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PURPOSE. To quantify choriocapillaris flow alterations in patients with pseudoxanthoma
elasticum (PXE) in pre-atrophic stages and its association with structural changes of the
choroid and outer retina.

METHODS. Thirty-two eyes of 21 patients with PXE and 35 healthy eyes of 35 controls were
included. The density of choriocapillaris flow signal deficits (FDs) was quantified on 6
× 6-mm optical coherence tomography angiography (OCTA) images. Spectral-domain
optical coherence tomography (SD-OCT) images were analyzed for thicknesses of the
choroid and outer retinal microstructure and correlated with choriocapillaris FDs in the
respective Early Treatment Diabetic Retinopathy Study subfield.

RESULTS. The multivariable mixed model analysis for choriocapillaris FDs revealed signifi-
cantly higher FDs associated with the group (PXE patients vs. controls +13.6; 95% confi-
dence interval [CI] 9.87–17.3; P < 0.001), with increasing age (+0.22% per year; 95%
CI 0.12–0.33; P < 0.001), and with retinal location (significantly higher FDs in nasal
compared to temporal subfields). Choroidal thickness (CT) did not differ significantly
between both groups (P = 0.078). The CT and choriocapillaris FDs were inversely corre-
lated (−1.92 μm per %FDs; interquartile range −2.81 to −1.03; P < 0.001). Larger values
of the choriocapillaris FDs were associated with significant thinning of the overlying
photoreceptor layers (outer segments: −0.21 μm per %FDs, P < 0.001; inner segments:
−0.12 μm per %FDs, P = 0.001; outer nuclear layer: −0.72 μm per %FDs; P < 0.001).

CONCLUSIONS. Patients with PXE display significant alterations of the choriocapillaris on
OCTA even in pre-atrophic stages and in the absence of significant choroidal thinning.
The analysis favors choriocapillaris FDs over choroidal thickness as a potential early
outcome measure for future interventional trials in PXE. Further, increased FDs in nasal
compared to temporal locations mirror the centrifugal spread of Bruch’s membrane calci-
fication in PXE.
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P seudoxanthoma elasticum (PXE; Online Mendelian
Inheritance in Man [OMIM] #264800, #177850) is an

autosomal-recessive inherited, multisystemic disease caused
by various mutations in the ABCC6 gene.1–3 The primary
pathology is the calcification of elastic fibers, predominantly
affecting the skin, eye, and cardiovascular system.1–8

The ocular hallmark of PXE is the mineralization of
Bruch’s membrane (BrM). BrM is a pentalaminar structure,
situated between the retinal pigment epithelium (RPE) and
the choriocapillaris (CC), where it regulates the interchange
of molecules between these tissues (i.e., the retina and
systemic circulation).9 Funduscopically, peau d’orange and
angioid streaks are visible as a surrogate of a diseased
BrM, and both centrifugally spread toward the periph-
ery with increasing age. Further funduscopic alterations
include pattern dystrophy–like changes, optic disc drusen,
and (mid)peripheral comet tail lesions.10–12 In later stages,

the disease progresses to chorioretinal atrophy and/or macu-
lar neovascularization, often secondary to angioid streaks
representing breaks in BrM.10–14

For early disease detection and for future interventional
trials in PXE, sensitive and disease-specific biomarkers are
needed. Ideally, such a biomarker should be able to detect
change over time in pre-atrophic stages of the disease.
Risseeuw et al.15 have recently shown that BrM calcification
can be measured in vivo based on the increased reflectivity
of the RPE–BrM retinal band on optical coherence tomogra-
phy (OCT). However, with current imaging and image anal-
ysis techniques, the reproducibility of reflectivity metrics is
limited.15

BrM alterations might also be indirectly measurable
through alterations of adjacent structures. One of these, the
CC, is strongly dependent on soluble viability factors from
the RPE. After secretion by the RPE, these molecules must
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pass BrM to reach the CC as their site of action.16–18 An
increased BrM barrier due to calcification, as in PXE, might
therefore result in impaired interchange between the RPE
and CC and subsequently lead to choroidal or CC alterations.

