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Purpose: To report the outcomes of using a sutureless human amniotic membrane dehydrated matrix (HAMDM) in the management 
of a range of ocular surface conditions utilizing a digital ocular surface disease assessment tool.
Methods: Two UK NHS Trusts — Queen Victoria Hospital Foundation Trust (East Grinstead and Maidstone) and Tunbridge Wells 
Trust (Kent) — prospectively treated patients with ocular surface disease with sutureless HAMDM. The patient cohort was assessed 
for resolution of epithelial defects, ocular surface inflammation, and best-corrected visual acuity pre- and posttreatment. Measurements 
of ocular surface inflammation and epithelial defect size were assessed using AOS digital imaging software, a validated tool for 
objective grading of bulbar conjunctival redness and measurement of corneal epithelial defects.
Results: A total of 47 applications of sutureless HAMDM on 46 eyes of 46 patients (25 male, 21 female, age 9–94 years) were 
assessed across various etiologies for an average of 24.0±14.1 days. Patients with limbal stem-cell deficiency (n=17), persistent 
epithelial defects (n=16), neurotrophic corneal disease (n=7), filamentary keratitis (n=2), corneal erosion (n=1), corneal thinning (n=1), 
ocular surface inflammation (n=1), and traumatic corneal laceration (n=1) were included in the study. Across all patents, 63% of eyes 
showed complete healing of epithelial defects and 32.6% of eyes showed partial resolution. The average rate of healing (wound 
closure) was 0.36 mm2 per day across the overall patient cohort, and the rate of healing in cases with complete resolution of epithelial 
defects was 0.41 mm2 per day. Inflammation across all four quadrants of the ocular surface remained stable. Visual acuity across the 
patient cohort remained stable (61%) and improved in 26% of patients (0.06±0.51 logMAR).
Conclusion: Sutureless HAMDM application can be accomplished in just a few minutes and effectively treat a range of ocular 
surface disease in a clinical, nonsurgical setting. The AOS imaging software offered a quantitative methodology for measuring 
epithelial defect size and inflammation state.
Keywords: dehydrated human amniotic membrane, sutureless, ocular surface inflammation, persistent epithelial defect, digital 
imaging

Introduction
Ocular surface disease (OSD) is a multifactorial disease of the ocular surface (lids, conjunctiva, and cornea) and is 
characterized by tear-film instability, ocular surface dryness, and inflammation with or without ocular surface epithelial 
breakdown. OSD is a global health-care problem and is estimated to affect 5%–30% of the population.1,2 The disease 
state can be driven by underlying pathology, including lid-margin disease, infection, trauma, or multifactorial changes in 
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ocular homeostasis.3 OSD is a significant cause of ocular discomfort and visual disturbances affecting patients’ overall 
ocular health and general well-being.4

Persistent epithelial defects (PEDs) often present as a challenging condition associated with OSD. They are defined as 
failure of reepithelialization in 14 days with standard treatment.5 Management of OSD involving PEDs requires 
a stepwise approach based on etiology. The standard first-line approach in such situations includes increased frequency 
of topical lubrication, blood-derived products (autologous/allogeneic serum application), bandage contact lens, punctal 
occlusion, epithelial debridement, or temporary lid closure (eg, Botulinum toxin injection to the tarsal plate or temporary 
tarsorrhaphy).6 Transplantation of the amniotic membrane for the management of OSD has been a popular treatment 
adjunct in ophthalmology since the 1990s due to its healing7 and anti-inflammatory properties,8 antifibrotic activity, and 
pain-reducing capacity.9

