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Purpose: To assess the safety and clinical outcomes of sutureless amniotic membrane (AM) transplantation in patients with small
corneal perforations associated with severe ocular surface disease.

Patients and Methods: This prospective observational study included 50 eyes of 50 patients with autoimmune or inflammatory
ocular surface disease presenting with corneal perforations <3 mm. Under topical anesthesia, a double-layer AM was applied without
sutures: one layer as a graft directly over the perforation and a second as a patch. A therapeutic contact lens and temporary eyelid
closure were used; no topical medications were prescribed, while oral doxycycline (100 mg twice daily) was given for 15 days.
Patients were examined at 1 week, 2 weeks, 1 month, 3 months, and 6 months. Primary outcomes were anatomical closure and corneal
thinnest point (swept-source OCT). Secondary outcomes included complications and need for further surgery.

Results: Complete anatomical closure was achieved in all cases (100%), with a mean healing time of 14.2 + 3.6 days (range 9-21).
Corneal thinnest point increased significantly from 215 + 38 pum at baseline to 402 + 39 um at 6 months (p = 0.000031, repeated-
measures ANOVA). No cases of AM displacement, secondary infection, intraocular complications, or re-intervention were observed.
The procedure was well tolerated in all patients.

Conclusion: Sutureless AM transplantation is a safe, minimally invasive, and effective option for managing <3 mm non-infectious
corneal perforations in severe ocular surface disease. It enables rapid anatomical restoration, avoids suture-related inflammation, and
may be particularly advantageous in fragile or immunocompromised patients.

Keywords: corneal perforation, ocular surface disease, amniotic membrane, sutureless grafting, dry eye, amniotic membrane

transplantation, sutureless technique, autoimmune keratopathy, anterior segment optical coherence tomography

Introduction
Corneal perforations represent a potentially devastating and sight threatening ophthalmologic emergency, carrying
a significant risk of irreversible visual impairment. Although they may result from a wide spectrum of causes (including
infectious, traumatic, or inflammatory causes) an increasing proportion of cases are now attributed to severe ocular
surface disease, in which tear film instability and chronic inflammation significantly compromise corneal integrity.'~
Severe dry eye disease is a multifactorial condition involving chronic epithelial damage, corneal barrier dysfunction,
persistent inflammatory activity, and immune dysregulation.® In the context of systemic autoimmune disorders such as
Sjogren’s syndrome or ocular graft-versus-host disease (0GVHD), progressive deterioration of the ocular surface
microenvironment, characterized by tear film instability, reduced mucin secretion, altered corneal innervation, and limbal
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stem cell deficiency occurs. Together, these factors collectively contribute to the development of persistent epithelial
defects, stromal ulceration, and, in advanced cases, corneal pelrfora’tion.“*6

Corneal perforations arising in this context are particularly challenging to manage due to the pro-inflammatory milieu,
reduced regenerative potential of the ocular surface, and a high recurrence rate. Conventional treatments—such as
cyanoacrylate glue, therapeutic contact lenses, conjunctival patch grafts, or emergency keratoplasty—often fail to provide
lasting anatomical and functional stability and are frequently associated with complications.” ®

Management of small corneal perforations remains particularly challenging in patients with severe ocular surface
disease, in whom chronic inflammation, tissue fragility, and impaired healing often limit the effectiveness of conventional
treatments.

Cyanoacrylate tissue adhesive is commonly used for small perforations but is frequently associated with local
toxicity, inflammation, foreign body sensation, and limited long-term stability, especially in autoimmune or severe dry
eye conditions. Recurrent leakage, infectious complications, and the need for repeated applications have also been
reported.'*'?

Conjunctival flap surgery and tectonic keratoplasty represent alternative options for restoring ocular integrity;
however, both approaches are associated with relevant drawbacks in this clinical setting. Conjunctival flaps may
compromise visual outcomes and are poorly tolerated in inflamed or cicatrized conjunctiva, while tectonic keratoplasty
is invasive and characterized by high rates of graft failure, suture-related complications, and delayed epithelialization in
compromised ocular surfaces.'> !

