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Summary statement:

We describe the case of a patient 47 year-old HiNept presenting with bilateral symmetric
macular atrophy. Both multimodal imaging, functibtesting of the retina and history of drug

exposure are consistent with ritonavir associatadutopathy.
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Abstract

Purpose: To report the case 47-year-old patiersigoteng with severe maculopathy
associated with long-term ritonavir treatment.

Methods: Observational case report of one patiedtigerature review.

Results: A 47 year-old Caucasian man presentedpsatressive bilateral vision loss for the
past 5 years. His medical history included Humamimodeficiency Virus (HIV) and
Hepatitis C Virus (HCV) coinfection since 1992. ttas treated by highly active
antiretroviral therapy for 24 years including 4 sgeaf didanosine treatment and 18 years of
ritonavir treatment. Bilateral extensive maculaophy with foveal sparing on the left eye
and absence of midperipheral/peripheral retinaliemaent was confirmed on multimodal
imaging and functional testing including swept-s@u®©CT angiography and
electroretinography.

Conclusion: Ritonavir associated maculopathy isaacely described medication-associated
retinopathy. In this case, an extensive maculaphty (with complete loss of photoreceptor,
RPE and choriocapillaris layers) and subsequerg-cod dysfunction appeared after 18 years

of ritonavir exposure.
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Introduction

Ritonavir is an antiretroviral drug widely used@m 996 for the treatment of human
immunodeficiency virus (HIV) infection. It belongs the class of protease inhibitors that
prevent viral replication by blocking the cleavajeriral protein precursors. Because of its
inhibition effect on major cytochrome P450 isofor(@¥' P3A4, CYP2D6), ritonavir is now
used in combination as a pharmaceutic enhancerst&oin highly active antiretroviral
therapy. The major side effects are hepatotoxidityestive functional disturbances,
lipohypertrophy syndrome and the risk of drug iat#ions due to cytochrome inhibition.
Rare cases of retinopathy have been reportecenatitre since 2011 with heterogeneous
phenotypes ranging from macular atrophy, intrangdttysts, macular telangiectasia
retinitis pigmentosa-like presentatfoiVe report a case of severe maculopathy, defiged b
structural and functional outer retinal and chasjmtiaris disturbances, in an HIV infected

patient with18 years ritonavir exposition.

Case Report

A 47-year-old Caucasian male, with a medical hystdrHIV and Hepatitis C virus (HCV)
infection, presented in the Creteil University Eyespital complaining of long standing
bilateral loss of vision. He reported a progressigeal loss starting 5 years before. He was
diagnosed with HIV and HCV in 1992 following abnahhver function tests and received
antiretroviral therapy since 1994.

Table 1 summarizes the antiretroviral treatmengnahky the patient since 1994. During this
period,the patient was exposed to didanosine for 4 years and to ritonavir for 18 years.

The patient had switched to dolutegravir plus etina® treatment two months before the first
ophthalmologic examination.

Last CD4+ count was 425/mmand HIV plasma viral load was undetectable (be2éw
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copies/ml). Liver aspartate transaminase (AST)aadine transaminase (ALT) were normal
at last follow up. The patient neither had famiigtory of ocular disease nor other medical
condition. Neither did he have a history of deaspesnal dysfunction or diabetes. Testing for
tuberculosis and syphilis were negative. The patiad no history of HIV retinopathy or
Cytomegalovirus (CMV) retinitis.

The patient has never received Pentosan Polys@fadaim (PPS) treatment but reported the
use of various recreational psychoactive drugs. &gnhe took gamma hydroxybutyrate
(GHB) every week from 2009 to 2012, and then inth@lecaine on a monthly basis from
2012 to 2014. In 2010 he started to take intravslyotrmethyethylcathinone (4-MEC) (Slam
practices) several times per month and increasedatk of injections to three times weekly
from 2012 to 2014 before reducing injections toeonmnthly until 2016 when he stopped
completely.

On examination, his best corrected visual acui@V{B) was 20/50 on the right eye and
20/25 on the left eye. The anterior segment exanan on both eyes was unremarkable, with
no signs of inflammation. Fundus examination reseabn both eyes, an extensive area of
macular atrophy; the optic nerve, retinal vessetsgous and retinal mid- and extreme-
periphery were normal without vitreous cells ordarice of prior uveitis or retinitis (figure 1).
Infrared reflectance imaging (IR) demonstrated welnarcatedyolylobulated

hyperreflective macular atrophy converging withipapillary atrophy. Multiple
hyperreflective dots were noted on IR images withmatrophic lesions. On fundus blue
laser autofluorescence (FAF), symmetric hypoautoflacent extensive areas of retinal
pigment epithelium (RPE) atrophy were noted, surdad by a circumferential ring of
speckled hyperautofluorescence pattern reachintgthporal arcades (figure 2).

