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Relationship between macular hole size and the
potential benefit of internal limiting membrane
peeling
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Aim: To investigate the relationship between the size of
macular holes and the possible benefit of internal limiting
membrane (ILM) peeling.
Methods: 84 consecutive cases of idiopathic macular hole
followed up for at least 3 months were included in this
retrospective study. Surgery comprised pars plana vitrect-
omy, peeling of any epiretinal membrane, 17% C2F6

(hexafluoroethane) gas filling and 10 days of positioning.
36 eyes had ILM peeling. The main outcome measure was the
macular hole closure rate checked by optical coherence
tomography.
Results: The overall postoperative closure rate was 90.5%.
For macular holes >400 mm in diameter, the rate was 100%
with ILM peeling versus 73.3% without (p = 0.015). For
smaller macular holes, the rates were 100% in both groups.
Postoperative gain in visual acuity was not significantly
different in eyes with ILM peeling and those without.
Conclusions: ILM peeling does not seem to be useful for
macular hole ,400 mm in diameter. Its likely benefit has to
be investigated for larger macular hole sizes, for which the
failure rate is higher.

C
onventional surgery for idiopathic macular holes
currently results in hole closure in about 85% of
idiopathic cases.1 2 Presently, the most popular proce-

dure proposed to increase this rate is internal limiting
membrane (ILM) peeling, but the benefit of this procedure
is still controversial. Recent studies have shown that the size
of the hole is strongly predictive of postoperative success or
failure in macular hole surgery.2 3 We postulated that there
may be a relationship between hole size and the benefit, if
any, of ILM peeling. The present retrospective study was
designed to check this hypothesis.

METHODS
Patients
The charts of all consecutive patients operated on for
idiopathic macular hole during the year 2001 in the
Department of Ophthalmology, Hôpital Lariboisière, Paris,
France, were retrospectively reviewed; all patients followed
up postoperatively for 3 months or more, with available
preoperative and postoperative data, were included in this
study. Ethics committee approval was not required for this
retrospective study, as it was based on medical records.

Intervention procedures
Surgery consisted of pars plana vitrectomy, peeling of any
epiretinal membrane, 17% C2F6 (hexafluoromethane) gas
filling and 10 days of face-down positioning. We chose to

look at the 2001 data because, by chance, during that year,
nearly half the eyes (36/84) in the series also had their ILM
peeled off during surgery. For peeled eyes, indocyanine green
((ICG), 0.1 ml, 2.5 mg/ml, applied for 3 min) was used to
visualise the ILM more clearly and to be sure it was peeled off
all round the foveola (we later abandoned the use of this
dye). In the other cases, no attempt was made to peel off the
ILM and no ICG was used.

Data
For all patients, ophthalmological examination included
preoperative and postoperative best-corrected visual acuity,
fundus biomicroscopy and optical coherence tomography
(OCT) scanning. The stage and duration of the hole were also
noted. Postoperative anatomical outcome was determined
clinically and checked by OCT in all cases.

As regards to preoperative OCT, macular hole diameter was
measured on 3 mm horizontal OCT scans, which allow a
lateral resolution of 30 mm (OCT1, Zeiss Humphrey
Instruments, Dublin, California, USA). Care was always
taken to ensure that the scan passed through the middle of
the hole. The OCT measurement used in this study was the
‘‘aperture diameter’’ of the macular hole, corresponding, on
biomicroscopy, to the apparent size of the hole (fig 1).

Statistical analysis
Results are expressed as means (standard deviation (SD)).
Mann–Whitney’s non-parametric test was used to compare
the statistical distribution of the parameters measured.
Fisher’s exact test was used for categorical variables.

RESULTS
In all, 84 eyes of 81 patients (49 women and 32 men) were
included. Patients’ mean age was 67.31 (range 49–85, median
68) years. Table 1 gives the characteristics and OCT stages of
macular holes.4 For the 84 eyes, the overall postoperative
closure rate (ie, closure after one operation) was 90.5%. This
rate was higher when the ILM was peeled off than when it
was not (100% v 83.3, p = 0.009). For macular hole sizes
>400 mm in diameter, the closure rate was 100% with ILM
peeling versus 73.3 without (p = 0.015). For smaller macular
hole sizes, the rates were 100% in both groups (p.0.99).
More details are shown in table 2.

No statistical difference was observed between failed holes
and others for the duration of the macular hole (mean 12.8
(SD 9.6) v 11.0 (14.2) months, p = 0.281). In the whole
series, there was no significant difference between the
postoperative gain in visual acuity of the eyes whose ILM
was peeled off and the others (20.287 (0.493) and 20.234
(0.504) logMAR (logarithm of the minimum angle of

Abbreviations: ICG, indocyanine green; ILM, internal limiting
membrane; OCT, optical coherence tomography
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resolution) units, p = 0.856, respectively). The result was the
same when only successful cases of peeling (20.287 (0.493))
and non-peeling (20.361 (0.398)) logMAR (logarithm of the
minimum angle of resolution) units were considered
(p = 0.203).