Some evidence is given by a previous study highlight-
ing alterations in thickness and structure of the choroid in
patients with PXE.19 However, there was considerable over-
lap between healthy controls and eyes with pre-atrophic PXE
in terms of choroidal thickness. More recently, another study
reported a case series of four eyes of three patients with pre-
atrophic PXE, exhibiting marked alterations of the chorio-
capillaris using optical coherence tomography angiography
(OCTA).20 These findings suggest that alterations in CC flow
deficit density (FD) may outweigh choroidal thinning in PXE
in early stages. However, to date, no comprehensive analysis
of CC degeneration in PXE and its association with morpho-
logical alterations of the choroid, as well as overlying outer
retina, has been performed.21

This study, therefore, aimed to characterize the magni-
tude of CC FDs in pre-atrophic and pre-exudative PXE and its
association with choroidal thickness. Furthermore, we aimed
to assess the association of CC FDs with subtle degenera-
tion of the overlying photoreceptor laminae using spectral-
domain optical coherence tomography (SD-OCT).

MATERIALS AND METHODS

Subjects

This prospective cross-sectional study was conducted at the
University of Bonn, Germany, recruiting patients between
September 2017 and February 2021 from the dedicated clinic
for inherited retinal diseases at the Department of Ophthal-
mology. The study adhered to the tenets of the Declaration
of Helsinki and obtained institutional review board approval
by the ethics committee of the medical faculty, University of
Bonn (Ethikkommission, Medizinische Fakultät, Rheinische
Friedrich-Wilhelms-Universität Bonn, Germany).

The inclusion criterion was a confirmed diagnosis of PXE
based on the criteria of Plomp et al,22 that require two
out of three PXE-related characteristics: (1) two pathogenic
mutations in the ABCC6-gene, and/or (2) disease-specific
dermatological, and/or (3) disease-specific ocular alter-
ations. Exclusion criteria were any pretreatment with intrav-
itreal injections of anti-vascular endothelial growth factor
inhibitors, current exudative or non-exudative (quiescent)
neovascularization, and areas of retinal atrophy that were
larger than two disc areas. Furthermore, eyes with any other
confounding disease and eyes with significant ocular media
opacities were excluded.

OCT Acquisition and Processing

The imaging acquisition and processing steps were similar
for PXE and controls. All subjects underwent multimodal
imaging, including SD-OCT (Spectralis HRA+OCT; Heidel-
berg Engineering, Heidelberg, Germany), with 30° × 25°
volume scans (121 scans). Segmentation of the outer nuclear
layer (outer plexiform layer/outer nuclear layer boundary
to external limiting membrane), the photoreceptor inner
segments (external limiting membrane to ellipsoid zone), the
outer segments (ellipsoid zone to the RPE–drusen complex
[RPEDC]), the RPEDC (RPE to BrM), and the choroid was
performed applying a fully automated deep-learning–based
segmentation algorithm to the OCT B-scans.23–26 The algo-
rithm was previously shown in eyes with atrophic macu-
lar degeneration to segment with an accuracy within the
limits of human-expert inter-reader-variability.23 Based on
these segmentations of all 121 B-scans, en face thickness
maps were created for each of the segmented layers. Last,
an Early Treatment Diabetic Retinopathy Study (ETDRS)
grid was centered on the maps, and average thicknesses
for each ETDRS subfield were extracted for each layer
(Fig. 1).

FIGURE 1. Data processing and analysis. For the image processing, OCTA images of the CC flow and corresponding structural slab (inverted,
smoothed) were multiplied to compensate for shadowing effects. Subsequently, the images were binarized to identify CC FDs. To further
account for interference, areas with overlying large vessels were identified on superficial scans and excluded from analysis (marked in red).
The density of FDs was quantified and analyzed for each ETDRS subfield. From SD-OCT data, thickness maps for comparison with OCTA
data were created by automatic segmentation of the OCT B-scans.
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OCTA Acquisition and Processing

OCTA images were acquired using the PLEX Elite 9000
Swept-Source OCT (Carl Zeiss Meditec, Jena, Germany)
using a nominal 6 × 6-mm scan with preset slab depths
of the device (+29 to +49 μm below the RPE-fit segmenta-
tion line). Segmentation was manually corrected if necessary.
The processing steps for OCT-A images have been described
in previous studies and are briefly outlined here.27–29 Only
images without extensive artifacts (e.g., extensive shadow-
ing, floaters or alterations due to eye movements) were
exported and included for analysis. In case of localized arti-
facts (e.g., small floater), the respective ETDRS subfield (see
below) was excluded. Decentered images (i.e., fovea not in
the center of the image) were retaken or excluded if central-
ization was not achievable.