The amniotic membrane is the innermost layer of the placental sac and is harvested from consenting women giving 
birth through elective cesarean sections.10 For superficial OSD, the amniotic membrane can be applied epithelial side 
down as a temporary biological dressing to cover the deepithelialized area, protecting from mechanical and environ-
mental factors whilst providing an environment conducive to healing.11 This temporary biological dressing is commonly 
referred to as a “patch” or “onlay graft.10,12 An amniotic membrane patch acts as a physical barrier between the damaged 
eye surface and eyelid helping to prevent the formation of symblepharon and ankyloblepharon.10 At the same time, the 
amniotic membrane acts a physical barrier to infiltrating inflammatory cells and can release bioactive factors to limit 
inflammation progression, fibrosis, angiogenesis, and support epithelialization.10,13,14 This synergy of effects can make 
amniotic membrane transplantation an effective treatment adjunct for patients with OSD.10 A patch is not incorporated 
into the ocular surface permanently, but instead either degrades over time or is removed once depleted or the underlying 
defect heals. Recent advances in amniotic membrane preservation and application techniques have allowed for the tissue 
to be transplanted in an outpatient “in-office” setting.15 The use of a specialized bandage contact lenses or mounted 
plastic symblepharon rings removes the need for sutures and thus costly and complex surgical management.15,16 This has 
opened access to amniotic membrane to a wider range of patients with OSD.

Historically, the ability to objectively measure a patient’s disease state, such as ocular surface inflammation, epithelial 
defect size, and rate of healing, has been extremely limited, with most of these outcome measures being assessed 
subjectively or through patient-led outcome evaluation.17 Current standard methodologies for measuring ocular epithelial 
defects involve horizontal and vertical ruler measurement, ignoring the overall defect shape or area, whereas the 
standardized methodology for reporting ocular inflammation is set through the Standardization of Uveitis 
Nomenclature (SUN) working group.18 However, this is a qualitative measurement, which although standardized through 
the SUN group, does not give a quantitative measurement to note more detailed changes in the patients’ ocular health. 
Therefore, the objective of this publication is to report prospective outcomes in the management of a range of OSDs with 
or without PEDs using a sutureless human amniotic membrane dehydrated matrix (HAMDM) through an objective 
digital assessment tool (AOS; Advanced Ophthalmic Solutions, UK).

Methods
Patients were prospectively audited across two UK NHS centers — Queen Victoria Hospital, East Grinstead (a tertiary 
care center) and Maidstone and Tunbridge Wells Trust, Kent (general hospital), UK — between July 2021 to June 2022. 
Patients were managed by the same clinicians at both hospitals. Patients included in the audit suffered OSD, particularly 
ocular surface inflammation, with or without an epithelial defect. Patients that were lost to follow-up due to being unable 
to attend were excluded from the audit. The audit was registered with the local institutional boards at both hospitals and 
adhered to the tenants of the Declaration of Helsinki. Informed consent was received from all patients or through a parent 
or legal guardian if they were <18 years of age.

Patients were treated with a 12 mm-diameter HAMDM (Omnigen C, NuVision Biotherapies, UK), applied using 
a bespoke bandage contact lens with 16 mm diameter and 8.8 mm base curve (OmniLenz C, NuVision Biotherapies), 
which is specially designed to load and retain the amniotic membrane at the ocular surface. All patients were treated with 
topical anesthesia (proxymetacaine 0.5% eye drops) prior to treatment application as per the manufacturer’s guidelines.19 

Using a standardized aseptic technique, the HAMDM was removed from its packaging and loaded onto the concave side 
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of the OmniLenz using straight tying forceps, allowed to rehydrate, and then the OmniLenz was applied with the 
HAMDM oriented epithelial side down against the ocular surface. Treatment duration was determined by clinical 
progress, which varied in different etiologies. Once complete, the OmniLenz and residual HAMDM were removed 
from the ocular surface. If the patient demonstrated partial healing, clinician discretion was used to either place an 
additional HAMDM or use alternative treatment options.

All patients were given topical antibiotics (chloramphenicol 0.5% eye drops) as a concomitant medication during the 
procedure, or an antimicrobial sensitivity specific treatment for those patients with an active infection. The HAMDM and 
OmniLenz application were combined with tarsorrhaphy for some patients that required additional support to retain the 
treatment at the ocular surface, due to eyelid or forniceal abnormalities.

