
©Copyright 2024 by the Turkish Ophthalmological Association / Turkish Journal of Ophthalmology published by Galenos Publishing House.
Licensed by Creative Commons Attribution-NonCommercial (CC BY-NC-ND) 4.0 International License.

Original Article 

275

Address for Correspondence: Furkan Kırık, Bezmialem Vakıf University Faculty 
of Medicine, Department of Ophthalmology, İstanbul, Türkiye

E-mail: f.kirik21@gmail.com ORCID-ID: orcid.org/0000-0001-5846-8536
Received: 10.06.2024 Accepted: 05.08.2024

Bezmialem Vakıf University Faculty of Medicine, Department of Ophthalmology, İstanbul, Türkiye

 Hakan Özdemir,  Furkan Kırık,  Gizem Elif Atlı,  Begüm Petek Al

Multilayered Inverted Internal Limiting Membrane Flap Technique in Optic 
Disc Pit Maculopathy

Abstract

Objectives: To evaluate the anatomical and visual outcomes of the 
multilayered inverted internal limiting membrane (ML-ILM) flap 
technique in the treatment of optic disc pit maculopathy (ODPM).

Materials and Methods: In this retrospective interventional case 
series, medical records and macular spectral-domain optical coherence 
tomography images of patients who underwent combined pars plana 
vitrectomy with ML-ILM flap surgery for ODPM were analyzed. Best-
corrected visual acuity (BCVA) and central macular thickness (CMT) 
at postoperative 6 months were compared with baseline findings. 
Intraoperative and postoperative complications, fluid resolution time, and 
recurrence during follow-up were recorded.

Results: Five eyes of 5 patients with ODPM were included in the study. 
According to the preoperative macular fluid characteristics, 2 patients had 
only intraretinal fluid, while 3 patients had intraretinal and subretinal 
fluid. The preoperative median BCVA was 1.0 logarithm of the minimum 
angle of resolution (logMAR) (range, 1.0-1.3 logMAR), and the CMT was 
560 µm (range, 452-667 µm). At the 6-month postoperative follow-up, 
the median BCVA was 0.40 logMAR (range, 0.1-0.7 logMAR), and CMT 
was 315 µm (range, 265-326 µm) (p=0.042 and p=0.043, respectively). 
During the 6-month follow-up period, no recurrence or full-thickness 
macular hole formation was observed.

Conclusion: The ML-ILM flap technique is a preferable surgical 
option to achieve both high anatomical and functional success and flap 
stabilization.

Keywords: Multilayered inverted internal limiting membrane flap, 
optic disc pit maculopathy, pars plana vitrectomy

Introduction
Optic disc pit (ODP) is one of the cavitary anomalies of 

the optic nerve head and is typically congenital and unilateral.1 
It has been suggested that ODP may develop as a result of 
herniation of dysplastic primitive retinal tissue within a pocket 
into the subarachnoid space through a defect in the lamina 
cribrosa.2,3 ODP is a rare pathology, with an estimated incidence 
of 2/10,000, and occurs equally in men and women.4,5,6 It 
arises most commonly in the inferotemporal aspect of the optic 
nerve head.5 Although ODP is often asymptomatic, 25-75% 
of patients may develop vision-threatening maculopathy, a 
condition which is referred to as ODP maculopathy (ODPM) 
and is characterized by cystoid macular changes and/or serous 
macular detachment.7,8 Various techniques have been used in 
the treatment of ODPM, including peripapillary barrier laser 
photocoagulation, pars plana vitrectomy (PPV) and posterior 
vitreous detachment (PVD) induction, gas endotamponade with 
or without laser, and internal limiting membrane (ILM) peeling, 
but the results have been controversial.9,10,11,12 The inverted ILM 
flap technique was first reported in the treatment of ODPM by 
Mohammed and Pai13 and was subsequently adopted by many 
vitreoretinal surgeons.14,15,16,17 

In the inverted ILM flap technique, which is frequently used 
in macular hole surgery, flap separation or rupture may occur 
due to intraoperative fluid-air exchange or failure to maintain 
postoperative patient positioning. To prevent these undesirable 
situations that may result in surgical failure, the multilayered 
inverted (ML) ILM flap technique was recently introduced 
and is reported to be effective in the treatment of macular 
hole.18,19,20 ODPM patients undergoing ILM flap surgery also 
face postoperative risks comparable to those associated with the 
single-layered inverted ILM flap technique. However, to our 
knowledge there is no previous study evaluating the ML-ILM 
flap technique in the treatment of ODPM. 
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This study aimed to evaluate the visual and anatomical 
outcomes of PPV combined with the ML-ILM flap technique in 
the management of ODPM. 

