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Background: To evaluate the effectiveness and safety of amniotic membrane transplantation (AMT) compared to tarsorrhaphy for
treating persistent corneal epithelial defects (PED) resistant to medical therapy. The primary outcome was complete healing at 1, 2, 3,
and 6 months. Secondary outcomes included healing time, recurrence rates, and postoperative complications.

Methods: This retrospective study was conducted at King Khaled Eye Specialist Hospital (KKESH), Riyadh, Saudi Arabia. We analyzed
electronic medical records of patients treated from January 2018 to December 2021. Patients with PED (epithelial defect >14 days) receiving
either AMT or tarsorrhaphy were included. Data collected included demographics, etiology of PED, size and duration of the PED, type of
intervention and postoperative outcomes. Complications assessed included recurrent PED, microbial keratitis, and corneal scarring.
Results: Of 67 eyes, 37 underwent AMT (median age 65) and 30 underwent tarsorrhaphy (median age 69). Baseline exposure
keratopathy was more prevalent in the tarsorrhaphy group (40% vs. 2.7%; p<0.001), while microbial keratitis was more common in the
AMT group (57% vs. 20%; p=0.002). Healing rates at 1 month were 59% (22/37) for AMT and 50% (15/30) for tarsorrhaphy (p=0.43).
By 6 months, healing rates were 86% (32/37) for AMT and 70% (21/30) for tarsorrhaphy (p=0.10). Complications included recurrent
PED (2.7% for AMT vs. 6.7% for tarsorrhaphy; p=0.6) and microbial keratitis (2.7% in both groups; p=0.6). Corneal scarring was
significantly more frequent in the tarsorrhaphy group (37% vs. 8.1%; p=0.004).

Conclusion: Both AMT and tarsorrhaphy successfully facilitated PED healing, with AMT demonstrating a numerically higher,
though not statistically significant, healing rate (86% vs 70%). Tarsorrhaphy was associated with a higher incidence of corneal
scarring, potentially linked to underlying exposure keratopathy. Future prospective investigations with standardized treatment assign-
ments are warranted.
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Introduction

One of the commonest ophthalmic presentations is the corneal epithelial defect. Persistence of this defect for more
than 14 days is labeled as persistent epithelial defect (PED).' There are multiple etiologies to PED, including
exposure keratopathy, limbal stem cell deficiency, infectious causes, keratoplasty, neurotrophic keratopathy, and
severe dry eye syndrome.’”’ In the United States, the incidence of PED per year is estimated to be less than
200,000. Furthermore, the incidence of PED in patients who underwent keratoplasty and diabetic vitrectomy is
estimated to be around 7500 and 5000 cases per year, respectively.? If left untreated, PED can lead to potentially
devastating complications, such as microbial keratitis, neovascularization, corneal scaring, and melting."* PED is
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typically treated in a stepwise approach, that starts with medical treatment, including artificial tears autologous serum
and whole-blood-derived products, anti-inflammatory medications, prophylactic antibiotics drops and bandage contact
lenses."® Surgical intervention is reserved for refractory cases, which includes debridement, amniotic membrane
transplant (AMT) and tarsorrhaphy.’

Because of the noticeable lack of studies that compare the clinical outcome(s) of AMT and tarsorrhaphy, whether one
surgical approach is superior to another is a question that remains to be answered. In this study, we aim to compare and
study the clinical outcomes of AMT and tarsorrhaphy in the healing of PEDs.

Materials and Methods
Study Design and Settings

This retrospective comparative study is to compare and study the outcomes of AMT and tarsorrhaphy in the management
of PED at King Khaled Eye Specialist Hospital (KKESH), Riyadh, Saudi Arabia between January 2018 and
December 2021. Ethical approval obtained through the Institutional Review Board (IRB) at KKESH. The approval
reference number is: RD/26001/IRB/0229-22. The requirement for informed patient consent was waived by the IRB due
to the retrospective nature of the study. All patient data were kept confidential, and the study adhered to the tenets of the
Declaration of Helsinki. The objective is to compare and study the clinical outcome between the two interventions in
terms of PED healing rate.

|dentification of Study Participants

We included both genders of Saudi patients aged 18 years and above who suffered from persistent epithelial defects after
maximum medical therapy and were managed by AMT or tarsorrhaphy regardless of their past medical history or other
surgeries. AMT is carried out by directly placing the cryopreserved graft over the defect, using sutures or fibrin glue
while tarsorrhaphy is used to close the eyelids temporarily or permanently.

