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ABSTRACT

Background: Resistant fungal keratitis is a major cause of corneal blindness, particularly in resource-limited regions where
donor tissue is scarce. Amniotic membrane transplantation (AMT) offers potential benefits through its anti-inflammatory, anti-
proteolytic, and epithelialization-promoting effects. This study evaluated the efficacy and safety of AMT for treatment-resistant
fungal corneal ulcers.

Methods: This prospective, single-arm study enrolled consecutive patients with microbiologically confirmed,
treatment-resistant fungal corneal ulcers at Al-Azhar University Hospital, Damietta, between January 2022 and October 2023.
All patients underwent standardized single- or double-layer AMT. Baseline and follow-up assessments included best-corrected
distance visual acuity (BCDVA, logarithm of the minimum angle of resolution [logMARY]), ulcer size, anterior chamber reaction
and depth, and presence of blepharospasm or pain (visual analog scale). Clinical evaluations were performed at baseline, 1 day,
and 1, 3, and 6 months postoperatively. Treatment success was defined as complete resolution or significant improvement over
6 months.

Results: A total of 24 patients (mean [standard deviation] age, 59 [7.5] years; 3:1 male-to-female ratio) with resistant fungal
corneal ulcers were studied. Most were rural residents (n = 17, 70.8%), and nearly half were farmers (n = 11, 45.8%). Common
comorbidities included hypertension and diabetes mellitus. The median baseline ulcer area was 3 mm? most ulcers were central
(n =10, 41.7%) or paracentral (n =8, 33.3%), and 12.5% (n = 3) had perforations. At 6 months, significant improvements were
observed: median BCDVA improved from 3.0 logMAR to 2.0logMAR (P =0.001), ulcers completely closed (P=0.001), and the
pain score dropped from 2 to 0 (P=0.001). Anterior chamber reaction and blepharospasm also improved significantly (both P =
0.001). Overall, 91.7% (n=22) achieved complete resolution or marked improvement, and two patients required further surgery.
The results showed progressive benefits throughout the follow-up period.

Conclusions: AMT is a safe and effective adjunctive treatment for resistant fungal keratitis, particularly when corneal donors
are scarce. The procedure promotes ulcer healing, relieves pain, and improves visual outcomes. Controlled trials are required
to confirm these findings and refine patient selection.
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INTRODUCTION

Infectious keratitis is the leading cause of corneal blindness worldwide, particularly in developing nations. Its annual

incidence is 2.5-799 per 100000 people [1]. Intense medical and/or surgical therapy is typically necessary after patient

hospitalization for this painful and potentially blinding ocular emergency [2, 3]. The most common microorganisms causing

infectious keratitis vary according to the geographic region, time course of infection, and population-specific risk factors such

as agricultural exposure, ocular trauma, and contact lens use. These pathogens may include fungi, bacteria, viruses, parasites,

or a combination of organisms (polymicrobial infections) [2, 3].

Surgical interventions are necessary in one-quarter to one-third of patients with infectious keratitis during the acute
stage to avoid perforation or spread of infection [4, 5]. However, in some cases, donor corneas are not readily available. The
effectiveness of penetrating keratoplasty in treating fungal keratitis depends on the surgical technique used, and the risk of
recurrent infection persists [6]. The use of amniotic membranes (AMs) in ophthalmology is well established and extensively
documented [7-9]. Amniotic membrane transplantation (AMT) promotes epithelialization by expressing anti-angiogenic
factors, anti-inflammatory proteins, growth factors, and protease inhibitors. Hence, AMT may be used to alleviate infectious
keratitis [10].

AMs facilitate epithelial cell migration and strengthen basal cell connections [11]. They produce basic fibroblast growth
factor, hepatocyte growth factor, and transforming growth factor, which enhance corneal epithelial cell development [12].
Transplanted AMs integrate with the corneal stroma in corneal ulcers [13]. They may also prevent polymorphonuclear
leukocyte infiltration into the tear film. Tissue inhibitors of matrix metalloproteinase (MMP)-1 and MMP-2 in the AM limit
collagen degradation and stromal melting [14].

This study evaluated the effectiveness of AMT in the management of resistant fungal corneal ulcers and assessed the

potential risks associated with the procedure.

METHODS

This prospective, interventional, single-arm study included all eligible individuals who consecutively presented with
treatment-resistant fungal corneal ulcers at Al-Azhar University Hospital in Damietta between January 2022 and October
2023. This study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical approval was
obtained from the Institutional Review Board of the Faculty of Medicine, Al-Azhar University, Damietta (approval number:
0001267-23-08-010). Written informed consent was obtained from all participants before enrollment. This study was
registered at ClinicalTrials.gov (Identifier: NCT06070883).

Patients aged >18 years presenting with a clinically and microbiologically confirmed fungal corneal ulcer were initially
considered for inclusion. Eligible participants had resistant fungal ulcers, confirmed by both clinical evaluation and
laboratory culture and sensitivity findings. These ulcers were characterized by a lack of clinical improvement, an increase in
ulcer size, deeper stromal involvement, or the development of complications such as hypopyon, despite appropriate
antifungal therapy. Patients with or without descemetocele or small perforation were included. Additional criteria required
an ulcer size of less than 5 mm at its largest diameter and location within 3 mm of the visual axis. Exclusion criteria included
the presence of coexisting ocular or systemic conditions that could confound treatment outcomes, such as autoimmune
diseases, total limbal stem cell deficiency, glaucoma, chronic dacryocystitis, or entropion.

