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Clinical and morphological predictors of visual outcomes
following inverted internal limiting membrane flap surgery
for large macular holes
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Abstract

Purpose: The purpose of the study was to evaluate the anatomical and functional outcomes of the inverted internal limiting membrane
(ILM) flap technique in patients with large macular holes (MHs) and identify independent prognostic factors that predict post-operative
visual acuity.

Methods: This retrospective study included 48 eyes of 48 patients who underwent pars plana vitrectomy and inverted ILM flap technique
for idiopathic MHs =400 um. Pre-operative and post-operative best-corrected visual acuity (BCVA), swept-source optical coherence
tomography (5S-OCT) parameters, and various clinical factors were evaluated. Multivariate regression analysis was performed to identify
independent prognostic factors for the post-operative BCVA.

Results: The mean BCVA improved significantly from 1.27+0.41 logMAR preoperatively to 0.62+0.37 logMAR at 6 months postoperatively
(p<0.001). U-shaped closure was associated with better BCVA than V- and W-shaped closures (p=0.001). Patients with symptom duration
<6 months and complete post-operative restoration of the external limiting membrane (ELM) and ellipsoid zone demonstrated
significantly better BCVA (p<0.01). Pre-operative BCVA (3=0.637, p<0.001) and MH index (MHI) (=—0.261, p=0.029) were significant
independent determinants of post-operative BCVA.

Conclusion: The inverted ILM flap technique provides high anatomical closure rates and significant visual improvement in large MH
surgery. Pre-operative BCVA and MHI were significant independent prognostic factors for post-operative visual outcomes. Structural
SS-OCT parameters can be clinically useful in predicting post-operative functional outcomes.

Keywords: Inverted internal limiting membrane flap, Macular hole, Optical coherence tomography, Pars plana vitrectomy, Prognostic
factors, Visual acuity

diopathic full-thickness macular hole (MH) is a foveal Advanced age and female sex have been consistently
disorder characterized by a complete discontinuity of the  reported as the main risk factors for idiopathic full-thickness
neurosensory retina, extending from the internal limiting  MH, with an estimated prevalence of approximately 0.2-
membrane (ILM) to the retinal pigment epithelium.['!'  0.8% in the general population.['! Both anteroposterior
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and tangential vitreoretinal traction are considered key
mechanisms contributing to the development of this
condition.!Z]

Surgical intervention remains the cornerstone of MH
treatment.3! The introduction of pars plana vitrectomy
(PPV) combined with ILM peeling and gas tamponade,
first described by Kelly and Wendel, marked a significant
advancement in MH surgery.[4] This technique has
substantially enhanced anatomical closure rates
and has been established as the standard treatment
approach.

In recent years, the inverted ILM flap technique has
emerged as an alternative surgical strategy, particularly for
large and chronic MHs, due to its association with higher
closure rates and better visual outcomes compared with
conventional ILM peeling.[>6! In addition to enhancing
anatomical success, this technique has been shown
to support restoration of the foveal architecture and
preservation of photoreceptor layer integrity.[7:8!

Previousresearch has reported multiple prognostic factors
associated with functional outcomes after MH surgery.
These factors mainly include pre-operative clinical
characteristics such as patient age, baseline visual acuity,
and symptom duration, in addition to optical coherence
tomography (OCT)-derived measurements and indices,
as well as post-operative foveal microstructural recovery.
[9-12] Nevertheless, the relative contribution of each
prognostic parameter to surgical outcomes remains
controversial. Although a substantial number of studies
have evaluated the prognostic significance of OCT
parameters in conventional ILM peeling surgery, data
regarding their relevance in patients treated with the
inverted ILM flap technique are limited.['3! Considering
the unique biological and structural characteristics of
the inverted ILM flap technique — particularly its ability
to provide a scaffold for retinal tissue and facilitate glial
cell proliferation - it has been hypothesized that the
prognostic impact of OCT parameters may differ in this
surgical setting.'" A clearer understanding of these
prognostic indicators is essential for optimizing patient
selection, refining surgical strategies, and ultimately
improving visual outcomes in patients undergoing this
procedure.