Pretreatment and throughout follow-up, patient eyes were imaged using the AOS. This has been validated as an 
image-measurement and grading tool with superior reliability indices compared to subjective methods employed by 
Efron and Cornea and Contact Lens Research Unit grading systems.20 Photographs of all patients were taken through slit- 
lamp photography (superior, inferior, nasal, and temporal bulbar conjunctiva, as well as highlighted epithelial 
defects using fluorescein staining) prior to HAMDM application and following HAMDM removal (Figure 1). The 
principal measurements were corneal epithelial defect size (mm2), inflammation based on level of hyperemia on the four 
bulbar conjunctival surfaces (Figures 2 and 3), and rate of epithelial healing (difference in epithelial defect size before 
and after HAMDM application divided by time in days).

All patients were assessed for best-corrected visual acuity (BCVA) pre- and posttreatment. The primary outcome for 
this cohort of patients was complete resolution of the ocular surface defect following treatment with the HAMDM. 
Complete healing was defined as complete closure of the epithelial defect or complete resolution of the ocular 
inflammation at the final follow-up appointment. Partial healing was defined as a reduction in ocular inflammation or 
reduction in the size of the epithelial defect between first application and final follow-up. Secondary outcome measures 
comprised time to heal, change in epithelial defect size (percentage and mm2), average epithelial defect reduction 
per day, BCVA, and ocular surface inflammation grading by measurement of bulbar conjunctival blood vessels/injection 
(percentage).

Figure 1 A patient’s epithelial defect highlighted by fluorescein stain under blue filter uploaded to AOS software.
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Figure 2 The white to white (WTW) is marked using the AOS software ruler tool. The highlighted epithelial defect is then measured (mm2) using the area tool in 
comparison to WTW measurement.

Figure 3 An example of temporal bulbar conjunctival inflammation score measurement followed by marking the desired area using the area tool.
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Results
A total of 46 eyes of 46 patients with various ocular surface etiologies were included in this audit and treated with sutureless 
HAMDM (Table 1). Of the 46 patients, 36 were recruited from Queen Victoria Hospital and 10 from Maidstone and 
Tunbridge Wells Hospitals. The patient cohort consisted of 25 men (54.3%) and 21 women (45.7%), with an average age of 
56.9±28.8 (9–94) years. The average time between first presentation and HAMDM treatment was 25.1±25.2 days.

Of the 46 patients, 97.8% (n=45) of patients received one HAMDM application, with a further 2.2% (n=1) receiving 
two applications. Patients had an average HAMDM treatment time of 24.0±14.1 days. All patients received unilateral 
treatment. The average follow-up was 56.1±29.4 days. One patient was excluded from the audit due to loss to follow-up 
during the study period (Table 1).

The indications treated within the audit are noted in Table 2. These comprised limbal stem-cell deficiency (n=17), 
PEDs (n=16), neurotrophic cornea (n=7), filamentary keratitis (n=2), corneal erosion (n=1), corneal thinning (n=1), 
ocular surface inflammation (n=1), and laceration (n=1). Average HAMDM treatment duration was 24.0±14.1 days. All 
patients received unilateral treatment. The average follow-up was 56.1±29.4 days.

For the overall patient cohort, the average wound reduction was 8.7±11.1 mm2. For these patients, the average rate of 
wound reduction per day was 0.36±0.79 mm2/day. For completely resolved patients, the average wound reduction was 
10.3±11.1 mm2, and this patient cohort experienced a healing rate of 0.41±0.79 mm2/day.

Patients in the neurotrophic cornea and PED cohorts experienced the best complete-resolution results (n=6, 85.7% and 
n=14, 87.6%, respectively). The limbal stem-cell deficiency cohort saw mostly partial resolution (n=11, 64.7%); however, 
many of these patients (n=6, 55%) required surgical intervention, including corneal grafts (n=3, 50%), amniotic membrane 
grafting (n=2, 33%) and limbal stem-cell transplantation (n=1, 16.7%). There was a single case (n=1, 2.2%) of a deteriorated 
state in a patient with ocular surface inflammation due to chronic Stevens–Johnson syndrome. Following sutureless HAMDM 
treatment, this patient developed an epithelial defect that healed uneventfully within 1 week after removal of the HAMDM.

