
TEMPORAL INVERTED INTERNAL
LIMITING MEMBRANE FLAP
TECHNIQUE FOR A MACULAR HOLE
PATIENT UNABLE TO MAINTAIN
POSTOPERATIVE PRONE POSITIONING
Yasuyuki Takai, MD,* Masaki Tanito, MD,*† Kazunobu Sugihara, MD,*
Tatsuo Kodama, MD,* Akihiro Ohira, MD*

Purpose: To report the surgical technique and efficacy of the temporal inverted internal
limiting membrane (ILM) flap technique for a patient with an idiopathic macular hole (MH)
who is unable to maintain postoperative prone positioning.

Methods: Case report.
Results: A 73-year-old man with a Stage III MH in his left eye was scheduled to undergo

surgery. Owing to his inability to maintain postoperative prone positioning for continuous
placement of a transdermal bladder catheter after radical cystoprostatectomy to treat
urinary bladder cancer, he underwent pars plana vitrectomy combined with the temporal
inverted ILM flap technique and intraocular sulfur hexafluoride gas tamponade. The
technique included ILM peeling at a temporal area of the macula to create one 2-disk-
diameter semicircular ILM flap and inversion of the ILM flap nasally to cover the MH. Optical
coherence tomography showed that MH closure started from the top of the MH just
beneath the covered ILM flap; the closure process gradually extended toward the bottom of
the MH. The well-aligned fovea recovered in 5 weeks postoperatively. The visual acuity was
20/200 preoperatively and improved to 20/50 postoperatively.

Conclusion: The temporal inverted ILM flap technique, a simple surgery to treat MHs,
provides scaffolding for retinal gliosis and may facilitate bridge formation between the walls
of the MH beneath the flap. The procedure may be a good option to achieve MH closure
without postoperative prone positioning.
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Macular hole (MH) surgery combined with pars
plana vitrectomy, internal limiting membrane

(ILM) peeling, and intraocular gas tamponade has been
a standard technique for the surgical repair of idiopathic
MHs in recent years. Although some investigators have
reported satisfactory results with single-procedure MH
closure rates of 60% to 100% without postoperative
face-down positioning,1,2 most surgeons instruct pa-
tients to remain face-down postoperatively to facilitate

optimal surgical results. Thus, patients incapable of
maintaining that position due to older age or other
physical and psychological reasons may achieve a poor
MH closure rate and remain challenging. Michalewska
et al first reported the inverted ILM flap technique as
a new surgical strategy that was successfully used for
large MHs and MHs in highly myopic eyes for which
a poor single-procedure MH closure rate was ex-
pected.3,4 The modified original inverted ILM flap
technique for large MHs—in the temporal inverted ILM
flap technique, a 2-disk-diameter ILM is removed from
the temporal side of the fovea and inverted to cover the
macular hole while leaving the nasal ILM in place—was
newly reported to decrease the risk of surgical trauma and

323



dissociated optic nerve fiber layer appearance with the
same anatomical and functional results compared with the
original inverted ILM flap technique.5 Michalewska and
Nawrocki6 performed the original inverted ILM flap
technique combined with intraocular silicone oil tampo-
nade to treat a patient with a MH who could not remain
face-down because of thyroid excision.6 We report one
case of a successful temporal inverted ILM flap technique
performed in combination with intraocular sulfur hexa-
fluoride (SF6) gas tamponade to treat a patient with a MH
who could not maintain postoperative prone positioning.

Case Report

A 73-year-old man was referred to Shimane University Hospital
for metamorphopsia and decreased vision in his left eye for 2
months. His best-corrected visual acuity was 20/200 left eye.
Optical coherence tomography showed a full-thickness Stage III
MH (maximal diameter, 351 mm) (Figure 1, A and B). Because of
continuous placement of a transdermal bladder catheter after radical
cystoprostatectomy to treat urinary bladder cancer, the patient could
not maintain the postoperative face-down or prone position; thus,
a poor single-procedure MH closure rate was expected. After
providing written informed consent, he underwent 25-gauge pars
plana vitrectomy combined with the temporal inverted ILM flap
technique. The technique included ILM staining with 0.125%
solution of indocyanine green for better ILM visualization, making
a semicircular ILM notch at 2-disk-diameter distance from MH in
a temporal area by a 25-gauge MVR knife (MANI, Utsunomiya,
Japan), ILM peeling at a temporal area of the macula to create
a semicircular ILM flap using the 25-gauge end-grasping forceps
(Alcon, Fort Worth, TX), inversion of the ILM flap in the nasal
direction to fully cover the MH (Figure 2, A and B), and then
placement of a low-molecular-weight viscoelastic material (VISCOAT;

Fig. 1. A. A preoperative fundus
photograph of the left eye. B. An
optical coherence tomography
image shows a stage III MH. The
maximal diameter of the MH is
351 mm (arrow).

