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IMPORTANCE A unique pigmentary maculopathy was recently described in 6 patients with

long-term exposure to pentosan polysulfate sodium (PPS), a long-standing oral therapy for

interstitial cystitis.

OBJECTIVE To characterize the exposure characteristics and clinical manifestations of

PPS–associatedmaculopathy.

DESIGN, SETTING, AND PARTICIPANTS In this multi-institutional case series, medical records of

patients who exhibited the characteristic maculopathy in the setting of prior PPS exposure

were retrospectively reviewed. Data were collected from August 1, 2012, to October 1, 2018,

and data were analyzed fromOctober 2018 to January 2019.

MAIN OUTCOMES ANDMEASURES Drug exposure, visual acuity, and retinal imaging

characteristics.

RESULTS Of the 35 included patients (70 eyes), 34 (97%) were female, and themedian

(range) age was 60 (37-79) years. Themedian (range) duration of PPS intake was 15 (3-22)

years, and themedian (range) cumulative exposure was 1.61 (0.44-4.31) kg. The leading visual

symptoms weremetamorphopsia, blurred vision, and prolonged dark adaptation. Median

(range) logMAR visual acuity of all eyes was 0.10 (−0.12 to 1.18). Fundus examination often

revealed hyperpigmentedmacular spots (34 of 64 eyes [53%]) with interspersed pale-yellow

deposits, although less commonly in eyes that exhibited retinal pigment epithelial atrophy

(6 of 26 eyes [23%]; P < .001). Optical coherence tomography showed foci of retinal pigment

epithelium elevation or thickening associated with hyperreflectance on near-infrared

reflectance imaging. Fundus autofluorescence imaging typically revealed a symmetric,

confluent pattern of hyperautofluorescent and hypoautofluorescent spots that involved the

fovea in all eyes and extended to the retinal periphery in 24 eyes (36%). Longitudinal

evaluation demonstrated dynamic changes in pigmentary abnormalities.

CONCLUSIONS AND RELEVANCE These findings suggest that PPS–associatedmaculopathy is a

vision-threatening condition that canmanifest in the setting of long-term exposure to the

drug. Multimodal imaging posits a distinctive clinical phenotype, characterized in this cohort

by dynamic alterations within the retinal pigment epithelium and at the retinal pigment

epithelium–photoreceptor interface. Ongoing work might explore causality and direct

screening guidelines.
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P
entosan polysulfate sodium (PPS) is the only oral

therapy approved by the US Food and Drug Adminis-

tration for interstitial cystitis (IC), a chronic pain syn-

drome of the bladder that has been estimated to affect more

than 1 million people in the United States.1-5 An analogue of

biologic glycosaminoglycans, PPS purportedly binds to the

bladder epithelium and serves as a barrier to potential

irritants.6,7 In 2018,wedescribed auniquepigmentarymacu-

lopathy observed by a single clinician in 6 patients undergo-

ing long-term PPS therapy for IC.8 Despite relatively pre-

served visual acuity, patients endorsed difficulty reading and

prolonged dark adaptation. On examination, patients exhib-

ited subtlemacular pigmentary changes, yetmanifested strik-

ing alterations on fundus autofluorescence (AF) and near-

infrared reflectance (NIR) imaging.

Although present in a small group of patients, these find-

ings were suggestive of a vision-threatening medication tox-

icity. Because PPS has been widely prescribed for IC since its

approval by the Food andDrugAdministration in 1996,many

more patients may be at risk for this condition. Here, we pre-

sent a retrospective case series of patientswith retinal abnor-

malities who had PPS exposure treated across 4 institutions

to further characterize the risk factors and clinicalmanifesta-

tions of this potentially unique maculopathy.

Methods

This retrospective case serieswasapprovedbyeachparticipat-

ing institution’s institutional review board and conducted at

Emory University. Information was gathered and secured in

compliancewith theHealth InsurancePortabilityandAccount-

abilityAct.All dataweredeidentifiedandshared securelywith

the Emory University study center. As this study involved ret-

rospectivemedical record review, itmet all requirements for a

waiver of informed consent per institutional policy.

