i.e. the minimum intensity) is usually measured in the outer nuclear layer. In hydroxychloroquine retinopathy, increased reflectivity or loss of the outer nuclear layer results in displacement of minimum intensity measures to the inner nuclear layer which has a higher reflectivity. Minimum intensity analysis may result in high sensitivity and specificity for detecting hydroxychloroquine retinopathy, although these diagnostic estimates were obtained with a small sample size and added value for very early macular changes remains to be addressed (34). However, this analysis is currently limited to specific OCT manufacturers, and its potential for use as a screening tool has not been fully validated.




Fundus autofluorescence techniques

Lipofuscin is a fluorophore present in RPE cells that absorbs short-wavelength light with a peak excitation wavelength of 470 nm (blue) and emits fluorescence at a peak wavelength of approximately 630 nm (orange) (35). FAF is a non-invasive imaging modality widely used in evaluation of retinal diseases in real-world clinical practice, as it provides a density map of lipofuscin distribution at the ocular fundus (21).

Fundus autofluorescence is now widely used in the screening of hydroxychloroquine retinopathy as a standard test for identifying objective, structural damage caused by the drug (4, 5, 14, 18). The extent and severity of retinal damage in hydroxychloroquine retinopathy can be easily appreciated using ultrawide-field FAF, which can identify variable peripheral involvement in patients with pericentral retinopathy (Figure 5; 22). Accordingly, wide-field adaptations of FAF are recommended for Asian patients (22, 32). However, since pericentral disease may occur more rarely in other ethnic groups, some recommendations advise widefield FAF for all patients, where available (5). The extent of retinal toxicity on FAF images correlates with visual field results; therefore, functional predictions may be made based on the topographic distribution of disease on FAF imaging (22). Widefield FAF imaging is recommended by the RCOphth, where available, to capture pericentral disease. However, its utility for routine and standard screening is uncertain and requires further validation.
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FIGURE 5
Ultra-widefield fundus autofluorescence images in patients with parafoveal and pericentral hydroxychloroquine retinopathy, placed in order of severity based on the extent of hyper- and hypo-autofluorescence. From a temporal or inferior patchy hyperautofluorescence (arrowheads) to extensive hypoautofluorescence, the extent of retinal damage increases significantly [Modified from Ahn et al. (22)].



Fluorescence lifetime imaging ophthalmoscopy

Fundus autofluorescence can characterize not only the spatial distribution of fluorescence intensity, but also the lifetime of fluorophores (such as lipofuscin) and the average time a fluorophore remains excited (36). Fluorescence lifetime imaging ophthalmoscopy (FLIO) is an emerging imaging modality for the in vivo measurement of the lifetime of endogenous retinal fluorophores (37). Patients with hydroxychloroquine toxicity showed a significantly enhanced FLIO lifetime in the damaged regions, typically in a pattern corresponding to degenerative retinal changes (38, 39). Detection of early toxicity appears to be feasible with FLIO, although the clinical benefits of FLIO have not been fully evaluated and the imaging technique is not yet widely available.



Near-infrared fundus autofluorescence

Near-infrared fundus autofluorescence (NIA) targets melanin as the endogenous fluorophore within the RPE and has also been evaluated in patients with chloroquine retinopathy (6). Mild cases with reduced parafoveal responses on mfERG showed reduced parafoveal NIA, which suggests its potential for the detection of early hydroxychloroquine retinopathy (6). Blue and near-infrared FAF images in an eye with severe hydroxychloroquine retinopathy are shown in Figure 6, demonstrating that the distinction between normal and defective photoreceptors may be more easily discernible with longer wavelength (787 nm) rather than short-wavelength (488 nm) FAF. Deeper structures such as RPE and choroid may be better visualized using NIA (40) and it may confer advantages as the primary tool for tracking disease progression over short-wavelength AF, given the increased patient comfort and cooperation during imaging (41).
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FIGURE 6
Representative blue and near-infrared autofluorescence images (BAF and NIA, respectively) and optical coherence tomography B-scan images over the 4-year follow-up period in a patient treated with hydroxychloroquine 300 mg per day for 13 years. Hypoautofluorescence was almost identical on BAF and NIA images, which correspond to the defective (thinned) retinal pigment epithelium/Bruch’s membrane complex line. However, NIA demonstrates a central hyperautofluorescent area, aligns to the area with intact photoreceptor layers (borders between the areas with and without photoreceptor defects demarcated by white arrowheads). In contrast, BAF showed no clear distinction between the areas with and without photoreceptor defects in the superior (S) parafoveal area. As the areas with intact photoreceptors decreased over time due to progression of retinopathy, the central hyperautofluorescence on NIA imaging decreased in size, whereas the superior parafoveal area in BAF shows no definite changes.




