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e ABSTRACT: Purpose: To describe the prevalence and
spectrum of disease of pentosan polysulfate (PPS) mac-
ulopathy in a large multimodal retinal imaging study and
to report the results of choroidal vascularity index (CVI)
analysis.

Design: Prospective cohort study

Methods: Of 741 patients prescribed PPS within a
large university database, 100 (13.4%) with any con-
sumption agreed to participate in a prospective screen-
ing investigation. Multimodal retinal imaging including
near-infrared reflectance (NIR), fundus autofluorescence
(FAF), and spectral domain optical coherence tomogra-
phy (SD-OCT) was performed in all patients. Charac-
teristic findings of affected patients were identified, and
affected and unaffected cohorts were compared. CVI, de-
fined as stromal choroidal area (SCA) divided by the total
choroidal area, was analyzed.

Results: The prevalence of PPS maculopathy was 16%.
NIR illustrated punctate hyperreflective lesions with
early presentation. FAF illustrated a speckled macular
network of hypo- and hyperautofluorescence colocalized
with multifocal hyperreflective retinal pigment epithelial
lesions on SD-OCT. Advanced cases demonstrated vary-
ing degrees of atrophy. The affected cohort exhibited sig-
nificantly greater mean PPS therapy duration, mean daily
dosage, and mean cumulative dosage (19.5+5.5 years,
433.94+137.6 mg, 3,103.1+1,402.2 g) compared with
the unaffected cohort (7.146.6 years, 291.6+177.6 mg,
768.4+754.8 g). SCA was significantly lower and CVI
was significantly greater in the affected vs the unaffected
group.
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Conclusions: This prospective cohort study identified a
prevalence of PPS maculopathy of 15%-20% among PPS
users who agreed to participate. A spectrum of findings
may be observed with multimodal retinal imaging. Signif-
icant choroidal abnormalities associated with this char-
acteristic maculopathy may provide surrogate markers of
macular toxicity.  (Am J Ophthalmol 2021;227: 125-
138. Published by Elsevier Inc.)

oral medication approved by the United States Food

and Drug Administration for the treatment of inter-
stitial cystitis.! PPS was FDA-approved in 1996'; however,
recent studies have shown that long-term exposure can be
associated with a pigmentary maculopathy.’

Although investigations continue to provide insight into
this remarkable condition,”’ much is still to be learned
regarding PPS-associated retinal toxicity. Most of the cur-
rent literature regarding the imaging features is based on
retrospective studies instead of prospective analyses, and
there is scarce information regarding the prevalence of this
condition in the population of PPS users. Our group ini-
tially prospectively screened 50 patients ascertained from
the UCLA database of PPS users and noted a prevalence of
approximately 20%. Vora and colleagues* screened PPS pa-
tients with a cumulative dosage of at least 500 g and found
a prevalence of toxicity of 23%. Our initial study demon-
strated that the risk of toxicity was greatest in PPS users
with a cumulative dosage of greater than 1,000 g and es-
pecially greater than 1,500 g. Our group has since doubled
the number of screened PPS patients at UCLA and addi-
tionally performed formal choroidal imaging analysis in the
total cohort of screened subjects.

This study aimed to describe the prevalence and spec-
trum of disease of PPS maculopathy from our total cohort
of PPS-treated patients at UCLA that were prospectively
screened with multimodal retinal imaging analysis and to
report the results of choroidal vascularity index (CVI)
analysis.

P PENTOSAN POLYSULFATE sopIUM (PPS) 1s THE soLE
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METHODS

The University of California Los Angeles (UCLA) Insti-
tutional Review Board approved this cross-sectional study,
which was conducted in accordance with the tenets set
forth by the Declaration of Helsinki. Information was col-
lected and secured in compliance with the Health Insur-
ance Portability and Accountability Act. All data were dei-
dentified and stored securely within the Stein Eye Institute.

A list of all patients prescribed PPS between the months
of March 2013 and October 2019 from the UCLA elec-
tronic medical record was procured. The following key
terms were used for the database search: Elmiron 100mg
PO caps, Elmiron PO, pentosan polysulfate sodium 100mg PO
caps, pentosan polysulfate sodium PO, and pentosan polysul-
fate sodium POWD. The search yielded 741 total UCLA pa-
tients treated with PPS arranged by date of first prescription.
All 741 patients were contacted by telephone to request
their participation in this study. After verbally confirming
any history of PPS use, 100 patients (13%) consented to
be participants. The other 641 patients who declined cited
various reasons for not participating, including lack of inter-
est, logistic limitations such as distance, out-of-state travel,
or lack of transportation, and time constraints including in-
ability to arrange visits into their schedule.

Patients were all (except for 2) prospectively screened
with multimodal retinal imaging in the retina clinic. The
participants first completed a questionnaire that included
demographic information—date of birth, gender, identified
race, height, and weight. Every participant’s body mass in-
dex (BMI) was calculated via the National Heart, Lung,
and Blood Institute online calculator on the basis of weight
(pounds) and height (feet and inches). The questionnaire
also asked about previous medical and ocular history, smok-
ing history, PPS history (duration, daily dosage, any regi-
men changes during use), and development of visual symp-
toms while being treated with PPS.

All 100 patients underwent Snellen visual acuity test-
ing and were screened with a series of multimodal retinal
imaging studies that included 30- and 50-degree fundus aut-
ofluorescence (FAF) of the macula (Spectralis; Heidelberg
Engineering Inc, Heidelberg, Germany), multicolor and
near-infrared reflectance (NIR) of the macula (Spectralis;
Heidelberg Engineering Inc), ultra-widefield autofluores-
cence of the posterior pole and periphery (Optos California
icg; Optos Inc, Dunfermline, Scotland, UK), and color
fundus photography of the posterior pole and periphery
(Optos California icg; Optos Inc). Spectral domain optical
coherence tomography (SD-OCT) (Spectralis; Heidelberg
Engineering Inc) of the macula was also performed in all
100 patients and included a volume analysis of 25 B-scans
(30 degrees by 20 degrees, B-scans spaced 240 um apart).