Case Identification

Electronic health recordswere searched for patientswith PPS

exposure at the Emory Eye Center, Emory University School

of Medicine, Atlanta, Georgia (n = 16); Casey Eye Institute,

Oregon Health and Science University, Portland (n = 6); Uni-

versityofMichiganKelloggEyeCenter,AnnArbor (n = 11); and

NorthernCaliforniaRetinaVitreousAssociates,MountainView

(n = 2). Of these, a subset of the patients identified with PPS

exposure came from the Sight Outcomes Research Collabora-

tive Ophthalmology Data Repository. This repository cap-

tures the electronic health record data of all patients receiv-

ing eye care at academic centers participating in this research

collaborative. All contributing sites used the Epic electronic

health record system (Epic SystemsCorporation). The reposi-

tory captured patient demographic characteristics as well as

structured and unstructured (free text) data for all clinical

encounters from August 1, 2012, to October 1, 2018.

Expert reviewers at each institution (K.T.J.,M.E.P., R.N.K.,

and N.J.) assessed the available retinal imaging for each pa-

tient exposed to PPS and identified affected patients accord-

ing to the presence of characteristic features noted in our ini-

tial report,8 including (1) fundusphotographyrevealingmacular

hyperpigmented spots, yellow-orangedeposits, and/or patchy

retinal pigment epithelium (RPE) atrophy; (2) AF imaging re-

vealing a densely packed array of hyperautofluorescent and

hypoautofluorescent spots involving the posterior pole; and

(3) optical coherence tomography (OCT) imaging demonstrat-

ing focal thickeningor elevationof theRPEwithassociatedhy-

perreflectanceonNIRimaging.Abroadcasedefinitionwasused

toensure inclusionof the full spectrumof clinical phenotypes.

Forall casesof thecharacteristicmaculopathy,medical rec-

ordswerereviewedfordemographicandclinicalcharacteristics,

includingpatientage, sex, race,height, andweight.Durationof

ICsymptomsandPPSexposurehistorywererecorded.Presence

of potential risk factors was assessed. Finally, best-corrected

visual acuity (BCVA) in logMARat the initial visitwas recorded.

Image Analysis

Expert graders (R.A.S. andN.J.)masked to exposure histories

reviewed images of each case to confirm inclusion in the

series.8Theimagegradersassessedallavailable retinal imaging,

includingcolor fundusphotography(TRC-50DX[TopconMedi-

cal Systems]; California rg/af [Optos]), spectral-domain OCT

(Spectralis [Heidelberg Engineering]; Cirrus 5000 [Carl Zeiss

Meditec]), NIR imaging (Spectralis), and AF imaging (Califor-

nia rg/af; Spectralis).

Imageswereevaluated for features, includingmacularpig-

ment clumps,RPEatrophy,yellowororangedeposits, andsub-

retinal hemorrhage on color fundus photography; disease ex-

tent, foveal involvement, atrophyexceedingone-thirdof adisc

diameter, andperipapillary signal abnormality onAF imaging;

hyperreflectant spots, foveal involvement, andatrophyonNIR

imaging;andcystoidmacularedema,fibrovascularpigmentepi-

thelium detachment, subretinal fluid, focal RPE thickening or

elevation, and atrophy on OCT imaging. Presence of atrophy

withdiameterexceedingone-thirdof adiscdiameterwas iden-

tified primarily with AF imaging according to a previously de-

scribedapproach.9Areasofwell-demarcateddecreasedAFwere

identifiedusingthehypoautofluorescenceassociatedwithblood

vessels as a reference. Other imaging modalities were refer-

enced to confirm cases of questionable atrophy. Foveal center

Key Points

Question What are the exposure characteristics and clinical

manifestations of pentosan polysulfate sodium–associated

maculopathy?

Findings In this case series, 35 affected patients reporting

long-term pentosan polysulfate sodium exposure were identified.

Fundus examination revealedmacular pigment clumps amidst

yellow subretinal deposits in mild disease with atrophy in more

extensive disease, and fundus autofluorescence imaging

demonstrated a pattern of abnormality centered on and involving

the fovea, occasionally extending to the retinal periphery.

Meaning These findings suggest pentosan polysulfate

sodium–associatedmaculopathy is a vision-threatening condition

that canmanifest in the setting of long-term exposure to the drug,

andmultimodal imaging posits a distinctive clinical phenotype.
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involvement was assessed with OCT. Regions of peripapillary

atrophywere excluded from this analysis.

