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Abstract

e AIM: To define the anatomic and functional outcomes of
pars plana vitrectomy (PPV) with internal limiting membrane
(ILM) peeling, inverted ILM flap and free ILM patch graft
technique for the treatment of myopic macular hole (MH)
without retinal detachment.

e METHODS: Sixty-four eyes of 64 patients who
underwent PPV for myopic MH were included. Group 1
consists of patients underwent ILM peeling (n=26), and
Groups 2 and 3 consists of patient underwent free ILM
patch graft (n=20) and inverted ILM flap procedure (n=18)
respectively. Outcomes following surgery were MH closure
and best corrected visual acuity (BCVA) in logMAR at 6mo.

e RESULTS: Closure of MH was obtained in 20 eyes
(76.9%) of the Group 1, in 16 eyes (80%) of the Group 2 and
in 16 eyes (88.9%) of the Group 3. The mean preoperative
and postoperative BCVA was 1.60+0.53 logMAR and
1.27+0.58 l0gMAR, respectively (P<0.05). There was
no significant difference in the postoperative BCVA and
anatomical closure rates in the three groups. Although the
anatomical closure rate did not differ significantly in the
groups, closure of MH tended to be better in the inverted
ILM flap technique group at 6mo.

e CONCLUSION: Different surgical techniques may
provide favorable visual and anatomical results for myopic
MH surgery. ILM flap techniques offer higher closure rates
compared to ILM peeling technique. However, in terms of
visual outcomes, the study reveals no difference in three
surgical techniques.
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INTRODUCTION

acular hole (MH) in highly myopic eyes can lead to
M significant central vision loss and increases the risk of
complications such as retinal detachment (RD). The efficacy
of surgical intervention and the visual outcomes are lower in
high myopic MHs compared with non-myopic eyes'"’. The
occurrence of posterior staphyloma, the elongation of the axial
length and epiretinal membrane formation render this surgery
challenging and may elicit lower success rates. The inelasticity
of the retinal blood vessels and internal limiting membrane
(ILM) have also been considered to be an important factor in
myopic MH surgery'.
Several surgical methods have been defined to improve the
outcomes of pars plana vitrectomy (PPV) and ILM peeling in
the treatment of myopic, unclosed and large MHs, including
free ILM patch transplantation and inverted ILM flap
technique®™™. Kuriyama et al” reported that the inverted ILM
flap procedure can be beneficial for the MHs with and without
RD in high myopic eyes. They showed that closure rates would
reach to 80%. Previously two studies compared the inverted
ILM flap technique and the ILM peeling technique in MH
patients with highly myopic eyes. The MH closure rates were
higher in the inverted ILM group (100% and 91.7%) compared
to the ILM peeling group (66.7% and 81.2%)"". On the
other hand, Morizane et /™ achieved successful results with
autologous transplantation of ILM in patients with refractory
MH. MH closure rate was 90% in their study.
However, there is little agreement among surgeons as to
whether which procedure is superior, and treatment choice are
frequently dependent on personal experience and preference.

In this study, we purposed to assessed the anatomical and
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functional success of this approaches vitrectomy with ILM
peeling, inverted ILM flap and free ILM patch graft technique
for the treatment of myopic MH without RD.

SUBJECTS AND METHODS

Ethical Approval The ethical clearance was obtained from
the Hamidiye Ethics Committee of University of Health
Sciences (Approval number 6/9). All authors adhered to the
tenets of the Declaration of Helsinki. Informed consent had
been obtained from all the participants.

This was a retrospective study consists of consecutive patients
who underwent vitrectomy with inverted ILM flapprocedure,
free ILM patch graft procedure or conventional ILM peeling
for myopic MH without RD between January 2017 and May
2021, at a tertiary referral center.

The inclusion criteria were: 1) myopic MH without RD; 2)
high myopia (defined as an axial length of at least 26 mm
or a refractive error of —6.00 dioptres or more); 3) a follow-
up period of more than 6mo from the surgery. The exclusion
criteria were: 1) recurrent MH; 2) traumatic MH; 3) presence
of systemic disease or chronic ocular disease.