Data Collection Process

We collected data from the patient’s electronic medical records. The following variables were collected: age, gender,
comorbid disorders (eg. diabetes and hypertension), previous ocular surgeries, the underlining etiology of PED, type of
intervention (AMT, tarsorrhaphy). The following data were collected during the follow-up at 1,2,3 and 6 months: healed
PED, unhealed PED and possible postoperative complications (microbial keratitis, or recurrent corneal epithelial defect).
A corneal epithelial defect failing to re-epithelialize after 14 days of standard conservative therapy was labelled as PED.
Standard conservative therapy consisted of conventional medical management (eg., preservative-free artificial tears,
ointments, antibiotics, and autologous serum eye drops) administered at the discretion of the treating ophthalmologist.
Healed PED was defined as complete epithelial healing determined using fluorescein staining.

Data Analysis

All data were analyzed using the R statistical software (version 4.3.0; R Foundation for Statistical Computing, Vienna,
Austria). Descriptive statistics were calculated for all variables. Continuous variables were reported as medians with
interquartile ranges (IQR), while categorical variables were reported as frequencies and percentages. The Mann—Whitney
U-test was used to compare the medians between the amniotic membrane transplant (AMT) and temporary tarsorrhaphy
(TT) groups. For categorical variables, the chi-square test or Fisher’s exact test were used, as appropriate, to evaluate the
differences between the two groups. Multivariate regression models with backward elimination were employed to adjust
for potential confounders associated with the study outcomes. A p-value of less than 0.05 was considered statistically
significant. All p-values were two-sided.

Results
A total of 67 patients were included in this study. Of these, 37 underwent amniotic membrane transplantation (AMT), while 30
received tarsorrhaphy. The median age was 65 years (IQR: 54-74) in the AMT group and 69 years (IQR: 56-78) in the
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tarsorrhaphy group (p = 0.2). 23/37 (57%) and 24/30 (80%) were males in the AMT and tarsorrhaphy groups, respectively (p =
0.044). Regarding the etiology of PED, exposure keratopathy was significantly higher in the tarsorrhaphy group 12/30 (40%)
compared to the amniotic membrane group 1/37 (2.7%) (p =< 0.001). Microbial Keratitis showed a significantly higher in the
amniotic membrane group 21/37 (57%) compared to the tarsorrhaphy group 6/30 (20%) (p = 0.002). Other causes did not
exhibit significant differences between the two groups. The median size of the corneal epithelial defect (PED) was 6 mm (IQR:
3—11) in the AMT group and 6 mm (IQR: 2—16) in the tarsorrhaphy group (p = 0.7) (Table 1). Most of the patients in the
tarsorrhaphy group underwent a temporary procedure rather than a permanent one (80% vs. 20%). Healing of the epithelial
defect is similar between the two groups with no statistical difference across the follow-up visits (p = > 0.05). Microbial
keratitis occurred in 2.7% of patients in both the AMT and tarsorrhaphy groups. The rate of corneal scar formation was
significantly higher in the tarsorrhaphy group (37%) compared to the AMT group (8.1%) (p = 0.004). No significant
differences were observed in complications like microbial keratitis or recurrent PED (Table 2).

Table | Baseline Characteristics of and Amniotic Membrane Transplant and
Tarsorrhaphy Groups (n=67)

Characteristic Amniotic Membrane | Tarsorrhaphy | p-value
n = 37% n = 30%*
Age 65 (54, 74) 69 (56, 78) 0.2
Gender 0.044
Female 16 (43%) 6 (20%)
Male 21 (57%) 24 (80%)

Past Medical History

None 15 (40.4%) Il (36.7%) 0.7
Diabetes Mellitus 18 (49%) 15 (50%) >0.9
Hypertension Il (30%) 13 (43%) 0.2
Cerebrovascular Accident 2 (5.4%) 2 (6.7%) >0.9
Hypothyroidism | (2.7%) 2 (6.7%) 0.6
Brain Tumor Removal 0 (0%) I (3.3%) 0.4
7" Cranial Nerve Palsy 0 (0%) 3 (10%) 0.085

Previous Ocular Surgeries

Cataract Extraction Il (30%) 13 (43%) 0.2
Glaucoma 2 (5.4%) I (3.3%) >0.9
No POHXx 20 (54.4%) 14 (46.7%) 0.5
Keratoplasty 9 (24%) 8 (27%) 0.8
Retina I (2.7%) 3 (10%) 0.3
OSSN Excision I (2.7%) 0 (0%) >0.9
PED size 6 (3, I1) 6 (2, 16) 0.7
PED Duration 23 (l6, 32) 16 (14, 27) 0.038

The cause of PED

Exposure Keratopathy I (2.7%) 12 (40%) <0.001
Neurotrophic Ulcer 6 (16%) 8 (27%) 0.3
Keratitis 21 (57%) 6 (20%) 0.002
Decompensated Cornea 0 (0%) 0 (0%)
Limbal Stem Cell Deficiency | | (2.7%) 1 (3.3%) >0.9
Trauma 3 (8.1%) 0 (0%) 0.2
Post Keratoplasty 3 (8.1%) 27 (23%) 0.10
Chemical 2 (5.4%) I (3.3%) >0.9