In this study, anatomical and functional results after
inverted ILM flap surgery for large MHs were analyzed, and
variables independently associated with post-operative
visual acuity were examined.

Materials and Methods

Study Design

This retrospective study was performed at the Department
of Ophthalmology, Kartal Litfi Kirdar City Hospital. Ethical
approval was obtained from the Ethics Committee of Kartal
Latfi Kirdar City Hospital (approval no: 2024/010.99/3/3),
and all procedures adhered to the tenets of the Declaration
of Helsinki. A total of 48 eyes from 48 consecutive patients
who underwent PPV with the ILM flap technique for
idiopathic MH between January 2020 and November
2024 were included in the analysis. Patients were eligible
if the minimum MH diameter was =400 um and the
post-operative follow-up period was at least 6 months.
Patients were excluded if they had a history of vitreoretinal
surgery other than for MH, coexisting retinal vascular or
degenerative disorders (including diabetic or hypertensive
retinopathy, retinal vascular occlusion, high myopia, age-
related macular degeneration, or uveitis), glaucoma, or
a history of ocular trauma. Clinical data were retrieved
from medical records and included the duration of visual
symptoms, baseline and final best-corrected visual acuity
(BCVA), findings from anterior and posterior segment
examinations, concomitant cataract surgery performed
during PPV, and the type of endotamponade used.
BCVA measurements obtained using the Snellen-based
optotypes were converted to logarithm of the minimum
angle of resolution (logMAR) units for statistical analysis.

OCT Image Measurements

All participants underwent swept-source OCT (SS-OCT)
imaging (Topcon, Tokyo, Japan) both preoperatively and
postoperatively. For consistency, identical scan locations
were analyzed in both examinations. SS-OCT assessments
included the minimum diameter (MD) of MH, defined
as the shortest distance between the opposing hole
margins; the base diameter (BD), representing the widest
dimension at the base; hole height (H); cone height
(CH); and the presence of discontinuities in the external
limiting membrane (ELM) and ellipsoid zone (EZ) (Fig. 1).
All measurements were obtained manually using the built-
in caliper tool. In addition, the presence of an epiretinal
membrane (ERM) was documented.

Using these parameters, MH-related indices and MH
volume (MHV) were calculated according to the truncated
cone model, as previously described.'Zl The MH-related
indices were defined as follows:

MH Index (MHI): H/BD
Tractional hole index (THI): H/MD
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Fig. 1. Optical coherence tomography image showing various mea-

surements.

Diameter hole index (DHI): MD/BD
MHV: (1/3) *  *CH*((BD/2) +BD/2*MD/2+(MD/2)?)

Based on cross-sectional SS-OCT images, post-operative
foveal closure configurations were classified into three
patterns: U-shaped, V-shaped, and irregular closed
(W-shaped). Image assessments were conducted
independently by two investigators (D.C.Y. and U.K.).

Surgical Technique

All surgical procedures were performed using PPV
systems (DORC, Holland) under retrobulbar anesthesia by
an experienced vitreoretinal surgeon (G.A.). In patients
with coexisting cataract, PPV was combined with
phacoemulsification and intraocular lens implantation.
Following core vitrectomy, the ILM was visualized using
0.025% Brilliant Blue G dye (Brilliant Peel, Fluoron, Germany).
When an ERM was present, it was carefully removed
before ILM manipulation. The ILM was then peeled using
23-gauge forceps in a semicircular configuration spanning
approximately 180° from the temporal aspect of the MH,
extending 2-2.5 disc diameters from the optic disc. The
peeled ILM flap was intentionally left attached to the
temporal margin of the MH to serve as a hinge. Any irregular
ILM edges were trimmed using a vitrector. Subsequently,
approximately 3 mL of perfluorocarbon (PFC) liquid was
slowly injected from the temporal side of the MH, allowing
controlled inversion and stable positioning of the ILM
flap over the macular defect. While the PFC fluid provided
mechanical stabilization of the ILM flap over the MH,

peripheral vitrectomy was completed. Liquid-air exchange
was then performed, and the PFC was aspirated from the
nasal side using a backflush cannula. Adequate stabilization
of the ILM flap was achieved in all patients. Finally, either
12% perfluoropropane (C3F8) or 25% sulfur hexafluoride
(SF6) gas was injected. Postoperatively, patients were
instructed to maintain a face-down position for 3 days.