All patients underwent detailed preoperative ophthalmologic
examination, including best corrected visual acuity (BCVA)
according to Snellen charts, measurement of axial length and
dilated indirect and contact lens slit-lamp biomicroscopy,
applanation tonometry and spectral domain optical coherence
tomography (SD-OCT; Spectralis HRA OCT, Heidelberg
Engineering, Heidelberg, Germany). The diagnosis of myopic
MH was verified with SD-OCT.

At the follow-up visits, all ophthalmologic examinations
including BCVA, dilated slit lamp biomicoscopy, applanation
tonometry and SD-OCT were performed. Data from the
final visit were used to determine the efficacy of the surgical
technique. SD-OCT images were used to evaluate the
anatomical recovery of myopic MH. Preoperative and final
BCVA values were used to evaluate the functional recovery.
Closure of MH was identified by SD-OCT as the disappearance
of the hole and no bare retina pigment epithelium exposed to
the vitreous. Flat-open and elevated-open myopic MHs were
noted as anatomical failure in this study.

All patients underwent 23 gauge 3-port PPV (Alcon
Constellation"nAlcon Laboratories, Fort Worth, TX, USA).
Core vitrectomy was performed posterior vitreous detachment
was induced with the vitrectomy probe or soft silicone-tipped
cannula. In this retrospective study, the surgical technique was
chosen based on surgeons personal experience and preference.
All surgeries were performed by two qualified surgeons
(Ozcaliskan S and Artunay O). A mixture of brilliant blue G
was applied over the macula to stain the ILM. In the group
of ILM peeling, the ILM was removed for nearly two disk
diameters around the MH. Basically the inverted ILM flap
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surgery was performed in accordance with the description of
Michalewska et al"”.

The ILM was peeled in a circular manner for about two disc
diameters around the MH after the staining procedure. During
the circumferential peeling, the ILM was not peeled off entirely
from the macula but was left related to the rim of the MH. A
segment of the peeled ILM, which was hanging in the vitreous
cavity, placed over the MH. To stabilize the flap and facilitate
the surgical maneuvers, the perfluorocarbon liquid was applied
over the macula. Then the MH was covered with the inverted
ILM flap.

In the free ILM patch group, the ILM was peeled off
completely to the vascular arcades and then removed.
Perfluorocarbon liquid was placed over the optic disc and
macula. The free ILM flap of slightly wider than the size of
the MH was harvested from the residual ILM close to the
vascular arcades. Then the free flap was placed over the MH
under perfluorocarbon liquid. The fluid-air exchange was
performed. During this procedure, the remnant fluid on the
disc was removed continuously to avoid movement of the free
flap. At the end of the operation, the air was replaced with
12% perfluoropropane or 20% sulfur hexafluorid. Patients
maintained face down position for 7d postoperatively.

Patients who underwent ILM peeling surgery comprised Group
1 (n=26); patients who underwent free ILM patch graft surgery
comprised Group 2 (n=20) while patients treated with inverted
ILM flap surgery comprised Group 3 (n=18).

The BCVA was assessed using Snellen charts and converted to
the logarithm of the minimal angle of resolution (logMAR) for
calculation. To define the surgical outcomes, the preoperative
and postoperative BCVA (logMAR value) were compared
using the paired z-test. A P value of less than 0.05 was
considered significant. All statistical analyses were performed
using SPSS for Windows version 22.0 (SPSS Inc., Chicago,
[linois, USA). Data were presented as mean+standard
deviation (SD).

