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Adaptive Optics Imaging in Patients Affected by
Pseudoxanthoma Elasticum
VITTORIA MURRO, DARIO PASQUALE MUCCIOLO, DARIO GIORGIO, LAURA PAVESE, FEDERICA BORALDI,
DANIELA QUAGLINO, LUCIA FINOCCHIO, ANDREA SODI, GIANNI VIRGILI, AND FABRIZIO GIANSANTI
� PURPOSE: To describe the retinal findings of patients
affected by pseudoxanthoma elasticum (PXE) using a
multimodal imaging approach including flood-
illumination adaptive optics ophthalmoscopy (AO).
� DESIGN: Retrospective case series.
� MATERIALS AND METHODS: Patients affected by PXE
were retrospectively studied. Clinical data, color, infrared
and autofluorescence fundus imaging, optical coherence
tomographic scans, and AO examinations were collected.
Furthermore, the photoreceptor count was assessed. PXE
diagnosis was confirmed by a positive skin biopsy and/or
genetic testing.
� RESULTS: Twenty-one eyes of 18 patients (11 females
and 7 males) were included in the study. In 3 patients,
both eyes were studied. The mean age at examination
was 37.7 ± 16.4 years (range 14-66) and the mean
best-corrected visual acuity (BCVA) was 0.1 ± 0.2
logMAR (range 0-1). We identified 3 types of angioid
streaks (AS) using AO: ‘‘crack,’’ ‘‘band,’’ and ‘‘hypopig-
mented.’’ The first 2 were very similar and they differed
in size; the third type showed specific clinical features.
Comet lesions appeared as hyper-reflective round lesions
on AO imaging. In all eyes, the cone mosaic appeared
reduced inside the streaks compared to the neighboring
areas (13,532.8 ± 1,366.5 cones/mm2 vs 16,817.1 ±
1,263.0 cones/mm2 respectively).
� CONCLUSION: Using AO imaging in PXE-related reti-
nopathy, we were able to observe the presence of the
photoreceptors within the angioid streaks, differentiate
3 types of angioid streaks, based on size and reflective
features, and identify the very small crystalline bodies
not identifiable using other retinal imaging
techniques. (Am J Ophthalmol 2021;224:84–95. �
2020 Elsevier Inc. All rights reserved.)
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P
SEUDOXANTHOMA ELASTICUM (PXE; OMIM 264800) IS

an inherited multisystem disease affecting mainly
the skin, the cardiovascular system, and the eyes,

with an estimated prevalence of 1:25,000 to 50,000.1

PXE is caused by mutations in the ABCC6 gene on chro-
mosome 16p13.1, although mutations in other genes lead-
ing to a progressive calcification of elastic fibers in soft
connective tissues such as dermis, blood vessels, and Bruch
membrane have already been described.2–5 Typical ocular
findings classically include peau d’orange, angioid streaks,
comet lesions, and optic nerve drusen.6–9 Further
investigations have suggested that peau d’ orange
represents subconfluent calcification of Bruch membrane,
whereas the more confluent calcified regions, called the
‘‘coquille d’oeuf’’ or eggshell, are the more brittle Bruch
membrane areas, and therefore subject to fracture.10 Addi-
tional findings, usually appearing late during the course of
the disease, are pattern dystrophy-like changes,11 choroidal
neovascularization,12 and areas of chorioretinal atrophy
that can spread even into the midperiphery of the
retina.13,14 Flood-illumination adaptive optics (AO)
ophthalmoscopy is a novel imaging tool that provides
high-resolution images of retinal microstructures,
including photoreceptors, capillaries, and nerve fiber bun-
dles.15 Conventional imaging has been widely used to char-
acterize PXE-related retinopathy findings although little is
known about the use of AO features in the imaging of eyes
of PXE patients.16,17 In this study, we have described retinal
features of patients affected by PXE-related retinopathy us-
ing a multimodal imaging approach and AO examinations.
MATERIALS AND METHODS