The processing has been described previously.30,31 In
short, the image data were exported and processed using
FIJI ImageJ (National Institutes of Health, Bethesda, MD,
USA). The CC structure image was downscaled to 512 × 512
pixels from initially 1024 × 1024 pixels. Then, the OCTA
images were multiplied with the inverted, smoothed struc-
tural image (Gaussian smoothing with a sigma of 3 pixels)
to compensate for shadowing effects.

After applying a local threshold level (Phansalkar
method, 4-pixel radius) and image binarization, an ETDRS
grid was centered on the image. The choriocapillaris FD
(quantified in terms of the density [%]) was defined for each
ETDRS subfield. To account for interference of choriocapil-
laris FDs and large central retinal vessels, these areas were
excluded from the analysis to avoid confounding factors,
as shown in Figure 1.32 The denominator was adjusted for
calculation of the FDs. Further, ETDRS subfields with any
focus of atrophy were excluded from the analysis.

Statistical Analyses

All statistical analyses were performed using the software
R Studio 1.2.5033 (R Foundation for Statistical Computing,

Vienna, Austria). Continuous, normally distributed variables
were described using the mean and standard deviation,
and non-normally distributed variables were described using
median and interquartile ranges (IQRs). Mixed-effect models
were used to account for the hierarchical nature of the data
(ETDRS subfields nested in eye nested in patient). P values <

0.05 obtained using t-statistics were considered significant.
First, the associations of age, PXE diagnosis, and location

(ETDRS subfield) as the explanatory (independent) variables
with FDs as the dependent variable were analyzed. Next, we
evaluated the association of FDs with established biomark-
ers for BrM diseases (choroidal thickness or RPEDC thick-
ness). Finally, we examined associations of FDs with puta-
tive downstream degenerative changes of the outer retina.
Specifically, we evaluated the association of FDs as the
explanatory variable with outer nuclear layer (ONL), inner
segment (IS), or outer segment (OS) thickness as the depen-
dent variable.

RESULTS

A total of 32 eyes from 21 patients with PXE (median
age 48.7 years; IQR 33.9–53.3; range 25.5–74.5; 17 female)
and 35 eyes from 35 healthy controls (median age
59.6 years; IQR 51.1–66.0; range 21.8–83.3; 13 female)
without any ocular pathologies were included. Further
PXE-associated demographic data are summarized in
Supplementary Table S1. A total of 29 ETDRS subfields from
nine eyes (PXE subgroup) were excluded from the analy-
sis due to small atrophic foci visible on OCT or artifacts
on OCTA. Nasal subfields were predominantly affected by
exclusion (outer nasal, n = 7; inner nasal, n = 5), followed
by the inferior (inner inferior, n = 5; outer inferior, n = 1),
temporal (outer temporal, n = 2; inner temporal, n = 2),
superior (inner superior, n = 3; outer superior, n = 1),
and central (n = 3) subfields. The areas excluded from
analysis due to overlying retinal vessels were not signifi-
cantly different in both groups (controls: mean, 2.62%; 95%

FIGURE 2. Association of choriocapillaris FDs with group and age. (A) CC FD was significantly higher in PXE patients and was more variable
than in controls. CC FD increased with age in patients and controls. (B) Although a trend for steeper FD increases with age in the PXE
group compared to controls was visible, there was no statistically significant interaction effect in our multivariable analysis. Each data point
represents one ETDRS grid subfield.
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CI 1.93–3.32; patients with PXE: 3.42%; 95% CI 2.55–4.30;
P = 0.149).

Choriocapillaris Flow Signal Deficits

The multivariable mixed model analysis for choriocapillaris
FDs revealed that the diagnosis of PXE (estimate +13.6; 95%
CI 9.87–17.3; P < 0.001), increasing age (estimate +0.22%
per year; 95% CI 0.12–0.33; P < 0.001), and position in the
ETDRS subfield (increased FDs in nasal compared to tempo-
ral subfields; see Supplementary Table S2) were explanatory
variables. Figure 2 shows the correlation of FDs with age in
PXE and controls. Although there is a positive trend for a
steeper FD increase with age in the PXE group compared to
controls, this was not significant in our multivariable analysis
(e.g., no interaction term of age and group). Supplementary
Table S1 also displays characteristics of eyes with high chori-
ocapillaris FDs (>40% FDs) separately. A total of 76 subfields
from 10 patients showed more than 40% FDs. Nasal subfields
were slightly more often affected (outer nasal, n = 8; inner
nasal, n = 10; central, n = 9) than temporal subfields (inner
temporal, n = 6; outer temporal, n = 6).

