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Abstract

Purpose To compare the anatomic and functional outcome of
two variants of the inverted internal limiting membrane (I-
ILM) flap technique for idiopathic macular holes (IMH) larger
than 400 pm.

Methods Twenty-seven consecutive patients undergoing PPV
for IMH were randomly assigned to different variants of I-
ILM technique: the Cover group included 14 patients in which
the I-ILM was folded upside-down over the MH as a single
layer while the Fill group enrolled 13 patients in which the I-
ILM was folded within the MH in multiple layers.

Results MH closed in 12/14 Cover and in 13/13 Fill eyes
(84.6 vs. 100%, p=0.14; n.s.). Vision at 1 month was
Snellen 0.44+£0.17 vs. 0.28 £0.21 (p =0.05) and 0.48 =0.20
vs. 0.37+0.25 (n.s.) at 3 months. IS/OS line interruption
width was 463 £385 vs. 602210 pum, respectively, at
1 month (n.s.) and 602 £210 vs. 563 £209 um at 3 months
(n.s.). The Cover group showed outer retina cystic changes
more often (p <0.01). MH over 700 um closed in 0/2 and in
2/2 cases, respectively, in the Cover and Fill groups (0.045).
Conclusions Cover and Fill I-ILM techniques allowed similar
closure rates and post-operative vision at 3 months. The Cover
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group showed better anatomical restoration and vision at
1 month while the Fill technique might be more efficient in
closing larger MHs.
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Introduction

The visionary work of Kelly and Wendel [1] originated idio-
pathic macular hole (IMH) surgery in 1991. Ever since, sur-
gery and instrumentation greatly refined to reach today’s 90%
closure rate [2]. In 2010, Michalewska [3] introduced the
inverted internal limiting membrane (ILM) flap technique,
improving success rates of larger IMHs.

As the procedure gained acceptance, indications widened
[4, 5] and alternatives were proposed [6]. The original tech-
nique is based on ILM peeling centripetally up to the MH rim
and folding it upside-down on top of the MH (we named it the
“Cover” technique) while one of the most widespread varia-
tion is based on folding multiple ILM layers within the MH
defect [7] (a variant we named “Fill” technique).

The success rate of the original technique is reported but
less is known about its variants and if there is any difference in
terms of functional and anatomical results. The use of autolo-
gous tissue (the ILM) to “bridge” or “plug” the MH also poses
unanswered questions regarding its purported role of simple
scaffold, sealant, or glue.

In order to evaluate if and to what extent variations of the
same technique differ in terms of vision and microstructural
restoring capability, we conducted a study on patients random-
ly assigned to the Cover or Fill technique.
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Materials and methods
Patient selection

Twenty-seven consecutive patients undergoing pars plana vit-
rectomy (PPV) for idiopathic MH were randomly assigned to
Cover or Fill I-ILM technique. Every other prospectively eli-
gible patient was assigned to Cover or Fill technique. There
were only two senior surgeons involved (TR and AG).

Included patients had idiopathic MH greater than 400 pm
of less than 6-month duration. Patients with myopia greater
than 6 diopters, history of trauma, macular edema of any or-
igin, recurrent or non-closing MH, previous ocular surgery
other than uncomplicated phacoemulsification, diagnosis of
glaucoma and/or other chronic ocular diseases were excluded.

All patients underwent complete eye examination with pat-
ent and manifest refraction, best-corrected visual acuity (BCVA)
using EDTRS charts, anterior and dilated posterior segment,
and SD-OCT (Spectralis Heidelberg Engineering, Germany)
imaging pre-operatively, at 1 and 3 months after surgery. All
OCT scans included horizontal and vertical MH diameter, IS/
OS line interruption width and foveal thickness. Patients with
incomplete charts or insufficient OCT quality were excluded.
OCT readers were masked to surgical technique.

A senior retina specialist (CC) masked to group randomi-
zation and surgical technique (but not to pre- or post-surgery
status analyzed all SD-OCT scans. Macular holes were con-
sidered closed if there was evidence of whatever tissue bridg-
ing the pre-operative MH, regardless to retinal layer integrity.
IS/OS line interruption width was measured on a high-quality
horizontal scan placing a horizontal caliper to bridge the IS/
OS line interruption. If the IS/OS line presented multiple areas
of disruption (like a dashed line), the interruption width was
considered the line bridging the outermost sections of contin-
uous IS/OS line.

