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Purpose: To assess the effectiveness of cryopreserved amniotic membrane (CAM) after debridement in treating epithelial basement
membrane dystrophy (EBMD) prior to cataract surgery.
Methods: This pilot study included 2 treatment groups: a prospective study group of 9 subjects with significant EBMD who received
debridement followed by self-retained CAM, and a retrospective, control group of 10 consecutive subjects who received debridement
followed by a bandage contact lens (BCL). Slit-lamp photography after fluorescein staining were used to monitor healing. Corneal
topography and IOL calculation were compared at baseline and 1 month after the procedure. Refraction and ocular surface stability
were also compared after cataract surgery.
Results: Corneal reepithelialization after debridement occurred in 4.6 ± 0.8 days in the study group and 6.8 ± 0.6 days in the control
(p < 0.05). Corneal topography showed changes in curvature from 43.5 ± 1.2D at baseline to 44.6 ± 1.2D at 1 month in the study group
and from 45.0 ± 0.6D to 45.7 ± 0.8D in the control (p = 0.38). Average change in IOL calculation was 1.56 D in the study group,
compared to 0.95 D in control (p = 0.29). Post-cataract refraction in both groups was within ±0.5 Diopter of the anticipated, and
corneal surface remained stable without EBMD recurrence.
Conclusion: Management of ocular surface disorders prior to cataract surgery stabilizes IOL calculation and reduces postoperative
refractive surprises. CAM relatively accelerated healing after debridement; however, it was not better than BCL in stabilizing the
ocular surface and improving visual outcome. The use of CAM in cases of EBMD remains speculative.
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Introduction
The ocular surface is the first refractive interface of the eye that plays a major role in refractive cataract surgery planning
and outcome. Despite the advances in technology and techniques, overlooked ocular surface disorders are common and
usually induce postoperative surprises. In this sense, epithelial basement membrane dystrophy (EBMD) may represent
a challenge, as up to 75% of subjects over the age of 50 may be affected.1–4 Consequently, overlooked EBMD may lead
to improper intraocular lens calculation and postoperative corneal healing problems. Proper diagnosis and management
before and after surgery is critical to provide the best care and to meet patient’s expectations.

EBMD is characterized by an abnormal basement membrane (BM) which may result in defective adhesions and
recurrent breakdowns of the epithelium (Figure 1).5–15 EBMD is also associated with increased levels of matrix
metalloproteinase (MMP) enzymes, which further dissolve the BM and its anchoring components.16,17 The goal of
treating EBMD is to remove the poorly adherent irregular epithelium and restore a healthy and smooth ocular surface. In
order to achieve this goal, common practice is to perform mechanical debridement or superficial keratectomy to allow
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a new, healthy epithelium to grow.18–24 However, these procedures can often be accompanied with postoperative pain,
delayed epithelial healing, haze and recurrent epithelial erosion.25,26

Cryopreserved amniotic membrane (CAM) is known to have potent anti-inflammatory, anti-scarring and pro-
epithelial adhesion actions that promote faster healing.27 In addition, CAM is rich in BM anchoring components such
as integrins, laminins, and collagens and other growth factors essential for regenerative healing.28 It is also rich in MMPs
inhibitors which can prevent the dissolution of the BM.29 Therefore, we anticipated that using CAM after debridement of
EBMD may accelerate healing,30 and stabilize the ocular surface prior to cataract surgery.

Methods
This pilot study evaluated the use of self-retained CAM (PROKERA® Slim, Biotissue, Miami, FL) after debridement in
treating EBMD in an attempt to restore ocular surface regularity and stabilizing IOL calculation before cataract surgery.
There were 2 treatment groups: a prospective study group that received debridement followed by self-retained CAM, and
a retrospective control group who received bandage contact lens (BCL) after debridement. The study was approved by
the Quorum Institutional Review Board (QIRB, Seattle, WA), and conducted at Virginia Eye Consultants, Norfolk, VA,
in accordance with the Health Insurance Portability and Accountability Act (HIPAA) and Declaration of Helsinki. The
study is registered at clinicaltrials.gov with trial identifier: NCT02766907.

