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A B S T R A C T

Purpose: To describe an advanced case of pentosan polysulfate sodium (PPS)-associated retinopathy with 
extensive macular and peripheral retinal involvement following prolonged high-dose exposure.
Observations: An 86-year-old male presented with bilateral hand motion visual acuity and a 26-year history of 
PPS use (400mg daily, ~3769g cumulative dose) for treatment of interstitial cystitis. Fundus examination 
revealed widespread retinal degeneration characterized by confluent nummular patches of retinal atrophy in a 
radial distribution from the optic nerves. Ocular coherence tomography (OCT) demonstrated severe outer retinal 
disorganization, and fundus autofluorescence (FAF) showed extensive RPE loss and absence of the Robson Holder 
ring. Genetic testing excluded choroideremia and late-onset retinal dystrophy, identifying only variants of un
certain significance in candidate genes DNAJC17 and SPP2. The patient had a history of excessive coffee con
sumption, which may have exacerbated his interstitial cystitis and potentially contributed to retinal vascular 
compromise.
Conclusions and importance: This case supports the dose-dependent nature of PPS toxicity and demonstrates that 
high cumulative doses can lead to widespread retinal degeneration beyond the typical macular involvement. The 
potential severity of irreversible vision loss highlights the importance of periodic retinal evaluation using 
multimodal imaging to facilitate early recognition of PPS toxicity in patients on long-term PPS therapy and 
supports ongoing efforts to establish widely accepted, comprehensive screening guidelines and cumulative dose 
thresholds for patients on long-term PPS therapy, similar to protocols for other potentially toxic drug-related 
retinopathies.

1. Introduction

Pentosan polysulfate sodium (PPS) is commonly prescribed for the 
treatment of interstitial cystitis (IC)/bladder pain syndrome.1 An asso
ciation has been described between prolonged PPS use and the devel
opment of progressive maculopathy, characterized by bilateral retinal 
pigment epithelium (RPE) atrophy and hyperpigmented macular spots, 
referred to as PPS-associated maculopathy.2,3 A dose-dependent rela
tionship has been recognized, with greater lifetime cumulative exposure 
increasing risk of vision impairment.4 Here, we report the clinical 
findings and multimodal imaging features of severe macular and pe
ripheral retinal deterioration in a patient with exceptionally high cu
mulative PPS exposure during prolonged therapy for refractory IC 

symptoms.

2. Clinical course

An 86-year-old white male was referred for evaluation of severe, 
bilateral vision loss. Ocular history was significant for “dry macular 
degeneration” with visual acuity of 20/30 OU in Year 1. During the 
subsequent 11 years, records from another provider revealed visual 
acuity worsened to 20/200 OU. He was subsequently lost to follow up 
until Year 16. The patient denied a family history of any ocular condi
tions including vision loss and retinitis pigmentosa.

Medical history was significant for atrial fibrillation, supraventric
ular tachycardia, ulcerative colitis, anxiety, interstitial cystitis, benign 
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prostatic hyperplasia, Graves’ disease, myelodysplastic syndrome, and 
Raynaud’s phenomenon. Current medications included doxazosin, 
oxybutynin, alprazolam, mesalamine, apixaban, amitriptyline, iron, 
omega 3, pycnogenol, vitamins C and D and AREDS2 multivitamins. 
Upon questioning, the patient revealed he also had been treated for 26 
years with PPS 200 mg bid (cumulative dose approximately 3796 g) for 
interstitial cystitis complicated by severe urinary frequency and reten
tion, and Hunner’s ulcers. He stated his treatment had stopped 2 years 
prior to presentation.

Social history revealed an extraordinary history of coffee consump
tion during his working years. During military service, he elected 
kitchen duty to maintain access to coffee throughout his shifts and 
routinely consumed multiple large pots daily. The patient significantly 
reduced his coffee intake to 1–2 cups daily upon retirement, noting 
improvement in urinary symptoms, though he continued PPS therapy 
for 23 more years.

