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Abbreviations and Acronyms  
 
FTMH = full-thickness macular hole; MH = macular hole; ILM = internal limiting 

membrane; PVD = posterior vitreous detachment; OCT = optical coherence 

tomography; ERM = epiretinal membrane;  ELM = external limiting membrane; EZ = 

ellipsoid zone; VMA = vitreomacular adhesion; VMT = vitreomacular traction; RPE = 

retinal pigment epithelium; PPV = pars plana vitrectomy; BCVA = best-corrected visual 

acuity; ART = autologous neurosensory retinal transplantation; AM = amniotic 

membrane; DM = Descemet membrane; DMEK = Descemet membrane endothelial 

keratoplasty; PFCL = perfluorocarbon liquid. 
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PART I  

 

 

ABSTRACT 

Purpose: To report the visual and anatomical outcomes of Descemet membrane 

epiretinal graft for refractory full-thickness macular holes (FTMH). 

Methods: This interventional case series included patients with refractory macular 

hole (MH) who previously underwent standard pars plana vitrectomy with internal 

limiting membrane peeling for repair of MH with no success. Donor corneas 

unsuitable for keratoplasty were stripped at the Eye Bank. The corneo-scleral button 

was stained with blue dye, punched to obtain a 2-mm Descemet membrane graft 

which was positioned over the MH. At the end of surgery, 20% sulfur hexafluoride 

gas tamponade was administered. 

Results: Twelve eyes of 12 patients with a mean follow-up of 8 ± 4 months were 

included. The MH closure rate was 91.7%. Best-corrected visual acuity significantly 

improved from 1.09 ± 0.56 preoperatively to 0.46 ± 0.54 logMAR (20/63 Snellen) after 

surgery (P = 0.006). The external limiting membrane and ellipsoid zone recovery 

rates were 33.3% and 41.7%, respectively. 

Conclusions: Descemet membrane epiretinal graft leads to satisfactory anatomic 

and visual outcomes for eyes with refractory FTMH. 
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INTRODUCTION 

 

 

ANATOMY AND PHYSIOLOGY OF THE MACULA  

The macula is a highly specialized area of the neurosensory retina, essential for 

central and high-resolution visual acuity. The macular area measures 5.5 mm in 

diameter and consists of three regions: fovea, parafovea, and perifovea, which are 

characterized by distinct histological and functional features.  

The fovea, located at the center of the macula, is uniquely adapted for tasks involving 

fine spatial detail, color discrimination, and contrast sensitivity. This region contains 

the highest density of cone photoreceptors and lacks rod photoreceptors, reflecting 

its specialization for daylight and high-acuity vision. Within the fovea, the central 

foveola, approximately 350 µm in diameter, has no retinal blood vessels, forming the 

foveal avascular zone. The lack of vessels minimizes light scattering and enhances 

the photoreceptor signal transmission. Moreover, the absence of inner retinal layers 

within the foveal pit further allows incident light to pass with minimal absorption or 

deviation before reaching the cone outer segments, thus improving optical quality.1,2 

A defining feature of the foveal architecture is the Müller cell cone, a specialized 

conical configuration of Müller glial cells that spans the full thickness of the foveal pit. 

These cells provide essential biomechanical support, metabolic regulation, and 

optical signal guidance. Additionally, Müller cells regulate extracellular ions and 

neurotransmitters and maintain retinal homeostasis. The unique arrangement of 

Müller cells within the fovea is essential for preserving both the structural integrity and 

the function of the foveal pit. The macular region comprises also the parafovea and 

the perifovea, as illustrated in Figure 1. The parafovea surrounds the fovea with an 

approximate width of 0.5 mm. More peripherally lies the perifovea, which is 

approximately 1.5 mm wide and represents the transitional zone between the macula 

and the peripheral retina.2,3 
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Figure 1. Anatomy of the macula (Bringmann A, Syrbe S, Görner K, Kacza J, Francke M, Wiedemann 

P, Reichenbach A. The primate fovea: Structure, function and development. Prog Retin Eye Res. 2018 

Sep;66:49-84. doi: 10.1016/j.preteyeres.2018.03.006. Epub 2018 Mar 30. PMID: 29609042). 

 

The vitreoretinal interface represents the dynamic junction between the posterior 

vitreous cortex and the internal limiting membrane (ILM). The posterior vitreous cortex 

is composed of tightly packed collagen fibrils, hyaluronan, and associated 

extracellular matrix components. It is firmly anchored to the ILM, particularly at sites 

of strong adhesion including the vitreous base, the optic nerve head, retinal vessels, 

and the macula (Figure 2).4 

The ILM, a highly specialized basement membrane, demarcates the boundary 

between the vitreous body and the neurosensory retina. It is primarily formed by type 

IV collagen, laminin isoforms, and proteoglycans synthesized by Müller cell 

footplates. The ILM thickness varies across the retina, being thinnest in the macular 

region, a feature that has direct implications for FTMH pathogenesis and surgical 

manipulation.5 

Age-related changes and vitreous liquefaction are key factors influencing macular 

biomechanics. Synchysis (liquefaction of the vitreous) and syneresis (collagen fibers 

aggregation) contribute to the formation of lacunae within the vitreous body, 

eventually leading to posterior vitreous detachment (PVD). An incomplete or 
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anomalous PVD can result in persistent vitreofoveal adhesion, generating tractional 

forces that increase the risk of MH formation.6,7 

 

 

 

Figure 2. Illustration of the vitreoretinal attachments at the vitreoretinal interface. The posterior vitreous 

cortex is attached to the ILM by collagen fibers at the vitreoretinal interface. These fibers fuse with the 

ILM and along with macromolecules, such as laminin, fibronectin, and chondroitin anchor the vitreous 

cortex to the retina (Barak Y, Ihnen MA, Schaal S. Spectral domain optical coherence tomography in 

the diagnosis and management of vitreoretinal interface pathologies. J Ophthalmol. 