All eligible participants underwent a comprehensive clinical evaluation, including a detailed medical and ophthalmic
history, best-corrected distance visual acuity (BCDVA) assessment recorded in logarithm of the minimum angle of resolution
(logMAR) units, and meticulous slit-lamp biomicroscopic examination (Carl Zeiss Meditec AG, Jena, Germany). Slit-lamp
examination was used to assess ulcer size, extent of infiltration, depth of involvement, presence of descemetocele or corneal
perforation, corneal opacification grade, anterior chamber (AC) reaction, and AC depth. Digital tonometry and lacrimal
syringing tests were performed.

Ulcer size was determined using a slit-lamp beam by measuring the longest horizontal axis of the ulcer and then
measuring the longest perpendicular axis. The ulcer area was calculated by multiplying these two dimensions to provide a
consistent and reproducible estimate of the ulcer surface area in mm?2. To classify keratitis severity based on the depth of
corneal involvement, ulcers were graded as epithelial (limited to the epithelial layer), mid-stromal (involving the mid-
stroma), deep-stromal (involving the deep stroma), descemetocele (presence of a descemetocele), or corneal perforation

(small, full-thickness perforation). This grading system was developed by the authors specifically for this study.
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Corneal opacification was clinically graded according to the visibility of iris details as follows: grade 0 indicated a clear

cornea with full visibility of iris details, grade 1 represented mild opacification with slight blurring of iris details, grade 2 was
defined as moderate opacification with partial obscuration of iris details, and grade 3 indicated severe opacification with no
visible iris details [15]. The AC reaction was graded using the standardized uveitis nomenclature (SUN) criteria based on the
number of cells observed in a 1 mm x 1 mm slit beam: grade 0 (no cells), grade 0.5+ (1-5 cells), grade 1+ (6-15 cells), grade 2+
(1625 cells), grade 3+ (26-50 cells), and grade 4+ (> 50 cells) [16]. AC depth was evaluated using slit-lamp biomicroscopy by
focusing on the cornea and crystalline lens. If corneal opacity impaired visibility, adjustments were made to the slit-lamp
beam angle, and alternative illumination techniques, such as retroillumination, were used to enhance visualization. The AC
depth was recorded as normal or flat.

Pain was assessed using the Visual Analog Scale (VAS), a validated psychometric instrument comprising a 10-cm
horizontal line, on which 0 represents no pain and 10 represents the worst imaginable pain. Patients were instructed to mark
a point along the line that best represented their subjective level of ocular pain [17].

Corneal scrapings were obtained from the base and edges of the ulcer. Fungal keratitis was diagnosed based on the
presence of fungal hyphae on microscopic examination, with confirmatory culture. Fungal culture positivity was defined as
growth of fungal colonies on blood agar plates. Initial medical management included a 1-week course of topical fortified
ceftazidime (50 mg/mL; Amoun Pharmaceutical Co., Cairo, Egypt) and a 5% natamycin suspension (Natacyn; Alcon
Laboratories, Inc., TX, USA). Systemic fluconazole (0.2 g/day IV; Pfizer Ltd., USA) was administered to patients presenting
with descemetocele, hypopyon, impending corneal perforation, or actual corneal perforation.

For AM preparation, human placentas were obtained following elective cesarean deliveries under sterile conditions. All
donors underwent comprehensive serological screening to exclude transmissible pathogens, including human
immunodeficiency virus, hepatitis B virus, and Treponema pallidum. Residual blood clots were removed from the placental
tissue by rinsing with sterile saline containing 50 pug/mL penicillin, 50 pg/mL gentamicin, 100 ug/mL neomycin, and 2.5
pg/mL amphotericin B. This process was conducted within a laminar flow hood to maintain aseptic conditions. The AM was
then carefully separated from the underlying chorion using blunt dissection, spread flat with the epithelial (basement
membrane) side facing upward, and mounted onto nitrocellulose paper. For preservation, the prepared AM was stored at
—70°C in sterile vials containing a cryoprotective solution of Dulbecco’s Modified Eagle Medium (DMEM,; Gibco, CA, USA)
and glycerol in a 7:3 (v/v) ratio [18].

All eligible eyes underwent AMT under strict aseptic conditions in the operating room. In cooperative patients, topical
anesthesia was achieved using 0.4% benoxinate hydrochloride (Benox®, EIPICO, Egypt). For less cooperative patients, a
peribulbar injection of a 3 mL anesthetic mixture containing lidocaine 2% (Alexandria Pharmaceutical Co., Alexandria, Egypt)
and bupivacaine (Marcaine, Sunny Pharmaceutical, Egypt) was administered.

