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Aim: To evaluate the clinical outcome of patients in whom ocular surface reconstruction was performed
using amniotic membrane transplantation (AMT) after the excision of large (>20 mm square) ocular
surface neoplasias (OSN).
Methods: A non-comparative interventional case series. In 16 eyes of 16 patients, excision of large
OSN including conjunctival intraepithelial neoplasia (CIN), primary acquired melanosis, and
malignant melanoma was followed by adjunctive cryotherapy and suturing of a single layer of amni-
otic membrane (AM) with the basement membrane side facing up to the healthy bordering tissue. Epi-
thelial healing, complications, and tumour recurrences were analysed.
Results: During a mean follow up of 23.7 (SD 11, range 11–43) months, ocular surface healing was
rapid and complete in all cases. One complication of pyogenic granuloma was noted. Tumour recur-
rence occurred in one out of 10 CIN cases (10%), no recurrences were observed in the patients with
melanotic lesions.
Conclusions: AMT in lieu of conjunctival or mucosal autograft is an effective substrate for reconstruct-
ing the ocular surface following excision of large OSN. AMT is effective in managing large OSN by
avoiding the complications that may be associated with conventional removal, specifically in cases
where the limbal architecture is destroyed by surgical resection or adjuvant therapies.

The “gold standard” treatment in cases of ocular surface
neoplasia (OSN) rests mainly on the complete surgical
eradication in the form of excisional biopsy, accompanied

by resection of a wide tumour free margin of 3–4 mm.
Adjuvant therapeutic measures, including cryotherapy,1 alcohol
epitheliectomy,2 3 radiation,4 5 and/or other medical therapies
including mitomycin C and interferon are also used in the man-
agement of OSN, especially those with malignant potentials.
Regrettably, residual tumour cells left in the bordering tissues
carry the risk of frustrating recurrences. In cases with conjunc-
tival malignant melanoma, the pigmented margin is a common
guide for resection extent and non-pigmented infiltration can
be unfortunately missed increasing the chances of recurrences.
A successful treatment depends principally on the absolute
eradication of tumour cells from the ocular surface.6 7

A major concern for surgeons in these challenging
situations is to attain an optimal technique for reconstructing
the excised areas. In cases where extensive resections are per-
formed, reconstruction may not be viable with either conjunc-
tival and/or mucosal autograft8 9 or lamellar keratoplasty. To
avoid such extensive surface reconstruction, there may be a
tendency to create relatively smaller defects, which in some
instances may even contribute to the increase of recurrences.
Furthermore, large tissue removal and the accompanying
inflammation secondary to adjunctive cryotherapy and/or
other conventional therapies might result in a myriad of fear-
some collateral damages, among them partial limbal stem cell
deficiency,10 corneal pannus and scarring, symblepharon,
pseudopterygium,11–13 cataract, uveitis, and retinal breaks.2

The amniotic membrane (AM) is the innermost layer of the
placenta and consists of a thick basement membrane and
avascular stroma. Most notable for our purposes is the finding
that amniotic membrane transplantation (AMT) as a single
therapy may be enough to reconstruct the corneal surface in
eyes with partial limbal stem cell deficiency—that is, part of
the limbal circumference is involved.14 Previously, we pub-

lished the utility of AM to reconstruct surgical defects created

during removal of conjunctival lesions or symblepharolysis.15

The purpose of this clinical study is to report our experience

using AMT for ocular surface reconstruction after excision of

large OSN that may involve the limbus without invading

intraocular structures.

PATIENT AND METHODS
Patients
After obtaining the informed consent, 10 patients with a

clinical diagnosis of conjunctival intraepithelial neoplasia

(CIN), two eyes with conjunctival malignant melanoma

(CMM) and four patients with primary acquired melanosis

(PAM) underwent meticulous excision and adjuvant perile-

sional cryotherapy with a cryoprobe in contact with the tissue

for 10–20 seconds until an ice ball formed, followed by AMT.

Patients were enrolled in the study from January 1996 to

October 2000. Surgery was performed in two centres by SCGT

and PP, respectively, and approved by the medical science sub-

committee for the protection of human subjects in research of

the University of Miami School of Medicine and Mahidol Uni-

versity. Clinical data concerning age, sex, visual acuity (VA),

tumour size and location, epithelial healing, complications,

and recurrence rates were stored in a computer database for

further analysis. Patients younger than 50 years old were

tested for HIV. Preoperative and postoperative pictures were

taken of every eye. Dye staining with rose bengal and fluores-

cein was performed during the follow up.

