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BACKGROUND AND OBJECTIVE: To provide new in-
sights into toxic maculopathy secondary to pento-
san polysulfate (PPS) utilizing multimodal testing.

PATIENTS AND METHODS: Retrospective case-series
of four patients from two academic centers evalu-
ated with multimodal imaging, electrophysiology,
dark adaptometry (DA), and genetic testing.

RESULTS: Median age was 58 years, exposure to PPS
18.5 years, and cumulative dose of 2,025 grams. Sev-
en of eight eyes had visual acuity of 20/40 or better.
Optical coherence tomography (OCT) angiography
demonstrated increased choriocapillaris flow voids
(54.25%) in cases compared to control (13.2%). Two
subjects had abnormal foveal avascular zone config-
urations. Two subjects demonstrated collapse of the
retinal pigment epithelium nodular excrescences
and progressive retinal thinning over 4 to 5 years on
OCT. Electrophysiology was normal (3/3 patients),
but DA was delayed (2/2 patients).

CONCLUSIONS: The authors describe novel findings
of PPS maculopathy, including flow voids in the
choriocapillaris. Progressive retinal thinning may
suggest a secondary retinal effect. These findings
may improve understanding of the pathophysiology.

[Ophthalmic Surg Lasers Imaging Retina. 2021552:xxx-xxx.]

INTRODUCTION

Macular toxicity secondary to pentosan polysul-
fate (PPS) (Elmiron; Janssen Pharmaceuticals, Beerse,
Belgium) was first reported in 2018.* PPS is the only
U.S. Food and Drug Administration (FDA)-approved
oral treatment for interstitial cystitis (IC), a painful
urological condition? affecting approximately 45 in
100,000 women and eight in 100,000 men globally.?
Pearce et al. described six patients with PPS expo-
sure (approximately 400 mg/day, average of 15 years)
presenting with pigmentary maculopathies character-
ized by paracentral hyperpigmentation and nodular
excrescences on optical coherence tomography (OCT)
at the level of the retinal pigment epithelium (RPE)
with negative genetic testing.!

Subsequent articles investigated the strength of
the association,? described the phenotypic range of
presentation,’® and generated screening recommen-
dations.” Diagnostic criteria described include: 1) bi-
lateral pathology centered on the fovea, 2) paracen-
tral macular hyperpigmented spots, 3) dense array of
hyper- and hypoautofluorescent spots and reticular
fundus autofluorescence (FAF) abnormalities, and 4)
foci of nodular RPE enlargement on OCT correspond-
ing to hyperreflectance on near-infrared reflectance
imaging. Humphrey visual fields (HVF) ranged from
normal to dense paracentral to central scotomas cor-
relating with the degree of atrophy® and analysis of
electroretinography (ERG) revealed normal to diffuse-
ly dampened amplitudes.!45

One study described findings on OCT angiography
(OCTA) in a case with a choroidal neovascular mem-
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Figure 1. Optical coherence tomography angiography (OCTA) analysis of superficial and deep plexus layers with examination of the fo-
veal avascular zone (FAZ) is shown for a normal control (row A) Patient 1 (row B), and Patient 2 (row C). From right to left: Column 1: Raw
image of superficial plexus. Column 2: Superficial plexus after thresholding, vessel density shown in lower right. Column 3: Extrapolated
FAZ with circularity index in red and total area in white text. Column 4: Raw image of deep plexus after removal of projection artifacts.
Column 5: Deep plexus with thresholding applied, vessel density in white text. *Image quality for Patients 3 and 4 of the superficial and
deep plexuses was poor; **Thresholding done with Imaged binarization with mean thresholding algorithm.

brane,® and none commented on the foveal avascular
zone (FAZ) or choriocapillaris layers. No studies have
described electro-oculography (EOG) or quantified
dark adaptometry (DA). The novel features described
here may contribute to a better understanding of the
pathophysiology of PPS maculopathy.

PATIENTS AND METHODS

A chart review at two academic institutions was
performed. Potential cases of PPS toxicity were iden-
tified if they did not exhibit classical findings or test
results of their initial diagnosis and met criteria listed
by Hanif et al.#® Table 1 lists patient demographics,
referral diagnosis, and PPS exposure.

