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Purpose: To evaluate and compare three different techniques of inverted internal limiting
membrane (ILM) flap in the treatment of large idiopathic full-thickness macular hole.
Methods: In a comparative interventional case series, 72 eyes from 72 patients with large
(> 400 pm) full-thickness macular hole were randomly enrolled into three different groups:
group A — hemicircular ILM peel with temporally hinged inverted flap; group B — circular
ILM peel with temporally hinged inverted flap; and group C — circular ILM peel with
superior inverted flap. Best-corrected visual acuity (BCVA), anatomical closure rate, and
ellipsoid zone (EZ) or external limiting membrane (ELM) defects were evaluated preo-
peratively, at week 1, and months 1, 3 and 6 after surgery.

Results: There were 24 eyes in group A, 23 in group B, and 25 in group C. In all three
groups, larger diameter macular hole was associated with worse preoperative visual acuity
(r=0.625, P<0.001). Mean BCVA improved significantly in all three groups 6 months after
surgery (0.91vs 0.55, p<0.001). 6 months after surgery, mean BCVA improved from 0.91
logMAR to 0.52+0.06 in group A, 0.90 to 0.53+0.06 in group B, and 0.91 to 0.55+0.11 in
group C. In group A vs. B vs. C, improvement of BCVA was 0.380+0.04 vs. 0.383+0.04 vs.
0.368+0.11 logMAR, with no statistically significant difference between groups (P=0.660).
The rate of successful hole closure was 87.5% vs. 91.3% vs. 100%. Although the closure rate
was 100% in Group C (circular ILM peel with superiorly hinged inverted flap), this
difference was not statistically significant (P=0.115).

Conclusion: ILM peel with an inverted flap is a highly effective procedure for the treatment
of large, full-thickness macular hole. Different flap techniques have comparable results,
indicating that the technique can be chosen based on surgeon preference.

Keywords: internal limiting membrane peel, inverted flap, macular hole, pars plana
vitrectomy

Introduction

Idiopathic macular hole (MH) is a vitreoretinal disorder with a considerable impact
on the quality of life, which affects approximately 8.7 eyes per 100,000 per year.'*
Since the introduction of vitrectomy for macular hole treatment by Kelly and Wendel
in 1991, numerous strategies have been investigated to improve visual acuity and
anatomic outcomes, considering the underlying mechanism of disease.® It has been
proposed that the internal limiting membrane (ILM) plays a key role in the formation
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of macular hole through the exertion of tangential vitreo-
macular traction forces on the inner retinal layers, which
could also be transmitted to the photoreceptor layer via
Muller cells.* Thus, ILM peel during vitrectomy has
become an important component of macular hole surgery
to achieve sustained visual and anatomic success.’
However, U-shaped closure, the most favorable type of
closure with the best functional results, occurs in only
45% of cases. In 19-39% of cases, the result is flat macular
hole margins with bare retinal pigment epithelium (W-type
closure), flat-closed macular hole, or flat-open macular
hole.® The inverted ILM flap technique was first introduced
in 2010 by Michalewska et al and showed superiority com-
pared to traditional ILM peeling technique in terms of both
closure rate and visual outcomes.’

Recently, some concerns have been evoked regarding
the possible complications associated with ILM peeling,
including damage to Muller cells, formation of paracentral
retinal holes, and dissociated optic nerve fiber layer
(DONFL).*'° Michalewska et al tried to minimize these
iatrogenic traumas while maintaining good surgical out-
comes by peeling off the ILM only from the temporal side
of the fovea.” Casini et al investigated a modification to the
inverted ILM flap technique, using the fluid-air exchange in
place of surgical manipulation to invert the remaining
attached ILM over the macular hole, and found similar
success compared to the Michaelewska technique.'' Flap
displacement, however, remains a concern in the inverted
ILM flap technique. Thus, we hypothesized that the orienta-
tion of the inverting flap (horizontal from temporal to nasal
versus vertical from superior to inferior) could influence
surgical outcomes.

