
ORIGINAL PAPER

Microstructural retinal regeneration after internal limiting
membrane flap surgery for repair of large macular holes:
a 1-year follow-up study

Max Vieregge . Christophe Valmaggia . Hendrik P. N. Scholl . Josef Guber

Received: 12 March 2018 / Accepted: 2 May 2018 / Published online: 9 May 2018

� Springer Science+Business Media B.V., part of Springer Nature 2018

Abstract

Purpose To evaluate long-term change in functional

and structural outcomes after successful repair of large

macular holes (MH) with internal limiting membrane

(ILM) flap techniques.

Methods Eleven consecutive patients were reviewed

over a 1-year time period after the successful repair of

large MH with ILM flap techniques. SD–optical

coherence tomography (SD-OCT) images were taken

to assess the anatomical outcome after surgery, while

the best-corrected visual acuity (BCVA) was tested

using Snellen charts to evaluate the functional out-

come. Each patient was evaluated at 1, 6 and

12 months after surgery, respectively.

Results All cases achieved complete anatomical

closure. All patients showed a microstructural regen-

eration of the retina with a decrease in ellipsoid zone

defects over the 1-year follow-up. Functionally, as

compared to baseline, all of the patients showed

improvements in best-corrected visual acuity of 1–4

lines at the final examination after 12 months post-

operatively.

Conclusions Long-term results show further

improvement in the best-corrected visual acuity as

well as further microstructural regeneration of the

retina and decrease in ellipsoid zone defects over time.

The exact mechanism, which promotes closure of the

macular hole and reconstruction of the ellipsoid zone

after internal Limiting Membrane autograft surgery,

still remains unknown.

Keywords Ellipsoid zone � Macular hole � Internal
limiting membrane flap � Inverted flap � Free flap

Introduction

Macular holes (MH) are full-thickness retinal defects

of the fovea, which impair central vision. Even though

anatomical closure following primary pars plana

vitrectomy (PPV) and internal limiting membrane

peel (ILM) with gas tamponade is given in 60–100%

of the cases, closure rates tend to be lower in larger

macular holes ([ 400 lm), atrophic macular holes

and macular holes associated with high myopia [1, 2].

In 2010, Michalewska et al. [3] postulated a technique

for the initial surgery of large macular holes, in which

a part of an incompletely peeled internal limiting

membrane was placed at the base of the macular hole.

Their theory was that the inverted internal limiting flap

serves as a stimulus and scaffold to the proliferation of

glial cells, therefore promoting macular hole closure.
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Even though success rates are high after standard

procedure, surgical failure still may occur. Closure is

much more reluctant in refractory macular holes and

rarely exceeds 50% [4–6]. The surgical technique

with autologous free internal limiting membrane

flaps was introduced by Morizane et al. Identically to

the inverted flap technique, it is assumed that placing

a peripheral graft within the hole enhances closure

[7].

However, despite the high closure rate for large

and refractory macular holes, some vitreoretinal

surgeons are still reserved in performing these new

techniques because of concerns regarding the long-

term outcomes. In particular, the effect of the ILM

flap on the microstructural regeneration is subject of

hot debate.

This study reports the long-term results with both

techniques, in which we analyse the functional, in

terms of best-corrected visual acuity and anatomical

outcomes, with special focus on the microstructural

regeneration of the retina and the decrease in ellipsoid

zone defects.

Patients and methods

The study was performed in accordance with local

clinical governance approval and as a part of depart-

mental quality control. Research adhered to the tenets

of the Declaration of Helsinki.

All patients who received inverted or free flap

surgery for large macular holes (minimum diame-

ter[ 400 lm) and non-closing macular holes in the

time period from January to September 2016, were

incorporated in our study.

Complete ophthalmological examination was

assessed with all patients. The best-corrected visual

acuity (BCVA) (in decimal) was recorded, and

spectral domain optical coherence tomography (SD-

OCT) was performed prior to surgery as well as at 1, 6

and 12 months after surgery, respectively.