OCT angiography (OCTA) and en face OCT (Solix;

Optovue Inc, Fremont, California, USA) imaging were per-
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formed only in affected patients and used the automated de-
fault segmentation at the levels of the superficial and deep
retinal capillary plexuses and choriocapillaris.

Fundus photography, SD-OCT, and FAF imaging was al-
ready performed on patients 21 and 22 under the guidance
of their retinal specialist at UCLA at the time of initial
communication during the screening process; thus, imag-
ing was not repeated.

To identify structural associations of the autofluores-
cence, FAF images were colocalized with en face OCT im-
ages. The segmentation for analysis of en face OCT was set
to the retinal pigment epithelium. The upper limit of the
segmentation band was set at the retinal pigment epithelial
and ellipsoid zone junction; the lower limit was set at the
retinal pigment epithelial and Bruch membrane junction.
En face OCT slab thickness was 20 pm.

Atrophy noted with FAF and OCT were defined by cri-
teria previously published in the literature.’!! The crite-
ria for complete retinal pigment epithelial and outer reti-
nal atrophy (cCRORA) includes a continuous band of hy-
pertransmission at least 250 um in diameter, a continuous
zone of retinal pigment epithelial attenuation or disruption
at least 250 um in diameter, and superimposed photorecep-
tor degeneration.®” Atrophy noted on FAF was defined as
a well-demarcated round zone of hypoautofluorescence of
nonspecific diameter.'%!!

The presence or absence of cRORA with OCT and at-
rophy with FAF were the basis for grading PPS-associated
maculopathy severity in affected patients. This grading sys-
tem was modified according to the original system previ-
ously published and was defined as follows’:

Mild PPS-associated maculopathy: Presence of a speck-
led pattern of hypo- and hyperautofluorescence on
FAF (or only hyperautofluorescent lesions) and no evi-
dence of well-demarcated atrophic lesions on FAF and
no evidence of cRORA with SD-OCT.

Moderate PPS-associated maculopathy: Presence of well-
demarcated, nummular, hypoautofluorescent atrophic
lesions on FAF that colocalized with cRORA on SD-
OCT within the macula but without central foveal in-
volvement.

Severe PPS-associated maculopathy: Presence of hy-
poautofluorescent atrophy within the macula with
colocalization with cRORA with SD-OCT and in-

volving the central fovea.

An expert evaluator (D.S.) examined the multimodal
imaging of all 100 patients to confirm the presence or ab-
sence of findings consistent with PPS-associated maculopa-
thy based on those described in the literature.”>°

Statistical analyses were performed using Prism 8 for
macOS. Patient demographics, BMI, therapy duration,
and daily and cumulative doses were reported as medi-
ans, means, and standard deviations (interval variables).
Retinal findings on multimodal imaging were reported
as numerical counts and percentages (ordinal variables).
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Prevalence was calculated as number of affected individu-
als divided by total number of screened individuals. Snellen
visual acuity was converted to logarithm of the minimum
angle of resolution (logMAR) for statistical analysis, and
mean logMAR was converted back to mean Snellen visual
acuity as reported in the Results. The right eye was chosen
arbitrarily for the comparison of visual acuity. x? tests were
used for sex and tobacco use (nominal variables). Wilcoxon
signed-rank test was performed to compare the means of
age, height, weight, BMI, visual acuity, duration of PPS in-
take, daily PPS dose, and cumulative PPS dose (nonpara-
metric interval variables). P <.05 was considered statisti-
cally significant.

[t is important to note that 10 of the 16 affected cases and
the first 50 of the 100 total screened patients in this study
were originally described in a prior published paper.’

e CHOROIDAL VASCULARITY INDEX ANALYSIS: For
choroidal imaging analysis, raw OCT B-scans were
analyzed using a MATLAB-based CVI quantification
tool developed based on previously described image-
processing methods.'”'* In brief, luminal choroidal area
(LCA) and stromal choroidal area (SCA) were obtained by
binarizing the choroid layer in the OCT B-scan, where dark
pixels correspond to the luminal region and bright pixels
correspond to the stromal region. To this end, a 2-pronged
approach was adopted: (i) automated detection of the
choroid layer using structural similarity index and tensor
voting and (ii) automated binarization of the choroid layer
based on exponential and nonlinear enhancement and
median thresholding using the Otsu Technique. Shadow
compensation, the process of making up for shadows that
may influence visualization of posterior structures on OCT,
was performed using the previously reported method."’
Finally, CVI (%) was calculated as the ratio of LCA to
the total choroidal area (TCA) in both study cohorts.
Subfoveal choroidal thickness (SFCT) was measured from
the inner choroid boundary to the outer choroid boundary
using the instrument calipers tool at the foveal center.

RESULTS

¢ DEMOGRAPHICS AND DESCRIPTION OF THE TOTAL CO-
HORT: A total of 100 patients (200 eyes) that reported
any previous history and/or current use of PPS irrespec-
tive of duration were screened for signs of retinal toxic-
ity (Table 1). Of the 100, 97 were included in the final
analysis cohort, because 3 cases based on image findings
were deemed indeterminate (refer below to “Demograph-
ics and Description of the Indeterminate Cohort”). Median
age of the entire cohort was 60 years (range: 23-93 years)
and 89 of 97 (92%) were female. A total of 78 (80%) pa-
tients were non-Hispanic white whereas 2 (2%) patients
were biracial. Mean weight and height were 144.4+33.8
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pounds and 64.7+3.1 inches respectively. Mean BMI was
24.24+5.0. The mean visual acuity of the entire cohort was
20/25.