Materials and Methods

Patient Selection
The medical records of patients who were diagnosed 

with ODPM confirmed by spectral domain-optical coherence 
tomography (SD-OCT) in a tertiary ophthalmology clinic 
between January 2016 and October 2023 and underwent 
PPV with inverted ILM flap surgery were retrospectively 
examined. The patients’ demographic data, detailed preoperative 
and postoperative ophthalmological examination findings, and 
previous macular SD-OCT images were recorded. Patients 
who underwent ML-ILM flap surgery performed by the same 
experienced vitreoretinal surgeon were included in the study; 
those whose surgeries involved techniques other than the 
ML-ILM flap technique (detailed below) were excluded. Patients 
with a postoperative follow-up of less than six months and 
patients with additional ocular or systemic disease that may cause 
visual impairment were also excluded. The study was conducted 
in accordance with the principles of the Declaration of Helsinki. 
Bezmialem Vakıf University Local Ethics Committee approval 
was obtained for the study (ethics committee decision number: 
2024/212-09, date: 15.05.2024) and the written consent of the 
patients or their legal guardians was on file.

Preoperative Assessment
The best-corrected visual acuities (BCVA), intraocular 

pressures (IOP), and anterior and posterior segment examination 
findings on record were noted for all patients. Detailed imaging 
of the macula was performed with SD-OCT (Spectralis OCT, 
Heidelberg Engineering, Heidelberg, Germany). Central macular 
thickness (CMT) was recorded from cross-sectional 25 A-scan 
SD-OCT images of the macula. The presence of subretinal and/or 

intraretinal fluid and ellipsoid zone (EZ) integrity were evaluated 
qualitatively from cross-sectional SD-OCT images. 

Surgical Procedure
All surgeries were performed by a single experienced 

vitreoretinal surgeon (H.Ö.) under general anesthesia, starting 
with 23-gauge (G) PPV via a standard three-port transconjunctival 
scleral entry. After central vitrectomy, intravitreal triamcinolone 
acetonide (KENACORT-A intramuscular/intraarticular retard 
40 mg ampule; Deva Holding Inc., İstanbul, Türkiye) was 
used to induce PVD. The ILM was stained using a dual dye 
(OCUBLU ILM/ERM Blue, Miray Medical, Bursa, Türkiye). 
Using 23G Eckhart ILM forceps, at least 3 inverted ILM flaps 
were created from the area between the fovea and optic disc 
toward the optic disc head (Figure 1). The ML-ILM flaps were 
inverted and placed so as to cover the ODP but were not used to 
plug the pit. The ILM was peeled in an area of two disc diameters 
around the temporal fovea (Figure 2A). Parts of the inverted 
ILM flaps that extended beyond the optic disc were trimmed 
using a vitrector (Figures 2B and 2C). Fluid-air exchange was 
then performed, taking care not to separate the ILM mound 
from the optic disc head. During fluid-air exchange, the globe 
was gently tilted nasally. This allowed the fluid on the retinal 
surface to be aspirated from nasal to the optic disc using a 
23G silicone-tipped backflush needle and the ILM flaps were 
stabilized over the ODP with air (Figure 3). ILM flap formation 
and stabilization were done without the use of perfluorocarbon 
fluid. The surgery concluded with intraocular air tamponade 
and subconjunctival ceftazidime (ZIDIM 1 g intramuscular/
intravenous vial, Tüm Ekip Pharmaceuticals Inc., İstanbul, 
Türkiye) and dexamethazone (DEKSAMETAZON-PF 8 mg/2 
mL solution, Polifarma Medical, Tekirdağ, Türkiye) injection. 
After extubation, the patients were placed in a lateral lying 
position according to which eye was operated (left side for 
the right eye, right side for the left eye) to support the spread 
of the flaps over the optic disc. Patients were instructed to 

Figure 1. Intraoperative images of a patient with optic disc pity maculopathy showing staining of the internal limiting membrane (ILM) with trypan blue (0.06%) followed 
by the creation of the inverted multilayered ILM (ML-ILM) flap. Three inverted ML-ILM flaps were made from the macular area between the fovea and optic to the optic pit. 
Creation of the first flap is shown in images A and B, the second flap in images C and D, and the third flap in images E and F
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maintain this positioning for 2 days postoperatively. All patients 
were prescribed topical 0.5% moxifloxacin (MOXAI 0.5% eye 
drops, Abdi İbrahim Medical Inc., İstanbul, Türkiye) and 0.1% 
dexamethasone (ONADRON SIMPLE 0.1% eye/ear drops, İ.E. 
Ulagay Medical Inc., İstanbul, Türkiye) 5 times a day for 2 weeks 
postoperatively. Any intraoperative and early postoperative 
(within the first 2 weeks) complications were noted.