RESULTS

Sixty-four eyes of 64 consecutive patients (eighteen males
and forty-six females) with myopic MHs were included in this
study. The median age of the patients was 63.2+2.35y. On the
SD-OCT examination at baseline, the base diameter of the
MHs were 863.234256.00 pm in the Group 1, 981.12+274.13 um
in the Group 2 and 1195.114364.00 pum in the Group 3. Thirty-
one eyes were phakic, and 33 eyes were pseudophakic. None
of the eyes underwent phacoemulsification in combination
with MH surgery. The follow up period was 20.11£7.24mo
in Group 1, 17.1146.52mo in Group 2 and 20.20+7.20mo in
Group 3.The patient demographics and clinical features for the
three groups are presented in Table 1. There was no significant
difference in the baseline parameters between the three groups,
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Table 1 Preoperative characteristics of the patients mean+SD
Characteristics Group 1 (n=26) Group 2 (n=20) Group 3 (n=18) P

Age,y 62.52+13.54 64.49+12.62 60.12+11.85 0.124
Gender (male/female) 7/19 5/15 6/12 0.273

Axial length, mm 29.60+2.80 30.11+1.90 29.81+20.00 0.141
Follow up, mo 20.11+7.24 17.11+6.52 20.20+7.20 0.090
BCVA, logMAR 1.50+0.48 1.84+0.58 1.48+0.53 0.201

MH minimum diameter, um 454,12+135.10 528.11+188.00 615.12+255.23 0.012

MH base diameter, pm 863.23+256.00 981.124274.13 1195.11+364.00 0.065

Lens status (phakic/pseudophakic) 14/12 9/11 8/10 0.714
BCVA: Best-corrected visual acuity; MH: Macular hole.

Table 2 Comparison of visual and anatomic outcomes between three surgical methods meantSD
Items Group 1 (n=26) Group 2 (n=20) Group 3 (n=18) P

BCVA, logMAR 1.25+0.45 1.40+0.75 1.14+0.57 0.521

MH closure 20 (76.9%) 16 (80%) 16 (88.9%) 0.773

BCVA: Best-corrected visual acuity; MH: Macular hole.

including age, gender, axial lenght, length of follow up,
preoperative BCVA and MH size.

The mean preoperative and postoperative BCVA was
1.60£0.53 logMAR and 1.27+0.58 logMAR, respectively. A
significant increase was observed in the BCVA after the MH
surgery (P<0.05). MH closure was obtained in 52 of 64 cases
(81.25%). Anatomical success rates were 76.9% in the Group
1, 80% in the Group 2 and 88.9% in the Group 3. There was
no statistically significant difference in the anatomical closure
rates between the three groups (P=0.773; Table 2).

There were no complications during or after MH surgery in
any patients. Late reopening of the MH was not observed in
any patient during the follow-up period. Representative cases
of the free ILM patch graft procedure and the inverted ILM
flap procedure are presented in Figures 1 and 2.

Case 1 Preoperative and postoperative scans of a 62-year-old
woman with myopic MH. The BCVA was 1.80 logMAR and
OCT scan demonstrated prominent retinoschisis around the
MH. Primary PPV with the free ILM patch graft technique was
performed. Six months after after surgery, the MH was closed
and the BCVA was improved to 1.30 logMAR.

Case 2 A 55-year-old woman was referred with a long
standing MH (documented for at least 3y). Her BCVA was
1.30 logMAR preoperatively. The minimal MH diameter was
618 pum. Primary PPV with the inverted ILM flap procedure
was performed. MH was closed and BCVA improved to 1.00
logMAR 3mo postoperatively.

DISCUSSION

In this study, we observed succesful anatomic and visual
outcomes in myopic MHs using three different surgical
tecniques. Our findings suggest that ILM peeling is an
essential intervention in myopic MHs and flap techniques may
offer higher postoperative closure rates in myopic MHs.