After obtaining a written informed consent, subjects in the study group underwent a detailed medical and ocular history
followed by complete ophthalmic examination to determine their eligibility. Inclusion criteria included subjects of both
genders, aged 50 yEars or older who had significant EBMD and were intending to undergo cataract surgery. Based on clinical
exam, EBMD was considered clinically significant if located within the central 6 mm of the cornea, as this would induce
greater inaccuracies in topography and keratometry measurements (Figure 2). Exclusion criteria included eyelid abnormality,
symblepharon, known intolerances to CAM, recent ocular infection within 14 days, recent ocular surgery or injury within 3
months, history of non-healing epithelial defect, or subjects unwilling to give consent or follow the investigational plan.

After meeting the eligibility criteria, subjects enrolled in the study group underwent baseline slit lamp examination/
photography without and with Fluorescein staining, corneal topography using Atlas topographer (Carl Zeiss Meditec, Inc,
Dublin, CA), and IOL calculation using Holladay I formula were performed.

Figure 1 Anatomy, clinical picture, and histopathology of corneal epithelial basement membrane dystrophy (EBMD). EBMD occurs at the level of corneal epithelium and
basement membrane (A). Clinically, it manifests as map-dot fingerprint opacities (B). Histology shows microcystic changes of the epithelial basement membrane (C).
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Under topical anesthesia of proparacaine 0.5%, a lid speculum was applied, and corneal epithelium debridement was
performed using a spatula to remove the central epithelium, leaving a peripheral rim of 1–1.5 mm of peripheral corneal
epithelium intact. Topical antibiotic, moxifloxacin ophthalmic solution 0.5% (Vigamox; Alcon Laboratories, Inc., Fort
Worth, TX), was instilled to the eye at the end of the procedure. Self-retained CAM was thawed at room temperature,
retrieved aseptically, rinsed with sterile saline, then placed on the ocular surface behind the upper and lower lids under
the speculum. The speculum was then carefully removed to avoid dislodging the device, followed by the topical
antibiotic and a steroidal difluprednate ophthalmic emulsion 0.05% (Durezol; Alcon Laboratories, Fort Worth, TX).
The upper eyelid was partially closed using Steri-strips to allow for the use of postoperative topical antibiotic and
steroids three times daily. For postoperative pain control, each subject was prescribed Ketorolac Tromethamine (Toradol,
Roche Laboratories Inc. New Jersey, NJ) 10 mg tablet daily for 3 days only, and Tramadol hydrochloride (Tramadol,
Janssen Pharmaceuticals, Inc., Titusville, NJ) 50 mg tablets to be used every six to 8 hours as needed.

The primary outcome measure was corneal reepithelialization. Subjects were examined daily for the first post-
operative week and slit lamp photography with fluorescein staining was used to evaluate closure of the epithelial defect
while the self-retaining CAM was in place. After complete epithelialization, the self-retaining CAM was removed and
a therapeutic BCL was placed for one week to mechanically protect the newly healed corneal surface. Then, subjects
discontinued antibiotics eye drops and tapered topical steroids over 3 weeks. Secondary outcome measures included

Figure 2 Images demonstrating clinically significant epithelial basement membrane dystrophy (EBMD). Slit lamp photography showing central focal anterior corneal opacities
(A) Negative fluorescein staining can identify subtle EBMD and may extend beyond the visually involved area (B). Diagnosis can be confirmed with distorted Placido rings (C)
and irregular mires on corneal topography (D).
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changes in corneal topography and IOL calculation which were evaluated at 1 month, and again two weeks afterwards for
interval comparison. Tertiary outcome measures included ocular pain and discomfort using the Visual Analog Scale
(VAS), corneal clarity, and post-debridement complications. In addition, refraction and ocular surface stability were
evaluated after cataract surgery.

For the retrospective control group, the medical records of similar number of consecutive subjects with significant
EBMD who received debridement followed by BCL (without self-retaining CAM) were reviewed. Postoperative pain,
concomitant medications and corneal epithelialization time were assessed and compared to the study group. Corneal
topography and IOL calculation were also compared before and 1 month after treatment. Refraction and ocular surface
stability were also evaluated after cataract surgery and compared to the study group.

