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Abstract 

Macular holes (MHs), including atraumatic idiopathic and refractory MHs, affect central vision acuity due to full-
thickness defects in the retinal tissue. The existing controversy regarding the pathophysiology and management 
of MHs has significantly improved with the implementation of internal limiting membrane (ILM) surgical techniques 
and improved MH closure rates. Thus, to determine the effect of ILM techniques on large idiopathic and refractory 
MH management, the present study systematically reviewed 5910 original research articles extracted from online 
literature databases, including PubMed, Cochrane, Google Scholar, and Embase, following the PRISMA guidelines. 
The primary outcome measures were MH closure rate and postoperative visual acuity. A total of 23 randomized 
controlled trials (RCTs) with adequate patient information and information on the effect of ILM peeling, inverted ILM 
flaps, autologous retinal transplantation (ART), and ILM insertion techniques on large idiopathic and refractory MH 
patients were retrieved and analyzed using RevMan software (version 5.3) provided by the Cochrane Collaboration. 
Statistical risk of bias analysis was also conducted on the selected sources using RoB2, which showed a low risk of bias 
in the included studies. A meta-analysis indicated that the inverted ILM flap technique had a significantly greater MH 
closure rate for primary MH than the other treatment methods (OR = 3. 22, 95% CI 1.34–7.43; p = 0.01). Furthermore, 
the findings showed that the inverted ILM flap group had significantly better postoperative visual acuity than did 
the other treatment options for patients with idiopathic MH (WMD = − 0.13; 95% CI = 0.22–0.09; p = 0.0002). The ILM 
peeling technique had the second highest statistical significance for MH closure rates in patients with idiopathic MH 
(OR = 2. 72, 95% CI: 1.26–6.32; p = 0.016). In refractory MHs, autologous retinal transplant (ART) and multilayer ILM plug 
(MIP) techniques improve the closure rate and visual function; human amniotic membrane grafting (hAMG) pro‑
vides a high degree of anatomical outcomes but disappointing visual results. This study demonstrated the reliability 
and effectiveness of ILM techniques in improving the functional and anatomical outcomes of large idiopathic and 
refractory MH surgery. These findings will help clinicians choose the appropriate treatment technique for patients 
with idiopathic and refractory MH.
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Introduction
Macular holes (MHs) are a common cause of retinal dis-
ease, particularly those affecting the foveal region, and 
can lead to significant vision loss. MHs can be divided 
into different subtypes according to their pathogenesis, 
morphological characteristics, and therapeutic options 
[1–3]. MH is morphologically defined as a partial- or 
full-thickness defect of the neurosensory foveal region 
due to tangential tractional dehiscence rather than loss 
or avulsion of the tissue. A full-thickness macular hole 
(FTMH) extends from the internal limiting membrane to 
the retinal pigment epithelium (RPE) [1–3]. The reported 
incidence of MHs is 3.3 per 1000 people [4]. According 
to researchers, the internal limiting membrane (ILM) 
plays a major role in MH formation and expansion [5, 6]. 
Thus, implementing ILM surgical techniques in MH clo-
sure can be considered a therapeutic milestone. Statistics 
show that a 90% closure rate and 80% visual acuity have 
been successfully achieved in untreatable MHs through 
treatment with current surgical techniques [3], modern 
diagnostic tools, and prognostication of individual cases, 
all of which have improved anatomical and functional 
outcomes [7].

The predominant and most common subtype of MH is 
known as primary or idiopathic macular hole (MH) [3], 
which is mainly age-related in origin and can be a partial-
thickness MH (PTMH) or full-thickness macular hole 
(FTMH) [8]. MH is the main cause of central vision loss 
and has a high prevalence, especially in elderly female 
patients aged > 50  years [3, 9, 10]. The pathogenesis of 
primary MH is still unclear [10]. The gradually occur-
ring clinical manifestations of idiopathic MH include 
decreased vision, difficulty reading when the condition 
is bilateral, metamorphopsia, and central dark spots [11]. 
ILM peeling has been defined as the primary treatment 
for idiopathic MH [9]. Furthermore, the molecular status 
of the vitreous substitute should include all the structural 
and functional qualities of the physiological vitreous. Vit-
reous substitutes, such as air, sulfur hexafluoride (SF6), 
perfluoroethane (C2F6), perfluoropropane (C3F8), and 
silicone oil (SO), can be classified based on their function 
or molecular status to provide postoperative tamponade 
(SO).

Refractory MH, another type of full-thickness MH 
(FTMH), is challenging for clinicians because these 
holes cannot be closed or reopened after a complete 
primary surgery. Moreover, various new and innovative 
techniques have been proposed for refractory MHs [1]. 
However, with novel surgical modalities, a minimal per-
centage of MHs still have a greater risk of primary sur-
gical failure. In this form, in chronic large primary and 
refractory MH, several reports have shown that mod-
ern techniques, including ILM flap manipulations in 

combination with surgical adjuncts, increase anatomical 
closure success but still result in disappointing visual out-
comes; examples include medium or mainly large refrac-
tory MHs without central ILMs where surgical options 
such as pedicle ILM flaps, retracting ILM doors, ILM 
insertion,  autologous free ILM flaps, ILM distal flaps, 
enlarged ILM peeling, autologous retinal grafting (ARG) 
or autologous retinal transplant (ART), human amniotic 
membrane grafting (hAMG), multilayer internal limiting 
membrane plug (MIP), adjuvant chorioretinal adhesives, 
and experimental mesenchymal stem cells in experimen-
tal assays, all of which have proven to be beneficial in the 
anatomical closure of these challenging MHs [3–5]. Sec-
ondary MHs are associated with pathologic myopia, eye 
trauma, proliferative diabetic retinopathy, and other vit-
reoretinal conditions [3]. In addition to these techniques, 
various treatments such as gas type, tamponade, postur-
ing, ocriplasmin, and 27-gauge microincision vitrectomy 
surgery (MIVS) have been used to treat MHs, and both 
successful and failed visual gain and anatomical closure 
have been observed [4].

