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Some reports described a possible ritonavir-related retinal toxicity. 'e objective of this research was to review and analyze
previous studies conducted on ritonavir administration and retinal impairment in a narrative synthesis. PubMed was used to
perform a systematic review of ritonavir effects and retinal damage. All studies up to December 2019 were considered. Seven single
cases and one case series, reporting a total of 10 patients affected by retinal changes secondary to long-term ritonavir treatment,
were included in the review. Variable degrees of outer retina and retinal pigment epithelium changes were detected in most of the
patients, with two patients showing macular telangiectasia, four patients presenting intraretinal crystal deposits, two patients
disclosing a bull’s eye maculopathy, and two patients revealing midperipheral bone spicule-like pigment changes. In the present
study, we hypothesized that the use of ritonavir in life-saving treatments of severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) pneumonia might expose these patients to the risk of developing a retinotoxicity. We aimed to alert ophthal-
mologists on the importance of recognizing ritonavir-induced retinal impairment in SARS-CoV-2 patients.'ese findings are the
target for personalized medicine.

1. Introduction

Ritonavir is a human immunodeficiency virus type 1 (HIV-
1) protease inhibitor, approved by the Food and Drug
Administration in 1996 to be used in the highly active
antiretroviral therapy (HAART), which is recognized as the
most effective treatment method for human immunodefi-
ciency virus (HIV) patients.

In light of the benefits produced by ritonavir in combi-
nation with lopinavir in the treatment of severe acute re-
spiratory syndrome and Middle East respiratory syndrome, the
association lopinavir/ritonavir has been integrated in the
treatment guidelines of 2019 novel coronavirus (2019-nCoV)
infected pneumonia [1] with a weak recommendation level [2].
Although a recent randomized trial [3] involving hospitalized
adult patients with confirmed severe acute respiratory

syndrome-coronavirus-2 (SARS-CoV-2) infection has not
shown significant benefits with lopinavir/ritonavir treatment
beyond standard care, this protease inhibitor association is used
in worldwide hospitals [4].

1.1. Mechanism of Action. As an HIV-1 protease inhibitor,
ritonavir prevents the cleavage process of viral polyprotein
precursors into mature and functional proteins, hence
interrupting the production of new viral particles. Although
ritonavir was initially designed to inhibit HIV-1 protease,
studies have found that it also inhibits cytochrome P450-
3A4 (CYP450-3A4) and, to a lesser extent, cytochrome
P450-2D6 (CYP450-2D6) [5, 6]. 'e CYP450-3A4 pathway
metabolizes other protease inhibitors. For this reason, co-
administration of low-dose ritonavir with other protease
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inhibitors enhances their bioavailability and allows lower
dosing and less frequent administration of these drugs [5].

'e most common side effects of ritonavir are nausea,
vomiting, diarrhea, change in taste, fatigue, rash, and, with
long-term use, hyperlipidemia and lipodystrophy. Retinal
toxicity has been described by some authors in case reports
and series, but it is a rare and little-known complication of
ritonavir. We review the side effects of ritonavir in the
human retina.

1.2. Ritonavir-Induced Retinal Toxicity. To the best of our
knowledge, this is the first review of the retinal changes
caused by ritonavir in HAART-treated patients. Although
retinotoxicity secondary to ritonavir has not yet been in-
vestigated by pharmacokinetic and pharmacodynamic
studies on humans, animal data submitted to the European
Medicines Agency [7] have identified liver, retina, thyroid,
and kidney as susceptible to dose-related ritonavir damage.
Moreover, the same report described hypertrophy of the
retinal pigment epithelium (RPE) and retinal degeneration
in rodents treated with ritonavir and assumed that rodent
liver and eye lesions due to ritonavir were related to
phospholipidosis. In fact, the electron micrographs of both
liver parenchyma and retina demonstrated the presence of
amorphous granular inclusion bodies, characteristic of
phospholipidosis, and this phenomenon appeared more
predominant in the retina than in the liver.

In addition, a study [8] conducted on in vitro cellular
models demonstrated that ritonavir can strongly inhibit
hypoxia-inducible factor 1α and vascular endothelial growth
factor (VEGF). Interestingly, VEGF knockout mice exhibit
degeneration of the choriocapillaris-RPE complex and
dysfunction of cone photoreceptors [9]. On the basis of this
evidence, Kurihara et al. [9] postulated that VEGF might
have a direct neurotrophic effect on photoreceptors in
nonhypoxic retinas in addition to the well-known role in
regulating endothelial cell function [10]. 'erefore, VEGF
inhibition by ritonavir should be considered as a further
pathogenetic mechanism underlying the toxic damage to the
choriocapillaris, RPE cells, and photoreceptors.

2. Methods

Because of the shortage of reports found in PubMed about
the association between ritonavir and retinal toxicity, we
adhered to the Preferred Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [11], but we did not
need to create a flow diagram.

