FIGURE 1. Preoperative and postoperative color fundus photographs and optical coherence tomography (OCT) scans in case 1. A
preoperative fundus photograph and OCT image (Top) show persistent myopic foveoschisis (MF) after the primary surgery. The
best-corrected visual acuity (BCVA) at the time was 20/100. The patient underwent vitrectomy with residual vitreous cortex
removal, internal limiting membrane peeling, and gas tamponade. A postoperative fundus photograph and OCT scan (Bottom) show
total foveal reattachment after repeat vitrectomy. The BCV A improved to 20/25 at 24 months after reoperation.

tively, and the ILM was not peeled. The detachment
remained unresolved 9 months postoperatively. She was
referred to our clinic.

At the first visit to our hospital, the best-corrected visual
acuity (BCVA) was 20/100 and the axial length was 27.68
mm. Fundus examination and OCT showed persistent MF
(Figure 1, Top). We performed vitrectomy, TA-assisted
vitreous cortex removal, indocyanine green (ICG)-assisted
{LM peeling, and 16% perfluoropropane (C;Fg) gas tam-
ponade. We observed residual vitreous cortex adhering to
the posterior retinal surface intraoperatively. The partient
remained facedown for 2 weeks, and the fovea was reat-
tached at 1 month after reoperation. At the final visit (at
24 months after reoperation), the retina remained reat-
tached on biomicroscopy and OCT (Figure 1, Bottom).
The BCVA improved to 20/25 at that time (at 24 months

after reoperation ).

® CASE 2: A 66-year-old woman reported decreased VA
in her left eye of 10 years duration. She had been
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diagnosed with posterior retinal detachment and had
undergone vitrectomies 9 and 5 years previously at
another institution. Despite the vitrectomies, the pos-
terior retinal detachment remained unresolved. How-
ever, she had recognized progressive visual field
constriction. She was referred to our clinic for a second
opinion. The BCVA at the time was 20/150, and OCT
revealed persistent MF (Figure 2, Top).

We performed pars plana vitrectomy with 1CG-
assisted ILM peeling and 16% perfluoropropane C;F; gas
tamponade. The absence of residual vitreous cortex was
confirmed with TA intraoperatively. The retina was
reattached art the fovea at 1 month after reoperation and
remained attached at the final visit (at 22 months after
reoperation) (Figure 2, Bottom). The BCVA was un-
changed at 20/150 ar that time (at 22 months after
reoperation).

Inflexibility of the retinal vessels and rigidity of the
ILM are thought to be associated with development of
MF.45 The fact that the primary surgery failed in case 2
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FIGURE 2. Preoperative and postoperative fundus photographs and optical coherence tomography (OCT) scans in case 2. A
preoperative fundus photograph and OCT scan (Top) show persistent MF after the primary surgery. The best-corrected visual
acuity (BCVA) at the time was 20/150. The patient underwent vitrectomy with internal limiting membrane peeling and gas
tamponade. A postoperative fundus photograph and OCT image (Bottom) show total foveal reattachment after repeat vitrectomy.

The BCVA remained 20/150 at 22 months after reoperation.

(without ILM peeling) but that our surgery (with ILM
peeling) was successful indicates that ILM peeling is
essential for retinal reattachment and that the [LM
contributes to development of MF to some extent. This
is a simple hypothesis based on this report; further
observation may disclose the contribution of the retinal
vessels and [LM to MF. However, the vitreous cortex
also may play an essential role in the persistence of MF
because residual cortex was observed during the reop-
eration, and the retina was reattached postoperatively
with vitreous cortex removal as in case 1.

The beneficial effect of reoperation remains uncertain
for these patients. Visual improvement may depend on the
time from the primary operation to the reoperation. The
visual outcome in case 1 with a short time between
surgeries was much more favorable compared with case 2
with a longer duration, indicating that the timing of
surgery may be an important predictive factor. Because we
presented only two cases, we cannot draw a definitive
conclusion about the benefit of the reoperation. For
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example, according to the literature,’ several months may
be needed before the MF resolves.