After cleansing the ocular surface, necrotic tissue from the ulcer base was carefully debrided and cultured on
MacConkey agar (Thermo Scientific Oxoid MacConkey Agar No. 3, Catalog No. CM0115) for microbiological and antifungal
sensitivity tests. Any loose epithelium or indurated ulcer margins were excised to create a clean recipient bed. The AM was
trimmed to match the size and shape of the corneal ulcer and was placed over the defect, with the epithelial (basement
membrane) side facing upward. It was then secured to the cornea using either interrupted or continuous 10-0 nylon sutures
(Ethilon®, El-Helaly Trading Co., Cairo, Egypt).

For ulcers involving more than three-quarters of the corneal stromal depth or those associated with a descemetocele, a
double-layer AMT was performed. In this technique, two AM layers were applied with both epithelial surfaces facing
upward. The layers were sutured in place using continuous 10-0 nylon sutures after trimming to conform to the ulcer
margins.

At the end of the procedure, topical gatifloxacin ointment (Zymaxid® Nile Pharmaceuticals and Chemical Industries
Co., Cairo, Egypt) was instilled, and the eye was patched for 6 h. Postoperative antimicrobial therapy was resumed thereafter
using topical moxifloxacin (VIGAMOX®, Alcon Laboratories) administered every 6 h for the first 2 days, followed by twice-
daily dosing for the remainder of the treatment period.

Postoperative evaluations were conducted on day 1 and subsequently at 1, 3, and 6 months. Each visit included a
comprehensive clinical assessment that involved BCDVA testing, slit-lamp examination with documentation of ulcer size
and AC reaction, evaluation of ulcer healing status, presence of blepharospasm, and pain assessment using the VAS.
Treatment success was defined as complete resolution or significant improvement in the clinical signs and symptoms

associated with persistent fungal keratitis at the 6-month follow-up visit.
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Statistical analyses were conducted using IBM SPSS Statistics for Windows (version 26.0; IBM Corp., Armonk, NY, USA).
The normality of data distribution was assessed using the Kolmogorov-Smirnov test. Qualitative variables are summarized
as frequencies and percentages, whereas quantitative variables are presented as means with standard deviations (SDs) or
medians with interquartile ranges (IQRs), depending on the data distributions. The Friedman and Wilcoxon signed-rank
tests were used for paired comparisons of quantitative variables. Paired categorical variables were analyzed using the

Cochran’s Q and McNemar’s tests, as appropriate. A P-value of <0.05 was considered statistically significant.

RESULTS

A total of 24 patients with a mean (SD) age of 59 (7.5) years (range, 42-73 years) (Table 1) and a diagnosis of resistant fungal
corneal ulcers were included. Full demographic details, baseline ocular findings, and postoperative outcomes are
summarized in Tables 1 and 2. The male-to-female ratio was 3:1. Nearly half of the patients were farmers (n = 11, 45.8%)

and most resided in rural areas (n =17, 70.8%). The most common systemic comorbidities were hypertension and diabetes

mellitus (Table 1).

Table 1. Demographic and baseline clinical characteristics of the study participants
Variables Value
Age (y), Mean * SD (Range) 59 +7.5 (42 to 73)
Sex (Male / Female), n (%) 18 (75) / 6 (25)
Occupation, n (%)
Farmer 11 (45.8)
House wife 6 (25.0)
Carpenter 7 (29.2)
Residency (Rural / Urban), n (%) 17 (70.8) / 7 (29.2)
Comorbidities, n (%)
HTN 9 (37.5)
DM 7(29.2)
Cardiac diseases 3 (12.5)
Renal diseases 1(4.2)
No comorbidities 4(16.7)
Ulcer size (mm?), Median (IQR) (Range ) 3(1)(1to3)
Ulcer site, n (%)
Central 10 (41.7)
Paracentral 8 (33.3)
Peripheral 6 (25.0)
Ulcer depth, n (%)
Less than 1/3 6 (25.0)
1/3t01/2 15 (62.5)
Perforation 3 (12.5)
Corneal opacification (Presence/ Absence), n (%) 17 (70.8) / 7 (29.2)
Grades of corneal opacification
Grade 0 7 (29.2)
Grade 1 9 (37.5)
Grade 2 7 (29.2)
Grade 3 1(4.2)
AC reaction (Grade), Median (IQR) (Range) 2(1)(1tob)
AC depth (Normal / Flat), n (%) 21 (87.5) / 3 (12.5)
Grades of keratitis, n (%)
Epithelial 3(12.5)
Mid-stromal 10 (41.7)
Deep-stromal 7 (29.2)
Descemetocele 1(4.2)
Corneal perforation 3 (12.5)
Hypopyon (Presence / Absence), n (%) 2(8.3)/22(91.7)
Surgical trauma (Presence / Absence), n (%) 2(8.3)/22(91.7)
Contact lens use (Yes / No), n (%) 2(8.3) /22 (91.7)
Surface disorder, n (%)
Trachoma 4(16.7)
Dry eye 1(4.2)
No surface disorder 19 (79.2)

Abbreviations: y, years; SD, standard deviation; n, number; %, percentage; HTN, hypertension; DM, diabetes mellitus; mm?,
square millimeters; IQR, interquartile range.
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Table 2. Longitudinal changes in clinical and patient-reported outcomes over the 6-month follow-up period

