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Case Series

Introduction

Ritonavir is a potent cytochrome P450 34A (CYP34A) inhibitor 
often used in combination with other antiretroviral therapy 
medications to treat HIV.1 Although it was originally devel-
oped as an inhibitor of HIV protease, its antiviral activity 
remains limited in managing HIV. It is widely used as a phar-
macokinetic booster whereby inhibiting cytochrome P450 3A4 
leads to increased bioavailability of other protease inhibitors.2 
Several clinical trials have demonstrated the efficacy of these 
therapeutic combinations in treating patients with HIV.3

Ritonavir is now being used in conjunction with nirmatrelvir 
(ie, nirmatrelvir and ritonavir co-packaged as Paxlovid [Pfizer 
Laboratories]) to treat mild to moderate COVID-19 via emer-
gency use authorization by the US Food and Drug Administration 
(FDA), and efficacy has been shown in clinical trials.4,5 A recent 
US FDA panel voted unanimously that the available efficacy 
and safety data support the use of nirmatrelvir/ritonavir for mild 
to moderate COVID-19 in individuals who are at high risk for 
progressing to severe disease, and the drug combination was 
approved for treatment of COVID-19 on May 25, 2023.6 While 
cases of retinopathy in the setting of ritonavir exposure have 
been infrequently reported since 2011,7 ritonavir’s efficacy in 
the treatment of mild to moderate COVID-19 warrants an 

understanding of potential toxicity associated with prior use. 
We describe 3 patients who experienced ritonavir-associated 
retinopathy related to prior HIV treatment.
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Abstract
Purpose: To report 3 cases of retinopathy secondary to ritonavir use in the treatment of HIV. Methods: A retrospective review 
of patient records was performed for data including ophthalmic examination findings, demographic and HIV clinical characteristics, 
and progression of maculopathy disease. The review identified 3 patients with a history of HIV treated with antiretroviral 
therapy including ritonavir who had been evaluated for bilateral vision loss in both eyes. Results: A fundus examination of each 
patient revealed characteristic macular atrophy, and optical coherence tomography demonstrated corresponding central outer 
retinal atrophy. Uveitis workup results were unremarkable. Given the characteristics of macular atrophy, history of ritonavir 
use, and the absence of intraocular inflammation, all 3 patients were diagnosed with bilateral ritonavir-associated retinopathy. 
Each patients’ vision continued to deteriorate, even after the cessation of ritonavir. Conclusions: Ritonavir toxicity should be 
considered in the differential diagnosis of retinopathy among patients with an exposure history.
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Methods

A retrospective review of patient records was performed for data 
including ophthalmic examination findings and demographic 
and HIV clinical characteristics, such as history of ritonavir use 
and progression of maculopathy disease. Three patients with a 
history of HIV had been evaluated at the Emory Eye Center, 
Atlanta, GA, for bilateral vision loss in both eyes, and their paper 
medical records were reviewed for data collection.

Results

Case 1

A 62-year-old man was evaluated for retinopathy in both eyes 
of unclear origin. He was diagnosed with HIV at the age of  
26 years, for which he was treated with antiretroviral therapy 
including lopinavir, ritonavir, emtricitabine, tenofovir diso-
proxil fumarate, raltegravir, and zidovudine. His medical  
history included syphilis and meningitis (probably viral) of 
unknown causes (Table 1).

At the initial presentation, the best-corrected visual acuity 
(BCVA) was 20/200 OD and 20/80 OS. A fundus examination 
found bilateral macular atrophy in both eyes and areas of reti-
nal pigment epithelium (RPE) hypertrophy in the right eye 
(Figure 1, A and B). Fundus autofluorescence revealed an area 
of hypoautofluorescence with an encircling stippled pattern in 
the right eye (Figure 1C) and with a diffuse stippled pattern in 
the left eye (Figure 1D). Optical coherence tomography (OCT) 
showed diffuse outer retinal atrophy with overlying epiretinal 
membrane in both eyes (Figure 1, E and F) and areas of sub-
retinal hyperreflectivity in the right eye. A uveitis workup 

including a fluorescent treponemal antibody absorption test,  
a QuantiFERON-TB Gold test, and a check of angiotensin-
converting enzyme levels was unremarkable for any infectious 
or inflammatory causes, and the findings from brain magnetic 
resonance imaging were normal.

Given the characteristics of macular atrophy without evi-
dence of intraocular inflammation and prior ritonavir use, 
the patient was diagnosed with bilateral ritonavir-associated 
retinopathy. Ritonavir was subsequently discontinued. At the 
follow-up 10 years after the initial visit, the BCVA was 20/150 
OD and had deteriorated to counting fingers (CF) OS.

Case 2

A 42-year-old man was referred for waviness in his vision that 
had been ongoing for 1 week. He had been diagnosed with 
HIV 9 years prior to the referral and treated with multiple anti-
retroviral therapy regimens that included the agents emtri-
citabine, tenofovir disoproxil fumarate, efavirenz, raltegravir, 
lopinavir, darunavir, and ritonavir. His medical history was 
significant for chronic hepatitis B virus, genital herpes, and 
HIV meningoencephalitis (Table 1). The BCVA was 20/20 OD 
and 20/400 OS, and a slitlamp examination revealed a normal 
anterior segment.

