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Purpose: To report a case of pentosan polysulfate sodium (PPS) maculopathy with cystoid macular edema (CME)
with relatively low cumulative PPS exposure and a history of concurrent hydroxychloroquine use.
Observations: A 46-year-old female was treated with PPS daily for 10 years, and hydroxychloroquine intermit-
tently over a span of five years, actively taking hydroxychloroquine for a sum of three years during PPS therapy.
Despite a low risk for toxicity based on the cumulative exposure to either medication, fundoscopic examination
and multimodal imaging revealed severe PPS maculopathy with CME two and a half years post-PPS cessation.
CME was refractory to topical therapy and intravitreal anti-VEGF but improved with intravitreal dexamethasone.
Bilateral improved visibility of the ellipsoid zone (EZ) was observed on Spectral Domain Optical Coherence
Tomography (SD-OCT) following dexamethasone injection.

Conclusions and importance: Many reports describe an association between cumulative PPS exposure and mac-
ulopathy; however, risk factors that may contribute to PPS-associated maculopathy in the setting of low PPS
exposure are not well characterized. This case indicates that other risk factors implicated in retinal pigment

epithelium dysfunction should be investigated, including concurrent hydroxychloroquine use.

1. Introduction

Pentosan polysulfate sodium (PPS) is a semi-synthetic, sulfated
polysaccharide prescribed to treat pain and discomfort associated with
the bladder pain syndrome interstitial cystitis (IC).! Currently, PPS is the
only FDA approved oral medication for IC.> Chronic PPS exposure is
associated with toxic maculopathy. It was first described in 2018 by
Pearce et al.,’ but there have now been multiple reports globally
including a number of large case series.””

PPS maculopathy is characterized by a wide range of retinal struc-
tural changes, as identified by dilated fundus examination (DFE) and
various fundus multimodal imaging modalities, with subsequent impact
on visual function.® DFE characteristically reveals macular pigment
clumps in early stages of maculopathy and parafoveal or foveal RPE
atrophy in advanced cases.® Pseudo-color fundus photography often
displays hyper-pigmented macular lesions and yellow subretinal de-
posits, and in more advanced cases, photos reveal a patchy paracentral
atrophy of the RPE.*® Fundus autofluorescence (FAF) imaging in PPS
maculopathy illustrates the most striking and unique pattern of abnor-
malities: a densely packed array of hyper- and hypo-autofluorescent
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spots centered on and involving the fovea symmetrically between the
two eyes.® Co-localization with vitelliform lesions displaying focal
thickening or elevation of the retinal pigment epithelium (RPE) on
SD-OCT has also been described.” '’ While the mechanism of PPS
toxicity is not well-understood, it has been proposed to involve disrup-
tion of photoreceptor outer segment processing or RPE growth factors.®
Distinctive visual symptoms including prolonged dark adaptation,
nyctalopia and difficulty reading have been described even in the setting
of relatively normal best corrected visual acuity (BCVA).® However, the
phenotypic spectrum of PPS maculopathy is not yet clear. While several
risk factors have been investigated for an association with the devel-
opment of PPS maculopathy, including genetic associations'? and kid-
ney and liver problems, '’ high cumulative PPS exposure remains a
unifying theme among reports of PPS maculopathy.>® Furthermore, the
long-term disease course after drug cessation has been retrospectively
investigated. Thus far, no disease reversal has been reported, and most
cases exhibit evolution of fundus findings for several years post PPS
cessation.'?

This report describes a patient with PPS-associated maculopathy
disproportionate in severity when compared to her cumulative PPS dose.
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Notably, the patient used hydroxychloroquine, a medication with well-
characterized retinal toxicity, > '° concurrently with her last three years
of PPS therapy. Hydroxychloroquine toxicity classically presents with a
fovea-sparing concentric pattern of retinal thinning seen on fundus ex-
amination, which in some advanced cases is described as a bull’s eye
maculopathy.'®'® The proposed mechanism of this toxicity involves
hydroxychloroquine-led disruption of RPE metabolism ultimately lead-
ing to photoreceptor degeneration.'®'* The severity and swiftness of
maculopathy after cessation of both medications were unusual, and the
pattern of the fundus abnormality noted could not be attributed to
hydroxychloroquine toxicity. The reason for this unusual course is un-
clear but it is possible that the co-treatment of PPS and hydroxy-
chloroquine, both thought to be toxic to the RPE, may have contributed.
This report may inform management of similar cases and provide insight
into additional risk factors for PPS-associated maculopathy.