Management of MHs has evolved from an untreatable 
condition to a microsurgical procedure with consider-
able potential success [10], where the rate of visual acuity 
represents successful MH surgery [4]. Thus, the present 
study was designed to review the applications and suc-
cessful effects of ILM surgical techniques in patients 
with large idiopathic and refractory MH closure, as well 
as anatomical and functional outcomes and visual acuity 
improvements after treatment with ILM techniques.

Materials and methods
Article collection

1.	 A systematic review of the literature was conducted 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines. The research articles were searched in 
publicly available online literature databases, includ-
ing PubMed (https://​pubmed.​ncbi.​nlm.​nih.​gov/), 
Scopus (https://​www.​scopus.​com/​home.​uri), Ovid 
(https://​ovidsp.​ovid.​com/), Cochrane (https://​www.​
cochr​aneli​brary.​com/), Google Scholar (https://​schol​
ar.​google.​com/), and Embase (https://​www.​elsev​ier.​
com/​en-​in/​solut​ions/​embase-​biome​dical-​resea​rch), 
using Medical Subject Headings (MeSH) terminolo-
gies such as “Idiopathic large macular hole AND 
refractory macular hole AND internal limiting mem-
brane techniques AND surgery,” “Idiopathic macu-
lar hole AND refractory macular hole AND internal 
limiting membrane removal technique,” “Idiopathic 
macular hole AND refractory macular hole AND 
lens capsule transplantation,” “Idiopathic macular 

https://pubmed.ncbi.nlm.nih.gov/
https://www.scopus.com/home.uri
https://ovidsp.ovid.com/
https://www.cochranelibrary.com/
https://www.cochranelibrary.com/
https://scholar.google.com/
https://scholar.google.com/
https://www.elsevier.com/en-in/solutions/embase-biomedical-research
https://www.elsevier.com/en-in/solutions/embase-biomedical-research
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hole AND refractory macular hole AND inverted 
internal limiting membrane technique,” “Idiopathic 
macular hole AND refractory macular hole AND 
inverted internal limiting membrane technique,” “Idi-
opathic macular hole AND free autologous limiting 
membrane transplantation,” “Idiopathic macular hole 
AND refractory macular hole AND autologous neu-
rosensorial retinal grafting,” “Idiopathic macular hole 
AND refractory macular hole AND amniotic mem-
brane grafting technique,” “Idiopathic macular hole 
AND refractory macular hole AND amniotic mem-
brane grafting technique,” and “Idiopathic macular 
hole AND refractory macular hole AND amniotic 
membrane grafting technique,” and “Idiopathic mac-
ular hole AND refractory macular hole”. “Idiopathic 
macular hole AND refractory macular hole AND 
FSIP technique AND FS-ILM removal technique”. 
The articles were screened according to the inclu-
sion and exclusion criteria (see the search strategy in 
Appendix 1 in the Supplementary file).

Inclusion criteria

2.	 Articles with complete information on the anatomi-
cal and functional effects of diverse ILM techniques 
in large idiopathic and refractory MH surgeries.

3.	 Articles should be written in the English language.
4.	 The full length of the original research articles should 

be available.
5.	 The studies included only human samples.
6.	 Only randomized controlled trials (RCTs) were con-

sidered for further statistical analysis.
7.	 Studies could have been performed in any country.

Exclusion criteria

1.	 Review articles, letters to the editor, discussions, sin-
gle case reports, meta-analyses, abstracts, systematic 
reviews, and articles published in other languages

2.	 Articles with unwanted data, such as other diseases 
or treatment methods.

3.	 Articles with missing information on treatment 
methods, patient information, and mortality rate.

4.	 Nonrandomized studies.
5.	 Nonhuman studies were also excluded.
6.	 Studies pertaining to age-related macular degenera-

tion or other diagnoses unrelated to idiopathic pri-
mary or refractory MHs were excluded.

Article screening process
Articles collected via database searches using MeSH 
terms were imported into Covidence.org. Duplicate 
studies were removed, and systematic screening was 
conducted by two authors (MAQR and EAQG). Titles 
and abstracts were screened, and KAPPA statistics were 
computed for each filtering stage before discrepancies 
were resolved. In the event of disagreement, a third 
reviewer (VLG) was consulted for resolution. The com-
plete texts of the eligible studies were uploaded for full 
screening. Again, the KAPPA statistics were computed 
before discrepancies were resolved. The following 
information was extracted from all studies: (1) general 
information about the purpose of the study, aim, and 
outcomes; (2) protocol methodology using the study 
design, inclusion and entry criteria, study participants, 
methods, and follow-up period; (3) visual acuity before 
and after treatment; (4) type of ILM removal technique 
used at the time of surgery; and (5) safety outcomes and 
complications during and after diverse ILM removal or 
manipulation techniques.

The filtered articles were again screened based on 
the inclusion and exclusion criteria. Articles with 
the required information, particularly concerning 
the effects of ILM techniques on large idiopathic and 
refractory MH surgeries were considered for further 
analysis.

Data retrieval
The collected articles were screened manually, and 
the required data were retrieved by two independent 
authors (MAQR and EAQG), including the authors’ 
information, principal author’s last name, publication 
year, PubMed IDs, study groups, study design, sample 
size (number of studied idiopathic primary or refrac-
tory MH cases), mean MH size and visual acuity, study 
region, participant characteristics (mean age and sex), 
treatment methods used, number of patients treated 
with different ILM techniques, MH closure rates, pre- 
and postoperative best-corrected visual acuity (BCVA), 
and proof of informed consent. The retrieved data were 
analyzed according to the PICOS format as follows:

P: population: number of patients with large idio-
pathic or refractory MHs.

I: intervention: number of MH patients treated with 
ILM techniques.

C: comparator: number of patients treated with tech-
niques other than the ILM technique.

O: outcome: the effect of ILM techniques on large idi-
opathic or refractory MH patients.

S: private and hospital settings.
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Risk of Bias analysis
The retrieved data were analyzed using the Cochrane risk 
of bias tool for randomized trials (RoB 2) in R. The risk 
of bias analysis was based on five possible domains: (D1) 
bias arising from the randomization process, (D2) bias 
due to deviations from intended interventions, (D3) bias 
due to missing outcome data, (D4) bias in the measure-
ment of the outcome, and (D5) bias in the selection of 
the reported result. The inputs under each domain led to 
the generation of graphical representations of “low risk of 
bias,” “some concerns,” or “high risk of bias” [12].