The largest group of patients in the cohort were those with limbal stem–cell deficiency (37%), defined by a loss of 
limbal anatomy following an ocular event.21 Patients were defined as limbal stem cell–deficient when they had lost more 
than 3 clock hours of limbal ischemia. For patients in this cohort, limbal stem-cell deficiency had resulted from ocular 
burns (n=7), Stevens–Johnson syndrome (n=6), aniridia (n=1), pemphigoid (n=1), perforation (n=1), and penetrating 
keratoplasty (n=1) (Table 2). The mean length of treatment for this patient cohort was 24.6±19.7 days.

The second main cohort of patients treated with HAMDM was PED (39.1%) (Table 3). These defects were due to 
infectious keratitis (n=6), penetrating keratoplasty (n=4), Fuchs endothelial dystrophy (n=2), entropion (n=1), neuro-
trophic cornea (n=1), ocular burns (n=1), and Peters anomaly (n=1). No adverse events were noted throughout the study. 
The mean length of treatment for this patient cohort was 23.8±9.8 days.

Table 1 Demographics of the patient cohort

n Applications

Overall 46 47

Sex
Male 25 26
Female 21 21

Laterality
Left 22 22

Right 24 25

Infection status
Infection 2 2
No active infection 44 45

Excluded recordsa 1 1

Note: aDeceased.
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All patients were treated with topical antibiotics and topical lubricants as concomitant medications to limit the risk of 
infection and allow for patient comfort throughout treatment (Table 4). A range of other concomitant medications was 
also given to patients: topical steroids (78.3%), analgesia (43.5%), antiproteases (37.0%), systemic immunosuppressants 

Table 2 Patient etiology and duration of sutureless amniotic membrane treatment

Patients Average HAMDM treatment  
duration (days)

SD (days) Percentage of  
all defects

1. Limbal stem-cell deficiency 17 (37%) 24.6 19.7 37
Ocular burns 7 (41.2%) 24.3 22.1 15.2

Stevens–Johnson syndrome 6 (35.3%) 24.5 24.4 13
Aniridia 1 (5.9%) 41 – 2.2

Pemphigoid 1 (5.9%) 18 – 2.2

Perforation 1 (5.9%) 23 – 2.2
Penetrating keratoplasty 1 (5.9%) 20 – 2.2

2. Persistent epithelial defect 16 (34.8%) 23.8 9.8 34.8
Infectious keratitis 6 (37.5%) 24.8 9.9 13

Penetrating keratoplasty 4 (25%) 31.5 1 8.7
Fuchs endothelial dystrophy 2 (12.5%) 19.5 17.7 4.3

Entropion 1 (6.3%) 14 – 2.2

Neurotrophic cornea 1 (6.3%) 10 – 2.2
Ocular burns 1 (6.3%) 26 – 2.2

Peters anomaly 1 (6.3%) 17 – 2.2

3. Neurotrophic cornea 7 (15.2%) 26.3 5.6 15.2
Lagophthalmos 4 (57.1%) 29 5.6 8.7

Penetrating keratoplasty 2 (28.6%) 20.5 0.7 4.3
Herpetic eye disease 1 (14.3%) 27 – 2.2

4. Filamentary keratitis 2 (4.4%) 36.5 7.8 4.4

5. Corneal erosion 1 (2.2%) 7 – 2.2

6. Corneal thinning 1 (2.2%) 17 – 2.2

7. Ocular surface inflammation 1 (2.2%) 7 – 2.2

8. Laceration 1 (2.2%) 17 – 2.2

Note: aPaPercentage of cases within each indication.

Table 3 Breakdown of persistent epithelial defect patient cohort

Patients, n Persistent epithelial  
defect

All defects

Infectious keratitis 6 37.5% 13%

Penetrating keratoplasty 4 25% 8.7%

Fuchs endothelial dystrophy 2 12.5% 4.3%

Entropion 1 6.3% 2.2%

Neurotrophic cornea 1 6.3% 2.2%

Ocular burns 1 6.3% 2.2%

Peters anomaly 1 6.3% 2.2%

Combined 16 – 39.1%
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(21.7%), topical immunosuppressants (17.4%), oral antibiotics (13.0%), systemic steroids (13.0%), plasma eye drops 
(13.0%), tarsorrhaphy (13.0%), and botulinum toxin (6.5%), dependent on the indication. Overall healing outcomes saw 
29 patients (63%) have complete resolution of the ocular surface epithelial defect, with an additional 15 (32.6%) 
experiencing partial resolution of the ocular surface (Table 5).