All patients underwent ocular examination (dilat-
ed fundus examinations, multimodal imaging, and
genetic testing). Multimodal imaging included OCT
and FAF using Spectralis (Heidelberg Engineering,
Heidelberg, Germany). OCTA was performed for Pa-
tients 1 and 2 using the Plex Elite 9000 (Zeiss Med-
itec, Jena, Germany) and for Patients 3 and 4 using
the Spectralis. OCTA morphometric analyses were
performed with AngioTool open-source software
(http://angiotool.nci.nih.gov; NIH, Bethesda, MD),
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with analysis of the choriocapillaris following meth-
odology reported by Sugano et al.® Color thickness
maps of the difference between RPE and Bruch’s
membrane evaluated RPE excrescence changes over
time. Two authors (RM and AD) performed quality
control and corrected segmentation errors manu-
ally from the automated segmentation performed
on the Spectralis software (Heidelberg Eye Explorer
V.1.10.0.0). The same software was utilized for total
retina color thickness maps.

With appropriate genetic counseling, retinal
dystrophy panels were performed: Patients 1 to 3
with a “My Retina Tracker” panel with next-gen-
eration sequencing of 266 genes (Blueprint Genet-
ics, San Francisco, CA) and Patient 4 with inherited
retinal dystrophy panel of 248 genes (Invitae, San
Francisco, CA). Electrophysiology was performed
following International Society for Clinical Elec-
trophysiology of Vision protocols. The ERGs and
EOGs for Patients 1 and 2 were performed using
Espion E3 (Diagnosys LLC, Lowell, MA) and for Pa-
tient 4 with LKC Utas Sunburst (LKC, Gaithersburg,
MD). DA was obtained in patients 1 and 2 (MonCV,
Metrovision, Paris, France).



This research was performed in concordance with
the tenets of the declaration of Helsinki and using In-
stitutional Review Board approved protocols.

RESULTS

Four patients were evaluated. Median age was 58
years, and three of the four patients were female. Dif-
ficulty reading was the most common symptom. All
carried other initial diagnoses and presenting acu-

Figure 2. Optical coherence tomog-
raphy angiography (OCTA) analysis
of the choriocapillaris comparing a
normal eye (row A) to study patients
(Rows B-E). From right to left, the
columns demonstrate the raw im-
age of the choriocapillaris (Column
1), the thresholded image (Column
2), and the thresholded image with
color overlay for the choriocapillaris
network with the calculated flow
void percentage in the bottom right
(Column 3). The normal patient (A)
demonstrates flow void percent-
ages consistent with known litera-
ture, whereas the study patients
(Patients 1-4 correlating with rows
B-E respectively) all demonstrate
significant vascular dropout and
high percentage of vascular flow
voids (see Table 2). *Thresholding
done with AngioTool per protocol
described by Sugano et al.

ities ranged from 20/20 to count fingers (CF), with
seven of eight eyes having acuity better than 20/50.
Genetic testing was negative for definitive mutations,
although Patient 4 had three variants of unknown sig-
nificance (VUS) that did not explain the phenotype
(Table 2).

Patient 1 had a diagnosis of Stargardt’s, but after
negative genetic testing and given her exposure his-
tory, her diagnosis was subsequently changed be-
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Figure 3. Fundus autofluorescence (FAF) imaging. (A) Patient 1 changes after discontinuing pentosan polysulfate (PPS). From right to
left, FAF images at baseline (with 20 years of exposure), Year 3, and Year 5 demonstrating relatively stable abnormal FAF area but overall
increased hyper-FAF. (B) Patient 2. From right to left, FAF images at baseline (with 15 years exposure), Year 2, and Year 4 demonstrating
significant increase in abnormal FAF area over time while the patient was taking PPS. Year 3 is not shown but demonstrated similar area
and autofluorescence as shown in Year 4. (C) Patient 3. Localized posterior focal RPE changes. (D) Patient 4. Diffuse atrophy centered
on posterior pole with reticular/stippled edges of hyper-FAF matching the other cases.

