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Purpose: To evaluate the efficacy of fovea-sparing internal limiting membrane (ILM) peeling combined with ILM plug placement in
patients with optic disc pit maculopathy (ODP-M).

Patients and Methods: This retrospective study included seven eyes from seven patients diagnosed with ODP-M, treated with
fovea-sparing ILM peeling and ILM plug placement. All patients underwent pars plana vitrectomy (PPV), with either SF6 gas or
silicone oil used as tamponade. Outcome measures included best-corrected visual acuity (BCVA), central macular thickness (CMT),
retinal reattachment, and resolution of retinoschitic lesions (RL). Data were collected at baseline and during follow-ups at 1, 3, 6, and
12 months.

Results: The mean age of the study patients was 31 (+ 13.14) years, with a marginal male preponderance (M: F = 4:3). All patients
achieved complete retinal reattachment, with a significant reduction in CMT from 503.57 (£ 154.74) um preoperatively to 286.29 (+
22.43) pm at 12 months (P=0.02). BCVA improved in 85.7% of patients, from a mean of 0.77 (+ 0.19) logMAR to 0.5 (£ 0.25)
logMAR by 12 months, though this was not statistically significant (P=0.27). Complete resolution of RL was observed in 71.4% of
eyes, while 2 eyes showed partial resolution. One patient developed retinal detachment postoperatively, which was successfully
managed with additional surgery.

Conclusion: Fovea-sparing ILM peeling combined with ILM plug placement resulted in favorable anatomical and functional
outcomes for ODP-M patients, with a 100% retinal reattachment rate and significant CMT reduction. This technique offers a viable
alternative to conventional approaches, preserving foveal architecture while providing a mechanical barrier to fluid accumulation.
Keywords: optic disc pit, optic disc pit maculopathy, fovea-sparing, internal limiting membrane peeling, vitrectomy

Introduction
Optic Disc pit (ODP) is a rare but potentially sight-threatening condition that presents a significant challenge in ophthalmol-
ogy. First described by Wiethe in 1882, ODP are congenital cavitary anomalies of the optic nerve head, resulting from
incomplete closure of the embryonic fissure. Though often asymptomatic, these pits can lead to serous macular detachment
(SMD), known as optic disc pit maculopathy (ODP-M), which may result in progressive vision loss.>* ODP occur with an
estimated prevalence of 1 in 10,000 in the general population.”” The prevalence of ODP-M, however, is less frequent,
affecting around 25-75% of individuals with an ODP.>* While the condition can present in both children and adults, it often
manifests in young adults and is not typically associated with gender or ethnic predispositions.”>

The pathogenesis of ODP-M is complex and not entirely understood. ODP are congenital anomalies resulting from
incomplete closure of the embryonic fissure during ocular development.' These pits can lead to maculopathy due to the
abnormal communication between the subarachnoid space, vitreous cavity, and subretinal space, which allows fluid to

accumulate under the macula.>?
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Treatment of ODP-M has evolved over the years, with various strategies documented in the literature, ranging from
conservative observation to more invasive surgical interventions. Traditionally, observation was recommended for
asymptomatic cases or those with stable visual acuity, as spontaneous resolution has been reported in a minority of
cases.”* However, given the risk of progressive vision loss, more proactive approaches are often favored for sympto-
matic patients or those with progressive maculopathy. One of the earliest interventional approaches involved laser
photocoagulation, aimed at creating a chorioretinal scar to seal the communication between the ODP and the subretinal
space.”* While this method has shown some efficacy, it carries the risk of damaging the retinal layers, particularly the
fovea, which is critical for central vision. The advent of pars plana vitrectomy (PPV) has revolutionized the management
of ODP-M. Techniques such as posterior hyaloid detachment, gas tamponade, and internal limiting membrane (ILM)
peeling have been employed to facilitate the reattachment of the macula.®’” Although standard ILM peeling has shown
effectiveness in promoting macular reattachment, it also presents significant risks, including mechanical disruption of the
retinal architecture. A common complication associated with ILM peeling is the development of dissociated optic nerve
fiber layer (DONFL), which can compromise retinal function and lead to suboptimal visual recovery.®’ Furthermore,
conventional ILM peeling over the fovea may result in structural damage that adversely affects visual outcomes.

In light of these limitations, a modified approach using fovea-sparing ILM peeling has been proposed. This technique
involves peeling the ILM around the macula while sparing the central foveal region, thereby reducing the likelihood of
foveal damage.®® To enhance the structural integrity of the optic disc pit, the peeled ILM is then repurposed as an
autologous plug, placed within the optic pit to physically seal the abnormal communication and act as a barrier to fluid
leakage. This dual approach—fovea-sparing ILM peeling combined with ILM plug placement—not only preserves
foveal integrity but also addresses the core anatomical defect in ODP-M.

