Retinal Vascular Microfolds in Highly
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® PURPOSE: Retinal microfolds attributable to retinal
vessels were first observed after vitrectomy for myopic
foveoschisis and were believed to indicate inward retinal
traction, possibly leading to high myopia-specific retinal
diseases. We report retinal microfolds in high myopia
without vitrectomy.

@ DESIGN: Observational case series.

@ METHODS: This is an institutional study. Seven eyes of
seven patients in which retinal microfolds were observed
using optical coherence tomography (OCT) were in-
cluded in the study. We used an OCT-ophthalmoscope to
confirm the precise location of the microfolds. We also
investigated the relationship between the presence of
microfolds and subjective distortion detected by exami-
nation of the corresponding retinal area using the Amsler
grid chart in three eyes.

e RESULTS: All microfolds detected by OCT coincided
with the retinal vessels using the OCT-ophthalmoscope.
The folds coincided only with the retinal arterioles in six
eyes (86%) and with both arterioles and veins in one
(14%). Subjective distortion was detected in the retinal
area corresponding to the microfolds in two eyes (67%)
but was not detected in one eye (33%).

® CONCLUSIONS: The incidence of retinal microfolds is
2.9%, and thus they are not uncommon in highly myopic
eyes without vitrectomy. The coincident appearance of
the folds and vessels suggests that inflexibility of the
retinal vessels and retinal stretching attributable to ocu-
lar elongation may cause the microfolds. The presence of
these microfolds indicates that inward retinal vascular
traction could be common in highly myopic eyes. (Am
J Ophthalmol 2005;139:658-663. © 2005 by Elsevier
Inc. All rights reserved.)
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HE CHARACTERISTIC OCULAR STRUCTURE OF

highly myopic eyes causes some peculiar vitreoreti-

nal diseases, including myopic foveoschisis and
macular hole and retinal detachment. However, it has
been difficult to observe the detailed morphology of the
posterior pole retina by conventional slit-lamp biomicros-
copy because of chorioretinal atrophy associated with high
myopia. Recent advances in instrumentation such as op-
tical coherence tomography (OCT) and the OCT-oph-
thalmoscope, have revealed the nature of these diseases.!:2

We found retinal microfold formation after vitrectomy
with internal limiting membrane (ILM) peeling for myopic
foveoschisis. The microfolds were horizontal in most cases,
and the location coincided exactly with the retinal arte-
rioles, indicating the presence of inward traction exerted
by the retinal vessels in high myopia, which may be related
to the pathogenesis of high myopia-specific diseases such as
myopic foveoschisis, paravascular microhole formation, or
both.?

In the present study, we observed the posterior retina in
eyes with high myopia but without vitrectomy using OCT
and the OCT-ophthalmoscope. We found microfold for-
mation in seven eyes, and the location of the microfolds
coincided exactly with the retinal arterioles or venules.
We also investigated the relation of the presence of retinal
microfolds to visual disturbances detected using the
Amsler grid chart.

PATIENTS AND METHODS

WE REVIEWED OCT DATA OF 239 EYES OF 130 PATIENTS WHO
are followed-up at the high myopia clinic, Department of
Ophthalmology, Osaka University Medical School. Reti-
nal microfolds were found in seven eyes in the routine
OCT examination and all of them are included in this
study. Additional examinations such as OCT-Ophthalmo-
scope and/or Amsler grid charting were performed only in
patients with informed consent.To obtain more detailed
information about the retinal architecture and local func-
tion, OCT-Ophthalmoscope was available in all eyes
(100%) and Amsler grid chart in three (43%). The
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FIGURE 1. Color fundus photograph (left) and optical coherence tomographic findings (OCT, right) from each patient. (Case 1)
retinal microfold (closed arrowhead) was detected by horizontal OCT scan nasal to the fovea. Posterior vitreous surface (open
arrowheads) was adherent to the microfold. (Case 2) Relatively large microfold (closed arrowhead) close to the fovea was detected
by vertical OCT scan. (Case 3) Microfold (closed arrowhead) was detected by vertical OCT scan presumed to be inferior to the
fovea. (Case 4) Microfold was detected by horizontal OCT scan and seems to be close to the fovea (closed arrowhead). Vitreous
was adberent to the microfold (open arrowheads). (Case 5) Two microfolds were detected by horizontal OCT scan (closed
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in one eye (14%) (case 5), where the microfolds were at
the edge of peripapillary staphyloma.

To determine if retinal microfold formation was related
to visual symptoms, we examined three patients with the
Amsler grid chart. The subjective distortion was present at
the corresponding area involving the microfolds in two
eyes (67%) (cases 3 and 6) and absent in one eye (33%)
(case 1).