The study followed the tenets of the Helsinki Declaration
and received IRB approval.

Surgical technique

Surgical technique included a standard three-port 25G PPV, with
posterior vitreous detachment induction, vitreous base vitrecto-
my, and ILM staining with 0.25 g/1 brilliant blue-G (Brilliant
Peel TM, Geuder, Germany). All phakic patients underwent
combined phacoemulsification with in-the-bag IOL implant;
no patients had capsular bag ruptures and/or dislocation.

Depending on group assignment, inverted ILM flap crea-
tion and apposition varied as follows:

1) in the Cover group patients, the ILM was peeled centripe-
tally all the way up to the MH rim and the hinged ILM flap
folded upside-down on top of the MH in order to bridge
the entire retinal defect with a single layer (see Fig. 1a).
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2) in the Fill group the ILM was folded in multiple layers
and deliberately “stuffed” or “packed” within the MH
defect using a forceps (see Fig. 1b).

Gas tamponade was invariantly sulfur hexafluoride 20%
(SF6; Micromed, Rome, Italy). All patients were instructed
to position themselves face down for 3—4 h a day during the
first 3 post-operative days.

Main outcome measures

Best-corrected visual acuity (BCVA), MH status (open, flat
open, or closed) and IS/OS line interruption width at time 0
(pre-operative), | month and 3 months after surgery. Presence
of hypo-reflective areas interpreted as cysts within the foveal
region and of visible ILM layer(s) lining or filling the MH.
Qualitative description of OCT images with particular regard
to foveolar anatomical micro-structure completed results
analysis.

Statistical analysis

Data were approached under the assumption of intention-to-
treat analysis.

Analysis of variance with ¢ test for repeated measures was
used for continuous quantitative measures including BCVA
(measured as Snellen fraction and then converted to
logMAR for statistical purposes) and IS/OS line interruption
width. Chi-square was used to test the significance of ob-
served and expected MH closure, cystic changes, ILM rem-
nants within the MH and foveal depression restoration.
Pearson rho was used to evaluate the correlation between con-
tinuous variables such as MH and IS/OS line interruption
width and logMAR visual acuity.

In all cases, p values less than 0.05 have been considered
statistically significant.

Results

Cover groups included 14 patients and the Fill group included
13. Patients’ demographics and condition at baseline are listed
in Table 1: the two groups did not differ significantly in terms
of age, vision, MH width, and IS/OS line interruption.

Table 2 summarizes surgical outcome: overall success rate
was 11/13 (84.6%) in the Cover group and 13/13 (100%) in
the Fill group, the difference being not significant. Larger
MHs (>700 pum) closure rate was higher in the Fill group
(0/2 Cover groups vs. 2/2 in the Fill group; p =0.0455).
There were no cases of failed flap construction.

The Cover group showed a better BCVA at 1 month (0.44
vs. 0.28; p=0.05) while IS/OS line interruption width at
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Fig. 1 a Schematic drawing of a
the Cover technique. The ILM is
peeled up to the MH rim and
folded upside-down on top of it to
bridge the entire MH gap. No
attempt to fill the MH volume
defect is made. b Schematic
drawing of the Fill technique: the
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ILM is peeled up to the MH rim
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and folded inside it. Multiple
layers of folded ILM can be seen
within the MH section. Compare
to Fig. 2
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1 month, BCVA, and IS/OS line interruption width at 3 months
did not differ significantly between groups.

Both groups showed a significant BCVA improvement at
1 month compared to baseline (p >0.001). Between 1 and
3 months after surgery, the Fill group (unlike the Cover group)
showed a trend towards further improvement: 0.28 decimal
improving to 0.37 Fill groups (not significant; n.s.) vs. 0.44
remaining stable at 0.44 (Table 2).

IS/OS line interruption width greatly reduced in both
groups between baseline and 1 month after surgery (p < 0.01
for both). The Fill group showed a greater IS/OS line gap
decrease between 1 and 3 months than the Cover group but
neither was statistically significant (Table 2).

