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•  Macular hole surgery was first reported in 1991 by Kelly 
and Wendel 

•  Surgical advances have improved the primary success 
rate of the surgery to close to 95% 

•  Surgical failure is rare… 
…but difficult to treat  
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Several different techniques have been employed with 
varying degrees of success… 
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•  Enlargement of the area of ILM peel 

•  Tamponade with silicone oil  
or long-lasting gases 

•  Autologous platelets/thrombin 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
•  Brushing the margins of the hole 

together 

•  Arcuate superficial retinal incision 

•  Radial incision around the hole 

•  LASER.... 
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Inverted Internal Limiting Membrane Flap
Technique for Large Macular Holes

Zofia Michalewska, MD, PhD,1 Janusz Michalewski, MD, PhD,1 Ron A. Adelman, MD, MPH,2

Jerzy Nawrocki, MD, PhD1

Purpose: Large macular holes usually have an increased risk of surgical failure. Up to 44% of large macular
holes remain open after 1 surgery. Another 19% to 39% of macular holes are flat-open after surgery. Flat-open
macular holes are associated with limited visual acuity. This article presents a modification of the standard
macular hole surgery to improve functional and anatomic outcomes in patients with large macular holes.

Design: A prospective, randomized clinical trial.
Participants: Patients with macular holes larger than 400 !m were included. In group 1, 51 eyes of 40

patients underwent standard 3-port pars plana vitrectomy with air. In group 2, 50 eyes of 46 patients
underwent a modification of the standard technique, called the inverted internal limiting membrane (ILM) flap
technique.

Methods: In the inverted ILM flap technique, instead of completely removing the ILM after trypan blue
staining, a remnant attached to the margins of the macular hole was left in place. This ILM remnant was then
inverted upside-down to cover the macular hole. Fluid–air exchange was then performed. Spectral optical
coherence tomography and clinical examination were performed before surgery and postoperatively at 1 week
and 1, 3, 6, and 12 months.

Main Outcome Measures: Visual acuity and postoperative macular hole closure.
Results: Preoperative mean visual acuity was 0.12 in group 1 and 0.078 in group 2. Macular hole closure was

observed in 88% of patients in group 1 and in 98% of patients in group 2. A flat-hole roof with bare retinal
pigment epithelium (flat-open) was observed in 19% of patients in group 1 and 2% of patients in group 2. Mean
(or median) postoperative visual acuity 12 months after surgery was 0.17 (range, 0.1–0.6) in group 1 and 0.28
(range, 0.02–0.8) in group 2 (P ! 0.001).

Conclusions: The inverted ILM flap technique prevents the postoperative flat-open appearance of a macular
hole and improves both the functional and anatomic outcomes of vitrectomy for macular holes with a diameter
greater than 400 !m. Spectral optical coherence tomography after vitrectomy with the inverted ILM flap
technique suggests improved foveal anatomy compared with the standard surgery.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2010;117:2018–2025 © 2010 by the American Academy of Ophthalmology.

Macular hole surgery, first described by Kelly and Wen-
del1 in 1991, is widely used. An important factor influ-
encing postoperative functional and anatomic results is
the macular hole diameter. For macular holes with a
minimum diameter exceeding 500 !m, final visual acuity
is usually less than 0.2 and reoperations are sometimes
needed.2–4 Another factor influencing postoperative outcome
is variation in postoperative macular hole closure types.3,4 The
U-shape closure, present in 45% of cases, is associated with the
best functional results. In approximately 19% to 39% of cases,
flat macular hole margins with bare retinal pigment epithelium,
described as W-type closure, flat-closed macular holes, or
flat-open macular holes, are observed.3–5 Although this
situation is considered an anatomic success, visual acuity
is limited in these eyes. The current study reports a new
technique to improve the postoperative closure rate and
functional outcome in large stage III and IV macular
holes.

Materials and Methods

This is a prospective, comparative study. Ophthalmic findings at
the time of presentation were recorded, including best-corrected
visual acuity, slit-lamp examination, and ophthalmoscopic find-
ings. Only patients with idiopathic macular holes with a minimum
macular hole diameter exceeding 400 !m were included in this
study. Patients with severe retinal pathology as proliferative dia-
betic retinopathy, exudative age-related macular degeneration, or
retinal detachment were not included in this study. Best-corrected
visual acuity was measured by a blinded examiner using Snellen
tables. Institutional review board approval was obtained. In all pa-
tients, macular hole diagnosis was confirmed with spectral-domain
optical coherence tomography (SOCT Copernicus or SOCT Coper-
nicus HR, Optopol, Zawiercie, Poland). The duration of the mac-
ular hole was noted. The minimum and maximum hole diameters
were measured.2 One surgeon (JN) operated on all eyes in patients
under local anesthesia. Patients were randomized into 2 groups.
Immediately before surgery, the surgeon pulled out a ball from a
box. If a white ball was pulled out, standard pars plana vitrectomy

2018 © 2010 by the American Academy of Ophthalmology ISSN 0161-6420/10/$–see front matter
Published by Elsevier Inc. doi:10.1016/j.ophtha.2010.02.011

Inverted Internal Limiting Membrane Flap
Technique for Large Macular Holes

Zofia Michalewska, MD, PhD,1 Janusz Michalewski, MD, PhD,1 Ron A. Adelman, MD, MPH,2

Jerzy Nawrocki, MD, PhD1

Purpose: Large macular holes usually have an increased risk of surgical failure. Up to 44% of large macular
holes remain open after 1 surgery. Another 19% to 39% of macular holes are flat-open after surgery. Flat-open
macular holes are associated with limited visual acuity. This article presents a modification of the standard
macular hole surgery to improve functional and anatomic outcomes in patients with large macular holes.

