Macular Hole Formation

CLINICAL SCIENCES

New Data Provided by Optical Coherence Tomography

Alain Gaudric, MD; Belkacem Haouchine, MD; Pascale Massin, MD;

Michel Paques, MD; Pierre Blain, MD; Ali Erginay, MD

Objective: To establish the sequence of events leading
from vitreofoveal traction to full-thickness macular hole
formation.

Methods: Both eyes of 76 patients with a full-
thickness macular hole in at least 1 eye were examined
by biomicroscopy and optical coherence tomography.

Results: Sixty-one fellow eyes had a normal macula.
Optical coherence tomograms showed central detach-
ment of the posterior hyaloid over the posterior pole
in 19 cases (31%) and a perifoveal hyaloid detachment
not detected on biomicroscopy in 26 cases (42%). In
the 4 impending macular holes, optical coherence
tomography disclosed various degrees of intrafoveal
split or cyst, with adherence of the posterior hyaloid

to the foveal center and convex perifoveal detachment.
In the 14 stage 2 holes, eccentric opening of the roof
of the hole was observed, and in the 24 stage 3 holes,
the posterior hyaloid was detached from the entire
posterior pole.

Conclusions: In fellow eyes of eyes with macular holes
posterior hyaloid detachment begins around the macula,
but the hyaloid remains adherent to the foveolar center,
indicating the action of anteroposterior forces. This re-
sults in an intraretinal split evolving into a cystic space,
and then to the disruption of the outer retinal layer and
the opening of the foveal floor, thus constituting a full-
thickness macular hole.
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ACULAR HOLE surgery

in its current form has

a high success rate.””

However, although

there is general agree-
ment on the need to peel off the posterior
hyaloid and to use a long-acting gas as an
internal tamponade, the reasons for per-
forming posterior hyaloid ablation are not
completely clear. The prevailing view is
based on the theory of tangential vitre-
ous traction on the macula proposed by
Gass®? and Johnson and Gass." It is gen-
erally assumed that, for stage 2 and 3 holes,
hyaloid removal is necessary to relieve the
traction of the vitreous on the hole edges.
Other hypotheses have also been sug-
gested; in particular, the role of antero-
posterior traction exerted by vitreous fi-
bers on the foveolar center.'"'? One of the
reasons for these different opinions was the
difficulty of establishing the shallow de-
tachment of the posterior hyaloid in front
of the macula, even with improved slit-
lamp biomicroscopy devices.!*!* The re-
cent availability of optical coherence to-
mography (OCT) has allowed the
recording of hitherto unsuspected data re-

ARCH OPHTHALMOL/VOL 117, JUNE 1999

744

garding the initial stages of posterior hya-
loid detachment from the posterior pole.**

See also page 821

To improve the understanding of the
process of macular hole formation, we used
OCT to examine both eyes of patients with
a macular hole. Examination of the fel-
low eye provided new findings about the
initial stages of development of idio-
pathic full-thickness macular holes.

REPORT OF CASES

CASE 1

A 65-year-old woman was examined for a
stage 3 full-thickness macular hole in her
right eye. Visual acuity was 20/20 OS, no
posterior vitreous detachment was found,
and the macula was normal on biomi-

This article is also available on our
Web site: www.ama-assh.org/ophth.
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PATIENTS AND METHODS

From November 1996 to November 1997, we used OCT to
examine both eyes of 76 patients who had a macular hole in
at least 1 eye, after obtaining informed consent. Forty-eight
patients (63%) were women and the mean age was 65 years.
Twenty-two patients had already had 1 eye operated on for
a macular hole, so that only 54 eyes had various stages of
macular hole at the time of the OCT examination.