This article aims to evaluate the efficacy of fovea-sparing ILM peeling combined with ILM plug placement in patients
with ODP-M, contributing to the ongoing evolution of treatment strategies for this challenging condition.

Materials and Methods

This retrospective study was conducted at the Retina Institute of Bengal in Siliguri, India, following approval from the
Institutional Review Board. All procedures adhered to the ethical standards of the Declaration of Helsinki. Written
informed consent was obtained from all patients for both the surgical intervention and the use of their clinical data for
research purposes.

Study Population

The study included patients diagnosed with ODP-M with macular detachment who underwent fovea-sparing ILM peeling
combined with ILM plug placement between March 2016 to October 2023. Inclusion criteria were the presence of SMD
and retinoschiatic lesions (RL) associated with ODP, confirmed by clinical examination and multimodal imaging.
Exclusion criteria included previous ocular surgery, other retinal pathologies, and insufficient follow-up data.

Surgical Procedure

All surgeries were performed by a single experienced vitreoretinal surgeon with over 15 years of experience in managing
complex retinal conditions. The procedure was conducted under local or general anesthesia, depending on the patient’s
preference and medical condition.

The surgical approach involved a standard 25-gauge pars plana vitrectomy (PPV). After core vitrectomy, posterior
hyaloid detachment was achieved if not already present. The ILM was stained with Brilliant Blue G dye to facilitate
visualization. Fovea-sparing ILM peeling was performed by carefully peeling the ILM in a circumferential pattern
around the macula, ensuring that the foveal ILM was left intact to preserve foveal architecture.

Following ILM peeling, the excised ILM was folded and used as an autologous plug. The ILM plug was
meticulously placed over the optic disc pit to seal the abnormal communication between the subarachnoid space,
vitreous cavity, and subretinal space. This step aimed to provide a mechanical barrier to prevent further fluid
accumulation under the macula.
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At the end of the procedure, either 18% Sulphur hexafluoride gas or silicone oil was injected into the vitreous cavity
as a tamponade. The choice between gas and silicone oil was based on the surgeon’s discretion. Supplementary Video S1

demonstrates the surgical technique.

Following surgery, patients were instructed to maintain a face-down position for at least 5 to 7 days to facilitate the
proper placement of the tamponade agent and promote macular reattachment. Postoperative follow-up visits were
scheduled at 1, 3, 6, and 12 months. During these visits, a comprehensive ophthalmic examination was performed,
including best-corrected visual acuity (BCVA) assessment, anterior and posterior segment examination, and spectral-
domain optical coherence tomography (SD-OCT).

Data Collection

Data were extracted from electronic medical records and included demographic information, baseline characteristics,
BCVA), central macular thickness (CMT), and SD-OCT analysis. These data were collected at baseline and during
follow-up visits at 1, 3, 6, and 12 months postoperatively.

Outcome Measures

The primary outcomes evaluated were the anatomical success of retinal reattachment and improvement in BCVA.
Secondary outcomes included changes in CMT and the resolution of retinoschitic lesions (RL). These parameters were
assessed at 1, 3, 6, and 12 months postoperatively.

Retinal Reattachment: Defined as the resolution of subretinal fluid on SD-OCT

BCVA: Measured using a Snellen chart and converted to the logarithm of the minimum angle of resolution
(logMAR) for statistical analysis

CMT: Automated measurements using spectral-domain OCT.

Resolution of RL: Evaluated based on the presence or absence of intraretinal fluid on SD-OCT images

Statistical Analysis

Data were analyzed using SPSS software (version 23.0, SPSS Inc., Chicago, IL, USA). Continuous variables, such as
BCVA and CMT, were expressed as mean =+ standard deviation (SD). Categorical variables, including the rate of retinal
reattachment and resolution of RL, were expressed as frequencies and percentages. Changes in BCVA and CMT at
different time points (1, 3, 6, and 12 months) were analyzed using a repeated-measures analysis of variance (ANOVA) to
assess the statistical significance of the observed changes over time. Pairwise comparisons with Bonferroni correction
were performed to identify specific time points at which significant changes occurred. A P-value of less than 0.05 was
considered statistically significant for all analyses.