Meta‑analysis
RevMan 5.3 software provided by the Cochrane Col-
laboration was used for the statistical analysis. Standard 
deviations (SDs) and means were used to calculate the 
weighted mean differences with 95% confidence intervals 
(CIs). Odds ratios (ORs) with 95% CIs were also calcu-
lated. The X2 test was used to assess the statistical heter-
ogeneity between the studies included in the analysis. For 
P < 0.05 and I2 > 50, heterogeneity was considered signifi-
cant, and a random effect model was adopted. However, 
in cases where I2 was ≤ 50%, heterogeneity was consid-
ered low, and the fixed-effects model was used for data 
analysis.

Results
Study selection
A total of 5910 articles were identified in five online 
repositories: PubMed (26), Scopus (9), Cochrane (2), 
Google Scholar (5865), and Embase (8). No results were 
obtained from the Ovid literature database based on the 
medical subjet heading (MeSH) terms used. Among these 
search results, only 5865 articles were further considered 
after identifying only open-access articles with research 
conducted on human species in all five databases, and 
the researchers included open-access articles. The arti-
cles were screened again by applying the inclusion and 
exclusion criteria, and only 34 studies were found that 
contained all required and PICOS data. However, among 
these studies, only 23 were RCTs and were subjected to 
further risk-of-bias analysis. The study selection was per-
formed using the PRISMA flow diagram (Fig. 1).

Study characteristics
The included RCTs were published between 2013 and 
2023. A total of 721 patients with MH were included: 448 
had idiopathic MHs, and the remaining 273 had refrac-
tory MHs. The treatment techniques included ILM peel-
ing, the inverted ILM flap technique, ART, and ILM 
insertion. ILM peeling and the inverted ILM flap tech-
nique were applied in primary large MHs, while ART and 
ILM insertion were used in refractory MHs. A total of 

23 RCTs with 340 eyes in the inverted ILM flap group, 
392 eyes in the ILM peeling group, 401 eyes in the ART 
group, and 309 eyes in the ILM insertion group were 
included in this meta-analysis. The ages of the patients 
ranged from 20 to 85 years. The geographic locations of 
the studies were multicenter and included China, Brazil, 
Canada, Italy, Japan, the United States, India, Argentina, 
Taiwan, Egypt, Greece, Thailand, Iran, Pakistan, Ger-
many, and Tunisia (Table 1).

All the  patients included in the study were diag-
nosed with either primary or refractory MHs. Only MH 
patients (with both primary and refractory MH) with a 
minimum diameter greater than 400  µm were included 
in the study. A minimum follow-up period of 6 months 
was used for all patients. None of the patients included 
in the meta-analysis underwent any other retinal surgery, 
either before or after the surgical intervention, to treat 
idiopathic or refractory conditions.

According to these studies, the inverted ILM flap, 
which is the most commonly used technique, has been 
used in most primary MH cases and is considered safe 
and effective for repairing large FTMHs. These studies 
also indicate that this technique is mainly used for the 
treatment of large MHs but is not used for refractory 
MHs. This approach resulted in favorable morphological 
and functional outcomes and improved visual acuity in 
patients with these conditions.

Classical ILM peeling was the second most commonly 
used technique in patients with large idiopathic MH 
in the studies considered in this analysis. It has been 
reported that ILM peeling is helpful for improving ana-
tomical and functional outcomes but yields a significantly 
lower MH closure rate than does an inverted ILM flap.

Patients with refractory MHs achieved good and high 
degrees of anatomical and functional outcomes with low 
complication rates and high MH closure rates using ART. 
In addition to these techniques, the remaining ILM tech-
niques, including the hAMG and MIP, can be used as 
good treatment options, as they have also provided better 
outcomes, including an improved closure rate and visual 
function in patients with  large idiopathic and refractory 
MHs.

Statistical analyses
Risk of Bias analysis
All observed data from the considered articles were sub-
jected to risk of bias analysis. A risk of bias analysis was 
performed for each study, which predicted a low risk 
of bias in all twenty-three studies (Fig. 2). Only Study 8 
showed an unclear risk of bias in domain 2 (D2) owing 
to missing information regarding the intended interven-
tions. The overall study bias data are represented in the 
risk of bias plot with almost 70% having some concerns 
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Fig. 1  PRISMA flow diagram of the systematic review
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(Fig. 3), which includes “low risk of bias,” “some concerns 
for bias” and “high risk of bias,” represented by green, yel-
low, and red, respectively. However, the overall bias was 
low.

Outcomes of the meta‑analysis
The primary outcome measures were the MH closure 
rate and postoperative visual acuity improvements 
(anatomical and functional outcomes). The overall 
MH closure rate was compared among the four treat-
ment techniques, namely, ILM peeling, the inverted 

ILM flap technique, ART, and ILM insertion, across 
12 studies. As no statistical heterogeneity was found 
(I2 = 0%, as shown in Figs.  4 and 5), the fixed-effects 
model was used for data analysis. The study findings 
indicated that the inverted ILM flap group had a signifi-
cantly greater MH closure rate for idiopathic MH than 
did the other treatment groups (OR = 3. 22, 95% CI 
1.34–7.43; p = 0.002, as shown in Fig. 6). The ILM peel-
ing technique had the second highest statistical signifi-
cance for MH closure rates in idiopathic MH patients 
(OR = 2. 72, 95% CI 1.26–6.32; p = 0.016). ART and ILM 

Fig. 2  Graphical representation of the risk of bias analysis of individual studies. A low risk of bias was shown in all 23 studies
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Fig. 3  Schematic representation of the summary of the risk of bias analysis. Plot showing an overall low risk of bias

Fig. 4  Subgroup analysis of the included studies (MH closure rate). CI: confidence interval, LL: lower limit, UL: upper limit, I2: percentage of variation 
across studies due to heterogeneity rather than chance, Q: adjusted p values, T2: difference between the mean values of two the groups, T: t value 
measures the size of the difference relative to the variation in sample data
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insertion had the least success in enhancing MH clo-
sure in patients with refractory MH.