Choroidal Thickness

The choroidal thickness (CT) was slightly lower in (by defi-
nition of our inclusion criteria all pre-atrophic) PXE patients
(estimate −44.05 μm; 95% CI −92.98 to 4.87) (Fig. 3),
However, the difference between PXE patients and controls
was not statistically significant (P = 0.078). CT and FDs
exhibited an inverse linear association in all subjects (i.e.,
a choroidal thinning was observed with increasing FDs)
(Fig. 3) of −1.92 μm per %FDs (95% CI −2.81 to −1.03; P <

0.001) (Fig. 3). Logarithmic or square-root transformation of
the variables did not further improve the model.

FIGURE 3. Association of CC FDs with CT. CT was not significantly
different between patients and controls; however, CC FDs and CT
exhibited an inversely linear association. Each data point represents
one ETDRS grid subfield. The statistical analysis accounted for multi-
ple testing within one patient.

RPEDC Thickness

The mean RPEDC was 36.91 μm (95% CI 33.55–40.27)
in controls and 41.8 μm (95% CI 37.5–46.2; P = 0.072)
in patients. No significant association was found between
RPEDC thickness and FDs (P = 0.107).

Association with Photoreceptor Laminae

Although only eyes without large areas of atrophy were
included and ETDRS subfields with smaller atrophic areas
were excluded, PXE patients showed overall lower thick-
nesses of the three layers representing photoreceptor
integrity (Supplementary Table S3). All three layers—OS
thickness (estimate −0.21 μm per %FDs; 95% CI −0.26 to
−0.15; P < 0.001, r2 = 0.195), IS thickness (estimate −0.12
μm per %FDs; 95% CI −0.15 to −0.09; P = 0.001, r2 =
0.210), and ONL thickness (estimate −0.72 μm per %FDs;
95% CI −0.93 to −0.50; P < 0.001, r2 = 0.146)—exhibited a
strong association with the choriocapillaris FDs. The asso-
ciation of FDs and photoreceptor layers are displayed in
Figure 4. Figure 5 shows OCT and OCTA images of exem-
plary patients, underlining the variety of choriocapillaris
FDs in patients with mild or no alterations on central OCT
B-scans.

Model for Sequence of Alterations

Supplementary Figure S1 shows all imaging biomarkers
across eyes ordered according to the choriocapillaris FDs.
The choriocapillaris FD values exhibited a left-skewed
distribution (i.e., multiple abnormally low values in eyes
of patients with PXE). Subclinical photoreceptor laminae
thinning was predominantly evident in eyes with severely
reduced choriocapillaris FD density.

DISCUSSION

Our study revealed significant choriocapillaris flow alter-
ations in patients with PXE in pre-atrophic stages. These
alterations were associated with a thinner choroid in the
structural OCT. Furthermore, the OCT layers representing
photoreceptor integrity were significantly thinned in the
presence of choriocapillaris FDs. PXE is hallmarked by calci-
fication of elastic fibers, and BrM mineralization is the initial
insult in the eye. The BrM is an acellular pentalaminar
basement membrane with a strategic location between the
RPE and the choriocapillaris.9 Its primary functions are the
formation of a diffusion barrier and correspondingly regula-
tion of the interchange of molecules (e.g., nutrients, molec-
ular waste, oxygen, growth factors) by diffusion between
the RPE and the choroid (i.e., neuroretina and between
the systemic circulation), as well as stabilization of adjacent
structures.9

There are multiple lines of evidence that a diseased BrM
impacts adjacent anatomical structures regarding their func-
tion and morphology.9,16,19 Choriocapillaris and RPE form
a co-dependent relationship, with the choriocapillaris being
dependent on regulatory factors (e.g., vascular endothelial
growth factor inhibitors) secreted by the RPE. Vice versa, the
RPE is dependent on receiving nutrients and oxygen from
the systemic circulation via the choriocapillaris blood flow
to supply the photoreceptors.18,33 Among those molecules
is vitamin A, which is necessary for the normal function of
photoreceptors. A previous study has evidenced functional
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FIGURE 4. Association of photoreceptor laminae with CC FDs. The thicknesses of photoreceptor inner segments, outer segments, and
outer nuclear layer exhibited a proportional relationship with choriocapillaris flow, displaying a marked thinning in eyes with high
CC FDs.

impairments in PXE in line with an impaired vitamin A trans-
port over BrM.34 Moreover, animal studies have shown that
long-standing vitamin A deficiency can lead to photorecep-
tor degeneration.35–37 It can be hypothesized that microvas-
cular impairment and finally atrophy of the choriocapillaris
layer lead to an additional shortage of vital nutrients for
the photoreceptors. Thus, BrM calcification interfering with
interactive processes of the tissues on both sides of the BrM
may result in secondary alterations, such as an impaired
choriocapillaris flow and subsequent photoreceptor atrophy.