cause although she had discontinued the PPS 4 years
previously, she had a 20-year cumulative exposure
and characteristic FAF. Patient 2 had both an 18-year
exposure to PPS and a 10-year exposure to hydroxy-
chloroquine (HCQ) (Plaquenil; Sanofi, Paris, France)
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400 mg daily, which was discontinued 6 years before
for nonspecific macular changes. Lacking the typical
bull’s-eye pattern of HCQ toxicity, her clinical picture
was more consistent with PPS, which she was still
on. Patient 3 presented with supposedly idiopathic



Figure 4. Retinal pigment
epithelium excrescence
segmentation changes over
time. Each b-scan from the
volumetric optical coher-
ence tomography (OCT)
was semi-automatically
segmented. To the right of
the b-scan is the color thick-
ness map on a scale of 0 to
30 microns. (A) Patient 1.
Initial OCT (top) and com-
pared to 5 years later (bot-
tom). Some excresences
collapsed (green arrows)
while another appeared
(yellow arrows). (B) Patient
2 initial examination (top)
compared to 4 years later
(bottom). Note that the fo-
cal excrescences collapse
over time (white arrows) and
the color map demonstrates
global collapse of excres-
cences and presentation of
new ones.

cystoid macular edema (CME) visible on fluorescein
angiography (Figure A, available at www.healio.com/
OSLIRetina) and had previously received intravitreal
triamcinolone in the left eye. Her CME responded
moderately to carbonic anhydrase inhibitors (CAIs)
but with a 17-year PPS exposure and FAF findings,
her diagnosis was changed to PPS toxicity. Patient 4
presented with worsening vision, a family history of
age-related macular degeneration (ARMD) in his fa-
ther and brother, and significant urological pathology
with consequent 10-year PPS exposure. FAF findings
and presentation were consistent with PPS toxicity,
potentially with overlapping ARMD component.

OCTA imaging in Patients 1 and 2 demonstrated
abnormal configurations of the foveal avascular zone
(FAZ), including lack of circularity and one patient
with an abnormally small FAZ. The vessel density
was preserved at the superficial and deep plexus com-
pared to controls (Figure 1). Choriocapillaris imaging
of all patients revealed significant flow voids (aver-
age of 54.38%, standard deviation of 2.76), and cho-
riocapillaris atrophy with visualization of large cho-
roidal vessels (Figure 2). For reference, in normative
data average flow void percentage has been reported
as 14.44% (SD 4.35) in healthy patients after thresh-
olding, consistent with our internal comparison with
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Figure 5. Total retinal thickness over time for Patients 1 (A) and 2 (B). For each, the top row is the right and left eye optical coherence
tomography color map at baseline, the middle row is from the most recent visit, and the bottom row is the change in thickness for each
Early Treatment Diabetic Retinopathy Study region. All four eyes demonstrate global thinning over time, including for Patient 1 after dis-

continuation of the medication.

a normal OCTA (flow void percentage of 13.2%) (Fig-
ure 2). Sample size was inadequate to perform statis-
tical analysis.

All patients demonstrated varying degrees of
macular pigmentary changes on fundus photogra-
phy (Figure B, available at www.healio.com/OSLI-
Retina). FAF demonstrated a striking speckled pat-
tern of hypo and hyperautofluorescence in Patients
1 to 3 and extensive hypoautofluorescence centered
on the posterior pole and nerve in Patient 4 (Figure
3). Comparison to FAF images obtained 4 to 5 years
prior demonstrated progression for Patient 1 with in-
creased hyperautofluoresence, and for Patient 2 with
increased hyperautofluoresence area.

OCT in all patients demonstrated nodular RPE
abnormalities and excrescences, which in Patient 1
collapsed over time leaving ellipsoid band discon-
tinuities without RPE atrophy (Figure 4). Patients 1
and 3 demonstrated CME, which responded to CAls,
and Patient 4 exhibited significant geographic pap-
illomacular atrophy. Patients 1 and 2 demonstrated
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progressive global retinal thinning over 4 to 5 years
(Figure 5), even after Patient 1 discontinued PPS 4
years prior.

Electrophysiology showed normal photopic and
scotopic responses on ERG and normal Arden ratios
on EOG in Patients 1 to 3 (Table 2). DA was prolonged
in Patients 1 and 2 with rod-intercept time during a
30-minute period (Figure C, available at www.healio.
com/OSLIRetina). Patients 1, 2, and 4 had recurrence
of their bladder spasms on cessation of PPS, so sig-
nificant in Patient 4 that he chose to resume the PPS
and sought out other providers to dispense it.