Descriptive statistics for continuous variables were reported as mean ± SD and were analyzed using SPSS software,
version 24.0 (SPSS Inc., Chicago, Illinois, USA). Differences between parameters before and after treatment were
analyzed by Student’s t-test and ANOVA test. A p value less than 0.05 was considered statistically significant.

Results
The study was approved to include 20 subjects in each of the study and control groups but was terminated after the
interim analysis that showed no statistical difference between groups. Therefore, a total of 9 subjects (5 females, 4 males)
with an average age of 74.0 ± 7.5 years completed the required follow-up visits in the study group. All subjects had
bilateral significant EBMD (Figures 2, 3A and B) and were treated with epithelial debridement in one eye followed by
a self-retained CAM (Figure 3C). The control group included 10 consecutive EBMD subjects (7 females, 3 males) with
an average age of 66.5 ± 5.9 years, and comparable baseline measurements. All subjects in both groups reported similar
post-debridement ocular pain and discomfort which were relieved by Tramadol 50mg as needed.

Relatively faster corneal epithelialization was observed in the study group (4.6 ± 0.8 days- range 2–5 days) compared
to the control group (6.8 ± 0.6 days- range 4–10 days) and the difference was statistically significant (p<0.05). Self-
retained CAM was removed after 5.4 ± 1.3 days (range 4 to 8 days) and the AM was still intact within the holding ring
(eg not ruptured or dissolved). Upon self-retained CAM removal, the cornea was clear with no fluorescein staining in 6
subjects (67%) (Figure 3D). The remaining 3 corneas (33%) showed residual superficial punctate staining that vanished
within one week of using BCL. In the control group, BCL was kept in place for an average of 2 weeks. All subjects
discontinued antibiotics eye drops and tapered topical steroids over 3 weeks.

One month after debridement, corneas remained clear with no residual EBMD in both groups. The stability of
refractive change was reaffirmed 2 weeks thereafter in both groups to confirm biometry and topographic readings before
cataract surgery. Corneal topography showed changes in corneal curvature (Mean K) from 43.5 ± 1.2D at baseline to 44.6
± 1.2D at 1 month in the study group (Figure 4), and from 45.0 ± 0.6D to 45.7 ± 0.8D in the control group (Figure 5),
however, the difference between groups was not statistically significant (p=0.38) (Table 1). Corneal topography also
showed decreased irrigular astigmatism with concurrent axis deviation in both groups from baseline to one month
(p<0.05). The average change in axis was 114° to 81° in the study group (Figure 4) compared to 106° to 118° in the
control group (Figure 5), but there was no statistically significant difference between groups (p=0.91). Biometry also
showed a similar absolute average change of 1.56 D in IOL calculation in the study group, compared to 0.95 D in the
control group, with no statistically significant difference (p= 0.29). There were no adverse events, recurrence or haze
reported in the early post-debridement period in either group.

The patients in both groups were followed up one month after cataract surgery, and the refractive error was within
±0.5 Diopter of the anticipated measurement. In addition, the corneal surface remained stable without EBMD recurrence
for at least 1 year in both groups (Figure 3E and F).

Discussion
With more than 24 million Americans affected by cataracts, there is an increased need to ensure preoperative evaluations
encompass all aspects that may have a deleterious effect on postoperative outcomes. As suggested by the American Academy
of Ophthalmology, current strategies for achieving best outcome include the early diagnosis and management of ocular
surface disorders before surgery.31,32 Although EBMD is often asymptomatic and underdiagnosed, the severity of symptoms
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usually increases after ocular surgeries and may lead to postoperative wound healing problems.33 This may be due to
transection of corneal nerves, elevation of pro-inflammatory factors, intense irrigation of the tear film during operation, and/
or damage to the corneal epithelium from use of topical anesthesia and preservative-containing eye drops.34

It is then of vital importance to effectively diagnose and treat patients with significant EBMD prior to cataract surgery
to ensure a satisfactory surgical outcome. This is becoming ever more important as we implant more advanced
technologies, such as premium IOLs. Detection of EBMD is often challenging being extremely variable from patient
to patient and diagnostic tests are feebly associated with patient symptoms.31,35 Based on our experience, EBMD can be
suspected when keratometry measurements are inconsistent amongst diagnostic devices. While corneal topography is
a widely used diagnostic tool to highlight the irregularities of the mires, EBMD can be detected clinically by sways in the
Placido disc images within the central 6 mm of the cornea. Negative fluorescein staining is also a simple test that can
delineate EBMD either central or peripheral (Figure 1).