Cystic changes within the external retinal layers were sig-
nificantly more prevalent in the Cover group (p <0.01 both at
1 and 3 months) while the Fill group consistently showed
remnants of the ILM within the MH, up to the 3-month fol-
low-up visit (see Table 2; p = 0.02 and p < 0.001, respectively).

There was a significant correlation between IS/OS defect
width and BCVA in both groups and at all points in time
(baseline, 1 month, 3 months; p <0.01 in all cases). Macular
hole diameter at baseline was also significantly correlated to
BCVA at 1 and 3 months (p <0.005 in all cases).

Table 1  Baseline characteristics

Cover group Fill group Difference
Patients (#) 13 13 -
Males, females 58 6,7
Age (avg+SD) 71.3+£9.2 67.7+£7.3 ns.
MH width (pm) 553+ 164 555+153 n.s.
BCVA (decimal) 0.07+0.05 0.06+0.05 n.s.
BCVA (logMAR) 1.17+0.24 1.37+0.37 ns.
IS/OS line interruption 1220+ 349 1188 £305 ns.

width (um)

Discussion

The introduction of inverted ILM flap technique in 2010 im-
proved the closure rate and visual function for MHs greater
than 400 pm, compared to ILM peeling alone [3].

Several modifications to the original technique
(Fig. 1a) have been introduced, including the deliberate
“filling” of the MH with folded ILM, a procedure also
used in re-operations when a hinged flap cannot be ob-
tained and free ILM patch is “stuffed” within the MH
(Fig. 1b) [8-10].

We compared patients operated with Cover and Fill tech-
nique to evaluate if ILM apposition modality influenced ana-
tomic closure pattern and functional outcome.

The two groups appeared well balanced at baseline in terms
ofage, MH diameter, vision, and IS/OS line interruption width
(Table 1). The Fill group had a slightly higher proportion of
MHs larger than 600 pum, although mean MH diameter was
similar.

Both groups obtained a very high success rate, consistent
with existing literature [3, 4]: MH closed in 13/13 the Fill
group cases and 12/14 cases in the Cover group, the difference
not being significant (Table 2). Likewise, both techniques re-
sulted in significant vision improvement; the Cover group
obtained a slightly higher vision at 1 month while there was
no difference across groups at 3 months.

Foveal microstructural features differed between groups:
the Cover technique resulted in a prompt reconstruction of
the inner retinal layers (Fig. 2) and also in the presence of
foveolar depression with residual outer retinal defects. The
ILM lined the inner retinal profile sometimes reduplicating
on top of closed MH but did not protrude within the previous
MH. The Fill group eyes behaved differently: multiple and
irregularly folded ILM layers perpendicular to the layered
retinal structure were evident in all eyes and throughout the
3-month follow-up period (Fig. 3).
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Table 2 Surgical outcome at 1
and 3 months

Cover group Fill group Difference
MH closed (#; %) 12/14; 85.7% 13/13; 100% n.s.
BCVA at 1 month (decimal) 0.44+0.17 0.28+0.21 0.05
BCVA at 1 month (logMAR) 0.40+0.29 0.70+£0.40 0.048
IS/OS line interruption width at 1 month (um) 463 +385 602210 n.s.
Cystic changes at 1 month 9/13 (69.2%) 3/13 (23.1%) 0.004
Visible ILM within the MH at 1 month 7/13 (53.8%) 13/13 (100%) 0.02
BCVA at 3 months (decimal) 0.48+0.20 0.37+£0.25 ns.
BCVA at 3 months (logMAR) 0.58+0.39 0.58+0.42
IS/OS line interruption width at 3 months (um) 452 +409 563 +£209 n.s.
Cystic changes at 3 months 6/13 (46.1%) 2/13 (15.4%) 0.0008
Visible ILM within the MH at 3 months 3/13 (23.1%) 12/13 (92.3%) <0.0001
MH > 700 pm closure rate 0/2 (0%) 2/2 (100%) 0.0455