ILM peeling has been known as a crucial step in the surgical

Figure 1 Spectral domain optical coherence tomography (SD-OCT)

scans of macular hole (MH) with retinoschisis in high myopia A:
Preoperative appearance; B: Postoperative appearance 6mo after
pars plana vitrectomy (PPV) with the free internal limiting membrane

(ILM) patch graft procedure.

management of various retinal diseases, including MHs,
vitreomacular traction, epiretinal membranes, macular edema
and retinoschisis”'”. ILM peeling in myopic MH have been
widely adopted tecnique and accepted by the main part of
retinal consultant as the primary treatment”. It may ensure
successful anatomical and functional outcomes by releasing
the tangential traction attributed to the macula and reducing the
risk of epiretinal membrane formation after surgery. However,
recent studies revealed that ILM peeling may be insufficient
for highly myopic MHs™>""",

Kuriyama et al”' described the outcomes of a surgical
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Figure 2 Spectral domain optical coherence tomography (SD-

OCT) scan of a high myopic full-thickness macular hole (MH) A:
Preoperative image; B: Postoperative image 3mo after pars plana
vitrectomy (PPV) with the inverted internal limiting membrane (ILM)

flap procedure.

intervention, named the inverted ILM flap procedure, for
myopic MH surgery. They noted that the inverted ILM flap
procedure can be advantageous for the MHs with or without
RD in high myopic eyes. They showed that closure rates using
the inverted ILM flap procedure would reach the success to
80%. Moreover, they achieved a progress in visual acuity
scores more than 2 lines in 5 eyes (50%).

In another study, Hu et a/' compared the outcomes of the
conventional ILM peeling technique and the inverted ILM flap
technique for MH in eyes with high myopia. And observed
better anatomic closure rates in the inverted ILM group (100%)
compared to the ILM peeling group (66.7%). According to the
study, inverted ILM flap technique offers superior structural
recovery and visual improvement compared to the ILM peeling
technique.

In a recent study, Wakabayashi et al'"” investigated the efficacy
of vitrectomy with inverted ILM insertion for MH with RD in
high myopia. They observed better closure rates in the inverted
ILM group compared to the ILM peeling group (92% vs 39%).
In addition they achieved better postoperative functional
outcomes in the inverted ILM group than the ILM peeling
group.

In accordance with their findings, we observed higher closure
rates with the inverted ILM flap tecnique compared to the
other tecniques. Kuriyama et al” suggested that the inverted
ILM flap approach for filling the MH with proliferating cells
could be superior to the ILM removal technique for relaxing
the retina.
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These aforementioned techniques may be an option for
initial surgery, but the success rates are lower in eyes with
refractory or recurrent MHs from which the ILM have already
been peeled off. Morizane et al'* defined a new surgical
approach, named autologous transplantation of the ILM.
They transplanted an ILM flap inside the MH and obtained
a significant BCVA increase in 8§ eyes (80%) after a follow-
up of 12mo in that study. They suggested that this technique
may be a good option in eyes with refractory MHs. ILM
peeling in highly myopic eyes requires advanced skills and
add difficulty to the operation. During the peeling of ILM,
there are two reasons for failure. These are the rupture of ILM
or retina'*!. In these cases, the inverted ILM flap procedure
can not be caried out. In addition, the free ILM patch graft
technique can be useful in patients who were operated surgery
for macroaneurysm, myopic tractional maculopathy, diabetic
macular edema and epiretinal membrane''”.

Chen et al"® reported their concern about this technique. They
argued that even with the ILM placement technique, there is
a predisposition for the inverted flap to bend backwards. The
recurrent manipulation within or around the MH can produce
tissue injury and presumably limiting visual recovery. The
most considerable point about the free ILM patch graft method
is preserving proper location of the flap until the finalization
of the fluid-air exchange or during the postoperative days.
Minor changes to the original technique have been proposed
to prevent the dislodgement of the flap and increase the
anatomical success'’. Perfluorocarbon liquids may be used
for free flap positioning, and autologous serum or viscoelastic
plugs usage can improve tissue adhesion">'"*",

Miiller cell proliferation and gliosis may perform a significant
role in closing MHs and production a convenient conditions
to the photoreceptors in new locations. Michalewska et al"”
speculated that the ILM flap may induce gliosis on the surface
of the ILM and inside the retina. The ILM also can be a
scaffold for tissue growing and Miiller cell proliferation.
Morizane et al'® showed that new tissue is formed surrounding
the ILM flap after autologous ILM transplantation using OCT.
In addition, Lee et al®® demonstrated that autologous ILM
flaps inside the holes stimulate prolonged glial proliferation.
They showed that large MHs can be successfully closed as a
result of this process. However, it is not known certainly how
the ILM flap restores the fovea.