THE STUDYWAS APPROVED BY THE LOCAL ETHICS COMMIT-

tee and adhered to the Declaration of Helsinki. Patients
affected by PXE (identified using a computer database
search) were retrospectively evaluated at the Regional
Reference Center for Hereditary Retinal Degenerations
at the Careggi Teaching Hospital in Florence, Italy. The
diagnosis of PXE was positively confirmed by PXE fundus
findings (including peau d’orange, angioid streaks, and
comet lesions), genetic testing results, and skin biopsy.
Patients included in our study received a comprehensive

ophthalmologic examination including best-corrected vi-
sual acuity (BCVA) measurement (logMAR unit),
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intraocular pressure evaluation, biomicroscopy of the ante-
rior segment, and funduscopy. Color fundus photographs
(FF450 Retinograph; Carl Zeiss Meditec, Jena, Germany),
optical coherence tomography (OCT) (Swept Source
OCT instrument DRI OCT-1 [Topcon, Tokyo, Japan]
and Spectralis HRA-OCT [Heidelberg Engineering, Hei-
delberg, Germany]), fundus autofluorescence (FAF) (ultra-
wide-field FAF imaging; Daytona [Optos, Optos plc,
Dunfermline, UK] and Spectralis HRA OCT [Heidelberg
Engineering]) were performed. More specifically, infrared
reflectance imaging (IR) was obtained using ultrawidefield
digital scanning laser technology (Daytona; Optos) and/or
Spectralis HRA OCT (Heidelberg Engineering).

� GENETIC EXAMINATION: Rare sequence variants in
ABCC6 gene were detected by Sanger sequencing on
genomic DNA isolated from whole blood (QIAamp blood
kit; Qiagen GmbH, Hilden, Germany) as previously
described.18 For rare sequence variants not yet reported
in literature, classified as pathogenic, the pathogenicity
score was predicted by in silico analyses5 using Sorting
Intolerant From Tolerant (SIFT), Polymorphism Pheno-
typing (Polyphen2), Panther.

� AO IMAGING: All patients were imaged using a flood-
illuminated AO retinal camera (rtx1 AO retinal camera;
Imagine Eyes, Orsay, France). A full description of the
rtx1 has previously been published.19 To better characterize
specific AO-PXE-related retinopathy findings, all the im-
ages of eyes with good visual acuity and good fixation were
selected. An 850-nm LED was used to illuminate the fundus
of the eye and a low-noise CCD camera was used to capture
the raw images of the retina at 10 Hz over a 4-degree 3 4-
degree field of view. Duration of the examination was
approximately 15minutes per patient. Sets of 40 short expo-
sure time images were recorded to obtain one improved
(composite) final image of the fundus; thus, AO images of
the macula and of the peripapillary regions were acquired
for each eye. Furthermore, the final image (montage image)
was obtained by combining multiple single images using the
I2K retina software (Dual Align). Refractive error and axial
length were used for assessing cone photoreceptor counts in
all eyes. Cone density was analyzed in a region of interest
(ROI) within the angioid streaks and in the neighboring
areas, and expressed as mean6 SD. This was carried out us-
ing a custom software package AO Detect Mosaic V.0.1
(Imagine Eyes). The manufacturer’s software automatically
detects the cone mosaic and the position of the photorecep-
tors, and this allows us to quantitatively evaluate the photo-
receptors. The software detects ‘‘bright’’ hyper-reflective
small circular spots with different reflectivity from the sur-
rounding background; the spatial distribution of the centers
of these spots was analyzed in terms of local cell numerical
density (number of cones per square millimeter of retinal
surface; cones/mm2).20 In this study, the patients were
assigned an anonymous ID.
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RESULTS