CLINICAL EXAMINATION

Standard examination included recording of the onset of
symptoms, measurement of visual acuity on Early Treat-
ment of Diabetic Retinopathy Study charts, and fundus ex-
amination by biomicroscopy, fundus photography, and fluo-
rescein angiography. Fundus biomicroscopy was performed
by 2 retinal specialists (A.G. and P.M.). The fundus was first
examined with the Super Pupil (Volk Optical Inc, Mentor,
Ohio) noncontact lens, using the angle reducer of the slit-
lamp, as this combination provided an excellent depth of field
for examination of the vitreous body and assessment of the
posterior hyaloid. In addition, the macula was examined with
the Centralis direct contact lens (Volk Optical Inc) using the
maximum stereoscopy of the slitlamp. The Watzke test was
performed with the slit vertical and horizontal. Each macu-
lar hole was graded according to the classification pro-
posed by Gass.' In accordance with this classification,

posterior vitreous detachmentwas only considered to be pres-
ent if the Weiss ring was seen to be freely detached from the
fundus and to move in the plane of the posterior hyaloid,
inside the vitreous cavity.

OCT EXAMINATION

We used commercially available OCT equipment derived
from the prototype described by Hee et al** and Puliafito
etal.’” The principle of OCT is based on low coherence in-
terferometry. The light source is a superluminescent di-
ode operating at 840 nm that provides a probe beam of low-
coherence light on the retina. Cross-sectional tomographic
images are constructed by integrating 100 axial measure-
ments in 1 second while scanning the probe beam across
the retina. The lateral resolution is limited by the separa-
tion between 2 adjacent scans on the retina and varied from
30 pm for the 3-mm scans to 70 pm for the 7-mm scans
used in this study. The longitudinal definition ranges be-
tween 10 and 13 pm. The images are displayed in false color.
Optical coherence tomography images are displayed twice-
expanded in the vertical or axial direction.'*"

For each patient,we performed 6 radial scans of 3 mm
long, at equally spaced angular orientations centered on the
foveola, as well as 3 overlapping 7-mm scans extending from
the temporal side of the macula to the nasal side of the op-
tic disc (Figure 1). To detect the faint reflectivity of the
posterior hyaloid, the incident light was used at its maxi-
mum intensity of 750 pW.

croscopy. Optical coherence tomography examination
confirmed the diagnosis of a stage 3 hole in the right
eye. In the left eye, there was slight thickening of the
foveolar center (190 pm) with a faint intrafoveolar split;
the posterior hyaloid was partially detached in front of
the macular area, but remained attached to the foveolar
center (Figure 2, top right). The right eye was operated
on and the hole closed. Three months after the first
examination, visual acuity had slightly decreased to
20/30 OD. On OCT scans, a central foveolar cyst had
developed and the split had extended laterally. The
height of the posterior hyaloid detachment had
increased to 275 pm (Figure 2, center left). Two months
later, visual acuity had dropped to 20/60 OD and OCT
scans showed the partial opening of the foveola that
characterizes stage 2 holes. The posterior hyaloid
remained adherent to the incompletely detached opercu-
lum (Figure 2, bottom right).

CASE 2

A 67-year-old woman was examined for a stage 2 full-
thickness macular hole in her left eye. Visual acuity was
20/25 OD, no posterior retinal detachment was found,
and the macula was normal on biomicroscopy. On OCT
examination the foveolar center was thickened by an in-
trafoveolar cystic space; the posterior hyaloid was par-
tially detached in front of the macular area but re-
mained attached to the foveola. The left eye was operated
on and the hole closed. Six months after the first exami-
nation, visual acuity was unchanged in the right eye. On

OCT scans the central foveolar cyst had increased in size
(Figure 3, top left). Two months later, visual acuity had
dropped to 20/100 OD and OCT scans showed the par-
tial opening of the foveal floor constituting the roof of
the cyst, which characterizes stage 2 holes. The poste-
rior hyaloid still adhered to the incompletely detached
operculum (Figure 3, top right and bottom).

— T

BIOMICROSCOPY FINDINGS

Among the 76 first eyes examined, biomicroscopy diag-
nosed 14 stage 2 macular holes, 19 stage 3 holes, and 21
stage 4 holes. Twenty-two eyes had already been oper-
ated on for a full-thickness hole.