Variables Preoperative  1-month postop 3-month postop 6-month postop P-value P-value
BCDVA 3(0.0) 3 (1.0 2 (1.0 2(1.4) 0.001 2 P1=0.1¢
(1ogMAR), P2=0.001 ¢
Median (IQR) P3=0.001 <
P1=0.001 ¢
P5=0.001 ¢
Ps=0.1¢
VAS score, 2(1.0) 1(0.0) 0.5 (1.0) 0(1.0) 0.001 P1=0.001 <
Median (IQR) P2=0.001 ¢
P5=0.001 ¢
P1=0.008 ¢
P5=0.001 ¢
Pe=0.04 ¢
Ulcer size 3(1.0) 1(1.0) 1(1.0) 0(0.0) 0.001 P1=0.001 ¢
(mm?2), Median P2=0.001 ¢
(IQR) P5=0.001¢
P+=0.001 ¢
P5=0.001 ¢
Ps=0.001 ¢
AC reaction, 2 (1.0) 1(1.0) 1(1.0) 0(0.0) 0.001 2 P1=0.001 <
Median (IQR) P2=0.001 ¢
P53=0.001 ¢
P+=0.001 ¢
P5=0.001 ¢
Ps=0.002 ©
Presence of 15 (62.5) 3 (12.5) 0(0.0) 0(0.0) 0.001 b P1=0.001 4
Blepharospasm, P2=0.001¢
n (%) P5=0.0014
P+=0.0014
P5=0.24
Ps=0.24

Abbreviations: postop, postoperative visit; BCDVA, best-corrected distance visual acuity; logMAR, logarithm of the minimum angle of
resolution; IQR, interquartile range; VAS, visual analog scale; mm?, square millimeters; AC, anterior chamber. Note: P-values < 0.05 are
shown in bold; P-values correspond to the following statistical tests: Friedman test (?), Cochran’s Q test (*), Wilcoxon signed-rank test (),
and McNemar test (49); Pairwise comparisons were conducted between the following time points: Pi, preoperative vs. 1-month
postoperative; P,, preoperative vs. 3-month postoperative; P;, preoperative vs. 6-month postoperative; Pi, 1-month vs. 3-month
postoperative; Ps, 1-month vs. 6-month postoperative; and Pe, 5-month vs. 6-month postoperative.

At baseline, the median (IQR) ulcer area was 3 (1) mm?. The most frequent ulcer location was central (n=10, 41.7%),
followed by paracentral (n=8, 33.3%) and peripheral (n=6, 25%). Regarding ulcer depth, 62.5% (n=15) extended to the
mid-stroma, 25% (n=6) involved less than one-third of stromal thickness, and 12.5% (n=3) presented with small frank
perforations. Corneal opacification was documented in 70.8% (n=17) of cases, and most were graded as mild or moderate
(grades 1-2). The median (IQR) AC reaction was 2+ (1), and the AC depth was normal in 87.5% of patients (n=21). Keratitis
was classified as epithelial (n=3, 12.5%), mid-stromal (n=10, 41.7%), deep-stromal (n=7, 29.2%), descemetocele (n=1,
4.2%), or perforation (n=3, 12.5%). Hypopyon was present in 8.3% (n=2) of the patients. Additional ocular risk factors
included prior surgical trauma (n=2, 8.3%), contact lens use (n=2, 8.3%), and ocular surface disease (n=>5, 20.9%) (Table 1).

At the 6-month follow-up, there was a statistically significant improvement in visual and clinical outcomes (Table 2).
Median (IQR) BCDVA improved from 3.0 (0.0) logMAR preoperatively to 2.0 (1.4) logMAR postoperatively (P=0.001). The
median (IQR) ulcer size decreased from 3 (1.0) mm? to complete closure (0 [0.0] mm? P =0.001). The median (IQR) VAS pain
score decreased significantly from 2 (1.0) to 0 (1.0) (P=0.001). AC reaction and blepharospasm had also significantly
improved at the final follow-up (both P=0.001) (Table 2).

Pairwise comparisons at the interim visits confirmed significant progressive improvements across most parameters
(most P < 0.05) (Table 2). The overall treatment success rate was 91.7% (n=22). Two patients required additional surgical

intervention because of persistent infection.

DISCUSSION
In this prospective, interventional study, AMT demonstrated high efficacy in managing treatment-resistant fungal corneal
ulcers. At 6 months, 91.7% of the eyes achieved complete resolution or marked clinical improvement, with significant gains

in BCDVA, ulcer closure, and alleviation of AC reaction, blepharospasm, and ocular pain. Ulcers were mostly mid-stromal
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and frequently affected older rural male patients with systemic comorbidities. These findings support AMT as a valuable
adjunctive therapy in cases of resistant fungal keratitis, particularly when donor corneas are scarce or conventional medical
therapy alone is insufficient.

The demographic profile observed in our study aligns with that of previously published epidemiological data on
corneal ulcers, which consistently indicate a higher prevalence among male patients and a similar age distribution [19-22].
This sex disparity is plausibly attributed to greater environmental hazard exposure and trauma-related risk factors
commonly associated with occupational and outdoor activities more frequently undertaken by men [20-22].