Statistical Analysis

All statistical analyses were conducted with the Statistical
Package for the Social Sciences software (version 25.0; IBM
Corp., New York, USA). Continuous variables are reported as
meanzstandard deviation (SD). The distribution of the data
was examined using the Shapiro-Wilk test. Depending
on data distribution, parametric or non-parametric
statistical methods were applied. Changes between pre-
operative and 6-month post-operative measurements
were assessed using either the paired samples t-test or
the Wilcoxon signed-rank test. Comparisons between
independent groups were performed using the Mann-
Whitney U test or the Kruskal-Wallis test, as appropriate.
Associations between continuous variables were evaluated
using Pearson correlation analysis. Multivariate regression
analysis was applied to identify factors independently
associated with post-operative outcomes. A p<0.05 was
considered indicative of statistical significance.

Results

A total of 48 patients were included in the analysis. Of
these, 21 patients (43.8%) were male, and 27 (56.2%)
were female. The mean age of the study population was
66.7+8.45 years (range, 45-85 years). At the time of surgery,
37 eyes were phakic, whereas 11 eyes were pseudophakic.
Detailed demographic and baseline characteristics of the
participants are summarized in Table 1.

Based on SS-OCT measurements, the mean MD of the
MH was 563.87+116.13 um, while the mean BD measured
1097.95+336.98 um. The average hole H was calculated
as 431.46+81.73 um. The calculated values for the THI,
DHI, and MHI were 0.79+0.20, 0.53+£0.11, and 0.41+0.11,
respectively. In addition, the mean MHV was determined to

Table 1. Demographic characteristics of patients

Characteristic Values
Age, years (median, min-max) 67.50/45-85
Eye, right/left n (%) 22 (45.8)/26 (54.2)

21(43.8)/27 (56.2)
37 (77.0)/11 (23.0)

Gender, male/female n (%)

Lens status: Phakic/Pseudophakic n (%)
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Table 2. Evaluation of post-operative BCVA (LogMAR) according
to MH closure shapes

Closure shape Number (n) Post-operative BCVA p
U-shape 28/48 (58.4) 0.36+0.20 0.001*
V-shape 16/48 (33.3) 0.88+0.15

W-shape 4/48 (8.3) 1.35+0.10

BCVA: Best corrected visual acuity; MH: Macular hole. *Kruskal-Wallis Test

be 0.18+0.13 mm3.

The mean BCVA (LogMAR) improved from 1.27+0.41
before surgery to 0.62+0.37 at the 6™ month following
the procedure. This visual improvement was found to be
statistically significant (p<0.001), and none of the patients
experienced post-operative visual deterioration during
follow-up. Eyes demonstrating a U-shaped foveal closure
achieved superior visual outcomes compared with those
showing V-shaped or irregular (W-shaped) closure patterns
(Table 2). Structural analysis revealed a marked reduction
in both ELM and EZ defect dimensions by the 6t post-
operative month (p<0.001). Complete restoration of the
ELM was observed in 30 eyes, while full recovery of the
EZ occurred in 27 eyes (Fig. 2). Among these, total EZ
restoration was documented in 21 eyes with U-shaped

closure and in six eyes with V-shaped closure. In contrast,
persistent EZ disruption was noted in all eyes exhibiting a
W-shaped closure configuration.

Post-operative visual acuity was further analyzed in relation
to several clinical parameters. Significantly better post-
operative BCVA outcomes were observed in patients with
a symptom duration of <6 months and in those showing
complete post-operative restoration of the ELM and EZ on
SS-OCT imaging (p<0.01). Conversely, the presence of an
ERM did not show a statistically significant relationship with
post-operative BCVA (p=0.092). Moreover, post-operative
visual outcomes did not differ significantly according to the
type of endotamponade applied or the surgical approach
used (Table 3).