In the fellow eye, biomicroscopy diagnosed 2 stage
1 holes, no stage 2 holes, 5 stage 3 holes, and 4 stage 4
holes. Two cases were considered to be lamellar holes.
Posterior vitreous detachment was only seen in 12 cases
(4 stage 4 holes, the 2 cases of lamellar holes, and 6 cases
with a biomicroscopically normal macula). The distri-
bution of macular hole stages and the presence of an oper-
culum or pseudo-operculum are presented in Table 1.
In the 63 fellow eyes with an apparently normal macula,
posterior vitreous detachment was only detected by bio-
microscopy in 6 cases, and the posterior hyaloid was con-
sidered to be still attached to the retina in the 57 other
cases. However, OCT examination provided new find-
ings in most of the cases.
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Figure 1. Top, Radial spoke of 6 optical coherence tomograms 3 mm long,
centered on the foveola. Bottom, 3 overlapping 7-mm optical coherence
tomograms, extending from the nasal side of the optic disc to the temporal
side of the posterior pole and passing through the center of the macula.
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Figure 2. Case 1. Evolution of an impending macular hole in a fellow eye to a
stage 2 hole. Top right, Optical coherence tomogram shows a shallow
perifoveal detachment of the posterior hyaloid, and an intraretinal split in the
inner part of the foveal center (arrowhead). Center left, 2 months later,
optical coherence tomogram shows intrafoveal cysts and increased
perifoveal detachment of the posterior hyaloid, suggesting vitreoretinal
traction. Bottom right, 5 months after the first examination, the foveal cyst
has evolved to a stage 2 hole, with an operculum undetached from the hole
edge and the posterior hyaloid still connected to the operculum. The
elevation of the flap is attenuated by the thickening of the edge of the hole.

OCT FINDINGS
Normal Macular Contour

Sixty-one of the 63 fellow eyes with a normal macula on
fundus biomicroscopy had a normal macular contour and
thickness on OCT scans, and 2 had a foveal split or cyst
(Table 2). In 6 of these 61 cases the scans showed no
preretinal reflectivity over the posterior pole: as poste-
rior vitreous detachment was definitely present on bio-
microscopy, the posterior hyaloid was considered de-
tached and out of range of the OCT scanning. In 10 cases,
no preretinal reflectivity was detected over the posterior
pole on OCT scans; as none of these cases had posterior
vitreous detachment on biomicroscopy, the posterior hya-
loid was considered still attached.

In the 45 other cases, OCT recorded reflectivity of
a preretinal structure that was slightly detached from the
posterior pole, remained partially connected to the retina,
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Figure 3. Case 2. Evolution of an impending macular hole in a fellow eye to a
stage 2 hole. Top left, Optical coherence tomogram shows a cystic formation
in the inner part of the foveal center. The elevation of the foveal floor and the
adherence of the partially detached posterior hyaloid suggest vitreoretinal
traction. Top right, 2 months later, the roof of the cyst has opened on the
nasal side of the macula, constituting an incompletely detached operculum
to which the posterior hyaloid adheres. Bottom, Composite optical coherence
tomogram shows the convex elevation of the partially detached posterior
hyaloid, suggesting anteroposterior vitreous traction.

and had the characteristics of the posterior hyaloid—ie,
it was thin, minimally reflective, and continuous.

In 26 of these 45 cases, the posterior hyaloid was de-
tached around the macula but remained attached to the
foveal center (Figure 4).This perifoveal detachment ex-
tended away from the center in varying degrees (Figure 5).
We also observed that, with time, the hyaloid detach-
ment increased in 5 cases, as did the convex elevation of
the perifoveal hyaloid (Figure 2, top right and center left).

In the other 19 cases, OCT showed that the posterior
hyaloid was detached over the entire posterior pole, from
the disc margin to the temporal part of the macula (Figure 6,
top). The height of the separation varied from 120 to 600
pm. In 7 of these 19 cases, the posterior hyaloid contained
asmall prefoveal hyperreflective structure that had not been
seen on biomicroscopy (Figure 6, bottom).