Spectral domain optical coherence tomography (SO-CBpectralis, Heidelberg

Engineering, Heidelberg, Germany) revealed com&E and outer retinal atrophy
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(cRORA)* accompanied by outer retinal tubulations (ORT).tlmnleft eye, foveal sparing
was noted, with the preservation of the ellipsamde Enhanced depth imaging SD-OCT
coupled with IR allowed the colocalization of thgpbkrreflective dots in IR with choroidal
angular hyporeflective cavities, suggestive forroidal cavern(figure 3). A window

defect, characterized by well demarcated hyperlscent areas corresponding to outer retinal
and RPE atrophy were observed on fluorescein arapby (FA). A heterogeneous
hyperfluorescent speckled pattern surrounding tigghic areas overlapped with the
hyperautofluorescent speckle pattern seen on Fg&réf 2). Indocyanine green angiography
showed macular hypofluorescent lesions, correspgrtdi the atrophic areas, with
visualization of large choroidal vessels. WidefisWdept-source optical coherence
tomography angiography (SS-OCTA, PlexElite, Zeshlin, CA) revealed a large macular
area of choriocapillaris alterations on both eyegife 4). The 6x6 mm SS-OCTA showed a
well demarcated area of choriocapillaris alteratievealed by the lack of decorrelation
signal, allowing visualization of large choroid@&ssels.

Besides structural exams, the patient underweatiessof functional tests, including color
vision, Goldman and Humphrey visual fields and etgahysiology exams (ffERG and
MfERG). Full-field ERG (Moncolor system, MetrovisioPerenchies, France) and multifocal
ERG (mfERG, Espion Diagnosys LLC, Lowell, MA) warexorded accordingly to 2015
ISCEV standards with DTL electrodes in mydriag®educed color discrimination in the
tritan axis was found on Roth 28-Hue Test. Bothdd@n and Humphrey visual fields
demonstrated a bilateral central scotoma (figuréibjvever, on the left eye, an isle of
preserved retinal sensitivity was noted in the &\area, corresponding to the preserved
ellipsoid zone observed on structural SD-OCT. fittidield electroretinogram (ffERG)
demonstrated a moderated cone-rod dysfunctiongciased with an increased flicker delay.

Furthermore, multifocal ERG (mfERG) responses arediscernible from the background
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noise with a complete loss of foveal peak. Predamty on his left eye, non-systematized
focal responses are observed corresponding tadsenved ellipsoid zone area seen on SD-
OCT. Electrophysiological findings, with retinalsfynction, were consistent with the

structural disturbances seen in this patient (Sarpphtary material).

Discussion

We report here the case of an HIV positive patwtit a long standing loss of vision
secondary to bilateral macular atrophy. While Hé#mopathy, opportunistic infections and
unusual malignancy are the main causes of retorapdications, drug toxicity has to be
considered as a potential cause. Indeed, HIV patiend to be exposed to multiple
medications such as clofazamine, zidovudine, disigeoor ritonavir for which associated
retinopathies have been reported.

The patient was exposed to didanosine for 4 ye@osavir for 18 years but also to 4-
methylethylcathinone (4-MEC) for 6 years. 4-MEC syathetic cathinones that have
recently emerged and became a popular recreationgl A spectrum of adverse effects has
been reported by consumers but, to the best dfrmawledge, no retinal toxicity has yet been
described. Conversely, several case reports hagided didanosine retinal toxicity in HIV
positive patienfs Even though didanosine toxicity generates chetioal atrophy and
degeneration, it classically involves the retinadpheriphery. In the present case, the lack of
midperipheral choriocapillaris loss was not comsistvith didanosine toxicity (figure 4).

The first case series reporting retinal abnorneaditn HIV positive patients treated by
ritonavir was published in 2011 by Roe et al anskcdbed three patients exhibiting various
degrees of bilateral macular RPE atrophy, acconegpdny macular telangiectasia, cystic
spaces and parafoveal intraretinal crystaiss interesting to note that these three paien

had a history of liver dysfunction, as is the cagt& our patient which had HIV and HCV
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coinfection. As studies in humans have demonstriduat ritonavir is primarily eliminated by
the hepatobiliary system, it is possible that therldysfunction in these patients may have
reduced ritonavir elimination and caused increas@uilating drug levels. Among the three
patients, a large area of complete outer retinaRiPl atrophy with foveal sparing
comparable to our patient has been observed ipatient having had the longer exposure to
ritonavir (5 years). Biancardi et al. reported &eotcase of macular patchy RPE atrophy
surrounded, on FAF, by a speckle autofluorescetténa similar to our patieht
Electrophysiological features of ritonavir assoethtnaculopathy described in a patient
having received ritonavir for seven years also destrated a slightly reduced ffERG for both
eyes and bilateral maculopathy on mfERThese functional findings are comparable with
the electrophysiology exams of our patient.

There were no clinical argument for hereditary nh@gathies such as Maternally Inherited
Diabetes and Deafness (MIDD), Mitochondrial Encégmgopathy with Lactic Acidosis and
Stroke-like episodes (MELAS), Stargardt diseaseyezleod dystrophy, Pattern dystrophy or
Central Areolar Choroidal Dystrophy (CACD). Howeyvatimit of our study is the absence
of genetic testing for hereditary maculopathies.

