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ABSTRACT

Background: Exposure keratopathy is a common ocular complication in patients admitted to the intensive care unit (ICU) ward and
may progress from superficial epithelial breakdown to corneal perforation, a vision-threatening emergency requiring timely
management. Conventional treatments often necessitate urgent surgery, which is challenging in critically ill individuals who are
unsuitable for surgical intervention. OmniLenz®, a customized bandage contact lens pre-lined with vacuum-dried Omnigen®
amniotic membrane, offers a practical, non-surgical, bedside alternative for managing small corneal perforations. This study evaluates
its clinical outcomes in ICU patients with a small corneal perforation secondary to exposure keratitis.

Methods: This prospective interventional case series included ICU patients with <1 mm corneal perforations secondary to exposure
Kkeratitis, recruited over a two-year interval. All patients underwent corneal scraping with culture and sensitivity testing, followed by
targeted antimicrobial therapy. Under sterile conditions, a dehydrated amniotic membrane (Omnigen®) was applied beneath a
customized bandage contact lens (OmniLenz®) at the bedside. Patients were examined daily using a portable slit-lamp and followed
for one month. The primary outcome was perforation closure, defined by a negative Seidel test and anterior chamber reformation.
Secondary outcomes included improvement in epithelial integrity, corneal infiltration, and ciliary injection.

Results: Five ICU patients, aged 18 to 70 years, with <I mm corneal perforations secondary to exposure keratitis were included. All
eyes demonstrated rapid tectonic recovery following Omnigen®/OmniLenz® device application. Anterior chamber reformation and
a negative Seidel test were achieved by day 7 in four patients and by day 10 in one patient. Complete perforation closure occurred in
all cases. Marked improvement in keratitis was observed, with full epithelial defect healing and resolution of corneal infiltrates in every
patient, followed by stable grade 3 stromal scarring. No neovascularization, device-related adverse events, or treatment complications
occurred during the one-month follow-up.

Conclusions: Omnigen®/OmniLenz® device provides a safe, effective, and non-invasive bedside treatment for small corneal
perforations secondary to exposure keratitis in critically ill ICU patients. Its use enabled consistent tectonic restoration, rapid
perforation closure, and resolution of infection-associated corneal pathology without procedure-related complications. This approach
offers a practical alternative to urgent surgical intervention in patients unsuitable for operative care and may serve as a valuable
addition to corneal perforation management protocols. Further studies with larger cohorts are needed to evaluate its safety and efficacy
in larger perforations and to determine long-term outcomes, including corneal scarring and visual acuity.
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INTRODUCTION

Exposure keratopathy is the most common ocular surface disorder in patients admitted to the intensive care unit

(ICU) ward, with severity ranging from superficial epithelial erosions to progressive ulceration and, in advanced

cases, corneal perforation [1, 2]. Corneal perforation represents its vision-threatening complication; without timely

and appropriate management, may result in profound ocular morbidity and visual loss. The size of corneal

perforation is a critical determinant of therapeutic strategy, although the underlying cause, available treatment

modalities, and surgeon experience also play important roles [3, 4].

Multiple surgical techniques have been described for the management of corneal perforations, including tissue
adhesive glue application, amniotic membrane grafting, conjunctival flaps, and the use of donor corneal tissue [4-7].
However, these interventions require urgent operative care, which poses substantial challenges in critically ill patients
with unstable systemic conditions [3, 8, 9].

In this study, we evaluate the clinical outcomes of OmniLenz® (OmniLenz®; NuVision® Biotherapies Limited,
Nottingham, UK)—a customized bandage contact lens pre-lined with the vacuum-dried amniotic membrane
Omnigen® (Omnigen®; NuVision® Biotherapies Limited, Nottingham, UK) [10, 11]—as a simple, bedside, non-
surgical treatment for small (<1 mm) corneal perforations secondary to exposure keratitis patients admitted to the
ICU ward. This approach offers a potentially valuable alternative for individuals who are unsuitable for immediate

surgical intervention.

METHODS

This prospective interventional case series recruited patients with corneal perforations secondary to exposure keratitis
from the ICU ward of Al-Farwaniya Hospital, Kuwait, over a two-year interval. The study adhered to the principles
of the Declaration of Helsinki and received approval from the regional Medical Ethics Committee in June 2024
(approval number: 2024-632-4385). The study was registered at ClinicalTrials.gov (ID: NCT06539663).

Patients were eligible if they presented with small corneal perforations measuring <1 mm in diameter and had
conclusive culture and sensitivity (C&S) findings —defined as positive corneal scrapings with identification of the
causative microorganism—and demonstrated initial improvement with antibiotic therapy. Exclusion criteria included
larger corneal perforations and inconclusive C&S testing in which no microbial growth was detected. No age or sex
restrictions were applied.