2. Case report

A 46-year-old Hispanic female was referred by her ophthalmologist
for evaluation for suspected bilateral PPS macular toxicity. The patient’s
medical history was remarkable for IC, managed for 10 years
(2010-2019) with 100 mg PPS three times a day orally. Her medical
history was unremarkable for diabetes mellitus, hypertension, kidney
disease, and liver disease. The patient’s cumulative PPS dose was esti-
mated to be 1095 g. While on PPS, the patient also started taking 200 mg
(2.56mg/kg by total body weight) hydroxychloroquine daily, using it
intermittently over a span of five years (2016-2021) for management of
her systemic lupus erythematosus (SLE). The patient was estimated to
have actively taken the medication for a sum of three years. Her cu-
mulative hydroxychloroquine dose was estimated to be 219 g with a
cumulative exposure per body mass unit of 2.81 mg/kg by total body
weight.

In 2021, the patient presented to her ophthalmologist with
increasing blurry vision and metamorphopsia in both eyes. The patient’s
BCVA was 20/20 OD and 20/20-2 OS. Fundoscopic examination
revealed thickening at the level of the retinal pigment epithelial (RPE) in
both eyes. The patient was diagnosed with bilateral age-related macular
degeneration (AMD); however, PPS retinal toxicity was suspected, and
she was advised to follow up with a retinal specialist. In a case series of
35 patients, 29 % were initially diagnosed with AMD prior to the
diagnosis of PPS-associated maculopathy.” In a retrospective cohort of
1604 PPS users, 5.4 % of patients received a new diagnosis of AMD with
atypical maculopathy within 7 years of initiating PPS therapy, compared
to 4.1 % of control patients,'” indicating that PPS users are more likely
to carry an AMD diagnosis than controls. Another retrospective series
found that of 124 patients who had a cumulative PPS exposure greater
than 1031g, 32.3 % had previously received a diagnosis of AMD or
pigmentary maculopathy, compared to 15.2 % of control patients.” The
two conditions can have similar features, and AMD is the more common
of the two, which explains the propensity for misdiagnosis.*'® However,
RPE lesions in PPS-associated maculopathy demonstrate hyper-
reflectivity on OCT and NIR imaging that distinguish this condition from
the sub-RPE drusen associated with AMD.'° In this patient’s case, the
medical history prompted further retinal imaging to confirm the diag-
nosis. Prior to this incident, the patient had discontinued PPS on her
own, after learning of its ocular side effects. The patient also dis-
continued hydroxychloroquine after this initial diagnosis of macular
disease.

Fifteen months later, the patient returned to her ophthalmologist
with the progression of her blurry vision as well as metamorphopsia.
BCVA was 20/20 OD and 20/30 OS. Fundus examination revealed
bilateral cystoid macular edema (CME). The patient was started on a
regimen of non-steroidal anti-inflammatory (ketorolac) and predniso-
lone eye drops, each 3 times daily, by her ophthalmologist. However, the
edema failed to improve. Subsequently, 125 mg Acetazolamide daily
was given orally, which resulted in some initial improvement on OCT,
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followed by progressive worsening, prompting her ophthalmologist to
increase the dose of Acetazolamide to 250 mg twice daily. However, a
continued increase of the patient’s macular edema was observed with
this regimen.

Five months after her CME diagnosis, the patient was referred to our
clinic for extensive testing to rule out causes of the maculopathy. The
patient described continued deterioration of her vision at her visit.
Based on the patient’s history, a pharmacologic cause of CME was
excluded since she reported no use of nicotinic acid, anticancer agents,
prostaglandin eye drops, or epinephrine eye drops, all of which are
known to cause CME.? 23 As the patient was phakic with no history of
prior cataract surgery, Irvine-Gass syndrome was also excluded as a
cause of CME in this case.”* Ophthalmological examination was per-
formed which included assessment of best-corrected visual acuity
(BCVA) using a Snellen chart, slit lamp biomicroscopy and ophthal-
moscopy. The comprehensive examination excluded other known causes
of CME, such as retinal vein occlusion,” as there was no evidence of
retinal hemorrhage, cotton-wool spots, vessel tortuosity, neo-
vascularization, or microaneurysms on dilated fundus exam.”® An in-
flammatory etiology of CME such as uveitis®> was ruled out as there was
no anterior chamber cell or vitreous haze on slit lamp examination and
no vasculitis on FA.?” Similarly, chronic central serous chorioretinop-
athy as an underlying cause of our patient’s CME was excluded as there
was no evidence of a smokestack pattern of leakage on FA or a serous
macular detachment on SD-OCT.?® Multimodal imaging was also per-
formed, which included Spectral Domain Optical Coherence Tomogra-
phy (SD-OCT) (Heidelberg Engineering, Heidelberg, Germany)(Fig. 1E
and F), ultrawide-field (UWF) pseudo-color photos(Fig. 1A and C),
fundus autofluorescence (FAF)(Fig. 1B and D), Fluorescein angiogram
(FA)(Fig. 2), and Indocyanine green angiogram (ICG) (Optos, Nikon,
UK). Additionally, microperimetry (S-MAIA, Centervue, Italy) was per-
formed and both full-field electroretinograms (ff-ERG)(Fig. S1) and
multifocal electroretinogram (mf-ERG)(Table S1) were recorded
following pupillary dilation with the Espion system (Diagnosys, Lowell,
MA, USA) using Dawson-Trick-Litzkow (DTL) recording electrodes and
Ganzfeld stimulation according to standards from the International So-
ciety for Clinical Electrophysiology of Vision (ISCEV).>>*° Genomic
DNA extracted from the patient’s saliva was enriched for targeted re-
gions using a hybridization-based protocol and sequenced to >50x
depth using standard techniques using Illumina technology in a
CLIA-certified laboratory (Invitae, San Francisco, CA, USA).