2012;2012:876472. doi: 10.1155/2012/876472. Epub 2012 Jun 4. PMID: 22701779; PMCID: 

PMC3373197). 

 

FULL-THICKNESS MACULAR HOLES 

A full-thickness macular hole (FTMH) is a retinal defect that extends through the 

entire neurosensory retinal layer at the foveal center, from the ILM to the retinal 

pigment epithelium (Figure 3). Affected patients complain of central visual field loss, 

distorted vision (metamorphopsia) and reading difficulties. Diagnosis is primarily 

based on optical coherence tomography (OCT), which provides detailed cross-

sectional imaging of the fovea. 
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Figure 3. OCT scans from two patients with full-thickness macular holes. 

A-B. OCT scans showing full-thickness neuroepithelial defects. 

 

 

Etiology and pathophysiology  

Full-thickness macular hole formation is a multifactorial process resulting from the 

combined effects of tractional mechanisms acting upon the fovea and the intrinsic 

retinal vulnerability. Anteroposterior traction is related to persistent vitreofoveal 

adhesion of the posterior vitreous cortex during partial or anomalous PVD, while 

tangential traction arises from ILM rigidity or epiretinal membrane (ERM) contraction. 

Experimental and clinical data indicate that anteroposterior traction initiates early 

foveal deformation, while tangential forces contribute to hole enlargement and 

chronic evolution of the hole.8 

Müller cell dysfunction represents another critical factor. Müller cells constitute the 

primary biomechanical scaffold of the foveal architecture. Disruption of their 

characteristic cone-shaped configuration during tractional stress may compromise 

the structural integrity of the foveal center, amplifying susceptibility to full-thickness 

tissue separation. Histopathological analyses of MH specimens demonstrate Müller 

cell depletion, gliosis, and disruptions of the outer plexiform layer, confirming the 

central role of glial alterations in disease pathogenesis.9 

The full-thickness retinal defect results in centrifugal displacement of photoreceptors 

from the foveal center, thinning of the outer nuclear layer, and disruption of the 
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external limiting membrane (ELM) and ellipsoid zone (EZ). These microstructural 

alterations correlate strongly with visual postoperative outcomes, emphasizing the 

importance of preserving or, when possible, restoring the integrity of the outer retinal 

microstructure through appropriate surgical techniques.10 

 

Epidemiology and risk factors 

The estimated annual incidence of FTMH ranges from 7.8 to 8.5 cases per 100,000 

individuals, with prevalence increasing substantially with age. Epidemiologic studies 

consistently demonstrate a sex disparity, with female-to-male ratio of 2.2-3:1 in 

several cohorts. 11 This difference has been attributed to sex-specific patterns of 

vitreous degeneration, hormonal influences on collagen architecture, and potentially 

longer-lasting macular vitreoretinal adhesions.12,13 

Age is the most significant epidemiologic determinant. Vitreous liquefaction and 

anomalous posterior vitreous detachment (PVD) occur more frequently in individuals 

over 60 years of age, explaining the peak incidence of MH observed during the sixth 

and seventh decades of life.14,15 

 

Classification 

For many years, the Gass classification was the standard in classifying FTMHs.16 The 

staging was based on biomicroscopic observations and described MH formation as 

a four-stage process: 

• Stage 1A: an early or “impending” MH, with persistent vitreous adhesion at the 

fovea, the loss of the normal foveal depression, and showing a central yellow 

spot; 

• Stage 1B: the vitreous is still attached to the fovea, the serous foveolar 

detachment causes a visible yellow ring; 

• Stage 2: a FTMH characterized by a pseudo-operculum and vitreous still 

adherent to the perifoveal region; 

• Stage 3: a FTMH with vitreous still attached at the optic disc and absence of 

the Weiss ring; 

• Stage 4: a FTMH with complete posterior vitreous detachment, often with a 

Weiss ring. 
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The introduction of the OCT, providing high-resolution and detailed imaging of retinal 

layers and associated biomechanical forces, has substantially refined the 

understanding of MH formation.  

Current OCT-based classification expands upon Gass’s work by defining the role of 

vitreofoveal traction and provides a more detailed assessment of morphological 

features. In this context, the International Vitreomacular Traction Study group 

established standardized OCT definitions for vitreomacular adhesion (VMA), 

vitreomacular traction (VMT), and FTMH, which are now widely adopted in both 

clinical research and surgical planning.17 

The aim of the International Vitreomacular Traction Study Group was to establish an 

OCT-based anatomical classification system for vitreomacular interface disorders, 

including FTMH. Their classification encompasses VMA, VMT, and FTMH; it also 

provides OCT-based definitions for lamellar macular holes and pseudoholes, which 

are among the principal differential diagnoses of FTMH. In this classification, FTMHs 

are defined as a retinal defect involving a disruption of all retinal layers from the ILM 

to the retinal pigment epithelium (RPE), and are stratified by size, by the presence or 

absence of vitreomacular traction, and by etiology.  

Size classification in based on the minimum linear diameter of the hole, measured at 

the level of the middle retinal layers on OCT (Figure 4): 

• Small: ≤ 250 µm; 

• Medium: > 250 µm and ≤ 400 µm; 

• Large: > 400 µm. 

Regarding the traction status, FTMHs are classified according to whether there is 

coexisting VMT.  

Based on etiology, FTMH can be divided into primary and secondary forms. Most 

FTMHs are primary, formerly referred to as idiopathic, resulting from vitreous traction 

on the fovea from anomalous PVD (vitreomacular traction, VMT; Figure 5). Whereas 

secondary FTMHs result from underlying pathologic conditions, independent of 

VMT.17 
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Figure 4. Classification of full-thickness macular holes based on minimum linear diameter: A: Small 

hole with a minimum linear diameter ≤ 250 µm. B: Medium hole with a minimum linear diameter > 250 

µm and ≤ 400 µm. C: Large hole with a minimum linear diameter > 400 µm. 

