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Abstract
Purpose: To evaluate the e�cacy of the modi�ed superior inverted internal limiting (ILM) membrane �ap technique in
retinal reattachment, macular hole closure and external retinal layers restoration in macular hole associated retinal
detachment compared to ILM peeling. 

Methods: Retrospective case series of 10 patients that required pars plana vitrectomy for retinal detachment with
macular hole followed for more than 12 months. Data from medical records were retrospectively collected and
patients were divided into the superior inverted �ap (5 patients) and ILM peeling group (5 patients).  We compared
best corrected visual acuity (BCVA) before and after surgery, retinal attachment, macular hole closure rate and external
retinal layer restoration between groups. 

Results: There were signi�cant improvements in BCVA in both groups before and after surgery, with no differences
between the two groups at 12 months after surgery (p = 0.9). The macular hole closed in 100% of cases in the inverted
�ap group and  80% of the ILM peeling group with no signi�cant differences between groups. The retina was
reattached in 100% of cases in both groups. Only 2 patients in the inverted �ap group (40%) had external retinal layer
restoration and none in ILM peeling group (p=0,62).  

Conclusions: ILM peeling and superior inverted �ap techniques are useful for treating retinal detachment with macular
hole in myopic eyes.

Introduction
Macular hole with retinal detachment (MHRD) normally occurs in highly myopic eyes with posterior staphyloma [1,2]. It
causes substantial visual impairment, and it is a challenging disease for vitreoretinal surgeons. Closure rates for
MHRD after pars plana vitrectomy (PPV) are lower than for idiopathic MHs[3].

Different surgical approaches have been attempted to improve the success rate of surgery such as macular buckling4
and PPV with internal limiting membrane (ILM) peeling5,6.

PPV with inverted ILM �ap technique was �rst described by Michalewska et al. to treat idiopathic large MHs[7] and
myopic MHs[8]. This technique for MHRD in myopic patients was associated with higher MH closure rates [3,9] and
retinal re-attachment than ILM peeling but visual improvement is limited[9].

In this report, we describe in detail a modi�ed ILM �ap technique. We reviewed cases of highly myopic eyes with
MHRD treated with this technique and those after vitrectomy with ILM peeling to determine anatomical and functional
results.

Methods
We retrospectively reviewed patients' medical records who underwent PPV due to MHRD between 2014 and 2019 at
Infanta Leonor University Hospital in Madrid.

The hospital's Institutional Review Board approved, and it adhered to the tenets of the Declaration of Helsinki. All
patients provided written informed consent not only for the surgery but also for the use of data for future research
studies.
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High myopia was de�ned as axial length > 25mm. MHRD was diagnosed with a dilated slit-lamp binocular
ophthalmoscopy and spectral domain optical coherence tomography (OCT) when possible.

The inclusion criteria were clinical presentation of MHRD, macular hole being the primary cause of the detachment, 18
years or older, and follow up period more than 12 months after surgery. Exclusion criteria were presence of choroidal
neovascularization, proliferative vitreoretinopathy changes or trauma before the surgery.

Clinical information was collected from medical records. It included, age, sex, axial length, preoperative lens status,
preoperative and postoperative best-corrected visual acuity (BCVA), lens status, operative variables including type of
technique and type of tamponade, presence or absence of retina reattachment, MH closure (absence of neurosensory
defect over the retina) and external retina preservation (EZ (ellipsoid zone) and external limiting membrane (ELM)).

BCVA was measured in decimal unit and converted to a of minimal angle of resolution (logMAR) logarithm for
statistical analysis. Axial length was determined with A-scan ultrasonography (OPKO instrumentation, OTI-Scan
3000). In cases where the axial length measurement was artifactiously low, the error was corrected using a caliper to
evaluate the distance from the cornea to the surface of the retinal pigment epithelium. Slit lamp examination of the
posterior segment and OCT examinations centred on the fovea were performed at least 6 months after surgery in all
patients.

Experienced vitreoretinal surgeons conducted all procedures. Standard phacoemulsi�cation was performed before
vitrectomy in those patients with associated cataract. All patients underwent 23-gauge vitrectomy with posterior
vitreous detachment. The surgical posterior hyaloid detachment was performed with triamcinolone (2.5mh/ml) when
needed. Membrane dual-blue was used in all cases for staining around the MH. If an epiretinal membrane was
present, it was peeled. In all patients, air-�uid exchange was done, and the air was then replaced with non-expansive
gas, either per�uoropropane (C3F8) or sulfur hexa�uoride (SF6), or silicone oil (for patients who could not keep a
prone position or severe cases).