Ritonavir toxicity has been studied in animal mddaVith treatment duration up to 6
months, the main target organs were the liver hackyes. The corollary of these animal
models was the assumption that retinal degeneratidror retinal pigment epithelium
hypertrophy were related to phospholipidosis. Arhois granular inclusion bodies,
characteristic of phospholipidosis, were found @tteon micrographs in the retina of mice,
rats and dogs. This phenomenon may be in relatitintive enzymatic regulation of
cholesterol and lipogenic pathways by ritonavihds been suggested that intra retinal
crystals correspond to phospholipidosis phenom&ridrere were no crystal deposits on our

patient imaging but this finding seems to be intanisthroughout ritonavir associated
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retinopathy in literature, notably absent in casiéb extensive atrophy. Another hypothesis
regarding ritonavir toxicity is related to the aatigiogenic effect of ritonavir demonstrated in
vitro RPE cell-line. Given that, vascular endothelial growth factoknawn neurotrophic

agent, inhibition by ritonavir may explain RPE deggtion.

In conclusion, although ritonavir associated magathy is very uncommon, literature
suggests that the natural history of this maculopabnsists of early stage crystalline
deposits, RPE degeneration, degenerative cystaedpand, finally, extensive atrophy, such
as our patient. However, further studies are necgss order to prove a mechanism of

toxicity.
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Table 1. Antiretroviral treatment since 1994

Start of the End of the Treatment Antiretroviral treatment
treatment treatement duration (months)

10/8/1994 1/18/1995 12 zidovudine

10/18/1995 8/2/1996 9 didanosine, zidovudine
8/13/1996 10/16/1996 2 stavudine

10/16/1996 10/15/1997 12 lamivudine, stavudine
10/15/1997 9/28/1998 11 indinavir, lamivudine, stawnedi
9/28/1998 7/127/1999 10 lamivudine, nelfinavir, staviedi
7/27/1999 2/22/2000 7 amprenavir, didanosine, nevigtavudine
2/22/2000 11/7/2002 32 amprenavir, didanosine, neivieapitonavir
11/7/2002 6/28/2005 32 lopinavir/ritonavir, tenofovigvirapine
6/28/2005 1/14/2016 128 lopinavir/ritonavir, tenofovir
1/14/2016 9/20/2018 32 darunavir, ritonavir
9/20/2018 2 dolutegravir, etravirine

Figures Legends
Figure 1. Ultra widefield retinal photographies ofthe right (A) and left (B) eyeshow
extensive areas of macular atrophy and normal ogtice, retinal vessels, vitreous and retinal

mid- and extreme-periphery.

Figure 2. Multimodal imaging of the right (A, C, E, G) and left (B, D, F, H) eye of the
patient.

A, B. Infrared reflectance imaging (IR) demonstigtivell demarcated hyperreflective
macular atrophy associated with multiple hypercile dots.

C, D. Fundus autofluorescence (FAF) showing symimbeypoautofluorescent extensive
areas of RPE atrophy surrounded by a circumfedeimigiof speckled hyperautofluorescence
pattern reaching the temporal arcades.

E, F. On FA, a window defect, corresponding to otgénal and RPE atrophy surrounded by
a heterogeneous hyperfluorescent speckled pattern.

G, H. Indocyanine green angiography showing madwgapofluorescent atrophic areas, with

visualization of large choroidal vessels.
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Figure 3. Spectral domain Optical coherence tomogghy (SD-OCT) of the right (A, C,)
and left (B, D) eyes of the patient.

SD-OCT revealing complete RPE and outer retinalpdty (CRORA) accompanied by ORT.
Note the foveal sparing on the left eye with a js¢est ellipsoide zone (white star).

C, D. Enhanced depth imaging SD-OCT coupled witlallBwed the colocalization of the
hyperreflective dots in IR with choroidal angulgpbreflective cavities, suggestive for

choroidal caverns (white arrows).

Figure 4. Optical coherence tomography angiograph{OCTA) of the right (A, C, E)

and left (B, D, F) eye of the patient.

A, B. Widefield swept-source optical coherence tgnaphy angiography (SS-OCTA)
revealed a large area of choriocapillaris alteregtion both eyes.

C. 6x6 mm SS-OCTA showed a well demarcated areaaiocapillaris alteration, revealed
by the lack of decorrelation signal (pink dottatkl, allowing visualization of large choroidal
vessels. D. Note the foveal sparing, with presechediocapillaris, on the left eye (green
line) and the lack of retinal midperiphery alteoati

E, F. Corresponding B-scan showing automatic cleapdlaris segmentation.

Figure 5. Visual fields of the left (A, C, E) and ight (B, D, F) eye of the patient.

A, B. Goldman visual field.

C, D. 24-2 Humphrey visual field. E, F. 10-2 Humphvisual field.

Visual fields showed a bilateral central scotomthwai preserved fixation point on the left

eye.
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Supplementary material
Electrophysiologytesting
A. Full field electroretinogram demonstrating a racated cone-rod dysfunction and

increased flicker delay. B (right eye) and C (&fe) multifocal electroretinogram.
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