Impending Macular Holes

In 4 eyes (all fellow eyes), the foveolar pit was flattened
or elevated, and the foveola was thickened by a hypore-
flective cystic formation. In 2 of these eyes, which had
been considered normal on biomicroscopy and had nor-
mal vision, OCT revealed an intrafoveolar split in the in-
ner third of the foveola, resulting in foveal thickening with
flattening or elevation of the foveal pit (Figure 2, top right).
In the 2 other eyes, which exhibited impending holes on
biomicroscopy, OCT disclosed a larger cystic formation
disrupting the outer layer of the macula, combined with
an elevation of the foveal floor (Figure 7). Its shape was
consistent with the possibility of a centrifugal separa-
tion of the photoreceptors, rather than with a posterior
foveolar detachment of the photoreceptors.’® The hya-
loid remained attached to the center of the foveola.

Full-Thickness Macular Holes

For the 14 stage 2 holes diagnosed with biomicroscopy
(all in the first eye), the OCT scans provided very typi-
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Table 1. Biomicroscopy Findings in 152 Eyes of 76 Patients
First  Fellow Operculum or
Macular Hole Stage  Eye Eye Total Pseudo-operculum
1 e 2 72 0
2 14 e 14 14
3 19 5 24 20
4 21 4 25 Not recorded
Previously operated 22 22 0
on holes
Lamellar holes . 2 2 2
Normal maculat 63* 63*
With PVD s 6 . Not recorded
Without PVD 57t e 0
Total 76 76 152

*0n optical coherence tomography examination, 2 additional cases were
classified as stage 1 hole, so that the macula was considered as normal in
only 61 cases.

tPVD indicates posterior vitreous detachment.

$0n optical coherence tomography examination these cases were
separated into different types of partial PVD.

cal images. The posterior hyaloid was distinctly visible.
It adhered to the incompletely detached operculum and
was widely separated from the retina around the hole (Fig-
ure 3 and Figure 8). The central cyst that character-
ized the impending hole had left room for a gap be-
tween the hole’s edges, which had thickened and
contained hyporeflective microcystic spaces. The oper-
culum was incompletely detached and seemed to be-
long to the retina, as it had the same reflectivity and formed
a continuous sructure with the inner retina. In the hole’s
edges, 2 superimposed retinal structures were still rec-
ognizable: the thickened photoreceptor and Henle fiber
layers and the inner retinal layers (Figure 9).

In all the 24 stage 3 holes (19 in the first eye and 5
in the fellow eye) the edges of the hole had thickened
and contained variously large, hyporeflective cystic spaces
in both the inner and outer retina. The elevation of the
hole edge was more due to this thickening than to the
detachment of the edge (Figure 10). In no case did we
observe what has been termed vitreofoveal separation; ie,
alocal separation of the hyaloid from the hole edge, with
persistence of vitreoretinal adherence around the hole.”'°
On 7-mm OCT scans, the posterior hyaloid seemed to
be completely separated from the retina over the entire
surface of the posterior pole, except at the optic disc, and
contained a hyperreflective structure resembling an oper-
culum, which in 4 eyes had not been detected by biomi-
croscopy. The distance between the hyaloid and the reti-
nal surface varied from 200 to 500 pm.

B COMMENT

Many hypotheses have been formulated regarding the
mechanisms of macular hole formation. In 1983, Avila
etal'! suspected intravitreous anteroposterior traction to
be the cause of macular holes, thus confirming previous
reports.'® This concept was replaced in the late 1980s by
the Gass hypothesis that the holes were due to tangen-
tial traction of the vitreous cortex at the foveolar edges,
and the operculum was no longer considered to consti-
tute the full thickness of the foveolar neural tissue. This

Table 2. OCT Findings in 61 Fellow Eyes
With a Normal Macula*

Biomicroscopy ocT
Posterior vitreous detachment 6 6
Attached posterior hyaloid 55 16
Perifoveal hyaloid detachment 26
Central hyaloid detachment ... 19t
Total 61 61

*0CT indicates optical coherence tomography.
1 The posterior hyaloid contained a prefoveal hyperreflective structure in 7

cases.