Ten studies were pooled to compare preoperative vis-
ual acuity among the four treatment techniques. In this 
study, preoperative visual acuity was used as a meas-
ure of functional and anatomical outcomes in patients 
who underwent idiopathic or refractory MH surgery. 
As no significant heterogeneity was found (I2 = 35.45%, 
as shown in Figs.  7 and 8), a fixed-effects model was 
adopted for the data analysis. The findings of the meta-
analysis indicated that the inverted ILM flap group had 
significantly better postoperative visual acuity than the 
other treatment options for idiopathic MH patients 
(weighted mean difference (WMD) = −  0.13; 95% 
CI = − 0.22 − − 0.09; p = 0.0027, as shown in Fig. 9). The 
ILM peeling technique had the second-highest statistical 
significance with regard to postoperative visual acuity in 
idiopathic MH patients (WMD = -0.10; 95% CI = − 0.18, 
− 0.06; p = 0.038).

A subgroup analysis of postoperative visual acuity was 
conducted using a fixed-effects model because there was 
no significant heterogeneity (I2 = 0%). The six-month fol-
low-up durations were divided into three and six months 
to assess the functional and anatomical outcomes of idi-
opathic and refractory MH surgeries, respectively. Five 
studies with a follow-up duration of three  months were 
pooled for the first subgroup analysis. The analysis indi-
cated that the difference in postoperative visual acuity 

at three months was significantly greater in the inverted 
ILM flap group for idiopathic patients than in the other 
treatment groups for refractory patients (WMD = − 0.03; 
95% CI = − 0.22, − 0.07; Fig. 10). Five studies with a fol-
low-up duration of six months were pooled for the sec-
ond subgroup analysis. The analysis did not reveal any 
significant difference between the groups at six months 
(WMD = − 0.08; 95% CI = − 0.19, 0.03; p = 0.002).

Discussion
The management and pathogenesis of MHs, which are 
idiopathic full-thickness retinal defects, remain con-
troversial [4, 13]. However, the combined application of 
vitrectomy and adjuvant therapies, such as ILM tech-
niques, improves the closure rate and has become the 
standard treatment method for MH [13]. Moreover, there 
is a dearth of literature on the effectiveness of ILM sur-
gical techniques for large  idiopathic and refractory MH 
management, especially from the perspective of the 
MH closure rate and postoperative visual acuity [10]. 
To address this gap, a meta-analysis involving 23 studies 
was conducted with a focus on four ILM surgical tech-
niques. These techniques include classical ILM peeling, 
an inverted ILM flap, ART, and ILM insertion.

The present meta-analysis of 23 RCTs reported positive 
and effective treatment outcomes with classic ILM peel-
ing, inverted ILM flaps, ART, and ILM insertion. Thus, 
the inverted ILM flap technique, although associated 

Fig. 5  Forecast plot of the included studies (MH closure rate). CI: Confidence interval
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with improved postoperative vision at 3 months but not 
at 6 months may be preferred over other techniques due 
to improved anatomical closure rates, which may confer 
some long-term benefits. However, this finding needs 
to be confirmed with long-term follow-up. The findings 
of the current meta-analysis were consistent with those 

reported in the literature. For instance, Michalewska et al. 
applied the inverted ILM flap technique to treat MHs 
with diameters > 400  µm and achieved a success rate of 
98% in 50 patients included in the study. The study find-
ings indicated that after surgery, all 50 patients achieved 
visual improvement and MH closure (P = 0.0027) [14]. 

Fig. 6  Regression of the moderator on effect size (MH closure rate). SE: standard error, LL: lower limit, UL: upper limit, T2: difference 
between the mean values of the two groups, R2: coefficient of determination
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The inverted ILM flap technique has been used mainly 
for idiopathic nonoperated MH patients and is consid-
ered safe and effective for repairing large, full-thickness 
MHs [11].

The results of the meta-analysis indicated that the 
inverted ILM flap technique was associated with signifi-
cantly greater improvement in visual acuity than ILM 
peeling, ART, or ILM insertion. These findings are con-
sistent with those reported in the literature, which indi-
cates that the inverted ILM flap technique is associated 

with improved functional outcomes after surgical closure 
of large MHs [15]. This technique is reported to have a 
greater incidence of type 1 closure in large MHs than 
other treatment options, especially classic ILM peeling 
[16]. To minimize the limitations of classic ILM peeling, 
another modified procedure, the use of an inverted ILM 
flap technique was introduced. This procedure is report-
edly safe and successful for managing large idiopathic 
MHs with effective outcomes [17]. However, various 
problems, such as misplaced flap loss in the cutter probe, 

Fig. 7  Subgroup analysis of the included studies (preoperative visual acuity). CI: confidence interval, LL: lower limit, UL: upper limit, I2: percentage 
of variation across studies due to heterogeneity rather than chance, Q: adjusted p values, T2: difference between the mean values of the two groups, 
T: t value measures the size of the difference relative to the variation in sample data

Fig. 8  Forecast plot of the included studies (preoperative visual acuity)
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have been observed with the inverted ILM flap technique 
[18]. The MIP technique was introduced to reduce flap-
related complications and increase the anatomical clo-
sure rate [19], and the possibility of flap loss difficulties 
may be approached using the lens capsule, which is con-
sidered an alternative scaffold for facilitating MH closure 
with favorable and improved vision [16].

Vitrectomy with classical ILM peeling has been 
reported as the most successful surgical technique for 
MH treatment [15]. However, several changes in reti-
nal structure and function have been observed because 
of the use of this ILM peeling technique [20]. For large 
MHs, the closure rate is usually low [21]. ART tech-
niques have also been applied for refractory MH closure 

Fig. 9  Regression of the moderator on effect size (preoperative visual acuity). SE: standard error, LL: lower limit, UL: upper limit, T2: difference 
between the mean values of the two groups, R2: coefficient of determination
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with anatomical improvements but disappointing or 
decreased functional results. Moreover, the combined 
application of autologous platelet concentrate, and ILM 
peeling has been shown to improve anatomical and 
functional outcomes in the management of chronic idi-
opathic and refractory MHs [16]. However, currently, the 
combination of vitrectomy with ILM peeling has reached 
a milestone as a widely used treatment method for MH, 
with a 93%–98% closure rate [5]. According to previ-
ous studies, the success of MH surgeries has increased 
gradually with the use of various manipulations and the 
upgrading of ILM surgical procedures in combination 
with surgical adjuncts [12, 15]. Patients with limited ILM 
may also have potential outcomes or MH closure with 
surgical options such as ARG, hAMG, AMP, or the crea-
tion of a distal ILM flap [3].

