Scanning laser
tomography of full
thickness idiopathic
macular holes

Abstract

Aim We used a retinal tomographic analyser
to study the profile of the retinal surface in
patients with stage 3 and 4 idiopathic macular
holes, to attempt to elucidate the direction of
forces present.

Methods The Heidelberg retina tomograph
was used to acquire a three-dimensional
tomographic image of the macula in each eye
of 21 consecutive patients with full thickness
macular hole.

Results The surface profile showed an
elevated rim around the 24 macular holes
imaged, with a gently sloping outside edge
and a steeply sloping inside edge. In addition,
a ring of elevated tissue around the edge of
the hole was observed in all the holes and
also in two of the fellow ‘normal’ eyes.

This ring of elevated tissue was presumed

to represent a ring of persistent vitreo-retinal
traction around the fovea in the presence

of a perifoveal posterior vitreous detachment.
This is consistent with antero-posterior
traction persisting in stage 3 and 4 full
thickness macular holes. The mean

ring diameter was 480 um, when present in
the fellow eye but was 950 yum in the presence
of a macular hole, which we argue is
suggestive of centrifugal displacement of
retinal tissue on the formation of a stage 3
macular hole and provides evidence for
tangential traction.

Conclusion We suggest that antero-posterior
traction forces are the primary cause of full
thickness macular holes, with these forces
persisting in stage 3 and 4 macular holes,
while tangential forces serve to enlarge the
hole at this later stage.
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Introduction

For more than a decade, it has been known that
surgery is effective in restoring normal anatomy
and near normal visual function,' in idiopathic
full thickness macular holes. Surgical
techniques continue to evolve and for many
now include peeling of the internal limiting
membrane, following removal of the posterior
vitreous.”

The mechanism of macular hole formation,
however, remains unclear. Paradoxically, as
surgery has evolved to include the removal of
epiretinal elements that would produce
tangential traction on the fovea, the widely
accepted theory of tangential traction,®° as the
cause of idiopathic macular hole, has been
brought into question.

The advent of new techniques in macular
imaging and consequent improved imaging of the
posterior vitreous face has shown that patients in
the early stages of macular hole formation have a
localised detachment of the posterior vitreous,
with persistent attachment of the vitreous at the
fovea."" This finding has been confirmed using
a combination of bimicroscopy, ultrasonography,
and careful examination of the posterior vitreous
at the time of vitrectomy."” The perifoveal
posterior vitreous detachment with subsequent
antero-posterior traction at the fovea is felt to be
the primary event in macular hole development.
It is proposed that this traction leads to first foveal
splitting'*'¢'” and ultimately to full-thickness
dehiscence.

There is less evidence regarding the tractional
forces acting on macular holes in the later
stages. Unoperated holes have been shown to
progress slowly in size'® and it is proposed that
tangential traction is predominant in enlarging
and maintaining the hole, possibly by
myofibroblastic contraction within a mild
epiretinal membrane.”

We used a retinal tomographic analyser to
study the profile of the retinal surface in
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patients with stage 3 and 4 idiopathic macular holes, to
attempt to elucidate the direction of forces present.

Patients and methods

A total of 21 consecutive patients attending our
vitreoretinal clinic with idiopathic macular hole
underwent assessment, including Snellen visual acuity,
fundus bimicroscopy and retinal tomography.

A diagnosis of macular hole was made by the
appearance of a full thickness defect surrounded by a
cuff of elevated retinal tissue. Assessment of the hole
appearance and vitreous state allowed staging of the
macular hole according to Gass’s clinical classification.®*°
A posterior vitreous detachment was assumed to be
present where a Weiss ring was observed.

The Heidelberg retina tomograph (HRT) (Heidelberg
Engineering, Heidelberg, Germany) was used to acquire
a three-dimensional tomographic image of the macula in
each eye. The HRT is a scanning laser ophthalmoscope
(SLO) mounted on a stand and manipulated similarly to
a fundus camera. It uses a diode laser of wavelength
670 nm and a retinal irradiance of 0.5 mW cm ™. A total of
32 consecutive two-dimensional (x- and y axis) optical
sections, each comprising 256 x 256 pixels, were recorded
at a repetition rate of 20 Hz. A scan field of 20° was
selected to ensure that the entire ring of thickened retinal
tissue surrounding the macular hole was encompassed.
The 32 scans were equally spaced along the optical (z)
axis. Scan depth was varied according to the depth of the
macular hole. The 32 section images were than aligned to
negate any eye movement that had occurred during
image capture and to create a three-dimensional image.

HRT software (version 2.01) was used for
topographical data analysis.

Results

We analysed data on 24 eyes with full thickness macular
holes and 18 clinically normal fellow eyes.

In all 14 of the patients were female and seven were
male, and their mean age was 69 years (range 55-84
years).