Postoperative Evaluation
Findings from ophthalmological examinations conducted 

at postoperative 1 day, 2 weeks, and 1, 3, and 6 months were 
obtained from patient records. Macular SD-OCT imaging 
performed at all follow-up visits starting from postoperative 
2 weeks was evaluated. BCVA and IOP values, anterior and 
posterior segment examination findings, CMT, residual macular 
fluid pattern, EZ integrity, and presence of recurrence at 
postoperative 1-, 3-, and 6-month follow-ups were recorded 
(Figure 4).

Statistical Analysis
Statistical analysis was performed using SSPS version 20.0 

statistical software (IBM Corp, Armonk, NY, USA). Categorical 
variables were presented as numbers (percentages) and continuous 
variables were presented as median (range). Statistical analysis of 

BCVA was performed by converting Snellen values to logarithm 
of the minimum angle of resolution (logMAR). For continuous 
variables, Wilcoxon signed-rank test was used to compare 
initial findings to those at postoperative 6 months. P<0.05 was 
accepted as statistical significance. 

Figure 2. (A) After creating three internal limiting membrane (ILM) flaps, the remaining ILM was peeled between the vascular arcades in the posterior pole without 
creating a flap. (B) Excess ILM flap extending beyond the optic disc was trimmed using a vitrector. (C) The ILM flaps were stacked over the optic disc using a 23-gauge 
silicone-tipped backflush needle

Figure 3. Image of the intraoperative fluid-air exchange phase. The globe was 
gently tilted nasally and the fluid on the retinal surface was passively aspirated from 
nasal to the optic disc using a 23-gauge silicone-tipped backflush needle. Thus, the 
internal limiting membrane flaps were stabilized over the optic disc pit with air

Figure 4. Preoperative and postoperative fovea-centered cross-sectional optical 
coherence tomography (OCT) images of a patient with optic disc pity maculopathy 
in the right eye (patient 1, 17-year-old female). (A) Preoperative OCT images. 
The OCT cross-section shows the coexistence of retinochisis and serous macular 
detachment (bilaminar fluid pattern). (B) OCT image at postoperative 3 months 
shows minor intraretinal cystoid spaces with minimal serous macular detachment. 
In the cross-section, the inverted internal limiting membrane flap (arrow) can 
be seen over the optic disc. (C) OCT image at postoperative 6 months shows the 
intraretinal and subretinal fluid have been resorbed and the flap (arrow) remains in 
situ over the optic disc
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Results

Five eyes of 5 patients diagnosed with ODPM who underwent 
surgery using the ML-ILM flap technique were included in the 
study. The median age was 29 years (range, 17-34 years), and 
3 patients (60%) were female. ODP was located temporal to 
the optic disc in all cases. Preoperative median BCVA was 1.0 
logMAR (range, 1.0-1.3 logMAR) and CMT was 560 µm (range, 
452-667 µm). According to the macular fluid characteristics on 
preoperative SD-OCT imaging, 2 patients had intraretinal fluid 
only, while 3 patients had both intraretinal and subretinal fluid. 
At postoperative 6 months, the median BCVA was 0.4 logMAR 
(range, 0.1-0.7 logMAR) and CMT was 315 µm (range, 265-
326 µm) (p=0.042 and p=0.043, respectively). The comparison 
of the patients’ preoperative and postoperative 6-month clinical 
characteristics is summarized in Table 1. EZ disruption was 
observed in 3 patients (60%) preoperatively and persisted at 
postoperative 6 months in 2 patients (40%). No intraretinal or 
subretinal residual fluid was observed in any patient at 6 months 
and no recurrence was detected during follow-up. None of the 
patients had intraoperative or postoperative complications such 
as cataract or full-thickness macular hole. The demographic and 
clinical characteristics of all patients are presented in Table 2.