Reoperation may be beneficial for persistent MF and
TA-assisted vitreous cortex removal and [LM peeling play
a critical role in treating MF.
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A Review

Pathogenesis and Treatment of Myopic Foveoschisis

Yasushi Ikuno
Department of Ophthalmology, Osaka University Medical School

Abstract

Myopic foveoschisis (MF) can now be recognized
as the result of recent progress in imaging diagnos-
tic technology such as optical coherence tomogra-
phy (OCT). MF predominantly occurs in highly
myopic eyes with posterior staphyloma, and often
induces visual loss and/or metamorphopsia. In order
to better understand the detailed pathogenesis of
MF, we observed 21 myopic eyes after vitrectomy
using OCT. Retinal microfolds along the retinal
vessels were observed in over 60% of the patients 6
months after surgery. Relative inflexibility of ret-
inal arterioles/venules may be one of the causes for
MF. We performed a pilot study(6 eyes of 5 pa-

tients) to treat MF by vitrectomy including vitreous
cortex removal, internal limiting membrane peeling,
and gas tamponade. In all 6 eyes the fovea was
reattached and vision improved by more than two
lines. This pilot study indicates that vitrectomy is an
effective and safe treatment for MF.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 110 : 855—863, 2006)

Key words : High myopia, Myopic foveoschisis, Vit-
rectomy, Optical coherence tomogra-
phy, Retinal vascular traction
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Fundus Autofluorescence in Patients
with Pseudoxanthoma Elasticum

Miki Sawa, MD, Michael D. Ober, MD, K. Bailey Freund, MD, Richard F. Spaide, MD

Purpose: To evaluate the autoflucrescence findings of patients with pseudoxanthoma elasticum, a disease
resulting from a defect in a reputed transport protein encoded by the gene adenosine triphosphate-binding
cassette subtype C number 6.

Design: Observational case series.

Methods: Color, red-free monochromatic, and autofluorescence photography and fluorescein angiography
of patients with pseudoxanthoma elasticum seen in a referral practice were evaluated.

Main Qutcome Measures: Cataloging of the abnormalities as detected by autofluorescence photography.

Resulis: The 8 subjects ranged in age from 26 tc 60 years (mean, 55=12), and their best-corrected visual
acuity ranged from 20/20 to 5/400 (mean, 20/50). Of the 16 eyes of the 8 patients, all had abnormalities typical
of pseudoxanthoma elasticum, including angioid streaks in 14, peau d’orange in 4, and choroidal neovascular-
ization in 11. Angioid streaks appeared as hypoautofluorescent fissures, sometimes showing expansion of the
hypoautcfluorescence suggestive of retinal pigment epithelium (RPE) absence or atrophy. Peau d’corange had a
stippled appearance of autofluorescence, and drusen of the optic nerve appeared as hyperautofluorescent
bodies. In addition to the expansion of RPE atrophy around angioid streaks, 3 additional configurations of RPE
atrophy were recognized as RPE rips in 6 eyes, multilobular areas of atrophy in 9 eyes, and broad areas of poorly
demarcated atrophy in 5 eyes. Some eyes had more than one manifestation of RPE atrophy, but the latter 3 types
of atrophy occurred in eyes with, but not necessary contiguous to, concurrent choroidal neovascularization.

Conclusions: Autofluorescence photography demonstrated that patients with pseudoxanthoma elasticum
have more widespread areas of RPE disturbance, particularly atrophy, than what is detectable by other means
of ocular imaging, which suggests that the RPE disturbance may play a role in the pathogenesis of visual loss
in patients with pseudoxanthoma elasticum. Ophthalmology 2006;113:814-820 © 2006 by the American Acad-

emy of Ophthalmology.

Pseudoxanthoma elasticum has a prevalence of 1 in 25 000
and causes abnormalities chiefly involving the eye, skin.
and cardiovascular system.! Histopathologic examination
shows dystrophic mineralization and fragmentation of elas-
tic fibers, abnormalities of collagen fibers, and defects in the
extracellular matrix.>* Because of the histopathologic find-
ings, pseudoxanthoma elasticum was thought at one time to
be a primary disorder of the elastic fibers. More recently, the
gene defect in pseudoxanthoma elasticum has been charac-
terized as a loss of function mutation in the adenosine
triphosphate—binding cassctte subtype C number 6 gene
(ABCC6).*~® This gene is expressed in the liver, kidney,
and, to a much lesser extent, in affected tissues such as the
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eye, skin, and cardiovascular system.” The protein encoded
by the ABCC6 gene appears to be a transport protein.

There are a variety of ocular manifestations of pseudoxan-
thoma elasticum, including angioid streaks, peau d’orange,
drusen of the optic nerve, and choroidal neovascularization.
Autofluorescence photography allows visualization of the
lipofuscin that accumulates in functional retinal pigment
epithelium (RPE) cells and highlights defects in the RPE
that are difficult to image otherwise.®~!? Because many of
the ocular abnormalities of pseudoxanthoma elasticum may
directly or indirectly involve the RPE cells, it may be
possible to gain increased understanding of visual loss by
studying the autofluorescence characteristics.