Significant correlations were identified between post-
operative BCVA and multiple pre-operative variables.
Positive correlations were observed with pre-operative
BCVA, MD, BD, MDH, and EZ and ELM defect lengths,
whereas MDI and TDI were negatively correlated with post-
operative BCVA. The most pronounced associations were
noted for EZ defect length (r=0.626, p=0.001) and MDI
(r=—0.594, p=0.001) (Table 4).

Variables demonstrating significant associations with
post-operative BCVA in correlation analyses were entered

o
L ST —

Fig. 2.

(a) Pre-operative cross-sectional B-scan swept-source optical coherence tomography image

of a 68-year-old man with Macular hole (MH). (b) Fifteen days after surgery, the internal limit-
ing membrane flap was placed, but the opening of the hole continued to be observed. (c) One
month after surgery, the MH was closed; however, incomplete restoration was observed in the
outer retinal layers. (d) Six months after surgery, complete restoration of the ellipsoid zone and

external limiting membrane was observed.
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Table 3. Comparison of post-operative BCVA (LogMAR) with

Table 4. Pearson correlation analysis between post-operative

parameters BCVA (LogMAR) and parameters

Parameter Group N Mean SD p Parameter R p
Symptom duration <6 25 034 0.21 <001 Pre-operative BCVA 0.549 0.001
>6 23 092 0.25 Minimum Diameter 0.542 0.001
Post-operative ELM Intact 30 037 0.22 <001 Base Diameter 0.543 0.001
Lost 18 093 0.26 Height —-0.005 0.975
Post-operative EZ Intact 27 037 0.22 <001 MHI -0.594 0.001
Lost 21 093 0.26 THI -0.415 0.007
ERM Present 23 072 041 DHI —-0.256 0.107
Absent 25 053 03 0092 MHV 0.419 0.006
Tamponade SF6 26 057 032 0367 Pre-operative EZ defect length 0.626 0.001
C3F8 22 068 042 Pre-operative ELM defect length 0.618 0.001
Surgical Type Combined PPV 37 0.6 0.4 Post-operative CMT -0.235 0.108

PPV 107 o2 °°

* Mann-Whitney U-test, M; BCVA: Best corrected visual acuity; ELM: External limiting
membrane; EZ: Elipsoid zone; ERM: Epiretinal membrane; PPV: Pars plana vitrectomy

into a multiple linear regression model. During model
construction, MD, BD, MHV, and the pre-operative lengths
of EZ and ELM defects were identified as sources of
multicollinearity, reflected by elevated variance inflation
factor values, and did not provide a statistically meaningful
contribution (p>0.05); therefore, these variables were
removed from the model. In the final forward stepwise
regression analysis, pre-operative BCVA ($=0.637, p<0.001)
and MHI (3=-0.261, p=0.029) emerged as independent
predictors of post-operative visual acuity, while all
remaining variables were excluded due to lack of statistical
significance (Fig. 3 and 4).

During the follow-up, none of the patients experienced
major  post-operative  adverse events, including

BCVA: Best corrected visual acuity; MHI: Macular hole index; THI: Tractional hole index;
DHI: Diameter hole index; MHV: Macular hole volume; EZ: Ellipsoid zone; ELM: External
limiting membrane; CMT: Central macular thickness

endophthalmitis, retinal detachment, vitreous hemorrhage,
or secondary glaucoma.

Discussion

Advances in surgical approaches for MH repair have
led to substantial improvements in anatomical closure
rates. Nevertheless, successful anatomical closure does
not invariably translate into satisfactory visual recovery.
Previous studies have explored multiple clinical and
morphological factors that may influence both functional
and structural outcomes following MH surgery.l8:12.14]
Despite this, evidence regarding the prognostic relevance
of these parameters in cases treated specifically with
the inverted ILM flap technique remains limited. In the
present study, we systematically analyzed the prognostic

postopBCVA

postopBCVA

00 50 100 1,50 200

preopBCVA

Fig. 3.

Regression analysis between pre-operative best-corrected visu-
al acuity (BCVA) and post-operative BCVA.

Fig. 4.

