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Abstract

e We evaluated the clinical efficacy of free internal limiting
membrane (ILM) flap transplantation for the treatment of
large macular hole over 500 ym in 42 consecutive patients.
Quantified evaluation of the post-operative macular
anatomy restoration was performed by spectral-domain
optical coherence tomography in the 12mo follow-up.
The results showed 41 eyes achieved successful closure
(97.6%). Postoperative best corrected visual acuity,
ellipsoid layer, and external limiting membrane disruption
were significantly improved at all follow-up time points.
The central foveal thickness was significantly higher at
1mo. We concluded that free ILM flap transplantation
proves to be effective to achieve anatomical and functional
improvement for the treatment of large macular hole.
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INTRODUCTION

diopathic macular hole is a common disease that severely
I damages the central vision. Ever since more and more
studies have revealed the role of internal limiting membrane

?, pars plana

(ILM) in the pathogenesis of macular hole'"
vitrectomy (PPV) combined with ILM peeling has become a gold
standard, with closure rate as high as 90%"*. ILM peeling
is thought to provide good anatomic and functional results in
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macular hole by completely releasing the traction forces on the
macula and reducing the postoperative epiretinal membrane
formation. However risk factors for failed macular hole
surgery include the diameter of the hole greater than 500 pm
and chronicity of the lesion longer than 1y. Recently, different
surgical modification has been made such as compression of
the retinal edges during surgery, arcuate retinotomy or inverted
ILM flap technique!®"'
Morizane et al''” revealed for the first time the technique of

T'to achieve better surgical outcome.

ILM transplantation and proved its efficacy in macular hole
closure in 10 eyes. However, their study did not evaluate the
microstructural changes in terms of outer retinal layers and its
duration of structural recovery.

In this prospective study, we evaluated for the first time the
postoperative anatomical outcomes by spectral-domain optical
coherence tomography (SD-OCT), and its functional outcome
of PPV combined with ILM transplantation.

SUBJECTS AND METHODS

Ethical Approval This was a prospective interventional case
study conducted at the Second Hospital of Hebei Medical
University over a 35-month period (January 2013 through
November 2015). All investigations adhered to the tenets of
the Declaration of Helsinki, and Institute Ethics Committee of
Hebei Medical University approval was obtained. Each patient
was informed about the benefits and risks of the surgery and
their written consents were obtained.

Subjects Forty-two eyes of 42 patients with large macular
hole diagnosed by SD-OCT were included in the study.
All patients underwent ophthalmic examination, including
best-corrected visual acuity (BCVA) using the Snellens
chart, intraocular pressure (IOP) by Goldmann applanation
tonometry, slit-lamp biomicroscopy for lens opacity further
graded by Lens Opacities Classifications System II (LOCS II)!"*),
and dilated fundus examination, and SD-OCT (Spectralis
HRA+OCT, Heidelberg Engineering, Carlsbad, CA, USA).
Inclusion criteria were as follows: 1) idiopathic macular hole
with minimum base diameter >500 pum measured by SD-
OCT,; 2) a minimum follow-up period of 12mo. Exclusion
criteria included eyes with refractive errors of more than -6.00
diopters, or with any other retinal diseases, history of ocular
surgery or ocular trauma. Follow up was performed on 1, 3, 6
and 12mo postoperatively. The primary efficacy outcome was
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visual acuity (VA) and macular closure rate. The secondary
efficacy outcome was the ellipsoid layer disruption diameter,
external limiting membrane (ELM) disruption and mean
central foveal thickness (CFT) on macular hole closure. The
disruption in ellipsoid or ELM was characterized by the loss
of the back reflection line, and the disruption volume was
calculated using ImageJ in reference to the internal caliber in
OCT scans.