DISCUSSION

This study provides novel information about the
phenotype of PPS maculopathy. We demonstrate pro-
gression of FAF changes over 4 to 5 years (despite
PPS discontinuation in one patient), collapse of nod-
ular RPE excrescences over time, and quantification
of drastic total retinal thinning in two patients during
a 4- to 5-year follow-up period. We further showed



TABLE 1
Patient Demographics and Pentosan Polysulfate Exposures

Cumulative

Doseby | Duration

Body

Weight
(kgs)

PPS

Diagnosis

Presenting
Ocular

Presenting

Age Urologic

(Years)

Ethnicity

Case | Gender

No.

Daily

at Referral

BCVA (Snellen)

Diagnosis

Dosage (g)

Exposure
(Years)

Weight
(mg/kg)

3.9

Dose

Symptoms

(mg)

2190

20

77.11

300*

20/40 OD; 20/25 | Difficulty Stargardt

IC

White

Female

1

disease

read-

(O

ing; Dark

adaptation;

photopsias

Difficulty

7.02 18 2628

56.9

400

Hydroxy-

20/250U

IC

57

Female White

2

chloro-
quine

reading;

dark adap-

toxicity **

tation; Blue

photopsias

4.87 17 1862

61.6

idiopathic 300

20/20 0D Blurry vision

IC

Female White

3

CME
ARMD

20/30-2 OS
20/40 OD; CF

3.48 10.3 1128

86.1

Difficulty 300

77 IC, CBPS, Kid-

White

Male

4

reading;

oS

ney stones

Worsening

vision OU
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4.38 17.5

1.57

14.29
14.29

300
50

Median

58

Median

632.7

16.325

Standard

14.34

Standard

Deviation:

Deviation

*Discontinued 4 years prior; **Discontinued HCQ 6 years prior due to macular changes on exam.

pentosan polysulfate

chronic bladder pain syndrome; CME = cystoid macular edema; ARMD = age-related macular degeneration; PPS =

interstitial cystitis; CBPS =

IC=

FAZ abnormalities and chorio-
capillaris dropout on OCTA,
and functional quantification
of the previously reported sub-
jective DA symptoms.

The strength of this analysis
is the length of follow-up with
incidental multimodal imag-
ing over 4 years. FAF findings
demonstrate increasing inten-
sity and area of characteristic
changes, and OCT data show
progressive macular thinning.
The choroidal thickness dur-
ing the same period remained
stable, whether that implies a
degree of direct retinal toxic-
ity remains to be elucidated.
OCT data for Patient 2 (Figure
4) demonstrated that the RPE
conglomerations and excres-
cences are not necessarily stat-
ic and can collapse over time,
leaving an interrupted ez-band
configuration without RPE at-
rophy. Hanif et al also reported
this instability, noting that the
RPE nodule and shape in one
patient changed over a year,
and another had resolution of
the spots with onset of atro-
phy.5 The pathophysiological
implications are still unclear.