The short- and long-term visual efficacies of four surgi-
cal methods, namely, classic ILM peeling, inverted ILM 
flap, ART, and ILM insertion, were determined via sub-
group analysis of postoperative visual acuity. The results 
indicated that the inverted ILM flap technique signifi-
cantly improved vision at the 3  month follow-up com-
pared with the other three techniques in patients with 
idiopathic MH. However, there was no statistically sig-
nificant difference between the groups at the 6  month 
follow-up. This systematic review and meta-analysis 
revealed that the inverted ILM flap technique was effec-
tive at facilitating MH closure and significantly improved 
vision at the 3 month follow-up; however, there was no 
significant improvement in postoperative visual acuity at 
the 6 month follow-up or longer. The literature supports 

the findings of this meta–analysis by indicating that while 
the inverted ILM flap technique has a greater closure rate 
at the 3 month follow-up, its application does not result 
in better visual recovery during long-term follow-up [21].

Other MH treatment methods, such as ocriplasmin, 
have been used in the management of small- or medium-
sized MHs with limited success [4]; however, according 
to a comparative study, the closure rate of MHs is greater 
after vitrectomy than after ocriplasmin [18]. 27-gauge vit-
rectomy has been suggested for use in combination with 
ILM peeling as a standard procedure for treating MH, as 
it results in considerable visual acuity improvements with 
few complications, such as PTMH formation, FTMH 
postoperative reopening or significant postoperative 
macular membrane formation [22, 23]. In MHs ≤ 400 µm 
and ≥ 400  µm, air tamponade and SF6 tamponade in 
combination with nonsupine have been used to achieve 
a high closure rate [24]. Several meta-analyses have sug-
gested that visual benefits are observed in large MHs 
treated with the face-down posturing method but this 
posturing is considered unnecessary in smaller MHs; 
however, additional RCTs are needed to determine this 
benefit [25–28].

Several techniques have been applied to improve MH 
outcomes, especially in patients with large and refractory 
MHs such as enlarged or extended ILMs. However, no 
significant information was found to be included in this 
meta-analysis. Al Sabti et al. successfully achieved closure 
of two very large MHs, measuring 773 and 1147 μm, by 
enlarging the peeling of the ILM up to the arcades. Both 
eyes showed improvement in visual function after the 

Fig. 10  Regression of the moderator on effect size. Q: adjusted p value, T2: difference between the mean values of the two groups
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surgery [29]. For refractory MHs that remain unresolved 
even after ILM removal with the help of dye, expanding 
the ILM-rhexis from the previous peel procedure may 
offer further advantages. Nevertheless, a preliminary 
investigation on the reoperation of refractory MHs that 
did not respond to initial PPV showed a reduced success 
rate in closing the MHs and a negative visual prognosis, 
even after undergoing secondary surgery [30]. Reopera-
tion with this technique resulted in closure rates rang-
ing from 46.7% to 68.9% in patients with refractory MHs. 
This involves enlarging the ILM peel up to the vascular 
arcade and the posterior fundus to release additional tan-
gential traction on the MH [31, 32]. In most cases, the 
surgical approach with the enlarged ILM peeling tech-
nique closes the IMHs and restores vision with reduced 
visual distortion attributable to the reduction in asym-
metric elongation of the foveal tissue. These outcomes 
suggest that patients who have previously undergone 
unsuccessful surgical attempts to treat idiopathic MH 
may benefit from an increase in the extent of ILM peel-
ing. Surgical enlargement via ILM peeling closed the 
MHs and improved the logMAR BCVA in most patients 
[33].

The systematic review and meta-analysis conducted in 
the present study investigated the effects of ILM treat-
ment on patients with MH worldwide and revealed the 
suitability and safety of ILM treatment methods as well 
as favorable and increased visual acuity in these patients. 
The risk of bias analysis revealed a low risk of bias in the 
studies considered, indicating the strongest evidence of 
bias in the studied domains, including the intervention 
groups, observed outputs, and result selection. This study 
will be helpful for surgeons treating MH with appropri-
ate procedures and will provide novel insights into the 
improved application of treatment methods.

Conclusion
This meta-analysis confirmed that the inverted ILM flap 
technique has a greater anatomical closure rate than clas-
sical ILM peeling, ART, or ILM insertion for idiopathic 
MH. In addition, this technique had better visual efficacy 
in the short-term follow-up than other MH treatment 
options. All the articles reported that the application of 
various ILM surgical techniques successfully transformed 
the untreatable history of MHs into better and more sat-
isfactory morphological and functional outcomes with 
improved visual acuity. Based on these findings, it is 
plausible to conclude that the inverted ILM flap tech-
nique should be adopted as a routine and preferred pro-
cedure for the treatment of patients with large idiopathic 
MHs; in refractory MH, the present meta-analysis of 23 
RCTs reported positive and effective treatment outcomes 
using ART with ABC, or  MIP,  followed by autologous 

ILM transplantation techniques, hAMG provides a high 
anatomical success with disappointing final vision. The 
present study provides clear insight into MH surgeries 
performed using ILM techniques and the observed visual 
acuity and anatomical closure rates, which can help cli-
nicians choose accurate diagnostic and treatment meth-
ods for idiopathic and refractory MH surgeries to achieve 
better outcomes.