The factors conferring risk of developing microbial keratitis differ greatly according to geographic and socioeconomic
contexts. In developing nations, 48.6% to 65.4% of corneal ulcers are attributed to non-surgical ocular trauma [23, 24]. In our
series, 91.7% (n = 22) of the patients developed fungal keratitis due to non-surgical causes; nearly half were farmers (n=11,
45.8%) and most resided in rural areas (n=17, 70.8%). Basak et al. [25] identified ocular trauma in 82.9% (n=994) of
suppurative keratitis cases, with vegetative matter accounting for 59.6% (n=715).

A consistent early finding in our study was a marked reduction in ocular inflammation after AMT, as evidenced by
significant decreases in AC reaction and ulcer size. The median BCDVA was initially 3 logMAR and remained unchanged
until the third postoperative month, after which it significantly improved to 2 logMAR at 6 months. This delayed visual
gain may reflect temporary visual obscuration caused by the AM covering the cornea. Comparable delayed improvement
in visual acuity was noted by Ferreira De Souza et al. [26], who reported postoperative visual acuity of < 20/400 in 60% of
eyes initially, then reaching 69% at 3 months and 78% at 6 months [26]. Similar findings have been reported by other
investigators [19, 27-29].

Pain relief was another notable outcome; most patients reported no postoperative pain, which is consistent with the
results of Altay et al. [14]. This analgesic effect may be mechanical, as the AM functions similarly to a bandage contact lens
before re-epithelialization, thereby reducing nociceptor exposure [30-32]. In terms of ulcer depth, keratitis was classified as
epithelial (n=3, 12.5%), mid-stromal (n =10, 41.7%), deep-stromal (n=7, 29.2%), descemetocele (n=1, 4.2%), or perforation
(n=3, 12.5%). Altay et al. [14] reported neither perforations nor stromal infiltration, although they did observe one
descemetocele [14].

Our recurrence rate was 8.3% (n=2), possibly reflecting diminished anti-inflammatory activity after AM dissolution
[11]. This highlights the need for ongoing topical antifungal and anti-inflammatory therapy [33]. Our ulcer healing success
rate of 91.7% (n = 22) compares favorably with those reported by Altay et al. (85.72%) [14], Rodriguez-Ares et al. (73% in
perforations) [27], and Mohan et al. [19], who reported 82.1%, 78.5%, and 75% success rates at 1, 3, and 6 months,
respectively [19]. Other series reported varied outcomes: Lamas-Francis et al. [34] achieved a 62.8% success rate in
culture-proven infectious keratitis, whereas Schuerch et al. [35] observed a 70% success rate with a single AMT.

Our study supports the value of multilayer AMT for deep non-healing ulcers, likely due to the membrane’s growth
factors and pro-epithelialization properties [36, 37]. Dekaris et al. [29] reported a 72% success rate with multilayer AMTs
versus 64% with monolayer AMTs. Similarly, Prabhasawat et al. [38] observed an 82.1% success rate for multilayer AMTs.
However, Letko et al. [39] detected no significant difference between onlay and inlay AMTs, perhaps because multilayer
grafts were not used.

Recurrence and poor prognosis are more likely in cases of total limbal stem cell deficiency or autoimmune diseases
[28]; therefore, we excluded such cases. Infection remains a key risk factor for recurrence, as noted by Chen et al. [40] and
Solomon et al. [41], who reported five recurrences in 34 eyes. Prabhasawat et al. [38] documented complications, including
neurotrophic keratopathy and perforation, in 17.9% of cases [38]. In the current study, two patients required additional
surgical intervention because of persistent infection.

In our cohort, two patients (8.3%) had a hypopyon >2.5 mm that resolved within a week. Importantly, our findings
suggest that AMT does not impede the penetration of topical antifungal or antibacterial agents. Kim et al. [42] demonstrated
higher mean tear ofloxacin levels in AMT-treated rabbit eyes than in control eyes, highlighting the AM as a potential drug
delivery platform.

The strengths of this study include its prospective design, standardized surgical technique, and comprehensive follow-
up. However, the absence of a control group and the relatively small sample size limit generalizability. Further randomized
controlled trials comparing AMT with PK or alternative adjunctive therapies could clarify the relative efficacy and long-
term impact of AMT on visual rehabilitation. Further research should explore optimal patient selection, timing of
intervention, and cost-effectiveness, particularly in resource-limited settings. Expanding evidence in these areas may help

to refine treatment algorithms for resistant fungal keratitis and reduce corneal blindness in high-risk populations.
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CONCLUSIONS

AMT proved to be an effective adjunctive therapy for resistant fungal corneal ulcers, achieving high rates of clinical
resolution and significant improvements in BCDVA, ulcer healing, and patient comfort. Its application is particularly
valuable for mid-stromal ulcers among older, high-risk populations in rural areas, where donor corneas are often scarce.
Although encouraging, these findings should be interpreted in light of the study’s single-arm design and modest sample
size. Larger controlled studies are warranted to validate efficacy, define optimal indications, and compare long-term
outcomes with those of conventional surgical options. Nevertheless, AMT remains a promising and accessible intervention

for mitigating the vision-threatening sequelae of severe fungal keratitis.