A disease staging system assessed severity based on the

extent of fundus involvement and presence of macular

RPE atrophy exceeding one-third of a disc diameter. Cases

were classified into 1 of 3 grades: (1) contained within the

vascular arcades without atrophy; (2) extending to the tem-

poral vascular arcades but not spanning 2 disc diameters

beyond the arcades and/or presence of noncentral atrophy;

and (3) extending at least 2 disc diameters beyond the tem-

poral vascular arcades and/or presence of atrophy involving

the foveal center.

Statistical Analysis

Descriptive statistics were used to summarize demographic

characteristics, exposure histories, and imaging findings.

A Kruskal-Wallis test was performed to compare the average

cumulative exposures per unit of body mass between the 3

grading groups. The associations between categorical vari-

ables were assessed with χ2 tests. Statistical significance was

set at a P value less than .05, and all P values were 2-tailed.

Results

A total of 70 eyes of 35 patients with PPS-associated macu-

lopathy were identified (Table). These patients were retro-

spectively identified from a larger pool of 404 patients who

reported active PPS use at the 4 centers during the study pe-

riod, althoughmany of the other patients did not have a com-

prehensive evaluation to adequately assess macular status.

Atotalof34patients (97%)were female,andthemedian(range)

age at the time of diagnosis was 60 (37-79) years. Most pa-

tients identified as white (33 [94%]). The most common pre-

senting diagnosesweremacular or pattern dystrophy (n = 15)

and age-related macular degeneration (n = 10).

Patients reported a median (range) IC symptom duration

of 19 (6-44) years. Median (range) PPS intake duration was 15

(3-22) years, with a median (range) cumulative dose of 1.61

(0.44-4.31) kg.Median (range)dailydoseofPPSprescribedwas

300(150-592)mg.Median(range)cumulativeexposureperunit

of bodymasswas 24.7 (9.83-61.9)mg/kg. Themedian (range)

height was 160 (142-175) cm, and median (range) body mass

index (calculated as weight in kilograms divided by height in

meters squared) was 25.5 (18.1-36.3).

Themost commonly reported symptomswere blurredvi-

sion (n = 17), subjectively prolonged dark adaptation (n = 17),

and metamorphopsia (n = 4). Median (range) logMAR BCVAs

were0.10 (0-1.18)OD (Snellen equivalent, 20/25OD) and0.10

(−0.12 to 1.30)OS (Snellenequivalent, 20/25OS) (P = .93).Most

eyes (60 of 70 [86%]) had a logMAR BCVA of 0.30 (Snellen

equivalent, 20/40) or better. Two eyes (3%) had a BCVA of 1.0

(Snellen equivalent, 20/200) or worse. One of these eyes had

RPE atrophy involving the foveal center, and the other had a

hyperpigmented subfoveal RPE elevation with associated

photoreceptor atrophy. Of the 6 eyes with center-involving

atrophy, the median (range) logMAR BCVA was 0.54 (0-1.30)

(Snellen equivalent, 20/70).

Visual field testing demonstrated fairly normal re-

sponses except in thepresence ofRPEatrophy (eTable 1 in the

Supplement). Full-field electroretinography demonstrated

variablemildattenuationof responseamplitudes thatwascon-

sistent with macular disease. Multifocal electroretinography

demonstrated a range of abnormality from mild to severe

attenuation of response amplitudes.

Imaging Findings

In all patients, pathology manifested bilaterally, centered on

and involving the fovea. Color fundus photography revealed

paracentral hyperpigmented spots in 34 of 64 eyes (53%), of-

tenwith interspersedpale-yellowororangedeposits (Figure 1).

There were no cases with typical macular drusen or subreti-

nal or intraretinal hemorrhage.

Autofluorescence imaging permitted clearer visualiza-

tion of disease extent and typically revealed a confluent,

densely packed pattern of hyperautofluorescent and hypo-

autofluorescent spots and reticular changes, occasionally ex-

tending into the periphery (Figure 2). Hyperautofluorescent

lesions colocalized with both the hyperpigmented macular

spots and yellow deposits noted on fundus photography. No

hyperautofluorescent spot was larger than 2 venule widths

in any eye. In most eyes (37 of 66 [56%]), there was a well-

circumscribed region of diseased tissue in the posterior pole,

whereas someeyesexhibited ill-definedmarginsofdisease (29

of 66 [44%]). In most cases that involved the peripapillary

retina, there was a homogenous halo of peripapillary hypo-

autofluorescence (Figure 2).