The overwhelming majority of patients (92/97, 95%) in-
dicated that interstitial cystitis was the reason for using PPS.
The other indications included irritable bowel syndrome,
pelvic pain syndrome, inner bladder wall cracks, medical
accident, and bladder pain, all of which were reported by
nonaffected patients. No kidney or liver abnormalities were
reported in any patients.

Mean total duration of PPS use was 9.2+7.9 years, mean
daily dose of PPS was 315.0£179.0 mg, and mean cumu-
lative dose of PPS was 1,153.54+1,241.2 g (Table 1). The
recommended dosage of PPS is 300 mg/d.'°

¢ DEMOGRAPHICS AND DESCRIPTION OF THE AFFECTED
COHORT (COMPARED WITH THE NONAFFECTED CO-
HORT): Of the 97 patients, PPS-associated maculopathy
was definitively identified in 16 (32 eyes), yielding a preva-
lence of approximately 16% (16/97), whereas 81 patients
(162 eyes) failed to display any evidence of PPS maculopa-
thy. Median age of the affected cohort was 64.5 years (range:
41-76 years). Of the 16 affected, 15 (94%) were female and
15 (94%) identified as non-Hispanic white.

The most common visual complaint in the affected co-
hort was nyctalopia (n = 10, 63%) followed by blurry vi-
sion (n = 6, 38%). Other symptoms included complaints of
distortion by 2 patients and dulling of colors by 1 patient.
Two affected patients were asymptomatic. Median Snellen
visual acuity was 20/27.5 OD (range: 20/20-hand motion)
and 20/27.5 OS (range: 20/20-20/400) in the affected co-
hort. Median IOPs were 15 mm Hg OD (range: 11-19) and
14.5 mm Hg OS (range: 9-22).

With slit lamp examination, 6 patients presented with
varying forms of bilateral cataracts whereas 1 patient was
pseudophakic OD with a cataract OS. One patient was
noted to have asteroid hyalosis. The remaining 8 patients
exhibited normal bilateral anterior segment examinations.
Within the cataract group, a nasal conjunctival hemorrhage
OD was noted in one patient and Krukenberg spindles OU
were noted in another. On fundus examination, 8 patients
and 16 eyes (16/32, 50%) displayed only bilateral pigmen-
tary maculopathy of varying degrees. One patient and 2
eyes (2/32, 6%) displayed only bilateral retinal pigment ep-
ithelial atrophy. Five patients (10/32 eyes, 31%) displayed
a combination of bilateral retinal pigment epithelial atro-
phy and pigmentary maculopathy to varying degrees. Nor-
mal macular examination was noted in 2 affected patients
(4/32 eyes, 13%). Heme or fluid was not identified in any
affected eyes.

Affected and unaffected groups were compared (Table 1).
No statistically significant difference was found between
the 2 groups in terms of age, sex, smoking history, height,
weight, or BMI. However, the affected group exhibited
a significantly longer duration of PPS use, higher daily
dosage, and greater cumulative dose compared with the

PENTOSAN MACULOPATHY: DISEASE SPECTRUM & CHOROIDAL ANALYSIS 127

Downloaded for Anonymous User (n/a) at Orlando VA Healthcare System from ClinicalKey.com by Elsevier on December
20, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



TABLE 1. Demographics, Dosage Parameters, and Visual Acuity of Total Cohort Excluding Indeterminate Cohort, and Unaffected and
Affected Groups

Total (n=97) Unaffected (n=81) Affected (N=16) P value

Age, mean + SD (median) 57.4+15.5 (60) 56.5+16 (59) 62+11.9 (64.5) .19
Sex, n (%) 1.0

Male 8(8.2) 7 (8.6) 1(6.3)

Female 89 (91.8) 74 (91.4) 15 (93.7)
Tobacco users, n (%) 23 (23.7) 20 (24.7) 3(18.8) 1.0
Height, in., mean + SD (median) 64.7+3.1 (64) 65.8+8.7 (65) 63.6+3.4 (63.3) .32
Weight, Ib, mean + SD (median) 144.4+33.8 (140) 145.9+33.5 (141)  136.6+35.8 (131.5) .31
BMI, mean + SD (median) 24.2+5.0 (23.1) 24.3+4.9 (23.6) 23.61+5.4 (22.4) .61
Visual acuity, logMAR, mean + SD (median Snellen  0.1£0.3 (20/20) 0.05+0.2 (20/20) 0.3+0.6 (20/27.4) .0003

equivalent)
Duration of PPS intake, y, mean &+ SD (median) 9.2+7.9 (7) 7.11+6.6 (5) 19.5+5.5 (18) <.0001
Daily PPS dose, mg, mean + SD (median) 315.0+179.0 (300) 291.6+177.6 (300) 433.9+137.6 (400) .0032
Cumulative PPS dose, g, mean + SD (median, range) 1,153.5+1,241.2 (703, 768.4+754.8 (493, 3,103.1+1,402.2 (2,7375, <.0001

12.2-6,023)

12.2-3,103) 1,5633-6,023)

logMAR = logarithm of the minimum angle of resolution, PPS = pentosan polysulfate sodium.

unaffected group. The mean duration of PPS intake was
19.545.5 years (median: 18 years, P < .0001) in the af-
fected group vs 7.146.6 years (median: 5 years) in the un-
affected group. The affected cohort reported a higher mean
daily dose of 433.9+137.6 mg (median: 400 mg, P = .0032)
vs 291.6+£177.6 mg (median: 300 mg) in the normal group.
The affected group also reported a greater mean cumula-
tive dose of 3,103.1+1,402.2 g (median: 2,737.5 g, P <
.0001) vs 768.4+754.8 g (median: 493 g) in the nonaf-
fected group. Additionally, the affected cohort exhibited
significantly worse visual acuity (mean Snellen visual acuity
20/43 vs 20/22, P value = .0003).

