Amniotic membrane
transplantation in
surgical management
of ocular surface
squamous neoplasias:
long-term results

Abstract

Objective To evaluate the long-term efficacy
of amniotic membrane transplantation for
ocular surface reconstruction in the surgical
management of ocular surface squamous
neoplasia (OSSN).

Methods OSSN in 21 patients (7 female,
14 male patients) was managed with
excisional biopsy, cryotherapy, corneal
epitheliectomy with absolute alcohol
application when the cornea is involved,
lamellar sclerectomy and adjunctional
absolute alcohol application to the base
when episclera is involved, and ocular
surface reconstruction with cryopreserved
amniotic membrane transplantation.
Tumor control and complications were
evaluated.

Results The mean age of the patients

was 62.42 +20.9 (range, 16-84). The

average diameter of the base of the tumors
was 13.1+4.8 (range, 9-21) mm and
complete removal was achieved in all cases
as revealed histopathologically. Ocular
surface healing was achieved in all cases.
At the postoperative period, limbal stem
cell deficiency in three eyes and mild
symblepharon in one eye were detected.
In a mean follow-up of 30.95+18.8 (range,
13-75) months, no recurrence was detected.
Conclusion For large or multifocal
conjunctival tumors, the reconstruction of
ocular surface and fornix is challenging.
The amniotic-membrane use to repair
conjunctival defects larger than 10 mm is a
safe and effective technique with minimal
complications allowing surgeons to make
large enough excisions.
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Introduction

Ocular surface squamous neoplasia (OSSN)
encompasses a broad spectrum of neoplastic
squamous epithelial abnormalities, including
squamous dysplasia, conjunctival intraepithelial
neoplasia (CIN), and invasive squamous cell
carcinoma (SCC).!? These neoplastic conditions
can affect the conjunctiva and the corneal surface,
and occasionally invade into the globe, orbit, and
the nasolacrimal system.! In a survey on 1643
conjunctival tumors by Shields et al,? 179 tumors
(11%) were classified under the category of
OSSN. The proposed etiologic risk factors for
OSSN include environmental exposure to UV-B
solar radiation, cigarette smoke, human
papilloma virus, human immunodeficiency
virus, petroleum products, medical immuno-
suppressive agents for organ transplant, and
corneal graft.*?

Complete tumor resection to avoid
destructive local invasion, recurrence, and
metastasis is an essential issue in the treatment
of OSSN. However, reconstruction of large
excised areas ensuring both good functional and
cosmetic results is as much important and can
be very challenging. When the wound cannot be
closed primarily, several surgical techniques
might be used for the management of these
tissue defects. All of these methods, including
amniotic membrane transplantation (AMT),
transpositional or free flap conjunctival
autografting, limbal transplantation, and oral
mucosa transplantation have their advantages
as well as limitations.®

The use of fetal membrane allografts for
ophthalmic purposes was first reported by
de Rotth in 1940.7 AMT was introduced by
Tseng and colleagues®® for the management
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of patients with corneal defects, pterygia, neoplasia,
and symblepharon. The amniotic membrane (AM)
promotes epithelization by functioning as a substrate
for growth of epithelial cells. It also serves as an
antiangiogenic, anti-inflammatory, and antifibrotic
agent with the help of its structural and biochemical
composition.!? The techniques to harvest and preserve
human AM have been well established.®-'" The use of
this graft is safe, as long as the preparation is carried
out according to a standard protocol.510

A number of studies have been conducted
regarding AMT for ocular surface reconstruction in
ocular surface neoplasias.>?~12 However, long-term
results of the technique is still not published. Herein,
we present our long-term experience (over 13 months
up to 75 months) and results of OSSN treatment
using cryopreserved human AM for ocular surface
reconstruction. The results of 21 cases of OSSN excision
followed by AMT to reconstruct the ocular surface are
reported.

Materials and methods

From February 2006 to September 2012, 21 patients (21
eyes) who underwent excision of OSSN followed by
AMT were enroled in the study. Surgeries were
performed in the same clinic by the same surgeons.
During each follow-up visit, slit-lamp biomicroscopy and
fluorescein staining were performed, noting the integrity,
smoothness, and wetness of the ocular surface, any signs
of any complications (inflammation, scarring,
vascularization, and corneal opacities), and recurrences.
The records, photographs of the ocular surface, and
histopathologic slides were retrospectively analyzed.
Treatment results were defined as successful if complete
epithelization of the surgical wound was achieved and if
there were no clinically significant complications or
recurrences of the tumor.