TWENTY-ONE EYES OF 18 PATIENTS WERE EXAMINED IN THE

study (in 3 patients, we studied both eyes). At examination,
the mean (6SD) age of patients was 37.7 6 16.4 years
(range 14-66). The mean (6SD) best-corrected visual acu-
ity (BCVA) was 0.1 6 0.2 logMAR (range 1-0). All eyes
were phakic. The mean spherical equivalent was –1.1 6
2.8. A positive skin biopsy was available for 8 patients (8/
18; 44.4%) and genetic examination was performed on
16 patients (16/18; 88.9%). In particular, molecular anal-
ysis revealed the presence of 20 distinct rare sequence var-
iants in our cohort, of which 4 had not previously been
reported (c.1145G>A, c.1961C>T, c.2095G>A, and
c.3989T>C). Most were missense mutations (11 of 20,
55%), but there was also 1 deletion and 1 insertion, 2
splicing, and 5 nonsense mutations. Nine of 16 patients
(9/16) were compound heterozygous for pathogenic
sequence variants in the ABCC6 gene. Five patients (5/
16) were carriers of a pathogenic variant in the homozygous
state. Two patients (2/16, P3 and P13) were characterized
by a single mutation in theABCC6 gene and were included
in the study because they presented eye findings and a pos-
itive skin biopsy compatible with PXE. Genetic examina-
tion was not available for 2 patients (P8 and P12) but
they were included because they had a positive skin biopsy
(compatible with PXE diagnosis). Patients P6 and P7 were
twin sisters.
Clinical and molecular findings have been summarized

in Table 1.
� FUNDUS IMAGING FINDINGS: Angioid streaks (AS)
were detectable in 20 eyes (20/21; 95.2%) of 17 patients
and appeared as reddish-brown or grayish fissures of vari-
able size on color fundus photographs, as dark fissures
(hyporeflective) against a lighter background on IR, and
as hypo-autofluorescent abnormalities (more or less contin-
uous) on FAF imaging (Figures 1 and 2). In 3 eyes of 2
patients, angioid streaks appeared as small
hypopigmented lines on color fundus photographs, with
hyper-reflective features on IR imaging, and as hypo-
autofluorescent changes on FAF imaging (Figure 3).
Some AS were concentric to the optic disc, whereas others
had a radiating pattern extending from the optic nerve
head to the midperiphery. More specifically, in 8 eyes of
7 patients, the AS were confined only to the peripapillary
area whereas in the remaining eyes the AS involved the
posterior pole and the midperiphery.
At the OCT examination, undulations of the Bruch

membrane with very mild to severe irregularities of the
interdigitation zone (IZ) and retinal pigment epithelium
could be detected overlying the AS in all eyes in our series.
The ‘‘cracked eggshell’’ condition was identified in 1 eye of
1 patient (left eye of patient P10): this clinical finding was
characterized by the presence of several dark, irregular,
85EUDOXANTHOMA ELASTICUM



TABLE 1. Clinical and Molecular Findings

Patient ID Sex Age Eye BCVA Spherical Equivalent Angioid Streaks (AO Type) Multimodal Imaging Classification cDNA Protein Reference

1 F 61 OS 0.0 2.0 1 Crack c.1145G>A c.3989T>C p.Arg382Gln

p.lle1330Thr

Present study

2 M 66 OD 0.0 –2.5 2 Band c.3421C>T c.4198G>A p.Arg1141* p.Glu1400Lys Götting et al, 200421;

Chassaing et al, 200422

3 F 26 OD 0.0 0 1 Crack Exon24_27del Deletion Costropt et al, 201023

4 F 28 OS 0.0 –6 1.2 Crack and band c.1132C>T

c.3421C>T

p.Gln378*

p.Arg1141*

Pulkkinen et al, 200124;