These limitations underscore the need for minimally invasive strategies capable of providing effective tectonic
support while minimizing inflammation and surface toxicity. In this context, sutureless amniotic membrane grafting
represents a biologically favorable option, combining mechanical sealing with the well-established anti-inflammatory and
regenerative properties of the amniotic membrane.'®'®

Within this complex clinical scenario, amniotic membrane (AM) transplantation has gained increasing attention as
a regenerative therapeutic option. The AM is a biological tissue with anti-inflammatory, anti-angiogenic, anti-apoptotic,
and epithelium-promoting properties, making it particularly well-suited for the treatment of deep corneal lesions and
perforations.'* " In the context of severe inflammatory ocular surface disease, AM acts as a temporary scaffold that
modulates the local tissue environment to support epithelial healing and stromal remodeling.**

More recently, the development of sutureless AM implantation techniques has expanded the clinical applicability of
this treatment. These approaches allow for effective control of corneal perforation while minimizing surgical time,
reducing postoperative inflammatory risk, and improving patient comfort.>*2® This is particularly advantageous in
fragile patients with systemic comorbidities, in whom more invasive procedures may be contraindicated.

In the present study, we present our clinical experience with sutureless amniotic membrane transplantation for the
treatment of corneal perforations in patients with severe dry eye disease. The analysis is based on a prospective database
of surgically treated cases from our center, with the aim of evaluating the clinical efficacy, safety, and anatomical stability

of this technique in a high-risk therapeutic setting where conventional surgical options are often limited.

Materials and Methods
A prospective observational study was conducted on 50 eyes with corneal perforation in patients affected by severe
ocular surface disease. All surgical procedures were performed by the same experienced cornea specialist surgeon at the
Ophthalmology Department of the University Hospital of Messina, Italy, between January 2023 and June 2025.

The study was conducted in accordance with the tenets of the Declaration of Helsinki and received approval from the
Ethics Committee of the University Hospital of Messina (86/19 of 2 october 2019).

Written informed consent, for processing personal data and for surgical procedure, was obtained from participants to
participate in the study.

The inclusion criteria were: Documented corneal perforation with a diameter <3 mm; Severe dry eye disease
diagnosed both clinically and instrumentally; Presence of ocular surface disease of inflammatory or autoimmune origin;

Absence of active ocular infection at the time of surgery; Age >18 years. The exclusion criteria were: Corneal
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Figure | (A) Patient number 3, right eye. Anterior segment optical coherence tomography (AS-OCT) showing corneal thinning with residual stromal tissue (asterisk),
Seidel positive. A reflex saturation beam artifact is visible as a dashed line (arrow). (B) shows the postoperative outcome at week |. The therapeutic lens is seen above the
corneal epithelium as a hyper-reflective band (arrow). The epithelium regrowth is indicated by a small asterisk and delimited by the Bowman’s membrane, visible as hyper-
reflective band (arrow). (C) The post-op outcome at | month shows a similar corneal appearance to week |I.

perforations >3 mm or associated with massive iris prolapse; Presence of active infectious keratitis; Prior corneal
transplantation in the treated eye within the past 3 months.

The underlying conditions of the included patients were: Primary or secondary Sjogren’s syndrome (n = 22), Ocular
graft-versus-host disease (0GVHD) (n = 14), Idiopathic severe dry eye (n = 6), Stevens-Johnson syndrome (n = 4) and
Post-surgical/iatrogenic dry eye (n = 4).

Severe ocular surface disease was diagnosed based on slit-lamp biomicroscopy (including severe punctate kerato-
pathy/epithelial defects, ocular surface inflammation, and tear film instability).