ICU patients were referred for corneal consultation due to lagophthalmos and absence of blinking. Visual acuity
assessment was not feasible, as all patients were unconscious and intubated at the time of examination. The primary
therapeutic aim was tectonic closure of the corneal perforation to preserve globe integrity.

Corneal scrapings [12-15] were collected from both the base and margins of the ulcer within the infiltrated area
and immediately inoculated onto blood agar, chocolate agar, and MacConkey agar under standard laboratory
conditions. Bacterial keratitis was diagnosed by microscopic identification of bacteria and confirmed by culture
growth on these media. Fungal keratitis was diagnosed by detection of fungal hyphae on direct microscopy, with
confirmatory culture on Sabouraud dextrose agar [14, 16]; positive fungal cultures were defined by the growth of
characteristic colonies on this medium. Antimicrobial susceptibility testing [15, 16] was performed by the
microbiologist, and results were used to guide targeted therapy.

A standardized eye-protection protocol was implemented for all ICU patients referred for corneal consultation
[17-19]. This included eyelid and periocular hygiene every 12 h, with inspection for signs of inflammation or infection.
The eyelids were closed with horizontally applied adhesive tape (3M™ Micropore™ Surgical/Medical Tape, 3M
Medical Securement Tapes and Wraps, Kuwait). Lubrication consisted of preservative-free lubricant eye drops every
4 h (Systane, Alcon Inc., Geneva, Switzerland) and lubricant ointment every 12 h (Duratears, Alcon Inc., Geneva,
Switzerland). All treatments were administered while patients remained in a comatose state without a blink reflex.

Those who developed exposure keratitis with corneal infiltration received corneal scrapings for C&S testing. All
patients were treated with fortified vancomycin 5% ophthalmic solution (50 mg/mL; Zermacin, ancomycin
Hydrochloride 0.5 g lyophilized powder for solution, Arwan Pharmaceutical Industries, Lebanon) and fortified
ceftazidime 5% ophthalmic solution (50 mg/mL; Fortum®, ceftazidime 2 g, GlaxoSmithKline, Rueil-Malmaison,
France) [20-23]. Therapy was subsequently modified according to C&S results. Both fortified antibiotics were
administered hourly, day and night, for 48 h, followed by hourly dosing during waking hours for 5 days, and then
tapered to five times daily until complete epithelial healing and resolution of keratitis.
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Cases that progressed to corneal melt with perforation <1 mm, accompanied by a positive Seidel test using sterile
fluorescein solution (Minims® Fluorescein Sodium 2% w/v, Bausch and Lomb, London, UK) and a shallow anterior
chamber, were managed under a sterile setup following instillation of topical anesthesia (Benoxinate 0.5% eye drops,
Minims® Oxybuprocaine Hydrochloride 0.4% w/v, Bausch and Lomb, London, UK). These patients underwent
sutureless application of a dehydrated amniotic membrane (Omnigen®) beneath an specialized bandage contact lens
(OmniLenz®) [10]. The Omnigen® [24, 25] typically dissolves within 7-10 days [26], after which the contact lens was
removed. Antimicrobial therapy was continued based on the individualized treatment plan for each patient.

Daily bedside ophthalmological examinations were performed using a portable slit lamp with 10x and 16x
magnification (Keeler™ Classic PSL Portable Hand Held Slit Lamp, Keeler Ltd., Windsor, UK). All patients were
followed for one month. Bedside photographs of the affected eyes were obtained during follow-up, as conventional
slit-lamp imaging was not possible in bed-ridden patients.

Primary outcome measures included closure of the corneal perforation, a negative Seidel test, and reformation of
the anterior chamber. Secondary outcomes included improvement in ciliary injection, reduction in epithelial defect
size, and resolution of corneal infiltration. These outcomes were assessed daily, and the timing of each clinical event
was documented. Epithelial healing time was recorded in days, defined as the interval until complete absence of
fluorescein staining. Grade of corneal scar at the final visit was according to the grading system described in the
literature (grade 0-3 based on visibility of iris details) [27].

Data from each patient were entered into Microsoft Excel® spreadsheet software for descriptive reporting. The
dataset included baseline variables such as age, sex, ICU diagnosis, laterality, time from ICU admission to onset of
exposure keratitis, C&S results, perforation site, perforation onset (days), epithelial defect size (mm) at the diagnosis
of exposure keratitis, grade of ciliary injection, and size of corneal infiltration at the time of diagnosis. Additionally,
final-examination variables were recorded, including the grade of corneal scarring at perforation healing, epithelial
defect size at the time of perforation healing, size of corneal infiltration at perforation healing, duration of corneal
perforation healing (days), duration of epithelial defect healing (days), and the insertion-to-dissolution interval (days)

for Omnigen®, as determined by clinical observation.