Regression analysis between Macular hole index and post-oper-
ative best-corrected visual acuity.
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significance of SS-OCT-derived structural measurements
alongside a range of pre-operative and post-operative
clinical variables in predicting post-operative BCVA in
patients with large MH treated using the inverted ILM flap
technique. Anatomical hole closure was achieved in all
cases, and post-operative visual acuity improved in every
patient included in the analysis. Multivariate evaluation
revealed that baseline BCVA and the MHI were the only
independent predictors of post-operative visual outcomes.

Earlier reports by Michalewska et al. !>l drew attention
to the potential instability of the inverted ILM flap during
the air-fluid exchange phase, identifying this step as a
notable technical limitation of the procedure. In response
to this issue, Andrew et al. [ proposed the adjunctive use
of viscoelastic materials to enhance flap stability, while
Shin et al. "l introduced PFC liquid (PFCL) before air-fluid
exchange and reported complete anatomical closure in
all treated cases. In the present cohort, no instances of
ILM flap dislocation were observed. We consider that the
application of PFCL, combined with gentle manipulation of
the ILM flap, played a key role in maintaining its adherence
to the macular surface, thereby supporting optimal
anatomical and structural restoration.

Michalewska et al. ('8! reported that post-operative
visual outcomes were most favorable in eyes exhibiting
a U-shaped foveal configuration after surgery. In the
same study, the temporal inverted ILM flap approach was
shown to promote U-shaped closure, thereby contributing
to superior visual acuity results. The outcomes of the
present study align with these observations. In our cohort,
U-shaped closure occurred more frequently than V- or
W-shaped patterns and was accompanied by significantly
better post-operative BCVA.

Research on the influence of ERM on surgical outcomes
is limited. Iwasaki et al.'” found that the presence of
ERM hinders morphological improvement; however, its
impact on visual outcomes is not consistently significant.
In our investigation, although patients with ERM exhibited
a slightly reduced final BCVA, this reduction was not
statistically significant.

Residual Miller cell fragments within the inverted ILM
flap are believed to promote glial proliferation, thereby
facilitating photoreceptor realignment and structural
reorganization. The gradual restoration of the ELM and
EZ has been shown to be closely associated with visual
recovery, and these reparative processes may continue
for several months following successful full-thickness
MH closure. BleidiBel et all29 reported that both the

reduction in ELM and EZ defect size and complete layer
restoration continued up to 12 months after surgery in
patients treated with the inverted ILM flap technique. In
contrast, Kocak et al.l2!l observed complete ELM and EZ
recovery rates of 57.1% and 53.6%, respectively, at post-
operative month 6 in eyes managed with the temporal
inverted ILM flap approach. In the present study, complete
restoration of the ELM and EZ was achieved in 62.5% and
56.2% of cases, respectively, yielding results comparable
to those previously reported. Previous investigations
have consistently demonstrated a strong association
between post-operative ELM and EZ integrity and final
visual acuity outcomes.!'822231 Wakabayashi et al. [22! and
Ramtohul et al. 23], emphasized that preservation of these
outer retinal layers is a key determinant of post-operative
BCVA. While Michalewska et al. '8 noted significantly
poorer visual outcomes in eyes with persistent ELM and
EZ disruption. Similarly, in our cohort, defect sizes of the
ELM and EZ showed a significant post-operative reduction,
and patients with complete restoration exhibited superior
BCVA outcomes.

Advances in SS-OCT technology have made it possible to
evaluate retinal microstructure in greater detail, thereby
improving insight into how anatomical characteristics
influence post-operative visual function. Bleidiel et
al.l20] demonstrated that larger MH dimensions, including
increased MD and BD, were associated with less favorable
post-operative BCVA, whereas eyes with higher MHI values
achieved better visual outcomes. Consistent with these
findings, other researchers have also reported a positive
association between MHI and post-operative BCVA.[!
Ruiz-Moreno et al.l'% similarly showed that MD, BD, THI,
and MHI correlated significantly with post-operative visual
outcomes; however, hole H and DHI were not associated
with post-operative BCVA.