DISCUSSION

WE FIRST REPORTED MICROFOLD FORMATION IN EYES AF-
ter vitrectomy and ILM peeling and presumed that the
microfolds had formed as result of strong inward traction of
the retinal vessels and that the traction was strengthened
by increased retinal flexibility attributable to ILM peeling.
Because the folds are very fine, they cannot be detected by
conventional slit lamp-based examination but only by
OCT or OCT-ophthalmoscope. The location of the mi-
crofolds coincided exactly with that of the retinal vessels.?
However, in this study we observed microfolds in highly
myopic eyes without vitrectomy as well, indicating that
microfold formation is not specific to ILM peeling but to
highly myopic eyes. We have followed 239 highly myopic
eyes in our high myopia clinic, and thus far, microfolds
have been found in seven eyes. The incidence of micro-
folds is presumed to be approximately 2.9% at present;
however, additional examination including the use of
extended OCT scans may enable us to find microfolds in
other patients, which could increase the incidence. The
incidence of microfolds is much higher in eyes after
vitrectomy and ILM peeling (approximately 60%).> Al-
though the reason is not yet clear, we presume that the
difference could be made by ILM peeling, which is be-
lieved to make neural retina redundant.

The pathogenesis of the retinal microfolds is not known.
High myopia-specific ocular structures such as posterior
staphyloma formation, axial length elongation, or both are
thought to be related to microfold formation. Examination
using the OCT-ophthalmoscope showed that the location
of the microfolds coincided exactly with the retinal vessels,
which agreed with our previous report in which we found
the location of the microfolds coincided with that of the
retinal arterioles in all cases. However, we found that not
only the retinal arterioles but also the retinal venules can
generate retinal microfolds, because the microfolds coin-

cided with the retinal venules in one (14%) of seven eyes.
This suggests that not only retinal arteriolar sclerotic
changes but also the inflexibility of the retinal vessels, in
general, can cause this tenting traction on the retina. In
two eyes, we observed the microfolds and the vitreous
connected to them in OCT images. This also can be
evidence that microfolds result from retinal vessels, which
have relatively tight adherence to the vitreous.’

We hypothesized that microfold formation indicates
strong inward traction because of axial length elongation
in highly myopic eyes and may be related to the patho-
genesis of high myopia-specific diseases such as myopic
foveoschisis and paravascular microhole formation.¢ Reti-
nal paravascular microholes in high myopia are often
found at the edge of peripapillary staphyloma,”™® and
microfold formation was found in a similar area during the
OCT-ophthalmoscope examination, indicating that this
traction can be a major contributor to the development of
retinal holes.

The contribution of retinal vascular traction to the
development of myopic foveoschisis is still unknown. We
recently found that epiretinal membrane formation on the
ILM may play an important role in the occurrence of
foveoschisis by electron microscopic study'® and that
posterior vitreous detachment and focal vitreoretinal ad-
hesion at the fovea causes macular holes in these eyes.!!
However, the role of vitreous traction is still questionable
in developing myopic foveoschisis, although vitrectomy
and ILM peeling reportedly play a role.!2}3 One case report
described the spontaneous resolution of the foveoschisis
attributable to posterior vitreous detachment;! however,
this is an exceptional case in our experience. This evi-
dence allows us to hypothesize that vascular traction can
contribute to the development of myopic foveoschisis,
although further investigation must be done.

We tried to evaluate how microfold formation affects
visual function. Eighty-six percent of the study eyes
presented with visual symptoms, and examination with
the Amsler chart revealed visual abnormalities in the
retina corresponding to the area involving the micro-
folds in 67% of the eyes with visual symptoms. However,
there were co-existing abnormalities, including chori-
oretinal atrophy (case 1) and myopic foveoschisis (case
6), both of which can present similar findings in Amsler
grid chart. This study is unable to rule out the contri-
bution of other factors. Also, these abnormalities can
cause visual symptoms in other study eyes. However

arrowheads). Although the location of the fovea is poorly identified due to severe chorioretinal atrophy, both seem to be nasal side
of the fovea. (Case 6) Microfold was detected by vertical OCT scan (closed arrowhead). It was inferior to the fovea and seems to
cause local inner retinoschisis. Myopic foveoschisis was also detected at the fovea (arrow). (Case 7) Microfold was detected by
vertical OCT scan inferior to the fovea (closed arrowhead). Choroidal neovascularization, confirmed with fluorescein angiography

(not shown) was also detected at the fovea.