There was overlap in the ranges of cumulative dose be-
tween the affected and unaffected groups. The minimum
cumulative dose at which PPS retinal toxicity was defini-
tively found was 1,533 g. Of note, 12 patients (12/81, 15%)
of the unaffected cohort reported higher cumulative doses:
patient 3 (2,336 g), patient 6 (3,103 g), patient 15 (1,643
g), patient 46 (1,889 g), patient 50 (1,898 g), patient 52
(2,701 g), patient 65 (2,737.5 g), patient 71 (2,299.5 g), pa-
tient 76 (2,920 g), patient 85 (1,861.5 g), patient 86 (1,971
g), and patient 98 (1,837 g). The prevalence of toxicity in
those with cumulative dosages greater than 1,000 and 1,500
g was 40% and 55%, respectively.

e MULTIMODAL RETINAL IMAGING FINDINGS OF THE AF-
FECTED COHORT: Since the initial studies that first de-
scribed PPS maculopathy, wide-field FAF and SD-OCT
have been proposed to be the optimal combination to de-
tect the characteristic macular alterations stemming from
long-term PPS exposure (Figure 1).%° NIR and multicolor
imaging can also effectively identify PPS maculopathy al-

terations especially in the mildest affected cases.’
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In the 16 affected patients, the severity and total area
of abnormal autofluorescence varied across a wide spec-
trum. FAF was remarkable for well-circumscribed regions of
the typical speckled pattern of hyper- and hypoautofluores-
cence surrounding the fovea and spreading outward to vary-
ing degrees (Figure 1) in 26 eyes out of 32 (81%). The net-
work of hyper- and hypoautofluorescence extended around
the disc in 17 eyes out of these 26 (65%). Of note, peri-
papillary atrophic hypoautofluorescent rings were noted in
100% (32/32) of affected eyes. In 6 eyes (19%), FAF was
remarkable for more atypical patterns. FAF in patient 47
(Figure 2) was remarkable for an extremely subtle speck-
led parafoveal hyperautofluorescence. FAF in patient 18
showed parafoveal hyperautofluorescent vitelliform-like de-
posits bilaterally. FAF in patient 100 showed a hyperaut-
ofluorescent patternlike abnormality in the right eye (ro-
bust genetic testing was performed and a pattern dystrophy
due to a PRPH2 mutation was excluded) and a hyperaut-
ofluorescent acquired vitelliform lesion central in the left
eye.

More severe forms of disease (consistent with a moder-
ate grade of PPS maculopathy) with atrophy were noted
in 7 eyes (25%) out of 32. These eyes illustrated atrophy
in the form of parafoveal nummular lesions of hypoautoflu-
orescence. These atrophic areas ranged from smaller than
one-disc diameter to larger than one-disc diameter or dif-
fuse atrophy. Bilateral diffuse areas of geographic atrophy
involving the central fovea (consistent with a severe grade
of PPS maculopathy) were present in 4 eyes out of 32 (cases
51 and 21). Atrophy was also noted in the periphery in pa-
tient 21.

SD-OCT imaging was remarkable for discrete focal ar-
eas of hyperreflective retinal pigment epithelial thickening
that colocalized with the hyperautofluorescent alterations
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FIGURE 1. Fundus autofluorescence images (FAF, A-FF) and spectral domain optical coherence tomography (SD-OCT) B-scans
through the fovea (GG-LLL) of all affected patients with pentosan polysulfate maculopathy. Note the wide range of findings identified
with FAF. The mildest presentation (A&B, patient 47) is remarkable for FAF that illustrates subtle perifoveal hyperautofluorescent
lesions in each eye. The near-infrared reflectance (NIR) and multicolor images were more conclusive in this case. The SD-OCT B-
scan shows a small corresponding hyperreflective retinal pigment epithelium lesion OS. FAF and NIR for patient 18 (C&D, 11&]])
illustrate hyperautofluorescent and hyperreflective vitelliform-like lesions. More advanced toxicity is illustrated with patients 57, 88,
58, and 10 (E&F through K&L) in whom a speckled pattern of hyper- and hypoautofluorescent lesions with FAF and hyperreflective
retinal pigment epithelial lesions with SD-OCT, of progressive severity, are noted only in the macula. With more advanced toxicity,
the speckled pattern extends around and nasal to the disc and into the periphery (M&N through S&T, patients 100, 43, 95,
and 34, respectively). Defined areas of nummular and geographic hypoautofluorescent atrophy of the retinal pigment epithelium
are noted with more severe toxicity (U&V to EE&FF, patients 39, 29, 22, 44, 51, and 21). The OCT B-scans exhibit areas of
corresponding complete retinal pigment epithelial and outer retinal atrophy. The most severe case (EE&FE, patient 21) is remarkable
for diffuse chorioretinal atrophy of the posterior pole and periphery. The hypoautofluorescent atrophy on FAF corresponds to diffuse
retinal pigment epithelial and outer retinal atrophy on SD-OCT. Of note, all 32 affected eyes illustrated halos of peripapillary
hypoautofluorescent atrophy.

noted with FAF (Figure 1). Of note, the hypoautofluores- | demarcated nummular hypoautofluorescent lesions in cases
cent areas on FAF constituting the typical speckled pattern | of greater severity colocalized with cRORA.