Tumour removal and AMT
Under retrobulbar block and/or topical anaesthesia, lesions

were resected with a 3–4 mm lesion free margin at the

conjunctiva and the limbus. A superficial keratectomy was
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performed if there was corneal infiltration. Amniotic

membrane14 used in this study was obtained from Bio-Tissue

(Miami, FL, USA), and prepared and preserved as described

previously.15 16 After thawing, AM was removed from the filter

paper and placed over the surgical defect with the basement

membrane side facing up. The basement membrane side of the

membrane was distinguished from the stromal side by touch-

ing it with a dry sponge; the former being non-sticky, while

the latter being sticky. AM was secured to the adjacent

conjunctiva and episclera by interrupted or continuous 10-0

Vicryl sutures, making sure that its borders were placed under

the conjunctival margin. Postoperatively, all patients were

treated with topical 1% prednisolone acetate (Pred-Forte,

Allergan, Irvine, CA, USA) four times a day for a period of 4

weeks. Topical antibiotics were given for the first 2 weeks or

until complete epithelialisation. Sutures were removed after

2–3 weeks. No contact lenses were used.

Pathology
All surgically resected specimens were sent for pathology

diagnosis at the pathology department of Mahidol University

and eye pathology department of Bascom Palmer Eye

Institute. Ocular pathologists at their respective institutions

made the diagnosis of CIN, CMM, and PAM.

RESULTS
These 16 patients (10 men and six women) with a pathologi-

cal diagnosis of ocular surface neoplasia had a mean age of

58.6 (SD 20.2) years (range 20–95 years) (Table 1). The

following patient complaints’ were recorded: (1) foreign body

sensation in nine patients (56%), (2) cosmetic disturbance in

seven patients (43%), (3) decreased visual acuity in four

patients (25%), (4) pain in one patient (0.6%). Two patients

were asymptomatic. The mean duration of symptoms before

surgery was 17.7 (18.7) months. The mean area of tumour

involvement was 35 (15.3) mm2 (range 20–60 mm2). The mean

circumference involvement was 4.6 (2) hours (range 2–8

hours) (Table 1). The limbal area was not reached by tumour

only in two cases (12%), conjunctival location in two PAM is,

and a combination of limbal, corneal, and conjunctival

involvement was present in the remaining 14 patients (88%)

as determined clinically by detailed slit lamp examination.

During the follow up, complete conjunctival epithelial healing

assessed by fluorescein staining and corneal smoothness was

achieved in all cases. No persistent defect, ulcer, or signs of

partial or total limbal deficiency were noted. The healed

corneal surface did not have blood vessels, nor did it show any

late staining with fluorescein. Both superficial vascularisation

and late fluorescein staining are signs of limbal stem cell

deficiency.17 Visual improvement was evident in five patients

(31%) who had corneal involvement before the surgery.

Inflammatory signs characterised by conjunctival and/or

episcleral injection surrounding the lesion or the entire ocular

surface were a typical finding in many of these cases before sur-

gery (for example, see Fig 1). However, no sign of inflammation

was observed in early and late postoperative periods during the

entire length of follow up. The cosmetic appearance assessed by

clinical photography and patients’ satisfaction were good in

those cases without recurrence. Except for one case that devel-

oped pyogenic granuloma, there were no complications such as

infection, scarring, motility restriction, or symblepharon. All

specimens were sent to the pathology department for histologi-

cal evaluation. None of these cases was invasive to the

surrounding structures. The recurrence rate was 10% for CIN

cases. No CMM has recurred after a mean follow up of 23.7 (11)

months (range 11–43 months) (Table 1). The recurrent case was

treated with a second surgical resection. The site of recurrence

was located at the border of resection.

CASE REPORTS
Case 8
A 77 year old man had complained of redness in the left eye for

2 years. The visual acuity had deteriorated to 5/200 with a

dense cataract in the involved eye. Slit lamp biomicroscopy

showed an elevated lesion with corkscrewed vessels involving

the temporal conjunctiva (Fig 1A) and nearly 360 degrees of

the limbus except at the 6 o’clock region, and a contiguous flat

lesion involving three quarters of the cornea with superficial

neovascularisation (indicated by stars, Fig 1A) and positive

rose bengal staining (not shown). Under the clinical diagnosis

of CIN, the tumour involved conjunctival and corneal tissue

was removed (Fig 1B). AM was applied with the basement

membrane side facing up to cover the entire denuded

conjunctival and corneal surface (Fig 1C), and sutured to the

surrounding conjunctiva with a 10-0 Vicryl running suture,

and perilimbally with a 10-0 nylon running suture in a purse-

string fashion (Fig 1D, indicated by an arrow). Complete cor-

neal and conjunctival epithelialisation over the AM was noted

in 2 weeks (Fig 1E). The ocular surface was stable without any

inflammation or recurrence at 18 months after surgery (Fig

1F). Impression cytology showing normal epithelial and gob-

let cells in the reconstructed conjunctival surface (Fig 1G) and

in the limbal area (Fig 1H).