DISCUSSION
ILM peeling is the most recent change in the procedure for
macular hole surgery proposed to improve the rate of macular
hole closure,5–8 and has become popular even though its
benefit has not been clearly shown. In this series, we showed
that analysis of the crude statistics for the technique of
macular hole surgery, with or without ILM peeling, must take
into account the size of the hole. In our series, the closure rate
for idiopathic macular holes was 100% for cases in which the
ILM was peeled off versus 83.3% for cases in which it was not
(p = 0.009). However, in actual fact, this benefit concerned
only larger holes for which the closure rate rose significantly,
from 73.3% to 100%, when the ILM was peeled off. For holes
,400 mm, the rate was already 100% with the conventional
technique, and therefore could not be increased by ILM
peeling (table 2).

Although in a few cases small macular holes may also fail
to close, that macular hole diameter has a major role in the
closure rate was recently shown by several authors.2 3 In a
retrospective series of 40 cases studied with OCT, Ip et al3

found a closure rate of 92% for idiopathic macular holes
,400 mm in diameter versus 56% for larger holes. In an
analysis of the closure rate for macular holes operated on in
our department in 2000, we too found that the rate for
macular hole sizes ,400 mm was significantly higher than
the rate for larger holes. We then tested this finding on an
independent series of macular holes operated on in our
department in 2001, and the results confirmed our previous

findings.9 Consequently, macular hole diameter can be
considered to be strongly predictive of the postoperative
success or failure of macular hole closure. We therefore
wonder whether there is any justification for ILM peeling
when macular hole diameter is ,400 mm, as the closure rate
for conventional operation of these holes is already extremely
high. The results of this study suggest that peeling results in
no clear benefit in terms of closure rates for holes ,400 mm.
This question is even more relevant if we consider that not
only has the benefit of ILM peeling not yet been proved, but
that there is also controversy about its harmlessness,
especially when it is carried out using a dye such as ICG.
Indeed, it has been suggested that ILM peeling results in
minor but demonstrable damage to the adjacent retina.10 11

This damage is sometimes seen as a dissociated optic nerve
fibre layer appearance of the fundus,12–15 and results in
moderate functional impairment in most eyes.16 17 Moreover,
there is still controversy about the safety of ICG, the most
popular dye used to stain the ILM.18–21 Consequently, ILM
peeling would be justified only if it could be proved to be
beneficial. In the absence of such proof, it seems more
suitable to reserve peeling for macular hole subgroups for
which the potential benefit might outweigh the risks. Our
results suggest that macular holes with a diameter of
>400 mm may be included in these subgroups, but that
smaller macular hole sizes should probably be excluded.
Prospective studies with randomisation might better answer
this question, but our retrospective data strongly support this
hypothesis.

Our study was not designed to assess the value of ILM
peeling in macular hole surgery in general, which can be
shown only by a randomised prospective study. Our results
only highlight the relationship between macular hole size
and the possible benefit of ILM peeling. We recognise that
other prognostic factors such as initial visual acuity and the
duration or stage of the hole may also be considered.
However, the size of the hole measured by OCT seems the
most suitable parameter to consider, as it is an objective and
reproducible measurement and has already been clearly
shown to be an important factor predictive of postoperative
closure. We also admit that our conclusions might be biased
because of the retrospective design of our study.
Nevertheless, they may be useful for designing future
randomised studies. Indeed, when hundreds of macular
holes may be necessary to show a clear rise of 10% in the
closure rate (from 85% for conventional surgery to 95% with
ILM peeling), for a subgroup with a lower closure rate (here,
73% for macular hole diameter >400 mm) the benefit would
be easier to prove if ILM peeling really raised the closure rate
to 95%. If no such benefit were found, the overall benefit of
ILM peeling would be highly improbable.

Figure 1 Optical coherence tomography (OCT) scan of a macular hole. The OCT measurement used in this study was the aperture diameter of the
macular hole, corresponding, on biomicroscopy, to the apparent size of the hole (arrow).

Table 1 Characteristics of macular holes

Characteristics Values
No of MHs n = 84

Stage*
Stage 2 22
Stage 3 33
Stage 4 29

Duration before surgery (months)
Mean 11.13
Range ,1–72
Median 6

MHs, macular holes.
*Optical coherence tomography staging: stage 2, full-thickness MH with
vitreous attached to the edge of the hole through the pseudo-operculum;
stage 3, vitreous detached from the macula but attached to the optic disc;
stage 4, complete posterior vitreous detachment.4
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In summary, we showed that there might be a relationship
between macular hole size and the benefit of ILM peeling.
For macular hole diameters ,400 mm, with a high success
rate, no difference was found, whether the ILM was peeled
off or not. ILM peeling may therefore be useful only for larger
macular holes, for which the failure rate is higher.
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Table 2 Postoperative closure rates for the idiopathic macular holes

ILM peeled off ILM not peeled off p Value

All diameters (n = 84) 100% (36/36) 83.3% (40/48) 0.009
MH>400 mm (n = 51) 100% (21/21) 73.3% (22/30) 0.015
MH,400 mm (n = 33) 100% (15/15) 100% (18/18) .0.99

ILM, internal limiting membrane; MH, macular hole.
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