Surgical Intervention All procedures were performed
by the same surgeon (Hao YH). Phacoemulsification and
intraocular lens plantation were indicated if any types of lens
opacity (posterior subcapsular, nuclear or cortical opacity) was
observed with LOCS 1II grade >3. Creation of posterior hyaloid
detachment was indicated in cases of stage-3 macular hole,
and standard 25 gauge or 23 gauge PPV was performed for all
surgical eyes. Nontoxic concentration of 0.25% indocyanine
green was used for ILM staining for 20s under fluid". ILM
transplant was created first using pinch and grasp technique
with a size big enough to cover the macular hole but still is able
to be tucked within the hole. The edges of the macular hole
were elevated using microforceps to create a subretinal space
into which the flap was inserted with vitreous-side of the ILM
up. A 25-gauge soft-tipped flute needle was applied to massage
the edge gently and ensure proper positioning of the flap. The
infusion was temporally tuned down (15 mm Hg) during the
creation and insertion of the transplant to prevent flap torn by
the fluid stream. In very rare cases (only 1 case in this study),
light pipe was used to assist the release of ILM flap from the
membrane forceps if the transplant flap is firmly stick on the
microforceps with the lights illumination tune down as well, to
prevent endoillumination-induced maculopathy. The IOP was
resumed back to 30 mm Hg and standard ILM (ILM peeling
was continued up to the arcades. Fluid gas exchange with 12%
perfluoropropane (C3F8) was performed. The patients were
advised face down position for 1wk postoperatively starting
from the day of surgery (Figure 1).

Statistical Analysis ANOVA was used to compare BCVA,
ellipsoid layer disruption, ELM disruption and CFT. All
analyses were performed with SPSS 13.0 software and
difference was considered to be statistically significant when
P<0.05.

RESULTS

Totally forty-two eyes of 42 patients met inclusion criteria and
were enrolled in this study. The mean age was 64.5 years old
(range 54-76y), and majority of patients were females (83.3%).
The mean spherical equivalent was -2.97 D (range +3.50 D to
-5.25 D). The mean duration of symptoms was 3.3mo (range
20d-12mo). Three study eyes were diagnosed with stage 3
(7.1%) macular hole and 39 (92.8%) were stage 4.

Figure 1 Intraoperative view A: ILM peeling was performed and
the free ILM flap was transplanted to cover the base of the macular
hole; B: After gas-fluid exchange, the ILM flap was confirmed in

place under air view.

Figure 2 SD-OCT scan of large macular hole pre and post surgery

A: Large macular hole with 633 um edge diameter and 995 pm base
diameter; B: At 14d follow-up after PPV+ILM transplantation, SD-
OCT scans showed hyper-reflective signal at the base; C: At 3mo
follow-up post-operatively, anatomical large macular hole closure was

obtained, with resolution of the hyper-reflective signal.