Herein, we introduce a modification to the inverted
ILM flap technique with circular ILM peeling and infer-
iorly inverted flap and compare this technique with pre-
viously reported approaches. We discuss visual and
anatomic success in hemicircular ILM peel with tempo-
rally hinged inverted flap versus circular ILM peel with
temporally hinged inverted flap versus circular ILM peel
with superior inverted flap.

Methods

This study was implemented in accordance with the tenets
of the declaration of Helsinki. The study protocol was
approved by the local ethics review committee of Tehran
University of Medical Sciences, and all participants pro-
vided written informed consent prior to inclusion.

Study Participants

In a prospective, interventional, comparative study, we
enrolled 72 phakic eyes from 72 patients suffering from
full-thickness MH with a minimum diameter exceeding 400
um. Patients with any history of other retinal pathology,
including diabetic retinopathy, high myopia, and age-
related macular degeneration, were excluded. All patients
underwent a comprehensive ophthalmic evaluation, includ-
ing best-corrected visual acuity (BCVA), slit-lamp exami-
nation, and dilated funduscopy. The diagnosis of MH was
confirmed by spectral-domain optical coherence tomogra-
phy (SD-OCT, SPECTRALIS®, Heidelberg Engineering,
Germany). A raster imaging protocol consisting of 31 hor-
izontal scans was obtained, which covered a 7 x 9 mm? area
centered on the fovea. Size of MH was defined as
a horizontal diameter at the narrowest point according to
the International Vitreomacular Traction Study (IVTS)
group classification of macular hole.'?

Patients were randomized into three treatment groups
based on block randomization technique: group A — hemi-
circular ILM peel with temporally hinged inverted flap;
group B — circular ILM peel with temporally hinged
inverted flap; and group C — circular ILM peel with super-
ior inverted flap.

Surgical Technique

One surgeon (HK) performed all operations. All cases under-
went 23-gauge pars plana vitrectomy with phacoemulsifica-
tion and IOL implantation. ILM was stained by Brilliant Blue
dye. In group A, the ILM was peeled off (> 2 disc diameters)
just from the temporal side of fovea and was then totally
inverted to cover the hole (Figure 1). In groups B and C, the
ILM was peeled off 360 degrees (> 2 disc diameters) with
minimal adhesion to the edges of the MH. In group B, the
flap was inverted from temporal side to nasal side, while in
group C, the flap was inverted from superior to inferior
(Figures 2 and 3) (Video 1).

Inversion of the created flap was done by passive
suction during air-fluid exchange without direct touch or
additional manipulation. After complete drying, the vitr-
eous cavity was filled with 20% SF6. Patients were
advised to maintain prone position for at least 3 days.
Patients were examined at 1 week and 1, 3, and 6 months
postoperatively. At each visit, patients underwent complete
ophthalmologic examination including BCVA measure-
ment, slit-lamp examination, indirect ophthalmoscopy,
and SD-OCT. Postoperative anatomical success was
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Figure | Schematic image of surgical technique for group A: ILM is peeled off from
the temporal side of the fovea inverting to the nasal side. Final configuration of ILM
is shown.

Figure 2 Schematic image of surgical technique for group B: ILM peeled off in
a circular manner with minimal adhesion to the fovea, inverting horizontally from
temporal to the nasal side. Final configuration of ILM is shown.

defined as U or V-shaped closure according to cross-
sectional morphology on SD-OCT.

Statistical Analysis

Data were analyzed using SPSS software (version 18 for
Windows; SPSS, Inc., Chicago, IL, USA). Continuous
variables are expressed as mean +Standard error of
mean. Comparisons between the three groups were

Figure 3 Schematic image of surgical technique for group C: ILM is peeled off in
a circular manner with minimal adhesion to the fovea inverting vertically from
superior to the inferior side. Final configuration of ILM is shown.

performed using the ANOVA test. Categorical variables
were compared using the Fisher’s exact test and Camer’s
V test. Binominal logistic regression was performed to
assess the influence of preoperative BCVA, size of the
MH, age, sex, and type of surgical technique on the ana-
tomic success rate of the surgery. P < 0.05 was considered
statistically significant.