Previously several studies compared the anatomic and visual
outcomes between ILM peeling and ILM flap insertion
technique for MH in highly myopic eyes”". In this study,
we carried out a retrospective study aiming to compare the
conventional 360 degree ILM peeling, the inverted flap-
technique and the free ILM patch graft. To the best of our
knowledge, the current study is the first to compare these
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three techniques. We evaluated the functional success with
improvement in BCVA and anatomical success was defined by
MH closure rate. This study indicated that the free ILM patch
graft and the inverted-flap technique has a slightly higher MH
closure rate than the conventional 360 degree ILM peeling. In
terms of MH closure rates of the inverted flap technique and
the free-ILM patch graft, our outcomes seemed to resemble
those published by now. Although the closure rates in the
inverted ILM group and the free-ILM patch graft group was
higher than that in the ILM peeling group. But significant
differences in closure rates between the three groups were
not found. In this study, no significant difference was found
between the groups, between preoperative and postoperative
BCVA. Severe chorioretinal atrophy and loss of foveal
photoreceptor layer may be associated with this results.
The limitations of this study are that its retrospective desing
and small sample size. We would like to specify that myopic
MHs is extremely infrequent. Therefore, it is very difficult
and time-consuming to conduct a randomized study. In this
retrospective study, there was no difference in the MH base
diameter. But we can see that the surgeon was tended to prefer
free ILM patch graft or inverted ILM flap surgery in larger
holes. This condition may lead to selection bias. Further
studies are needed to define the impact of some additional
factors, such as refractive errors, the presence of staphyloma,
and the axial length. The relationship between BCVA and
restoration of the ellipsoid zone and the external limiting
membrane was not assessed. A longer follow-up time will be
required to evaluate the long-term outcomes of this techniques
on improving BCVA.

In conclusion, ILM flap techniques are superior in terms

of anatomical results in myopic MH surgery. But, there is

no concensus about which method is better for functional
recovery. A larger, prospective, randomized studies are
recommended to elucidate the long-term anatomical and visual
outcomes of the three techniques for the treatment of myopic

MH without RD.

ACKNOWLEDGEMENTS

Conflicts of Interest: Ozbek M, None; Ozcaliskan S, None;

Alagoz C, None; Artunay O, None.

REFERENCES

1 Ruiz-Medrano J, Montero JA, Flores-Moreno 1, et al. Myopic
maculopathy: current status and proposal for a new classification and
grading system (ATN). Prog Retin Eye Res 2019;69:80-115.

2 Figueroa MS, Mora Cantallops A, Virgili G, Govetto A. Long-term
results of autologous plasma as adjuvant to pars Plana vitrectomy
in the treatment of high myopic full-thickness macular holes. Eur J
Ophthalmol 2021;31(5):2612-2620.

3 Michalewska Z, Michalewski J, Dulczewska-Cichecka K, Nawrocki J.

Inverted internal limiting membrane flap technique for surgical repair

of myopic macular holes. Retina 2014;34(4):664-669.

4 Qiao G, Zhang XJ, Tang ZY, et al. Amniotic membrane for covering
high myopic macular hole associated with retinal detachment following
failed primary surgery. Int J Ophthalmol 2022;15(5):760-765.

5 Kuriyama S, Hayashi H, Jingami Y, et al. Efficacy of inverted internal
limiting membrane flap technique for the treatment of macular hole in
high myopia. Am J Ophthalmol 2013;156(1):125-131.el.