Atrophy of the RPE exceeding one-third of a disc diam-

eter in size was noted in 26 of 66 eyes (39%), involving the

central fovea in 6 of them (eFigure 1 in the Supplement).

Eyes with atrophy were less likely to have hyperpigmented

macular clumps (6 of 26 eyes [23%]) compared with those

without atrophy (28 of 38 eyes [74%]) (P < .001). Pigment

clumps were also more frequently present in cases of pathol-

ogy confined within the temporal arcades (20 of 26 eyes

[77%]) than those that traversed the arcades (14 of 38 eyes

[36.8%]) (P = .002).

Optical coherence tomography demonstrated that pig-

mentedmacular spots consisted of focal elevation or thicken-

ingof theRPE(Figure3).These lesionscastaprominentshadow

onto theunderlying choroid, often appeared tobe intraepithe-

lial, and were associated with prominent signals on AF and

NIR imaging. In some cases, RPE lesions were associatedwith

hyperreflective fociwithin the overlying retina. Therewas not

a clear OCT-based correlate for the yellow and orange deposits

notedoncolor fundusphotography.However, inall eyes, there

was either a loss of definition of the interdigitation zone or a

mergingof interdigitationzoneandellipsoidzonebands indis-

eased areas. Cystoidmacular edemawas observed in 9 eyes of

6patients.Fluoresceinangiographyperformedon1of thesepa-

tientsdemonstrated leakageassociatedwith thecystoidmacu-

lar edema. Two patients had prior diagnoses of choroidal neo-

vascularization (CNV) in 1 eye. On reviewof available imaging,

one such case was deemed to be highly suspicious of having a

priorCNV(patient 15),whereas theother (patient 1)was thought

to have cystoidmacular edema.
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Longitudinal Follow-up

Longitudinal data exceeding 3 years were available in 8 pa-

tients. As the studywas conducted retrospectively, follow-up

intervals were not uniform across all cases. Visual acuity was

the primarymeasure of visual function available across mul-

tiple visits and remained fairly stable over time, except in the

caseof center-involvingRPEatrophy.Hyperpigmentedparafo-

veal spots,whenpresent,appearedtospreadwithin themacula

over time (eFigure 2 in the Supplement), with an expanding

area ofmacular involvement noted on AF imaging (Figure 4).

In 1 eye with 6 years of follow-up, hyperpigmented spots re-

solvedwithonset of paracentral RPEatrophy (eFigure 2 in the

Supplement). Regions of RPE atrophy were noted to enlarge

in area with time (eFigure 4 in the Supplement). In 1 patient,

serial OCT imaging at the same retinal location demonstrated

changes in RPE nodule shape and size over 1 year (eFigure 3

in the Supplement).

Polypharmacy and Risk Factors

Patients reported off-label use of other medications for IC,

including tricyclic antidepressants (n = 11); gabapentin

and its analogues (n = 11); cyclobenzaprine (n = 8), bladder

relaxants (n = 7), and pyridium (n = 5); and hyoscyamine or

hyoscyamine-containing compounds (n = 3) (eTable 2 in the

Supplement). Onepatient reported6months of hydroxychlo-

roquine intake. Smoking history was reported in 8 patients.

Three patients reported chronic kidney disease, and 1 patient

hadaprior splenectomy.Molecular testingperformed in 17pa-

tients returneda singlepathogenicABCA4variant (patient 12),

a variant of unknown significance inABCA4 in 2 different in-

dividuals (patients 4 and 11), and 1 variant of unknownsignifi-

canceeachofADAM9 and IMPG2 (patient 3),MPZ (patient 23),

andTIMP3 (patient29).Patient20harboredanonsense IMPG2

variant, although fundus findingsdidnot resemble those typi-

cally associated with IMPG2-associated disease.