Discussion

Although uncomplicated ODP remains asymptomatic, 
maculopathy may develop over time and asymptomatic patients 
should be followed closely for ODPM. Complicated ODP 
can cause severe visual impairment, warranting an aggressive 
treatment approach.5,9,10,11 The main aim of treatment in ODPM 
is to stop fluid passage to the macular area, which causes visual 
impairment. Various treatment modalities have been trialed for 
this purpose.10,11 However, there is currently no gold standard 
treatment defined for ODPM. One of the first described 
treatment modalities was laser photocoagulation of the temporal 
edge of the ODP, but this approach has been abandoned in 
recent years because it can cause papillomacular bundle damage, 
resulting in permanent vision loss.10 PPV is often preferred in the 
current management of ODPM.9,10 The main reason for choosing 
PPV in ODPM is PVD induction, because traction from the 
vitreous and posterior hyaloid on the peripapillary and macular 
area allows fluid ingress through the ODP and can promote 
separation of the retinal layers, thereby facilitating the passage 

of fluid into the retina.21,22,23 Studies in the literature have 
shown that PPV and posterior hyaloid separation are effective 
for resolving maculopathy.23,24 PPV can be performed alone or 
combined with various techniques such as juxtapapillary laser 
photocoagulation, radial optic neurotomy, and ILM peeling or 
flaps.25,26,27,28 However, a meta-analysis by Zheng et al.25 failed 
to demonstrate significant superiority of any of these methods 
over the others. 

It has been noted that ILM peeling may be an important 
surgical maneuver to ensure the successful resolution of ODPM 
through eliminating tangential traction on the retina.29 
Marticorena et al.30 reported a case in which treatment with a 
second intervention performed after ILM peeling was successful 
after initial failure with PVD and laser. In a retrospective 
analysis of patients who underwent PPV and gas tamponade 
with or without ILM peeling, Skaat et al.31 reported that serous 
macular detachment persisted in patients without ILM peeling. 
In contrast, a recently published multicenter study indicated 
that ILM peeling did not provide any additional benefit.32 More 
recent studies have investigated the idea of covering the ODP 
with an ILM flap, as used in the treatment of macular holes.16,33,34 
As an autologous physiological tissue, ILM placed over the optic 
pit can form a permanent barrier that acts as a physiological dam 
against fluid ingress to the macula through the pit opening, and 
may induce gliosis and cell proliferation in the ODP cavity.14,34 
Supporting this hypothesis, recent studies have concluded that 
the inverted ILM flap brings about functional and anatomical 
restoration and is an effective and safe treatment option for 
ODPM.14,15,16,17 

The inverse ILM flap technique is already known to provide 
successful outcomes in macular hole surgery.35 However, various 
flap-related problems can occur in macular hole surgery, such 
as incorrect ILM flap orientation, flap loss to the cutter probe, 
and postoperative flap dehiscence. The ML-ILM flap technique 
was recently introduced as a surgical modification to reduce 
these risks and has yielded higher rates of anatomical closure 
compared to standard ILM peeling and PPV.18,19 In the present 
case series, we have shown for the first time that the ML-ILM 
flap technique, which was 100% successful at the end of 
the 6-month follow-up period, can be used as an effective 
treatment option in the treatment of ODPM. Unlike the single-
layered inverted ILM flap technique previously preferred in the 
treatment of ODPM, this method is believed to be advantageous 

Table 1. Demographic characteristics of the patients and their clinical status at baseline and six months after surgery with the 
multilayered inverted internal limiting membrane flap technique

Preoperative median (range)
Postoperative 6 months 
median (range)

p

Age, years 29 (17-34) -

Gender, female/male (%) 3 (60%)/2 (40%) -

BCVA, logMAR 1.0 (1.0-1.3) 0.4 (0.1-0.7) 0.042*

CMT, µm 560 (452-667) 315 (265-326) 0.043*

Impaired EZ integrity, n (%) 3 (60%) 2 (40%) 1.000**

*Wilcoxon signed-rank test, **McNemar test, BCVA: Best-corrected visual acuity, logMAR: Logarithm of the minimum angle of resolution, CMT: Central macular thickness, EZ: Ellipsoid zone
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in terms of flap stabilization. Previous studies have reported that 
intraoperative perfluorocarbon fluid, viscoelastic material, and silicone 
or gas tamponades may be selected for flap stabilization.36,37 However, 
the presence of an anatomical orifice in ODP may allow intraocular 
tamponades to pass into the subretinal, intraretinal, or even intracranial 
spaces and cause various complications.38,39,40 As multiple ILM flaps are 
stacked in the ML-ILM technique, flap stabilization was achieved under 
air tamponade alone, without the need for gas or silicone tamponade. In 
addition, perfluorocarbon fluid was specifically avoided when creating 
flaps to prevent the risk of toxic retinopathy that may occur as a result 
of perfluorocarbon fluid ingress to the intraretinal space via the cavitary 
opening. 