Our findings indicate that increased FDs are measurable
in early PXE disease stages. In contrast to that, our data
showed marked choroidal thinning in eyes with severe FDs.
Therefore, CC FDs, rather than choroidal thickness, could
also serve as a biomarker for a diseased BrM and as a
potential outcome measure for interventional trials in BrM-
affecting diseases. However, direct comparisons with other
functional and morphological potential outcome measures
(e.g., dark adaptation, fundus-controlled perimetry, BrM
reflectivity) are necessary to evaluate the usefulness of CC
FDs.

An underscoring that PXE-specific processes are
measured is given in our multivariate model. In addi-
tion to age and disease, the retinal location is significantly
and independently associated with choriocapillaris FDs.
This finding differs from a similar study in Sorsby fundus
dystrophy (SFD), another primary BrM disease, that is
characterized by diffuse subretinal deposits.38 In our study,
we found significantly increased FDs in nasal subfields and
significantly decreased FDs in temporal subfields. Although
it should be taken into consideration that having to exclude
more nasal than temporal subfields due to atrophy could
artifactually increase the amount of FD seen in nasal
compared to temporal subfields, this mismatch could also
be an indicator for the previously described calcification
process in PXE, which develops centrifugally from the
optic nerve head toward the periphery (with regard to the
ETDRS grid, from nasal to temporal subfields).10 The fact
that the overall total number of subfields with more than
40% FD was slightly higher in nasal subfields supports
this hypothesis. Because our study included young patients
with mild disease stages, it can also be hypothesized that
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FIGURE 5. CC FDS in exemplary patients. All exemplary patients showed no or only mild alterations in the central OCT B-scan (first column)
and are comparable to the control. Blue fundus autofluorescence (BAF; second column) showed mild alterations with faint angioid streaks
in patient 1, more obvious streaks in patient 2, and additional pattern dystrophy-like alterations in patient 3. The CC flow images (third
column) and corresponding binarized images (fourth column), however, show areas of FDs (yellow arrows, yellow rectangle) in the absence
of obvious retinal alterations on OCT and BAF. The percentage of CC flow voids for each ETDRS subfield is presented in the fifth column.
Also, choroidal thickness in patients 1 and 2 is not obviously thinner than in the control eye. Red areas were excluded from the quantitative
analysis due to overlying retinal vessels.

the temporal part of the central retina is less calcified than
the nasal part. Therefore, our analyses strongly suggest that
FDs are indeed a surrogate of calcification severity in PXE,
allowing earlier discrimination of intermediately affected
retinal regions.

Further, we investigated the association of choriocapil-
laris FDs and choroidal thickness on OCT. Previous studies
investigating patients with PXE19 or other BrM-impacting
diseases (e.g., SFD,38 age-related macular degeneration
[AMD]39) have already linked a diseased BrM to a thinned
choroid. However, these studies included a wide range of
the disease spectrum and were not specifically focused
on early stages. Our findings showed a significant corre-
lation of choriocapillaris FDs and choroidal thickness but
noticeably no significant difference in choroidal thickness
between the two groups. This implies that the choroidal
thinning is a feature evident in later stages of PXE (i.e., with
higher choriocapillaris FDs), but not decreased in the overall
cohort due to the rather larger interindividual variability in
choroidal thickness. Further, the R2 value of this association
is rather low, indicating that many other factors not taken
into account currently result in a high variability. Figure 3
underlines this with the high interindividual difference of
choroidal thickness in controls.

Supplementary Figure S1 shows that CC flow is also
impaired in eyes with only mild alterations of choroid
and photoreceptors. Therefore, choroidal and photorecep-
tor thickness is an associated finding of increased chorio-
capillaris FDs but not sufficient to detect early alterations.
We could not observe an association of choriocapillaris flow
deficits with RPEDC thickness. In other BrM diseases, such
as SFD or AMD, sub-RPE deposits are the predominant find-
ing in the early stages; however, subclinical changes at the
level of the BrM have been evidenced histologically and
functionally.40,41 In these, RPEDC volume increases in the
early stages and might be a correlate of disease severity.42,43