In the present study, greater MD and BD values, as well
as longer pre-operative EZ and ELM defect lengths, were
significantly related to poorer post-operative BCVA.
Conversely, higher MHI and THI values were associated with
superior visual outcomes. Taken together, these results are
in agreement with previously published data and further
emphasize the prognostic importance of morphological
parameters — particularly MHI and MD - in predicting visual
recovery after MH surgery.

The association between post-operative BCVA and MHV
has been investigated in a limited number of studies, with
inconsistent findings reported across the literature. Xu et
al. 1241 demonstrated a significant relationship between
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MHV and BCVA at the 6t post-operative month, whereas
Pilli et al. 251 emphasized the role of inner macular
volume in predicting visual outcomes. In another study,
Unsal et al.l'?], identified BD and MHV as the parameters
most strongly correlated with post-operative BCVA. In
the present study, MHV showed a significant positive
correlation with post-operative BCVA in univariate analysis.
However, when MHV, pre-operative EZ defect length,
and other statistically significant variables were entered
into the multivariate regression model, none of these
parameters retained independent predictive significance.
These findings suggest that MHV, MD, BD, pre-operative
EZ/ELM defect length, and THI should not be considered
independent prognostic indicators, but rather interpreted
in conjunction with other structural characteristics of
the MH. Notably, multivariate regression analysis in our
cohort identified pre-operative BCVA and MHI as the only
independent predictors of post-operative visual acuity,
indicating that these two parameters may serve as more
robust and reliable prognostic markers for visual outcomes
following surgery.

Symptom duration has also been shown to influence
post-operative visual outcomes. Kazmerczak et al.[26]
reported better post-operative BCVA in patients with
a shorter duration of symptoms. Similarly, Bleidebel et
all2%1 demonstrated that shorter symptom duration was
associated with a smaller MD of MH. Consistent with these
findings, our study showed that patients with symptom
duration of <6 months achieved more favorable post-
operative BCVA. These results emphasize the importance of
early surgical intervention to optimize functional recovery.

Theimpactofdifferentintraoculartamponadeagentsonpost-
operative visual outcomes has been previously investigated.
Unsal et all'Zl demonstrated that patients receiving C3F8
exhibited greater visual improvement compared with those
treated with SF6, a finding they attributed to the higher
proportion of combined phacoemulsification and PPV
procedures in the C3F8 group. Conversely, Modi et al.l2’]
reported no significant differences between SF6 and C3F8
with respect to either visual recovery or anatomical closure
rates. Consistent with these observations, our study did not
reveal a statistically significant difference in post-operative
BCVA improvement between patients treated with SF6 and
those treated with C3F8.

Study Limitations

Several limitations should be acknowledged when
interpreting the results of this study. First, the retrospective
nature of the design may have introduced selection bias

and limited control over confounding variables. Second, the
relatively small sample size may have reduced the statistical
power, particularly in subgroup and regression analyses. In
addition, the follow-up duration was restricted to 6 months,
which may not be sufficient to capture the full extent of
long-term anatomical remodeling and functional recovery
following MH surgery. Structural restoration of retinal layers
such as the ELM and EZ is known to be a gradual process
that may continue beyond the early post-operative period.
Therefore, evaluating ELM and EZ defect lengths only up
to the 6t post-operative month may underestimate their
true impact on long-term visual outcomes. Furthermore,
the absence of serial long-term SS-OCT assessments
precluded a detailed analysis of dynamic changes in retinal
microstructure over time. Finally, this study did not include
a control group treated with alternative surgical techniques,
which limits direct comparison of prognostic factors across
different surgical approaches. Future prospective studies
with larger cohorts, extended follow-up periods, and
standardized imaging protocols are warranted to validate
and expand upon our findings.

Conclusion

The inverted ILM flap technique achieved favorable
anatomical and visual outcomes in large MH surgery.
Pre-operative BCVA and MHI emerged as key predictors
of post-operative visual acuity, highlighting the potential
role of SS-OCT-based structural parameters in outcome
prediction. Nevertheless, further prospective studies with
extended follow-up and larger cohorts are required to
validate these findings and clarify their clinical applicability.
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