W Log reflection

Figure 4. Asymptomatic fellow eye of an eye with a macular hole. Top,
Optical coherence tomogram shows a perifoveal detachment of the posterior
hyaloid, which remains adherent to the edges of the macula. Bottom, A
composite figure of 7-mm optical coherence tomograms shows that the
posterior hyaloid is detached up to the optic disc (0OD), and symmetrically on
the temporal side of the macula.
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Figure 5. Asymptomatic fellow eyes of eyes with macular holes,; 7-mm
optical coherence tomograms obtained through the foveal center. Top,
Asymmetric shallow detachment of the posterior hyaloid, which remains
adherent to the nasal side of the macula (arrowheads). Bottom, Convex
perifoveal detachment of the posterior hyaloid, which remains attached to
the clivus slope.

might explain the surprisingly good visual recovery af-
ter successful macular hole surgery.” However, several
observers continued to report new findings in favor of
anteroposterior traction. Akiba et al'” assumed that an-
teriorly oriented vector forces to the macula might con-
tribute to the development of macular holes. Kakekashi
et al'* produced new biomicroscopic evidence for an-
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Figure 6. Asymptomatic fellow eyes of eyes with macular holes; composite
image of 3 optical coherence tomograms 7 mm long, passing through the
optic disc (OD) and the foveal center. Top, Composite optical coherence
tomogram shows that the posterior hyaloid is detached over the posterior pole
and remains adherent to the optic disc and to the temporal retina. Bottom,
Composite optical coherence tomogram showing complete separation of the
posterior hyaloid from the temporal retina. It remains attached to the optic
disc, and contains a hyperreflective pseudo-operculum (arrow).
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Figure 8. Optical coherence tomograms of 6 different cases of stage 2 macular
hole. In all cases, the operculum remains incompletely detached from the hole
edge to which it seems to belong. The posterior hyaloid adheres to the
operculum. The edges of the holes are thickened by inretinal cystic spaces,
minimizing the appearance of elevation of the operculum in some cases.

teroposterior traction on the operculum of macular holes.
However, they postulated that this traction was due to
direct attachment of vitreous fibers to the foveola rather
than to partial detachment of the posterior hyaloid. Kim
et al,’® who studied the natural history of stage 2 macu-
lar holes, also concluded that some component of ob-
liquely oriented anteroposterior vitreous traction may be
important in the pathogenesis of macular holes.

Other hypotheses involved the formation of an in-
traretinal cyst as the prime mover of hole formation, due
either to a tractional® or a degenerative process.?*?!

One of the major difficulties in establishing what hap-
pens during macular hole formation is the poor visibil-
ity of the posterior hyaloid when it is only slightly sepa-
rated from the retina, and the lack of definition of the
optic cross section of the macula provided by slitlamp
examination. Despite the excellent observations made in
some cases thanks to a slitlamp photography device, the
slightly detached posterior hyaloid was rarely vis-
ible.!t121722 Other observations made with a scanning la-

Figure 7. Top, Impending macular hole in a fellow eye. Optical coherence
tomogram shows the center of the fovea thickened by a cystic space. The
posterior hyaloid adheres to the roof of this cyst. The cyst is prolonged
laterally by a split between the inner retina and the photoreceptor layer.
Bottom, Impending macular hole in a fellow eye. Optical coherence
tomogram shows a large central cystic space formed by a central opening in
the photorecepter layer, though the roof of the cyst remains intact.
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Figure 9. Stage 2 macular hole. Top, Optical coherence tomogram shows a
typical image of a large opening in the photoreceptor layer and an incomplete
opening of the operculum. The posterior hyaloid is only faintly visible.
Bottom, The white line delineates the contours of 2 distinct structures,
photoreceptors and Henle fiber layer (PH) and the inner retina (IR).

ser ophthalmoscope indirectly supported the hypoth-
esis that a central foveal cyst constitutes the first event
in macular hole development.”