 

 

Figure 5. Optical coherence tomography images showing progression of vitreomacular pathologic 

features. A, At presentation, the patient had broad, isolated vitreomacular adhesion (VMA) with the 

region of attachment having a diameter of 1830 mm. B, One year later, she demonstrated mild 
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distortion. The diagnosis was focal, isolated vitreomacular traction (VMT) with a diameter of 

attachment of 550 mm. Note the change in contour of the inner fovea with cystoid spaces in the inner 

retinal tissue. C, Three months later, the patient demonstrated a primary macular hole. The inner flap 

of retina was adherent to the vitreous, there were cystoid spaces in the retina, and there was a slight 

upturn of the inner margins of the hole. D, One month after surgical repair that included vitrectomy, 

membranectomy, and fluid-gas exchange, the macular hole was closed anatomically (Duker JS, Kaiser 

PK, Binder S, de Smet MD, Gaudric A, Reichel E, Sadda SR, Sebag J, Spaide RF, Stalmans P. The 

International Vitreomacular Traction Study Group classification of vitreomacular adhesion, traction, 

and macular hole. Ophthalmology. 2013 Dec;120(12):2611-2619. doi: 10.1016/j.ophtha.2013.07.042. 

Epub 2013 Sep 17. PMID: 24053995). 

 

High myopia has emerged as an important risk factor for the development of 

secondary FTMH (note that some eyes with high myopia demonstrate FTMH with 

VMT as a precursor), particularly in East Asian populations where the prevalence of 

myopia is rapidly increasing.18 High myopic eyes present a distinct biomechanical 

environment characterized by posterior staphyloma, scleral thinning, and 

chorioretinal atrophy, which generate additional tractional forces on the fovea, 

including posterior pole expansion, oblique distortion of the foveal architecture, and 

mechanical stress on the ILM and inner retinal layers. Myopic MHs consequently tend 

to be larger, more chronic, and more frequently accompanied by foveoschisis or 

macular detachment, contributing to poorer surgical prognosis and a higher 

recurrence rates.19 The compromised outer retina in these eyes further limits the 

potential for postoperative restoration of ELM and EZ integrity. Despite advances in 

surgical techniques, closure rates for high-myopic MHs remain consistently lower 

than those observed in idiopathic cases, highlighting the need for alternative surgical 

approaches.20 

Tangential traction caused by ERMs can also contribute to macular hole formation. 

ERMs are detected in a significant proportion of FTMH cases, with prevalence 

estimates ranging from 8% to 40% depending on patient population and imaging 

modality.11 Additional secondary causes include the following: blunt trauma, lightning 

strike, macular schisis, macular telangiectasia type 2,wet macular degeneration 

treated with anti-vascular endothelial growth factor therapy, microaneurysm, prior 

intraocular surgery (e.g. vitrectomy).17 

 

 



14 

 

Clinical presentation and diagnosis 

The clinical diagnosis of FTMH is based on history and clinical exam. Central vision 

loss, central scotoma, or metamorphopsia (distortion of the central vision), may be 

reported. However, a subset of patients may remain asymptomatic, particularly in 

early or small lesions. Visual acuity is often substantially reduced, frequently around 

20/200. Diagnosis typically involves assessment of visual acuity, direct 

ophthalmoscopy or slit-lamp biomicroscopy, and OCT. OCT is an high-resolution 

imaging system allowing for both cross-sectional and three-dimensional evaluation of 

the macula and has become the gold standard in the diagnosis, management, and 

follow-up of MHs.21 

Although OCT remains the main imaging technique for FTMH, fundus 

autofluorescence (FAF) is also important. FAF can provide a precise evaluation of 

the size of the macular hole preoperatively and allows assessment of retinal pigment 

epithelium (RPE) atrophy during follow-up, providing additional prognostic 

information and guiding surgical planning and postoperative monitoring. 22 

 

Surgical management  

FTMH was largely regarded as untreatable cause of centrale visual loss until 1991, 

when Kelly and Wendel revolutionized MH management by publishing the first 

clinical outcomes of patients undergoing pars plana vitrectomy (PPV). In their 

series, they reported anatomical closure in 58% of eyes, and 73% of those with 

successful closure experienced a gain of at least two lines in best-corrected visual 

acuity (BCVA). On the other hand, 15% of the cohort developed complications, such 

as increase in the size of the macular hole, mottling of the RPE, or vascular 

occlusion. The surgical procedure involved posterior hyaloid removal, peeling of 

epiretinal membranes, total air-fluid exchange, and injection of a non-expansible 

concentration of sulfur hexafluoride (SF₆) gas to provide temporary tamponade. 

Patients were instructed to maintain strict occiput-up position for at least one week 

following surgery.23 

Gas tamponade was proven to be crucial for maintaining temporary apposition of the 

hole edges. To date, sulfur hexafluoride (SF₆) and perfluoropropane (C₃F₈) are 

utilized. The primary role of gas tamponade is to isolate the borders of the MH from 

intraretinal and subretinal fluid, thereby allowing the healing process to occur. 



15 

 

Although increasingly debated, face-down positioning continues to be routinely 

recommended in many centers, with different timing indications, particularly for large 

or chronic macular holes, based on evidence suggesting improved anatomical 

closure.24,25  

In the decades that followed, the introduction of ILM peeling by Eckardt and 

colleagues markedly improved MH closure rates by relieving tangential traction and 

promoting gliotic activity at the hole edges.26 

ILM peeling, together with the use of gas tamponade and postoperative face-down 

positioning, has made it possible to improve upon the outcomes reported by Kelly et 

al. in 1991. In a 2005 randomized clinical study comparing patients with FTMH who 

underwent ILM removal with those who did not, hole closure was achieved in 92.3% 

of patients in the peeling group, whereas persistent holes were observed in 68% of 

those treated with vitrectomy alone. The study demonstrated also a clear functional 

advantage associated with peeling, as patients in the peeling group gained an 

average of 3.7 lines of visual acuity, compared with 1.5 lines in the control group who 

did not undergo ILM removal.27 Recent studies reported high primary anatomical 

closure rates in small FTMHs that underwent PPV combined with ILM peeling. The 

“SMALL” multicenter study reported a closure rate of 98% in the ILM-peel group for 

small idiopathic macular holes (≤ 250 µm), compared with 85% in the no-peel group 

(p < 0.0001).28 Furthermore, the ILM is known to serve as a scaffold for epiretinal 

membrane formation through complex interactions among retinal glial cells, 

hyalocytes, fibroblasts, and myofibroblasts. Consequently, the removal of the ILM 

reduces the incidence of postoperative epiretinal membrane development, a 

recognized complication following MH surgery.29,30 

Various techniques in combination with ILM peeling, such as ILM flaps, have been 

reported to enhance the success rates of FTMH surgery.  