Results

The study included 72 eyes from 72 patients. There were
24 eyes randomized to group A (hemicircular ILM peel
with nasally hinged flap), 23 to group B (circular ILM peel
with nasally hinged flap), and 25 to group C (circular ILM
peel with superior-inverted flap). Table 1 summarizes the
baseline characteristics in each group. There were no sig-
nificant differences in age, sex, baseline BCVA, or size of
the MH between groups.

Functional Results

In all groups, mean BCVA improved significantly 6 months
after surgery (p<0.001). In group A, mean BCVA improved
from 0.90+0.04 logMAR to 0.85+0.04, 0.65+0.05, and 0.52
+0.06 logMAR at 1, 3, and 6 months after surgery, respec-
tively. In group B, mean BCVA improved from 0.91+0.04
to 0.84+0.06, 0.66+0.03, and 0.53+0.06 Log MAR at 1, 3,
and 6 months after surgery, respectively. In group C, mean
BCVA improved from 0.92+0.04 to 0.86+0.03, 0.66+0.04,
and 0.55+0.11 logMAR at 1, 3, and 6 months after surgery,
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Table | Baseline Characteristics of the Patients in Three Groups
Group A n=24 Group B n=23 Group C n=25 P-value
Age, years 67.04+0.62 67.30+0.73 67.28+0.71 0.588
Preoperative BCVA?, Log MAR 0.90+0.04 0.91+0.04 0.92+0.04 0.994
Size of Macular Hole (um) 552.63+21.21 534.78+15.88 548.40+20.64 0.931
Male/Female ratio 10/14 10/13 9/16 0.90

Notes: *Best-corrected visual acuity; Group A: hemi circular ILM peeling with temporal-inverted flap; Group B: circular ILM peeling with temporal-inverted flap; Group C:

circular ILM peeling with superior inverted flap.

respectively. There was no statistically significant differ-
ence in final postoperative visual acuity between the three
groups (P=0.66). In all three groups, worse preoperative
visual acuity correlated with larger MH diameter (1= 0.63,
P<0.001).

Anatomical Results

In this study, we defined successful anatomic closure as
a V-shaped or U-shaped closure. Successful closure was
noted in 87.5% (21/24) of cases in group A, 91.3% (21/23)
of cases in group B, and 100% (25/25) of cases in group
C 1 week after primary surgery. Among patients with
failed closure, three cases underwent a second operation
within the first month. In group A, 2 cases underwent
reoperation; one patient was treated with replacement of
nasally hinged flap but the other patient was treated with
an extension of ILM peeling as avulsion of the previous
flap had been occurred. In group B, one case underwent
reoperation with an extension of ILM peeling due to the
previous flap avulsion. All three cases got closure 1 week
after the reoperation. Two other patients refused to being
reoperated and did not continue their follow up.

At 6 months after surgery, complete ellipsoid zone
(EZ) regeneration was found in 52.4% of successfully
closed cases in group A. Complete EZ regeneration was
seen in 47.6% and 56.0% in groups B and C, respectively.
There was no significant difference in likelihood of com-
plete EZ regeneration between the three groups (P= 0.87).

OCT features of complete external limiting membrane
(ELM) recovery were noted in 71.4% of successfully
closed cases in group A at 6 months follow up. ELM

recovery was noted in 66.6% and 72.0% in groups
B and C, respectively. There was no significant difference
between the three groups (P=0.89). Table 2 shows details
of the postoperative visual and anatomic outcomes of
patients in each group. Improvement of BCVA was not
significantly different between groups (P=0.66). Although
the successful closure rate was 100% in group C (circular
ILM peel with inferiorly hinged flap), this difference was
not statistically significant (P=0.115). Binominal logistic
regression analysis showed no significant relationship
between surgical approach to ILM, age, sex, or size of
the MH and the anatomic success rate of the surgery. The
only variable which showed a significant effect was pre-
operative BCVA, with worse preoperative BCVA resulting
in lower rate of successful MH closure (P<0.001).