Quantitative autofluorescence

By using an internal reference for AF intensity normalization, quantitative fundus autofluorescence enables quantitative comparison of AF intensities (42–44). This technique has been utilized for the differentiation of bull’s eye maculopathy and other retinal disorders (42, 43, 45). A few recent reports showed utility of quantitative autofluorescence in the detection of retinal changes in hydroxychloroquine retinopathy (43–46). However, the usefulness of quantitative autofluorescence for early detection is questionable as possible effects are small. However in later disease stages, when effects are larger, OCT shows obvious changes.




Others under investigations


Adaptive optics

Adaptive optics (AO) allows direct visualization of individual photoreceptor cells (mainly cones). Accordingly, several authors have applied this imaging technique in the evaluation of hydroxychloroquine retinopathy (47, 48). Stepien et al. (48) demonstrated the disruption of the cone photoreceptor mosaic, which corresponded to the areas showing EZ defects on SD-OCT B-scan images. Interestingly, areas without obvious photoreceptor defects on SD-OCT also showed an irregular cone density in AO. Another study using AO revealed a decreased cone density in the inferior parafoveal area, which is a common site of initial damage in eyes without overt photoreceptor damage on OCT imaging, but not in the superior parafoveal area (47). These findings suggest the potential of AO for the early detection of photoreceptor damage caused by hydroxychloroquine toxicity. However, AO equipment is not readily accessible and the imaging is difficult to perform, analyze, and interpret. Thus, this is currently not relevant to real-world screening. Moreover, it is unlikely that changes in the cone mosaic within the macula (where high-quality AO imaging is usually performed) would be discernible in patients with pericentral disease. Further studies are required to validate its use in hydroxychloroquine retinopathy.



Microperimetry

Microperimetry assesses the pointwise retinal sensitivity in the macula by integrating computerized threshold perimetry with real-time fundus imaging (49). Since this modality allows precise localization of functional defects, it has the potential to match function and structure in eyes with hydroxychloroquine retinopathy (50). A few reports have evaluated microperimetry in the detection of hydroxychloroquine retinopathy (51, 52). Iftikhar et al. (53) showed inferior sensitivity but superior specificity of microperimetry when compared with mfERG, using the criterion of three or more contiguous scotoma points in the parafoveal region to define disease. From the superior specificity, microperimetry was suggested as an ancillary test to exclude the diagnosis if the screening tests provided conflicting results (e.g., structural tests showing no structural defects but mfERG revealing positive findings), but microperimetry showed negative results (51, 52). However, microperimetry is not widely available, although it may be a useful tool in patients with possible early structural defects and uncertain automated visual field test results.



Retro-mode imaging

Retro-mode imaging is a non-invasive retinal imaging technique that enables visualization of the outer retina using scanning laser ophthalmoscopy with pseudo-3D images, including shadows. This imaging technique has advantages in the visualization of pathologic changes in the outer retina and has been evaluated in age-related macular degeneration, myopic foveoschisis, and central serous chorioretinopathy (54, 55). A recent study showed that patients with hydroxychloroquine retinopathy demonstrated parafoveal or pericentral ring-shaped or round areas of decreased reflectance with prominent deep choroidal vessels, with 100% sensitivity (56). However, the possibility of false positives should be carefully considered, particularly in eyes with high myopia. The authors suggested that imaging is useful for the early detection of hydroxychloroquine retinopathy; however, the limited availability of imaging would prevent the widespread use of this technique for hydroxychloroquine retinopathy screening (56).




Future directions and conclusion

In the future, a greater understanding of the early natural history of hydroxychloroquine retinopathy as revealed by retinal imaging techniques is likely to enable the earlier detection of disease. For example, the identification of sequential retinal thinning within the macula in some patients who were subsequently diagnosed with retinopathy by conventional definitions (20) illustrates how basic image analysis may further inform risk of toxicity, beyond the inspection of a single OCT B-scan by a trained human observer. The widespread availability of analysis of segmented images may further refine the predictive value of sequential or cross-sectional images by identifying changes in specific retinal layers, rather than total retinal thickness.