To evaluate functional and anatomical results between the two techniques, the patients were divided into two groups
based on the surgical procedure: PPV and ILM peeling, 5 eyes (group 1), and the superior inverted ILM �ap and
capsulorhexis technique,4 eyes (group 2).

Techniques:

Group 1: ILM within the arcades was completely removed after membrane staining. Group 2: after membrane staining
a 360º ILM macular rhexis was done, leaving just a central �ap about 2-disc diameters in size, attached to the retina.
The �ap was inverted to cover the MH from its superior margin. A small amount of PFC was introduced to keep the
�ap in position (Fig. 1).

Subretinal �uid was drained through an iatrogenic break outside the staphyloma. Slow �uid-air exchange and laser
photocoagulation around the break was performed.

The statistical analysis was performed using SPSS (version 21.0) to analyse the differences in baseline
characteristics, anatomical and functional outcomes between groups.

Two-sample t tests were used to calculate differences in age, axial length, pre and post logMAR visual acuity and
improvement in logMAR VA between the 2 groups. The chi-square test (Fisher exact test if n < 5) was used to calculate
differences between sex, lens status, MH closure rates and external retina preservation. A p-value of 0.05 was
considered to represent a statistically signi�cant difference.
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Results
The study examined 10 eyes of 10 patients, 5 eyes in group 1 and 5 in group 2. Enrolled patients’ characteristics are
summarized in Table 1. The baseline characteristics between both groups were not signi�cantly different between
groups. The patient’s characteristics are shown in Table 2 for both groups.

Table 1
Demographic, baseline characteristics and postoperative results.

  ILM FLAP/ group 1 (n = 4) ILM peeling/group 2 (n = 5) p

Age (± SD), years 64 ± 18,22 68,20 ± 10,35 0,66

Gender(%)

Male

Female

3 (60%)

2 (40%)

1 (20%)

4 (80%)

0,52

Mean axial length mm 28,722 ± 4,2 27,1 ± 2,3 0,47

Lens status (phakic/pseudophakic) 4/1 2/3 0,52

Pre-operative BCVA

LogMAR

Decimal

2,1 ± 0,57

0.015 ± 0.2

1.84 ± 0.63

0.03 ± 0.04

0,516

0,417

BCVA 12months

LogMAR

Decimal

0,98 ± 0,84

0.21 ± 0,18

0.96 ± 0,65

0,21 ± 0,23

0,968

0,991

Retina reattachment 100% 100%  

Macular hole closure, 12 months (n) 100% (5/5) 80% (4/5) 1

External retina preservation 40% (2/5) 0 0,44

BCVA improvement -1,12 ± 0,74 -0,88 ± 0,73 0,62

**Data expressed as a number (%) of eyes.

BCVA, best corrected visual acuity

logMAR, logarithm of minimal angle of resolution.
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Table 2
Patient’s characteristics for both groups

Patient
No.

Age

(years)

ILM
�ap

Axial
length

(mm)

Lens status Preop
BCVA

Decimal

Surgical
technique

Tamponade Postop

BCVA

MH
closure
1 year

1 85 yes 27.49 Phakic HM Phaco + 
Vitrectomy

Silicone oil HM yes

2 77 yes 30.17 Phakic CF Phaco + 
Vitrectomy

SF6 0,2 yes

3 67 yes 25.2 Pseudophakic 0.05 Vitrectomy SF6 0.4 yes

4 42 yes 35.38 Phakic LP Phaco + 
Vitrectomy

SF6 0,05 yes

5 49 yes 25.37 Phakic HM Vitrectomy SF6 0,4 yes

6 74 no 25.17 Pseudophakic HM Vitrectomy C3F8 CF no

7 51 no 26.35 Phakic HM Phaco + 
Vitrectomy

SF6 0.6 yes

8 74 no 28.12 Phakic 0,1 Phaco + 
Vitrectomy

Silicone oil 0,2 yes

9 66 no 30.74 Phakic HM Phaco + 
Vitrectomy

Silicone oil 0,05 yes

10 76 no 25.15 Pseudophakic 0,05 Vitrectomy C3F8 0.2 yes

HM:Hand motion; LP: Light perception; CF: Counting �ngers; logMAR, logarithm of minimal angle of resolution.

BCVA improved after surgery in both groups but with no signi�cant difference, p = 0.28 group 1 and p = 0.055 group 2
(paired t test).

Table 1 summarizes the anatomical postoperative outcomes. Postoperative OCT images are represented in Fig. 2
(group 1) and 3 (group 2). No holes re-opened during the follow-up period in cases with sealed MH after surgery in
either group at 12 months.

Discussion
In this study, we describe a modi�ed ILM �ap and maculorhexis technique and compared it with ILM peeling for
MHRD. Our study counts with limited number of patients and is di�cult to draw conclusions. There were no signi�cant
differences between techniques in MH closure rate, RD attachment, external retina restoration or BCVA improvement.