A fundus examination found macular pigmentary changes 
in the right eye and a fibrotic scar with surrounding pigmen-
tary changes in the left eye (Figure 2, A and B). Fundus auto-
fluorescence showed central hyperautofluorescence in the 
right eye and central hypoautofluorescence with surrounding 
hyperautofluorescence in the left eye (Figure 2, C and D). 
OCT found outer retinal atrophy in both eyes that was more 

Table 1. Demographic and Clinical Characteristics.

Characteristic Case 1 Case 2 Case 3

Age at initial visit (y)  62  42 68
Sex Male Male Male
Race/ethnicity NHW Asian NHW
Duration of HIV (y)  36   9 Unknown
CD4 count, cells/mm3 258 (171 in 2009) 110 Unknown
HIV-1 RNA (copies/mL) ND (150 000 in 2009) 700 Unknown
Antiretroviral exposure Tenofovir disoproxil 

fumarate/emtricitabine
Zidovudine
Raltegravir

Lopinavir/ritonavir

Tenofovir disoproxil fumarate/
emtricitabine
Efavirenz

Raltegravir
Lopinavir/ritonavir
Darunavir/ritonavir

Abacavir/dolutegravir/lamivudine
Ritonavir

HIV/AIDS-associated conditions Syphilis; viral meningitis Genital herpes; meningoencephalitis Unknown
Non-HIV/AIDS comorbidities Stroke; asthma; depression None Hypertension; anxiety; depression; GERD
Chronic viral hepatitis None HBV None
Tobacco use Never Never Never
Alcohol use None None <1 drink/day
Illicit drug use Amphetamines None None

Abbreviations: GERD, gastroesophageal reflux disease; HBV, hepatitis B virus; ND, not detected; NHW, non-Hispanic White.
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severe in the left eye than in the right eye (Figure 2, E and F). 
Further laboratory testing was negative for infectious or 
inflammatory causes. Given the findings on multimodal reti-
nal imaging in the setting of prior ritonavir exposure, the 
patient was diagnosed with bull’s-eye maculopathy secondary 
to ritonavir toxicity.

Ritonavir was discontinued after the patient transitioned to 
another therapeutic regimen for HIV. At the final follow-up 3 
years after the initial presentation, the patient’s VA declined to 
20/400 OD and CF at 6 inches OS with continued progression 
of outer retinal atrophy.

Case 3

A 68-year-old man presented with progressively worsening 
blurred vision for 2 years in both eyes prior to referral. His med-
ical history was significant only for HIV, which had been treated 
with a combination of abacavir, dolutegravir, and lamivudine. 

He also had a history of ritonavir use as part of the HIV treat-
ment (Table 1) and had reported occasional blurry vision while 
on ritonavir. At the initial visit, the BCVA was 20/30 OD and 
20/30 OS. A slitlamp examination revealed a quiet anterior 
chamber. A fundus examination demonstrated central, well-
demarcated retinal atrophy in both eyes (Figure 3, A and B). 
Fundus autofluorescence photographs identified a correspond-
ing area of hypoautofluorescence with surrounding hyperfluo-
rescence in both eyes (Figure 3, C and D). OCT showed outer 
retinal atrophy in both eyes that was more severe in the left eye 
than the right eye (Figure 3, E and F). Findings from a prior 
workup for infectious or inflammatory causes of uveitis were 
unremarkable.

Given the absence of intraocular inflammation and the  
pattern of macular atrophy, the patient was diagnosed with a 
drug-induced toxic maculopathy secondary to ritonavir. His VA 
showed moderate decline to 20/40 OD and 20/70 OS after 3 
years of follow-up.

Figure 1. (A and B) Color fundus photographs demonstrated 
bilateral macular atrophy as well as areas of retinal pigment epithelium 
(RPE) hypertrophy in the right eye. Fundus autofluorescence revealed 
an area of hypoautofluorescence (C) with a surrounding stippled 
atrophic pattern in the right eye (D) and a diffuse stippled pattern in 
the left eye. (E and F) Optical coherence tomography showed diffuse 
outer retinal atrophy with overlying epiretinal membrane in both eyes 
and multiple RPE hypertrophy lesions in the right eye.

Figure 2. Color fundus photographs revealed (A) macular 
pigmentary changes in the right eye (B) and a fibrotic scar with 
surrounding pigmentary changes in the left eye. (C) Fundus 
autofluorescence showed a central hyperautofluorescence in the 
right eye (D) and a central hypoautofluorescence with surrounding 
hyperautofluorescence in the left eye. (E and F) Optical coherence 
tomography identified outer retinal atrophy in both eyes that was 
more severe in the left eye than in the right eye.
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Conclusions

In this case series of 3 patients with HIV presenting with 
visual complaints, multimodal retinal imaging showed evi-
dence of maculopathy and disease findings consistent with 
ritonavir-associated retinal toxicity. Although the differential 
diagnosis of RPE change and retinopathy is broad and may 
include HIV retinopathy, prior opportunistic infections, malig-
nancy including lymphoma, and autoimmune retinopathy, 
drug toxicity remains in the differential diagnosis. Besides 
ritonavir, other medications used to treat HIV, including clo-
fazimine, didanosine, efavirenz, and zidovudine, have previ-
ously been linked to retinal toxicity.8 Although the use of 
ritonavir is limited in the treatment of persons living with 
HIV, evaluating for its retinal toxicity should be considered 
given the recent emergency authorization of ritonavir/nirma-
trelvir in the treatment of COVID-19.