Fig. 2 Cover technique. a Pre-operative OCT of patient #3 showing a
fairly large MH with edematous rim and over 1,000 p IS/OS line
interruption width. b 1-month post-op OCT of the same patient shows
MH closure with good restoration of foveal anatomy, very limited IS/OS
line alteration is visible is this patient and the free ILM sheet is readily
visible. ¢ The same patient at 3-month post-op: the ILM folds remnants
disappeared and the MH is closed. No residual IS/OS line interruption can
be detected
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Four types of MHs closure patterns have been previously
categorized: U and V shaped, irregular, and flat open [11], the
first one being the more functionally favorable. The introduc-
tion of inverted ILM flap introduces adjunctive closure pat-
terns also described by Hayashi [12] that should be

Fig. 3 Fill technique. a Pre-op OCT shows a large MH with edematous
rim and deposits over the bare RPE within the MH. b 1-month post-op
OCT shows multiple folded layers of ILM plugging the MH full-
thickness, reaching the RPE layer. There are no cystic spaces and the
ILM tissue with its layers perpendicular to retinal structure is readily
visible. ¢ Two months later, the ILM tissue is still visible full-thickness
and discernible from retinal layers
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categorized (Figs. 2 and 3). Intriguingly, the presence of
“intrusive” ILM tissue overtly interrupting inner retinal layers
did not seem to jeopardize functional outcome in terms of
Snellen visual acuity at least in the medium term, since vision
in the Cover group was better at 1 month but similar at 3 months.

This data strengthens Wakabayashi et al.’s [13] observation
that outer retinal layers integrity (i.e., IS/OS line gap width
and external limiting membrane interruption) decides visual
function more than inner retinal layer restoration [14]. No
patients in either series showed serious adverse events and
no case of retinal pigment epithelium atrophy seen, as previ-
ously reported [15]. It should be noted that our study only
measured visual acuity and did not take into account
metamorphopsias and foveolar differential sensitivity.
Further testing in that regard is warranted to better characterize
possible qualitative and quantitative difference among differ-
ent surgical techniques.

Based on our anatomic and functional results, we believe
the ILM acts differently according to surgical technique: in the
Cover variant, the ILM bridges the MH, facilitating the inner
retinal defect shrinkage and/or closure and allows better res-
toration of the retinal structure. The outer retina benefits less
and takes longer to seal, leaving outer retinal cysts up to
3 months after surgery (Table 2; p =0.0008). The closure of
such outer retinal defects by means of the Cover technique
would be a mere consequence of inner retinal apposition fa-
cilitated by ILM flap roofing the MH. Interestingly,
Michalewska et al. [11] already reported the presence of
post-operative outer retinal cysts in 2008 when ILM peeling
alone was the gold standard.

Fig. 4 Fill technique. a Pre-op
OCT shows a large MH

(1656 pm), the largest of the
entire series. b 3-month post-op
OCT shows the MH is closed
although with 656 pm IS/OS line
interruption

i

a i

In the Fill procedure (Figs. 1 and 3), the ILM acts as a filler,
glue, and scaffold as the same time. The MH closes in the
early post-operative period and no hypo-reflective areas are
visible at 1 or 3 months, while the ILM folded within the MH
remains visible throughout follow-up (Fig. 3). OCT scans of
post-operative Fill group patients invariably show ILM tissue
macroscopically altering the foveolar inner retinal layers while
photoreceptor layer does not seem to be affected and the IS/
OS line gap width is similar to the Cover group, probably
justifying the same vision outcome at 3 months (Table 2).

Interestingly, the Fill group included 6/13 MHs larger than
600 um and 2 MHs over 700 pum: they all closed (Fig. 4). The
Cover group also had 2 MH greater than 700 pwm that did not seal.
Although barely significant, the higher success rate suggests an
advantage of the Fill technique limited to this subgroup. It is
conceivable that larger MHs close more promptly and efficiently
when ILM becomes a filler more than a framework: the simple
creation of a roof on top of the hole might not be enough to start
endogenous sealing mechanism in MHs exceeding a critical span.

Pitfalls of the present study include the limited number of
cases and relatively short follow-up. It nonetheless retains the
strength of balanced groups at baseline and consistent surgical
technique. Further studies on a larger scale are warranted to
corroborate the suggested conclusion.

In summary, our study suggests that both inverted ILM flap
variants can successfully close MHs greater than 400 um with
some difference in terms of micro-anatomical structure restor-
ing. No significant adverse effects were registered in either
series. The Fill technique could be more efficacious in closing
larger MHs.
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