Ellipsoid zone defects were measured manually by

two experienced ophthalmologists, and the best-cor-

rected visual acuity (BCVA) was tested using a

Snellen chart. Pre- and post-operative OCT measure-

ments were taken using the same sectional images.

The macular hole base diameter was noted as the

baseline ellipsoid defect (Fig. 1).

Ellipsoid zone defect measurements and BCVA

scores were analysed by calculating overall means

(with standard errors) and means by method (inverted

versus free ILM flap) for each time point. Data at each

of the three follow-up dates were compared to pre-

operative values for all patients together with Wil-

coxon signed-rank tests. p values were Bonferroni-

adjusted for multiple testing. Data analysis was carried

out with the software R, version 3.3.3 [8].

Surgical technique

Pars plana vitrectomy (23 gauge), either using

inverted flap or free flap technique, was conducted

on all patients. First central and peripheral pars plana

vitrectomy was performed. Secondly, dual blue was

applied to stain the internal limiting membrane.

Finally, 20% sulphur hexafluoride or 12%

Fig. 1 Microstructural retinal regeneration over time. Spectral

domain–optical coherence tomography images showing ellip-

soid zone defect decreases and microstructural retinal recon-

struction over 12 months after surgery (from top to bottom: pre-

operative, 1 month, 6 months and 1 year after successful

surgery, arrows indicate ellipsoid zone defects)
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perfluoropropane tamponade was injected, and

patients were instructed to hold a face-down posture

for approximately 5 days [9].

Inverted internal limiting membrane flap

The internal limiting membrane flap was prepared in a

circular pattern, approximately 1.5–2 disk diameters

surrounding the macular hole using a 23G forceps. The

innermost part was left attached at the rim of the

macular hole. Thereafter, the inverted flap was placed

gently into the hole. Finally, the operation was

completed with a fluid–air exchange [9].

Free internal limiting membrane flap

After applying dual blue dye, the internal limiting

membrane was shown to be absent in the macular area.

At the edge of the previous peeling, near the vascular

arcades, an internal limiting membrane graft of

approximately one disc diameter was created. A small

amount of viscoelastic solution was applied within the

macular hole in order to prevent the graft from

dislocating. The graft was then placed within the

macular hole. At the end of surgery fluid–air exchange

was performed [9].

Results

Altogether, 11 patients were incorporated in this

study. The inverted internal limiting membrane flap

technique, for large macular holes, consisted of eight

patients and three patients were part of the free internal

limiting membrane flap technique for non-closing

macular holes. All cases showed complete anatomical

closure. Combined surgery with phacoemulsification

Table 1 Patients’ characteristics at baseline

Inverted ILM flap n = 8 Free ILM flap n = 3 Total n = 11

Age (mean, years) 61 79 66

Gender m:f 3:5 0:3 3:8

Mean MH smallest diameter (lm) 512 (400–659) 478 (432–504) 495 (400–659)

Mean MH base diameter (lm, range) 922 (662–1293) 1038 (925–1250) 980 (662–1293)

Pre-operative BCVA (decimal, range) HM to 0.3 CF to 0.1 CF to 0.3

MH macular hole, BCVA best-corrected visual acuity, ILM internal limiting membrane, HM hand movements, CF counting fingers
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Fig. 2 Changes in ellipsoid zone defect size through time.

Black lines show means (± SE) of all patients at each visit, and

grey lines show means by method (inverted versus free ILM

flap). p values for the difference between pre-operative values

and each of the three follow-up times were obtained using

Wilcoxon signed-rank tests with Bonferroni adjustment for

multiple testing. ILM = internal limiting membrane
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Fig. 3 Changes in BCVA scores through time. Black lines

show means (± SE) of all patients at each visit, and grey lines

show means by method (inverted versus free ILM flap). p values

for the difference between pre-operative values and each of the

three follow-up times were obtained using Wilcoxon signed-

rank tests with Bonferroni adjustment for multiple testing.

