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A B S T R A C T   

Purpose: To report on the imaging of internal limiting membrane (ILM) flap following macular hole (MH) surgery. 
Observations: Three eyes of 3 patients with baseline Snellen visual acuities (VAs) of 20/250, 20/30, and 20/100 
underwent superior wide-base internal limiting membrane flap transposition (SWIFT) for MH. Indocyanine green 
(ICG) was used for intraoperative staining of the ILM. Following MH surgery, MH closed in all cases and VAs 
were 20/30, 20/30, and 20/60 respectively. An “en face” ICG fluorescence image of the ILM flap was obtained 
using infrared confocal scanning laser imaging at 795 nm. ICG fluorescence demonstrated the ILM flap to be 
intact and in good position with complete coverage of the MH in all cases. An area of hypofluorescence was 
present superiorly, corresponding to the flap harvest site with absent ILM. ICG hyperfluorescence of varying 
intensity was present at the MH site in all 3 cases. Folding of the ILM flap was present in one case. 
Conclusions and Importance: Following MH surgery, the status of an ILM flap may be evaluated by an “en face” 
image of the flap obtained by ICG fluorescence imaging. This imaging modality may be valuable in the study of 
various ILM flap techniques.   

1. Introduction 

Internal limiting membrane (ILM) flap techniques are frequently 
used for the treatment of macular holes (MH) at risk of non-closure 
including large, chronic, or persistent MHs, or MHs associated with 
high myopia. Michalewska and colleagues described an inverted ILM 
flap technique and reported improved anatomic closure rate compared 
to conventional ILM peel.1 Following the original description, a number 
of variations on ILM flap technique have been reported including free 
ILM patch grafts and pedicle ILM flaps for eyes with previously removed 
ILM.2–9 Intraoperative displacement of ILM flaps by fluid currents is 
common. Additionally, the ILM flaps may displace during the early 
postoperative period. 

There is little in the literature on the status of the ILM flap following 
surgery. While optical coherence tomography (OCT) imaging may 
visualize the ILM in a cross sectional view, it is not suited for localization 
of the ILM flap or determining if the flap has remained intact. In patients 
with indocyanine green (ICG)-assisted ILM peel, ICG fluorescence may 
be demonstrated originating from the residual ILM. Using scanning laser 
ophthalmoscope infrared imaging, Weinberger et al. reported ICG 
fluorescence in a patient 6 weeks after pars plana vitrectomy (PPV) and 
removal of the ILM.10 Subsequently, others reported persistence of ICG 
fluorescence for many months.11–15 Most of the fluorescence appears to 
originate from the residual ILM that was stained with ICG during MH 

surgery. In a study of outcomes of superior wide-base ILM flap trans
position (SWIFT), Tabandeh et al. used ICG fluorescence imaging to 
evaluate the status of the ILM flap.9 

The current report describes “en face” visualization of the ILM flap 
using postoperative ICG fluorescence imaging in patients who under
went MH surgery with ILM flap. 

2. Findings 

2.1. Case 1 

A 64-year-old female presented with Snellen visual acuity (VA) of 
20/150, Fuchs corneal endothelial dystrophy, nuclear sclerosis, and 
stage 4 MH in the left eye. The patient underwent PPV, ILM peel, and 
sulfur hexafluoride (SF6) gas tamponade. Three weeks following surgery 
the VA was 20/250 and MH was open. In view of persistent MH and 
previously removed ILM, the patient underwent repeat MH surgery that 
included SWIFT.8,9 The surgical technique involved 23G PPV, staining of 
residual ILM with ICG (diluted with isotonic dextrose 5% to 1.25 mg/ml 
for intraocular use), fashioning of a superior ILM flap from the residual 
ILM, coverage of the MH with the flap, fluid-air exchange, and per
fluoropropane (C3F8) gas tamponade. 

Three months after surgery the VA was 20/175 OS, cataract had 
progressed, and the MH was closed (Fig. 1A). A confocal laser scanning 
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system (Spectralis, Heidelberg Engineering Inc., Heidelberg, Germany) 
with the 795 nm ICG filter was used to detect the ICG fluorescence 
without the intravenous administration of ICG. ICG fluorescence imag
ing demonstrated the ILM flap to be intact and in good position with 
complete coverage of the MH site (Fig. 1 B and C). A crescent-shaped 
hypofluorescent area, representing the area of the original ILM peel 
not covered by the ILM flap, was notable infero-temporally. Superiorly, 
an area of ICG hypofluorescence corresponded to the flap harvest site 
with absent ILM. Granular hyperfluorescence at the MH site and diffuse 
optic disc fluorescence were present. The patient underwent cataract 
surgery 10 months after MH surgery. At 1-year follow-up, the MH was 
closed, VA was 20/30 OS, mild corneal edema and a posterior chamber 
intraocular lens implant (PCIOL) were present. 