6 Hu XT, Pan QT, Zheng JW, Zhang ZD. Foveal microstructure and
visual outcomes of myopic macular hole surgery with or without the
inverted internal limiting membrane flap technique. Br J Ophthalmol
2019;103(10):1495-1502.

7 Alvarez MB, Sabaté S, Gomez-Resa M, Garcia-Arumi J. Anatomical
and visual outcomes of inverted internal limiting membrane flap
technique versus internal limiting membrane peeling in myopic macular
hole without retinal detachment: a preliminary retrospective study.
Retina 2020;40(2):233-240.

8 Morizane Y, Shiraga F, Kimura S, et al. Autologous transplantation
of the internal limiting membrane for refractory macular holes. 4m J
Ophthalmol 2014;157(4):861-869.e1.

9 Michalewska Z, Michalewski J, Adelman RA, Nawrocki J. Inverted
internal limiting membrane flap technique for large macular holes.
Ophthalmology 2010;117(10):2018-2025.

10 Almony A, Nudleman E, Shah GK, Blinder KJ, Eliott DB, Mittra RA,
Tewari A. Techniques, rationale, and outcomes of internal limiting
membrane peeling. Retina 2012;32(5):877-891.

11 Shimada N, Sugamoto Y, Ogawa M, Takase H, Ohno-Matsui K.
Fovea-sparing internal limiting membrane peeling for myopic traction
maculopathy. Am J Ophthalmol 2012;154(4):693-701.

12 Ho TC, Chen MS, Huang JS, Shih YF, Ho H, Huang YH. Foveola
nonpeeling technique in internal limiting membrane peeling of myopic
foveoschisis surgery. Retina 2012;32(3):631-634.

13 Wakabayashi T, Ikuno Y, Shiraki N, et al. Inverted internal limiting
membrane insertion versus standard internal limiting membrane
peeling for macular hole retinal detachment in high myopia: one-year
study. Graefes Arch Clin Exp Ophthalmol 2018;256(8):1387-1393.

14 He S, Su T, Zhou ZY, et al. A novel surgical technique of internal
limiting membrane peeling for high myopic foveoschisis: a wide range
of whole piece consecutive peeling without preservation of epi-fovea.
Int J Ophthalmol 2022;15(2):284-290.

15 Park SW, Pak KY, Park KH, et al. Perfluoro-n-octane assisted free
internal limiting membrane flap technique for recurrent macular hole.
Retina 2015;35(12):2652-2656.

16 Chen SN, Hsieh YT, Yang CM. Multiple free internal limiting
membrane flap insertion in the treatment of macular hole-associated
retinal detachment in high myopia. Ophthalmologica 2018;240(3):
143-149.

17 Velez-Montoya R, Ramirez-Estudillo JA, Sjoholm-Gomez de Liano C,
et al. Inverted ILM flap, free ILM flap and conventional ILM peeling
for large macular holes. Int J Retina Vitreous 2018;4:8.

18 Hernandez-da Mota SE, Béjar-Cornejo F. Modified technique of

1655



Different techniques in myopic macular hole

autologous transplantation of internal limiting membrane for macular
hole. Cir Cir 2016;84(6):454-458.

19 Song ZM, Li M, Liu JJ, Hu XT, Hu ZX, Chen D. Viscoat assisted
inverted internal limiting membrane flap technique for large macular
holes associated with high myopia. J Ophthalmol 2016;2016:1-7.

20 Lee SM, Kwon HJ, Park SW, Lee JE, Byon IS. Microstructural

1656

changes in the fovea following autologous internal limiting membrane
transplantation surgery for large macular holes. Acta Ophthalmol
2018;96(3):¢406-¢408.

21 Wu YJ, Rao J, Wu KR, et al. Vitrectomy with internal limiting
membrane peeling versus its flap insertion for macular hole in high

myopia: a Meta-analysis. Int J Ophthalmol 2020;13(1):141-148.