The clinical findings were
consistent with the largest
case series of 35 patients from
Hanif et al.’ in terms of PPS ex-
posures, gender, RPE changes
and FAF findings, possibility
of CME, and negative genetic
testing with normal ERGs. An-
other finding consistent with
literature is the demonstrated
progression in Patient 1 over 4
years despite cessation of PPS,
also noted by Huckfeldt et al.®
Parallel to current understand-
ing regarding HCQ toxicity,'*12
the progression may be reflec-
tive of progressive destabiliza-
tion of damaged cells rather
than the continued toxicity
through a retained reservoir of
PPS, but this theory is unprov-
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TABLE 2
Genetic Testing, Multimodal Imaging, and Electrophysiology Findings
Case No. | OCT FAF OCTA Findings* | Choriocapillaris | ERG Genetic VuUs EOG DARIT Time
Flow Void % ** | Findings | Testing*** Arden (min)
Ratio
1 Nodular excres- Reticular mixed Abnormal FAZ 55.8 Normal Negative None 4880D | >30
cences at the hyper- and hypo- | configuration, 3.110S8
level of the RPE, fluorescence Flow voids at
CME centered on the level of the
posterior pole choriocapillaris
bilaterally
2 Nodular excres- Reticular mixed Abnormal FAZ 52.7 Normal Negative CNGAT1 (het) 4,06 OD >30
cences at the hyper- and hypo- | configuration 4.00 OS
level of the RPE fluorescence Flow voids at
centered on the level of the
posterior pole choriocapillaris
bilaterally
3 Nodular excres- Reticular mixed Flow voids at 515 Normal Negative None 1.670D | N/A
cences at the hyper- and hypo- | the level of the 3.46 OS
level of the RPE, fluorescence choriocapillaris
CME centered on
posterior pole
bilaterally
4 Nodular excres- Central hypo- Flow voids at 57.5 N/A Negative MYO7A (het); N/A N/A
cences at the autofluorescence | the level of the (pAla1541Ser),
level of the RPE, geographically choriocapillaris TUBCP6(het);
geographic with reticular (Silent) RP1
papillomacular changes at the (het) c.2386G>A
atrophy edges (p.Gly796Ser)
Median 54.25
Standard Devia- | 2.76

tion

* Patient 3 and 4 did not have high quality OCTA resolution of the FAZ; **On3x3 mm OCTA choriocapillaris slab; ***For Patients 1-3, testing was the 266 gene Inherited Retinal Diseases (IRD) panel; Patient 4 had 248 gene IRD

panel.

OCT = optical coherence tomography, OCTA = optical coherence tomography angiography; EOG = electro-oculogram, DA = dark adaptometry; RIT = rod-intercept time; VUS = variants of unknown significance
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We demonstrated significant choriocapillaris flow
voids (average of 54.38% compared with literature
normative data of approximately 14%).° Varying de-
grees of choriocapillaris atrophy, as demonstrated by
visualization of large choroidal vessels, may be sec-
ondary to RPE toxicity. One could also argue the re-
verse, given the significant degree and diffuse nature
of choriocapillaris dropout compared to the relative
amount of RPE atrophy. However, relative sparing of
visual acuity except in cases of atrophy has been re-
ported previously®® and could support the idea that
the mechanism is primary damage to the choriocapil-
laris, which potentially causes the RPE changes. This
hypothesis is supported by the relative sparing of the
inner retina and photoreceptors on OCT except in cas-
es of advanced atrophy or edema, as all patients had
significant flow voids regardless of phenotype. Two
patients had abnormal FAZ configurations, which is
of uncertain significance given the small sample. We
hypothesize the pan-retinal thinning and decreased
retinal volume may affect FAZ configuration.

The previously postulated mechanism of PPS tox-
icity by Greenlee et al.® was of RPE toxicity second-
ary to blockage of fibroblast growth factor (FGF) ei-
ther from direct damage or the prevention of repair
of damage to the RPE. The exact cellular mechanism
requires further study, but the theory was based on
previously noted associations of FGF with retinal
organization in zebrafish!*!® and with maintaining
photoreceptor health and regeneration in response to
injury.'®'” The choroidal involvement we observed
suggests either a more direct mechanism of damage
to the RPE through damage to the choriocapillaris or
perhaps potentiation of the proposed mechanism of
FGF antagonism through additional damage to the
blood-RPE barrier. Further analysis of more patients
with OCTA and potentially other vascular imaging
modalities is required to ascertain whether these cho-
riocapillaris findings are as reproducible as the OCT
and FAF findings. Longitudinal imaging of patients
with intermediate exposures may demonstrate which
changes manifest earliest and help elucidate the pre-
cise pathophysiological mechanism.

The study limitations include small sample size,
and the potential for confounding factors- especially
in Patient 2 with concomitant HCQ use and Patient
4 with the unknown degree of macular degeneration
and the presence of genetic VUS on the RP1 gene,
resulting in a replacement of glycine with serine at
codon 796. This variant has not been reported pre-
viously in patients with retinitis pigmentosa (RP), is
present in population databases, in-silico tools show
the resulting change to be tolerated or benign (SIFT
and Polyphen, respectively) and the demonstrated

10

phenotype was inconsistent with RP. Patient 4 also
had the confounding factor of a potential ARMD com-
ponent. However, compared to his similarly aged
brother, the clinical picture was drastically different
and the striking pattern of RPE changes implicates
PPS. One might hypothesize that baseline ARMD re-
sulted in a lower toxic threshold given that he pre-
sented with worst phenotype and atrophy with the
smallest exposure (10 years). Further research is re-
quired to ascertain causation and factors associated
with poorer prognoses.