The scan length was 5.65 mm in cases 1, 2, 3, 4, 6, and 7, and 10 mm in cases 5 and 7. The white line in the color fundus
photographs indicates the optical coherence tomography scan. § = superior; I = inferior; T = temporal; N = nasal in OCT data.
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FIGURE 2. Scanning laser ophthalmoscopy (SLO) image (left) and C-scan image (middle) of the optical coherence tomography-
ophthalmoscope in all patients. The C-scan image is overlaid on the SLO image using a default application (right). The open
arrowheads in the left and right panels indicate retinal vessels and the solid arrowheads in the center and right panels indicate the
retinal microfolds. The microfolds always coincide exactly with the retinal vessels.
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Ultrastructure of Internal Limiting
Membrane in Myopic Foveoschisis

Hajime Bando, MD, Yasushi Ikuno, MD,
Jun-Sub Choi, PhD, Yasuo Tano, MD,
Ichiro Yamanaka, MD, and

Tatsuro Ishibashi, MD

PURPOSE: To reveal the pathogenesis of myopic foveos-
chisis (MF).

DESIGN: Clinicopathological report.

METHODS: Internal limiting membranes (ILMs) were col-
lected from ten patients with MF and five patients with
idiopathic macular hole (IMH) as a control. Samples
were subjected to transmission electron microscopic

study. Characteristics of the ILM were compared be-
tween the two groups.

RESULTS: Collagen fiber and cell debris were identified on
the inner surface of ILM in seven eyes (70%) with MF,
significantly more (P < .05) than found in IMH subjects
(0%). More fibrous glial cells were likely to be found on
the inner surface of ILM. No significant difference in
fibroblast-like cell adhesion was observed.
CONCLUSIONS: Collagen fiber and cellular component are
suggested to play an important role in developing MF.
ILM peeling may be essential for vitrectomy for MF.
(Am ] Ophthalmol 2005;391:197-199. © 2005 by
Elsevier Inc. All rights reserved.)

I N HIGHLY MYOPIC EYES, FOVEOSCHISIS IS TYPICALLY OB-
served and thought to result in macular hole forma-
tion.!2 Investigators revealed that vitrectomy and internal
limiting membrane (ILM) peeling is effective for foveal
reattachment.?# However such myopic foveoschisis (MF)
is still uncertain if ILM peeling is necessary. Ultrastructural
study on surgically excised specimens helps us to under-
stand the pathogenesis. Therefore, we investigated the
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TABLE 1. The Relationship between Patient Demographic Data and the Presence/Absence of Electron Microscopic Findings of
Internal Limiting Membrane Excised during Vitrectomy

LAXia:h Visual Acuity Data Electromicroscopic Data {presence/absence on the inner surface of ILM}
en
Case No. Diagnosis Age Gender (mri) Pre-op Post-op Ceill debris* Collagen* Fibroblast-like cell Fibrous glial cell
1 IMH 68 M 22.2 20/50 20/20 - - - -
2 IMH 66 F 23.0 20/200 20/80 - - - -
3 IMH 75 M 22.6 20/160 20/40 - - - -
4 IMH 67 F 22.5 20/200 20/20 - - + -
5 IMH 69 M 23.1 20/200 20/80 - - + -
6 MF 70 F 31.7 2/200 20/100 + + + -
7 MF 64 F 29.4 20/80 20/40 + + + +
8 MF 46 F 29.2 2/100 20/125 - - - -
9 MF 52 F 27.8 20/125 20/100 + + + +
10 MF 46 F 28.6 20/160 20/80 + + - +
11 MF 79 F 30.2 20/400 20/200 - - - =
12 MF 71 F 30.6 20/800 20/100 + + + -
13 MF 53 M 29.4 20/500 20/80 - - - -
14 MF 63 F 27.9 20/250 20/250 + + - -
15 MF 66 F 30.0 20/160 20/100 + + + +

ILM = internal limiting membrane; IMH = idiopathic macular hole; MF = myopic foveoschisis; M = male; F = female; Pre-op = pre
operation; Post-op = post operation; + = present; — = absent.
*Observed significantly more in MF than IMH (P < 0.05 by Fisher’s exact test).
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FIGURE 1. Transmission electron microscopic finding of the internal limiting membrane (ILM) excised during vitrectomy for
idiopathic macular hole (IMH) or myopic foveoschisis (MF). The asterisks in A to F always indicate ILM and open arrowheads in
A to C indicate the inner side of the ILM. (A) Low magnification (bar 2.8 pum, Case 3) image of the ILM from patients with IMH
shows no adhering cells or collagen fibrils on the inner side. Note that the inner side of the ILM is smooth. Cell debris is observed
on the outer side of ILM (arrows). (B) The photograph shows typical cell debris (closed arrowheads) and epiretinal membrane
(arrow) observed on the side of ILM in an eye with MF. (bar 4.0 pm, Case 15). (C) Typical collagen fibers (closed arrowheads)
adhering to the inner side of ILM from patients with MF (bar 1.2 pum, Case 12). (D) Typical long-spacing collagen from the patients
with MF (arrowheads, bar 1.2 pm, Case 6). (E) Typical fibroblast-like cells (arrowheads), spindle shaped with large elongated
nuclei, enmeshed in the collagen matrix, adhered to the inner side of the ILM from patients with MF (bar 2.0 pm, Case 9). (F)
Typical fibrous glial cells (arrowhead) with large, regular, oval nuclei, elongated cytoplasmic processes adhered to the inner side of
the ILM from patients with MF (bar 2.0 pm, Case 9). Many collagen fibrils (arrow) were present among the cytoplasmic processes.
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characteristics of ILM in MF and idiopathic macular hole
(IMH).