The patient’s BCVA at presentation was 20/40 OD and 20/70 OS.
Examination of the anterior segment was unremarkable bilaterally.
Fundus examination revealed thickenings at the level of the RPE bilat-
erally (Fig. 1A and C). FAF imaging demonstrated areas of both hyper-
and hypo-autofluorescence (Fig. 1B and D). SD-OCT exhibited bilateral
macular RPE abnormalities and CME (Fig. 1E and F) with the right eye
also showing subretinal fluid. FA showed a characteristic pattern
consistent with CME with macular leakage in both eyes but no retinitis
or vasculitis (Fig. 2). ICG angiogram was within normal limits, making
occult choroidal neovascularization or polypoidal choroidal vasculop-
athy unlikely.SI’32 The ff-ERG (Fig. S1) was within normal limits, indi-
cating normal generalized retinal function and making a diagnosis with
general rod or cone system dystrophy less likely.>> The mf-ERG
(Table S1) was also within normal limits except for blunting of ring 1
response, suggesting that a generalized macular or cone dysfunction was
not present.”® Electro-oculography (EOG) was within normal limits
(Fig. S2), suggesting that there was no generalized RPE dysfunction.
Abnormal EOG has been associated with macular dystrophies, such as
Best disease,>’ another diagnosis often confused with PPS-associated
maculopathy.® Next generation sequencing of the patient’s buccal
swab analyzing 330 IRD genes did not reveal any pathogenic variants.
The appearance of this patient’s retinal abnormality upon fundus ex-
amination and multimodal imaging did not match the major clinical
characteristics of hydroxychloroquine retinal toxicity, classically
described as a central concentric pattern of fovea-sparing parafoveal
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Fig. 1. Baseline multimodal imaging of both eyes. Ultrawide-field (UWF) pseudo-color photos of the right (A) and left (C) eyes showed retinal pigment epithelium
(RPE) abnormalities. Fundus autofluorescence (FAF) of the right (B) and left (D) eyes respectively demonstrated a pattern of hyper- and hypo-autofluorescence
surrounding the fovea. Spectral domain optical coherence tomography (SD-OCT) of the right (E) and left (F) eyes showed bilateral intraretinal (red arrows) and

subretinal fluid, macular edema, and both RPE hypertrophy and irregularity.

o o

Fig. 2. Fluorescein angiography (FA) of both eyes showed the classic petaloid appearance characteristics of cystoid macular edema (CME) with macular leakage

(red box).
thinning or bull’s eye maculopathy,'>!%!® therefore making the diag-
nosis of PPS maculopathy with CME more likely.

Following the patient’s extensive diagnostic workup, her BCVA
deteriorated to 20/400 in both eyes, and the decision was made to trial
initial anti-VEGF therapy. The patient was given a series of 2 bilateral
intravitreal injections of 1.25 mg/0.05 mL bevacizumab (Avastin), four
weeks apart, with no change in CME (Fig. 3A) and continued visual
decline in the left eye. This was followed by a series of two bilateral sub-
Tenons injections of 40 mg/mL triamcinolone acetonide (Kenalog),

administered at four-week intervals. This showed subtle improvement
and suggested that the use of a stronger steroid may benefit the patient
(Fig. 3B). Intravitreal 0.7 mg Dexamethasone (Ozurdex) implants were
injected in the left eye at four weeks post-triamcinolone and in the right
eye at six weeks post-triamcinolone. One month following Dexametha-
sone treatment, SD-OCT of both eyes showed marked reduction of CME
with visibility of the ellipsoid zone (EZ) of the retina (Fig. 3C). BCVA
improved to 20/250 for the right eye and 20/400 for the left eye at this
time. 4.5 months after the initial Dexamethasone treatment, the patient