At the time of consultation in Year 16, visual acuity was hand mo
tions OU. Biomicroscopy revealed pseudophakia and clear vitreous, and 
fundus examination OU was remarkable for near confluent nummular 
patches of retinal atrophy in a radial distribution from the optic nerves 
(Fig. 1). Progressive Cirrus OCT (Carl Zeiss, Meditec) imaging between 
Year 1 and Years 4 revealed developing outer retinal disruption with 
patchy attenuation of the photoreceptor layers and irregularity of the 
RPE line in the perifoveal region (Fig. 2, top and middle). The inner 
retinal layers remained relatively intact during this period. By Year 11, 
OCT demonstrated marked progression with near-complete loss of the 
outer retinal layers in large confluent areas, severe overall retinal 
thinning, disruption of normal retinal lamination, and loss of the foveal 
contour (Fig. 2, bottom). Extensive atrophy of the RPE-Bruch’s mem
brane complex was evident in affected regions. Fundus autofluorescence 
(FAF) demonstrated widespread macular and peripheral retinal zones of 
hypoautofluorescence which correspond to clinical areas of RPE loss. 
Macular regions were notable for the absence of a Robson Holder ring 
(see Fig. 3).

Genetic evaluation (Invitae™ Inherited Retinal Disorders Panel) was 
performed to rule out an inherited retinal degeneration. Testing was 
negative for mutations of the CHM (choroideremia) and C1QTNF5 (late 
onset retinal dystrophy, L-ORD) genes. The panel identified two candi
date gene mutations of unknown clinical significance. The first variant 
was in the DNAJC17 gene (c.286G > T; p.Val96Leu), which may be 
associated with autosomal recessive retinitis pigmentosa with hypo
gammaglobulinemia.5 The second variant was in the SPP2 gene (c.328T 
> G; p.Tyr110Asp), which may be correlated with autosomal dominant 
retinitis pigmentosa.6 The patient declined additional testing and follow 
up.

3. Discussion

PPS was approved by the FDA in 1996 for treatment of IC. In 2018, 
Pearce et al. described a unique atrophic maculopathy involving the 

juxtapapillary macula.7 A large prospective study identified maculop
athy in 16% of patients taking the medication. Advanced cases exhibited 
varying degrees of choroid and RPE atrophy, with severity correlating 
with prolonged treatment duration, higher cumulative dosages, and 
higher daily dosages (mean: 19.5 ± 5.5 years, 3103.1 ± 1402.2 g, 433.9 
± 137.6 mg, respectively).8

Our patient’s widespread peripheral retinal degeneration builds 
upon reports in the literature of extramacular involvement in PPS 
toxicity and expands the known spectrum of PPS-associated retinal 
disease.9 His cumulative dose of approximately 3796g over 26 years 
places him at the extreme end of the exposure spectrum reported in the 
literature. While we acknowledge that gaps in clinical documentation 
limit our ability to establish progression thresholds or demonstrate 
continuous dose-response relationships, his case supports the associa
tion between very high cumulative exposure and severe panretinal 
degeneration. Further, although our patient discontinued PPS in Year 14 
and was not examined again until Year 16, he experienced visual acuity 
deterioration from 20/200 at Year 11 to hand motion at Year 16. We 
cannot definitively conclude whether progression occurred after medi
cation cessation, as the patient was not examined between these time
points. However, the severe visual decline observed may be consistent 
with prior reports of substantial visual deterioration following PPS 
cessation.10

The pathophysiology of PPS toxicity remains poorly characterized. 
Due to PPS’s structural similarity to heparin-like glycosaminoglycans 
(GAGs), it has been hypothesized that the medication may accumulate in 
and disrupt RPE lysosomes, similar to the mechanism of chloroquine 
retinopathy.11 A recent study in mouse models hypothesized that PPS 
may disrupt RPE and Bruch’s membrane by aggregating with GAGs or 
interfering with cellular signaling pathways.11 The dose-dependent na
ture of toxicity supports this theory of gradual accumulation, aggrega
tion, and eventual RPE dysfunction and death.

Our patient’s case demonstrates that severe exposure can lead to 
widespread retinal degeneration beyond the typically described macular 
involvement. This suggests that the toxic effects of PPS may impact the 
entire RPE-photoreceptor complex. While cumulative dose appears to be 
the primary driver of the insult, factors such as blood-retinal barrier 
integrity, RPE metabolic efficiency, and genetic variants in drug meta
bolism could influence toxicity development as well.12–14 The radial 
pattern of damage extending from the optic nerve may reflect prefer
ential accumulation along major vessel distributions. Additionally, 
previous reports of the progressive damage after PPS cessation suggest 
that PPS or its metabolites may trigger a cascade of RPE dysfunction that 
becomes self-perpetuating.10

The differential diagnosis included several inherited retinal dystro
phies. For instance, the widespread RPE atrophy and progression pattern 
could suggest choroideremia, and the nummular appearance and radial 
distribution could raise concern for late-onset retinal degeneration (L- 
ORD).15,16 However, genetic testing to exclude common inherited 
retinal degenerations was negative for mutations in the CHM and 