There are also studies indicating that creating ILM flaps in eyes 
with ODPM can cause macular hole formation.41,42 Some vitreoretinal 
surgeons have recommended fovea-sparing ILM peeling to prevent 
this complication.15,43 However, in eyes where the ILM is retained, 
it has been reported that a full-thickness macular hole may occur if 
performing PPV with gas tamponade and laser photocoagulation.44 
Ultimately, there are limited data regarding whether ILM peeling 
causes full-thickness macular hole in eyes with ODPM, and some have 
suggested that macular hole formation may be associated with posterior 
hyaloid detachment.16,45 Furthermore, it is known that ODPM itself can 
also lead to the formation of a full-thickness macular hole.9 Although 
the development of iatrogenic full-thickness macular hole associated 
with ILM peeling was not observed in any of the cases in the present 
series, patients should be followed closely for this complication in the 
postoperative period.

A limited number of studies have shown that successful outcomes can 
be obtained by plugging various biological structures other than ILM into 
the pit opening for a similar purpose.17,46,47,48 However, as the potential for 
occlusive vasculitis and progressive peripapillary retinal nerve fiber layer 
thinning has been reported, especially with scleral plugs, ILM flaps can be 
considered advantageous considering these complications.49,50 In this case 
series, the multiple ILM flaps created were not placed in the pit opening 
as a plug, but were only placed over the optic pit and stabilized. The fact 
that the ILM flap technique utilizes the patient’s own tissue eliminates the 
described risks associated with external tissue.

Although there is no clear consensus on the fluid source that causes 
maculopathy in ODPM, suggested sources are cerebrospinal fluid, 
vitreous fluid, or leakage from dural vessels in the pit base.9,11 OCT 
imaging greatly facilitates the recognition of the intraretinal and/or 
subretinal fluid accumulation causing ODPM. Moreover, OCT imaging 
is useful in the preoperative and postoperative evaluation of EZ integrity, 
which is closely related to visual prognosis, as well as in postoperative 
follow-up for recurrence and investigating for the presence of residual 
fluid. ODPM may manifest with retinochisis in the outer retinal 
layers due to the ingress of intraretinal fluid, or macular neurosensory 
detachment due to the ingress of subretinal fluid. The coexistence of 
both subretinal and intraretinal fluid in ODPM was named the bilaminar 
pattern and reported at a rate of 83.3% by Karacorlu et al.51 In our case 
series, the bilaminar fluid pattern was observed in 60% of the patients. 
In addition, there are studies reporting that as with other macular 
pathologies, EZ disruption may be associated with poor visual prognosis 
in ODPM. In our case series, we noted that patients with postoperative 
EZ defect (patients 3 and 4) had an increase of less than 3 lines in Snellen T
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BCVA. In one case (patient 1), the preoperative EZ defect 
resolved postoperatively and BCVA increased by more than 3 
lines. The authors of a previous case report also documented a 
dramatic visual gain (increase from counting fingers to 6/6) in a 
young patient with an outer retinal hole after ILM peeling with 
SF6 gas tamponade.

Study Limitations
One of the main limitations of this study is the small 

case number and lack of a control group that would allow 
comparison with another method. However, as mentioned 
previously, ODPM is a rare macular pathology. Nevertheless, 
achieving surgical success in all five patients using the ML-ILM 
flap may serve as a guide for future studies. In addition, 
evaluating the patients’ 6-month outcomes can be considered 
another limitation. Although it was reported in an earlier case 
presentation that resolution could continue for up to 22 months, 
achieving complete resolution by the end of a 6-month period in 
all patients also suggests that this technique may be effective in 
the short term.

Conclusion
To our knowledge, this study is the first to investigate the 

effectiveness of the ML-ILM flap technique in the treatment of 
ODPM, and the results demonstrate that this method seems 
to be a preferable option in the management of ODPM to 
ensure both high anatomical and functional success and flap 
stabilization. Larger ODPM case series in which the ML-ILM 
flap technique is applied and prospective studies comparing it 
with other surgical techniques are needed.