These observations were also supported by laser slit-
lamp photographs, showing that macular holes develop
together with intraretinal cystic changes.'?

Finally, OCT recently provided new and unex-
pected information about vitreoretinal relationships, and
also about the intraretinal changes that occur at the
macular center during the initial stages of macular hole
formation." Hee et al'* have already shown that OCT
was able to detect small perifoveal detachment of the
posterior hyaloid, minimally reflective spaces within the
fovea in stage 1 holes, and vitreofoveal traction resulting
in foveal cyst formation. The good correlation between
macular OCT images and histological macular structure
was recently highlighted by an experimental clinicoana-
tomical comparison.?* In clinical practice, commercially
available OCT equipment at least allows the layer of
photoreceptors and Henle fibers to be distinguished
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from the inner retina. Moreover, when the detached pos-
terior vitreous cortex remains close to the retina, it is
easily detected as a continous minimally reflective struc-
ture.'*> Van Newkirk et al were also able to detect, by
ultrasonography, a thin membranous preretinal interface
attached to a pseudo-operculum and forming a cord
over the curvature of the macular area.They proposed
several explanations for this image, including partial
posterior hyaloid detachment and the reflection of the
anterior surface of the thick cortical vitreous. We have

Temporal
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Figure 10. Stage 3 hole. Top, Optical coherence tomogram (3 mm long)
shows the hyperreflective operculum (arrow) next to the minimally reflective
membrane corresponding to the posterior hyaloid. The edges of the hole are
thickened by cystic spaces and detached from the retinal pigment epithelium
by 850 um (arrowheads). Bottom, Composite optical coherence tomogram
shows the detachment of the posterior hyaloid from the entire posterior hole.
0D indicates optic disc.

been using OCT, particularly for the fellow eye of macu-
lar holes, to detect the initial stages of vitreous separa-
tion and foveal alteration. Our most common finding
was that posterior hyaloid detachment began at the pos-
terior pole, around the macula. The idea that posterior
vitreous detachment begins at the posterior pole had
been postulated on the basis of anatomical findings*
and biomicroscopic observations.™ It was also thought
that the foveola was one of the preferential zones of vit-
reoretinal adherence,'®*">! though it was not proven.
However, the progression of the initial stages of poste-
rior hyaloid detachment has never been shown as we
were able to show it by OCT examination in 5 cases, in
which we observed that it began at the periphery of the
macula, usually on its nasal side, and then gradually
spread around the entire macula while the hyaloid
remained focally adherent to the foveal center. As the
posterior hyaloid remained attached to the center of the
foveola and to the optic disc, it displayed a convexity
that may indicate the exertion of anteroposterior trac-
tion on its vitreous side.

The mechanism resulting in posterior vitreous
detachment is poorly understood. According to some au-
thors, itinvolves the occurrence of a hole in the premacu-
lar hyaloid through which anteroposterior collagen
fibers could be directly inserted into the foveal pit.*"* Other
authors described a “premacular bursa” that does not sup-
port the possibility of anteroposterior traction.**** Opti-
cal coherence tomographic examination makes it clear that
the posterior vitreous cortex constitutes a continuous sheet
with characteristic backscattering, which fits well with the
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Figure 11. Section through the center of the fovea. ON indicates the outer nuclear layer; OH, outer layer of Henle fibers,; and INL, the inner nuclear layer. In the 200

um of the central area of the fovea, the outer cone fibers are separated from each other by the processes of the radial fibers of Miiller. The inner processes of the
Miiller cells occupy most of the inner third of the retinal thickness, thus constituting the floor of the center of the foveola (reprinted with permission from Arch

Ophthalmol?).
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Figure 12. Schematic representation of macular hole formation.

lamellar arrangement of dense collagen fibrils. Thus a struc-
ture oriented perpendicularly to the incident light of the
OCT is more likely to produce backscattering than the
sparse organization of the vitreous gel. In our cases, no
break was seen in the posterior hyaloid in front of the macu-
lar area. On the contrary, there was definite adherence of
the posterior hyaloid to the foveal center. If the vitreous
cortex consists of densely packed collagen fibrils into which
the anteroposterior collagen fibers of the vitreous gel are
inserted, it will be lifted if the vitreous gel contracts. The
anteroposterior tractional forces might be transmitted to
the foveal floor through the oblique focal attachment of
the posterior hyaloid.