Patients and Methods

This is a retrospective review of consecutive patients with an
established diagnosis of pseudoxanthoma elasticum examined
by the authors from 2002 to 2005 in a referral practice. The
study was approved by the institutional review board of Man-
hattan Eye, Ear, and Throat Hospital. All patients underwent a
complete ophthalmic examination, including determination of
best-corrected visual acuity (BCVA); slit lamp and fundus
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assessment: color. red-free, and fundus autofluorescence imag-
ing; and also fluorescein angiography as needed. Autotluores-
cent imaging was carried out using a fundus camera (Topcon
USA. Paramus, NJ) with an excitation filter centered at 380 nm
(bandwidth, 500-610) and a barrier filter centered at 695 nm
(bandwidth. 675-715). as previously described.®® The data
obtained were analyzed with frequency and descriptive statis-
tics. Categorical analysis was performed using the Fisher exact
test. A P value of <0.05 was considered significant. Statistical
analysis was performed with SPSS (version 12.0, SPSS Inc,
Chicago, IL).

Results

The subjects included 2 males and 6 females ranging in age from
26 to 60 years (mean, 55:12). Their BCVA ranged from 20/20 to
5/400 (mean, 20/50). Choroidal neovascularization in the macular
area was seen in 11 eyes. The autofluorescence findings of the
pseudoxanthoma elasticum patients could be divided into specific
groups: angioid streaks, peau d’orange, drusen of the optic nerve,
choroidal neovascularization, and zones of RPE atrophy. Every
cye had at least one abnormality.

Angioid streaks appeared as jagged dark lines with a variable
amount of hyperautofluorescence at the borders of the crack
(Figs 1, 2 [the latter available at http://aaojournal.org]). There was
a very high concordance between fundus photography and
autofluorescence photography in being able to visualize the an-
gioid streaks. Angioid streaks were found in fundus photographs in
14 eyes (88%). In 1 eye, the angioid streaks did not have the
typical brick red color; instead, the streaks appeared as lighter-
colored lines. Autofluorescence imaging revealed fine, dark, radi-
ating cracks corresponding to these lines, typical of autofluores-
cence findings of angioid streaks seen in other eyes, with the
exception that they were narrower. The fellow eye of the same
patient had fine hypoautofluorescent streaks seen by autofluores-
cence photography, with no obvious correlate seen by conven-
tional fundus photography. No eye had angioid streaks imaged by
color or red-free monochromatic photography or fluorescein an-
giography that were not also visible by autofluorescence photog-
raphy. Some angioid streaks appeared to have stippled areas of
autofluorescence within them. In other patients, broadening of
the hypoautofluorescence was seen associated with the angioid
streaks. This apparent expansion of RPE atrophy produced a
triangular area of hypoautofluorescence, with the base of the
triangle oriented toward the optic nerve. Two eyes of one patient
had such widespread abnormalities that no discrete angioid streaks
were seen by any imaging modality.

Peau d’orange was seen by fundus photography in 4 eyes (Fig 3
[available at hutp://aacjournal.org]). Autofluorescence photogra-
phy showed a granular stippling in each eye, which corresponded
to the pattern seen in the fundus photographs. Drusen of the optic
nerve were seen in 5 eyes of 4 patients by autofluorescence
photography (Fig 4). In only one of these cases were the drusen
visible by conventional fundus photography. Areas of choroidal
neovascularization had a variable amount of associated autofluo-
rescence. Increased pigmentation secondary to pigment hyperpla-
sia was invariably hypoautofluorescent. Atrophy exposing bare
sclera showed slight hyperautofluorescence from the sclera.

In addition to RPE loss associated with angioid streaks, every
patient with choroidal neovascularization had associated regions of
absent or atrophic RPE, which had 1 of 3 possible configurations:
(1) RPE rips, (2) multilobular areas of discrete atrophy, and
(3) broader areas of less well-defined atrophy. Definite RPE tears
associated with choroidal neovascularization were found in 6 eyes
(Fig 5). In 2 eyes with choroidal neovascularization, there was no