Götting et al, 200421

5 F 58 OS 0.1 0 2 Band c.3421C>T

c.3421C>T

p.Arg1141* p.Arg1141* Götting et al, 200421

6 F 22 OS 0.0 –4.5 3 Hypopigmented c.2247þ1G>A c.3661C>T splicing p.Arg1221Cys Boraldi et al, 201425; Noji

et al, 200426

7 F 22 OD 0.0 –8.25 2.3 Band and hypopigmented c.2247þ1G>A c.3661C>T splicing p.Arg1221Cys Boraldi et al, 201425; Noji

et al, 200426

8 M 48 OS 0.1 –0.75 2 Band not available

9 F 38 OD 0.0 –4 2 Band c.1857dupC c.2294G>A p.Ser620Leufs*121

p.Arg765Gln

Pfendner et al, 200727; Le

Saux 200128F 38 OS 0.0 –4.25 2 Band

10 M 24 OD 0.0 0 1.2 Crack and band c.3413G>A

c.3413G>A

p.Arg1138Gln

p.Arg1138Gln

Ringpfeil et al, 200029

M 24 OS 0.0 0 1.2 Crack and band

11 M 15 OD 0.0 0 3 Hypopigmented c.1961C>T c.2095G>A

c.3490C>T

p.Pro654Leu p.Glu699Lys

p.Arg1164*

Present study; Present

study; Struk et al, 20003

12 F 58 OD 1.0 1.75 2 Band not available

13 M 14 0.0 3 0 No angioid streaks c.1132C>T p.Gln378* Pulkkinen et al, 200124

14 M 40 OD 0.0 0 1 Crack c.3340C>T c.3340C>T p.Arg1114Cys

p.Arg1114Cys

Gheduzzi et al, 200430

15 F 52 OD 0.2 –0.75 2 Band c.2018T>C, c.2787þ1G>T p.Leu673Pro splicing Le Saux, 200128; Le Saux

et al, 20002

16 M 43 OD 0.0 0.75 2 Band c.1553G>A

c.1553G>A

p.Arg518Gln

p.Arg518Gln

Uitto et al, 200131

M 43 OS 0.0 0.75

17 F 38 OS 0.0 –1.25 1 Crack c.1552C>T

c.3421C>T

p.Arg518* p.Arg1141* Meloni et al, 200132; Götting

et al, 200421

18 F 27 OS 0.0 0 1 Crack c.1308G>A

c.1308G>A

p.Trp436*

p.Trp436*

Guerra et al, 200933
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FIGURE 1. (A) CFP, (B) FAF, (C) IR imaging with OCT B-scan, and (D) AO showing angioid streaks of Type 1 (crack type) and
Type 2 (band type). Black arrows indicate crack type whereas red arrowheads indicate band type. OCT examination (C, right part)
shows the retinal pigment epithelium–Bruchmembrane interruptions (black asterisks) corresponding to the angioid streaks showed as
hyporeflective streaks on IR (C, left part) particularly evident in the magnified image. AO [ adaptive optics, CFP [ color fundus
photograph, FAF [ fundus autofluorescence, IR [ infrared imaging, OCT [ optical coherence tomography.
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FIGURE 2. (A) CFP and (B) FAF showing multiple angioid streaks; the red rectangle in (A) CFP and in (C) IR imaging showing the
AO image location. The ‘‘cracked eggshell’’ is evident because of the presence of several dark, irregular, linear fractures detectable as
hyporeflective lesions on (C) IR imaging and hypo-autofluorescent abnormalities on (B) FAF imaging. (C) OCT examination shows
the multiple retinal pigment epithelium–Bruchmembrane interruptions (asterisks). (D) AO imaging reveals crack (black arrows) and
band type (red arrowheads) of angioid streaks. AO [ adaptive optics, CFP [ color fundus photograph, FAF [ fundus autofluor-
escence, IR [ infrared, OCT [ optical coherence tomography.
linear fractures detectable as hyporeflective lesions on IR
imaging and hypo-autofluorescent abnormalities on FAF
imaging.

Peau d’orange was visible in all eyes of our series and
appeared as yellowish nonconfluent dot-like lesions scat-
88 AMERICAN JOURNAL OF
tered from the posterior pole to the midperipheral retina
and were prominently visible in the temporal region. These
alterations were better highlighted at color and IR imaging,
whereas they were not detectable at the FAF examination
in any eyes of our series. Optic nerve head drusen were
APRIL 2021OPHTHALMOLOGY