Abbreviations
ABC	� Autologous blood clot
AMP	� Amniotic membrane plug
ARG​	� Autologous retinal graft
ART​	� Autologous retinal transplant
BCVA	� Best-corrected visual acuity
CI	� Confidence interval
EZD	� Ellipsoid zone density
FTMH	� Full-thickness macular hole
FSIP	� Fovea sparing internal limiting membrane peeling
FS-ILM	� Fovea-sparing internal limiting membrane
hAMG	� Human amniotic membrane graft
I2	� Percentage of variation
ILM	� Internal limiting membrane
IMH	� Idiopathic macular hole
LL	� Lower limit
MeSH	� Medical subject headings
MIP	� Multilayer internal limiting membrane plug
MH	� Macular hole
OR	� Odds ratio
PMID	� PubMed identifier
PTMH	� Partial-thickness macular hole
PICOS	� Population, intervention, comparison, outcome, setting
PMID	� PubMed identifier
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
Q	� Adjusted p value
QoL	� Quality of life
RCT​	� Randomized clinical trial
R2	� Coefficient of determination
RoB2	� Risk-of-bias
RMH	� Refractory macular hole
RPE	� Retinal pigment epithelium
SE	� Standard error
SF6	� Sulfur hexafluoride
T	� T value measures the size of the difference relative to the variation 

in sample data.
T2	� Difference between the mean values of the two groups
UL	� Upper limit
VA	� Visual acuity
WMD	� Weighted mean difference

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40942-​024-​00564-2.

Supplementary Material 1.

Acknowledgements
We express our deep appreciation to the technical staff of the Retina Depart‑
ment of Oftalmologia Integral ABC (a Medical and Surgical Nonprofit Organi‑
zation), Mexico City, Mexico, which is affiliated with The Postgraduate Division 
Studies at the National Autonomous University of Mexico.

Author contributions
All the authors made a significant contribution to the work reported, whether 
in the conception, study design, execution, acquisition of data, analysis, and 

https://doi.org/10.1186/s40942-024-00564-2
https://doi.org/10.1186/s40942-024-00564-2


Page 19 of 20Quiroz‑Reyes et al. International Journal of Retina and Vitreous           (2024) 10:44 	

interpretation, or in all these areas; took part in drafting, revising, or critically 
reviewing the article; gave final approval of the version to be published; 
agreed on the journal to which the article has been submitted; and agreed to 
be accountable for all aspects of the work.

Funding
No funding or grant support was received for this study.

Data availability
The datasets used in this study have been included in the main text. Photo‑
graphs and figures from this study may be released via a written application 
to the Photographic Laboratory and Clinical Archives Retina Department at 
the Oftalmologia Integral ABC Medical and Surgical Assistance Institution 
(Nonprofit Organization), Av. Paseo de las Palmas 735 suite 303, Lomas de 
Chapultepec, Mexico City 11000, Mexico and the corresponding author upon 
request.

Declarations

Ethics approval and consent to participate
This study adhered to the tenets of the Declaration of Helsinki and received 
full approval. From the appropriate research ethics committee, institutional 
review committee, and institutional teaching department (the institution did 
not provide reference numbers for the systematic review and network meta-
analysis studies).

Institutional review board statement
This study was conducted at the Retina Department of the Oftalmología 
Integral ABC. Institution in Mexico City, Mexico. The Institutional Review Board 
approved the study. Institutional guidelines. No reference numbers have been 
provided for this systematic review or meta-analysis.

Competing interests
The authors declare no conflicts of interest.

Author details
1 The Retina Department, Oftalmologia Integral ABC (Medical and Surgical 
Nonprofit Organization) affiliated with the Postgraduate Studies Division 
at the National Autonomous University of Mexico, Av. Paseo de Las Palmas 
735 Suite 303, Lomas de Chapultepec, 11000 Mexico City, Mexico. 2 Institute 
of Ophthalmology. (Nonprofit Organization) affiliated with the Postgraduate 
Studies Division at the National Autonomous University of Mexico, Av. Chimal‑
popoca 14. Col. Obrera, 06800 Mexico City, Mexico. 3 Juarez Hospital, Public 
Assistance Institution (Nonprofit Organization), Av. Politecnico Nacional 5160, 
Colonia Magdalena de Las Salinas, 07760 Mexico, Mexico. 

Received: 13 May 2024   Accepted: 17 June 2024

References
	1.	 Premi E, Donati S, Azzi L, et al. Macular holes: main clinical presentations, 

diagnosis, and therapies. J Ophthalmol. 2022;2022:2270861.
	2.	 Mann DF. Idiopathic macular hole. Optom Clin. 1996;5:95–110.
	3.	 Abdul-Kadir MA, Lim LT. Update on surgical management of complex 

macular holes: a review. Int J Retina Vitreous. 2021;7:75.
	4.	 Bikbova G, Oshitari T, Baba T, et al. Pathogenesis and manage‑

ment of macular hole: review of current advances. J Ophthalmol. 
2019;2019:3467381.

	5.	 Xu Q, Luan J. Internal limiting membrane flap technique in macular hole 
surgery. Int J Ophthalmol. 2020;13:822–31.

	6.	 Almony A, Nudleman E, Shah GK, et al. Techniques, rationale, and out‑
comes of internal limiting membrane peeling. Retina. 2012;32:877–91.

	7.	 Majumdar S, Tripathy K. Macular Hole. In: StatPearls. Treasure Island (FL): 
StatPearls Publishing. 2023. https://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK55​
9200/. 22 Fed 2023

	8.	 Jenisch TM, Zeman F, Koller M, et al. Macular hole surgery: an analysis 
of risk factors for the anatomical and functional outcomes with a 
special emphasis on the experience of the surgeon. Clin Ophthalmol. 
2017;11:1127–34.

	9.	 Li J, Wang W, Zhang X, et al. Morphological and functional features 
in patients with idiopathic macular hole treatment. Int J Gen Med. 
2022;15:4505–11.

	10.	 Ho AC, Guyer DR, Fine SL. Macular hole. Surv Ophthalmol. 
1998;42:393–416.

	11.	 Chen Q, Liu ZX. Idiopathic macular hole: a comprehensive review of its 
pathogenesis and of advanced studies on metamorphopsia. J Ophthal‑
mol. 2019;2019:7294952.

	12.	 Higgins JPT, Savović J, Page MJ, et al. Chapter 8: assessing risk of bias 
in a randomized trial. In: Higgins JPT, Savović J, Page MJ, editors., et al., 
Cochrane handbook for systematic reviews of interventions version 
6.3. Cochrane. Hoboken: Wiley Online Library; 2022. p. 205–28.

	13.	 Kang SW, Ahn K, Ham DI. Types of macular hole closure and their clini‑
cal implications. Br J Ophthalmol. 2003;87:1015–9.