2.2. Case 2 

A 71-year-old highly myopic pseudophakic male presented with 
metamorphopsia and a small central scotoma in the right eye. The VA 
was 20/30 and a full thickness MH was present in the right eye (Fig. 2 
A). Past ocular history was notable for high myopia of − 11.0 diopters. 
The patient underwent MH surgery including PPV, SWIFT and C3F8 gas 
tamponade. Five months after the surgery the VA was 20/30 OD, and the 
MH was closed (Fig. 2 B). The ILM flap could be visualized by ICG 
fluorescence imaging that showed the flap to be intact and in good po
sition with coverage of the MH (Fig. 2 C). An area of ICG hypofluor
escence was present superiorly corresponding to the flap harvest site 
with absent ILM. Hyperfluorescence was present over the MH site, 
adjacent to the optic disc, and speckled over the posterior pole. 

2.3. Case 3 

A 66-year-old female presented with reduced vision, VA 20/100, and 
a large full thickness MH with an inner diameter of 570 μm and a basal 
diameter of 1230 μm in the right eye (Fig. 3 A). The patient underwent 
MH surgery including PPV, SWIFT, and C3F8 gas tamponade. Four 
months after surgery the VA was 20/60 OD, the MH was closed, and 
nuclear sclerotic cataract was present. OCT demonstrated closed MH 
with mild irregularities on the inner retina surface temporal to the MH 
(Fig. 3 B). ICG fluorescence imaging showed the ILM flap to be intact and 
in good position covering the MH completely. ILM folds were present, 
predominantly involving the temporal side of the flap, sparing the center 
(Fig. 3 C). An area of ICG hypofluorescence was present superiorly 
corresponding to the flap harvest site with absent ILM. The residual ILM 
showed a diffuse ICG fluorescence over the posterior pole with some 
overlying speckled hyperfluorescence. A circular area of hyper
fluorescence corresponded to the site of the MH. ICG hyperfluorescence 
was also detected at and around the optic disc. 

3. Discussion 

Primary MH closure rates of over 90% have been reported for idio
pathic macular holes. Large MHs, chronic MHs, myopic MHs, and 
persistent MHs are associated with lower closure rates. Removal of ILM 
has been advocated for many types of MHs and is now widely practiced. 
Michalewska and colleagues described a surgical technique for the 
coverage of the MH by an inverted ILM flap and reported improved 
closure rate.1 A number of variations on the ILM flap technique, 
including a temporal inverted flap technique have been described.5 

Distal flap techniques are useful in eyes with previously removed ILM 
but are susceptible to displacement.2,3,6,7 Postoperative status of ILM 

Fig. 1. Case 1: Postoperative OCT and indocyanine 
green (ICG) imaging after superior wide-based inter
nal limiting membrane flap transposition (SWIFT) for 
MH. 
A) Postoperative OCT shows U-shaped MH closure 
with a layer of ILM covering the fovea. B and C) ICG 
fluorescence imaging demonstrates the ILM flap 
(white arrow) is intact and in good position with 
complete coverage of the MH site. A crescent-shaped 
area (asterisk) of hypofluorescence, representing the 
area of the original ILM peel not covered by the ILM 
flap, is present infero-temporally. Superiorly, an area 
of ICG hypofluorescence (star) is present, corre
sponding to the flap harvest site with absent ILM. 
Granular hyperfluorescence at the MH site and mild 
speckled hyperfluorescence are present. D) ICG fluo
rescence image from a patient who underwent MH 
surgery with removal of ILM without a flap is 
included for comparison. Central circular area of 
hypofluorescence represents the area of ILM removal. 
Granular hyperfluorescence at the MH site and scat
tered speckled hyperfluorescence are present. (For 
interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of 
this article.)   
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flaps has not been studied in detail due to difficulties in visualization of 
the flap by conventional imaging modalities including OCT. Optical 
coherence tomography visualizes segments of the ILM flap on a 
cross-sectional view but not the entirety of the flap. “En face” imaging of 
the ILM flap would be valuable in the study of flap location and 
integrity. 