FIGURE 3. (A) CFP, (B) IR imaging, (C) FAF, (D) OCT, and (E) AO of the left eye of patient P6; (E) CFP, (F) IR imaging, (G)
FAF, (H) OCT, and (I) AO of the right eye of patient P7. The red rectangle shows the AO image location. The multimodal imaging
approach shows the clinical finding of Type 3 angioid streaks (hypopigmented type): the streaks appear whitish and hypopigmented at
CFP (A, F) and hyper-reflective at IR imaging (B, G). OCT examination shows a thinning of the retinal pigment epithelium–Bruch
membrane complex with the hyper-transmission phenomenon (yellow arrows) (D, I). AO examination (E, L) displays Type 3 angioid
streaks (green arrowheads) as a diffused hyper-reflectivity due to the presence of hyper-reflective alterations detectable on and along
these streaks. On the streaks, dark spots are also discernable, particularly evident at the boundaries. In patient P7, Type 2 angioid
streaks are also visible (red arrowheads). AO[ adaptive optics, CFP[ color fundus photograph, FAF[ fundus autofluorescence,
IR [ infrared, OCT [ optical coherence tomography.
present in 2 eyes of 2 patients and appeared as dots of
increased autofluorescence on FAF imaging.

In our series, peripheral comet lesions (CLs) were detect-
able in 10 eyes of 10 patients while peripapillary comet le-
sions (PCLs) were visible in 4 eyes of 4 patients. Both the
CLs and PCLs appeared as whitish dot-like lesions on a
gray background at the IR imaging and as small, hyper-
autofluorescent dots at the FAF examination; at OCT ex-
aminations, they appeared as ovoidal cavities of variable
size with hyper-reflective borders at the level of the outer
retinal layers.

Pattern dystrophy-like changes were identified in 3 eyes
of 3 patients: all eyes were characterized as the ‘‘fundus
pulverulentus’’ type.11 At the funduscopic examination,
pigment accumulations were detected at the posterior
pole, which corresponded to hyper-reflective intraretinal
VOL. 224 ADAPTIVE OPTICS IMAGING IN PS
lesions at the OCT examination. FAF imaging showed hy-
per- and hypo-autofluorescent lesions at the macula.

� ADAPTIVE OPTICS IMAGING: AO imaging was available
for all eyes included in the study (21/21). Using AO imag-
ing, we identified 3 different types of AS:

� Type 1 AS was visible in 8 eyes (8/21; 38.1%) of 8 pa-
tients, and it appeared as a well-defined jagged hypo-
reflective fissure more or less continuous. Hyper-
reflective changes could be detectable at the bound-
ary of these streaks. The cone mosaic appeared not
well-defined on the streaks, compared to the neigh-
boring areas (Figures 1 and 2).

� Type 2 AS was identifiable in 12 eyes (12/21; 57.1%)
of 8 patients and appeared as a hyporeflective band
89EUDOXANTHOMA ELASTICUM



FIGURE 4. (A, E) AO imaging shows the appearance of the peripapillary Type 2 AS (band type) in the OD of patient P10. (B, F)
Magnified AO images of the regions in the green square. Red squares represent the regions of interest (ROIs) where cones are
measured; we considered the cone mosaic within the angioid streak in image B and the cone mosaic in the adjacent area (outside
the angioid streak) in image F. (C, G) Results of cone counting on the AO high-resolution retinal imaging inside the AS (cone density:
12,344 cones/mm2) (C), and in its absolute vicinity (cone density: 20,748 cones/mm2) (G); the corresponding cone densities were
represented on colored scale (bottom left). The custom software package (AO Detect Mosaic V.0.1) automatically detects the cone
mosaic and the position of the photoreceptors. (D, H) Infrared images and horizontal SD-OCT scans passing through the ROI region
(magnified in the bottom right box) showing a normal reflectivity of the external limiting membrane (ELM) and the ellipsoid zone (EZ)
inside (D), and outside the AS (H) (yellow rectangle). The retinal pigment epithelium–Bruchmembrane complex appears interrupted
within the AS (D) and preserved along the boundary of the AS (H) (yellow rectangle). AO[ adaptive optics, AS[ angioid streaks,
SD-OCT [ spectral domain optical coherence tomography.
larger than Type 1. The central part showed a
different reflectivity compared with the boundaries,
which were more hyporeflective (dark). Hyper-
reflective changes were evident at the outer bound-
aries of the streaks. Even in this case, the cone mosaic
appeared not well-defined on the streaks compared to
the neighboring areas (Figures 1-4).