RESULTS

A total of five male ICU patients, aged 18 to 70 years, were included in this study. All patients were unconscious and
intubated for serious life-threatening conditions, as outlined in Table 1. The onset of exposure keratitis occurred
between 5 and 7 days following ICU admission. Corneal perforations subsequently developed 7 to 10 days after the
diagnosis of exposure keratitis, with perforation sites located in the inferior cornea in three patients and the central
cornea in two patients (Table 1).

C&S testing identified stenotrophomonas maltophilia, klebsiella pneumoniae, and candida auris in patient 1;
candida in patient 2; pseudomonas aeruginosa in patient 3; and staphylococcus aureus in both patients 4 and 5. Based
on these findings, patients 1 and 2 required adjunctive antifungal therapy with amphotericin B 0.15% eye drops
(AmBisome, Liposomal Amphotericin B 50 mg powder for concentrate/dispersion/infusion, Gilead Sciences, Ireland),
as dictated by C&S results.

Each patient received a single OmniLenz® for one week. Omnigen® was placed directly onto the cornea and
secured beneath the OmniLenz® device. In Patient 2, lens displacement occurred after three days, necessitating
replacement with a second device. All OmniLenz® bandage lenses were removed after one week. Following
placement of the Omnigen®/OmniLenz® device, reformation of the anterior chamber and a negative seidel test were
confirmed by day 7 in all cases except patient 2, in whom these outcomes were achieved on day 10. Complete healing
of the corneal perforation was documented in all five patients.

At the final follow-up examination, all cases demonstrated improvement in keratitis with complete epithelial
defect closure, except for the presence of diffuse superficial punctate keratopathy. Corneal infiltration improved in all
patients, and each developed a grade 3 corneal scar. No corneal neovascularization was observed in any case. Detailed
baseline and final visit findings, along with the clinical course for each patient, are presented in Table 1. Baseline and

final anterior segment photographs for patients 1 and 2 are shown in Figures 1 and 2.
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Figure 1 A and B. Left eye of patient 1, a 70-year-old male admitted to the intensive care unit (ICU) ward following
cardiac arrest and renal failure. (A): Marked grade 3 ciliary injection, a 9-mm central epithelial defect, a 7-mm corneal
infiltration, and an inferior corneal microperforation. (B): Improvement to grade 2 ciliary injection with complete
epithelial defect healing and the development of a grade 3 corneal scar.

Figure 2 A and B. Left eye of patient 2, a 30-year-old male admitted to the intensive care unit (ICU) ward with
quadriparesis following acoustic neuroma surgery. (A): Grade 3 ciliary injection, an 8-mm central epithelial defect,
a 7-mm corneal infiltration, and an inferior corneal microperforation. (B): Persistent grade 3 ciliary injection with
complete epithelial defect healing and development of a grade 3 corneal scar.
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This case series highlights the clinical significance of exposure keratitis in critically ill patients, a population in whom ocular
health is often overlooked amid competing systemic priorities. In our cohort, five ICU patients developed exposure keratitis
complicated by micro-perforation at the inferior or central cornea despite eyelid closure and protocol-based administration
of lubricating drops, underscoring that standard prophylactic measures may be insufficient in high-risk settings. Previous
studies report that ocular complications occur in 20%—60% of ICU patients, influenced by factors such as lagophthalmos,
mechanical ventilation, prolonged ICU admission, traumatic injury, and improper eye-care practices [4]. Staff training [28]
and adherence to prescribed ocular treatment regimens are also critical determinants of patient outcomes. In busy, high-
stress ICU settings, eye care is often deprioritised relative to other organ systems, and poor compliance with exposure
keratopathy protocols has been documented in an audit from St George’s Hospital [29].

In this context, we evaluated OmniLenz® combined with Omnigen® as a treatment for small corneal perforations (<1
mm) arising from exposure keratitis in patients admitted to the ICU ward. Omnigen® is a vacuum-dehydrated amniotic
membrane that can be stored at room temperature and rehydrated with a drop of balanced salt solution prior to use.
OmniLenz® facilitates simple, sutureless application at the bedside, and the treatment can be repeated if clinically required
[10, 11, 26]. In all cases, complete closure of the corneal perforation was achieved, confirmed by negative seidel testing and
full anterior chamber reformation. Keratitis improved substantially, with complete epithelial healing and reduction of
corneal infiltration within one week. No complications related to Omnigen® /OmniLenz® were observed.