Table 4 Concomitant medications

Defect, n (%) Duration  
of OmniLenz  

treatment (days)

SD (days)

Topical antibiotics 46 (100) 24 14.1

Topical lubricants 46 (100) 24 14.1

Topical steroids 36 (78.3) 22.9 15.1

Analgesia 20 (43.5) 19.9 12.4

Antiproteases 17 (37) 20.5 12.8

Systemic immunosuppressants 10 (21.7) 28.2 21

Topical immunosuppressants 8 (17.4) 23.9 20.6

Systemic steroids 6 (13) 9 4.6

Oral antibiotics 6 (13) 23.8 16.4

Plasma eye drops 6 (13) 13.3 13.6

Tarsorrhaphy 6 (13) 26.1 9.1

Botulinum toxin 3 (6.5%) 23.3 28.3

Table 5 Overall patient outcomes

Complete resolution,  
n (%)

Partial resolution,  
n (%)

No resolution,  
n (%)

Deteriorated  
state, n (%)

1. Corneal erosion (n=1) 1 (100) 0 0 0

2. Corneal thinning (n=1) 0 1 (100) 0 0

3. Filamentary keratitis (n=2) 1 (50) 1 (50) 0 0

4. Ocular surface inflammation (n=1) 0 0 0 1 (100)

5. Laceration (n=1) 1 (100) 0 0 0

6. Limbal stem-cell deficiency (n=17) 6 (35.3) 11 (64.7) 0 0

Aniridia (n=1) 1 (100) 0 0 0

Ocular burns (n=7) 1 (14.3) 6 (85.7) 0 0

Pemphigoid (n=1) 1 (100) 0 0 0

Perforation (n=1) 0 1 (100) 0 0

Penetrating keratoplasty (n=1) 1 (100) 0 0 0

Stevens–Johnson syndrome (n=6) 2 (33.3) 4 (66.6) 0 0

7. Neurotrophic cornea (n=7) 6 (85.7) 1 (14.3) 0 0

Herpetic eye disease (n=1) 1 (100) 0 0 0

Lagophthalmos (n=4) 4 (100) 0 0 0

Penetrating keratoplasty (n=2) 1 (50) 1 (50) 0 0

(Continued)
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As a secondary outcome measure, patients had their BCVA mapped throughout treatment. At first presentation, the 
average BCVA was 1.63±0.82 logMAR. Following treatment, the average had improved to 1.56±0.88 logMAR. Within 
this cohort, 28 patients (61%) experienced no change to their BCVA. Conjunctival blood-vessel count was measured 
throughout the audit using digital imaging software to measure bulbar conjunctival injection as a measure of ocular 
surface inflammation (Table 6). Four quadrants of the ocular surface were measured due to an inability to measure the 
complete conjunctival area in one image. There was no statistical difference in the presence of blood vessels in any area 
of the ocular surface across all patients (paired t test). The nasal quadrant showed the largest (7%±6.4%) reduction in 
blood vessel congestion between first presentation and final appointment.

The patients in the audit had a range of follow-up treatments (Table 7). In sum, 17 (37%) required follow-up surgery; 
however, 13 (76.5%) procedures would have taken place regardless of the application of sutureless HAMDM application. 
Application of HAMDM was to resolve and stabilize the ocular surface prior to the patient undergoing surgical 
intervention.

Discussion
OSD embodies a range of indications, including corneal damage (erosion, thinning, neurotrophic changes, and lacera-
tion), ocular surface inflammation, filamentary keratitis, PED, and limbal stem-cell deficiency. These conditions disrupt 
the homeostasis of the ocular surface, and if not appropriately managed can lead to stromal melting, scarring, or even 
perforation, with a threat of long-term visual impairment.