All patients underwent comprehensive preoperative evaluation including: Slit-lamp biomicroscopy (Topcon SL-D701,
Topcon Corp., Tokyo, Japan); Corneal OCT using Triton swept-source OCT (Topcon Corporation, Tokyo, Japan);
Fluorescein staining.

Baseline corneal perforation diameter was measured at presentation using anterior segment optical coherence
tomography (AS-OCT) with manual caliper-based measurements, relying on the integrated measurement tools of the
device to accurately evaluate perforation size and margins prior to surgical intervention (Figure 1).

Corneal perforations were classified according to their location as central, paracentral, or peripheral based on slit-
lamp examination and anterior segment optical coherence tomography at presentation. The influence of perforation
location on healing time and anatomical outcome was specifically evaluated during follow-up.

Surgical Technique

All procedures were performed in an outpatient setting. After disinfection of the eyelid skin with 5% povidone-iodine, the
eye was draped, and a lid speculum was placed. Oxybuprocaine hydrochloride 0.4% (Novesina™, Laboratoires Thea) was
used as topical anesthesia. The ocular surface was then disinfected with 5% povidone-iodine for three minutes.
A standardized interval of approximately 3 minutes was allowed after membrane placement to promote initial adherence
and stabilization prior to eyelid occlusion. The amniotic membrane (AM) used in this study was a commercially available,
eye bank—processed, cryopreserved human amniotic membrane, stored under controlled conditions and compliant with
international sterility standards. Intraoperatively, the correct orientation of the membrane was carefully verified to ensure that
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the basement membrane side was positioned facing the corneal surface. The AM was trimmed using Westcott scissors: The
first layer, cut to be 4 mm larger in diameter than the perforation site, was applied directly over the perforation as a graft;
A second, larger layer was then placed over the first, serving as a patch. (Figure 2) The 4-mm patch size was selected
according to our standardized protocol to ensure complete coverage of the perforation with an adequate safety margin.Both
layers were positioned with the epithelial side facing up. Prior to amniotic membrane application, limited corneal surface
preparation was performed when necessary. Specifically, loose or necrotic epithelium at the margins of the perforation was
gently removed to promote membrane adhesion, while aggressive stromal debridement was intentionally avoided in order to
preserve residual corneal tissue integrity in eyes with severe ocular surface disease.

At the end of the procedure a therapeutic contact lens (Pure Vision 2™, Bausch + Lomb, Bridgewater, NJ, USA;
12 mm diameter) was applied. The eyelids were occluded using a reinforced skin closure strips 100mmx12mm (3M™
Steri-Strip™ R-100 x 12 mm) (Figure 2).

Before eyelid occlusion with reinforced skin closure strips, topical moxifloxacin was administered as perioperative
prophylaxis according to the institutional protocol. The eyelids were then closed to maintain correct membrane
positioning and to reduce mechanical stress on the ocular surface.

A Contact lens
— 1st and 2nd AM layer (ep. side up)
Epithelium

Bowman layer

Stroma
Descemet membrane
Anterior chamber Endothelium

Figure 2 Corneal perforation (asterisk) (a). First layer of amnioticmembrane (AM) covering the corneal perforation (b). Second layer of AM placed on top of the first AM
layer (c). Contact lens (12 mm diameter) placed above the 2 AM layers (d). Schematic representation of result of the surgical technique showing the 2 layers of AM covering
the corneal perforation. The contact lens is shown on top of them (e). Reinforced skin closure strips 100mmx|2mm used to close the eyelids (f).
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Postoperative Management
No topical eye drops were prescribed postoperatively. The therapeutic contact lens and eyelid closure were maintained
for 1 to 2 weeks, based on clinical response. A therapeutic bandage contact lens was applied in extended wear and was
removed or replaced according to predefined clinical criteria during follow-up. Postoperative management and timing of
device removal were guided by objective clinical criteria, including epithelial integrity on fluorescein staining, a negative
Seidel test, and AS-OCT confirmation of stromal continuity.