did not correspond with any outer retinal or retinal pigment Multicolor and NIR illustrated bright orange and hy-
epithelial abnormalities on OCT; however, the darker well- perreflective punctate lesions respectively, corresponding to
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FIGURE 2. Near-infrared reflectance (NIR) of both eyes and fundus autofluorescence (FAF), multicolor (MC), en face optical
coherence tomography (OCT), and spectral domain optical coherence tomography (SD-OCT) of the left eye from the mildest case
(patient 47) of the affected cohort. NIR (top row left and middle) reveals abnormal pentosan polysulfate (PPS)-related hyperreflec-
tive dots. The arrows in the NIR, FAF (middle row left), and MC (middle row middle) identify the most prominent hyperreflective
lesion indicating very early evidence of PPS maculopathy. The lesion appears hyperreflective on en face OCT (right) and colocalizes
with retinal pigment epithelial thickening noted on SD-OCT (bottom) as identified with the red asterisk.

hyperautofluorescent lesions on FAF and focal retinal pig-
ment epithelial thickening on OCT in the mild cohort.
Multicolor and NIR were more revealing than FAF and
OCT in patients 47 (Figure 2) and 18, the 2 mildest cases
of the affected cohort. In cases of greater severity, atrophic
regions showed increased visualization of the underlying
choroid.

Color fundus photography displayed pigment deposits
that colocalized with the FAF hyperautofluorescent le-
sions and the areas of multifocal hyperreflective retinal pig-
ment epithelial thickening with SD-OCT. En face OCTA
showed reduced perfusion in the choriocapillaris aligned
with the cRORA lesions; the other segmentation levels
were normally perfused.

Choroidal neovascularization was identified in the right
eye of 1 affected patient (patient 95). Choroidal neovascu-
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larization associated with PPS maculopathy has been previ-
ously described.!”

e SEVERITY GRADING IN THE AFFECTED COHORT: The
16 affected patients were classified into 3 categories (mild,
moderate, severe) based on the presence or absence of at-
rophy and the extent of atrophy, as defined in the Meth-
ods section, using FAF and OCT guidance. Patients 47
(Figure 2), 18, 57, 88, 58, 10, 100, 43, 95, and 34, listed
in order of increasing severity, exhibited mild-grade PPS
maculopathy in each eye (ie, total of 20 eyes in this co-
hort with mild maculopathy) and failed to show any signs of
atrophic hypoautofluorescence on FAF or cRORA on SD-
OCT. Patients 39, 29, 22 (Figure 3), and 44, listed in or-
der of increasing severity, exhibited a moderate-grade mac-
ulopathy (ie, total of 7 eyes with moderate maculopathy, 1
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FIGURE 3. Moderate severity grade of pentosan polysulfate (PPS) maculopathy as illustrated with fundus autofluorescence (FAF),
near-infrared reflectance (NIR), and spectral domain optical coherence tomography (SD-OCT) in patient 22. FAF (top row) il-
lustrates nummular areas of parafoveal hypoautofluorescence representing atrophy distributed within the characteristic speckled
pattern of autofluorescence classic for PPS maculopathy. NIR (second row) displays hyperreflective punctate lesions corresponding
to the typical hyperautofluorescent FAF lesions of PPS toxicity and associated nummular or geographic atrophy. The selected SD-
OCT B-scans (bottom 2) from each eye show corresponding areas of complete retinal pigment epithelial and outer retinal atrophy
(cRORA) that colocalize with the pericentral areas of atrophy on FAE.
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TABLE 2. Comparison of Dosage Parameters Between Patients With Varying Severity of Disease

Mild (n=10)

Moderate (n=4) Severe (n=2)

Duration of PPS intake, y, median (range)
Mean daily PPS dose, mg, median (range)
Cumulative PPS dose, g, median (range)

18.0 (12.5-29.0)

400.0 (200.0-629.0)
2,518.5 (1,752.0-5,402.0)

19.2 (12.0-30.0)
325.0 (300.0-593.8)
2,646.3 (1,533.0-4,334.0)

22.3 (17.0-275)
588.2 (576.5-600.0)
4,800.0 (3,577.0-6,023.0)

PPS = pentosan polysulfate sodium.

eye of patient 39 was mild) with nummular atrophic lesions
and cRORA with FAF and OCT, respectively, limited to
the macula around the fovea. Patients 51 (Figure 4) and 21,
listed in order of increasing severity, exhibited severe grade
of PPS maculopathy in each eye (ie, total of 4 eyes with
severe maculopathy) with diffuse atrophy (including geo-
graphic hypoautofluorescence with FAF and cRORA with
SD-OCT) in the macula that extended through the central
fovea.

All cases of PPS toxicity were bilateral, including the
mildest case in which only very subtle lesions were present
in each eye. Severity grading of toxicity was identical bi-
laterally in all patients except for patient 39 (moderate OD
and mild OS; U&V and AAA&BBB in Figure 1), and find-
ings were remarkably symmetrical in all subjects, although
not necessarily identical, in one eye vs the other in terms
of the location, features, and extent of pathologic findings
(Figure 1).

Table 2 compares the duration of PPS intake, mean daily
dose, and cumulative dose among the 3 severity classifica-
tions. Statistical comparisons could not be done because of
small sample sizes. The severity of alterations corresponded
with increasing duration of PPS intake and cumulative dose
but not daily PPS dose. Median cumulative dosages were
2,518.5 g, 2,646.3 g, and 4,800 g in the mild, moderate, and
severe groups, respectively. Of note, some of the higher cu-
mulative doses were noted in patients with mild or moder-
ate presentations. The median duration of PPS intake was
18 years, 19.2 years, and 22.3 years and the median daily
PPS dose was 400 mg, 325 mg, and 588.2 mg in the mild,
moderate, and severe cohorts, respectively. It is important
to note, however, that the correlation between severity clas-
sification and duration of PPS therapy and cumulative ex-
posure may be skewed by the most severe patient with the
greatest cumulative exposure from a group of only 2 pa-
tients.