Fig. 1. Widefield fundus photography demonstrating severe PPS-associated maculopathy with extensive peripheral involvement. 
Color fundus photography at presentation in Year 16 (visual acuity: hand motions OU) reveals extensive macular and peripapillary atrophy and widespread retinal 
degeneration characterized by radially oriented nummular areas of RPE and choriocapillaris atrophy (white arrows), vascular attenuation and disc pallor OU.
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C1QTNF5 genes, which have been associated with these conditions.17–19

Candidate genes are genes with proposed potential health implications, 
but without evidence to suggest causal relationships with retinal con
ditions. While variants of uncertain significance were identified in 
DNAJC17 and SPP2, these genes have not been definitively linked to 
retinal disease, and the clinical significance of these candidate genes 

remains to be seen. We acknowledge that genetic panel testing has 
significant limitations. Current commercial panels do not interrogate all 
genes associated with inherited retinal dystrophies, and novel or rare 
genetic variants may not be detected. Additionally, some genetic causes 
of retinal degeneration remain uncharacterized. In this regard, although 
no associated genetic abnormalities were identified in previous studies 

Fig. 2. Progressive structural changes in PPS-associated maculopathy documented by optical coherence tomography (OCT). 
Cirrus OCT reveals that between Year 1 and Year 4, nummular zones of perifoveal outer retinal atrophy with outer retinal thinning have developed, with associated 
progressive parafoveal retinal thinning (top, middle). By Year 11, the macular lesions have coalesced and there is severe disorganization and retinal thinning with 
loss of retinal laminations and disruption and thinning of outer nuclear, outer plexiform and photoreceptor layers extending beyond the macula (bottom).

Fig. 3. Fundus autofluorescence highlighting the pattern and extent of RPE damage in advanced PPS-associated maculopathy. 
In Year 16 (visual acuity: hand motions OU), FAF OU demonstrates multiple near-confluent, nummular areas of hypoautofluorescence (white arrows) correspond 
with zones of RPE and choriocapillaris loss with interspersed linear hyperautofluorescence in less severely affected regions. Note near total loss of RPE and cho
riocapillaris in macula with absence of Robson Holder ring.
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of PPS maculopathy,7,8 it remains possible that the candidate genes 
identified in our patient, or other unrecognized mutations, may have 
predisposed our patient to more severe retinal degeneration.

It is also possible that the patient’s systemic comorbidities may have 
contributed to his striking clinical presentation. Ulcerative colitis has 
been associated with an increased risk of maculopathy (RR: 1.45; 95 % 
CI, 1.29–1.63).20 Further, both dietary acids and caffeine have been 
associated with worsening of IC symptoms; this may have increased the 
patient’s reliance on the medication.21,22 In addition, as macular flow 
and retinal and choroidal vessel density are reduced following exposure 
to caffeine in healthy subjects, our patient’s excessive caffeine intake 
may have exacerbated PPS-related macular dysfunction and chorioca
pillaris atrophy.23,24 In this regard, one study using OCT-A demon
strated significant reduction in choriocapillaris flow before OCT or FAF 
detected macular abnormalities, suggesting choriocapillaris impairment 
may contribute to RPE disruption.25 The patient was not taking other 
medications with known retinal toxic effects. His pancytopenia and 
myelodysplasia were diagnosed well after the onset of visual symptoms, 
making them unlikely contributors to the retinal findings. Nonetheless, 
while other factors may have contributed to the ultimate clinical 
appearance, the severe and disproportionate macular atrophy, along 
with the patient’s negative family history, 26 year PPS exposure, and the 
known dose-dependent mechanism of PPS retinal toxicity, suggest PPS 
as the most likely etiology of our patient’s striking clinical presentation.

Currently, while the need for screening has been recognized,26,27

there are no widely accepted, standardized guidelines for comprehen
sive screening and cumulative doses as seen in other toxic retinopathies. 
The potential severity of irreversible vision loss, including debilitating 
widespread retinopathy as illustrated in this case, highlights the 
importance of periodic retinal evaluation using multimodal imaging, 
which may include OCT-A, to facilitate early recognition of PPS toxicity 
in patients on long-term PPS therapy.25,28 This supports ongoing efforts 
to establish comprehensive, standardized protocols endorsed by leading 
ophthalmic organizations that include baseline examination re
quirements, follow-up intervals based on cumulative dose, specific im
aging modalities to be employed, and cumulative dose thresholds that 
should prompt consideration of alternative therapies.
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