� Type 3 AS was detectable in 3 eyes (3/21; 14.3%) of 3
patients and appeared as small, short, ill-defined
streaks. It showed a diffused hyper-reflectivity owing
to the presence of hyper-reflective alterations detect-
able on and along these streaks (Figure 3). On the
streak, dark spots were also discernable, particularly
evident at the boundaries. The cone mosaic also
appeared less discernable on the streaks.

The AO imaging features have been summarized in
Table 1.

Three eyes of 2 patients (P4, P10) presented both Type 1
and Type 2 AS, whereas 2 eyes of 2 patients (P6 and P7)
presented both Type 2 and Type 3 AS. In both eyes of 1 pa-
tient (Patient P13), we did not detect AS using conven-
tional and AO imaging, or even IR imaging. Cracked
eggshell lesions appeared as Type 1 AS using AO imaging.

We also quantitatively evaluated the cone photorecep-
tors within the streaks and in the neighboring areas. In
all eyes, the cone mosaic appeared reduced inside the
90 AMERICAN JOURNAL OF
streaks compared to the adjacent areas (13,532.8 6
1,366.5 cones/mm2 vs 16,817.1 6 1,263.0 cones/mm2)
(Figure 4).
Using AO imaging, we were able to identify the comet

lesions as hyper-reflective lesions of variable size
surrounded by a hyporeflective border resembling a ‘‘dark
halo.’’ In 4 eyes of 4 patients we studied the PCL, whereas
in 1 eye of 1 patient we evaluated a small comet lesion
located at the posterior pole (Figure 5). The PCL appeared
single and sometimes grouped in clusters. The cone mosaic
appeared to be not well-defined on the PCL compared to
the surrounding retina; more specifically, when the photo-
receptors were detectable, they were characterized by an
intense hyper-reflectivity.
In 2 eyes of 2 patients, we were able to identify the

pigment accumulation (pattern dystrophy-like changes)
as round hyporeflective abnormalities of the same size
and morphology as the corresponding funduscopic lesions.

� MULTIMODAL IMAGING CORRELATION OF THE AS: We
correlated the funduscopic, IR, and FAF imaging features
with the AO findings. Regarding the angioid streaks,
Type 1 appeared as a small reddish-brown or gray alteration
at the funduscopic examination (and at color fundus imag-
ing), a hyporeflective more-or-less continuous fissure at IR
imaging, and as a hypo-autofluorescent abnormality at FAF
imaging; we classified Type 1 as ‘‘crack type.’’ Type 2
APRIL 2021OPHTHALMOLOGY



FIGURE 5. CFP, FAF, andAO of the (A) right and (B) left eyes of patient P16; (C) CFP, FAF, andAO of the right eye of patient P5.
The red rectangle showing the AO image location. The images show the peripapillary comet lesions (A, blue arrows; B, green circle)
and a small comet lesion at the posterior pole (C) (green circle). A small angioid streak (band type) is detectable in the right eye of
patient P16 (A) (red arrowheads). Comet lesions are shown as hyper-reflective round lesions with a ‘‘dark halo’’ using AO. (D) AO
image and OCT scans of the comet lesions of the left eye of patient P16: at the structural OCT, comet lesions appear as ovoid hypo-
reflective lesions with hyper-reflective borders (orange and green circle). AO [ adaptive optics, CFP [ color fundus photograph,
FAF [ fundus autofluorescence, IR [ infrared, OCT [ optical coherence tomography.
appeared as a large reddish-brown or gray alteration at
funduscopic imaging, a more-or-less large hyporeflective
continuous band at IR imaging, and as a hypo-
autofluorescent lesion at FAF imaging; we classified Type
VOL. 224 ADAPTIVE OPTICS IMAGING IN PS
2 as ‘‘band type.’’ The Type 1 and Type 2 streaks were inter-
connected, and the main difference was the size of the
streak. On OCT imaging, we detected the undulation
and the interruption (of variable size) of the retinal
91EUDOXANTHOMA ELASTICUM



pigment epithelium–Bruch membrane complex in corre-
spondence with the streak. The width of the AS on IR
reflectance imaging corresponded to both the width of
AS detectable on AO imaging and the Bruch
membrane–retinal pigment epithelium complex interrup-
tion revealed on OCT.