Last, the thickness of all three photoreceptor layers (IS,
OS, and ONL) exhibited a strong association with choriocap-
illaris flow deficits, displaying thinner layers associated with
higher FDs. Photoreceptor degeneration and subsequent
retinal atrophy following the loss of choriocapillaris and
RPE have been described in previous studies.16,18 Our PXE
patients, although representing a comparatively young and
pre-atrophic patient cohort, still exhibited significantly lower
values in the thicknesses of these layers (Supplementary
Table S3). This might give further support for the hypoth-
esis of choriocapillaris flow being involved in the course
of photoreceptors on their way to degeneration. However,
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given the cross-sectional design of our study, the contribu-
tion of these multiple factors should be investigated more
in depth in future studies featuring a longitudinal design.
Additionally, despite the association of FDs and photorecep-
tor layer thicknesses being significant, the R2 values indi-
cate that other determinants might contribute. Although the
characterization of all determinants of photoreceptor degen-
eration in PXE is warranted, such analyses would extend
beyond the scope of this manuscript.

There are some limitations to our study that should be
taken into consideration. The low sample size is a common
challenge in inherited retinal diseases. Because our inclu-
sion criteria were strict (pre-atrophic and pre-exudative
stages), associations of FDs and structural alterations might
be driven by a low number of eyes with “subnormal” but
pre-atrophic photoreceptor layer thicknesses. However, we
accounted for multiple testing within one eye (i.e., subfields
nested in eye) and for multiple testing within one patient
(i.e., eyes nested in patient) by introducing a random-effects
term in all the models (R package lme4) of our analyses. On
the upside, given the narrow inclusion criteria, this might be
one of the most extensive descriptions of early PXE stages.

Similar to previous studies, our cohort also exhibited
an overrepresentation of females (17 female and four male
patients),1,44 resulting in gender bias. For example, the skin
is usually the first organ system displaying clinical mani-
festations of PXE and leading to diagnosis.12,45–47 Women
might be more likely to have skin findings48 (and/or more
self-aware of clinical manifestations in general) and conse-
quently more prone to the diagnosis of PXE in an earlier
stage of disease than men. However, a distinct cause for this
frequently described female predominance has not yet been
identified. Further, the cross-sectional approach of this study
can give insight in associations of different features but does
not allow us to deduce causal links.

Our controls were on average nearly 10 years older than
the PXE patients. However, given the previously described
positive association of FDs with age, the difference between
PXE and controls is thereby likely underestimated.49 It
remains to be elucidated whether the observed alterations
between PXE patients and control participants in this study
are predominantly driven by BrM alterations or systemic
cardiovascular risk factors. Importantly, patients with PXE
have a higher prevalence of cerebrovascular disease and
hypertension, which themselves can have an effect on the
CC.50,51

Another limitation of our study is the use of preset slab
depths of the PLEX Elite in the quantitative analysis of
choriocapillaris FDs.52 Different slab selection or processing
approaches in general (regarding, for example, threshold-
ing, binarization, or ETDRS subfield selection) might have
an impact on the stated differences between patients and
controls. Furthermore, we did not adjust the scans prior to
analysis for refractive errors or axial length, which could be
a possible confounding factor in our analysis regarding the
use of ETDRS subfields (i.e., PXE patients were predomi-
nantly female, who are known to have shorter axial lengths
than males, which could result in a slight variation of reti-
nal subfield size being analyzed).53,54 Finally, BrM reflectivity
as a biomarker of BrM calcification in structural OCT imag-
ing was shown to be increased in patients with PXE.15 For
this study, we accounted for structural changes by multiply-
ing the inversed smoothed structural image with the flow
image, thereby accounting for structural alterations affect-
ing CC. However, it is possible that unknown factors associ-

ated with BrM calcification affected our findings. Regarding
BrM reflectivity measures as an outcome measure, head-to-
head comparison of BrM reflectivity and choriocapillaris FDs
with regard to reproducibility and ability to detect change is
warranted.

CONCLUSIONS

The density of choriocapillaris FDs is significantly increased
in patients with PXE, even in pre-atrophic stages. Choroidal
thinning was observed in eyes with markedly elevated FD
density. Nevertheless, our findings might give rise to the
hypothesis that FDs can discriminate PXE from healthy
controls better than the choroidal thickness in the early
stages. Longitudinal studies are necessary to investigate this
on an intra- and inter-participant basis. Photoreceptor layers
are thinner in the presence of an increased FDs density,
which underlines the contribution of FDs to photoreceptor
degeneration.
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