Notes: *n (%); Median (IQR) **Pearson’s Chi-squared test; Fisher’s exact test; Wilcoxon rank sum test.
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Table 2 Comparative Analysis for Eyes Undergoing Amniotic Membrane

Transplant vs Tarsorrhaphy

Outcomes Amniotic Membrane | Tarsorrhaphy | p-value
N =37* N = 30%*

Type of Intervention <0.001

Amniotic Membrane Transplant | 37 (100) 0 (0)

Permanent Tarsorrhaphy 0 (0) 6 (20)

Temporary Tarsorrhaphy 0 (0) 24 (80)

Healed Persistent epithelial defect

| month 22 (59) 15 (50) 0.43

2 months 29 (78) 20 (67) 0.3

3 months 32 (86) 21 (70) 0.10

6 months 32 (86) 21 (70) 0.10

Complications Rate

Recurrent PED 1(2.7) 2 (6.7) 0.6

Developed MK 1 (27) 2 (6.7) 0.6

Notes: *n (%); Median (IQR) **Pearson’s Chi-squared test; Fisher’s exact test; Wilcoxon rank sum test.

Multivariate analysis (Table 3) was performed to control for potential confounders, including age, gender, prior

keratoplasty, PED size and duration, etiology (exposure keratopathy or keratitis), and surgical procedure (AMT vs

tarsorrhaphy). Cox regression was utilized for the time-to-event outcome (healed PED) and binary logistic regression for

Table 3 Multivariate Regression Analysis of Factors for Persistent Epithelial Defect Healing,

Recurrence, and Development of Microbial Keratitis

Regression Model | Outcome Factor -2 Log Likelihood | P-value
Cox Heald PED Age 412.773 0.596
Gender 0.468
Prior keratoplasty 0.863
PED size 0.189
PED duration 0.873
Exposure Keratopathy 0.475
Keratitis 0.661
Procedure 0.194
Binary logistic Recurrent PED Age 0.053
Gender 0.202
Prior keratoplasty 0.301
PED size 0.296
PED duration 0.939
Exposure Keratopathy 0.532
Keratitis 0.341
Procedure 0.435
Binary logistic MK development | Age 24.500 0.763
Gender 0.202
Prior keratoplasty 0.093
PED size 0.679
PED duration 0.964
Exposure Keratopathy 0.385
Keratitis 0.341
Procedure 0.435

Abbreviations: PED, persistent epithelial defect; MK, microbial keratoplasty.
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Figure | Cumulative healing rates of persistent epithelial defect over time by surgical intervention.

the categorical outcomes of recurrent PED and MK development; all models were run with backward elimination. While
none of the factors reached statistical significance at the p < 0.05 level, several factors demonstrated clinically relevant
trends or borderline significance, suggesting potential associations with PED healing, recurrence, and MK development.
Regarding PED healing, both PED size (p = 0.189) and surgical procedure (p = 0.194) emerged as clinically relevant
factors. Healing occurred in 88.9% (32/36) of cases with a size <6.0mm compared to 67.7% (21/31) for those >6.0mm.
Similarly, healing rates were 86.5% (32/37) for the AMT group versus 70.0% (21/30) for the tarsorrhaphy group.
Kaplan—Meier analysis of the cumulative probability of PED healing is illustrated in Figure 1. The median time to
healing was 1 month for AMT group compared to 2 months for the tarsorrhaphy group. Although AMT showed a shorter
median recovery time, the difference in healing rates between the two procedures did not reach statistical significance
over the follow-up period (log-rank p = 0.083). For PED recurrence, age approached statistical significance (p = 0.053),
with recurrence noted in 6.1% (2/33) of patients >68.0 years compared to 2.9% (1/34) in those <67.0 years. Finally, prior
keratoplasty showed a trend toward an association with MK development (p = 0.093), occurring in 11.8% (2/17) of
patients with a history of keratoplasty versus 2.0% (1/50) in those without.

Discussion
Under normal circumstances, the cornea resurfaces epithelial defects within approximately seven days. However, factors
such as limbal stem cell deficiency, exposure keratopathy, and neurotrophic keratopathy can impede this process,
resulting in persistent epithelial defects (PEDs) that fail to heal within two weeks despite conventional therapy.'®'!
This study evaluates and compares the efficacy of two surgical interventions—amniotic membrane transplantation
(AMT) and tarsorrhaphy—in managing PEDs, focusing on healing rates and associated outcomes.

Tarsorrhaphy, whether temporary or permanent, is a well-established intervention that minimizes corneal exposure, facilitat-

ing repair even in challenging conditions.'" Conversely, AMT is recognized for its role in ocular surface reconstruction,
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particularly in corneal pathologies like PED."'""'* This study aimed to compare the outcomes of these two approaches, with
a sub-analysis of combined cases, to determine their relative effectiveness in promoting PED healing.