Finally, the last type of angioid streak (Type 3) was
completely different from the other 2. In fact, except for
the hypo-autofluorescent features (which were similar to
the others’), the streak appeared whitish and hypopig-
mented at funduscopic examination (and at color fundus
photography) and hyper-reflective at IR imaging. At
OCT examination, we were not able to identify the retinal
pigment epithelium–Bruch membrane interruption but
only a thinning of the retinal pigment epithelium–Bruch
membrane complex with the hypertransmission phenome-
non (Figure 3). There was a correspondence between the
size and morphology of this AS type at fundus examination
and using IR and AO imaging; however, the correspon-
dence was less clear with OCT abnormalities owing to
the absence of retinal pigment epithelium–Bruch mem-
brane defects/interruption; we classified Type 3 as ‘‘hypo-
pigmented type.’’
DISCUSSION

IN OUR SERIES, WE HAVE EVALUATED THE CLINICAL FIND-

ings of PXE-related retinopathy using standard retinal
and AO imaging modalities. As of this writing, only 2 arti-
cles have reported the retinal findings in PXE patients using
AO imaging16,17 and both papers described PXE-related
features only in 1 patient. More specifically, Sampson and
associates17 described the angioid streaks in a 42-year-old
woman as irregular linear hyporeflective lesions, whereas
Onishi and associates16 only examined the appearance of
peau d’orange in a 41-year-old man.

Angioid streaks are irregular, linear, cracklike dehis-
cences of a calcified and brittle Bruch membrane, typically
emerging as dark reddish-brown bands, with borders of var-
iable width.34–36 AS are most prominent at the posterior
pole where they surround and radiate the optic disc and
typically taper and fade toward the equator of the eye,
often dividing into tiny branches; they could be
attributed to mechanical stress exerted by the extraocular
muscles on a fragile, and less flexible, posterior pole.36,37

Infrared and red-free retinography, fundus autofluores-
cence, OCT, fluorescein angiography (FA), and indocya-
nine green angiography are the fundus imaging
techniques useful to diagnose, evaluate, and monitor
angioid streaks.34–38

To the authors’ knowledge, this article is the first to
analyze the appearance of AS and comet lesions in many
PXE patients, using a multimodal imaging approach
including adaptive optics.
92 AMERICAN JOURNAL OF
Using a multimodal imaging approach, we identified 3
types of angioid streaks, which we have called crack,
band, and hypopigmented. The first 2 types (crack and
band) showed several analogies; in fact, they presented
the same funduscopic features, already described in litera-
ture, using different imaging techniques (IR, FAF,
OCT).34–37 Using AO, the crack type appeared as a
marked hyporeflective jagged line and the band type as a
large hyporeflective streak (as a band) with dark
hyporeflectivity only at the inner boundaries of the
streak. Furthermore, AO better showed that these 2 types
of AS were often interconnected. The principal
difference between the crack and band types was the size
of the AS; in fact, OCT examination better displayed the
different Bruch membrane size defects. On the other
hand, the third type of streak (hypopigmented type) was
different from the previous 2; in our series, we were able
to identify it only in 3 young patients (the elder 2 were
22 years old). At funduscopic examination, the
hypopigmented type appeared as a hypopigmented/
whitish linear abnormality unlike the reddish-brown
appearance of the crack and band type; at IR imaging, it
was hyper-reflective with indistinct boundaries compared
with the well-defined hyporeflectivity of the other 2
streaks; at OCT scans, we did not identify retinal pigment
epithelium–Bruch membrane breaks but only a slight thin-
ning and a reduced reflectivity of the retinal pigment
epithelium–Bruch membrane complex, which was
confirmed by the presence of a hypertransmission phenom-
enon; similar funduscopic and OCT findings of the AS
have already been described in rare cases.37,39