All operations were performed under local anesthesia.
All tumors were resected intact, using the ‘no touch’
technique with at least 2-mm normal-looking conjunctiva
(safe margins).!314 All excised tissues were sent for
histopathologic evaluation to the pathology department.
Double freeze-thaw cryotherapy was applied to the
remaining conjunctival margins. For tumors invading the
cornea before tumor excision corneal epitheliectomy with
absolute alcohol application was performed. For tumors
invading the sclera lamellar, sclerectomy with adjunctive
absolute alcohol application to the base of the excised
tumor was performed. The conjunctival defects were
reconstructed up to the limbus with one sheet of
cryopreserved single layer AM allograft—the stromal
side facing down—secured side to side with 8/0 vicryl
sutures. The largest diameter of the AM was ranging
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from 13 to 24 mm according to the defect size.

While suturing, attention was paid to avoid tension on
the AM graft. A pressure patch was applied for 3 days.
Topical corticosteroid and antibiotic eye drops were
used four times daily for a month. No adjunctional
treatment, such as mitomycin C or interferon alfa-2b,
were applied.

Results

The mean age of the 21 patients (7 female, 14 male
patients) was 62.42+20.9 (range, 16-84). The right eye
was effected in 11, and the left eye was effected in 10
patients. The effected quadrants were nasal (nine eyes),
temporal (nine eyes), superior (one eye), inferior

(one eye), and temporal-superior-inferior (one eye).

All tumors were primary and did not receive any prior
treatment. None of the patients had any local invasions
to the orbit or any local lymph node metastasis at the
time of surgery.

Complete tumor removal confirmed using
histopatology was achieved in all cases (100%). The
average diameter of the base of the tumors was 13.1 +4.8
(range, 9-21) mm. Bulbar conjunctiva was involved in all
cases. The tumors invaded the limbal area in 18 cases
(85.7%). The mean extent of the limbal involvement was
4+2.5 (range, 2-8) clock hours. In 14 cases (66.6%) the
tumor infiltrated the cornea and corneal epitheliectomy
was also needed. In four cases (19.0%) the sclera was
found to be involved and lamellar sclerectomy was also
performed. Pathologic diagnosis of the tumors were
squamous dysplasia (two eyes), CIN (nine eyes), and
SCC (ten eyes).

No surgical complications were observed. Postoperatively,
the AM completely covered the surgical defect of the
ocular surface in all cases. Transient signs of irritation in
the AM graft area and mild discomfort lasted for 2-3
weeks. The mean follow-up time was 30.9 +18.8 (range,
13-75) months. At the last follow-up visit, the patients
did not report any symptoms associated with the surgery
and were satisfied with the cosmetic appearance of their
eyes. In all cases, a final slit-lamp examination with
fluorescein staining showed complete epithelization of
the tissue defect; a noninflamed and wet surface of
conjunctiva and cornea was observed (Figures 1a—f).
Partial limbal stem cell deficiency that did not interfere
the visual acuity was found in three eyes (14.3%;
Figures 2a—c). A superomedial symblepharon was
diagnosed in one eye (4.7%) after the excision of the
tumor; however, it was not clinically significant
(Figures 2d-f). All eyes except the one with symblepharon
showed a smooth ocular surface. No recurrence was
observed in a follow-up time of 30.95 +18.8 (range,
13-75) months.
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Figure 1 (a) Preoperative picture of a 70-year-old female patient with squamous neoplasia involving two-thirds of the cornea.
(b) Early postoperative picture showing the amniotic membrane. (c) Late postoperative (30 months) appearance of the eye.
(d) Preoperative picture of an 84-year-old female with conjunctival intraepithelial neoplasia involving the cornea. (e) Early
postoperative picture showing the ocular surface and amniotic membrane. (f) Late postoperative (24 months) appearance of the eye.