tear, whereas in the remaining eyes with choroidal neovascular-
ization there was such widespread RPE atrophy and disturbance
that it was not possible to distinguish if there were also RPE tears.
Some of the RPE tears had rounded borders, as seen in age-related
macular degeneration (AMD), whereas other cases had angular
outer borders. As opposed to recent RPE tears sometimes seen in
choroidal neovascularization secondary to AMD, the denuded
areas were not hyperfluorescent during fluorescein angiography,
implying atrophy of the underlying choriocapillaris. The second
type of RPE atrophy appeared as multilobular regions, which were
seen in 9 of the 11 eyes with choroidal neovascularization (Figs 6-8)
but in no eyes without neovascularization (P = 0.0048, Fisher
exact test). The multilobular regions of atrophy were often, but not
necessarily, adjacent to the areas involved with neovascularization
and were located nasal to the nerve and in the periphery. These
multilobular areas of atrophy were not surrounded by as prominent
a zone of increased autofluorescence as seen in geographic atrophy
secondary to AMD. The third pattern of atrophy encompassed
broader but less well-defined regions of decreased autofluores-
cence. These less well-defined areas were seen in 5 eyes, all of
which had choroidal neovascularization (Figs 8, 9 [the latter avail-
able at hutp://aacjournal.orgl; P = 0.12). This less well-defined
atrophy was separated from the area of choroidal neovasculariza-
tion in 3 eyes. In one patient, the posterior pole of each eye had
what appeared to be pigmentary mottling in the color and red-free
monochromatic images, but was found to have widespread atrophy
of the RPE by autofluorescence photography. This patient also had
bilateral but inactive choroidal neovascularization. Of the 11 eyes
with choroidal neovascularization, 5 had had previous treatment.
One patient had atrophy of the retina, RPE, and choroid in the area
of past laser photocoagulation, but otherwise, there were no
changes in the autofluorescence findings in these patients that
appeared to be attributable to treatment. In particular, the areas of
atrophy described above occurred in untreated eyes or in treated
eyes outside of any treatment area.

Discussion

In this study of patients with pseudoxanthoma elasticum, we
showed the autofluorescence correlates to a number of well-
known fundus findings such as peau d’orange, drusen of
the optic nerve, and angioid streaks. In addition, we found,
rather unexpectedly, that patients with pseudoxanthoma
elasticum often have large areas of missing or atrophic RPE.
In a past study, drusen of the optic nerve were found by
ultrasonography in 21% of patients with pseudoxanthoma.!!
We found drusen in 5 eyes of 4 of 8 patients, a higher
proportion, albeit with a different imaging technique. An-
gioid streaks appeared as fissures with central hypoautofluo-
rescence. Angioid streaks are linear fractures in Bruch’s
membrane with the dehiscence filled in with varying
amounts of fibroblasts, RPE cells, and dedifferentiated RPE
cells.'>!* Histopathologic analysis of angioid streaks showed
both an absence of RPE cells and a lack of pigmented granules
in remaining RPE cells around angioid streaks.!? The presence
of stippled areas of autofluorescence within angioid streaks
implies there is a potential for a few functional RPE cells to
repopulate the gap caused by the angioid streak.

In addition to angioid streaks, there were 3 other
configurations of absence of autofluorescence signal from
the RPE: RPE rips, lobular regions of loss, and larger less
well-defined regions of atrophy. The RPE rips invariably

815

— 167 —



. May 2006

Ophthalmology  Volume 113, Number 5

— 168 —



Sawa et al + Pseudoxanthoma Elasticum

Figure 5. Features of retinal pigment epithelium (RPE) rips associated with choroidal neovascularization in pseudoxanthoma elasticum. A, Color fundus
photograph showing a large fibrotic macular scar secondary to choroidal neovascularization, which was surrounded by a scalloped border with alterarion
in rhe pigment ar the level of the RPE (arrowheads). A red-free monochromatic picture (B) did nor show much thar corresponded to this alrered region,
but the fluorescein angiogram (C) showed that the area was hypofluorescent (arrowheads). D, Aucofluorescence photograph showing the extensive RPE
rip (arrowheads). Two conjugate points are shown by the small arrows. E, In the inferotemporal periphery, there were broad areas of poorly defined
hypoautotluorescence superior to a corrugared area of slightly increased autotluorescence from heaped-up RPE (arrow). This in tumn abutted the region
exposed by the rip (asterix).

Figure 1. Angioid streaks. Color {(A) and red-free monochromatic {B) pictures of a 26-year-old with pseudoxanthoma elasticum show the streaks. C, The
larger angioid streak temporal to the nerve (arrow) shows some punctate areas of normal autofluorescence within the hypoautofluorescent streak. suggesting
partial repopulatiun of the streak with recinal pigmene epichelium (RPE) cells. However, the angioid streak superonasal to the nerve (arrowhead) shows
expansion of the hypoautofluorescence, implying the presence of RPE atrophy.

Figure 4. Optic nerve drusen. This patient had a druse of the optic nerve head that was easily visible by color photography (A, arrowhead). B, Aucofluorescence
photography shows the druse to be a hyperautofluorescent structure in the substance of the nerve {(arrowhead). In other patients, optic nerve head drusen were
fess conspicuous with conventivnal photographic investigation. In color {C), red-free monochromatic {D), and fluorescein angiographic (E) phorographs, no
indications of optic nerve head drusen are apparent. F, Two optic nerve drusen were readily apparent by autofluorescence photography.
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