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Abstract
This case report aims to present a modification of the temporal inverted 
internal limiting membrane (ILM) flap technique in macular hole 
surgery. The inverted ILM flap technique was first described in 2010 
and was shown to yield superior functional and anatomical outcomes 
in large macular holes compared to traditional ILM peeling. However, 
flap displacement can be a major concern with the inverted ILM flap 
technique. In the first case, a failed large macular hole after temporal 
inverted ILM flap surgery was reoperated, and flap displacement was 
observed as the reason for failure. The displaced ILM flap was inverted 
again and the superior corner of the flap was tucked under the small 
ILM defect in the upper nasal macular area to stabilize it. Hence, it is 
called as “envelope modification”. Another patient with rhegmatogenous 
retinal detachment with coexistent macular hole underwent vitrectomy 
surgery with silicone oil. The retina was attached postoperatively, and 
the macular hole was closed with a flat-open pattern. During silicone 
oil removal, the envelope modification was used and the hole closed. 
Both patients had visual improvement. Although the inverted ILM flap 
technique is very effective for large macular holes, the modification 
described here may further improve the success rate.
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Introduction
Idiopathic macular hole is one of the main vitreoretinal 

interface disorders, and removal of the internal limiting 
membrane (ILM) has become a critical surgical step in 
most macular hole surgeries. Pars plana vitrectomy with 
ILM peeling is a safe and effective procedure with a success 
rate up to 98%. However, macular hole size has been found 
to be inversely correlated with the surgical success rate.1,2 
Therefore, large macular holes (minimum diameter >400 
µm) have less favorable surgical outcomes. 

The inverted ILM flap technique was first described in 
2010 by Michalewska et al.,3 who reported the superiority 
of this technique in large macular holes compared to 
traditional ILM peeling in terms of both functional and 
anatomical results. However, the authors pointed out that 
flap displacement was an important limitation of this 
technique and concluded that new methods of maintaining 
the inverted flap on the macular surface should be 
investigated.

This study presents a novel modification of the inverted 
ILM flap surgery. To the best of my knowledge, this is the 
first report of this surgical technique.

Case Reports

Case 1
A 64-year-old female patient with a history of decreased 

vision in her right eye for 3 to 4 months presented to our 
clinic. Her vision in the right eye was counting fingers. 
Optical coherence tomography (OCT) revealed a large 
macular hole with a minimum diameter of 896 µm (Figure 
1a). A 23-gauge pars plana vitrectomy with temporal 
inverted ILM flap combined with phacoemulsification and 
intraocular lens implantation was performed. Brilliant Blue 
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(BB) dye (Brilliant Peel 0.025%, Fluoron, Ulm, Germany) 
was used to stain the ILM and a temporal half ILM flap 
was created. The nasal side ILM was not peeled, and the 
rectangular temporal ILM flap was inverted over the nasal 
macula using a Tano scraper. A complete fluid-air exchange 
was performed, making sure that the ILM flap was in place, 
and 12% C3F8 gas was used as tamponade. The patient was 
advised to maintain a prone position for 5 days. However, 
the hole remained open after the surgery (Figure 1b), 
and revision surgery was performed at 6 weeks. During 
the reoperation, BB dye was used to visualize the original 
ILM flap, which was observed to be detached and folded 
over itself in the temporal macular area. To maintain the 
ILM flap in an inverted position on the macular surface, 
an “envelope modification” was performed by creating 
a small ILM window in the superonasal macular area 
(Figure 1c, Figure 2). A short vertical ILM window was 
fashioned using ILM forceps. The ILM flap was then 
inverted over the hole and its superonasal corner was 
tucked through the window using a Tano scraper. The 
ILM flap was observed closely during fluid-air exchange 
and it was seen to be completely immobile at the tucked 
edge. Gas tamponade (12% C3F8) was performed with 

prone positioning for 5 days. Significant inflammation 
was observed postoperatively and managed with topical 
steroids (Pred Forte 1%, Allergan, Westport, Ireland). OCT 
taken 3 weeks after the surgery showed a closed macular 
hole (Figure 1d). Final visual acuity was 0.2, possibly due 
to changes in the retinal pigment epithelium (RPE) at the 
hole base. The hole remained closed during an 18-month 
follow-up period. 

Case 2
A 65-year-old female patient presented with loss of 

vision in the right eye for about 10 days. Her vision in 
the right eye was at the level of counting fingers, and she 
had a macula-off retinal detachment with a tear at the 10 
o’clock position. Macular hole was not evident at the time of 
examination, possibly obscured by the bullous detachment. 
The patient underwent phaco-vitrectomy with silicone 
oil as endotamponade due to the necessity of air travel. 
A macular hole was clearly observed intraoperatively, 
and no special attempt was made to peel the ILM due 
to our previous experience in cases of rhegmatogenous 
retinal detachment cases with coexistent macular holes.4 
Additionally, ILM peeling may be challenging with a 