Ethics 
Ethics Committee Approval: Bezmialem Vakıf University 

Local Ethics Committee approval was obtained for the study 
(ethics committee decision number: 2024/212-09, date: 
15.05.2024).

Informed Consent: Written consent of the participants or 
their legal guardians is on file.

Authorship Contributions
Surgical and Medical Practices: H.Ö., Concept: H.Ö., 

Design: H.Ö., F.K., Data Collection or Processing: G.E.A., 
B.P.A., Analysis or Interpretation: H.Ö., F.K., Literature Search: 
G.E.A., B.P.A., Writing: H.Ö., F.K.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.

References
1.	 Jain N, Johnson MW. Pathogenesis and treatment of maculopathy associated 

with cavitary optic disc anomalies. Am J Ophthalmol. 2014;158:423-435.
2.	 Irvine AR, Crawford JB, Sullivan JH. The pathogenesis of retinal detachment 

with morning glory disc and optic pit. Trans Am Ophthalmol Soc. 
1986;84:280-292.

3.	 Christoforidis JB, Terrell W, Davidorf FH. Histopathology of optic nerve pit-
associated maculopathy. Clin Ophthalmol. 2012;6:1169-1174.

4.	 Steel DHW, Suleman J, Murphy DC, Song A, Dodds S, Rees J. Optic Disc Pit 
Maculopathy: A Two-Year Nationwide Prospective Population-based Study. 
Ophthalmology. 2018;125:1757-1764.

5.	 Georgalas I, Ladas I, Georgopoulos G, Petrou P. Optic disc pit: a review. 
Graefes Arch Clin Exp Ophthalmol. 2011;249:1113-1122.

6.	 Healey PR, Mitchell P. The prevalence of optic disc pits and their relationship 
to glaucoma. J Glaucoma. 2008;17:11-14.

7.	 Gordon R, Chatfield RK. Pits in the optic disc associated with macular 
degeneration. Br J Ophthalmol. 1969;53:481-489.

8.	 Brown GC, Shields JA, Goldberg RE. Congenital pits of the optic nerve head. 
II. Clinical studies in humans. Ophthalmology. 1980;87:51-65.

9.	 Kalogeropoulos D, Ch’ng SW, Lee R, Elaraoud I, Purohit M, Felicida 
V, Mathew M, Ajith-Kumar N, Sharma A, Mitra A. Optic Disc Pit 
Maculopathy: A Review. Asia Pac J Ophthalmol (Phila). 2019;8:247-255.

10.	 Chatziralli I, Theodossiadis P, Theodossiadis GP. Optic disk pit 
maculopathy: current management strategies. Clin Ophthalmol. 
2018;12:1417-1422.

11.	 Uzel MM, Karacorlu M. Optic disk pits and optic disk pit maculopathy: A 
review. Surv Ophthalmol. 2019;64:595-607.

12.	 Dülger Çelik S, Teke Y. Optik Pite Bağlı Seröz Maküla Dekolmanında 
Vitrektomi. Güncel Retina Dergisi. 2021;5:350.

13.	 Mohammed OA, Pai A. Inverted autologous internal limiting membrane for 
management of optic disc pit with macular detachment. Middle East Afr J 
Ophthalmol. 2013;20:357-359. 

14.	 Nawrocki J, Bonińska K, Michalewska Z. Managing Optic Pit. The Right 
Stuff! Retina. 2016;36:2430-2432.

15.	 Hara R, Tsukahara Y, Simoyama T, Mori S. Refined Internal Limiting 
Membrane Inverted Flap Technique for Intractable Macular Detachment with 
Optic Disc Pit. Case Rep Ophthalmol. 2017;8:208-213.

16.	 Tavallali A, Sadeghi Y, Abtahi SH, Nouri H, Samadikhadem S, Rezaei M, 
Mazloumi M. Inverted ILM Flap Technique in Optic Disc Pit Maculopathy. J 
Ophthalmic Vis Res. 2023;18:230-239.

17.	 Babu N, Kohli P, Ramasamy K. Comparison of various surgical techniques 
for optic disc pit maculopathy: vitrectomy with internal limiting membrane 
(ILM) peeling alone versus inverted ILM flap ‘plug’ versus autologous scleral 
‘plug’. Br J Ophthalmol. 2020;104:1567-1573.