ETHICAL DECLARATIONS

Ethical approval: This study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical approval
was obtained from the Institutional Review Board of the Faculty of Medicine, Al-Azhar University, Damietta (approval
number: 0001267-23-08-010). Written informed consent was obtained from all participants before enrollment. This study was
registered at ClinicalTrials.gov (Identifier: NCT06070883).

Conflict of interest: None.

FUNDING

None.

ACKNOWLEDGMENTS
None.

REFERENCES

1.  Ting DS]J, Henein C, Said DG, Dua HS. Amniotic membrane transplantation for infectious keratitis: a systematic review and meta-
analysis. Sci Rep. 2021 Jun 21;11(1):13007. doi: 10.1038/541598-021-92366-x. PMID: 34155280; PMCID: PMC8217254.

2. Ting DS], Settle C, Morgan SJ, Baylis O, Ghosh S. A 10-year analysis of microbiological profiles of microbial keratitis: the North East
England Study. Eye (Lond). 2018 Aug;32(8):1416-1417. doi: 10.1038/s41433-018-0085-4. Epub 2018 Apr 3. PMID: 29610521; PMCID:
PMC6085375.

3. Termote K, Joe AW, Butler AL, McCarthy M, Blondeau JM, Iovieno A, Holland SP, Yeung SN. Epidemiology of bacterial corneal
ulcers at tertiary centres in Vancouver, B.C. Can ] Ophthalmol. 2018 Aug;53(4):330-336. doi: 10.1016/j.jcjo.2017.11.001. Epub 2018 Feb
3. PMID: 30119785.

4. Said DG, Rallis KI, Al-Aqaba MA, Ting DS], Dua HS. Surgical management of infectious keratitis. Ocul Surf. 2023 Apr;28:401-412. doi:
10.1016/j.,jt0s.2021.09.005. Epub 2021 Sep 27. PMID: 34592475.

5. Austin A, Lietman T, Rose-Nussbaumer J. Update on the Management of Infectious Keratitis. Ophthalmology. 2017 Nov;124(11):1678-
1689. doi: 10.1016/j.ophtha.2017.05.012. Epub 2017 Sep 21. PMID: 28942073; PMCID: PMC5710829.

6. Xie L, Dong X, Shi W. Treatment of fungal keratitis by penetrating keratoplasty. Br ] Ophthalmol. 2001 Sep;85(9):1070-4. doi:
10.1136/bjo.85.9.1070. PMID: 11520759; PMCID: PMC1724109.

7. Chen HC, Tan HY, Hsiao CH, Huang SC, Lin KK, Ma DH. Amniotic membrane transplantation for persistent corneal ulcers and
perforations in acute fungal keratitis. Cornea. 2006 Jun;25(5):564-72. doi: 10.1097/01.ic0.0000227885.19124.6f. PMID: 16783145.

8. Kamel Farag R, Elmowafi K, El-Sharkawy HT, El-Tarshoby S. Combined umbilical cord patching with amniotic membrane graft for
corneal surface reconstruction. Med Hypothesis Discov Innov Ophthalmol. 2022 Dec 3;11(3):129-136. doi:
10.51329/mehdiophthal1456. PMID: 37641642; PMCID: PMC10445317.

9. Kamel Farag R, Dawood M, Elesawi M. Safety and efficacy of eye drops from umbilical cord blood platelet lysate to treat resistant
corneal ulcer. Med Hypothesis Discov Innov Ophthalmol. 2023 Feb 3;11(4):189-202. doi: 10.51329/mehdiophthal1463. PMID: 37641608;
PMCID: PMC10460244.

10. Tabatabaei SA, Soleimani M, Behrouz M]J, Torkashvand A, Anvari P, Yaseri M. A randomized clinical trial to evaluate the usefulness
of amniotic membrane transplantation in bacterial keratitis healing. Ocul Surf. 2017 Apr;15(2):218-226. doi: 10.1016/j.jtos.2017.01.004.
Epub 2017 Jan 25. PMID: 28131677.

11. Liu]J, Sheha H, Fu Y, Liang L, Tseng SC. Update on amniotic membrane transplantation. Expert Rev Ophthalmol. 2010 Oct;5(5):645-
661. doi: 10.1586/eop.10.63. PMID: 21436959; PMCID: PMC3061461.

12. Thomasen H, Pauklin M, Steuhl KP, Meller D. Comparison of cryopreserved and air-dried human amniotic membrane for
ophthalmologic applications. Graefes Arch Clin Exp Ophthalmol. 2009 Dec;247(12):1691-700. doi: 10.1007/s00417-009-1162-y. Epub
2009 Aug 20. PMID: 19693529.

13. Tas A, Ilhan A, Yolcu U, Erdem U. Comment on amniotic membrane covering promotes healing of cornea epithelium and improves
visual acuity after debridement for fungal keratitis. Int ] Ophthalmol. 2015 Jun 18;8(3):641-2. doi: 10.3980/j.issn.2222-3959.2015.03.38.
PMID: 26086024; PMCID: PMC4458679.