All patients were prescribed oral doxycycline 100 mg twice daily for 15 days.

Follow-Up and Postoperative Evaluation

Patients were followed up at 1 week, 2 weeks, 1 month, 3 months, and 6 months postoperatively. Follow-up assessments
included: Slit-lamp examination (Topcon SL-D701); Evaluation of corneal integrity and epithelial healing with fluor-
escein; High-resolution corneal OCT (Triton, Topcon) to monitor closure of the perforation and corneal thinnest point;
IOP measurement with iCare rebound tonometry.

The primary endpoint of the study was complete anatomical closure of the corneal perforation, defined as restoration
of stromal continuity confirmed by a negative Seidel test and anterior segment optical coherence tomography (AS-OCT).
Anatomical closure was primarily assessed during the early postoperative period, within the first 2-3 weeks after surgery.
Patients were subsequently followed for up to 6 months to monitor stability of closure, corneal thickness remodeling, and
the occurrence of any delayed failure or late structural changes.

Epithelial adhesion and healing were evaluated using slit-lamp biomicroscopy with fluorescein staining, assessing
complete epithelial coverage and absence of staining over the perforation site. Anatomical closure was confirmed by
a negative Seidel test and supported by anterior segment optical coherence tomography (AS-OCT), which documented
stromal continuity and integration of the amniotic membrane. The occurrence of delayed epithelialization or recurrent
epithelial defects was specifically assessed during follow-up.

Objective imaging (AS-OCT) and standardized clinical assessments were performed by the same experienced
personnel whenever feasible, using a consistent acquisition protocol to minimize inter-operator variability.

Statistical Analysis

Data were analysed using SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables are
reported as mean + standard deviation (SD), while categorical variables are expressed as absolute frequencies and
percentages. Normality of data distribution was assessed using the Shapiro—Wilk test. Differences in corneal thinnest
point across follow-up timepoints were evaluated using repeated-measures analysis of variance (ANOVA), with
Greenhouse—Geisser correction applied when assumptions of sphericity were violated. A P value of less than 0.05 was
considered statistically significant.

Results
A total of 50 patients (50 eyes) were included in the study. The cohort included 18 males (36%) and 32 females (64%),
with a mean age of 62.4 £ 11.7 years (range: 39-82 years). The underlying conditions were distributed as follows:
Primary or secondary Sjogren’s syndrome: 22 cases (44%); Ocular graft-versus-host disease (0GVHD): 14 cases (28%);
Severe idiopathic dry eye: 6 cases (12%); Stevens-Johnson syndrome: 4 cases (8%); Post-surgical/iatrogenic dry eye: 4
cases (8%).

The mean baseline diameter of the corneal perforations was 2.1 + 0.6 mm, with all cases falling within the <3 mm
limit established by the inclusion criteria.

Complete closure of the corneal perforation was achieved in all cases (100%), with a mean closure time of 14.2 + 3.6
days (range: 9-21 days), as confirmed by high-resolution OCT and absence of fluorescein leakage. No patients developed
intraocular complications or required additional surgical interventions.

Complete anatomical closure was achieved in all treated eyes, with no cases of partial closure, recurrence of
perforation, or need for re-intervention during the follow-up period. No progressive stromal thinning or late structural
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Figure 3 Temporal evolution of corneal thinness point measured by OCT in patients with <3 mm corneal perforations treated with sutureless amniotic membrane
implantation. Values are expressed as mean * standard deviation at each follow-up time point (preoperative, | week, 2 weeks, | month, 3 months, 6 months). Repeated-
measures analysis of variance (ANOVA-RM) revealed a statistically significant increase in stromal thickness over time (p = 0.000031).

failure was observed. No significant procedure-related complications were recorded. In particular, no cases of persistent
ocular pain, increased inflammation, epithelial defects adjacent to the amniotic membrane, contact lens—related compli-
cations, or eyelid-closure—related adverse events were observed. Structural outcomes were satisfactory in all cases, with
no clinically relevant irregular scarring or visually significant astigmatism. The study was designed to collect objective
anatomical and imaging-based outcomes, and patient-reported questionnaires such as the Ocular Surface Disease Index
(OSDI) were not administered. In patients with Sjogren’s syndrome, a subjective improvement in ocular comfort was
noted during follow-up, without evidence of worsening ocular surface inflammation.

The evolution of corneal thinnest point was monitored over time using high-resolution swept-source OCT. (Figure 3)
Mean values + standard deviation at each follow-up point were as follows: Preoperative (baseline): 215 + 38 um; After
1 week: 276 + 41 pm; After 2 weeks: 312 + 46 pm; After 1 month: 355 + 50 um; After 3 months: 388 + 44 um; After 6
months: 402 + 39 um (Table 1, Figures 1 and 3).

Table | Evolution of Central Corneal Thinnest Point in
Patients Undergoing Sutureless Amniotic Membrane
Grafting for Inflammatory-Related Corneal Perforations.
Values are Expressed as Mean * Standard Deviation

Timepoint Corneal Thinnest Standard
Point (um) Deviation (pm)
Baseline 215 +38
I week 276 4|
2 weeks 312 +46
I month 355 +50
3 months 388 +44
6 months 402 +39
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Repeated-measures analysis of variance (ANOVA-RM) revealed a statistically significant increase in corneal thinnest
point over time, with a p-value of 0.000031, supporting a gradual and stable anatomical recovery of the cornea following
treatment. The procedure was well tolerated. No cases of infection, amniotic membrane graft dislocation, or acute
inflammatory reactions were reported.

Discussion

Corneal perforations associated with autoimmune forms of dry eye disease—such as Sjogren’s syndrome and ocular
graft-versus-host disease (0GVHD)—typically arise from chronic epithelial instability, persistent inflammation, and
progressive stromal degradation.®*® These conditions are characterized by severe ocular surface alterations including
conjunctival inflammation, keratoconjunctivitis sicca, filamentary keratitis, and recurrent epithelial defects. In advanced
stages, progressive stromal melting can lead to descemetocele formation and frank perforation. Patients often present
with pain, photophobia, ocular redness, and significant visual decline, which may culminate in corneal opacification or
irreversible structural damage if left untreated.

In particular, in patients with oGVHD, the frequency of corneal perforations has recently been reported as signifi-
cantly high, with complication rates that threaten not only vision but also the long-term prognosis of the affected eye.?’

Conventional management of autoimmune-related corneal ulcers and perforations involves both local and systemic
therapeutic strategies. Lubricating agents, autologous serum tears, topical anti-inflammatory drugs (such as corticoster-
oids and cyclosporine), and systemic immunosuppression are frequently employed to stabilize the ocular surface and
control immune-mediated damage. In cases of corneal thinning or impending perforation, surgical options have included
cyanoacrylate glue application, bandage or scleral contact lenses, conjunctival flap procedures, and tectonic
keratoplasty.'> While these approaches can provide temporary stabilization, their efficacy is often limited in the context
of persistent autoimmune activity, and recurrence or progression to perforation remains common. In addition, emergency
keratoplasties in autoimmune contexts have been observed to carry a less favorable prognosis, with an increased risk of
graft rejection and chronic inflammatory complications, thereby necessitating the use of regenerative therapies such as
amniotic membrane transplantation. Within this challenging clinical scenario, amniotic membrane transplantation has
emerged as a particularly promising option. The AM serves not only as a physical barrier but also as a biologically active
scaffold containing extracellular matrix proteins, growth factors, and protease inhibitors that collectively promote
epithelialization and stromal healing, while reducing inflammatory and fibrotic responses.'*° Its role in ocular surface
reconstruction has been widely recognized since early pioneering reports,”® and multiple case series and reviews have
confirmed its utility in managing non-infectious corneal ulcers and descemetoceles.?* In particular, He et al (2023)
described successful multilayer AMT in a patient with oGVHD-related descemetocele, underscoring its relevance in
autoimmune settings.”’

The use of amniotic membrane has also been supported by high-resolution imaging studies, such as that of Sultana
et al (2018), which documented through OCT its ability to integrate and support structural recovery even in cases of
advanced descemetocele.*”

More recently, a systematic review has confirmed the efficacy of AM even in complex infectious settings, suggesting
that its regenerative and anti-inflammatory properties may be extended to a wide range of corneal conditions, including
those of autoimmune origin.?’

Our present study demonstrates that sutureless AM transplantation represents a safe and effective therapeutic option
for the management of small-diameter corneal perforations (<3 mm) in patients with severe ocular surface disease. The
complete anatomical closure observed in all cases, the progressive restoration of corneal thinnest point, and the absence
of major postoperative complications confirm the regenerative and anti-inflammatory potential of AM in severely
compromised corneal environments.

A previous study from our research group laid the conceptual and methodological foundation for the present work.’
In that study, 12 eyes of 11 patients affected by Sjogren’s syndrome (n = 5) and ocular cicatricial pemphigoid (n = 6)
were analyzed, demonstrating the feasibility and efficacy of sutureless amniotic membrane transplantation in inflamma-

tory corneal perforations.’
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The present study expands upon those preliminary findings by including a larger and more heterogeneous cohort,
consisting of 50 eyes from 50 patients with primary or secondary Sjogren’s syndrome (n = 22), ocular graft-versus-host
disease (0GVHD) (n = 14), idiopathic severe dry eye (n = 6), Stevens—Johnson syndrome (n = 4), and postsurgical/
iatrogenic dry eye (n = 4). The greater variety of underlying pathologies and the larger sample size provide enhanced
statistical and clinical significance to the results compared with the previously published study.

This sutureless AM implantation technique offers several advantages: it represents a minimally invasive approach, as
the absence of sutures reduces surgical time, patient discomfort, and postoperative inflammation related to suture

material;24’25

it promotes rapid healing and effective biointegration, since a mean closure time of less than 15 days
and the absence of membrane dislocation confirm the anatomical reliability of the technique;*® and it simplifies
postoperative management, as the lack of topical therapy and the use of oral doxycycline alone made the postoperative
regimen more manageable and well tolerated.’

However, the study also presents some limitations: although effective in small perforations, the technique may not be
suitable for larger defects (>3 mm), massive iris prolapse, or active infectious keratitis, which require more invasive
interventions such as tectonic keratoplasty or multilayer AM grafting."® Furthermore, the study focused on anatomical
recovery without evaluating visual or functional parameters; and the absence of a control group treated with sutured AM
or other surgical techniques limits the generalizability of the findings.

Our results are consistent with previous observational reports and small-scale clinical studies supporting the use of the
sutureless technique for managing persistent epithelial defects and early-stage corneal perforations.”'*> Stamate et al
(2019) and Zemanova et al (2021) reported similar anatomical success rates using sutured techniques, which, however,
are more invasive and associated with a higher incidence of postoperative inflammation.>>? Therefore, the sutureless
approach may represent a paradigm shift in the acute management of non-infectious corneal perforations, particularly in
immunocompromised or systemically fragile patients.

Conclusion

Sutureless amniotic membrane grafting appears to be a safe and effective technique for the management of small corneal
perforations in patients with severe ocular surface disease. In this case series, the procedure consistently achieved
anatomical closure without intraocular complications and with favorable structural outcomes. This minimally invasive
approach may represent a valuable alternative to conventional surgical techniques in selected cases, particularly in fragile
ocular surface conditions. Further studies with larger cohorts are warranted to confirm these findings and to better define
long-term outcomes.
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