The therapeutic benefits of amniotic membrane in this setting are attributable to its anti-inflammatory and antimicrobial
properties [30, 31], as well as its reservoir of growth factors that promote migration and differentiation of corneal epithelial
cells [32]. Some evidence also suggests the potential for corneal stromal tissue synthesis from amniotic membrane substrate
[33]. The role of amniotic membrane in treating corneal perforations was reported, where success rates of up to 100% have
been reported for microperforations and 75% for perforations up to 1.5 mm in diameter [4]. In clinical practice, amniotic
membrane is widely used as an adjunct to antimicrobial therapy in infectious keratitis [34]; in our series, all patients had
already received targeted antimicrobial treatment with signs of clinical improvement prior to amniotic membrane
placement.

Alternative treatments for small perforations include tissue adhesives—cyanoacrylate or fibrin glue—though these
show variable success (20%—90%) [4]. Cyanoacrylate glue achieves approximately 40% success in some series [35] but carries
risks of corneal and lenticular toxicity [4] and can induce high intraocular pressure secondary to trabecular meshwork
inflammation [36]. Fibrin glue, while less toxic, degrades rapidly and lacks antimicrobial effects; moreover, the use of
bovine-derived components raises concerns regarding prion or viral transmission [37]. Larger perforations may require
conjunctival flaps—associated with increased corneal vascularization and subsequent graft-rejection risk —or tectonic
keratoplasty [4]. Although both lamellar and penetrating keratoplasty are established options, lamellar techniques have
gained favour due to their lower rejection rates [4]. Sutureless amniotic membrane transplantation has also demonstrated
reduced haze, improved surface integrity, and decreased vascularization in chronic keratoconjunctivitis and exposure
keratopathy [38]. In our series no corneal neovascularization was observed in any case.

Our results complement and extend existing literature on dehydrated amniotic membrane use across diverse
indications. Although the study by Trave-Huarte et al. [39] focused on symptomatic and ocular surface improvements in
dry eye following bilateral dehydrated amniotic membrane application, our series demonstrates that the same platform can
provide effective tectonic repair in acute pathology. In contrast to the chronic symptomatic benefits observed in dry eye [39],
our patients achieved rapid structural restoration, including anterior chamber reformation, even in the presence of bacterial
or fungal infection.

Similarly, while Maqsood et al. reported complete healing in 58% of persistent epithelial defects over an average of 22
days [11], our cohort—despite being critically ill and mechanically compromised with actively infected exposure keratitis—
achieved 100% perforation closure within 7-10 days. Their study emphasised non-tectonic epithelial rescue across diverse
etiologies [11], whereas ours highlights rapid tectonic reinforcement in vision-threatening disease.

More recently, a randomized trial by Trave-Huarte et al. demonstrated long-term neuroregenerative and symptomatic
benefits in moderate-to-severe dry eye [40]. Our findings, however, support the acute tectonic utility of
Omnigen®/OmniLenz® in a dramatically different clinical environment. In unconscious ICU patients with exposure
keratitis and active bacterial and fungal infection complicated with corneal perforation, and rapidly progressive epithelial
breakdown, the device facilitated rapid structural stabilization and infection-adjunctive healing in all cases.

Cross-species comparison also highlights the strength of our results. Veterinary reports describe heterogeneous surgical
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uses of Omnigen® for corneal ulceration with a 93.5% healing rate (31 eyes out of 33) but a 21.7% graft-failure rate (10 eyes
out of 46) [41]. By contrast, our uniform, critically ill human cohort demonstrated consistent and rapid tectonic success
following a single application, underscoring robust structural efficacy even in high-risk, infection-complicated disease.
While Xanthopoulou et al. documented the value of Omnigen® as a suture-free graft reducing operative time and
discomfort in pterygium surgery [42], our results extend its application to a far more urgent and severe domain. In our
cohort, Omnigen®/OmniLenz® restored ocular integrity in the presence of active microbial perforation, demonstrating a
level of tectonic reinforcement not required in pterygium care.

To our knowledge, this report is the first to describe OmniLenz® for the bedside management of small corneal
perforations in critically ill ICU patients. The approach provided a practical, non-surgical solution for individuals unsuitable
for operative intervention, achieving complete restoration of corneal integrity in all cases. Despite limitations—including a
small sample size and absence of a control group—our findings suggest that Omnigen®/OmniLenz® device may fill a
critical therapeutic niche by reducing the need for more invasive surgical procedures. Further studies should investigate its

efficacy in larger perforations and assess long-term outcomes, including scarring and visual acuity.

CONCLUSIONS

Omnigen®/OmniLenz® device represents a safe, effective, and minimally invasive therapeutic option for small corneal
perforations complicating exposure keratitis in ICU patients. Its ease of bedside application, biological advantages, and
consistently successful outcomes in our series suggest that it may serve as a valuable addition to current treatment protocols,
potentially reducing reliance on invasive surgical interventions. Additional research involving larger patient cohorts is
required to further define its safety and efficacy in managing larger perforations and to evaluate long-term outcomes,

including visual potential in critically ill patients following recovery from ICU care.
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