14. Altay Y, Tamer S, Burcu A, Balta O. Amniotic membrane transplantation in bacterial and herpetic stromal keratitis. Turk ] Med Sci.
2016 Feb 17;46(2):457-62. doi: 10.3906/sag-1501-6. PMID: 27511511.

15.  Shimizu E, Yamaguchi T, Tsubota K, Shimazaki J. Corneal Higher-Order Aberrations in Eyes With Corneal Scar After Traumatic
Perforation. Eye Contact Lens. 2019 Mar;45(2):124-131. doi: 10.1097/ICL.0000000000000530. PMID: 30005054.

7 Med Hypothesis Discov Innov Ophthalmol. 2025; 14(2)


https://clinicaltrials.gov/study/NCT06070883

Amniotic membrane transplantation in resistant fungal corneal ulceration
I ——

16. Jabs DA, Nussenblatt RB, Rosenbaum JT; Standardization of Uveitis Nomenclature (SUN) Working Group. Standardization of uveitis
nomenclature for reporting clinical data. Results of the First International Workshop. Am J Ophthalmol. 2005 Sep;140(3):509-16. doi:
10.1016/j.aj0.2005.03.057. PMID: 16196117; PMCID: PMC8935739.

17.  Atisook R, Euasobhon P, Saengsanon A, Jensen MP. Validity and Utility of Four Pain Intensity Measures for Use in International
Research. J Pain Res. 2021 Apr 21;14:1129-1139. doi: 10.2147/JPR.S303305. PMID: 33907460; PMCID: PMC8071079.

18. Kim JS, Kim JC, Hahn TW, Park WC. Amniotic membrane transplantation in infectious corneal ulcer. Cornea. 2001 Oct;20(7):720-6.
doi: 10.1097/00003226-200110000-00010. PMID: 11588424.

19. Mohan S, Budhiraja I, Saxena A, Khan P, Sachan SK. Role of multilayered amniotic membrane transplantation for the treatment of
resistant corneal ulcers in North India. Int Ophthalmol. 2014 Jun;34(3):485-91. doi: 10.1007/s10792-013-9834-3. Epub 2013 Jul 27. PMID:
23893037.

20. Castano G, Elnahry AG, Mada PK. Fungal Keratitis. 2024 Feb 12. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2025 Jan—. PMID: 29630244

21. WangL,Sun§,Jing Y, Han L, Zhang H, Yue ]. Spectrum of fungal keratitis in central China. Clin Exp Ophthalmol. 2009 Nov;37(8):763-
71. doi: 10.1111/j.1442-9071.2009.02155.x. PMID: 19878220.

22, Akbari M, Sedighi M, Moghadam RS, Kazemnejad E. The epidemiological aspects of fungal keratitis in a population sample from
Northern Iran: A cross-sectional study. ] Family Med Prim Care. 2022 Jun;11(6):3185-3189. doi: 10.4103/jfmpc.jfmpc_1818_21. Epub
2022 Jun 30. PMID: 36119168; PMCID: PMC9480716.

23. Upadhyay MP, Karmacharya PC, Koirala S, Shah DN, Shakya S, Shrestha JK, Bajracharya H, Gurung CK, Whitcher JP. The Bhaktapur
eye study: ocular trauma and antibiotic prophylaxis for the prevention of corneal ulceration in Nepal. Br ] Ophthalmol. 2001
Apr;85(4):388-92. doi: 10.1136/bjo.85.4.388. PMID: 11264124; PMCID: PMC1723912.

24. Bharathi MJ, Ramakrishnan R, Meenakshi R, Kumar CS, Padmavathy S, Mittal S. Ulcerative keratitis associated with contact lens
wear. Indian ] Ophthalmol. 2007 Jan-Feb;55(1):64-7. doi: 10.4103/0301-4738.29500. PMID: 17189892.

25. Basak SK, Basak S, Mohanta A, Bhowmick A. Epidemiological and microbiological diagnosis of suppurative keratitis in Gangetic
West Bengal, eastern India. Indian ] Ophthalmol. 2005 Mar;53(1):17-22. doi: 10.4103/0301-4738.15280. PMID: 15829742.

26. Ferreira De Souza R, Hofmann-Rummelt C, Kruse FE, Seitz B. Mehrlagige Amnionmembran-Transplantation bei therapieresistentem
Hornhautulkus - eine prospektive Studie des Zustandes von Hornhaut und Amnionmembran im Verlauf 123 [Multilayer amniotic
membrane transplantation for corneal ulcers not treatable by conventional therapy - a prospective study of the status of cornea and
graft during follow-up]. Klin Monbl Augenheilkd. 2001 Aug;218(8):528-34. German. doi: 10.1055/s-2001-17134. PMID: 11573153.

27. Rodriguez-Ares MT, Tourifio R, Lépez-Valladares MJ, Gude F. Multilayer amniotic membrane transplantation in the treatment of
corneal perforations. Cornea. 2004 Aug;23(6):577-83. doi: 10.1097/01.ic0.0000121709.58571.12. PMID: 15256996.

28. Hanada K, Shimazaki J, Shimmura S, Tsubota K. Multilayered amniotic membrane transplantation for severe ulceration of the cornea
and sclera. Am ] Ophthalmol. 2001 Mar;131(3):324-31. doi: 10.1016/s0002-9394(00)00825-4. PMID: 11239864.