Results
Study Cohort

Seven eyes from seven patients diagnosed with ODP-M were included in the study. The mean age of the patients was 31
(£ 13.14) years, with a gender distribution of 4 males and 3 females. The mean duration of decreased vision was 15.43 (+
6.19) months. All patients underwent fovea-sparing ILM peeling combined with ILM plug placement, with either SF6
gas (6 patients) or silicone oil (1 patient) used as a tamponade. Table 1 provides the demographic details of the study
population.

Best-Corrected Visual Acuity

The mean BCVA improved at all follow-up visits, starting from 0.77 (+ 0.19) logMAR at baseline to 0.5 (+ 0.25) logMAR at
12 months. Although this improvement was not statistically significant (P=0.27), a trend towards improvement was noted over
the 12 months. Notably, 6 out of 7 eyes (85.7%) showed improvement by the 12-month follow-up, with one eye maintaining
stable vision throughout the study. The BCVA changes in the study population are presented in Table 2.
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Table | Demographic Characteristics
of the Study Population

Characteristic

Study Population

Age (years)

Mean (xSD) 31 (£ 13.14)
Gender

Male 4 (57.14%)
Females 3 (42.86%)

Duration of DOV
Mean (+ SD)

15.43 (% 6.19)

Abbreviations: SD, Standard deviation; DOV,
Decease of vision.

Table 2 Changes in the Best-Corrected
Visual Acuity (BCVA) in the Study Population
Through 12 Months

BCVA (logMAR) | P value
(Mean = SD)
Baseline 0.77 £ 0.19
I month 0.67 £ 0.19 0.93
3 months 0.59 + 0.3 0.63
6 months 0.56 + 0.26 0.48
12 months 0.5 £0.25 0.27

Abbreviations: BCVA, Best-corrected visual acuity;
logMAR, Logarithm of the Minimum Angle of
Resolution; SD, Standard deviation.

Central Macular Thickness
The mean CMT decreased at all follow-up visits, with significant reductions observed by month 6 (P=0.02). The mean

CMT decreased from 503.57 (£ 154.74) um preoperatively to 283.86 (+ 19.41) um at 6 months and stabilized to 286.29
(+ 22.43) um at 12 months (P=0.02). The CMT changes in the study population are presented in Table 3.

Table 3 Changes in the Central Macular Thickness
(CMT) in the Study Population Through 12 Months

CMT (um) (Mean % SD) | P value
Baseline 503.57 + 154.74
I month 370.43 + 107.07 0.28
3 months 397.29 + 200.6 0.5
6 months 283.86  19.41 0.02
12 months 286.29 * 22.43 0.02

Note: Bold Values: Statistically Significant.
Abbreviations: CMT, Central macular thickness; SD, Standard
deviation.
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Retinal Reattachment
All 7 eyes (100%) achieved successful retinal reattachment, as evidenced by the resolution of subretinal fluid on spectral-
domain optical coherence tomography (SD-OCT).

Retinoschiatic Lesions (RL)
Complete resolution of RL was observed in 5 out of 7 eyes (71.4%), while the remaining 2 eyes exhibited partial
resolution of RL by the end of the follow-up period.

Complications
One patient developed a retinal detachment (RD) 3 months after the initial surgery, which was successfully managed with
further surgical intervention. No other intraoperative or postoperative complications were noted. All patients complied
with postoperative face-down positioning, and no adverse events related to the tamponade were reported.

Figures 1 and 2 are representative cases illustrating the SD-OCT changes over 12 months. The surgical technique is
demonstrated in Supplementary Video S1.

Discussion
In the current study, we explored the efficacy of fovea-sparing ILM peeling combined with ILM plug placement in
patients diagnosed with ODP-M. Our results demonstrated promising anatomical and functional outcomes, with 100% of
eyes achieving retinal reattachment, significant reductions in CMT, and improvement in BCVA in 85.7% of cases.
Additionally, the majority (71.4%) of eyes showed complete resolution of RL, and no major intraoperative complications
were observed, except for one case of post-operative RD that was managed surgically.

The pathogenesis of ODP-M is complex, involving multiple mechanisms for fluid accumulation at the macula.
A widely accepted theory suggests that the CSF from the subarachnoid space enters the eye via the optic pit, facilitated
by its anatomical connection to the subarachnoid space.'>'®!" This allows CSF to move into the subretinal and
intraretinal space, where it accumulates, causing SMD and RL formation, progressively impairing vision.'®™'? Another
theory suggests that vitreous traction on the optic pit and adjacent retina contributes to fluid accumulation.” Regardless of
the origin, the abnormal communication between the subretinal space, vitreous, and optic disc pit leads to fluid
accumulation and subsequent macular detachment, necessitating prompt intervention.