These cases highlight the importance of consider-
ing alternate diagnoses when confronted with pig-
mentary maculopathies carrying diagnoses without
proven genetic mutations or with atypical presenta-
tions. When considering medication toxicities, in
patients (such as Patient 2) with multiple prolonged
high-risk exposures, attention to the clinical pre-
sentations and FAF is key. Although hydroxychlo-
roquine and PPS toxicity take years to develop and
can progress despite cessation, full-blown hydroxy-
chloroquine toxicity presents typically with a “bull’s-
eye” parafoveal pattern of photoreceptor loss in most
Caucasian patients,'? whereas PPS toxicity appears
to manifest most apparently at the RPE with focal
reticular excrescences. The potential for overlapping
toxicities has not yet been explored. Both hydroxy-
chloroquine and PPS are individually very effective
in treating their respective associated conditions, and
all four patients had recurrence of their IC symptoms
on cessation of PPS. A detailed discussion with the
patient is crucial in deciding at what level of findings
to recommend cessation versus dose reduction of one
or both medications.

The preponderance of evidence suggests a need
for further inquiry into the association and potential
screening of all patients on PPS, and the ideal timing
of screening. Data are lacking in patients with interme-
diate exposures (between 1 and 10 years). The onset
of symptoms in Patient 1 correlating with the onset of
medication use, and the progressive nature over time
may imply a relatively quick potential onset time with
an additive effect, but further study is required espe-
cially given recent population studies without robust
associations at low levels of exposure.!®

Although the most striking findings with PPS tox-
icity are found with FAF, multifaceted testing may
contribute to diagnosis. Potential OCTA findings are
discussed above. Screening and evaluation may in-
clude questions about and measuring DA, as subjec-
tive difficulty has been reported as a significant ini-
tial finding® and two of two patients in this series had
times greater than 30 minutes. More rapid tests vali-
dated in evaluating DA in AMD patients!® may be fea-
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sible for these patients. Because prolonged DA times
are also found in AMD and other macular disorders,
this may not be diagnostic but could prove helpful
in supporting the diagnosis. Similarly, electrophysi-
ological analysis such as ERG and EOG are critical to
evaluating unknown maculopathies, even in the set-
ting of PPS exposure.

CONCLUSIONS

Patients with long-term exposure to PPS may pres-
ent with various pre-existing diagnoses but most PPS
toxicity cases manifest with a specific constellation
of OCT, FAF, and OCTA findings. Established macu-
lopathy patients should be questioned regarding ex-
posure to PPS, especially with negative genetic test-
ing or atypical presentations. For patients with CME,
CAls can be effective and may need to be continued
long after the PPS has been withdrawn. Patients can
have progressive RPE changes even after medication
discontinuation, and vascular changes may imply
mechanisms of toxicity involving both the chorio-
capillaris and RPE. The finding of significant chorio-
capillaris dropout may inform understanding of the
pathophysiology.
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Figure A. Fluorescein angiography of Patient 3 of the right (A) and left (B) eyes demonstrating petaloid macular edema.
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Figure B. Color fundus photos
of Patients 1 through 4 in panels
A to D respectively. All demon-
strate retinal pigment epithelium
changes centered on the macula
that appear more subtle than the
corresponding  autofluorescence
findings. Pigment clumping is es-
pecially notable in Patients 3 and 4
(C, D) and foveal changes appear
consistent with underlying atrophy
in Patient 4 (D).
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Figure C. Comparison of dark adaptometry results for Patients 1 and 2 compared with normal control. Demonstrates severely delayed
dark adaptation for study patients. Rod intercept time for the normal control was 8 minutes. Patients 1 and 2 did not reach rod-intercept
time at 30 minutes when testing was stopped.
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