	14.	 Michalewska Z, Michalewski J, Adelman RA, Nawrocki J. Inverted 
internal limiting membrane flap technique for large macular holes. 
Ophthalmology. 2010;2018–2025:29.

	15.	 Shroff D, Gupta P, Atri N, et al. Inverted internal limiting membrane 
(ILM) flap technique for macular hole closure: patient selection and 
special considerations. Clin Ophthalmol. 2019;13:671–8.

	16.	 Cao JL, Kaiser PK. Surgical management of recurrent and per‑
sistent macular holes: a practical approach. Ophthalmol Ther. 
2021;10(4):1137–53. https://​doi.​org/​10.​1007/​s40123-​021-​00388-5.

	17.	 Rizzo S, Bacherini D. Treatment of macular hole with inverted flap 
technique. Retin Today. 2017;2017:35–7.

	18.	 Yu BE, Sheidow T, Sambhi RS, Hooper P, Malvankar-Mehta MS. The 
effectiveness of ocriplasmin versus surgery for the treatment of macu‑
lar holes: a systematic review and meta-analysis. Eur J Ophthalmol. 
2021;31(4):2003–12. https://​doi.​org/​10.​1177/​11206​72120​946925.

	19.	 Agrawal V, Jindal K, Dhakad Y, et al. Multilayered inverted internal 
limiting membrane flap technique versus standard internal limiting 
membrane peeling for large macular holes: a comparative study. 
Indian J Ophthalmol. 2022;70:909–13.

	20.	 Chatziralli IP, Theodossiadis PG, Steel DHW. Internal limiting mem‑
brane peeling in macular hole surgery; why, when, and how? Retina. 
2018;38:870–82.

	21.	 Li K, Zhou Y, Yang W, Jiang Q, Xu X. Modified internal limiting mem‑
brane flap technique for large chronic macular hole: two case reports. 
Medicine. 2022;101(1): e28412.

	22.	 Awan MA, Shaheen F, Haq A, Fatima S. The clinical and safety outcomes 
of 27 gauge pars plana vitrectomy in eyes with macular hole. Cureus. 
2022;14(4): e24409.

	23.	 Brown GT, Pugazhendhi S, Beardsley RM, Karth JW, Karth PA, Hunter 
AA. 25 vs. 27-gauge microincision vitrectomy surgery for visually 
significant macular membranes and full-thickness macular holes: a 
retrospective study. Int J Retin Vitreous. 2020;6(1):56. https://​doi.​org/​10.​
1186/​s40942-​020-​00259-4.

	24.	 Veith M, Vránová J, Němčanský J, Studnička J, Penčák M, Straňák Z, 
Mojžíš P, Studený P, Piñero DP. Surgical treatment of idiopathic macular 
hole using different types of tamponades and different postoperative 
positioning regimens. J Ophthalmol. 2020;3(2020):8858317. https://​doi.​
org/​10.​1155/​2020/​88583​17.

	25.	 Tatham A, Banerjee S. Face-down posturing after macular hole surgery: 
a meta-analysis. Br J Ophthalmol. 2010;94(5):626–31. https://​doi.​org/​10.​
1136/​bjo.​2009.​163741.

	26.	 Hu Z, Xie P, Ding Y, Zheng X, Yuan D, Liu Q. Face-down or no face-down 
posturing following macular hole surgery: a meta-analysis. Acta Oph‑
thalmol. 2016;94(4):326–33. https://​doi.​org/​10.​1111/​aos.​12844.

	27.	 Chaudhary V, Sarohia GS, Phillips MR, Zeraatkar D, Xie JS, Nanji K, 
Mustafa RA, Kaiser PK, Loewenstein A, Garg SJ, Bakri SJ, Holz FG, 
Sivaprasad S, Bhandari M, Steel DH, Wykoff CC. Role of positioning after 
full-thickness macular hole surgery: a systematic review and meta-
analysis. Ophthalmol Retin. 2023;7(1):33–43. https://​doi.​org/​10.​1016/j.​
oret.​2022.​06.​015.

	28.	 Ye T, Yu JG, Liao L, Liu L, Xia T, Yang LL. Macular hole surgery recovery 
with and without face-down posturing: a meta-analysis of randomized 

https://www.ncbi.nlm.nih.gov/books/NBK559200/
https://www.ncbi.nlm.nih.gov/books/NBK559200/
https://doi.org/10.1007/s40123-021-00388-5
https://doi.org/10.1177/1120672120946925
https://doi.org/10.1186/s40942-020-00259-4
https://doi.org/10.1186/s40942-020-00259-4
https://doi.org/10.1155/2020/8858317
https://doi.org/10.1155/2020/8858317
https://doi.org/10.1136/bjo.2009.163741
https://doi.org/10.1136/bjo.2009.163741
https://doi.org/10.1111/aos.12844
https://doi.org/10.1016/j.oret.2022.06.015
https://doi.org/10.1016/j.oret.2022.06.015


Page 20 of 20Quiroz‑Reyes et al. International Journal of Retina and Vitreous           (2024) 10:44 

controlled trials. BMC Ophthalmol. 2019;19(1):265. https://​doi.​org/​10.​
1186/​s12886-​019-​1272-1.

	29.	 Al Sabti K, Kumar N, Azad RV. Extended internal limiting membrane peel‑
ing in the management of unusually large macular holes. Ophthalmic 
Surg Lasers Imag. 2009;40(2):185–7.

	30.	 Valldeperas X, Wong D. Is it worth reoperating on macular holes? Oph‑
thalmology. 2008;115(1):158–63.

	31.	 Moisseiev E, Fabian ID, Moisseiev J, Barak A. Outcomes of repeated pars 
plana vitrectomy for persistent macular holes. Retina. 2013;33(6):1137–43.

	32.	 D’Souza MJ, Chaudhary V, Devenyi R, Kertes PJ, Lam WC. Re-operation of 
idiopathic full-thickness macular holes after initial surgery with internal 
limiting membrane peel. Br J Ophthalmol. 2011;95(11):1564–7.

	33.	 Che X, He F, Lu L, Zhu D, Xu X, Song X, et al. Evaluation of secondary 
surgery to enlarge the peeling of the internal limiting membrane fol‑
lowing the failed surgery of idiopathic macular holes. Exp Ther Med. 
2014;7(3):742–6.