¢ DEMOGRAPHICS AND DESCRIPTION OF THE INDETER-
MINATE COHORT: Three patients (3/100, 3%) were clas-
sified as indeterminate cases because of either a coexist-
ing ocular disorder or uncertainty regarding the diagno-
sis of PPS maculopathy. Median age of these 3 cases was
66 years (range: 64-70 years). All 3 were female and non-
Hispanic white. Mean weight and height were 152.3£12.0
pounds and 62.3+0.6 inches, respectively. Mean BMI was
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27.5+1.7. The mean visual acuity of this indeterminate co-
hort was 20/33. All 3 of these indeterminate patients re-
ported PPS treatment for interstitial cystitis. No kidney or
liver abnormalities were reported in these patients. Mean
duration of PPS intake was 19.54-4.8 years, mean daily PPS
dose was 233.3+57.7 mg, and mean cumulative PPS dose
was 1,727.7£876.3 g.

e MULTIMODAL RETINAL IMAGING FINDINGS OF THE
INDETERMINATE COHORT: Patient 77 (duration of PPS in-
take = 17.5 years, mean daily PPS dose = 200 mg, cumula-
tive PPS dose = 1,277.5 g) presented with minimal findings.
Hyper- and hypoautofluorescent abnormalities were not
detectable on FAE Subtle punctate hyperreflective lesions,
suggestive of PPS toxicity, were noted around the fovea
with NIR and en face OCT with very subtle corresponding
retinal pigment epithelial alterations with SD-OCT.

In patient 79 (duration of PPS intake = 16 years, mean
daily PPS dose = 200 mg, cumulative PPS dose = 1,168
g) (Figure 5), FAF was remarkable for central lesions re-
sembling a pattern dystrophy with a hyperautofluorescent
butterfly-like lesion in the central macula of each eye and
corresponding hyperreflective lesions with NIR and retinal
pigment epithelial thickening with SD-OCT, highly sug-
gestive of PPS maculopathy. The surrounding hypoautoflu-
orescent area colocalized with hypopigmentation on color
fundus photography. Peripapillary atrophy was present in
each eye. This patient refused genetic testing to exclude a
pattern dystrophy.

Multimodal retinal imaging findings for patient 75 (du-
ration of PPS intake = 25 years, mean daily PPS dose = 300
mg, cumulative PPS dose = 2,737.5 g) were remarkable for
myopic degeneration with evidence of peripapillary atro-
phy with FAF and thin choroid with SD-OCT in each eye.
FAF did display a subtle hyperautofluorescent speckled pat-
tern around the central macula and disc in each eye, highly
suspicious for PPS maculopathy.

e CHOROIDAL ANALYSIS: A total of 95 eyes, 26 affected
(27%) and 69 unaffected (73%), out of a possible 200 eyes
(48%) were analyzed for the different parameters of CVI
(Table 3). The other 105 eyes were excluded because of in-
adequate image quality for analysis or for age-matching pur-
poses. None of the indeterminate case eyes were included
in the choroidal analysis. The 2 cohorts were age-matched
with no significant difference in mean age (60.79+12.18
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FIGURE 4. Severe grade of pentosan polysulfate maculopathy as illustrated with color fundus photography, fundus autofluorescence
(FAF), near-infrared reflectance (NIR), and spectral domain optical coherence tomography (SD-OCT) in patient 51. Color fundus
photography (top row), FAF (second row), and NIR (third row) illustrate a large area of geographic atrophy involving the central
fovea corresponding to complete retinal pigment epithelial and outer retinal atrophy (c(RORA) on SD-OCT (bottom row).
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FIGURE 5. Multicolor (MC), fundus autofluorescence (FAF), near-infrared reflectance (NIR), and en face optical coherence to-
mography (OCT) of the left eye from indeterminate patient 79. With MC, FAF, and NIR (left side), a characteristic butterfly pattern
dystrophy is illustrated. On en face OCT, these lesions appear as areas of hyperreflective retinal pigment epithelial thickening.

TABLE 3. Differences in Age and Choroidal Analysis Parameters Between Affected and Unaffected Cohorts

Parameters Affected (n = 26 eyes) Unaffected (n = 69 eyes) P value pPa
Age, y, mean £ SD (range) 60.79 + 12.18 (41-76) 63.14 + 11.03 (38-77) .51

Total choroidal area, mm?, mean =+ SD (range) 0.29 + 0.14 (0.11-0.58) 0.31 £+ 0.18 (0.11-1.29) .63 .61
Stromal area, mm?, mean + SD (range) 0.09 £ 0.04 (0.03-0.17) 0.11 £ 0.07 (0.03-0.54) .04 .09
Luminal area, mm?, mean + SD (range) 0.20 + 0.11 (0.08-0.44) 0.20 + 0.11 (0.07-0.76) .84 .88
Choroidal vascularity index, %, mean =+ SD (range) 67.23 + 5.07 (54-76) 63.11 £ 5.60 (48-74) .001 .001
Subfoveal choroidal thickness, um, mean + SD (range)  238.42 + 127.24 (94-487) 249.87 + 89.59 (78-498) .68 .24

2Controlled for intereye correlations using analysis of covariance.
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TABLE 4. Differences in Age and Choroidal Analysis Parameters Between Mildly Affected and Unaffected Cohorts