In 2010, Michalewska et al., introduced the inverted ILM flap technique. 31  The original 

technique is based on ILM peeling centripetally up to the MH rim and folding it upside-

down on top of the MH (“Cover” technique) while one of the most widespread variation 

is based on folding multiple ILM layers within the MH defect (a variant called “Fill” 

technique). 32  

The superiority of the inverted ILM flap over standard ILM peeling has been debated 

over the years. In macular holes measuring 400 µm or less, both techniques have 
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shown excellent outcomes, with no statistically significant anatomical or functional 

differences. 33 Therefore, both represent valid options for the treatment of small and 

medium-sized holes (minimum linear diameter 400 µm or less). Furthermore, in 

medium-sized holes, better macular sensitivity has been observed in patients treated 

with ILM peeling compared with those who underwent placement of an inverted ILM 

flap over the macular defect.34 

Nevertheless, a systematic review of inverted ILM-flap for large holes (>400 µm), 

clearly supported the use of the inverted ILM flap technique, which provided a closure 

rate of 95% of cases and improved the BCVA in 75%.35 Also Shen et al. have shown 

better anatomical outcomes in patients with large MHs (minimum linear diameter 

greater than 400 µm) treated with the inverted flap technique than those treated with 

ILM peeling: the hole closure rate was higher in the inverted flap group, as was visual 

acuity three months after surgery. However, at six month postoperatively, BCVA did 

not differ significantly between the two groups.36 

More recently, a comparative cohort study indicated a 90.8% primary closure rate 

following the inverted flap technique versus 59.6% with standard ILM peeling in large 

macular holes (p < 0.001).37 

Although ILM peeling is highly effective in the surgical treatment of macular holes, the 

optimal extent of peeling remains unclear. A recent study showed that a larger extent 

of the ILM peeling leads to a greater tangential movement, possibly improving the MH 

closure rate.38  

According to the International Vitreomacular Traction Study, small and medium full-

thickness macular holes exhibit a high likelihood of achieving anatomical closure 

following PPV, ILM peeling and gas tamponade, with a documented primary closure 

rates of 90–95%. In contrast, the management of large-sized, chronic, refractory 

(persistent or recurrent) MHs, as well as those associated with retinal detachment, 

continue to pose significant challenges for vitreoretinal surgeons. Several surgical 

techniques have been proposed to improve the success rate of this complex entity, 

however there is not enough evidence from which to draw a firm conclusion regarding 

the best surgical option.39 
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REFRACTORY AND RECURRENT MACULAR HOLES  

Refractory MHs include two categories: 

- Refractory (or persistent) MHs: failure of anatomical closure following primary 

surgery; 

- Recurrent MHs: reopening of a macular hole after initial successful closure.  

Reported persistence rates range between 4% and 10%, whereas recurrence rates 

range from 2% to 10%, depending on MH size, surgical technique, and patient 

characteristics.40 

Clinically, refractory MHs tend to be larger, exhibit greater chronicity, and occur more 

frequently in highly myopic eyes. Postsurgical reopening may result from progressive 

retinal atrophy, ERM contraction, or the development of new tractional forces. 

Several factors can predict the failure of primary vitrectomy: 

- Hole size 

The size of the macular hole is a critical prognostic factor for surgical outcomes. Holes 

are generally classified as large when the minimum linear diameter exceeds 400 µm, 

but closure rates vary significantly within this category, highlighting the need to 

subdivide large hole into prognostically distinct subgroups. Reported closure rates 

are 98% for holes measuring 400-477 µm, 91% for 478-558 µm, 94% for 559-649, 

and 76% for 650-1416 µm, with lower rates in the largest holes reflecting greater 

surgical complexity and higher rates of persistent defects.41,42 

A large minimum linear diameter (>500 µm) remains the most significant predictor of 

unsuccessful macular hole closure following primary surgery.43 

- Chronicity 

Chronic MHs are characterized by gliotic margins, photoreceptors dropout, and 

increased rigidity of the ILM, all of which impede the centripetal displacement of 

retinal tissue necessary for closure. Holes persisting for more than 6–12 months show 

significantly reduced closure rates and poorer visual recovery. 

- High Myopia 

Myopic MHs frequently coexist with foveoschisis, posterior staphyloma, or retinal 

thinning. These morphological alterations substantially diminish the efficacy of 

conventional surgical techniques.19 

- Outer retinal integrity 
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Preoperative absence or disruption of the ELM and EZ adjacent to the macular hole 

strongly predicts limited functional recovery, even when anatomical closure is 

achieved. Restoration of these layers is considered a major determinant of visual 

prognosis.44,45 

- Intraretinal Cystic Changes  

Extensive intraretinal cystic degeneration reflects advanced retinal tissue 

compromise and reduced reparative potential. Additional factors that may contribute 

to MHs closure failure include inadequate postoperative positioning and persistent 

traction from residual ILM or ERM. 