Large Macular Hole Anatomical Closure Rate Preoperative
base diameter of macular hole on SD-OCT was 814.3+112.9 um. At
12mo follow-up, 41 eyes achieved complete anatomic closure
(97.6%). One eye failed complete closure although with
significantly decreased MH diameter. The transplanted ILM
flaps presented as highly reflective materials on SD-OCT at
14d postoperatively, but resolved within 3mo (Figure 2).
Best Corrected Visual Acuity Mean baseline BCVA was
1.37£0.05 logMAR, and postoperative mean BCVA was
1.034+0.06 at 1mo (=4.782, P=0.0001), 0.802+0.045 at 3mo
849
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(==3.452, P=0.011), 0.67+0.04 at 6mo (=2.236, P=0.048) and
0.51+0.06 at 12mo (+=2.251, P=0.034). There is significantly
improvement of VA postoperatively (F=28.032, P<0.001).
Ellipsoid Layer Disruption Diameter Mean baseline
ellipsoid layer disruption diameter was 1112+45.4 pm, and
postoperative ellipsoid layer disruption diameter was
859+84.6 um at 1mo (=2.812, P=0.021), 649+52.5 pum at
3mo (1=2.414, P=0.035), 486+46.9 um at 6mo (=2.123,
P=0.044) and 320+45.1 um at 12mo (#=2.178, P=0.042).
There is significant anatomic reconstruction of ellipsoid layer
structure (F=38.761, P<0.001).
External Limiting Membrane Disruption Mean baseline ELM
disruption diameter was 1038+39.6 um, and postoperative
ELM disruption diameter was 748+64.12 um at 1mo (=3.810,
P=0.002), 585+48.9 um at 3mo (=2.111, P=0.048), 4384+42.8 um at
6mo (1=2.179, P=0.042) and 265+29.0 um at 12mo (=2.545,
P=0.034). There is significant anatomic ELM restoration
(F=36.459, P<0.01).
Central Foveal Thickness Postoperative CFT was 2394+29.7 um
at 1mo follow-up, but significantly reduced to 174+13.2 um
at 3mo follow-up (=3.026, P=0.004), 165+15.8 um at 6mo
(#=3.324, P=0.003), and 175+30.0 pm at 12mo follow-up
(=0.214, P=0.028). There is no statistical significance between
3mo and 6mo (+=0.214, P=0.837), or between 6mo and 12mo
(=0.193, P=0.867).
DISCUSSION
The role of ILM in the pathogenesis of macular hole has been
elucidated in recent studies'*. ILM peeling is a way of making
sure no remnant vitreous will exert tangential traction over the
macula and provide a support for cell proliferation, which will
serve as an effective way of prevent the formation of epiretinal
membrane. ILM peeling is also aimed at anatomical closure
of macular hole by surgically inducing glial cell proliferation.
idiopathic MH closure rate is significantly increased (90%)
after ILM peeling compared with non-ILM peeling technique
(58%)™.
However, for macular hole over 500 pm in diameter is still at
risk for surgery failure and poor vision prognosis even after
PPV+ILM peeling"”. Michalewska et al™ reported for macular
holes with a minimum diameter exceeding 500 pum, final
VA is usually less than 0.2 and reoperations are sometimes.
The success rate of repeated surgeries for large macular
hole were lower than primary surgery. The visual comes are
usually poorly improved because of the bare retinal pigment
epithelium (RPE) for large macular hole.
In recent years, different surgical improvement has been
reported to improve better surgical outcome and higher
closure rate of large macular hole, including autologous
serum or autologous platelet injection, arcuate retinotomy and
inverted ILM flap”*”'*'" In our study, we conducted free
850

ILM flap transplantation for large macular hole, with a good
closure rate up to 97.6%, with no severe intraoperatively or
postoperatively complications and indocyanine green-toxicity
up to 35-month follow-up. The idea behind our surgical
design is based on the hypothesis that, first of all the peeling
of ILM will serve as a damage to the retina, which will further
stimulate the aggregation and migration of macrophages from
the vitreous into the vitreoretinal interface, thus inducing glial
cell proliferation mediated by a-tumor necrosis factor
(«TNF)!""*" "and secondly the transplanted ILM at the base
will provide scaffold for glial cell proliferation”".

One possible intraoperative complication is the damage to
the RPE at the base of the macular hole. However, the non-
inverted ILM serves to be a protection and solution. We highly
respect the original orientation of the free ILM flap due to
the histology findings that the retinal surface is rougher than
the vitreous surface’™, potentially providing stronger hold to
RPE layer and lowering the necessity of too much exertion
when exacting submacular fluid during fluid-gas exchange. Up
to the 12-month follow-up, no signs of RPE damage (defect
or clumping) were observed in SD-OCT scan in our study
population.

Even though it has proven in this study that free ILM
flap transplantation is effective in achieving anatomic
reconstruction and VA improvement in eyes with large macular
hole, the real-world visual benefit of such technique still
needs to be carefully investigated. In one of our unpublished
retrospective comparison study (n=20 in each group),
postoperative logMAR BCVA in ILM transplant group were
0.67+0.040 at 6mo follow-up, and 0.50+0.062 at 12mo follow-
up, while the ILM peeling group were 0.92+0.041 (+=2.871,
P=0.007) and 0.79+£0.053 (+=2.415, P=0.027) respectively,
indicating significant visual improvements. Thus a well-
conducted large-population based prospective study between
the two surgical groups is stilled called for. But but the value
of this surgical technique not only lies in its potential clinical
efficacy, but also allows us to understand the behavior of
autologous ILM scaffold, the process of macular hole closre as
well as its underlying cellular behavior.
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