To our knowledge, this is the first study to evaluate the use of self-retaining CAM after debridement in EBMD. The
goal was to remove all the irregular epithelium and to promote regeneration of a new, smooth epithelium with strong
adherence to the basement membrane. Hence, we debrided most of the epithelium as opposed to just the “visually-

Figure 3 Slit lamp photograph at baseline, post-debridement, and post-cataract. Representative case in the study group showing clinically significant EBMD (A and B). One
week after debridement and CAM placement, the ocular surface healed completely without positive or negative fluorescein staining (C and D), and remained stable after
cataract surgery (E and F).
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involved area” as the diseased epithelium tends to extend further. Then, we placed self-retaining CAM after debridement
to accelerate corneal epithelialization, stabilize the corneal surface and reduce complications such as corneal haze and
recurrence. We compared the results with subjects who received debridement followed by BCL.

Early post-debridement all subjects experienced moderate to severe ocular pain that was controlled with Tramadol in
both groups. Painkillers also assisted in reducing discomfort induced by CAM holding rings in the study group. This
ring-induced discomfort was much less in our study than the previously reported in the literature. Suri et al36 reported
17% ring induced pain and discomfort in a series of 35 patients and 6% required removal of the device as patients could
not tolerate the associated pain. Pachigolla et al37 also reported 30% discomfort in a series of 20 patients, and the device
was removed in 5% of cases. Vlasov et al38 reported greater discomfort from day 1 post debridement for PRK in a series
of 40 patients of younger age (<40 years). In addition to painkillers, the reduced discomfort in our study can be explained
by the reported decreased corneal sensitivity due to decreased corneal nerve density in EBMD,39 or the associated
neurotrophic keratopathy in the relatively older patient population (>60 years) in our study. The latter adds another risk
for poor epithelialization, and therefore emphasizes the concept of using CAM not only due to its known wound healing
properties but also due to the abundant neurotrophic factors inherently present in CAM including brain-derived

Figure 4 Representative topographical changes in the study group. At baseline (A and B) corneal topography showed marked irregular astigmatism and irregular Placido
rings. One month after treatment (C and D), the astigmatism markedly reduced from 6D to 1D and the corneal curvature dramatically improved, while the Mean K changed
from 43.3 D to 46.6 D along with concurrent ~ 30° axis deviation.
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neurotrophic factor (BDNF), neurotrophin-3 (NT-3), nerve growth factor (NGF), fibroblast growth factor-2 (FGF-2), and
epidermal growth factor (EGF).40–43

Relatively faster corneal epithelialization occurred in the study group compared to the control group. However, this
was not clinically significant and complete healing occurred within 2 weeks in both groups and required additional BCL
in the study group. One month after treatment, corneal topography and biometry showed significant changes in both
groups compared to baseline. However, these changes were similar in both groups which may be explained by the direct
effect of debridement. The healed corneal surface was clear and stable with no morphological recurrence of EBMD for at
least 1 year in both groups.

While CAM relatively accelerated healing of the ocular surface after debridement in the study group, it was not better
than BCL in stabilizing the ocular surface and improving structural and visual outcome after complete healing. Hence,
these results do not justify the additional cost of the self-retaining CAM.