The clinical diagnosis was stage 3 in 18 eyes and stage
4 in five eyes by bimicroscopic assessment.

Qualitative analysis showed that the SLO appearance
of the holes was similar to those of previous reports,
having a central round depression with a concentric
raised annular area with ill defined margins (Figures 1
and 2). We found the annular area around the hole to be
sloped to give the appearance of a volcano with the
macular hole as the crater. In addition, a ring of elevated
tissue, outside but concentric to the edge of the hole, was
observed on the tomographs in all the holes (Figures 1-3)
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and in two of the fellow ‘normal” eyes. This ring of
elevated tissue was not detectable clinically and has not
been reported by others.

Results from quantitative analysis of the tomographs
are given in Table 1.

The mean diameter of the macular holes was 550 yum
(SD 120 um), measured using the HRT software,
horizontally from edge to edge at the midpoint of the
hole. The mean diameter of the ring of elevated tissue in
the presence of a macular hole was 950 um (SD 180 um),
measured horizontally from peak to peak at the midpoint
of the hole. The mean diameter of the ring of elevated
tissue when present in the fellow eye was 480 um (SD
10 um). The mean elevation of the ring of tissue was
110 um (SD 50 um), measured from the retinal surface to
the maximum height of the ring.

Discussion

New imaging techniques including optical tomography
(OCT), the retinal thickness analyser, and the SLO are
leading us to an improved understanding of the
pathogenesis of idiopathic macular hole. This study
examined the retinal profile of patients with full
thickness macular holes with scanning laser tomography.
It has been verified that scanning laser tomography can
demonstrate layers otherwise difficult to examine, such
as the posterior vitreous and inner retinal layers."

In all cases clinically diagnosed as full thickness
macular holes, the surface profile produced by the
scanning laser tomograph showed an elevated rim
around the macula hole, as previously documented by
others.'®?22 We describe that the surface of the elevated,
rim is not uniformly elevated but is found to be shaped
like a volcano, with a gently sloping outside edge and a
steeply sloping inside edge. This profile is also seen in
the images of published studies using the SLO.?*?**

We also describe a ring, concentric with, but slightly
larger than, the macula hole and lying at a slightly
elevated position relative to the surrounding retinal
surface. The ring was found in all patients with full
thickness macular holes and in two fellow eyes.

The imaged ring must represent either sharply
elevated retina or a ring of vitreous. Our images do not
allow us to differentiate further but in either case would
suggest that there is persistent attachment between the
vitreous and the retina at this site, while there is
detachment of the vitreous elsewhere in the perifoveal
region. The ring is always found within 200 um of the
surrounding retinal surface and is therefore not likely to
represent a detached vitreous, which has been shown to
be 200-500 um above the retinal surface in stage 3
macular holes.'?
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Figure 1 Patient C. HRT colour image and surface profile through the centre of a left stage 3 macular hole. The red arrows mark the
cross-section through the elevated ring we find concentric with, but slightly larger than the macula hole and lying at a slightly elevated

position relative to the surrounding retinal surface.

Others have imaged a similar feature using OCT.
Spaide et al* studied eyes with premacular hole states, in
which they found a perifoveal posterior vitreous
detachment. They showed persistent attachment of the
vitreous in rings around the fovea and interestingly
found that the degree of foveal distortion was linked to
the diameter of the attachment.

Gaudric et al'? also used OCT to examine patients with
a range of macular hole states. While they showed
persistent perifoveal vitreous attachment in both
impending macular holes and in stage 2 holes, they did
not show any vitreoretinal adherence around the stage 3
macular hole. This led them to postulate that while
antero-posterior forces are responsible for exerting
traction on the foveolar centre and producing stage 1
and 2 macular holes, by stage 3, the hyaloid is completely
detached from the macular.

Our findings, while adding to the evidence for antero-
posterior traction in early macular hole formation, would
also suggest that the vitreoretinal attachment persists in

stage 3 holes. Furthermore, five eyes in our study

were judged to have a complete posterior vitreous
detachment by the presence of a Weiss ring on

fundus bimicroscopy, yet still displayed the ring as a
sign of vitreo-retinal attachment. This is consistent with
the findings of Kishi et al.** On scanning electron
microscopy, they demonstrated remnants of posterior
vitreous membrane still attached around the fovea in 26
of 59 autopsy eyes with spontaneous vitreous
detachment. The remnants appeared as disc shaped
membranes or rings of two differing sizes, 500 and
1500 pm.