Parameters Affected (n = 17 eyes) Unaffected (n = 69 eyes) P value
Age, y, mean + SD (range) 58.90 + 11.30 (41-74) 63.14 £+ 11.03 (38-77) .29
Total choroidal area, mm?, mean 4 SD (range) 0.30 £ 0.13 (0.16-0.58) 0.31 £+ 0.18 (0.11-1.29) .75
Stromal area, mm?, mean + SD (range) 0.10 + 0.03 (0.05-0.16) 0.11 £+ 0.07 (0.03-0.54) .04
Luminal area, mm?, mean + SD (range) 0.21 £ 0.11 (0.10-0.44) 0.20 £ 0.11 (0.07-0.76) .75
Choroidal vascularity index, %, mean + SD (range) 68.00 + 5.00 (59-77) 63.11 + 5.60 (48-74) .004
Subfoveal choroidal thickness, um, mean &+ SD (range)  228.30 & 113.64 (94-487) 249.87 4+ 89.59 (78-498) .4

years for affected vs 63.14411.03 years for unaffected). In
the affected group, mean TCA was 0.2940.14 mm?, mean
SCA was 0.09+0.04 mm?, and mean LCA was 0.20+0.11
mm?. In the unaffected cohort, mean TCA was 0.314+0.18
mm?, mean SCA was 0.114+0.07 mm?, and mean LCA
was 0.2040.11 mm?. Of the 3 area parameters, only SCA
was significantly different (significantly lower in the af-
fected cohort) with a P value of .04. CVI was highly
significantly different (P value = .001) between the af-
fected cohort (67.23%=5.07%) and the unaffected cohort
(63.11%=+£5.60%). There was no significant difference be-
tween SFCT in the affected (238.42+127.24 um) and un-
affected (249.87489.59 pum) groups.

The same CVI analysis was performed including only the
mildly affected cohort with PPS maculopathy to minimize
any skew caused by the most severe cases with atrophy.
In this repeat analysis, SCA remained significantly lower
and CVI remained significantly higher in the affected group
(Table 4).

DISCUSSION

The classic presentation of PPS maculopathy has been well
described and includes an FAF speckled pattern of hyper-
and hypoautofluorescent lesions centered around the fovea
and in many cases around the optic disc as well.>© These
lesions correspond to nonspecific focal areas of hyperreflec-
tive retinal pigment epithelial thickening. However, this
study has broadened the spectrum of associated findings and
highlighted the importance of multimodal retinal imag-
ing. Very mild cases of PPS-associated maculopathy may
only display subtle perifoveal hyperreflective punctate le-
sions with NIR or multicolor analysis. Variable presenta-
tions include acquired vitelliform lesions or even pattern-
or butterfly-like dystrophy with FAE More advanced cases
with moderate disease are notable for pericentral nummular
areas of hypoautofluorescent atrophy on FAF that colocalize
with cRORA on OCT. Severe cases can illustrate central
geographic atrophy, diffuse macular atrophy, or diffuse atro-
phy extending to the periphery. We have refined our pre-
viously published grading scale for PPS maculopathy’ and
have illustrated that a more advanced grade of retinopathy
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in this analysis may correlate with greater PPS exposure and
toxicity.

Recent reports have calculated a prevalence of PPS-
related maculopathy in the range of 20%-23%.>* The
prevalence of 16% in this study may be a more accurate
representation (although this prevalence would be 19% if
the 3 indeterminate cases were included) as this analysis
prospectively screened a population of PPS users and em-
ployed uniform multimodal imaging analysis. In Vora and
colleagues’ study, only OCT and fundus photography were
used to screen the study patients, whereas FAF and NIR
were not available in many of the cases.* OCT and fundus
photography can identify nonspecific features of PPS macu-
lopathy; however, FAF may be the most important modality
to detect the characteristic PPS alterations in the macula’*®
and NIR is critical to detect mild grades of maculopathy.’
Although this study did prospectively screen a cohort of 100
PPS users from a population of close to 750 patients, the
true prevalence of PPS maculopathy needs to be validated
in even larger population studies that include thousands of
patients.18

We recently recommended screening guidelines based
on the report of our first 50 published patients. The
present study, which approximately doubles the number
of prospectively screened subjects, confirms our original
recommendations. We recommend baseline examination
of all patients starting treatment with PPS to include
multimodal retinal imaging with FAF, NIR, and SD-OCT.
Patients with cumulative dosages >500 g should receive an-
nual multimodal imaging, and those with dosages >1,000
g, especially >1,500 g, should be vigilantly monitored for
macular toxicity. In this study, the range of cumulative
exposure in the definitively affected patients was 1,533-
6,023 g. If the 3 ambiguous cases were included, the lower
threshold of the range would decrease to 1,168 as 2 of
these 3 patients reported cumulative dosages of 1,168 and
1,277.5 g. Although none of the affected or indeterminate
cases reported cumulative dosages less than 1,000 g, we
support our previous study’s’ recommendation of annual
SD-OCT, NIR, and FAF testing beginning at a cumulative
dosage of 500 g given the findings of the study by Hanif
and colleagues that reported an affected patient with pos-
sible macular toxicity below 500 g and 7 affected patients
between 500 and 1,000 g.° It is also important to note that
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10%-20% of our affected cases were asymptomatic, empha-
sizing the importance of earlier preventive screening.

This is the first study to formally analyze the effects of
PPS toxicity on the choroid. CVI is a well-established met-
ric to separately assess the vascular and stromal components
of the choroid. We have previously used this tool to study
the choroid in various diseases such as central serous chori-
oretinopathy and retinitis pigmentosa complicated by cys-
toid macular edema.'” In this study, the SCA was found
to be significantly lower in the affected cohort vs the non-
affected cohort, and CVI was correspondingly significantly
greater in the affected group. Therefore, it is inferred that
the higher CVI may be attributed to alterations in the
choroidal stromal tissue in PPS-affected patients whereas
the choroidal vasculature may not show evidence of harm.