MHRD have poor visual outcomes and anatomic prognosis, but an open MH poses the risk of retinal re-detachments,
so we �nd it necessary to treat in many cases. ILM peeling releases some macular traction which may promote MH
closure and retina re-attachment in MHRD. However, this technique achieves poor MH closure rates and visual
outcomes [5,9]. For cases of MHRD in high myopia, ILM peeling might not release enough retinal tension for MH
closure and ILM tucked in the MH may act as �ller and scaffold. Kuriyama et al. [3] and Michalewska[10] reported that
PPV with the inverted ILM �ap technique for MHRD in myopic eyes achieved a high closure rate and successful
anatomical outcome compared to ILM peeling. Most studies using this technique �nd that there is anatomical
improvement, but functional results are limited for MHRD. [3,11,12,13] Iwasaki et al.[14] suggest that the inverted ILM �ap
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technique may impair the reconstruction of the outer retinal layer structures as the �ap is placed in the MH and it
could mechanically obstruct the recovery of the ELM and EZ during MH repair. ILM tissue plugging, used for ILM �ap
technique, entails a risk of excessive gliosis that may interrupt retinal microstructure restoration but may also have
cytotoxic effects on retina.[15] Also, the cytotoxicity of vital dyes while introducing the dye-stained ILM tissue into the
subretinal space could also be a limiting factor as it can damage retinal pigment epithelium (RPE) and the
neurosensory retina.[16]

We propose another �ap technique that may be more physiological for MH closure. It directly avoids insertion of the
ILM inside the MH but places it on top; it can serve as scaffold limiting possible excessive gliosis. Also, the 360º
maculorhexis releases tangential macular tractions completely. We used membrane dual-blue staining that causes
less negative effect in the recovery of macular morphology and visual acuity after MH surgery. [17] Also, minimal
manipulation in and around the hole that limits the possible RPE, retina and choroidal damage compared to
conventional tucking of the ILM �ap.

Restoration of ELM and EZ have better visual outcomes after surgery in normal eyes [18,19,20,21]. However, BCVA
improvement is limited in myopic patients as it often coexists with, RPE and choroidal atrophy, which are irreversible.
Also, in posterior staphylomas, macular hole develops without subjective symptoms and persists for a long time
undetected until RD develops, and irreversible damage has already occurred before surgery. We found visual
improvement in both groups after surgery without signi�cant differences between them. Many studies don't �nd
differences in postoperative BCVA between eyes with or without MH closure in MHRD [22,23]. The in�uence of the ILM
�ap technique on the ELM and EZ layer is still unknown. Hayashi et al. [24] performed PPV with inverted ILM �ap
technique for MHRD in myopic eyes and found that the procedure restores the inner segment and outer segment
junction and ELM on OCT in only 17% of the eyes. This suggests that the foveal photoreceptor layer may not be
recoverable although the retina is reattached after surgery with ILM �ap. Our results support this idea as only one
patient (25%) with the superior inverted �ap technique and no one in the ILM peeling group had external retina
restoration. This technique in MHRD may be helpful for MH and prevent retinal re-detachment rather than to improve
visual outcomes.

This modi�ed ILM �ap technique has a concern, the potential �ap displacement. An irregular retina with uneven
surface contours such as myopic ones may facilitate the inverted ILM �ap to move away from the hole during
subsequent manipulations during �uid-air exchange. To avoid this possible complication, we use liquid
per�uorocarbon on top of the superior inverted ILM �ap before �uid-air exchange to ensure proper covering of the hole.
Shin et al. [25] described this technique for large MHs. Moreover, we created a large-sized circular ILM �ap which is
normally more stable than small ones. We only lifted the superior hemicircle to position it on top of the MH; this
position rather than the temporal one facilitates the intraoperative positioning of the �ap after placing the
per�uorocarbon. It lies in “favour to gravity” when the head is in the upright position postoperatively. This technique
may be technically more di�cult than conventional ILM �ap and increases surgery time about 10 minutes.

There are several limitations to this stud; the main ones are the retrospective nature and the small number of cases.

Conclusion
In conclusion, this study showed that PPV with superior inverted ILM �ap technique can be as useful as ILM peeling in
MHRD. However, no advantage in the functional outcome was found in this study. To determine the actual bene�ts for
postoperative outcomes, further prospective studies with a larger number of patients should be conducted.
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Figure 1

Schematic inverted superior �ap technique.
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Figure 2

OCT images for patients in group 1/ ILM peeling (patient nº 6,7,9,10)
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Figure 3

OCT images for patients in group 2/ ILM inverted superior �ap (patient nº1,2,3,4,5)