 

OCT has become essential for assessing surgical prognosis in MHs. Preoperative 

OCT parameters may provide clinically valuable information in predicting anatomical 

closure patterns in MH surgery. Traditional indices such as macular hole index (MHI), 

(THI),  Hole form factor (HFF) and diameter hole index (DHI) showed significant 

associations with closure types. Furthermore, not only anatomical closure but also 

the postoperative restoration of outer retinal layers, especially the integrity of the EZ 

and ELM, is critical for achieving favorable visual outcomes. Shimozono et al. 

reported eyes with preoperative ELM or EZ disruption adjacent to the macular hole 

exhibiting poorer anatomical restoration and reduced visual recovery. 45,46 These 

biomarkers allow categorization of MHs into prognostic groups and guide the 

selection of advanced surgical techniques, including grafting methods, for refractory 

cases.47 

 

SURGICAL ALTERNATIVES FOR REFRACTORY MACULAR HOLES 

Persistent or recurrent MHs remain a significant challenge for vitreoretinal surgeons, 

despite major advances in surgical technique. When standard PPV with ILM peeling 

does not achieve anatomical closure, several innovative techniques have been 

developed to enhance closure rates, promote retinal remodeling, and optimize 

functional outcomes. 
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ILM-based techniques 

Free ILM flaps 

Free ILM flap transplantation has been introduced as an alternative for large or 

refractory MHs, particularly when the ILM adjacent to the fovea is unavailable due to 

prior peeling. In this technique, a free-floating fragment of ILM, harvested from an 

area near the vascular arcades, is positioned within or over the macular defect to 

stimulate glial proliferation and facilitate closure.48 

Although effective, free ILM flaps present several technical limitations, including 

challenges in maintaining correct flap orientation, a tendency for the flap to fold, 

displace, or migrate during fluid–air exchange, and the need for precise and highly 

controlled bimanual manipulation. 

Closure rates range between 85% and 95%; however, anatomical variability and 

surgeon-dependent techniques limit widespread standardization. 

Inverted flap techniques 

The inverted ILM flap technique, first described by Michalewska et al., involves 

peeling the perifoveal ILM while maintaining a hinged remnant that is inverted and 

positioned into or over the MH. This technique has demonstrated particular efficacy 

in the management of large macular holes (>400 μm) and those associated with high 

myopia. Advantages include the preservation of a ILM attachment point, which 

minimizes the risk of flap displacement, and an enhanced restoration of the ELM and 

EZ.31 

Closure rates with the inverted ILM flap approach frequently exceed 95%, especially 

for large idiopathic MHs. Nonetheless, residual discontinuities in the outer retinal 

layers are common, and the technique is limited by the availability of sufficient 

residual ILM tissue in eyes that have undergone prior ILM peeling.  

Pedunculated flaps 

Pedunculate or temporal inverted flaps preserve a broader ILM attachment, allowing 

easier intraoperative manipulation. These techniques reduce the risk of flap 

displacement and provide more stable coverage of the MH, representing an evolution 

of the inverted flap concept and offering improved reproducibility and predictability.49 

 

Despite their benefits, ILM flaps techniques have limitations, as they cannot be used 
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when ILM is completely absent from previous surgery, and if the flap is positioned 

intraretinally or within the hole it may impede photoreceptor migration. These 

limitations motivate the search for alternative scaffolds for refractory MHs. 

 

Autologous tissue grafts 

Autologous tissue grafts represent an additional class of surgical strategies for 

refractory MHs management. These grafts provide structural support by filling the 

foveal defect and promoting tissue bridging and gliosis. 

Autologous lens capsule transplantation 

Both anterior or posterior autologous lens capsules have been utilized as a scaffold 

to facilitate the closure persistent MHs. The lens capsule is elastic, transparent, and 

easily obtainable during cataract surgery or following posterior capsulotomy.50 

Advantages include: accessibility, biocompatibility, ability to act as a mechanical 

template for gliosis. Nevertheless, disadvantages are notable: intraoperative difficult 

manipulation due to the capsule’s elasticity, risk of incorrect orientation, variable 

integration with retinal tissue, postoperative visual outcomes often inferior to those 

achieved with ILM flaps or other grafts. Reported postoperative BCVA is frequently 

limited by incomplete restoration of ELM/EZ layers. 

Autologous retinal transplantation (ART)  

Autologous neurosensory retinal transplantation (ART), introduced by Grewal et al., 

involves harvesting a full-thickness retinal patch from the midperiphery and 

positioning it into the MH.51 

Multiple series report closure rates ranging from 87% to 100%; however, the 

technique carries substantial challenges: retinal trauma at the donor site, risk of 

inducing scotomas, need for complex bimanual dissection, risk of graft dislocation, 

uncertain functional integration of transplanted photoreceptors. While ART can be 

effective in achieving closure of very large or highly refractory macular holes, the 

impact on visual recovery remains variable, as structural integration of the graft often 

requires several months and may remain incomplete. 

 

Autologous grafts are particularly advantageous when local tissue is insufficient. 

Nevertheless, their use is limited by procedural complexity, donor site morbidity, and 
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potentially worse restoration of outer retinal architecture due to the invasive nature of 

graft harvesting. 

 

Amniotic Membrane Transplantation 

Human amniotic membrane (AM), widely employed in ocular surface reconstruction, 

has been adapted to retinal surgery as a scaffold for refractory MHs. AM possesses 

a thick basement membrane rich in collagen types IV and VII, fibronectin, and 

laminins, providing a biologically favorable substrate for tissue repair.52 

AM is biocompatible, anti-inflammatory, and anti-fibrotic. It can be placed either 

subretinally, beneath the MH edges, or epiretinally, overlying the retinal surface. 

Studies have reported closure rates ranging from 90% to 100% for refractory holes, 

including highly myopic cases.53 However, subretinal placement of the membrane 

may impede photoreceptor layer reapproximation, potentially limiting functional 

recovery. Despite its advantages, the use of amniotic membrane (AM) as a retinal 

scaffold is associated with limitations: 

- challenges in correctly orienting the AM due to the asymmetry of its stromal 

and epithelial surfaces; 

- potential folding or detachment during fluid–air exchange; 

- risk of photoreceptor or RPE damage during subretinal placement; 

- delayed or incomplete restoration of the ELM and EZ. 

Furthermore, the relatively greater thickness of AM compared with ILM or Descemet 

membrane (DM) may also impede a precise anatomical alignment of the outer retinal 

layers.  