PPS can readily bind to epithelial tissues and may act as
a buffer against bladder wall irritants in patients with inter-
stitial cystitis.” The characteristic macular abnormalities
identified with multimodal retinal imaging, including mul-
tifocal hyperreflective lesions with cross-sectional and en
face OCT and corresponding hyperautofluorescent lesions
with FAF in the earlier stages of disease and frank retinal
pigment epithelial atrophy including geographic atrophy
and cRORA in the later stages, indicate that the retinal pig-
ment epithelium may be a prime target of injury in patients
with long-term PPS exposure. The reduction in choroidal
stromal tissue detected in this study may indicate that the
choroid could be an additional target of PPS toxicity, which
may exacerbate retinal pigment epithelial disruption. How-
ever, it is also possible that choroidal impairment may be
the secondary result of retinal pigment epithelial loss or
vice versa. We acknowledge that it is also possible that the
PPS-associated retinal pigment epithelial alterations may
affect choroidal reflectivity and consequently the binariza-
tion and computation of CVI; therefore, our choroidal anal-
ysis awaits future validation with longitudinal studies. How-
ever, our results suggest that these choroidal metrics may
prove to be additional surrogate markers of PPS toxicity
that could be monitored by clinicians and retinal special-
ists.

PPS maculopathy is a very important masquerader of
age-related macular degeneration (AMD), pattern, and
mitochondrial dystrophies. Prior CVI analysis in eyes
with drusen, geographic atrophy, and non-neovascular age-
related macular degeneration have shown that both the
SCA and CVI are decreased compared with non-AMD
eyes.'*2123 This is in contrast to the findings encountered
in this study of eyes with PPS maculopathy. Recently, sev-
eral studies using OCTA have demonstrated the impor-
tance of impaired choroidal vascular perfusion as a driving
mechanism in the development and progression of atrophic
AMD.’*? Although AMD may be a vascular disease, PPS-
associated maculopathy primarily may disrupt the epithelial
and/or stromal tissues of the retina and choroid. More im-
portantly, CVI may potentially provide an important tool
to differentiate these overlapping diseases.

136 AMERICAN JOURNAL OF OPHTHALMOLOGY

This cohort study is the largest prospectively performed
screening analysis of a select cohort of participants with a
history of PPS exposure using uniform and comprehensive
multimodal retinal imaging, including SD-OCT, FAEF, and
NIR in all patients. However, the sample size of 100 repre-
sents a 13% participation rate out of 741 PPS-exposed sub-
jects. Thus, the study’s 16% prevalence of PPS-associated
maculopathy may not be representative of the true preva-
lence within the general population of all PPS users at large.
An overestimation due to ascertainment bias is possible.
The mean duration of PPS use of screened patients in this
study was 9.2 years. In comparison, a MarketScan database
study revealed that only 130 (0.3%) of 49,899 patients diag-
nosed with interstitial cystitis had PPS prescriptions lasting
longer than 5 years.”® Although a significant proportion of
our study subjects were asymptomatic, including several of
the affected patients, those agreeing to participate may have
been more likely to be symptomatic or informed of macular
changes. Of note, this study’s 13% participation rate is sig-
nificantly lower than Vora and colleagues’ screening rate of
85% (117 screened out of 138 PPS identified users).* The
prevalence of toxicity of 23.1% that Vora and colleagues
reported may indicate that our prevalence is not an overes-
timation; however, their study only screened PPS patients
with a cumulative exposure of at least 500 g. Future prospec-
tive studies with larger sample sizes will be necessary to de-
termine the true prevalence of PPS maculopathy.

Limitations of this analysis include the lack of Early
Treatment Diabetic Retinopathy Study (ETDRS) visual
acuity testing and genetic analysis in all affected and inde-
terminate patients, including the indeterminate case with
patternlike dystrophy findings. Case 100 underwent robust
genetic analysis, but no mutation associated with pattern-
like dystrophy was identified. Genetic testing may prove
useful in cases with abnormalities that can overlap with
diseases such as pattern dystrophy and mitochondrial dis-
orders. However, the unique phenotype of the disease com-
bined with dosage guidelines and patient history should be
sufficient for ophthalmologists to determine if genetic test-
ing is warranted. Lastly, our total cohort of eyes used for
the choroidal analysis was reduced as a result of exclusion
of eyes with poor image quality and due to age-matching
purposes.

This study continues to support the increasingly ac-
cepted concept that long-term PPS therapy can lead to
symptomatic macular toxicity. Our prospectively performed
screening protocol identified a 16% prevalence of macu-
lopathy among patients with a history of PPS consump-
tion who agreed to participate in the study, although the
total cohort did include a significant proportion of long-
term PPS users. All affected patients reported cumulative
dosages greater than 1,500 g whereas 3 indeterminate cases
including a case of patternlike dystrophy were associated
with dosages greater than 1,000 g. Multimodal retinal imag-
ing is critical for detection and diagnosis of the characteris-
tic maculopathy, including FAF, NIR, and SD-OCT. NIR is
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essential to detect the findings of mild PPS-associated mac-
ulopathy that include perifoveal hyperreflective dots. FAF
is essential to detect the speckled pattern around the fovea
and the disc, and peripapillary atrophy that was present
in 100% of cases. FAF and SD-OCT are essential to de-
tect the moderate and severe cases associated with peri-
central and central geographic atrophy and cRORA. Ro-

bust choroidal analysis demonstrated increased CVI in PPS-
affected patients compared with normal patients secondary
to reduced SCA. Whether choroidal changes influence reti-
nal pigment epithelial changes or vice versa in PPS patients
is unclear but can be elucidated with continued research
to better understand the mechanisms of PPS toxicity. CVI
may provide a surrogate biomarker of macular toxicity.
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