Figure 2 (a) Preoperative picture of a 55-year-old male patient with squamous neoplasia. (b) Early postoperative picture showing the
ocular surface. (c) Late postoperative (25 months) appearance of the eye to demonstrate the inferotemporal limbal stem cell deficiency.
(d) Preoperative picture of a 60-year-old male with squamous neoplasia. (e) Early postoperative picture showing the amniotic
membrane. (f) Late postoperative (18 months) appearance of the eye demonstrating mild superonasal symblepharon.
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Discussion

Surgical excision of OSSN larger than 10-mm base
diameter might result in wide tissue defects that cannot
be closed primarily. These defects require reconstruction
with adjunctive methods, such as transpositional
conjunctival flap, free conjunctival graft from the
opposite eye, and/or oral mucosal grafts. The main
handicap of autologous grafts and flaps is the shortage of
the utilizable tissue. Moreover, in case of conjunctival
grafts, harvest of adequately sized conjunctival
autografts may result in donor-site morbidity, including
scarring, secondary granulation tissue, symblepharon,
restricted ocular/eyelid motility, and partial or total
limbal stem cell cleﬁciency.12 For these reasons, we did
not consider to disturb the remaining healthy conjunctiva
to reduce the defect size with additional manipulations,
such as conjunctival flap or partial primary closure.
Moreover, the patients may refuse to have their healthy
eye operated on for donor purposes. On the other hand,
thick mucosal grafts, such as buccal or labial tissue, are
associated with an unsatisfactory cosmetic results, as
they occupy large spaces in the fornix, may shrink with
time, may mask regrowth of the underlying tumor, and
lead to a nonconjunctival epithelial morphology.!?

The high success rates of AM in ocular surface
reconstruction are because of promoted epithelization,
anti-inflammatory, antifibrotic, and antiangiogenic
effects, and low immunogenecity.'> The promotion of
epithelization is implemented by the basement
membrane of AM that serves as a substrate for normal
migration, differentiation, and adhesion of epithelial
cells, and prevents epithelial apoptosis.'® Moreover, the
epithelium of AM stimulates healing of the ocular
surface by producing several growth factors, such as
epidermal growth factor, keratinocyte growth factor,
hepatocyte growth factor, and basic fibroblast growth
factor.'” The anti-inflammatory activity of AM might be
explained by the presence of receptor antagonist of
inflammation mediators including interleukin-1 and
regulation of the production of activin.!® The suppression
of the transforming growth factor f signaling and the
inhibition of myofibroblastic differentiation of normal
fibroblasts are responsible for the antiscarring effect.!’

Antiangiogenic properties of AM are thought to be
determined by the expression of tissue inhibitors of
metalloproteinases and endostatin, as well as by proteins
that stimulate corneal epithelial growth and in this way
suppress vascular endothelial cell proliferation.?’
Moreover, AM has been demonstrated to elicit both
goblet and non-goblet cell repopulation besides reducing
inflammation.?!/?2

Results of AMT following excision of various
conjunctival tumors, such as CIN, SCC, malignant
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melanoma, primary acquired melanosis, nevus, and
papilloma, have been published.>*-12 Most of the authors
have reported high rates of success with few
complications. However, to our knowledge, the current
study presents the largest series of patients with OSSN
who had cryopreserved AMT for ocular surface
reconstruction with the longest-term results. Our
findings are consistent with earlier reported results of
several case series of AMT after conjunctival tumor
excision.®?12 In our study, no surgical complications
were observed. The postoperative period of mild
discomfort and inflammation was short and effectively
managed with topical steroids. Successful ocular surface
reconstruction and complete epithelization of the AM
were achieved in all eyes. No surface or intraocular
inflammation nor persistent epithelial defect or
fluorescein staining were recorded in any eyes during the
follow-up period. No recurrence was observed in any
eyes.

Partial limbal stem cell deficiency was found in only
three eyes, despite the fact that limbal involvement was
present in 18 eyes and corneal involvement was present
in 14 eyes. Previous studies showed that AMT yields
successful results in restoring corneal surface in patients
with partial limbal stem cell deficiency.'"'> The AM
probably increases expansion of stem cells by creating a
noninflamed perilimbal stromal environment because of
its various effects.?

As a conclusion, AMT permits more generous
margins with a healthy ocular surface in extensive
conjunctival OSSN. It is an effective method of
reconstruction following OSSN excision, cryotherapy
of surgical wound margins, corneal epitheliectomy
with absolute alcohol application, and lamellar
sclerectomy. In most cases, complete healing of the
ocular surface can be achieved without any clinically
significant complications and with good cosmetic and
functional results.

Summary

What was known before
® Ocular surface reconstruction with amniotic membrane in
ocular surface neoplasias is a choice of treatment.

What this study adds
® Ocular surface reconstruction with amniotic membrane in
ocular surface neoplasias is a very effective choice of
treatment with minor complications. Moreover, this
technique allows excision with more generous margins to
decrease recurrence rate.
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