 

Rationale for alternative grafts 

Gliosis represents a primary mechanism underlying MH closure following surgery. 

Müller glial cells proliferate and migrate centripetally to bridge the tissue defect 

created by the hole. When the edges of the MH lack adequate support, this reparative 

process becomes insufficient, particularly in large or chronic holes. A graft placed 

over or within the MH provides a structural scaffold that facilitates:  

- centripetal migration of Müller cells; 

- extracellular matrix deposition; 
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- mechanical stabilization of the tissue defect; 

- promotion of centripetal retinal remodeling. 

Histologic analyses have demonstrated that transplanted scaffolds guide glial 

reorganization, creating a matrix that supports reconstitution of the outer retinal 

layers, including the ELM and EZ.54 

While many grafting techniques achieve high closure rates, functional recovery 

depends heavily on:  

- restoration of ELM and EZ; 

- absence of trauma to outer retinal layers;  

- scaffold transparency and thinness;  

- capacity to permit photoreceptor migration. 

Comparisons among techniques suggest:  

- ELM/EZ restoration tends to be highest with epiretinal or thin grafts (ILM, DM); 

- subretinal placement frequently compromises photoreceptor reorganization; 

- autologous retina closes holes but does not necessarily integrate functionally. 

Therefore, an optimal graft should exhibit the following characteristics:  

• Biocompatibility: minimal induction of inflammation or fibrosis;  

• Transparency: to prevent obstruction of the visual axis; 

• Thinness: to allow close apposition and potential restoration of photoreceptors;  

• Structural stability: to resist dislocation during surgery; 

• Ease of manipulation: particularly during fluid–air exchange; 

• Ability to support glial proliferation: providing a substrate for Müller cell activity.  

This rationale sets the foundation for the use of Descemet membrane as a novel 

grafting material.  
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DESCEMET MEMBRANE AS A RETINAL SCAFFOLD 

The evolution of corneal surgery has progressed from full-thickness keratoplasty to 

increasingly selective procedures, culminating in the development of Descemet 

Membrane Endothelial Keratoplasty (DMEK) in 2006. DMEK involves transplantation 

of the Descemet membrane and endothelial layer, enabling lower rejection rates and 

faster postoperative recovery.55,56 However, high-quality endothelial tissue is 

essential for successful corneal transplantation, a substantial proportion of tissues 

are excluded due to insufficient endothelial cell density, and are more frequently 

derived from older donors, highlighting the influence of donor age on endothelial 

integrity. Current eye-bank criteria remain stringent, resulting in the exclusion of up 

to 50% of donor corneas.57,58 

These limitations prompted us to investigate an alternative clinical application, 

specifically the treatment of FTMH. The acellular and mechanically stable Descemet 

membrane (DM) provides an attractive biological scaffold, supporting glial migration 

and proliferation, which may facilitate macular hole closure and restoration of retinal 

microarchitecture.59 The absence of cellular components minimizes immunogenicity 

and inflammation, enhancing its suitability for intraocular transplantation. Owing to its 

biocompatibility and adhesion to neurosensory retina, DM may serve as a promising 

substrate for FTMH repair, potentially complementing or replacing established 

techniques using the ILM, lens capsule, or human AM. DM may offer several practical 

advantages, including transparency, thinness to minimize interference with outer 

retinal architecture, elasticity for controlled manipulation without excessive folding, 

and ease of staining for intraoperative visualization. Unlike AM, DM lacks an adhesive 

stromal surface, reducing graft orientation difficulties, and, compared with retinal 

autografts, avoids donor-site trauma and graft-related morbidity.  
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PART II 

 

 

PURPOSE 

 

The purpose of this study was to evaluate the use of Descemet’s membrane as a 

novel biological scaffold in the surgical management of refractory FTMHs, focusing 

on the anatomical effectiveness and safety of the surgical technique.  

 

MATERIAL AND METHODS 

 

This retrospective study included consecutive patients who underwent Descemet 

membrane epiretinal graft for refractory MH at the Ophthalmology Unit of the 

Sant’Anna University Hospital (Ferrara, Italy) or at Ospedali Privati Forlì “Villa Igea” 

(Forlì, Italy) between September 2023 and September 2024. Informed consent was 

obtained from all patients, the study adhered to the tenets of the 2013 Declaration of 

Helsinki and was approved by the local Institutional Review Board. 

All included patients had either a refractory MH, defined as failure of hole closure 

after primary surgery, or a recurrent MH, defined as reopening after initial successful 

closure, and had previously undergone standard MH surgery via pars plana 

vitrectomy and ILM peeling. 

All patients received a complete ophthalmological examination including macular 

OCT before surgery and postoperatively during the follow-up period. The MH 

minimum diameter was measured with OCT as the diameter at the narrowest point 

between the hole edges through the foveal center, with measurements performed at 

the level of the middle retinal layers. Since highly myopic eyes were included, OCT 

measurements were corrected for axial length by linear scaling.60 The basal MH 

diameter was defined as the diameter between hole edges at the retinal pigment 

epithelium level. The pattern of MH closure was classified as U-shape, V-shape, or 

flap closure (MH closure by the Descemet membrane epiretinal graft only).61 The 

continuity of the EZ and ELM was assessed using OCT images. For each eye, these 

layers were classified simply as either “intact” or “disrupted”, without further grading 

of disruption severity. Evaluations were performed independently by two experienced 

retinal specialists, and any discrepancies were resolved by consensus. Postoperative 
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restoration of the ELM and EZ was defined as homogenous reflectivity within the 

respective layers in the foveal region. 

For Descemet membrane epiretinal graft, human donor corneas unsuitable for 

corneal transplantation due to low endothelial cell count were obtained by eye banks. 

Prior to shipping of the tissue, the Descemet membrane was manually stripped by an 

experienced eye bank technician leaving a small peripheral hinge. The peeled tissue 

was then repositioned back on the corneo-scleral button. 