2.1. Study Selection. A literature search was carried out on
PubMed and 'e Cochrane Library. 'e search query in-
cluded ritonavir AND (retina OR ocular OR retinal) AND
(toxicity OR toxic OR changes OR impairment OR damage).
'e inclusion criteria for each study were as follows: [1]
documented retinal impairment due to ritonavir treatment
and [2] conducted in human eyes. All full-text selection was
carried out by two authors (G.M.C. and M.C.S.)

independently. Any disagreements were resolved by con-
sensus with a third author (B.F).

2.2. Data Collection and Analysis. 'e small number of
reference reports did not allow any statistical analyses for
data correlation or comparison. However, the qualitative
features of the retinal impairment were reported in detail in
each included study. 'us, we conducted a narrative sys-
tematic review of the published reports describing the
clinical features and imaging signs associated with ritonavir-
induced retinal toxicity.

In order to establish the macular atrophy stage, we
followed the new consensus definition for atrophy associated
with age-related macular degeneration on OCT [12]. Images
from each report were analyzed and graded by two readers
(G.M.C. and M.C.S.) separately. In case of disagreement,
a third author (B.F.) was consulted to reach consensus.

'e quality of the reports was assessed using the Joanna
Briggs Institute Critical Appraisal Checklist for case reports
[13]. Two reviewers (G.M.C. and M.C.S.) rated the studies
independently, and the final decision was reached by con-
sensus with a third author (B.F.).

3. Results and Discussion

3.1. Results. 'e literature search yielded 9 potentially rel-
evant publications. A total of 8 papers satisfied the pre-
determined inclusion criteria and were included in the
review, 7 of which were single case reports and 1 was a case
series including 3 patients. One case report was excluded
since it did not provide exhaustive clinical details and im-
aging (Appendix A). 'e mean score of the Joanna Briggs
Institute Critical Appraisal Checklist was 6. Overall, 10
patients affected by retinal abnormalities secondary to long-
term ritonavir treatment were imaged and reported between
2011 and 2019 (Table 1). Ritonavir was administered at
a dose of 100mg daily or twice daily [14, 15, 20] in the
context of a HAARTregimen. 'e overall average treatment
duration was 75months.'emean age of the patients was 47
years and the patients were all male.

All reports dealing with chronic ritonavir-induced
retinal toxicity were united by a common feature, which
is the presence of macular pigmentary changes and outer
retina impairment. In almost all described cases, rito-
navir-related retinotoxicity presented at the fundus ex-
amination as a bilateral mottling or atrophy of the RPE
affecting the macula, with unilateral macular involvement
in one case [18] and involvement of either the macula and
the peripheral retina in three cases [17, 20, 21]. Moreover,
some peculiar clinical pictures were reported by different
authors. Four cases were similar to the clinical picture of
type 2 macular telangiectasia (Mac Tel type 2), two of
which [14] presenting macular capillary telangiectasias
and crystalline deposits, one other [14] revealing ex-
tensive macular atrophy, intraretinal cysts, and crystal
deposits, and the fourth one [19] showing macular
graying and both crystalline and pigment deposits,
without evident telangiectasias.
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Two authors reported a bull’s eye macular pattern
[15, 21]. In particular, Louie and Jones [21] described
a patient with bull’s eye maculopathy associated with bone
spicule-like pigment changes in the midperipheral retina.
'is latter finding was observed as well in a case presenting
as a pseudoretinitis pigmentosa [17].

No alterations of the optic disk and retinal vessels were
found. 'e main optical coherence tomography (OCT)
features shown by these patients were as follows:

(1) Complete RPE and outer retinal atrophy (cRORA)
defined by a zone of homogeneous choroidal
hypertransmission and absence of the RPE band with
overlying outer retinal thinning and loss of photo-
receptors [16, 19, 20].

(2) Incomplete RPE and outer retinal atrophy (iRORA),
with some discontinuous hypertransmission visible
but irregular RPE band and photoreceptor de-
generation [17, 19].

(3) Incomplete and complete outer retinal atrophy
(iORA and cORA) characterized by visible and
nonvisible external limiting membrane and ellipsoid
zone, respectively, and paralleled with nondetectable
interdigitation zone and severe thinning of the outer
retina in the setting of an intact RPE band [18].

(4) Intraretinal cysts and cavitations [14].
(5) Epiretinal membrane (ERM) and full-thickness

macular hole (FTMH) [20].

Corresponding to the areas of RPE atrophy, the fundus
autofluorescence (FAF) showed a patchy hypo-auto-
fluorescence (hypo-AF), surrounded by a speckled or an-
nular hyper-autofluorescence (hyper-AF), attributed to the
active toxicity of ritonavir [16, 20].

3.2. Discussion. As far as we are aware, this is the first
systematic review of the literature concerning ritonavir-
induced retinal changes.