Fig. 2. A. Schematic drawing of the temporal ILM flap technique.
After a semicircular ILM notch (blue arrow) is created at 2-disk-
diameter distance from temporal edge of MH (red circle), ILM is peeled
and inverted in the nasal direction to fully cover the MH (blue dotted
arrow). B. Capture of surgical video. An indocyanine green-stained
temporal internal limiting membrane flap created at the temporal mac-
ular is inverted in the nasal direction (arrow) to cover the macular hole
(arrowhead). C. Crosssectional drawing of the temporal ILM flap
technique. The temporal ILM flap (arrow) is inverted to the direction of
nasal retina to cover the MH and is stabilized with a low-molecular-
weight viscoelastic material (arrow head).
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Alcon) on the inverted flap to stabilize it (Figure 2C). After fluid–air
exchange, SF6 gas was injected into the vitreous cavity. The patient
was advised to lie on his right side postoperatively. Optical coherence
tomography showed that the ILM flap covered the MH at postsurgical
Week 1 (Figure 3A), movement of both edges of the MH toward the
center with formation of a thick wall beneath the ILM flap at
postoperative Week 3 (Figure 3B), and MH closure leaving a partial
defect in the inner segment/outer segment line at postoperative Week 4
(Figure 3C). At postoperative Week 5, the defect in the inner segment/
outer segment line resolved and the best-corrected visual acuity
improved to 20/50 left eye (Figure 3D).

In the original inverted ILM flap technique, to create several
small ILM flaps, the ILM is peeled circumferentially around the
MH leaving the ILM unpeeled at the MH edge. The trimmed flaps
then were inverted and placed over the surface of MH from all
sides. In the original technique, the inverted ILM flap was detached
spontaneously in 14% of cases during fluid–air exchange.3 Shin

et al7 used perfluoro-n-octane to keep the single-layered ILM flap
of 1-disk-diameter size inverted until the completion of fluid-air
exchange. Conversely, in the temporal inverted ILM flap technique
one ILM flap of about 2-disk diameters, which was created on the
temporal side of the MH, was inverted to the nasal side to cover the
MH. One large flap with a wider connection to the retina does not
detach spontaneously and does not easily flip back owing to the use
of viscoelasitic material during fluid-air exchange. Thus, this
technique is much simpler and easier to achieve the procedure
certainly than the original technique. The rationale for the original
method of MH closure is explained by filling the MH space with
residual proliferating glial cells from both the surface of the peeled
ILM and inside the retina around the MH. Other investigators
suggested that the small trimmed ILM flaps, which settle at the
bottom of the MH, become an obstacle to natural MH closure and/
or functional recovery of the outer retina.8 However, in the
temporal inverted ILM flap technique, one large ILM flap can

Fig. 3. Postoperative optical
coherence tomography images.
A. at postoperative Week 1, the
macular hole (MH) remains
open under the covered internal
limiting membrane (ILM) flap
(arrow). B. at postoperative
Week 3, the MH edges form
a bridge beneath the ILM flap.
C. at postoperative Week 4, the
MH has closed leaving a partial
defect in the inner segment/outer
segment line (arrow). D. at
postoperative Week 5, the full
thickness of the fovea has
recovered.
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hardly move to the bottom of the MH and become an obstacle to
natural MH closure.

Serial optical coherence tomography observations of this patient
provided the manner of early structural recovery of macula after the
MH surgery with the temporal inverted ILM flap technique. The
exact mechanism of MH closure using the original or temporal
inverted ILM flap technique is not precisely understood. In this case,
MH closure started from the top of the MH space just beneath the
covered ILM flap (Figure 3B). With the current technique, glial cells,
if present and adhering to the ILM flap, should be on the surface side
of the retina and therefore could not migrate to the MH space; thus,
glial cells inside the MH wall were speculated to play an important
role. Adherent cells hardly proliferate and migrate without a basement
membrane; for example, lens epithelial cells cannot migrate into an
open area after posterior capsulotomy. Thus, providing a scaffold for
MH wall gliosis at the top of the MH space without providing
a possible obstacle to the bottom of the MH may be the mechanism
of the temporal inverted ILM flap technique. From a more detailed
observation of the optical coherence tomography images, we realized
that the initial bridging just beneath the covered ILM flap seemed to
start around the outer nuclear layer edges. This manner of initial
gliosis and later alignment of the inner segment/outer segment line
observed in this case resembles observations reported in spontaneous
MH closure9 and MH closure after vitrectomy combined with ILM
peeling.10 Thus, the temporal inverted ILM flap technique likely
enhances the “natural” course of MH closure.

In conclusion, the temporal inverted ILM flap technique is
a simple surgical strategy, which provides a scaffold for retinal
gliosis and possibly facilitates bridge formation between the walls
of the MH just beneath the ILM flap especially in a patient with an
idiopathic MH who is unable to maintain postoperative prone
positioning. Regarding the MH closure rate and functional
recovery, a further study should be able to confirm the advantages
of this technique over other techniques.

Key words: macular hole, temporal inverted internal
limiting membrane flap technique, prone positioning.
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