It seems likely that the persistent vitreo-retinal
attachment we image represents a particularly strong
adhesion at the site of known maximum vitreo-retinal
attachment at the macula,®® which persists despite
posterior vitreous detachment. This anatomical variation
would represent a significant risk factor for macular hole
formation®® and account for its presence in all the
macular holes in our study.
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Figure 2 Patient C. ‘Pseudo-3D’" reconstruction by the HRT
software. (a) An oblique view of the macular hole demonstrates
the volcano shaped profile of the hole and surrounding retina and
the sharply elevated ring of tissue concentric with, but slightly
larger than the hole. (b) A sagittal view of the macular hole shows
the gently sloping rim of elevated retinal tissue surrounding the
hole and the sharply elevated ring at the edge of the hole.
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The evidence for antero-posterior traction in early
macular hole states is compelling, and includes evidence
of the early formation of foveal splitting or cyst formation
and later full thickness tissue loss.!'>1¢17
Immunohistochemistry shows a variable number of
photoreceptors present in 67% of the resulting opercula®
and lends further evidence for the presence of antero-
posterior traction in macular hole formation.

That antero-posterior traction continues during stage 3
and 4 macular holes is also consistent with some already
described features. Kishi et al'® demonstrated radial
retinal folds, with the SLO, in stage 3 holes. Striae in this
direction are consistent with antero-posterior traction,
and the fact that they resolved only after vitrectomy
surgery suggests that the traction is persistent after hole
formation.

While our study provides evidence for continuing
antero-posterior traction in stage 3 and 4 holes, we also
suggest that there is a component of tangential traction at
this stage causing centrifugal displacement of retinal
tissue on development of a stage 3 macular hole. The
diameter of the ring we imaged in the two fellow eyes
was 470 and 490 ym. This is consistent with the diameter
of the ring of maximum vitreo-retinal attachment at the
macula,® which is approximately 500 yum and
corresponds to the smaller of the two rings described by
Kishi et al** However, in eyes with stage 3 and 4 macular
holes the mean diameter of the ring was 950 um (SD

Figure 3 Further examples of the surface profile of full thickness macular holes and ‘pseudo-3D’ reconstruction with the HRT. The
arrows indicate the elevated ring. (a) and (d) Patient L. Left stage 4 macular hole. (b) and (e) Patient P. Left stage 3 macular hole. (c) and

(f) Patient S. Right stage 3 macular hole.
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Table 1 Quantitative data from the scanning laser tomographs

Patient  Eye Pathology Macular Ring Ring
hole diameter  diameter  height
(um) (um) (um)
A OD Stage 4 MH* 430 690 20
OS  Normal — — —
B OD Stage 3 MH 500 950 70
OS  Normal — — —
C OD  Normal — — —
OS  Stage 3 MH 420 1020 200
D OD Stage 4 MH 470 1000 200
OS  Normal — — —
E OD Stage 3 MH 830 990 140
OS  Normal — — —
F OD Normal — — —
OS  Stage 4 MH 590 1020 120
G OD Stage 3 MH 520 1000 130
OS  Normal — — —
H OD Stage 3 MH 650 1160 60
OS  Normal — — —
I OD Stage 3 MH 450 820 60
OS  Stage 3 MH 450 610 40
J OD Stage 3 MH 480 660 60
OS  Stage 3 MH 590 1170 160
K OD Stage 3 MH 480 1000 80
OS  Normal — — —
L OD  Stage 3 MH 740 1060 180
OS  Stage 4 MH 720 960 140
M OD Normal — 490 60
OS  Stage 3 MH 510 1160 190
N OD Stage 3 MH 400 840 70
OS  Normal — — —
(0] OD Stage 3 MH 700 1270 130
OS  Normal — 470 80
P OD Normal — — —
OS  Stage 3 MH 540 740 60
Q OD Stage 3 MH 680 1200 110
OS  Normal — — —
R OD Stage 3 MH 500 770 60
OS  Normal — — —
S OD  Stage 3 MH 350 890 120
OS  Normal — — —
T OD Normal — — —
OS  Stage 3 MH 600 750 20
8} OD Stage 4 MH 490 1010 150
OS  Normal — — —

*MH = macular hole.
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180 um). This is again comparable, if we assume
tangential displacement of the ring on development of
the macular hole. We have previously described two
patients, who each had a stage 2 macular hole in one eye
and a stage 3 hole in the other. In these patients, the ring
of traction was visible in each eye and was 200-300 um
larger around the stage 3 hole,*® again suggestive that
there is centrifugal displacement, given that the diameter
of the ring of maximum vitreo-retinal attachment at the
macula would be expected to be equal in fellow eyes.
These findings are consistent with objective evidence

of radial centrifugal photoreceptor displacement

using perimetric techniques.? This movement

cannot be explained without a component of tangential
traction.

We suggest that antero-posterior traction forces are the
primary cause of full thickness macular holes, with these
forces persisting in stage 3 and 4 macular holes, while
tangential forces serve to enlarge the hole at this later
stage.

The mechanism of macular hole formation is yet to be
fully elucidated and further research is still required
before we can fully understand the pathogenesis and
further progress in the treatment of this enigmatic
condition.
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