The pathophysiology of ritonavir-associated retinopathy 
remains poorly understood. Multiple mechanisms have been 
proposed to explain retinal changes in animal models that occur 

when they are exposed to ritonavir. In rodent studies, repeated 
administration of high doses of ritonavir led to lysosomal dam-
age and excess accumulation of phospholipids in the retina.9 
Phospholipid-induced inflammatory reactions with resultant 
histopathological changes, including hypertrophy of the RPE 
and retinal degeneration in the setting of ritonavir exposure, 
have also been described.10,11 On electron microscopy, amor-
phous, granular inclusion bodies characteristic of phospholipid 
accumulation were observed in the retina.10 Ritonavir can also 
cause retinal toxicity by inhibiting hypoxia-inducible factor 1α 
and vascular endothelial growth factor (VEGF).12 Specifically, 
inhibition of VEGF led to choriocapillaris and photoreceptor 
degeneration in mice.12,13 Ritonavir has also been suspected to 
cause photoreceptor damage by depleting neurotrophic factors 
via VEGF-pathway inhibition.13

Prior case series have documented ritonavir-associated retino-
pathy8,14–21 and corroborate the disease phenotypes observed over 
the long-term follow-up of patients described in the present series. 
Given the recent US FDA approval of nirmatrelvir/ritonavir for 
mild to moderate COVID-19 in adult and pediatric patients,6,22 
this series serves as a reappraisal of the literature to consider  
this toxicity in the COVID-19 era. Common fundus findings 
observed in prior series of persons with HIV8,14–21 include macu-
lar atrophy with or without foveal involvement, midperipheral 
bone spicule-like pigmentary changes, RPE hypertrophy, and 
intraretinal crystal deposits. These findings are consistent with the 
macular atrophy pattern observed in our patients.

While the pathogenesis of ritonavir-associated retinopathy 
is unknown, the presence of intraretinal crystals has been 
observed with adaptive optics imaging, supporting the hypoth-
esis that phospholipids may accumulate in this disease entity.15 
Besides the fundus findings, OCT has demonstrated the pattern 
of RPE and outer retinal atrophy as seen in our cases. Of note, 
3 of 11 patients reported in the literature showed maculopathy 
with foveal atrophy, all of whom were taking ritonavir for a 
longer duration than other reported cases.8,15,17 This associa-
tion suggests that ritonavir may also lead to toxicity related to 
duration in addition to a dose-related phenomenon as previ-
ously described.16 Of note, 1 patient has been reported to show 
RPE thickening and inner-segment and outer-segment irregu-
larity that resolved 2 weeks after ritonavir discontinuation.21 
This suggests that if detected early, immediate cessation of 
ritonavir may help prevent further damage to retinal structures. 
In addition, prior studies have shown patients with liver dis-
ease, such as hepatitis, may be predisposed to ritonavir-associated 
retinopathy, as observed in Case 2 in the present series.8,19,23 
Therefore, careful consideration should be taken prior to using 
ritonavir in patients with COVID-19 who have liver comor-
bidities given that liver injury commonly occurs in patients 
with COVID-19.24

While the current use of nirmatrelvir/ritonavir involves 
short-term, 5-day use, the near-term effects of ritonavir related 
to the retina have not been reported. Prior literature has shown 
that the shortest duration of therapy before retinopathy symp-
toms was 19 months.20 With the ongoing COVID-19 pandemic, 
ritonavir is used much more widely in combination with 

Figure 3. (A and B) Ultra-widefield fundus photographs 
demonstrated bilateral well-demarcated retinal atrophy in the 
central macula in both eyes. (C and D) Fundus autofluorescence 
photographs revealed a corresponding area of hypoautofluorescence 
with surrounding hyperfluorescence in both eyes. (E and F) Optical 
coherence tomography revealed outer retinal atrophy in both eyes 
with the left eye being more severe than the right eye.
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nirmatrelvir among patients with and without HIV, and ocular 
symptoms should be monitored and assessed if a patient devel-
ops visual symptoms.

In summary, 3 patients with HIV developed retinopathy con-
sistent with ritonavir-mediated damage. While their findings 
developed with extended use of ritonavir, the increasing use of 
combination nirmatrelvir/ritonavir for COVID-19 warrants a 
reminder of the potential toxicity associated with extended use. 
Ophthalmologists, primary care providers, and infectious dis-
ease providers should remain aware of this potential toxicity 
with long-term use of ritonavir, and near-term effects should be 
assessed in symptomatic individuals.
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