	34.	 Peng J, Zhang LH, Chen CL, et al. Internal limiting membrane dragging 
and peeling: a modified technique for macular holes closure surgery. Int J 
Ophthalmol. 2020;13:755–60.

	35.	 Sinawat S, Srihatrai P, Sutra P, et al. Comparative study of 1 DD and 2 
DD radius conventional internal limiting membrane peeling in large 
idiopathic full-thickness macular holes: a randomized controlled trial. Eye. 
2021;35:2506–13.

	36.	 Kumagai K, Hangai M, Larson E, Ogino N. Progressive changes of regional 
macular thickness after macular hole surgery with internal limiting mem‑
brane peeling. Invest Ophthalmol Vis Sci. 2013;54:4491–7.

	37.	 Zong Y, Wu K, Yu J, et al. Internal limiting membrane peeling and flap 
inverting under air in large idiopathic macular hole surgery. J Ophthal‑
mol. 2021;2021:2003001.

	38.	 Huang P, Wang H, Chen F, et al. Functional evaluation with microperim‑
etry in large idiopathic macular holes treated by a free internal limiting 
membrane flap tamponade technique. BMC Ophthalmol. 2020;20:302.

	39.	 Zgolli H, Mabrouk S, Maslah T, et al. Inverted flap in the management of 
idiopathic large macular holes: a comparative study of different tech‑
niques. Jr Med Res. 2020;3:3–8.

	40.	 Zhang Y, Li J, Yue H, et al. Clinical observation of anatomical and visual 
outcomes of macular hole after inverted internal limiting membrane flap 
in patients with idiopathic macular. J Healthc Eng. 2023;2023:5816473.

	41.	 Nowroozzadeh MH, Ashraf H, Zadmehr M, Farvardin M. Outcomes of 
light silicone oil tamponade for failed idiopathic macular hole surgery. J 
Ophthalmic Vis Res. 2018;13:130–7.

	42.	 Hirata A, Mine K, Hayashi K. Contractility of temporal inverted internal 
limiting membrane flap after vitrectomy for macular hole. Sci Rep. 
2021;11:20035.

	43.	 Tayyab H, Khan AA, Jahangir S. Efficacy of inverted internal limit‑
ing membrane flap for large idiopathic macular holes. Pak J Med Sci. 
2019;35:315–9.

	44.	 Bleidißel N, Friedrich J, Klaas J, et al. Inverted internal limiting membrane 
flap technique in eyes with large idiopathic full-thickness macular hole: 
long-term functional and morphological outcomes. Graefes Arch Clin 
Exp Ophthalmol. 2021;259:1759–71.

	45.	 Carpineto P, Borrelli E, Cerino L, et al. Inverted ILM flap technique in idio‑
pathic full-thickness macular hole surgery: functional outcomes and their 
correlation with morphologic findings. J Ophthalmol. 2021;2021:6624904.

	46.	 Moysidis SN, Koulisis N, Adrean SD, et al. Autologous retinal transplanta‑
tion for primary and refractory macular holes and macular hole retinal 
detachments: the global consortium. Ophthalmology. 2021;128:672–85.

	47.	 Ferreira MA, Maia A, Machado AJ, et al. Human amniotic membrane for 
the treatment of large and refractory macular holes: a retrospective, 
multicentric, interventional study. Int J Retin Vitreous. 2021;7:38.

	48.	 Grewal DS, Charles S, Parolini B, et al. Autologous retinal transplant for 
refractory macular holes: multicenter international collaborative study 
group. Ophthalmology. 2019;126:1399–408.

	49.	 Srivastava M, Singh VK, Singh A, Singh BK. A study of postoperative clin‑
ico-imaging status and visual outcome after idiopathic macular hole sur‑
gery with amniotic membrane plug. Rom J Ophthalmol. 2022;66:271–6.

	50.	 Alezzandrini A, Dorrego CI, Cibrán MV, et al. A 24 month follow-up of 
refractory macular holes treated with an autologous transplantation of 
internal limiting membrane versus retina expansion technique. Int J Retin 
Vitreous. 2021;7(1):57.

	51.	 Wu AL, Chuang LH, Wang NK, et al. Refractory macular hole repaired by 
autologous retinal graft and blood clot. BMC Ophthalmol. 2018;18:213.

	52.	 Lee PY, Chang YC, Liu PK, et al. Long-term follow-up of refractory large 
macular hole with autologous neurosensory retinal free flap transplanta‑
tion. J Ophthalmol. 2022;2022:1717366.

	53.	 Yuan D, Zhang W, Yuan S, et al. Evaluation of vision-related quality of life 
after autologous internal limiting-membrane transplantation for refrac‑
tory macular holes. Clin Ophthalmol. 2020;14:2079–85.

	54.	 Zhang L, Li X, Yang X, et al. Internal limiting membrane insertion tech‑
nique combined with nerve growth factor injection for large macular 
hole. BMC Ophthalmol. 2019;19:247.

	55.	 Ma FY, Xi RJ, Chen PF, Hao YH. Free autologous internal limiting 
membrane transplantation in the treatment of large macular hole. Int J 
Ophthalmol. 2019;12:848–51.

	56.	 El Rayes EN, Leila M, Stavrakas P. Multilayer internal limiting mem‑
brane plug technique for management of large full-thickness macu‑
lar holes. Int J Retin Vitreous. 2022;8(1):80. https://​doi.​org/​10.​1186/​
s40942-​022-​00428-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s12886-019-1272-1
https://doi.org/10.1186/s12886-019-1272-1
https://doi.org/10.1186/s40942-022-00428-7
https://doi.org/10.1186/s40942-022-00428-7

	Effect of internal limiting membrane surgical techniques on the idiopathic and refractory management of macular holes: a systematic review and meta-analysis
	Abstract 
	Introduction
	Materials and methods
	Article collection
	Inclusion criteria
	Exclusion criteria
	Article screening process
	Data retrieval
	Risk of Bias analysis
	Meta-analysis

	Results
	Study selection
	Study characteristics
	Statistical analyses
	Risk of Bias analysis
	Outcomes of the meta-analysis


	Discussion
	Conclusion
	Acknowledgements
	References