Figure 1. a) Preoperative optical coherence tomography (OCT) section depicting large macular hole. b) Postoperative OCT section 
showing an open macular hole with internal limiting membrane (ILM) flap returned to its original position on the temporal foveal 
area. c) Drawing of the modification (the star represents the ILM window in the superonasal macula, the blue rectangle indicates the 
inverted flap, and the arrow shows the tucked corner, surgeon’s view). d) Postoperative OCT showing a closed macular hole with the 
inverted flap edge
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detached retina, and dyes can easily pass through the hole 
into the subretinal space, possibly causing toxicity. On the 
first postoperative day, the retina was attached and the 
hole was closed with flat-open pattern (Figure 3a). Visual 
acuity was 0.05 under silicone oil. After 2 months, OCT 
showed the hole edges had started to raise and round 
up (Figure 3b). Silicone oil removal was performed at 3 
months, and the inverted ILM flap technique with envelope 
modification as described above was used to close the hole. 
Under 12% C3F8 gas with 5 days of prone positioning, the 
hole closed successfully with a U pattern (Figure 3c, d). Her 
final visual acuity was 0.2 and the hole remained closed 
during a 25-month follow-up period.

Discussion
The surgical management of large macular holes has 

proven challenging despite ILM peeling. The surgical 
approach described by Michalewska et al.3 utilizes an 
ILM flap as a scaffold to induce retinal gliosis within the 
macular hole, thereby augmenting hole closure. In 2015, 
Michalewska et al.5 introduced the temporal inverted flap 
technique and compared it to the classic inverted ILM flap 
technique. The authors reported that the temporal inverted 

Figure 2. Still photo from the surgical video displaying the 
modification (arrow indicating the tucked corner and the 
star representing the ILM window in the superonasal macula, 
surgeon’s view)
ILM: Internal limiting membrane

Figure 3. a) Attached retina with flat-open macular hole on postoperative day 1. b) After 2 months, the hole edges started to elevate 
and round up. c, d) Fundus photo and optical coherence tomography showing closed hole with the ILM flap edge on the nasal foveal 
area at last follow-up visit
ILM: Internal limiting membrane
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flap would act as a scaffold for retinal gliosis at the roof of 
the macular hole without creating an obstacle at the base 
of the hole, unlike the trimmed ILM flaps in the original 
technique. 

Flap displacement, however, may be a major concern 
when using the inverted ILM flap technique. In their 
original report, the authors stated that inverted ILM flaps 
had displaced spontaneously during fluid-air exchange in 
7 of 50 eyes (14%).3 They concluded that new techniques 
of maintaining the inverted ILM flap in position should be 
explored in the future. Although ILM flaps may be stable 
at the end of surgery, they can detach shortly afterwards 
due to fluid accumulation at the posterior pole. In a more 
recent study, the same group reported a 3.8% failure rate 
in inverted ILM flap procedures, and they repositioned 
the displaced ILM flap in the second surgery mostly using 
silicone oil as tamponade.6

The first patient in the current report needed the 
inverted ILM flap technique due to the large size of the 
macular hole. Although every step of the surgery was 
performed meticulously, the hole failed to close due to flap 
displacement. Since the stability of inverted ILM flap is 
somewhat unpredictable, the current report recommends 
a modification. The envelope technique involves creating a 
small vertical ILM window in the nasal macular area away 
from papillomacular bundle and tucking one of the corners 
of the inverted ILM flap through the window and under 
the unpeeled nasal ILM. This tucking ensures that the ILM 
flap stays in position during the fluid-air exchange and 
after the surgery. This approach worked very well in both 
patients, and the holes closed shortly in a U pattern. One 
may propose to tuck both corners of the flap, but the author 
believes that this will only add extra work, because tucking 
one corner is sufficient. 

Despite the favorable anatomical outcomes, visual 
improvement was limited. This can probably be attributed 
to outer retinal/ellipsoid zone defect and RPE changes 
at the hole base in the first case. The RPE atrophy was 
believed to be due to repeat surgery, dye usage, and possibly 
significant inflammation after the second surgery. The 
author believes it is not related to the modification because 
the ILM flap was not in contact with the hole base, unlike 
in the classic inverted ILM technique. Although improved, 
visual acuity was also limited in the second case, likely due 
to underlying macula-off retinal detachment. No epiretinal 
membrane formation or fibrosis was observed during the 
follow-up period in both cases. 

Different surgical techniques or adjuncts like 
perfluorocarbon liquids or viscoelastics have been used 
for flap stabilization.7 Perfluorocarbon liquids have been 
utilized to “iron” the inverted ILM flap and prevent flap 

displacement during fluid-air exchange and afterwards. 
However, apart from the additional cost, these heavy liquids 
may cause toxicity. Additionally, it does not guarantee the 
stability of ILM flap, unlike the current modification. 

This additional modification may be seen as unnecessary 
by some surgeons, but it may save both surgeon and patient 
from reoperation. This modified technique may be used in 
inverted ILM flap cases that failed due to flap displacement 
or can be used primarily in temporal inverted ILM flap 
surgeries according to the surgeon’s discretion. The author 
proposes using a superior inverted ILM flap and tucking 
the temporal corner of the flap under the inferotemporal 
macular area. This may preserve the inferior visual field 
by moving the tucking area from the superior to inferior 
macula.

In conclusion, although the inverted ILM flap is a 
very effective surgical procedure for large macular holes, 
modifying the technique as described may augment the 
success rate. Larger studies are needed to determine 
whether the modified technique affects anatomical and 
visual results. 
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