29. Dekaris I, Gabri¢ N, Mravici¢ I, Karaman Z, Katusi¢ J, Lazi¢ R, Spoljari¢ N. Multilayer vs. monolayer amniotic membrane
transplantation for deep corneal ulcer treatment. Coll Antropol. 2001;25 Suppl:23-8. PMID: 11817009.

30. Gicquel JJ, Bejjani RA, Ellies P, Mercié M, Dighiero P. Amniotic membrane transplantation in severe bacterial keratitis. Cornea. 2007
Jan;26(1):27-33. doi: 10.1097/ICO.0b013e31802b28df. PMID: 17198010.

31. Tambhane A, Vajpayee RB, Biswas NR, Pandey RM, Sharma N, Titiyal ]S, Tandon R. Evaluation of amniotic membrane transplantation
as an adjunct to medical therapy as compared with medical therapy alone in acute ocular burns. Ophthalmology. 2005
Nov;112(11):1963-9. doi: 10.1016/j.0phtha.2005.05.022. Epub 2005 Sep 29. PMID: 16198422.

32. Walkden A. Amniotic Membrane Transplantation in Ophthalmology: An Updated Perspective. Clin Ophthalmol. 2020 Jul 22;14:2057-
2072. doi: 10.2147/OPTH.S208008. PMID: 32801614; PMCID: PMC7383023.

33. Shi W, Chen M, Xie L. Amniotic membrane transplantation combined with antiviral and steroid therapy for herpes necrotizing
stromal keratitis. Ophthalmology. 2007 Aug;114(8):1476-81. doi: 10.1016/j.ophtha.2006.11.027. Epub 2007 Mar 23. PMID: 17363059.

34. Lamas-Francis D, Navarro D, Moreno C, de-Rojas V, Mansilla R, Dios E, Rigueiro J, Alvarez D, Crego P, Rodriguez-Ares T, Tourifio
R. Amniotic Membrane Transplantation in the Management of Corneal Ulceration Following Infectious Keratitis. Ocul Immunol
Inflamm. 2024 Sep;32(7):1261-1267. doi: 10.1080/09273948.2023.2228901. Epub 2023 Jul 7. PMID: 37418657.

35. Schuerch K, Baeriswyl A, Frueh BE, Tappeiner C. Efficacy of Amniotic Membrane Transplantation for the Treatment of Corneal
Ulcers. Cornea. 2020 Apr;39(4):479-483. doi: 10.1097/IC0O.0000000000002179. PMID: 31634228,

36. Dadkhah Tehrani F, Firouzeh A, Shabani I, Shabani A. A Review on Modifications of Amniotic Membrane for Biomedical
Applications. Front Bioeng Biotechnol. 2021 Jan 13;8:606982. doi: 10.3389/fbioe.2020.606982. PMID: 33520961; PMCID: PMC7839407.

37. Favaron PO, Carvalho RC, Borghesi ], Anunciacdo AR, Miglino MA. The Amniotic Membrane: Development and Potential
Applications - A Review. Reprod Domest Anim. 2015 Dec;50(6):881-92. doi: 10.1111/rda.12633. Epub 2015 Oct 29. PMID: 26510939.

38. Prabhasawat P, Tesavibul N, Komolsuradej W. Single and multilayer amniotic membrane transplantation for persistent corneal
epithelial defect with and without stromal thinning and perforation. Br ] Ophthalmol. 2001 Dec;85(12):1455-63. doi:
10.1136/bjo.85.12.1455. PMID: 11734521; PMCID: PMC1723817.

39. Letko E, Stechschulte SU, Kenyon KR, Sadeq N, Romero TR, Samson CM, Nguyen QD, Harper SL, Primack JD, Azar DT, Gruterich
M, Dohlman CH, Baltatzis S, Foster CS. Amniotic membrane inlay and overlay grafting for corneal epithelial defects and stromal
ulcers. Arch Ophthalmol. 2001 May;119(5):659-63. doi: 10.1001/archopht.119.5.659. PMID: 11346392.

40. Chen JH, Ma DH, Tsai R]. Amniotic membrane transplantation for pseudomonal keratitis with impending perforation. Chang Gung
Med J. 2002 Mar;25(3):144-52. PMID: 12022734.

41. Solomon A, Meller D, Prabhasawat P, John T, Espana EM, Steuhl KP, Tseng SC. Amniotic membrane grafts for nontraumatic corneal
perforations, descemetoceles, and deep ulcers. Ophthalmology. 2002 Apr;109(4):694-703. doi: 10.1016/s0161-6420(01)01032-6. PMID:
11927426.

42. Kim HS, Sah WJ, Kim Y], Kim JC, Hahn TW. Amniotic membrane, tear film, corneal, and aqueous levels of ofloxacin in rabbit eyes
after amniotic membrane transplantation. Cornea. 2001 Aug;20(6):628-34. doi: 10.1097/00003226-200108000-00014. PMID: 11473165.

Med Hypothesis Discov Innov Ophthalmol. 2025; 14(2) 8



	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS
	Ethical approval
	Conflict of interest

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES

