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Purpose: To compare the anatomical and functional outcomes of macular hole (MH) surgery in high myopia (HM) versus non-HM
eyes.

Patient and Methods: This is a retrospective case-control study of patients who underwent MH repair between 2018 and 2022. HM
was defined by axial length (AL) >26 mm. MH size, macular curvature and foveoschisis were graded. Surgical technique was divided
into internal limiting membrane (ILM) peel or flap. Post-operative best corrected visual acuity (BCVA) and anatomical outcomes
including hole closure, restoration of outer retinal layers, presence of foveal gliosis or foveal detachment were assessed at post-
operative one, three, six and twelve months.

Results: Thirty-four HM eyes were matched 1:1 to 34 out of 201 non-HM eyes with using gender, age, MH size and concurrent
phacoemulsification as covariates. Mean AL in the HM group was 28.46 + 2.01 mm, ranging from 26.03 to 32.83 mm. MH size was
366+183 um and 386+199 um in HM and non-HM groups (p=0.667). BCVA and restoration of outer retinal layers were comparable
between groups at all time points. Initial hole closure rate was comparable, with 29 (85.3%) in HM group vs 30 (88.2%) in non-HM
eyes, p=0.720. One eye in the HM group re-opened 10 months post-operatively. Proportion of eyes with non-closure was higher in
those who underwent ILM peel vs flap [7/34 (20.5%) vs 0/34 (0%), p=0.022]. Smaller MH was associated with better closure rate (OR
0.99, 95% CI 0.99-1.00). AL and macular curvature were not associated with hole closure (OR 0.91, 95% CI 0.72-1.15; OR 1.01,
95% CI 0.99-1.02 respectively). Larger MH was associated with poorer final BCVA ($=0.010, 95% CI 0.007-0.014).

Conclusion: Anatomical success was comparable between HM and non-HM eyes. Higher surgical success was associated with
smaller MH size and ILM flap, but not influenced by AL, macular curvature or foveoschisis.

Keywords: macular hole, internal limiting membrane peel, internal limiting membrane flap, high myopia

Introduction

Surgical repair of macular holes (MH) in high myopia (HM) eyes is typically associated with lower surgical success
when compared to non-HM eyes.' * The pathogenesis of MH in HM is complex and multifactorial, involving not only
tangential traction but also anteroposterior traction resulting from axial elongation and the development of retinoschisis
and posterior staphyloma.”® Furthermore, HM eyes are at increased risk of macular atrophy and myopic choroidal
neovascularization, both of which contribute to a poorer visual prognosis.’

The conventional surgical approach for MH repair involved pars plana vitrectomy, internal limiting membrane (ILM)
peeling and gas tamponade, achieving success rates ranging from 60% to 90% in HM eyes.' ™ One study reported a
100% closure rate in a small sample of 24 myopic MH cases by using ILM peeling along with platelet concentrate and
sulfur hexafluoride, though anatomical success was measured biomicroscopically rather than by optical coherence
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tomography (OCT).® In eyes with extremely long axial length (AL) of >30 mm, anatomical closure rates can be as low as
0%.* The ILM peel aids in the complete removal of the cortical vitreous which releases traction. However, it may not be
sufficient to address the unique anatomical challenges of HM eyes, particularly the additional tension caused by posterior
staphyloma.

Since the introduction of ILM flap technique, outcomes in MH repair in HM eyes have improved, with closure rates
reported between 88% and 100%, even in cases of extreme myopia.” > The ILM flap acts as a scaffold, promoting glial
cell proliferation, which enhances hole closure.'®'" A meta-analyses reported closure rates between 91.8% and 97.1%
with this technique, along with visual acuity (VA) improvements between 66.2% and 77.3%.'* However, while the
closure rate has significantly improved, the presence of ILM flap may induce fibrosis over time, potentially limiting long-
term visual recovery.'> One study suggests that conventional ILM peeling may instead result in better functional
outcomes for large MH.'¢

Multiple retrospective studies including meta-analysis have evaluated outcomes in HM eyes, but there is limited
literature directly comparing outcomes between HM and non-HM eyes in a case-control fashion.'” To address this gap,
we conducted a case-control comparative study to assess and compare the anatomical functional outcomes of MH repair
in HM versus non-HM eyes, utilizing standard surgical techniques of both ILM peeling or ILM flap. We also aim to
investigate the association of posterior staphyloma and foveoschisis with surgical success.

Materials and Methods

This is a retrospective, multi-surgeon, case-control study of patients who underwent full-thickness MH repair consecu-
tively between 2018 and 2022 in Singapore National Eye Centre (SNEC). Cases that had ocular biometry data for on
axial length (AL) were included. HM is defined by AL of >26.0mm. Although some studies adopt higher cutoffs of
>26.5mm, the >26.0mm threshold is widely accepted in clinical practice and was chosen to ensure adequate case
inclusion, given the rarity of MH formation in HM eyes.”'® Refractive errors was not included in the HM definition, as
the study specically focused on the effect of axial myopia on hole closure. Cases of retinal detachment, secondary or
recurrent MH, retinal pathologies such as previous retinal detachment, choroidal neovascularization or macular atrophy
were excluded. Surgical techniques other than ILM peeling or ILM flap were also excluded. The control group consists of
201 consecutive MH surgery in non-HM eyes and was matched 1:1 using covariates age, gender, MH size, and whether
combined cataract surgery was performed. This study was conducted according to the tenets of Declaration of Helsinki
and was granted approval by SingHealth Centralized Institutional Review Board, which governs research conducted at
SNEC, a member institution under SingHealth. Informed consent was waived due to the retrospective nature of the study,
and all patient data were anonymized to ensure confidentiality.

Baseline characteristics of patients including age, gender, medical or ocular history were recorded. All patients
underwent pre-operative ophthalmic examination that included best corrected visual acuity (BCVA) and axial length
(AL) measurement. Diagnosis of MH was confirmed using OCT (Heidelberg Engineering, Heidelberg, Germany), and
the MH size was determined by the minimum linear distance between the hole edges that is parallel to the retinal pigment
epithelium (RPE). Associated features such as perihole fluid, subretinal fluid and foveoschisis were recorded. Macular
curvature was graded using an OCT-based measurement technique previously described.'” The OCT image is first scaled
to 1:1 pixel, and a best fit circle was drawn to approximate the macular curvature. Curvature (mm ') is defined as the
reciprocal of the radius of the best-fit circle.

Surgical repair of MH was performed using pars plana vitrectomy, followed by either ILM peeling or flap
creation, and subsequent gas tamponade. MembraneBlue-Dual (DORC International, Zuidland, Netherlands) was
used intraoperatively to enhance ILM visualization. The choice between ILM peeling or flap techniques was
determined at the surgeon’s discretion. In the ILM peeling group, standard complete ILM removal was performed,
whereas in the ILM flap group, an inverted ILM flap technique was performed in majority of cases. Gas tamponade
was achieved using air, sulfur hexafluoride (SF¢), hexafluoroethane (C,F) or octafluoropropane (C;Fg) according to
case requirements. Phakic eyes were considered for combined phacoemulsification and intraocular lens implant at
the time of vitrectomy.
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Examination findings and OCT at post-operative months 1, 3, 6 and 12 were reviewed. BCVA based on refraction was
recorded if available, otherwise, the pinhole VA of that visit was recorded. In terms of anatomical outcomes, complete
hole closure was defined as approximation of the inner edges and no exposure of the RPE on the OCT. Some of these
cases may have residual interruption of the inner or outer retinal layers. The restoration of outer retinal layer in the
external limiting membrane (ELM), ellipsoid zone (EZ), and interdigitation zone (IZ) were measured. Presence of foveal
gliosis or foveal detachment was also recorded.

All statistical analysis were performed using Stata (Version 15.0, StataCorp, College Station, Texas) and
R programming (Version 4.3.2). Propensity score was estimated using covariates which include age, gender, concurrent
cataract surgery and MH size. Based on the estimated propensity scores, 1:1 nearest neighbor matching was applied to
match the controls to the cases. VA, initially recorded in Snellen, was converted to logMAR for analysis. Comparison of
baseline demographic, systemic and ocular characteristics between HM vs non-HM eyes were performed using chi-
squared tests and independent 7-tests for categorical and continuous variables, respectively. Linear mixed effect models
were applied to evaluate the changes in BCVA between HM and non-HM eyes over time, and the association of various
risk factors with VA. Logistic regression analyses were applied to examine the association of risk factors with hole
closure. All reported P values were two-sided, and statistical significance was set at P < 0.05.

Results

Table 1 presents the baseline characteristics comparing HM eyes with non-HM eyes. Thirty-four HM eyes were matched
1:1 to 34 out of 201 non-HM eyes using gender, age, MH size and concurrent phacoemulsification covariates. AL was
significantly longer in the HM group (28.46 = 2.01 mm) compared to the non-HM group (23.73 £+ 1.12 mm, p<0.001).
Similarly, the presence of foveoschisis and macular curvature was significantly higher in the HM group (p=0.015 and
p<0.001, respectively). The pre-operative VA was comparable between the two groups (0.84 + 0.38 and 0.85 + 0.30
logMAR, respectively, p=0.882). The use of surgical techniques of either ILM peeling or ILM flap was equally
distributed in both groups.

Table 2 shows the post-operative outcomes of MH repair between HM and non-HM eyes. Primary hole closure had
comparable results, with rates of 85.3% and 88.2%, respectively (p=0.720). One eye (2.9%) in HM group had hole re-
opening at 10 months post-operatively, while no reopening was observed in the non-highly myopic group (p=0.314). All
eyes with ILM flap achieved 100% closure rate compared to 79.5% closure rate in ILM peel group (p=0.022). Both
groups experienced BCVA improvement over time (Table 2 and Figure 1), but there were no statistically significant
differences in BCVA at any postoperative time point, with the overall change in VA at 12 months showing 0.48 + 0.40

Table | Baseline Characteristics of Study Population

High Myopia | Non-High Myopia | P-value

No. of subjects 34 34
Female 20 (58.8%) 22 (64.7%) 0.618
Age, years 64.7 + 8.6 649 + 8.1 0.954
Diabetes 4 (11.8%) 8 (23.5%) 0.203
Hypertension 13 (38.2%) 14 (41.2%) 0.804
Axial Length, mm 2846 + 2.01 2373 £ 1.12 <0.001
Phakic 20 (58.8%) 23 (67.6%) 0451
Macular hole size, ym 366 + 183 386 + 199 0.667
Foveoschisis 20 (58.8%) 10 (29.4%) 0.015
Macular curvature, mm' 73.01 + 43.92 18.75 + 3.88 <0.001
Pre-operative VA, logMAR 0.84 + 0.38 0.85 + 0.30 0.882
Combined cataract surgery 18 (52.9%) 21 (61.8%) 0.462
Surgical Technique

ILM Peel 22 (64.7%) 22 (64.7%) 1.000

ILM flap 12 (35.3%) 12 (35.3%)

Abbreviations: VA, visual acuity; ILM, internal limiting membrane.
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Table 2 Post-Operative Anatomical and Functional Outcomes Between Highly Myopic and Non-
Highly Myopic Eyes

High Myopia | Non-High Myopia | P-value

Primary hole closure 29 (85.3%) 30 (88.2%) 0.720
Hole reopening within 12 months 1 (2.9%) 0 (0.0%) 0314
Final hole closure at month 12 28 (82.4%) 30 (88.2%) 0.734
BCVA (All eyes) N=34 N=34

Pre-operative 0.84 + 0.38 0.85 + 0.30 0.903
Post-operative month | 0.71 £ 0.49 0.76 £ 0.53 0.818
Post-operative month 3 0.55 + 0.37 0.52 + 0.40 0.539
Post-operative month 6 0.48 + 0.31 0.61 +0.49 0.313
Post-operative month 12 042 +0.38 0.57 + 0.40 0.909
Change in VA 0.48 + 0.40 042 +0.27 0.449
BCVA (Eyes with hole closure) N=29 N=30

Pre-operative 0.79 + 0.33 0.81 +0.23 0.827
Post-operative month | 0.63 + 0.45 0.71 £ 0.52 0.564
Post-operative month 3 047 +0.23 043 +0.28 0.505
Post-operative month 6 0.42 + 0.25 0.57 £ 0.50 0.298
Post-operative month 12 0.33+0.18 0.46 + 0.26 0.650
Change in VA 0.51 £0.39 0.47 £ 0.25 0.614
BCVA (ILM peeling eyes with hole closure) N=17 N=18

Pre-operative 0.77 £ 0.38 0.76 + 0.21 0.898
Post-operative month | 0.67 + 0.55 0.64 + 0.55 0.600
Post-operative month 3 0.45 +0.24 043 +0.33 0.643
Post-operative month 6 0.40 + 0.20 0.53 £ 0.48 0.699
Post-operative month 12 0.36 £ 0.20 0.43 +0.28 0.791
Change in VA 0.5 +0.45 0.42 + 0.26 0.443
BCVA (Pseudophakic eyes with hole closure) N=14 N=11

Pre-operative 0.73 +0.23 0.80 + 0.26 0.595
Post-operative month | 0.65 + 0.50 0.75 + 0.68 0.506
Post-operative month 3 0.52 + 0.27 0.34 + 0.21 0.272
Post-operative month 6 0.45 + 0.29 0.51 +0.25 0.869
Post-operative month 12 041 £0.17 0.49 £ 0.24 0.947
Change in VA 0.35 £ 0.22 0.47 £ 0.26 0.279

Abbreviation: BCVA, best corrected visual acuity.

logMAR for highly myopic and 0.42 + 0.27 logMAR for non-highly myopic eyes (p=0.449). For eyes achieving
complete hole closure, BCVA improvements followed a similar trend, with no significant differences between groups
at any interval, including the final 12-month assessment. In the subgroup analysis of eyes with ILM peel and complete
hole closure, as well as in the pseudophakic subgroup with complete hole closure, both groups demonstrated comparable
BCVA outcomes, with no significant differences in VA change by month 12.

Figure 2 shows the comparison of outer retinal layer recovery of eyes with complete hole closure between groups.
ELM restoration was the most common and occurs the earliest. This is followed by EZ and IZ restoration in both groups.
There was no significant difference in the individual outer retinal layer restoration between HM and non-HM eyes at all
time points.

The univariate analysis in Table 3 identified smaller MH size as a significant factor associated with hole closure in the
overall cohort (349.8 + 173.4 pm vs 545.2 + 215.4 pm, p=0.003) as well in the HM subgroup (327.8 + 154.5 um vs
585.6 £ 193.5 um, p=0.002). In non-HM subgroup, the absence of foveoschisis was significantly associated with higher

closure rates (p=0.033). Use of the ILM flap technique was significantly associated with hole closure in the overall cohort
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Figure | Post-operative functional recovery in visual acuity between highly myopic eyes (n=34) and non-highly myopic eyes (n=34).

(p=0.017) but this association did not reach statistical significance within the HM (p=0.074) or non-HM (p=0.116)
subgroups.

Linear regression analysis in Table 4, demonstrated that MH size was a significant predictor of final visual acuity at
12 months ($=0.010, 95% CI: 0.007-0.014), with larger holes associated with poorer VA outcomes. Age, AL, and
macular curvature showed no significant relationship with VA, suggesting that MH size is the primary factor influencing
both anatomical and functional outcomes in MH repair.

Discussion

In this study, we compared post-operative anatomical and functional outcomes of MH repair in HM eyes to non-HM
eyes. Primary hole closure rates were comparable between groups (85.3% vs 88.2%), with only one HM eye experien-
cing hole reopening within 12 months. BCVA at all time points did not differ significantly between groups. Larger MH
size was associated with poorer anatomical and functional outcomes, underscoring its role as a critical determinant of
surgical success. In addition, the use of ILM flap was associated with significantly higher hole closure rates compared to
standard ILM peeling, across all eyes.