Patient One

A 59-year-old lady presented with a large full-thickness MH in
her left eye. The minimum size of the MH was 553 pum, and
the basal diameter was 1100 pm (Figure 4A). Her initial visual
acuity was 20/100. Pars plana vitrectomy with hemicircular
ILM peeling with nasally hinged flap (the technique used for
group A) was performed, and the MH was closed 1 week
postoperatively. One month after surgery, visual acuity
improved to 20/50. An area of hyperreflective tissue on the
inner retinal surface and nasal to fovea was seen on OCT,
which corresponded to the location of the inverted ILM flap
(Figure 4B). At 3 months, visual acuity improved to 20/40
with improvement in EZ irregularities. Besides outer retinal
regeneration, some degree of inner retinal dimpling at the
temporal side was observed at 3 months after surgery

Table 2 Anatomical and Visual Outcomes of the Patients in Different Groups 6 Months After Surgery

Closed/Not-Closed

Postoperative BCVA® Log MAR

BCVA Improvement LogMAR

Group A, n=24 21/3(87,5%) 0.525+0.058
Group B, n=23 21/2(91.3%) 0.526+0.063
Group C, n=25 25/0(100%) 0.552+0.109

0.380+0.04
0.383+0.04
0.368+0.11

Note: *Best-corrected visual acuity.
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Figure 4 Case |. (A) Preoperative OCT shows a large full-thickness macular hole. (B) | month postoperatively, the inverted flap is visualized as a hyperreflective tissue
nasal to the fovea. (C) OCT 3 months after surgery shows some degree of atrophic change in the inner retinal surface limited to the temporal side of fovea.

(Figure 4C). After 6 months of follow up, visual acuity
improved to 20/30.

Patient Two

A 65-year-old man presented with a large full-thickness
MH with a minimal diameter of 744 pum and basal
diameter of 1337 pm (Figure 5A). The initial visual
acuity was 20/400. Pars plana vitrectomy with circular
ILM peeling and superior inverted flap (the technique
used for group C) was performed. The MH was closed
1 week after surgery. Visual acuity improved to 20/200 at

1 month postoperatively. OCT showed closed MH with
two hyporeflective spaces, created by the inverted flap
(Figure 5B). At 3 months after surgery, these spaces were
filled with regenerated tissue with improved foveal con-
tour (Figure 5C). Visual acuity was 20/63. Six months
after surgery, visual acuity improved to 20/40, and
a small defect in the ellipsoid zone with atrophic inner
retinal changes was seen on OCT. Although the peeling
was circular and involved both the temporal and nasal
sides of fovea, inner retinal dimpling was most prominent
at the temporal side (Figure 5D).
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Figure 5 Case 2. (A) Preoperative OCT shows a large full-thickness macular hole. (B) | month postoperatively, closed macular hole is shown with two hyperreflective
spaces created by an inverted flap. (C) These spaces were filled with regenerative tissue 3 months after surgery. (D) 6 months postoperatively, OCT shows regenerated
outer retina with a small defect in the ellipsoid zone. Atrophic changes in the inner retinal surface are most prominently seen at the temporal side of the fovea.
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Discussion
Despite the proven insignificant difference in either costs or
quality of life scores between MH surgery with or without ILM
peeling, the first has gained so much popularity among vitreor-
etinal surgeons for treatment of full-thickness MH in the past
decade."? The pragmatic support for this approach arises from
numerous clinical trials, which have supported the role of ILM
peeling to achieve better anatomical and visual outcomes.'*
This technique, however, suffers from a high failure rate,
especially for large MHs. The inverted flap technique was
first described by Michalewska et al in 2010 to improve visual
and anatomic success. In this technique, during circumferential
peeling, the ILM was not removed completely from the retina
but was left attached to the edges of the MH. To cover the MH,
the ILM remnant was then inverted upside-down. The authors
hypothesized that the inverted ILM could act as a scaffold for
glial cells to proliferate, enhancing closure of the MH. In
addition, the ILM might serve as a barrier, disabling the
entrance of fluid from the vitreous cavity into the hole.
Satisfactory results expanded the use of this technique to
myopic MH, traumatic MH, repeat MH surgery, and optic
disc maculopathy.”'>'® Yamashita et al compared conven-
tional ILM peeling and inverted flap technique in both med-
um-large (400-550pm) and extra-large (>550pum) MHs. They
reported the closure rate of 95% and 100% in medium-large
MHs by conventional and inverted flap techniques, respec-
tively, and 88% and 100% in extra-large MHs although the
difference between the two techniques was not significant.”
Although the inverted flap technique showed promising
results in idiopathic MH, especially for large holes, concerns
arose regarding possible complications and technical difficul-
ties. Edema of the arcuate nerve fiber layer has been noted,
which is followed by the formation of small dimples in the
retinal nerve fiber layer, called dissociated optic nerve fiber
layer (DONFL), documented with OCT and autofluorescence
imaging.*® Additionally, spontaneous stripping of the inverted
ILM flap during fluid-air exchange has been reported in 14%
of cases.” Although iatrogenic effects on the RNFL can dis-
appear 1 to 3 months after surgery with no negative impact on
visual acuity,”® Michalewska et al in another study introduced
the temporal inverted ILM flap technique to minimize iatro-
genic trauma associated with ILM peeling by decreasing the
area of peeled ILM. In this technique, the ILM was peeled off
at the temporal side of the MH in an area of about two disc
diameters. During peeling, the ILM was not removed comple-
tely from the retina but instead was left attached to the tem-
poral edge of the MH and was then inverted and coaxed over