Severity Grading

A total of 21, 21, and 24 eyes received severity grades of 1, 2,

and 3, respectively (Table). Only 1 patient had eyes with dif-

fering grades, which was due to a small patch of atrophy in 1

eye. Themean (SD) cumulative PPS doses for patients within

groups 1, 2 and 3 were 1.81 (1.26) kg, 1.74 (0.78) kg, and 1.74

(0.67)kg, respectively (P = .85).Themean(SD)cumulativedose

per unit of body mass for each group was 30.5 (19.7) mg/kg,

28.7 (15.1)mg/kg, and 25.9 (9.1)mg/kg, respectively (P = .89).

Therewasnosignificant associationbetweencumulativedose

per unit of body mass and severity grading (r2 = 0.016). Fur-

ther, there was no association between cumulative dose per

unitbodymassandvisual acuity (r2 = 0.014).Finally, therewas

no significant association between PPS exposure and disease

extent or atrophy.

Discussion

This broad case series provides a comprehensive assessment

of thephenotypic range ofwhat appears to be auniquemacu-

lopathy among patients exposed to PPS. Imaging findings inT
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this series suggest that PPS-associated maculopathy is a dy-

namicconditionthat ischaracterizedprimarilybyRPEandpho-

toreceptor-RPE interfacealterations inpatients reporting long-

term exposure to PPS. Given that this medication has been

widelyprescribedsince its 1996approvalby theFoodandDrug

Administration and that it is intended to be taken long term

for sustained disease control, it is likely that there are many

thousandsofat-risk individuals in theUnitedStatesalone.8,10,11

Figure 1. Representative Color Fundus Photography

Patient 17A Patient 24B Patient 27C

Representative color fundus photography demonstrating a variety of disease presentations, depicting pigment clumps and pale-yellow or orange deposits.

Figure 2. Representative Fundus Autofluorescence Imaging

Patient 17A Patient 24B Patient 27C

Representative fundus autofluorescence imaging demonstrating a variety of disease presentations. Retinal pathology was subjectively more apparent on fundus

autofluorescence imaging.

Figure 3. Multimodal Imaging ofMacular Pigment Alterations

Color fundus photographyA Fundus autofluorescence imagingB Near-infrared reflectance imagingC Cross section on optical coherence tomographyD

Representative images from patient 17. Somemacular pigment clumps

on color fundus photography (A) colocalize with increased signal on fundus

autofluorescence imaging (B) and near-infrared reflectance imaging (C) and

often appear to reside at the level of the retinal pigment epithelium on optical

coherence tomography (D). The dotted lines in panel C correspond to the cross

sections in panel D in descending order.
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Allpatients reported long-termexposure toPPS,withame-

dian exposure duration of 14.5 years. However, 1 patient had

3 years of exposure and manifested symptoms several years

afterdrugcessation (patient 15).Further investigation isneeded

to explore the long-term disease course after drug cessation.

All patients reported standard dosing regimens, with

body mass indexes ranging from underweight to obese. The

mean height in this series of 160 cm is less than the mean

height of US women (163 cm).12 However, there was no cor-

relation between disease severity and cumulative PPS expo-

sure among different individuals, even when normalizing

either to unit of body mass or ideal body weight. We did not

identify any other predisposing factors for macular disease

in this limited sample.

Color fundusphotography typically demonstratedmacu-

lar hyperpigmented spots that oftenappeared tobewithin the

RPE on coregistered OCT imaging and were associated with

blocking of signal to theunderlying choroid. These character-

isticRPE lesions, also seen inpatterndystrophies, canbe read-

ily distinguished from drusen or drusenoid RPE detach-

ments, helping differentiate this condition from age-related

macular degeneration. These lesions often appeared amidst

abackgroundofpoorlydefinedyellowororangesubretinalde-

posits that lacked a clear anatomic correlate on OCT imaging,

althoughabnormalities in theouter retinal bands suggest that

theymay reside in the subretinal space. Somecaseswere char-

acterized by paracentral RPE atrophy that affected the foveal

center only in advanced disease.

A characteristic feature of themaculopathy is that the AF

findings are visuallymore apparent than the relatively subtle

fundus examination findings.While AF imaging inmost eyes

revealedawell-circumscribedareaofdiseasedtissue inthepos-

terior pole, 24 of 66 (36%) exhibited a diffuse distribution.