We showed that the first stage of macular hole for-
mation was an intraretinal split in the inner part of the
foveola, which evolved into a cystic formation. Once
this formation has extended posteriorly, disrupting the
photoreceptor layer, and vitreous traction has resulted
in the opening of the roof of the cyst, a full-thickness
macular hole occurs. The occurrence of a foveolar cyst
as the first stage in macular hole formation has been
widely accepted in the past,'®***?! even though its patho-
genesis was controversial, and has been interpreted
either as an involutional process?' or as a form of
mechanical traction.'*?*»

On the other hand, Gass® proposed that the initial ap-
pearance of impending holes was caused instead by pos-
terior foveolar detachment. On the basis of scanning la-
ser ophthalmoscope findings, Kishi et al”> concluded that
intraretinal splitting or cyst formation caused by trac-
tional elevation of the Henle fiber layer was the initial fea-
ture of macular hole development. Asrani et al,”® using the
retinal thickness analyzer, also documented these cystic
changes as the first stage of macular hole formation. Hee
etal," using OCT examination, provided images of these
cystic changes in the macula and showed that they were
related to the posterior hyaloid attachment to the foveo-
lar center. One cannot exclude the possible presence of
artifacts, especially because the hyporeflective intrafo-
veal spaces could be due to a change in the arrangement
of retinal elements rather than to cystic spaces. Neverthe-
less, many arguments support the latter hypothesis.

The location of the intraretinal split in the inner fo-
veola may be explained by its particular ultrastructure,
which in humans was analyzed in particular by Yamada*
in 1969 and Hogan et al*® in 1971. It appears that a cleav-
age plane exists in the inner part of the foveola. Mtller cell
processes occupy most of the inner third of the foveolar
center, thus constituting the floor of this center
(Figure 11). The intrafoveolar split due to the exertion
of anteroposterior traction of the vitreous probably oc-
curs at this level, causing various degrees of damage to the
very central Miiller cell processes. Centrally, the disorga-
nization of the glial structure of the foveola might result
in a cystic space, and laterally in the splitting of bipolar
and ganglion cells away from the Henle fiber layer. At this
stage of the impending hole, the OCT image is composed
of an inner hyperreflective structure (the roof of the cyst),
a hyporeflective space that corresponds to the split or cyst,
and an outer hyperreflective structure that may corre-
spond to the thickened photoreceptors and Henle fibers.
Even before the opening of the operculum, the central pho-
toreceptors tend to open, leaving a hyporeflective space
in the center. The operculum might result from a lamel-
lar avulsion of the foveal floor containing vitreous colla-
gen, Miiller cell elements, and, occasionally, inner por-
tion of cones torn away with the Miller cells.'®* In all our
cases of stage 2 holes, the operculum had the same reflec-
tivity as the adjacent inner retina.

In stage 3 holes we never saw any connection be-
tween the hole’s edges and the posterior hyaloid, which
was completely detached over all the posterior pole ex-
cept at the optic disc. A variously reflective operculum
was seen in all cases. The hole’s edges were thickened
by intraretinal cystic cavities."

In conclusion, we showed that, in fellow eyes of
macular holes, posterior hyaloid detachment begins
around the macula. The convex shape of this detach-
ment might indicate the action of anteroposterior forces,
which might exert traction on the foveolar center. The
first change observed in the macular tissue is an intrareti-
nal split evolving into a cystic space: this constitutes the
stage 1 or impending macular hole. The posterior ex-
pansion of the cyst and the eccentric opening of its roof,
due to the vitreous traction, constitutes stage 2. In stage
3 holes, the posterior hyaloid is completely detached from
the macula, and contains the operculum (Figure 12).
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