BCVA = best-corrected visual acuity (in decimal), ILM = in-

ternal limiting membrane
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was conducted on three patients, while the rest of the

patients were already pseudophakic.

Pre-operatively the smallest mean macular hole

diameter in the inverted flap group was 511.5 lm
(range 400–659 lm), compared to a mean of 478 lm
(range 423–504 lm) in the free flap group. The mean

pre-operative macular hole base defect in the inverted

flap group was 922 lm (range 662–1293 lm) and

1038 lm (range 925–1250 lm) in the free flap group,

respectively. The pre-operative best-corrected visual

acuity ranged from hand movements to 0.3 in the

inverted flap group and from counting fingers to 0.1 in

the free flap group. Patients’ characteristics at baseline

are summarized in Table 1.

Partial microstructural regeneration of the retina

with a decrease in ellipsoid zone defects, demonstrated

on SD–optical coherence tomography, was observed

in all cases 1 month after surgery and continued to

improve in all patients throughout 12 months (Fig. 2).

In all 11 patients, ellipsoid zone defects decreased

statistically significant at all three follow-ups

(p\ 0.05). After 12 months, the mean ellipsoid defect

in the inverted flap group was 220 lm (range

0–381 lm) and 564 lm (range 561–668 lm) in the

free flap group, respectively.

Functionally, as compared to baseline, most of the

patients in both groups showed a statistically signif-

icant improvement in best-corrected visual acuity of 1

to 4 lines by the final follow-up after 12 months

(p\ 0.05), (Fig. 3). The best-corrected visual acuity

ranged from 0.08 to 0.5 in the inverted flap group and

0.1–0.2 in the free flap group at the final follow-up,

respectively.

Discussion

There are only a few options concerning surgical

repair for large or refractory macular holes. In 2010,

Michalewska et al. [3] were first to apply the inverted

flap technique for large macular holes. Free flaps for

non-closing macular holes were then first used by

Morizane et al. [7]. Both techniques are easily applied

with minimal extra effort.

Anatomical closure resulted in 100% in both

groups, respectively [9]. However, long-term data

are missing, and therefore, we conducted a long-term

follow-up study to furthermore analyse the progres-

sion of the functional and anatomical outcomes over a

12-month time span. Functional recovery following

Fig. 4 a Microstructural retinal regeneration after ILM free

flap surgery. Spectral domain optical coherence tomography

images showing ellipsoid zone defect decreases and microstruc-

tural retinal reconstruction over 12 months after surgery (from

left to right: pre-operative, 1 month and 1 year after successful

surgery, from top to bottom: patients one to three).

b Microstructural retinal regeneration after ILM inverted flap

surgery. Spectral domain optical coherence tomography images

showing ellipsoid zone defect decreases and microstructural

retinal reconstruction over 12 months after surgery (from left to

right: pre-operative, 1 month and 1 year after successful

surgery, from top to bottom: patients one to eight)
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Fig. 4 continued
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standard procedure takes time and is continuous for up

to 2 years [10].

In our studies, we have not only observed the

anatomical closure of the macular holes, but also the

positive long-term outcomes of best-corrected visual

acuity and continuous regeneration of all retinal layers

especially of the ellipsoid zone after using internal

limiting membrane flap techniques (Fig. 4a, b).

As postulated by Wong and Steel, the specific

mechanism that promotes closure by autografts is still

not clearly defined [11]. Michalewska and collabora-

tors have implied that the flaps may serve as a Müller

cell source, which are situated upon the graft surface.

Possibly, the grafts also serve as a scaffold for both

Müller cell proliferation and migration [3]. Morizane

et al., and other authors, have speculated that signals

from Müller cells, located on the graft, may also

enhance closure as well as photoreceptor restoration

[7, 12–14]. It still also remains unclear how the

ellipsoid zone is able to regenerate over time.

In order to better understand these mechanisms

further histological studies are required.
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