Indocyanine green fluorescence originating from the residual ILM 
may be detected postoperatively by infrared fundus imaging in eyes that 
have undergone staining of the ILM by ICG during MH surgery. Wein
berger et al. used scanning laser ophthalmoscope imaging at 795 nm to 
evaluate ICG fluorescence in a patient 6 weeks after ICG-assisted 
removal of ILM.10 The authors noted persistent ICG signal along the 
vascular arcades and in the foveal center. In a study of 17 patients with 
MH or epiretinal membrane who underwent PPV and ICG-assisted 
removal of ILM with ICG, Tadayoni et al. noted diffuse fluorescence of 
the fundus, the optic disc, and the peripapillary area that lasted for many 
months.15 In eyes that underwent surgery for MH, a granular fluores
cence was present at the macular center. They postulated that ICG binds 
to the residual ILM, the retinal nerve fiber layers, and possibly to some 
components of the ganglion cell axons. Others have subsequently re
ported on residual ICG fluorescence patterns after MH surgery.11–14 

Although the fluorescence pattern is somewhat variable, most cases 
demonstrate diffuse hyperfluorescence from residual ILM, a central area 
of hypofluorescence corresponding to the area of removed ILM, a 
smaller area of granular hyperfluorescence at the RPE level within the 

bed of the MH, optic disc and NFL hyperfluorescence, and a variable 
degree of stardust or speckled hyperfluorescence scattered over the 
macula. In a study of outcomes of SWIFT for MH, Tabandeh et al. used 
ICG fluorescence imaging to evaluate the status of the ILM flap.9 They 
noted that using the imaging technique it was possible to post
operatively visualize the ILM flap and the harvest site in eyes that had 
undergone ICG-assisted ILM flap surgery. 

In the present case series, an ‘en face” image of the ILM flap was 
obtained by ICG fluorescence imaging. Case 1 was a persistent MH with 
history of previous MH surgery and ILM removal, case 2 was a MH 
associated with high myopia, and case 3 was a large MH. All 3 cases 
showed the ILM flap to be intact with good coverage of the MH. Case 3 
demonstrated folding of the ILM flap. Other findings included hypo
fluorescence representing the flap harvest site and the area of ILM peel 
not covered by the ILM flap. The area corresponding to overlap of the 
ILM flap with the residual ILM, the original MH site, and the optic disc 
demonstrated a variable degree of hyperfluorescence. 

The ICG fluorescence may be detected up to 2 years after surgery, 
however, the fluorescence signal fades with time. The optimal time for 
ICG imaging is between 2 and 4 months after the surgery as by this time 
the gas tamponade has resolved and the ICG fluorescence is still strong. 
In cases that present with persistent MH, preoperative ICG imaging al
lows evaluation of the ILM status and planning of the surgical approach 
for reoperation. 

Fig. 2. Case 2- Pre-operative OCT and post-operative OCT and ICG imaging 
after SWIFT for MH in a 71-year-old highly myopic pseudophakic patient. 
A) Pre-operative OCT shows a full-thickness MH. B) Postoperative OCT shows 
closed MH with a double layer of ILM superior to the MH corresponding to the 
flap hinge. C) ICG fluorescence image shows a well-positioned ILM flap 
covering the MH, and a superior area of hypofluorescence corresponding to the 
flap harvest site. Hyperfluorescence is present at the MH site. 

Fig. 3. Case 3- Pre-operative OCT and post-operative OCT and ICG imaging 
after SWIFT for MH in a 67-year-old patient with a large full-thickness MH with 
an inner diameter of 570 μm and a basal diameter of 1230 μm. 
A) Preoperative OCT shows a large full-thickness MH. B) Postoperative OCT 
shows closed MH with mild irregularities on the retina surface temporal to the 
MH. C) ICG fluorescence image shows the ILM flap is covering the MH. ILM 
folds are present on the temporal aspect of the flap sparing the center. Supe
riorly, the area of hypofluorescence corresponds to the flap harvest site. 
Hyperfluorescence is present at the MH site. 
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4. Conclusion 

Postoperative visualization of ILM flap by ICG fluorescence imaging 
is a non-invasive imaging modality that provides an “en face” image of 
the ILM flap, MH, and the neuroretina, allowing the study of the ILM flap 
performed by various surgical techniques. 
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