Design: A prospective, randomized clinical trial.
Participants: Patients with macular holes larger than 400 !m were included. In group 1, 51 eyes of 40

patients underwent standard 3-port pars plana vitrectomy with air. In group 2, 50 eyes of 46 patients
underwent a modification of the standard technique, called the inverted internal limiting membrane (ILM) flap
technique.

Methods: In the inverted ILM flap technique, instead of completely removing the ILM after trypan blue
staining, a remnant attached to the margins of the macular hole was left in place. This ILM remnant was then
inverted upside-down to cover the macular hole. Fluid–air exchange was then performed. Spectral optical
coherence tomography and clinical examination were performed before surgery and postoperatively at 1 week
and 1, 3, 6, and 12 months.

Main Outcome Measures: Visual acuity and postoperative macular hole closure.
Results: Preoperative mean visual acuity was 0.12 in group 1 and 0.078 in group 2. Macular hole closure was

observed in 88% of patients in group 1 and in 98% of patients in group 2. A flat-hole roof with bare retinal
pigment epithelium (flat-open) was observed in 19% of patients in group 1 and 2% of patients in group 2. Mean
(or median) postoperative visual acuity 12 months after surgery was 0.17 (range, 0.1–0.6) in group 1 and 0.28
(range, 0.02–0.8) in group 2 (P ! 0.001).

Conclusions: The inverted ILM flap technique prevents the postoperative flat-open appearance of a macular
hole and improves both the functional and anatomic outcomes of vitrectomy for macular holes with a diameter
greater than 400 !m. Spectral optical coherence tomography after vitrectomy with the inverted ILM flap
technique suggests improved foveal anatomy compared with the standard surgery.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2010;117:2018–2025 © 2010 by the American Academy of Ophthalmology.

Macular hole surgery, first described by Kelly and Wen-
del1 in 1991, is widely used. An important factor influ-
encing postoperative functional and anatomic results is
the macular hole diameter. For macular holes with a
minimum diameter exceeding 500 !m, final visual acuity
is usually less than 0.2 and reoperations are sometimes
needed.2–4 Another factor influencing postoperative outcome
is variation in postoperative macular hole closure types.3,4 The
U-shape closure, present in 45% of cases, is associated with the
best functional results. In approximately 19% to 39% of cases,
flat macular hole margins with bare retinal pigment epithelium,
described as W-type closure, flat-closed macular holes, or
flat-open macular holes, are observed.3–5 Although this
situation is considered an anatomic success, visual acuity
is limited in these eyes. The current study reports a new
technique to improve the postoperative closure rate and
functional outcome in large stage III and IV macular
holes.

Materials and Methods

This is a prospective, comparative study. Ophthalmic findings at
the time of presentation were recorded, including best-corrected
visual acuity, slit-lamp examination, and ophthalmoscopic find-
ings. Only patients with idiopathic macular holes with a minimum
macular hole diameter exceeding 400 !m were included in this
study. Patients with severe retinal pathology as proliferative dia-
betic retinopathy, exudative age-related macular degeneration, or
retinal detachment were not included in this study. Best-corrected
visual acuity was measured by a blinded examiner using Snellen
tables. Institutional review board approval was obtained. In all pa-
tients, macular hole diagnosis was confirmed with spectral-domain
optical coherence tomography (SOCT Copernicus or SOCT Coper-
nicus HR, Optopol, Zawiercie, Poland). The duration of the mac-
ular hole was noted. The minimum and maximum hole diameters
were measured.2 One surgeon (JN) operated on all eyes in patients
under local anesthesia. Patients were randomized into 2 groups.
Immediately before surgery, the surgeon pulled out a ball from a
box. If a white ball was pulled out, standard pars plana vitrectomy

2018 © 2010 by the American Academy of Ophthalmology ISSN 0161-6420/10/$–see front matter
Published by Elsevier Inc. doi:10.1016/j.ophtha.2010.02.011

•  High closure rate 
•  ILM could serve as a scaffold for cell growth…  
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Peripheral ILM graft  
placed on Macular Hole bed 
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•  Persistent MH 
-  Failed vitrectomy with ILM peel and gas tamponade  

•  Six eyes of 6 patients 

•  All pseudophakic 
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•  23G pars plana vitrectomy  

•  BBG to stain the remaining ILM 

•  Peel a graft of peripheral ILM and 
placing it on the bed of the MH 

•  Carefull fluid-air exchange 

•  Gas-tamponade with C3F8 (14%) 

•  Avoid prone position for 3 days 
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Pre-op MH measurments: 
•  Minimum MH diameter – 659 µm (range 392 – 1073 µm) 
•  Base diameter – 1627 µm (range 964 – 2847 µm) 
•  Hole height – 465 µm (range 316 – 662 µm) 
•  Macular Hole Index <0.5 in all cases 

Pre-op Visual acuity   
•  CF in 3 patients 
•  20/400 in 1 patient 
•  20/200 in 2 patients 
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•  Macular Hole closure achieved in all cases 

•  VA improvement in 4 cases  
-  No change in 2 cases 

•  No major complications 
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•  This technique should be considered an option for 

persistent macular holes 

•  Less trauma to the retina than some of the alternative 
techniques 

•  Easily performed and safe 

•  More cases...  



 

 
Obrigado! 

Thank you! 
 
 
 

 
nunolgomes@gmail.com 

 
 

WWW.HOSPITALDEBRAGA.COM.PT 
 
 
 



 
 

•  Which side of the ILM is up? 

•  Impossible to know!!!! 
•  Does it matter??? 
•  Hole closes and VA improves…. 
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•  Tips and tricks? 

•  Stain 
•  Lower pressure (valves are great!) 
•  Grab flap gently 
•  Bimanual surgery  
•  Slow fluid/air exchange 
•  Patience is a virtue!!!! 
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