E. Flester et al.

American Journal of Ophthalmology Case Reports 36 (2024) 102224

Fig. 3. Persistent cystoid macular edema (CME) after a series of two intravitreal bevacizumab injections (A). Subtle improvement in CME after a series of two sub-
Tenon’s triamcinolone acetonide injections indicated use of a stronger steroid (B). One month after injection of dexamethosone implants, CME was substantially
reduced in both eyes and clearer visibility of parafoveal ellipsoid zone was observed (red arrow) (C).

returned with mildly worsening blurry vision in the right eye and
received a second Dexamethasone injection for this eye. One week later,
BCVA of the right eye returned to 20/200 and a second Dexamethasone
injection was subsequently administered for the left eye, which had
BCVA of 20/400 at this time. While the patient’s prognosis for visual
recovery is poor due to the RPE loss, especially in the left eye, we
continue to monitor her condition.

3. Discussion

We report a case of PPS-associated maculopathy with CME arising
after PPS cessation, unusual for its severity of pathology and vision loss
given the patient’s relatively low degree of cumulative exposure to PPS.
CME was resistant to treatment with topical therapy, oral acetazol-
amide, anti-VEGF or sub-Tenon steroid but intravitreal dexamethasone
implants effectively reduced CME in both eyes. While the patient had
both low cumulative exposure and low cumulative time on dosing to
hydroxychloroquine during PPS use, there were no clear signs of mac-
ulopathy characteristic of hydroxychloroquine toxicity and no general-
ized dysfunction of RPE or retina. It is unclear what risk factors may
have contributed to the patient’s maculopathy with loss of ellipsoid zone
but not frank complete retinal pigment epithelium and outer retinal

atrophy. There is a possibility that the patient’s condition may progress
to this stage.

The most well-established risk factor for the development of PPS
maculopathy is chronic PPS exposure.”® A survey of existing literature
on PPS maculopathy found a median cumulative PPS dose of 1,824g in
affected patients.® Wang et al. found that cumulative PPS dosage over
1500g was associated with a higher risk for developing maculopathy,’
but other studies do not yet consistently agree on a threshold for high
risk.®

The lowest reported cumulative PPS exposure in a patient with PPS-
associated maculopathy was 435g.%° In this case, a 44-year-old female
presented with metamorphopsia, prolonged dark adaptation, and char-
acteristics macular changes over thirty months post-PPS cessation.
However, the patient did not have CME or ellipsoid zone loss. Cases of
CME have previously been reported in PPS maculopathy.****” How-
ever, it is difficult to rule out neovascularization as a cause. In one case
where CME appeared isolated, a female patient in her late 40s was noted
to have CME with a cumulative PPS dose of 1100g, but, unlike our pa-
tient, vision was not markedly reduced, as demonstrated by her logMAR
vision of 0.0 and 0.1." CME has been described before with
PPS-associated maculopathy, but the few cases that also include a cu-
mulative dose report a minimum cumulative dose of 1100g.**%8



E. Flester et al.

The presence of PPS-associated maculopathy and disease progression
described in our case appear to be uncommon given the patient’s cu-
mulative PPS exposure of 1095g. It is possible that cumulative PPS
exposure alone may have contributed to our patient’s unusual case of
PPS-associated maculopathy. PPS is thought to be RPE toxic from
reduced electroculographic data® and from a study in mice which
showed RPE changes following long-term oral feeding with PPS.*%*

We suggest that the patient’s concurrent use of hydroxychloroquine
and PPS may have contributed to the unusual development of macul-
opathy. Cumulative hydroxychloroquine exposure greater than 1000g
and duration of therapy over five years are major risk factors for
hydroxychloroquine toxicity, in addition to liver and renal dys-
function.'® '>*! However, our patient received a substantially lower
cumulative hydroxychloroquine dose (219g) for a shorter period of time
and had no systemic comorbidities. Moreover, the pattern of retinal
abnormality observed in our patient was not consistent with the estab-
lished features of hydroxychloroquine toxicity, including a central
concentric pattern of parafoveal thinning or loss of photoreceptors,
which is often fovea-sparing and may result in the classic bull’s eye
maculopathy observed in advanced-stage disease.'®'*'® Additional
findings indicative of hydroxychloroquine toxicity include an ovoid
appearance of the fovea, or “flying saucer” sign, observed on SD-OCT as
a result of perifoveal thinning®> and a mottled pattern of parafoveal
hyper-autofluorescence on FAF imaging.'* The lack of these features
diminished the likelihood of retinal damage due to hydroxychloroquine
alone.