Fifteen ILMs were obtained from fifteen eyes (ten MF
and five IMH) of patients who underwent vitrectomy for
either MF or IMH with informed consent. All MF eyes
were highly myopic, defined as a reflective error of more
than —8 diopters or an axial length greater than 27 mm.
Patients with diabetes mellitus, intraoperative retinal hem-
orrhage, were excluded. Five mg triamcinolone acetonide
(TA) was injected into the vitreous cavity in all eyes with
MF, but none with IMH because of difficulty in identifying
the vitreous cortex in MF. Posterior vitreous detachment
was created, and vitreous cortex then was removed. The
ILM was stained with 0.3 ml indocyanine green (ICG,
Daiichi Pharmaceutical, Tokyo, Japan) 5 mg/ml. Immedi-
ately, ICG was aspirated. ILM was peeled off using trans-
vitreal forceps, followed by gas tamponade using expanding
gas including 14% perfluoropropane (C3Fg) or 20% sulfur
hexafluoride (SF). We used the Accurus vitrectomy sur-
gical system (Alcon Inc., Fort Worth, Texas) and the
intensity of illumination was maintained as 80% of the
default setting. Samples were fixed with 4% glutaralde-
hyde, and processed. We observed them under a transmis-
sion electron microscope {TEM). Statistical analysis was
performed using Fisher's exact-test or Mann-Whitney U
test, and P < .05 was considered to be significant.

Detailed patient information and the microscopic find-
ings are shown in the Table. Cellular and extracellular
components were completely absent on the inner side of
ILM in three eyes (60%) with IMH (Figure 1A) and three
MF eyes (30%), although cell debris was observed on the
outer side in this picture (Figure 1A, arrows). Both cell
debris and collagen fibers were found on the inner side in
seven MF eyes (70%), significantly more than in IMH eyes
(0%, P < .05). Cell debris was defined as a fragment of
cytoplasm or cell process (Figure 1B, arrowhead). Epireti-
nal membrane was also found, although the morphology
was not well preserved (Figure 1B, arrow). The collagen
fibers are assumed to be a very fine filament (Figure 1C,
arrowheads), measuring 10 to 24 nm in diameter. More-
over, one case (Case 6) had compact fibrous long-spacing
collagen (Figure D, arrowheads) with a transverse banding
consisting of dense lateral bars with a periodicity which in
this study recorded as more than 120 nm. The major cell
type found in the collagen matrix was fibroblast-like cell
(Figure 1E, arrowheads). The fibrous glial cells (Figure 1F)
were observed in none of the IMH eyes and in four (40%)
of the MF eyes (not statistically significant, P = .23).
There was no statistical correlation between TEM findings
and visual improvement.

The current study revealed that collagen fibers were still
present on the ILM in MF. Although this finding indicates
the usefulness of ILM peeling to release the retina from
traction, ILM peeling is suggested to be harmful for the
retinal under certain circumstances.> For example cell

VoL. 391, NO. 1

debris was observed in the outer side of ILM in this study
(Figure 1A).

The collagen types observed mainly on ILMs of MF were
micro-fibril collagen, assumed not to be part of band
formation. The micro-fibril collagen with diameters more
than 20 nm seem to be newly synthesized collagen.®
Moreover, one case exhibited compact fibrous long-spac-
ing collagen, associated with aggregation of filamentous
collagen.” These findings indicate that active collagen
synthesis occurs on the [LM of MF probably by fibroblast-
like cells and fibrous glial cells.

The reason why MF eyes presented more cellular com-
ponents and collagen fibers is unknown. However, the
present study indicates that cell migration and consequent
collagen synthesis on the ILM can be another contributor.
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Calotropis procera (Ushaar) Keratitis

Hani S. Al-Mezaine, MD,

Ali A. Al-Rajhi, MD, FRCS, FRCOphth,
Abdullah Al-Assiri, MD, and

Michael D. Wagoner, MD

PURPOSE: To report a case of permanent endothelial cell
injury after intracorneal penetration of milky latex from
Calotropis procera (ushaar).

DESIGN: Interventional case report.

METHODS: A 40-year-old patient developed painless cor-
neal edema despite minimal epithelial injury after expo-
sure to ushaar latex.
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FIGURE 1. (Top) Calotropis procera (ushaar). (Bottom) Milky latex from cut branch.
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