It remains unclear whether the diffuse disease pattern repre-

sents a normal late-stage manifestation of disease vs a dis-

tinct phenotype in certain individuals.

Manyof the featuresof this condition resemble those seen

in pattern dystrophies and other hereditarymaculopathies.13

A unique and clinically important imaging finding that may

help differentiate this condition from hereditary maculopa-

thies is the peripapillary AF pattern (Figure 2). In eyes with

involvement of peripapillary tissue, there was often a peri-

papillaryhypoautofluorescenthalo,which is distinct fromthe

peripapillary sparing that is often seen in conditions such as

ABCA4-related retinopathies.

Longitudinal observation in a small number of cases

suggests that this is a dynamic disease process. Pathology

originates centrally and expands centrifugally. Hyperpig-

mented macular spots appear to be a sign of early disease

and may ultimately be replaced by atrophy in later stages.

Further longitudinal study in a greater number of cases

seems warranted.

Although BCVA is generally well preserved, most pa-

tients reportedbothersomevisual symptoms, ranging fromdif-

ficulty reading toprolongeddarkadaptation.Adecline inBCVA

was often seen in the presence of cystoid macular edema or

atrophy involving the foveal center, asnoted in6eyes.Wealso

identified a single possible case of vision loss due to exuda-

tive CNV (patient 15), diagnosed by an outside retina special-

ist.Available imagingwassuggestive,butnotdefinitive,ofCNV.

Thepathogenesis of this condition remainsunclear.How-

ever,ourpresent findings suggest aprimaryabnormalityeither

within theRPEor at theRPE-photoreceptor interface.Onehy-

pothesis is that PPS or one of its manymetabolites is directly

toxic to theRPE, resulting in impairedRPEprocessing of pho-

toreceptor outer segments. Another is that PPS somehow in-

teractswithanddisrupts the interphotoreceptormatrix, anex-

tracellularmatrix that servesnumerous functions inmediating

thephotoreceptor-RPE relationship.14,15The interphotorecep-

tormatrix is comprisedprimarily of glycosaminoglycans simi-

lar in structure to PPS.16

Limitations

A primary limitation of this study is that our case definition

wasbasedon the initial small series of 6patients, althoughwe

did endeavor to use a broad, inclusive case definition. Addi-

tionally, the retrospective nature of this study and relatively

small sample size of 35 cases limit our ability to draw defini-

tive conclusions regarding the spectrum of clinical pheno-

types and our ability to investigate a dose-response relation-

ship. Finally, theremaybea componentof selectionbias given

that most cases were identified at tertiary referral centers.

Figure 4. Progression of Disease by Fundus Autofluorescence Imaging

BaselineA 10 moB 17 moC 37 moD

Representative images from patient 29. Fundus autofluorescence imaging revealed progression of disease extent across 4 years, with particularly rapid evolution

of changes over a 10-month period (panel A to panel B).

Phenotypic Spectrum of Pentosan Polysulfate Sodium–AssociatedMaculopathy Original Investigation Research

jamaophthalmology.com (Reprinted) JAMAOphthalmology November 2019 Volume 137, Number 11 1281

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/16/2022

http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.3392


Conclusions

These findingssuggestPPS-associatedmaculopathy isavision-

threatening condition that canmanifest in the setting of long-

term exposure to PPS. Multimodal imaging posits a distinc-

tive clinical phenotype. Of the patients evaluated, many

experienced prominent visual symptoms of difficulty read-

ing and prolonged dark adaptation despite generally well-

preserved visual acuity. In some instances, center-involving

atrophy led to substantial visual disability.

Fundus findings in PPS-associated maculopathy may be

subtle, yet multimodal posterior segment imaging, particu-

larlyAF imaging, suggests adistinctive appearance character-

ized by bilateral fundus abnormality centered on and involv-

ingthefovea.Structural changessuggestprimaryabnormalities

within the RPE and at the photoreceptor-RPE interface.

Longitudinal evaluation documents a dynamic disease pro-

cess characterized by outward extension of pigmentary

changes and ultimate development of macular RPE atrophy

in many eyes. Further work seems warranted to more firmly

establish causality and guide screening programs.
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