Primary ocular surface disorders (keratoconjunctivitis sicca, neurotrophic disease secondary to herpes stromal 
keratitis, chemical injury) and systemic conditions affecting the limbal stem cells (Stevens–Johnson syndrome, ocular 
cicatricial pemphigoid) are the risk factors responsible for PED development. In these conditions, the ocular surface 
experiences prolonged inflammatory episodes that can alter the normal functioning of the epithelial basement membrane 

Table 5 (Continued). 

Complete resolution,  
n (%)

Partial resolution,  
n (%)

No resolution,  
n (%)

Deteriorated  
state, n (%)

8. Persistent epithelial defect (n=16) 14 (87.6) 1 (6.2) 1 (6.2) 0

Entropion (n=1) 1 (100) 0 0 0

Fuchs endothelial dystrophy (n=2) 2 (100) 0 0 0

Infectious keratitis (n=6) 6 (100) 0 0 0

Neurotrophic cornea (n=1) 0 0 1 (100) 0

Ocular burns (n=1) 1 (100) 0 0 0

Peters anomaly (n=1) 1 (100) 0 0 0

Penetrating keratoplasty (n=4) 3 (75) 1 (25) 0 0

Overall (n=46) 29 (63) 15 (32.6) 1 (2.2) 1 (2.2)

Table 6 Degree of ocular surface inflammation: bulbar conjunctival 
blood vessel congestion scores through AOS digital assessment tool

Start, % (SD) End, % (SD) Change, % (SD)

Upper quadrant 16.5 (6.8) 18 (6.1) 1.5 (2.4), P>0.05

Lower quadrant 23.4 (8.7) 19.7 (6) 3.8 (6.4), P>0.05

Nasal quadrant 21.8 (8.2) 14.8 (8.2) 7 (6.4,) P>0.05

Outer quadrant 16.5 (7.9) 16.5 (9.7%) 0 (10.6), P>0.05
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and limbal stem cells.22 Neurotrophic disease accompanied by herpes stromal keratitis is known to be initiated by 
immunopathological processes involving T cell–mediated responses governed by proinflammatory cytokines. principally 
IL1 release from affected epithelial cells.23 The amniotic membrane, alongside its other mentioned mechanisms, also 
secretes IL1ra, which has been proved to be a natural antagonist of IL1.23 Late PED development is one of the serious 
postoperative complications following penetrating keratoplasty, affecting 4.2% of this group.23 This is more commonly 
associated with limbal stem-cell deficiency leading to increased risk of infection, stromal collagen destruction, and 
corneal neovascularization threatening graft survival.24

The effectiveness of HAMDM (Omnigen) in the treatment of PED of various etiologies (n=90) has been reported,15 

with complete resolution of 63.6% and partial healing of 23.3% (Table 8). The PED-healing rate in this cohort (n=16) 
was 87.6% showing complete resolution and 6.2% partial resolution. Although our patient cohort was smaller, the 

Table 8 Results of persistent epithelial defect treatment with amniotic membrane and plasma eye 
drops: comparison between studies

Sutureless HAMDM and  
plasma eye drops

Suture less HAMDM  
cohort

Suture less AMT15 Plasma eye drops25

Patients 16 90 36

Overall healing (% of defects) 87.6 63.3 63.9

Treatment time (days) 24.1 25.3 28

Table 7 Follow-up treatments for patients following treat-
ment with HAMDM

Follow-Up Treatment No. of 
patients (%)

Bandage contact lens 7 (15.2%)

Fine-needle diathermy 2 (4.3%)

General follow-up 20 (43.5%)

Insulin drops 2 (4.3%)

Orbital floor triamcinolone 1 (2.2%)

Plasma eye drops 2 (4.3%)

Surgery 17 (37%)

Amniotic membrane transplantation 4 (23.5%)

Corneal transplant 1 (5.9%)

Fine-needle diathermy 1 (5.9%)

Fornix reconstruction 2 (11.8%)

Lid reconstruction 3 (17.6%)

Limbal stem-cell transplant 1 (5.9%)

Penetrating keratoplasty 4 (23.5%)

Tectonic graft 1 (5.9%)

Tarsorrhaphy 3 (6.5%)

Note: aPercentage of cases within each indication.
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research was conducted by the same clinician group, and it may be assumed that improvement in healing outcome is due 
to greater clinical experience and confidence in treatment use, as well as better patient selection. In addition to this, these 
assessments were conducted prospectively to ensure more accurate mapping of complex OSD patients presenting to these 
centers in the UK.