All these clinical findings were compatible with retinal
pigment epithelium hypopigmentation and atrophic ab-
normalities,37,40 and more specifically, the
hypopigmented-type streaks were remarkably similar to
the lacquer cracks described in pathologic myopia.41,42 Pa-
tients P6 and P7 were myopic but patient P11 was emme-
trope. Furthermore, AO examination helped to
differentiate this streak through specific findings: a more-
or-less evident diffused hyper-reflectivity with dark spots
within and along the streak.
The hypopigmented type is characterized by retinal

pigment epithelium–Bruch membrane complex hypopig-
mentation/thinning and atrophy rather than an evident
interruption; so it may be possible that retinal pigment
epithelial dysfunction (due to Bruch membrane abnormal-
ities) is the major pathogenetic mechanism of these specific
streaks, such as the lacquer cracks in myopia; in fact, we
know that the retinal pigment epithelium on Bruch mem-
brane breaks can be unaffected, even if it often appears
altered.35 Therefore, apart from the retinal pigment
epithelium–Bruch membrane complex interruption due
to calcification, which makes the Bruch membrane fragile
followed by retinal pigment epithelial atrophic changes,
it is possible to have linear atrophic retinal pigment epithe-
lial abnormalities without retinal pigment epithelium–
APRIL 2021OPHTHALMOLOGY



Bruch membrane interruption in PXE. We cannot exclude
that the crack-type and/or the band-type AS can develop
from the hypopigmented type, or in their immediate prox-
imity; in fact, retinal pigment epithelial alterations, mostly
loss of pigment, have been observed adjacent to someAS37;
however, very small streaks can be seen in pediatric pa-
tients without evidence of hypopigmentation.18,43 For
this reason, it is more likely that the retinal pigment epithe-
lial hypopigmented abnormalities (with or without
pigment clumping) are secondary to the development of
crack-type or band-type AS.

Regarding the possible pathogenetic mechanisms of AS,
it has been suggested that a thickening of Bruch membrane
and/or a decrease of the pigment granules, pigment strip-
ping, and mottling in the retinal pigment epithelium exist
with or without concurrent disruption in the overlying
layers of the retina and the underlying choriocapillaris,44

so we assumed that 2 types of mechanisms are possible,
both due to Bruch membrane alterations: a circumscribed
retinal pigment epithelial hypopigmentation and atrophy
(hypopigmented type, similar to the lacquer crack) and
an abrupt interruption of the retinal pigment epithelium–
Bruch membrane complex followed by atrophic changes.

We have described the comet lesion appearance in PXE
using AO examination for the first time; AO imaging was
able to identify very small lesions at the posterior pole,
which appeared as hyper-reflective round lesions with a
dark margin (dark halo), not easily detectable with other
retinal imaging techniques.
VOL. 224 ADAPTIVE OPTICS IMAGING IN PS
Thanks to the AO examination, we were able to detect
the presence of photoreceptors on some parts of the streaks,
confirming the observations of other authors17,37; however,
different reasons could be responsible for the lack of detec-
tion of photoreceptors in the remaining regions: the atro-
phic processes of the streak, and probably the reflectivity
changes due to the variable depth of the streak compared
to the adjacent retinal plane. Regarding the comet lesions,
the photoreceptors were not usually identifiable
throughout the entire lesion, and when they were detect-
able, they were characterized by an intense hyper-
reflectivity.
The limits of our study are the few eyes analyzed, even

though we have to consider that PXE is a rare disease,
and moreover a good fixation is required to perform the
AO examination; for this reason, PXE patients with exten-
sive atrophic abnormalities were excluded from the study;
for the same reason, our results did not show advanced
stages of the disease. Obviously, this is also a value, as we
have reported the alterations in the early stages of the
disease.
In conclusion, using adaptive optics imaging in PXE-

related retinopathy, we were able to show the presence of
photoreceptors within the angioid streaks, differentiate 3
types of angioid streaks based on size and reflective features,
and identify the very small comet lesions not identifiable
using other retinal imaging techniques.
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