18.	 Agrawal V, Jindal K, Dhakad Y, Rathore P, Khilnani K. Multilayered inverted 
internal limiting membrane flap technique versus standard internal limiting 
membrane peeling for large macular holes: A comparative study. Indian J 
Ophthalmol. 2022;70:909-913.

19.	 Wang X, Zhu Y, Xu H. Inverted multi-layer internal limiting membrane flap 
for macular hole retinal detachment in high myopia. Sci Rep. 2022;12:10593.

20.	 Joshi S, Yadav N, Ayachit A, Joshi M, Vibhute G, Ayachit G. Surgical 
outcomes of petalloid multilayered inverted internal limiting membrane 
flaps in extra-large macular holes. Indian J Ophthalmol. 2024;72(Suppl 
1):153-157.

21.	 Theodossiadis PG, Grigoropoulos VG, Emfietzoglou J, Theodossiadis GP. 
Vitreous findings in optic disc pit maculopathy based on optical coherence 
tomography. Graefes Arch Clin Exp Ophthalmol. 2007;245:1311-1318.

22.	 Talli PM, Fantaguzzi PM, Bendo E, Pazzaglia A. Vitrectomy without laser 
treatment for macular serous detachment associated with optic disc pit: long-
term outcomes. Eur J Ophthalmol. 2016;26:182-187.

23.	 Hirakata A, Inoue M, Hiraoka T, McCuen BW 2nd. Vitrectomy without laser 
treatment or gas tamponade for macular detachment associated with an optic 
disc pit. Ophthalmology. 2012;119:810-818.

24.	 Rayat JS, Rudnisky CJ, Waite C, Huang P, Sheidow TG, Kherani A, Tennant 
Mt. Long-Term Outcomes For Optic Disk Pit Maculopathy After Vitrectomy. 
Retina. 2015;35:2011-2017.

25.	 Zheng A, Singh RP, Lavine JA. Surgical Options and Outcomes in the 
Treatment of Optic Pit Maculopathy: A Meta-analysis and Systematic Review. 
Ophthalmol Retina. 2020;4:289-299.

26.	 Avci R, Kapran Z, Ozdek Ş, Teke MY, Oz O, Guven D, Yilmaz S, Kaderli 
B, Durukan AH, Sobaci G, Unver YB, Akduman L, Kaynak S, Dogan 
I, Inan UU. Multicenter study of pars plana vitrectomy for optic disc pit 
maculopathy: MACPIT study. Eye (Lond). 2017;31:1266-1273.



Özdemir et al. ML-ILM Flap in Optic Pit Maculopathy

281

27.	 Karacorlu M, Sayman Muslubas I, Hocaoglu M, Ozdemir H, Arf S, Uysal 
O. Long-Term Outcomes Of Radial Optic Neurotomy For Management Of 
Optic Disk Pit Maculopathy. Retina. 2016;36:2419-2427.

28.	 Ozkaya A, Erdogan G. A Surgical Technique for Optic Pit Maculopathy: 
Vitrectomy Combined with Reversed ILM flap. Beyoglu Eye J. 2016;1:18-21.

29.	 Georgalas I, Petrou P, Koutsandrea C, Papaconstadinou D, Ladas I, Gotzaridis 
E. Optic disc pit maculopathy treated with vitrectomy, internal limiting 
membrane peeling, and gas tamponade: a report of two cases. Eur J 
Ophthalmol. 2009;19:324-326.

30.	 Marticorena J, Gómez-Ulla F, Romano MR, Fernández M. Dye-guided retinal 
laser and internal drainage for optic pit maculopathy. Graefes Arch Clin Exp 
Ophthalmol. 2013;251:381-382.

31.	 Skaat A, Moroz I, Moisseiev J. Macular detachment associated with an optic 
pit: optical coherence tomography patterns and surgical outcomes. Eur J 
Ophthalmol. 2013;23:385-393.

32.	 Iros M, Parolini B, Ozdek S, Gini G, Nawrocka ZA, Ellabban AA, Faramawi 
MF, Adelman R, Sallam AB; EVRS Study Group. Management of optic disc 
pit maculopathy: the European VitreoRetinal society optic pit study. Acta 
Ophthalmol. 2022;100:1264-1271.

33.	 Zacharias LC, Nascimento MVDD, Ghosn NB, Ciongoli MR, Preti RC, 
Monteiro MLR. Inverted internal limiting membrane flap for the management 
of optic disc pit maculopathy. Arq Bras Oftalmol. 2020;83:69-72.