the MH until adequate coverage was achieved. Michalewska
et al compared the modified technique with the classic inverted
ILM flap technique and found no significant difference in
visual or anatomic outcomes with the exception of more
DONFL in the latter group.”' The authors mentioned that the
temporal inverted flap would provide a scaffold for MH wall
gliosis at the top of the MH space without creating a possible
obstacle to the bottom of the MH compared to the presence of
small-trimmed ILM flaps in
Furthermore, this type of large flap with a wider connection

the original technique.
to the retina might not detach spontaneously and might not
easily flip during fluid-air exchange. Although the minimalis-
tic approach to ILM peeling would theoretically minimize
iatrogenic trauma to the RNFL and decrease the risk of iatro-
genic paracentral holes during surgery, the main reason for
increasing popularity seems to be the ease of technique.

In the present study, we introduced another minimalistic
approach, superior inverted flap technique (group C), and
compared this technique with the previously mentioned tech-
niques in the literature,”’ hemicircular ILM peeling with
temporal-inverted flap (group A) and circular ILM peeling
with temporal-inverted flap (group B). In group C, we cre-
ated an inverted flap from superior side of the fovea, flipping
it downward to the inferior side. We found a successful MH
closure rate of 100% in this group. However, this result was
not statistically significant, probably due to our small sample
size. We suspect that the main reason for high success rate
with superior inverted flap is the creation of a more stable
flap with more powerful inward tangential forces that
enhance hole closure. By creating a vertical flap, gravita-
tional forces can also assist in successful MH closure. Larger
studies might reveal significant differences in visual and
anatomic success compared with other surgical techniques.

After performing logistic regression, we interestingly
found that the type of surgical technique in our study
would not affect the postoperative anatomical success
rate. Compatible with our findings, Bae et al have recently
shown that increasing the area of ILM peeling might not
increase the likelihood of MH closure.” Indeed, the only
measures in their study which showed a significant decrease
were asymmetric elongation of fovea and degree of
patient’s metamorphopsia. We believe that restricting the
area of peeling to one side of the macular area would not
sacrifice the success rate of closure. In fact, the most impor-
tant step during surgery is to release the tangential traction
forces of ILM exerted on the foveal edges thereby allowing
the glial Muller cells to start bridging at the bottom of the
hole. In this way, the most favorable technique would be the
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one that is the easiest approach in one surgeon’s hand. In
this study, we also found no significant difference regarding
VA improvement among our groups.

The main limitation of our study is the small number of
patients, which limits the ability to detect small differences
and raises the possibility of type II errors. Another limita-
tion is the short time of follow up in each group.

In conclusion, we found that ILM inverted flap is
a highly effective procedure in treating large full-
thickness MHs. Larger studies with longer follow-up are
needed to determine whether different flap orientations
affect visual and anatomic success.

Disclosure
The authors declare that they do not have any conflict of
interest and they do not have any financial interest to disclose.
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