Further work is required to determine the relative sensitivities and specificities of all diagnostic modalities at different stages of retinopathy. These data, in particular, will define the early natural history of hydroxychloroquine retinopathy. For example, sequential retinal thickness measurements appear to be in part predictive of the development of retinopathy by current definitions (20). Other novel imaging modalities may further qualify the early natural history of retinopathy (i.e., that precede visual field changes). This may enable the prediction of the development of definite retinopathy by current definitions, enabling the redirection of resources toward those at highest risk of developing retinopathy.

A more objective definition of early retinopathy through data from these imaging modalities may facilitate the management of confirmed cases of retinopathy. Currently, recommendations suggest that written communication is provided to the prescribing physician and patient about the certainty and severity of retinopathy in order to enable a decision to be made about treatment cessation or continuation. Although most patients elect to stop drug therapy, some patients with severe systemic symptoms/disease may elect to continue hydroxychloroquine, particularly if the retinopathy is mild, given that the disease progresses slowly. Current dosing guidelines suggest a dose less than 5 mg per kilogram of absolute body weight reduces the risk of developing retinopathy, although there is no absolutely safe dose by body weight (7). It is unclear whether a reduced daily dose of hydroxychloroquine at the point of disease detection slows down the progression of retinopathy.

Artificial intelligence (AI) might provide further predictive value through the analysis of retinal imaging studies of individuals exposed to hydroxychloroquine prior to the development of clinically detectable retinopathy, as it has been shown to predict the risk of future development of type 2 diabetes mellitus, and/or chronic renal failure (57). AI analysis of OCT images may be able to identify earlier signs of toxic retinopathy than are identifiable using basic methods of image analysis available in supporting software, for example, by detecting more focal changes or patterns, or indeed novel features that have not been yet associated with toxic retinopathy. By identifying the earliest changes, AI may help to further clarify the natural history of very early structural retinopathy prior to the “early” retinopathy as defined by the current classification. The threshold might be defined as the degree of retinal structural change that would prevent any meaningful changes in retinal function. In this way, AI might more accurately elucidate the early natural history of retinopathy enabling the detection of cases that might reach this threshold and to support a more precise definition of hydroxychloroquine retinopathy. Accordingly, AI may help to determine the interval for repeated screening with respect to a pre-defined level of risk set according to healthcare budgets for each given individual at risk, thereby reducing the cost of retinopathy screening. However, significant challenges exist in identifying a significantly large dataset on which to train and validate an algorithm.

In conclusion, hydroxychloroquine retinopathy is known to be more prevalent than previously estimated as advances in retinal imaging have enabled the early detection of retinopathy. As a growing number of patients taking the drug are at risk of vision loss, novel imaging techniques should be developed or applied for hydroxychloroquine retinopathy. These advances should be integrated into screening pathways to personalize care according to the individual risk of retinopathy based on a pre-defined level of accepted risk. The application of AI for screening hydroxychloroquine retinopathy and molecular imaging are likely to help reduce the risk of vision loss due to retinal toxicity by facilitating earlier detection of the disease.
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e Automated visualization
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Spectral domain optical coherence
tomography (OCT) (widely available)

Fundus autofluorescence (FAF)

(widely available)

Findings

o Reduced reflectivity of the ellipsoid
zone

e Disruption or loss of the
photoreceptor layers and/or RPE
thinning or loss in the parafoveal or
pericentral areas

e Outer nuclear layer thinning

e Hyper- or hypoautofluorescent
patch or ring in the parafoveal or
pericentral areas

Advantages

e Accurate, objective assessment of
the structural changes in the retina
e Definitive, strong evidence if
photoreceptor loss or outer retinal
thinning is present in a typical
(parafoveal or pericentral) pattern

e Provides a topographic view of
damage across the fundus

e Whole extent of retinal damages
can be captured in a single wide-field
image.

e RPE involvement evident as
hypoautofluorescence

e Easier staging than with OCT

Limitations

e Early changes such as outer nuclear
layer thinning without overt
photoreceptor defects may be difficult
to identify.

e Focal damage may not be captured
depending on the location of OCT
scan. The whole extent of retinal
damage cannot be captured within a
single image.

e Missed detection of pericentral
changes when using conventional
scan (6 mm in length or 20 degrees)

e Can be subjective when evaluating
subtle or early abnormalities, leading
to normal or ambiguous findings.
Changes may not be detected as early
as with SD-OCT in eyes with early
changes

o Greatly affected by media opacity,
such as vitreous opacity and cataract,
compared with OCT
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