Figure | Color fundus photograph of the left eye of a 19/M illustrating the optic disc pit at baseline (1 A) and subsequent visits (2A, 3A, 4A). Baseline spectral domain
optical coherence tomography (IB) demonstrates the retinoschiatic lesions (RL) with an epiretinal membrane. Following a pars plana vitrectomy with internal limiting
membrane (ILM) peeling and ILM plug and SFé gas injection, a gradual reduction of RL can be seen on the SD-OCT at months 3 (2B) and 6 (3B), followed by complete
resolution by 12 months (4B).
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Figure 2 Color fundus photograph of the left eye of a 55/M illustrating the optic disc pit at baseline (1 A) and subsequent visits (2A, 3A, 4A). The baseline spectral domain
optical coherence tomography (1B) illustrates the serous macular detachment (SMD) along with the retinoschiatic lesions (RL). After undergoing a pars plana vitrectomy
with internal limiting membrane (ILM) peeling and ILM plug and SF6 gas injection, the SMD and RL reduced by 3 months (2B). Subsequently, complete resolution of both the
SMD and RL was observed by 6 months (3B), which was maintained upto months 12 (4B) and 24 (5B) respectively.

Management of ODP-M has evolved significantly over the years. Historically, observation was the initial approach for
asymptomatic or stable cases, given reports of spontaneous resolution. However, given the risk of progressive vision loss,
conservative approaches are often inadequate for symptomatic cases. Early recommendations for treating ODP-M with
oral corticosteroids are now outdated.? Laser photocoagulation was introduced as an alternative, aiming to create a barrier
between the ODP and subretinal space.” Initial xenon lasers were ineffective, leading to the use of argon lasers, though
results have been inconsistent.”> While some small studies reported fluid absorption and retinal reattachment, others
showed poor success rates and severe visual field defects.”* The variable outcomes are likely due to the absorption of
laser energy by the choroid and retinal pigment epithelium, which may leave the macular schisis unaffected.

The role of PPV in treating ODP-M is well established, with studies showing long-term anatomical success rates between
50-95% and VA improvement in nearly half of the cases.” In line with these studies, our findings reflect a high anatomical
success rate of 100%, with visual improvement noted in 85.7% of cases. We also noted 100% resolution of RL lesion which is
similar to that reported in the literature.> However, as Hirakata et al’ have highlighted, conventional ILM peeling can
sometimes lead to postoperative foveal damage, potentially affecting visual recovery. Alternative techniques, such as inserting
a temporal ILM flap into the optic pit, have shown promise, achieving a 55.6% anatomical success rate over 10 months, with
evidence of faster fluid resolution than with ILM peeling alone. Additionally, autologous scleral plugs have reported an 85.7%
success rate at one year, suggesting a comparable yet potentially faster fluid resolution approach. Our fovea-sparing ILM
peeling aligns with these findings, demonstrating favorable anatomical and visual outcomes. However, despite a reduction in
CMT, we observed that visual improvement, while trending positively, was not statistically significant. This highlights the
distinction between anatomical success and functional gains, supporting the hypothesis that chronic retinal microstructural
damage in longstanding disease may limit visual recovery. The observed trend towards improved BCVA, despite reduced
CMT, underscores the need to evaluate the clinical significance of these anatomical changes, as reductions in CMT alone do
not guarantee meaningful visual improvement. Further research is warranted to clarify the relationship between anatomical

success and functional outcomes.
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Utilizing an autologous ILM flap successfully inhibits the flow of vitreous fluid into the subretinal space.'® This
method entails the application of staining and peeling ILM within the temporal arcades while retaining a portion
connected to the optic disc in order to form a pedicle-like structure.'? By enveloping the optic disc pit, this flap
facilitates fast absorption of fluid under the retina, hence possibly enabling early reattachment of the macular and
improvement of visual acuity.'* An alternative technique is removing the ILM from the temporal side of the disc and
fitting it into the pit using a membrane scraper coated with a diamond.'> This technique has shown a 55.6% anatomical
success rate and a mean reattachment time of 6.5 months, with a notable improvement in best-corrected visual acuity.'”
Comparative studies indicate that filling the optic pit with the ILM results in faster fluid resolution when compared to
peeling alone, though both methods yield similar anatomical and visual outcomes.'®