34.	 Pastor-Idoate S, Gómez-Resa M, Karam S, Copete S, Kyriakou D, García-Arumí 
Fusté C, Pastora N, Nadal J, García-Arumí J. Efficacy of Internal Limiting 
Membrane Flap Techniques with Vitrectomy for Macular Detachment 
Associated with an Optic Disc Pit. Ophthalmologica. 2019;242:38-48.

35.	 Yu JG, Wang J, Xiang Y. Inverted Internal Limiting Membrane Flap 
Technique versus Internal Limiting Membrane Peeling for Large Macular 
Holes: A Meta-Analysis of Randomized Controlled Trials. Ophthalmic Res. 
2021;64:713-722.

36.	 Lee JE, Byon IS, Park SW. Internal Limiting Membrane Surgery. Springer; 
2021.

37.	 D’Souza P, Babu U, Narendran V. Autologous Free Internal Limiting 
Membrane Flap for Optic Nerve Head Pit With Maculopathy. Ophthalmic 
Surg Lasers Imaging Retina. 2017;48:350-353.

38.	 Dithmar S, Schuett F, Voelcker HE, Holz FG. Delayed sequential occurrence 
of perfluorodecalin and silicone oil in the subretinal space following retinal 

detachment surgery in the presence of an optic disc pit. Arch Ophthalmol. 
2004;122:409-411.

39.	 Salam A, Khan-Lim D, Luff AJ. Superior retinal detachment in an oil-filled 
eye with a colobomatous optic disc. Retin Cases Brief Rep. 2008;2:124-125.

40.	 Khaqan HA. Optic Disc Pit. Ret-Vit. 2021;30:223-226. 
41.	 Todorich B, Sharma S, Vajzovic L. Successful Repair Of Recurrent Optic 

Disk Pit Maculopathy With Autologous Platelet Rich Plasma: Report Of A 
Surgical Technique. Retin Cases Brief Rep. 2017;11:15-17.

42.	 Wan R, Chang A. Optic disc pit maculopathy: a review of diagnosis and 
treatment. Clin Exp Optom. 2020;103:425-429.

43.	 Kumar K, Bhattacharya D. Unilateral double optic nerve head pits with foveo-
schisis detachment treated by modified internal limiting membrane peeling 
technique. Indian J Ophthalmol. 2022;70:1054-1057.

44.	 Teke MY, Citirik M. 23 Gauge Vitrectomy, Endolaser, and Gas Tamponade 
Versus Vitrectomy Alone for Serous Macular Detachment Associated With 
Optic Disc Pit. Am J Ophthalmol. 2015;160:779-785.

45.	 Shukla D, Kalliath J, Tandon M, Vijayakumar B. Vitrectomy for optic disk 
pit with macular schisis and outer retinal dehiscence. Retina. 2012;32:1337-
1342.

46.	 Ozdek S, Ozdemir HB. A New Technique With Autologous Fibrin For 
The Treatment Of Persistent Optic Pit Maculopathy. Retin Cases Brief Rep. 
2017;11:75-78.

47.	 Abdala-Caballero C, Vidal S, Unigarro J, Salgado C, Cabal P, Maeda H, 
Bueso Ponce D. Surgical technique: Autologous scleral flap for optic disk pit 
maculopathy. Eur J Ophthalmol. 2021;31:1487-1491.

48.	 Rizzo S, Caporossi T, Pacini B, De Angelis L, De Vitto ML, Gainsanti F. 
Management of Optic Disk Pit-associated Macular Detachment with Human 
Amniotic Membrane Patch. Retina. 2023;43:144-147.

49.	 Dsouza P, Mohan M, Mohanakumar M, ShivaSwamy M, Kanakath A, Vr 
S. Pits of Fire: Post Scleral Graft Vasculitis in Patients With Optic Disc Pit 
Maculopathy. Ophthalmic Surg Lasers Imaging Retina. 2024; 55:172-175.

50.	 Anand A, Sinha S, Kumari A, Mohan N, Sinha BP. Optic Disk Pit Stuffing-To 
Do Or Not To Do. Retin Cases Brief Rep. 2023;17:771-774.

51.	 Karacorlu SA, Karacorlu M, Ozdemir H, Burumcek E, Esgin H. Optical 
coherence tomography in optic pit maculopathy. Int Ophthalmol. 
2007;27:293-297.