We hypothesize that similarities in the mechanisms of toxicity for
both hydroxychloroquine and PPS could have contributed to a syner-
gistic effect on RPE damage. The mechanism of toxicity for hydroxy-
chloroquine is proposed to be a result of the drug’s melanotropism,
which causes it to accumulate in the RPE.'®'* Reports indicate that once
in the RPE, hydroxychloroquine impairs lysosomal function and disrupts
RPE metabolism, leading to photoreceptor degeneration and loss.'**°
The mechanism of toxicity for PPS is less well-understood. It has been
suggested that PPS primarily interacts with the RPE and
RPE-photoreceptor interface where it may disrupt processing of photo-
receptor outer segments or inhibit RPE growth factors, leading to retinal
damage.® Furthermore, it is possible that the toxic effects of PPS or
hydroxychloroquine could have been potentiated by the patient’s un-
derlying systemic lupus erythematosus (SLE). An autoimmune condi-
tion, SLE has been shown to change enzyme metabolism and membrane
transporter activity through increasing levels of pro-inflammatory cy-
tokines. ** This may both reduce renal clearance and increase the plasma
concentration of systemic medications,** which could explain side ef-
fects disproportional to the dosage. However, as this mechanism has not
been demonstrated in PPS or hydroxychloroquine toxicity specifically,
further studies would be necessary to understand the potential role of
SLE in PPS-associated maculopathy.

It is possible that simultaneous use of both hydroxychloroquine and
PPS accelerates RPE damage, leading to a progression of maculopathy
that is unexpected based on cumulative exposure to either medication.
However, further investigation of the mechanism by which PPS causes
maculopathy is necessary in order to understand how PPS and hydrox-
ychloroquine may together contribute to accelerated retinal damage.

In previous cases of PPS-associated maculopathy with CME, macular
edema has been successfully treated with a range of therapies, including
topical prednisolone, oral acetazolamide, and intravitreal anti-VEGF.®
Our patient’s CME was refractory to each of these medications. Prior
reports indicate that intravitreal injection of triamcinolone acetonide
has effectively reduced CME associated with central retinal vein occlu-
sion,*® pseuodophakic CME after cataract surgery,'® and in one case of
CME with PPS-associated maculopathy.” Subtle improvement of our
patient’s CME with intravitreal triamcinolone acetonide guided the
decision to use dexamethasone intravitreal implants, a more potent
steroid which is FDA-approved for treatment of macular edema resulting
from retinal vein occlusions and diabetic macular edema.’® One
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previous case of CME with PPS-associated maculopathy reports a suc-
cessful response with intravitreal dexamethasone implants.*” In our
patient, dexamethasone implants effectively reduced CME. EZ disrup-
tion has been reported as a clinical characteristic of many degenerative
retinal conditions, including cases of hydroxychloroquine toxicity”*>*°
and PPS-associated maculopathy.'%°"°? Several reports describe EZ
recovery following intravitreal dexamethasone injection in patients with
diabetic macular edema,” retinal vascular disease,” and hydroxy-
chloroquine toxicity.55 57

In our patient’s case, we suggest that other factors in addition to
cumulative PPS exposure may have contributed to the severity of the
patient’s PPS-associated maculopathy. We hypothesize that concurrent
use of hydroxychloroquine and PPS may have had a synergistic effect on
RPE damage and contributed to the accelerated progression of macul-
opathy. This indicates a need to investigate the toxic mechanism of PPS
and any additional risk factors for PPS-associated maculopathy, in order
to better assess individual risk for patients using PPS. Our case also
suggests that CME with PPS-associated maculopathy may be more
responsive to intravitreal steroids, such as dexamethasone, than to
intravitreal anti-VEGF.

4. Conclusion

Risk factors for PPS maculopathy other than cumulative PPS expo-
sure are not well-characterized. This report illustrates a need for larger
studies to investigate factors that may contribute to the development of
PPS-associated maculopathy in addition to cumulative PPS exposure. In
the present study, severe PPS maculopathy with EZ loss and CME was
associated with the co-treatment with hydroxychloroquine. To our
knowledge this is the first report of toxicity following co-prescribing of
both PPS and hydroxychloroquine. The insights from the present study
may allow prescribers to consider the risks of prescribing two RPE toxic
drugs and assess the risk of maculopathy in patients.
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