'ere are many antiviral treatments currently used
against SARS-CoV-2 infection for which ocular side effects
(mainly related to conditions other that direct cellular
toxicity, such as inflammatory responses, autoimmunity
reactivation, and vascular damage) have been pointed out
[22]. Unlike these antivirals, ritonavir appears to exert
a toxic effect on the outer retina and RPE, causing their
irreversible degeneration in the long term and threatening
the central vision without therapeutic options available.
'us, we aimed to alert ophthalmologists on the possible
retinal damage that might occur in some patients hospi-
talized for SARS-CoV-2 pneumonia and treated with
ritonavir.

Indeed, we do not know yet if the administration time of
life-saving therapies containing ritonavir in SARS-CoV-2-
infected patients is sufficiently long to produce a retinal
impairment. 'e overall average treatment duration in the
reported cases of HIV patients was 75 months in the context
of a HAART regimen. Differently, in the Chinese trial cited
above [3], SARS-CoV-2 patients received lopinavir-ritonavir

(400mg and 100mg, respectively) twice a day for 14 days.
Given the brief duration of ritonavir treatment in SARS-
CoV-2 patients, it is unlikely that patients will develop
a retinal toxicity, which is supposed to be dose- and time-
related [23]. Nonetheless, some polymorphisms, for ex-
ample, on the genes encoding enzymes involved in drug
hepatic clearance, and certain comorbidities could place
specific subsets of patients at an increased risk for retinal
changes. SARS-CoV-2 infection has been shown to involve
mainly the respiratory system but also the liver and kidneys
[24–26], impairing the metabolism and excretion of the
medications used to treat the disease. On the one hand, liver
dysfunction can reduce ritonavir hepatic clearance, in-
creasing the total serum drug concentration and predis-
posing to more severe side effects. On the other hand, kidney
injury can impair excretion, dosing, and expected concen-
trations of hydroxychloroquine, another drug currently used
for the treatment of SARS-CoV-2 infection [27, 28] and
given together with antiviral and supportive therapies.
Hydroxychloroquine has a well-known dose- and time-re-
lated toxicity on RPE cells and photoreceptors [29, 30].
Furthermore, a case of short-term retinal toxicity induced by
hydroxychloroquine has been recently described by
Pasaoglu and Onmez [31]. Anyway, it is not illogical to
hypothesize that the retinal toxic effects of both long-term
hydroxychloroquine [32] and ritonavir therapies might
appear also after short-term treatments, as in the case of
SARS-CoV-2 patients, enhanced by the deterioration of
renal and hepatic clearance function, respectively. Note-
worthily, we cannot exclude that even subtle toxic changes
caused by short-term hydroxychloroquine and ritonavir,
independently, may add up because of their co-
administration, giving a clinically significative picture in the
retina, as alerted by Romano et al. [33]. Last, the most
vulnerable to SARS-CoV-2 infection and complications are
people aged 65 years and older [34]. 'e greater prevalence
of age-related macular degeneration in this age group [35]
can represent a further risk factor for the development of
toxic maculopathy.

Although short-term toxicity by ritonavir is far less likely
than a long-term impairment, we speculate that in the future
we might see some retinopathies in which the role of
ritonavir toxicity cannot be ruled out. In similar cases, it
would be difficult to discriminate between ritonavir toxic
sequelae, possible direct SARS-CoV-2 damage due to its
particular ocular tropism [36], and consequences of coad-
ministered hydroxychloroquine.

4. Conclusion

'is systematic review provides a comprehensive sum-
mary of the retinal toxic changes secondary to ritonavir
treatment. It might be useful to raise the awareness of
patients treated by ritonavir for SARS-CoV-2 infection
about the possibility of sight-threatening side effects
related to the received therapy so that they can refer to
a retina specialist for the research of early signs of ret-
inotoxicity in line with the aims of personalized
medicine.
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Appendix

'e case report titled “Bull’s eye maculopathy in an HIV-
positive patient receiving ritonavir” by Non et al. [37] was
excluded for the lack of sufficient clinical details and
imaging.

'e authors report a case of bull’s eye maculopathy
pattern in an HIV-positive patient, being treated with
ritonavir for 13 years. 'ey describe temporal optic nerve
head atrophy in the left eye and areas of macular retinal
pigment epithelium (RPE) atrophy with RPE mottling in
both eyes. However, they do not provide any fundus
autofluorescence image, to confirm the presence of macular
atrophy. On the OCTscan, the choroidal hypertransmission
is not assessable and the image quality is not high enough to
determine the RPE and outer retina status. 'e diagnosis
a previous arterial vascular accident of the retina (temporal
nerve head pallor along with central retinal thinning) in the
left eye cannot be clearly ruled out on the basis of the in-
formation supplied by the authors.

Data Availability

'e data and findings supporting this systematic review are
from previous case reports, which have been cited. 'e
processed data are available from the corresponding author
upon request.
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