There were no adverse events, recurrence or haze reported in the early post-debridement period in either group. Our
results were better than the previously reported in the literature, for example, debridement with or without diamond-
dusted burr polishing has shown a recurrence rate of 20–24% in some studies along with corneal haze evident in 25.5%
of cases within 3 months.23,44 Other procedures such as PTK have shown a higher incidence of corneal haze and

Figure 5 Representative topographical changes in the control group. similar changes were also observed in corneal topography and axis deviation at baseline (A and B) and
1 month after debridement (C and D).
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Table 1 Corneal Topograpy and Biometry Readings Before and 1 Month After Debridement in the Study and Control Groups

Patient# Study Group Control Group P-value

Baseline 1 Month |Δ| Baseline 1 Month |Δ|

Mean K (D) 1 43.26 46.59 3.33 45.71 46.18 0.47

2 41.56 44.51 2.95 45.58 46.31 0.73

3 44.27 45.52 1.25 45.44 46.02 0.58

4 42.57 43.75 1.18 45.27 45.83 0.56

5 43.33 44.35 1.02 45.23 45.69 0.46

6 45.74 46.09 0.35 45.21 46.35 1.14

7 43.11 43.44 0.33 44.48 46.07 1.59

8 44.43 44.49 0.06 44.10 43.83 0.27

9 42.97 42.84 0.13 44.06 45.41 1.35

10 45.55 46.30 0.75

Mean ± SD 43.5 ± 1.2 44.6 ± 1.2 1.18 ± 1.2 45.0 ± 0.6 45.7 ± 0.8 0.79 ± 0.4 0.38

IOL Calculation (D) 1 23.00 17.50 5.50 21.5 21 0.5

2 13.00 10.50 2.50 21 19.5 1.5

3 22.50 21.50 1.00 21 20.5 0.5

4 19.00 17.50 1.50 21 20.5 0.5

5 23.50 24.00 0.50 19.5 17.5 2.0

6 19.50 18.50 1.00 17 16.5 0.5

7 15.50 14.50 1.00 17 15 2.0

8 23.50 23.00 0.50 16 16.5 0.5

9 19.00 19.50 0.50 15.5 15 0.5

10 20 19 1.0

Mean ± SD 19.8 ± 3.7 18.5 ± 4.2 1.56 ± 1.6 18.9 ± 2.3 18.1 ± 2.3 0.9 ± 0.6 0.29

Axis Deviation (◦) 1 88 53 35 174 170 4

2 74 42 32 161 166 5

3 176 91 85 147 84 63

4 153 165 12 115 101 14

5 22 17 5 109 105 4

6 128 102 26 101 117 16

7 180 68 112 100 73 27

8 177 174 3 35 107 72

9 29 14 15 15 119 104

10 103 137 34

Mean ± SD 114 ± 63 80 ± 58 33 ± 37 106 ± 50 117 ± 31 34 ± 34 0.91
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recurrence within 9 months.45 Apparently our assertive debridement technique was the most important factor in reducing
the recurrence in our study.

In addition to the small sample size, the inclusion of a historic control arm is another limitation of this study.
Although prospective control would have been beneficial, there was an ethical concern of the anticipated delayed healing
in the control group. Although CAM is prepared under complete aseptic conditions and passed all the required screening
and microbial testing, it is non-sterile and carries the potential risk of transmitting unrecognized infectious diseases
including COVID-19. Currently, there is no data on the survival of SARS-CoV-2 on CAM.46 However, the Global
Alliance of Eye Bank Association recommends ocular tissue donors with confirmed or suspected COVID-19 to be
excluded for harvesting.47 Before more evidence is available, we suggest taking a more prudent approach in infectious
control when conducting similar studies.48

In conclusion, EBMD is a very common yet often overlooked condition that may lead to improper intraocular lens
calculation and postoperative wound healing problems. Proper diagnosis and management before ocular surgery is
critical to provide the best outcome and avoid postoperative refractive error. Although the concept of using self-retaining
CAM after debridement holds great promise to accelerate the healing and optimize the ocular surface prior to cataract
surgery, its use in cases of EBMD remains speculative. It offers an alternative to an existing less expensive management
options such as BCL without any distinct advantage over the others. Future research with strict infection control may
undoubtedly reveal alternative modalities of amniotic membrane derived therapies to ocular surface and other ocular
disorders to benefit from its true useful potential.

Data Sharing Statement
Study records are available at the following link “Optimizing the Ocular Surface Prior to Cataract Surgery - Full Text
View - ClinicalTrials.gov”. No further data will be shared.
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