In our study, the median duration of PED was 23 days in the AMT group and 16 days in the tarsorrhaphy group. This
aligns closely with findings by Dhillon HK et al, who reported a mean PED duration of 20.1 days.” In contrast,
Prabhasawat et al documented a longer duration of approximately 5.45 weeks, while Saleem T et al reported an even
more extended mean of 7.67 weeks for AMT-treated patients.'>'? These variations may reflect differences in patient
demographics, PED severity, or treatment protocols across studies.

The median PED size in our study was 6 mm for both groups, which is smaller than the 26 mm reported by Dhillon
HK et al but larger than the 3 mm noted by Prabhasawat et al.”"'? This discrepancy suggests variability in the baseline
characteristics of PEDs across cohorts, potentially influencing healing outcomes. Etiologically, our study identified
exposure keratopathy (13 eyes), microbial keratitis (27 eyes), and neurotrophic ulcers (14 eyes) as predominant causes.
Comparatively, Dhillon HK et al reported exposure keratopathy in 15 eyes, post-keratoplasty defects in 32, trauma in 5,
and idiopathic cases in 5, while Saleem T et al found bacterial keratitis (17.2%) and vegetative trauma (13.8%) as leading
causes. These differences highlight the multifactorial nature of PED and its context-specific etiologies.

At the six-month follow-up, healing rates were 86% (32/37) in the AMT group and 70% (21/30) in the tarsorrhaphy
group. Although this difference appears clinically meaningful, it did not reach statistical significance, likely due to
inadequate statistical power given the study’s sample size. Dhillon HK et al reported higher healing rates at one month—
76.7% for AMT and 90% for tarsorrhaphy—whereas Saleem T et al observed a 91.4% success rate with AMT.”"?
Mimouni M et al, in a smaller cohort of nine eyes treated with dehydrated AMT, achieved an 89% resolution rate'*
Additionally, Ozcan AA et al reported complete healing in all cases using tarsorrhaphy combined with sutureless AMT,
and Shuja D et al noted an 85% resolution rate with tarsorrhaphy alone by the fourth week.'>'® Notably, our study’s
extended follow-up period (six months) contrasts with the one-month endpoint in these prior studies, potentially
accounting for differences in reported outcomes.

Multivariate analysis provided further insight into factors influencing these outcomes. Notably, larger PED size
(>6 mm) showed a trend toward reduced healing rates, consistent with the biological understanding that extensive defects
require longer migration times for epithelial coverage.'”'® Additionally, our analysis indicated that AMT may offer
a faster recovery trajectory, with a median healing time of one month compared to two months for tarsorrhaphy. Although
the overall healing difference did not reach statistical significance (log-rank p = 0.083), this acceleration in epithelial
closure is clinically relevant for reducing patient morbidity. We also observed a trend associating older age with PED
recurrence and prior keratoplasty with microbial keratitis; these findings align with the age-related decline in corneal
regenerative capacity and the chronically compromised ocular surface in transplant recipients.'®'%-?

Complication rates in our study showed no significant difference between groups, with microbial keratitis occurring
in 2.2% of patients in both the AMT and tarsorrhaphy cohorts. This contrasts with Mimouni M et al, who reported no
recurrences or complications with dehydrated AMT.'* Shuja D et al noted that three of 21 tarsorrhaphy-treated patients
failed to heal, requiring subsequent AMT.'® Regarding long-term sequelae, a higher rate of corneal scarring was observed
in the tarsorrhaphy group; however, this finding must be interpreted with caution. Tarsorrhaphy is frequently the primary
intervention for exposure keratopathy, a condition inherently prone to stromal damage and scarring due to chronic
desiccation.!”?* Therefore, the increased scarring likely reflects the severity of the underlying etiology rather than
a direct consequence of the surgical technique.

Limitation

The retrospective design limits causal inference, though it enabled a larger sample size. Variability in PED etiology,
patient demographics, and medication compliance may have influenced outcomes, suggesting a need for prospective,
controlled studies. Furthermore, patient selection based on individual clinician judgment may have introduced selection
bias, potentially influencing the study results.
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Conclusion

Both AMT and tarsorrhaphy are effective for PED, with AMT showing a clinically meaningful, though not statistically
significant, trend toward higher healing rates (86% vs. 70%). Multivariate analysis indicates that larger defect size
hinders healing, while AMT may provide faster recovery. The higher scarring rate in the tarsorrhaphy group likely
reflects the underlying severity of exposure keratopathy rather than the procedure itself. Given the variability in PED
characteristics across studies, future research requires standardized protocols. Ultimately, treatment selection should be
tailored to the specific etiology and patient needs. Our findings highlight the value of long-term follow-up, but larger
prospective studies are needed to confirm the optimal approach.
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