The surgical technique is summarized as follows: 25-gauge pars plana vitrectomy 

was performed with a chandelier endo-illuminator to facilitate bimanual maneuvers. 

After the injection of triamcinolone acetonide, the vitreous base was shaved. Blue dye 

was used to assess the presence of ILM remnants in the macular region. The donor 

corneo-scleral button was positioned on a trephination block and the endothelial layer 

was decellularized using a polyvinyl alcohol sponge. After staining the tissue with 

MembraneBlue-Dual (Trypan Blue 0.15% + Brilliant Blue G 0.025%; D.O.R.C., the 

Netherlands), a dermal punch was used to cut a circular graft of Descemet membrane 

with a 2-mm diameter, a size selected according to the surgeon’s experience to 

ensure adequate coverage of the macular defect and safe intraocular handling. The 

Descemet membrane graft was inserted through one of the cannulas using 

vitreoretinal forceps and gently placed over the MH (Figure 6).  

In case of poor attachment of the graft to the inner retinal surface, a small bubble of 

perfluorocarbon liquid (PFCL) was injected over the graft to stabilize it. Fluid-air 

exchange was performed by passive aspiration with a backflush needle over the disk. 

To avoid turbulence, infusion air pressure was set at 20 mmHg. In case of 

decentration of the graft during this phase, the tip of the backflush needle was used 

to gently reposition the Descemet graft over the MH. At the end of surgery, air was 

replaced with 20% sulfur hexafluoride gas (Figure 6). After surgery, patients were 

instructed to maintain a face down position for three days. Follow-up ophthalmological 

examinations were performed at 1 day, 1 week, 1, 3, 6 and 12 months after surgery. 

Statistical analysis was performed using R and RStudio software. The Wilcoxon test 

was used to compare continuous variables before and after surgery. A P-value of less 

than 0.05 was considered statistically significant. 
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Figure 6. Intraoperative photographs showing the surgical procedure for Descemet membrane 

epiretinal graft; (A) the donor corneo-scleral button is punched with a 2-mm circular dermal punch; 

(B) the Descemet graft is grasped with end-gripping vitreoretinal forceps; (C) the graft is positioned 

on the inner retinal surface over the macular hole; (D) the graft is in position after fluid-air exchange. 

 

 

RESULTS 

 

A Total of 12 eyes of 12 patients with refractory MH were included. Baseline clinical 

and demographic parameters are reported in Table 1. Mean axial length was 26.1 ± 

3.1 mm (range, 23.1–31.7 mm), with 4 patients (33.3%) having an axial length >26 

mm. The mean minimum and basal MH diameters were 523 ± 129 and 1136 ± 756 

μm, respectively. All patients were pseudophakic and had previously undergone pars 

plana vitrectomy with ILM peeling. The mean time interval between primary surgery 

and repeat vitrectomy with Descemet membrane epiretinal graft was 4 ± 5 months 
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(range, 1–17 months). Surgery was uneventful in all cases; PFCL was employed in 4 

patients (33.3%), in the remaining 8 ones (66.7%), the Descemet graft attached via 

gas tamponade alone. The mean follow-up after Descemet membrane epiretinal graft 

was 8 ± 4 months (range 3-12 months). Complete data were available for all 12 eyes 

at 3 months, for 10 eyes at 6 months, and for 6 eyes at 12 months. A complete closure 

of the MH was obtained in 11/12 patients (91.7%) (Figure 2, Figure 3). Mean BCVA 

significantly improved from 1.09 ± 0.56 (20/250 Snellen) to 0.47 ± 0.56 logMAR (20/63 

Snellen) at 3 months, 0.49 ± 0.62 logMAR (20/63 Snellen) at 6 months, and 0.29 ± 

0.19 logMAR (20/40 Snellen) at 12 months (all P < 0.05). At the last follow-up available, 

which represents the final visit for each patient and could occur before 12 months in 

some cases, mean BCVA was 0.46 ± 0.54 logMAR (20/63 Snellen), with 7 patients 

(58.3%) achieving a BCVA ≥ 20/40. 

 

 

Characteristic All patients 
 

(n = 12) 

No high myopia 
 

(n = 8) 

High myopia 
 

(n = 4) 

Women, n (%) 6 (50) 2 (25) 4 (100) 

Age (y), mean ± SD 67.7 ± 9.9 68.1 ± 6.5 66.1 ± 16.1 

Axial length (mm),         

mean ± SD 

26.1 ± 3.1 24.1 ± 0.8 30.1 ± 1.6 

MH minimum diameter (μm), 

mean ± 

SD 

523 ± 129 526 ± 155 515 ± 63 

MH basal diameter (μm), 

mean ± SD 

1136 ± 756 1015 ± 247 1376 ± 1356 

Baseline BCVA (logMAR), 

mean ± SD 

1.09 ± 0.56 1.05 ± 0.52 1.16 ± 0.71 

SD: standard deviation; MH: macular hole. 

Table 1. Characteristics of patients undergoing Descemet membrane epiretinal graft. 
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Macular OCT imaging showed a U-shape MH closure in 5 patients (41.7%), V-shape 

closure in 6 patients (50.0%), while flap closure was not observed in any of the 

patients. Restoration of the ELM and EZ was observed in 4 (33.3%) and 5 (41.7%) 

patients, respectively.  

The Descemet graft was visible at macular OCT as a thin hyperreflective line (Figure 

7, Figure 8); the appearance of the graft did not change over the follow- up time. 

Besides surgical failure in 1 patient who experienced dislocation of the graft and 

persistence of the MH, no other intraoperative or postoperative complications 

occurred. A second surgery was proposed   to   the   patient   who   failed,   

but   she   declined   further   treatment. 

 

Figure 7. OCT showing a representative case who underwent Descemet membrane epiretinal graft. 
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A, Refractory full-thickness macular hole before surgery, vision was 20/100. B, Closure of the hole 

after surgery, vision improved to 20/25. The Descemet graft is visible as a thin hyperreflective line 

bridging the foveal depression. 

 

 

 

Figure 8. OCT showing a representative case who underwent Descemet membrane epiretinal graft. A, 

Refractory full-thickness macular hole in an eye with high myopia before surgery, vision was 20/200. B, 

Closure of the hole after surgery, vision improved to 20/50. The Descemet graft is visible as a thin 

hyperreflective line on the inner retinal surface. 
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DISCUSSION AND CONCLUSIONS 

 

In the era of lamellar keratoplasty, the routine preparation of corneal grafts for 

endothelial disease includes isolating the Descemet membrane and endothelium, 

resulting in a transparent graft that spontaneously rolls itself when stripped off from 

the donor cornea.  

The Descemet membrane is a true basement membrane constituted primarily by a 

matrix of laminins, type IV collagen, nidogens and perlecan, aligning with the 

structural and biochemical requirements for an effective retinal scaffold.62 This 

transparent tissue has a thickness of approximately 10 µm, thinner than amniotic 

membrane and comparable to the ILM. Its elastic, acellular matrix provides a smooth, 

homogeneous surface and might serve as a scaffold to promote retinal gliosis, thus 

allowing the successful closure of MH. We have recently described the epiretinal 

transplantation of a Descemet membrane graft in two eyes with refractory MH. 59 We 

have reported herein the outcomes of the first series of patients treated with this new 

surgical technique. Anatomical closure of the hole was obtained in 91.7% of eyes. 

This result is in line with those obtained with other alternative techniques for refractory 

MH. For instance, a closure rate of 87.8% was reported by Grewal et al. after 

autologous retinal transplantation.51 Morizane et al. reported a 90% closure rate using 

autologous ILM transplants.48 In eyes with recurrent MH and high myopia treated with 

amniotic membrane transplantation, Caporossi et al. reported closure rates of 93.8% 

after a single intervention, and 100% after two interventions.63 

Although closure rates among different techniques appear similar, Descemet 

membrane epiretinal graft may provide some advantages in terms of visual outcomes. 

Specifically, the Descemet graft is thin and transparent, and the epiretinal positioning 

allows for a more physiologic closure of the MH with restoration of the outer retinal 

layers (which is a well-known predictor of visual recovery), avoiding a direct trauma 

to photoreceptors and the RPE.64  

On the other hand, when tissue plugs such as amniotic membrane are placed below 

the edge of the hole, they can act as a barrier against the re-approximation of the 

photoreceptor layer, resulting in EZ and ELM defects. 65 Furthermore, the insertion of 

a tissue plug inside the hole may result in mechanical damage to the RPE and 

development of parafoveal atrophy. 66 In this series, despite the relatively short follow-

up period, restoration of the ELM and EZ was observed in 33.3 and 41.7 of patients, 
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with a mean final logMAR BCVA of 0.46. This visual result compares favorably with 

the BCVA reported following the insertion under the edges of the hole of amniotic 

membrane (0.65 logMAR by Caporossi et al.), autologous lens capsule (1.07 logMAR 

by Chen et al.) or autologous retinal graft (1.05 logMAR by Moysidis et al.). 65,67,68 

While the epiretinal positioning may theoretically increase the risk of graft dislocation, 

a series of crucial surgical steps allows the successful attachment of the Descemet 

graft via gas tamponade. First, accurate shaving of the vitreous base should be 

performed to avoid egress of fluid from the hydrated peripheral vitreous during fluid-

air exchange. To avoid turbulence that may dislocate the graft, fluid-air exchange 

should be slowly performed with an air pressure of 20 mmHg or less. At the end of 

this phase, in presence of a shallow layer of fluid moving towards the tip of the 

backflush needle, the graft may slightly dislocate tangentially, and can be gently 

repositioned with the tip of the cannula. In case of poor attachment to the inner retinal 

surface, a small bubble of PFCL can be injected to stabilize the graft in place during 

fluid-air exchange. Finally, once the vitreous chamber is filled with air, any additional 

fluid accumulating over the disc should be patiently aspirated with the backflush 

needle until the macula remains completely dry for at least a couple of minutes. 

From a technical standpoint, Descemet membrane epiretinal graft may provide some 

advantages compared to other alternative techniques, resulting in a more 

standardized and reproducible surgery. The Descemet graft can be stained with blue 

and easily visualized inside the vitreous chamber. Being relatively dense, it can be 

placed on the retinal surface in a single-layer fashion, with less tendency to float 

around into the vitreous chamber or fold on itself compared to amniotic membrane 

and ILM flaps. Moreover, in contrast to the amniotic membrane, the graft does not 

have an adhesive surface, requiring less bimanual maneuvers inside the vitreous 

chamber to obtain the desired orientation. In this study, the graft was positioned with 

the convex endothelial side facing the retinal surface. The flap naturally exhibits a 

convex shape which allows the surgeon to correctly orient it even though it is 

transparent and only lightly stained with blue. Finally, the graft preparation does not 

require any additional invasive intraocular maneuver. By contrast, ILM flaps and 

autologous lens capsule require intraocular harvesting. Since our standard surgical 

technique for primary MH involves an ILM peeling extended over the vascular 

arcades, an ILM flap may not be available in case of failure of the primary surgery.41 

Similarly, the posterior capsule cannot be employed in eyes which already underwent 
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a posterior capsulotomy. 

According to eye bank statistics, up to half of harvested corneas are deemed 

unsuitable for keratoplasty, with low endothelial density as the leading cause for 

corneal tissue discard.57,69 Descemet membrane epiretinal grafting represents an 

alternative use of valuable human donor tissue that would otherwise be discarded. 

Other potential sources of Descemet membrane grafts include the tissue removed 

during descemetorrhexis in endothelial keratoplasty procedures or the donor tissue 

from the corneal periphery which is not transplanted during endothelial keratoplasty. 

In conclusion, corneas considered unsuitable for keratoplasty can be employed for 

MH surgery, preventing the wastage of precious tissues from human donors. 

Descemet membrane epiretinal graft yields positive anatomic and visual outcomes 

for eyes with refractory MH. 
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