The fovea-sparing ILM peeling technique represents a significant advancement in the surgical management of
macular pathologies. Originally developed for macular hole repair, this technique has been shown to preserve foveal
architecture while maintaining the benefits of ILM peeling. In macular hole surgeries, studies have demonstrated that
fovea-sparing ILM peeling leads to faster visual recovery and better preservation of central vision compared to traditional
ILM peeling, which often risks damaging the delicate foveal structure.'”'® A meta-analysis demonstrated that vitrectomy
combined with fovea-sparing ILM peeling resulted in improved visual outcomes for vitreomacular interface disorders
and reduced the incidence of FTMH in cases without pre-existing MH.®

The exact mechanism of fovea-sparing ILM peeling remains unclear, but a plausible hypothesis suggests that it
preserves the foveal cone cells, which are densely arranged for optimal light reception by minimizing interference from
surrounding retinal cells.®'*?° The ILM, acting as the basement membrane of Miiller cells, connects tightly with
photoreceptor cells.'”?' Peeling the ILM disrupts Miiller cell connections, triggering postoperative macular changes,
including retinal nerve fiber swelling.*> Fovea-sparing ILM peeling interrupts the continuity of the ILM around the fovea,
altering traction forces and preserving the foveal Miiller cells and macular structure integrity.”** The current study is the
first to demonstrate that this technique can also be successfully applied to ODP-M, yielding good anatomical and
functional outcomes. By preserving the foveal structure and using the peeled ILM as an autologous plug, this technique
minimizes the risk of foveal damage while effectively addressing fluid accumulation in ODP-M. All patients in this study
achieved retinal reattachment, with a majority also demonstrating visual improvement, reinforcing the potential of this
novel approach in treating ODP-M.

One patient experienced a RD three months after the initial surgery, which was successfully managed with
a secondary surgical intervention. Although rare, RD is a recognized complication in retinal surgeries. In our study, all
patients adhered to the recommended postoperative face-down positioning, which has been shown to support the efficacy
of tamponade and reduce certain risks. Importantly, there were no intraoperative or immediate postoperative adverse
events, and no complications were observed in relation to the tamponade itself. Given the absence of a control group, it is
difficult to definitively attribute this case of RD to the procedure or to any individual risk factor. However, RD incidence
following retinal surgeries can result from various predisposing conditions, including pre-existing vitreoretinal traction
and individual patient anatomy. As such, we believe the single instance of RD in our study does not indicate a heightened
procedural risk, although it underscores the importance of vigilant postoperative monitoring.

Despite the promising results, our study has several limitations. The primary limitation is its retrospective design,
which introduces inherent biases, including selection bias and variability in follow-up. While retrospective studies are the
most feasible approach for studying rare diseases like ODP-M, we acknowledge that this design limits the general-
izability of our findings. Additionally, due to the rarity of ODP-M, planning a prospective study is extremely challenging,
as demonstrated in the existing literature, where the majority of studies on this condition have also relied on retrospective
analyses. This rarity makes it difficult to recruit a sufficient number of patients to conduct a well-powered prospective
trial. Future studies with larger sample sizes and longer follow-up periods are needed to validate these findings and
confirm the long-term efficacy of this surgical technique. Finally, the absence of a control group in this study makes it
difficult to directly compare the outcomes of fovea-sparing ILM peeling combined with ILM plug placement to other
surgical approaches. Although this is a limitation, we believe the novelty of the technique and the promising results

warrant further investigation.
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One of the key strengths of this study is the use of a novel surgical approach, fovea-sparing ILM peeling combined
with ILM plug placement, which has shown promising results in preserving foveal structure and improving visual
function. Additionally, the study’s comprehensive follow-up and detailed outcome measures, including BCVA, CMT, and
the resolution of RL, provide valuable insights into the efficacy of this technique. Our findings contribute to the growing
body of literature on the surgical management of ODP-M and suggest that this approach may offer a safer and more
effective alternative to traditional methods.

Conclusion

In conclusion, fovea-sparing ILM peeling combined with ILM plug placement represents a promising surgical approach
for managing ODP-M. Our study demonstrated that this technique leads to successful macular reattachment, significant
reductions in CMT, resolution of RL lesions, and visual improvement in most cases, with minimal complications.
However, given the study’s limitations, including its small sample size and relatively short follow-up period, these
findings should be interpreted with caution. Future research with larger cohorts and extended follow-up is critical to fully
assess the long-term efficacy, safety, and potential risks of this approach. Further validation is needed to determine
whether fovea-sparing ILM peeling can offer a reliable alternative to conventional ILM peeling, particularly in cases
where foveal preservation is critical.

Disclosure
The authors report no conflicts of interest in this work.
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