The application of plasma eye drops in the treatment of OSD of various etiologies has been noted in the literature.26 

Chiang et al25 studied 36 patients with corneal PEDs and reported a complete healing rate of 63.9% of patients at the 
4-week time point. Therefore, the data in this cohort show an improvement in healing outcome from that study (Table 8). 
The treatment of patients with plasma eye drops required continuous repeat application and patient compliance, which is 
not required with sutureless HAMDM treatment. Abdelghany et al reported on the value of plasma eye drops and 
amniotic membrane being used as a combined therapy for severe OSD patients.27

From presentation to final follow-up, patients were imaged and analyzed using a digital ocular surface assessment 
tool. This enabled for accurate wound-size calculation (mm2) and wound-healing rate, providing better understanding of 
changes in defect status between appointments. The system allowed for direct size measurements of irregularly shaped 
defects. The system mapped the size of the epithelial defect, the rate of closure of the wound, and blood-vessel 
congestion in the bulbar conjunctiva, which was used as a measure of ocular surface inflammation. Due to limitations 
with the imaging software, an assumption of a 10 mm limbus-to-limbus reading was assumed, with all epithelial defect 
sizes measured against this. This ensured accurate mapping in changes for all patients; however, it should be noted that 
limbus-to-limbus length differs among individuals.28

There is a lack of studies documenting the rate of healing of defects in terms of millimeters squared per day. Lazreg 
et al29 reported on changes in epithelial defect size for corneal PEDs following corneal scrubbing in a cohort of 17 
patients. These patients showed an average epithelial defect size of 0.9±2.3 mm2 at day 18 compared to an average 
epithelial defect size of 0.4±1.4 mm2 at day 24, showing similar outcomes between the two groups. However, corneal 
scrubbing causes discomfort at the ocular surface for patients, and unlike amniotic membrane treatment cannot provide 
an inflammation-controlling mode of action.

The current standard of care within UK centers is to measure inflammation through the SUN working group scale. 
This highlights the need for an objective scale for inflammation measurement, and AOS software provides this 
measurement on the bulbar conjunctiva. Through the measurement of blood vessels, a quantitative value for inflamma-
tion can be noted as a percentage. However, due to the area for measurement being selected by the user, there is potential 
misreporting through the measurement of varied areas. The introduction of automatic measurements would remove any 
misreporting and allow for better integration into the health-care system through reducing the requirements on the health- 
care professional. However, this study was the first real-world experience of the use of this digital software in a hospital 
setting. Further studies involving digital assessment tools for objective assessment and patient-related outcome measures 
upon OSD patient follow-up would pave the way to improving the care that these patients receive.

Conclusion
In this cohort, a large range of OSD etiologies were able to be treated using sutureless HAMDM, which showed 
extensive tissue-application potential. The ease of application of the HAMDM in an outpatient setting using a bandage 
contact lens allowed for more superficial OSDs to be treated. The sutureless treatment was well tolerated by patients 
throughout the audit, with no patients rejecting the HAMDM due to discomfort. As there were no serious adverse events, 
the application of sutureless HAMDM has been shown to be both a safe and effective treatment for OSD. To be able to 
confirm more conclusive results for each indication, studies of greater numbers in specific indications are required.

The digital imaging software provided the ability to account for defect size and shape through area measurements and 
presented a methodology for measuring inflammation at the conjunctival surface. However, for it to be fully integrated as 
a digital solution into the health-care system, more accuracy in limbal length measurements and automation in taking 
measurements is required. This would have the potential to improve the flow of patients in the health-care pathway and 
be introduced as a tool for virtual consultations. Additionally, a method for measurement of blood vessels on the cornea 
would improve care for patients with OSD.
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