Historically, HM eyes have been associated with poorer surgical outcomes due to anatomical challenges such as
posterior staphyloma, retinal thinning, and increased tractional forces.'* However, our findings support growing
evidence that with modern surgical approaches, such as ILM peeling or flap-assisted closure, favorable anatomical
outcomes can be achieved in HM eyes. In contrast to earlier studies where ILM peeling alone yielded closure rates as low
as 62.5% in HM eyes, the introduction of the ILM flap technique has markedly improved success.!” A recent meta-
analysis review reported an OR of 4.80 for primary closure using ILM flap versus ILM peeling.?’ The technique is
especially beneficial for complex cases such as large holes or those associated with macular detachment.?' Another meta-
analyses focusing on HM eyes further support the effectiveness of ILM flap technique, reporting closure rates between
91.6% and 96.2%.'* Some studies had also reported its effectiveness in hole closure in eyes with extreme HM.?>??
Mechanistically, the flap may serve as a scaffold for Miiller cell proliferation and gliosis, with the release of neurotrophic
and basic fibroblast growth factors facilitating tissue remodeling and hole closure.*
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Figure 2 Comparison of the restoration of outer retina layers in eyes with hole closure between highly myopic and non-highly myopic eyes.
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Table 3 Univariate Analysis of Clinical and Surgical Risk Factors Associated with Macular Hole Closure in All Eyes, High Myopia and
Non-High Myopia Subgroups

All Eyes High Myopia Non-High Myopia
Hole Non-Hole P-value Hole Non-Hole P-value Hole Non-Hole P-value
Closure Closure Closure Closure Closure Closure

N, eyes 59 9 29 5 30 4
Age, years 645+ 76 66.4 + 12.62 0.526 63.83 + 8.05 70.00 = 10.79 0.141 6523 +7.11 62.00 + 14.83 0.462
Axial length, mm 26028 268 £ 34 0.441 2829 + 2.00 29.42 + 1.96 0.250 2377 £ 1.17 23.50 + 0.74 0.661
Macular hole size, pm 3498 £ 173.4 5452 £ 2154 0.003 3278 £ 1545 585.6 + 193.5 0.002 371.2 £ 190.0 494.8 + 260.2 0.249
Macular curvature, mm ' 43.15 + 3892 63.77 + 53.65 0.165 68.18 + 42.96 101.04 + 42.89 0.124 18.96 + 3.93 17.18 + 3.60 0.397
Foveoschisis, n (%)

Present 25 (42.4%) 5 (55.6%) 0458 18 (62.1%) 2 (40.0%) 0354 7 (23.3%) 3 (75.0%) 0,033

Absent 34 (57.6%) 4 (44.4%) 11 (37.9%) 3 (60.0%) 23 (76.7%) I (25.0%)
Surgical technique

ILM peel 35 (59.3%) 9 (100.0%) 0017 17 (58.6%) 5 (100.0%) 0.074 18 (60.0%) 4 (100.0%) olle

ILM flap 24 (40.1%) 0 (0.0%) 12 (41.4%) 0 (0.0%) 12 (40.0%) 0 (0.0%)

Abbreviation: ILM, internal limiting membrane.

Table 4 Linear Regression Analysis of Factors Associated with Final Visual Acuity at 12

months
Beta (95% CI)f P-value Beta (95% CI)* P-value
Macular hole size, pm 0.010 (0.007, 0.014) <0.001
Age, per decade 0.024 (-0.077, 0.126) 0.639 0.026 (—0.056, 0.109) 0.531
Axial length, mm —0.001 (—0.031, 0.028) 0.921 0.005 (—0.019, 0.028) 0.706
Macular curvature, mm~' | 0.001 (-0.001, 0.003) 0.523 0.001 (—0.0005, 0.003) 0.165

Notes: TUnivariate analysis. *Multivariate analysis adjusted for macular hole size.

Despite the anatomical benefits, the functional superiority of ILM flap over peeling remains debatable.'>'®** Excessive
gliosis at the fovea may hinder complete outer retinal recovery, thereby limiting visual gains.'* In our study, overall VA
improvement did not differ significantly between HM and non-HM groups. Significant proportion of eyes underwent ILM
peel in both groups, and subgroup analysis of eyes undergoing ILM peeling (Table 2) revealed no significant difference in VA
improvement between HM and non-HM eyes. The VA improvement may be somewhat limited by incomplete restoration of
outer retina layers despite successful hole closure. Figure 3 highlights this by contrasting the full reconstitution of the outer
retina in a non-HM eye with persistent outer retinal disruption in an HM eye. We also observed a sequential pattern of outer
retinal recovery, with the ELM being restored earliest, typically by 1 month postoperatively, followed by the EZ and 1Z
(Figure 2). This sequence is consistent with prior literature indicating that ELM recovery, a surrogate for Miiller cell process
restoration, is essential for subsequent EZ reconstitution.?**’” While our sample may be underpowered to detect differences in
outer retinal recovery, the results suggest that HM eyes can achieve meaningful structural restoration despite axial elongation
and chorioretinal thinning. In addition, achieving primary hole closure should still be the primary aim and is especially crucial
in HM eyes, as reoperation can be difficult due to anatomical complexities.”® Persistent non-hole closure poses a risk of hole
enlargement resulting in larger scotoma or even retinal detachment.

Although high axial myopia, characterized by increased AL, has traditionally been associated with poorer surgical
outcomes due to factors such as increased traction and posterior staphyloma, we did not observe a significant effect of AL
on closure rates. The high closure rates in HM eyes likely reflect the mitigating effect of the ILM flap technique. We also
note that not all HM eyes exhibited increased macular curvature despite the longer AL. We hypothesize that differences
in macular curvature, rather than AL, may be more relevant in determining surgical outcomes. Within the HM subgroup,
eyes that achieved successful closure tended to have flatter macula, although this trend did not reach statistical

significance. Given the limited imaging field of the 6x6 mm OCT scan, we could not definitively determine whether
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Figure 3 (A-D) illustrate a non-highly myopic eye with axial length of 25.05mm. (A) pre-operative minimal hole diameter of 252 ym and visual acuity of 0.4 logMAR. (B) |
month after surgery (internal limiting membrane peel) demonstrating incomplete hole closure with defects of the outer retinal layer. (C and D) illustrate gradual
reconstitution of the external limiting membrane, ellipsoid zone and interdigitation zone at 6 and 12 months, with final visual acuity of 0.2 logMAR. (E-H) illustrate
a highly myopic eye with axial length of 31.29 mm. (E) minimal hole diameter of 41| um, pre-operative visual acuity of 1.0 logMAR. (F), | month after surgery (internal
limiting membrane flap) demonstrating complete hole closure, however outer retinal layers are not fully reconstituted. (G and H) illustrate the progress at 6 months and 12
months showing incomplete reconstitution of outer retinal layer with final visual acuity of 0.8 logMAR.

the increased macular curvature represented true outpouching, therefore we avoided the term posterior staphyloma.
Consistent with previous literature, smaller MH size remained a significant factor associated with successful anatomical
and visual outcomes, particularly in the HM subgroup.?’ This association was not observed in non-HM eyes.

Our study has several limitations. First, swept-source OCT imaging was not utilized in this retrospective cohort, which
could have provided valuable insights in characterizing and quantification of posterior staphyloma.’ While our sample size
may have been insufficient to detect subtle associations between macular curvature and surgical outcomes, the observed high
closure rates and comparable visual outcomes between HM and HM eyes are clinically meaningful and provide important

2622 s Clinical Ophthalmology 2025:19
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real-world evidence. MH formation in HM remains an uncommon complication, and even with five years of consecutive data
from a national tertiary center, the number of cases was inherently limited. Future multicenter study with larger cohorts is
important to elucidate the influence of posterior staphyloma and foveoschisis on surgical outcomes. We also found no
significant difference in functional outcomes between groups based on BCVA. While BCVA is a useful and convenient
parameter for assessing functional outcomes, it only represents foveal function. In conditions like MH where the fovea is
compromised, parafoveal function becomes increasingly important. More comprehensive assessments using microperimetry
to assess parafoveal and perifoveal retinal sensitivity could be considered in future studies.*®

Conclusion

MH surgery in HM eyes performed using current techniques of ILM peeling or flap, was able to achieve anatomical and
functional outcomes comparable to those in non-HM eyes. These findings suggest AL alone may not be a critical
determinant of surgical success. Instead, MH size remains a key prognostic factor, with larger holes associated with
lower rates of anatomical closure and poorer BCVA. The ILM flap technique is associated with a significantly higher rate
of hole closure compared to ILM peeling and should be considered more routinely in HM eyes to increase the likelihood
of achieving anatomical success.
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