Case 11
A 60 year old woman with a history of conjunctival recurrent

melanoma returned for routine follow up. She complained of

decreased visual acuity, foreign body sensation, and the

Table 1 Demographic data, tumour size, and recurrences

Patient Area (hours) Area (mm2) Diagnosis Recurrence Follow up (months)

1 3 25 CIN No 12
2 3 25 CIN No 11
3 4 40 CIN No 14
4 2 25 CIN No 20
5 7 60 CIN No 43
6 3 20 CIN No 12
7 6 35 CIN No 14
8 8 60 CIN No 30
9 6 20 CIN No 36
10 3 20 CIN Yes 12
11 5 48 CMM No 30
12 8 60 CMM No 14
13 4 35 PAM No 36
14 7 45 PAM No 34
15 2 20 PAM No 32
16 4 25 PAM No 30
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presence of a yellowish mass with increasing size in her left

cornea for the past month. She was treated previously on three

occasions with surgical excision and cryotherapy of a

pathology proved conjunctival malignant melanoma. Her

visual acuity with the Snellen chart was 20/20 in the right eye

and 2/200 in the left eye. Slit lamp biomicroscopy showed an

elevated yellowish lesion with superior and inferior feeder

vessels in the inferior half of the cornea (indicated by arrows,

Fig 2A, and 2B under higher magnification) and contiguous

vascularisation of the cornea. A clinical diagnosis of recurrent

melanoma was made and the patient underwent excisional

biopsy, cryotherapy, and AMT. A crescent blade was used to

mark 3 mm from the tumour border, and a lamellar

keratoplasty involving the tumour was performed. AM was

applied with the basement membrane side facing up to cover

the corneal and conjunctival surface (Fig 2C), and sutured to

the surrounding conjunctiva and cornea with a 10-0 nylon

running suture. Pathology results confirmed the presence of

atypical hyperchromatic cells with pleomorphic nuclei in the

specimen with positive immunoperoxidase staining for S-100

and negative for keratins. Corneal and conjunctival epitheliali-

sation over AM was evident 3 weeks postoperatively. The

ocular surface was stable without any inflammation or recur-

rence for 30 months of follow up (Fig 2D).

Figure 1 (A) A 77 year old man presented with a large papillomatous lesion involving the superior temporal bulbar conjunctiva and an
elevated flat lesion involving the entire limbus except at the 6 o’clock position extending to the conjunctiva and cornea (indicated by stars) in
the left eye. (B) Intraoperative view of the defect created with limbal removal after resection of the lesion with a free border. (C) Placing the
amniotic membrane stromal side down. (D) First day after surgery with AMT (arrow indicates the suture). (E) A stable ocular surface without
inflammation noted at 18 months after AMT. (F) Negative fluorescein staining noted at 2 weeks after surgery. (G) Impression cytology
displaying epithelial conjunctival cells an goblet cell in the reconstructed conjunctival surface. (H) Impression cytology in the limbal area.
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DISCUSSION
Free or rotational conjunctival grafts or other mucosal grafts

are standard techniques to cover the resultant defects after

extensive resections involving the ocular surface are carried

out. All these surgical techniques carry risks of compromised

wound healing, scarring, granulation tissue formation, motil-

ity restriction, and partial or total limbal stem cell deficiency.

This study shows the benefits of AMT for reconstructing the

ocular surface of 16 patients in which the limbal zone was

compromised by large OSN or the surgical removal with a

clear margin and the use of adjuvant therapy would have

destroyed the limbus because of the close vicinity (see the two

cases with pure corneal involvement—for example, Fig 1).

Consistent with our previous reports,15 16 18 here we confirmed

that AMT facilitates epithelialisation and restores such

surfaces without inflammation or scarring, and showed the

value of AM in reconstructing the corneal surface in eyes with

partial limbal stem cell deficiency.14 19

AMT offers an advantage over buccal or nasal mucosal
autografts, which invariably result in a non-conjunctival

epithelial morphology. The AMT reconstructed conjunctival

surface retains a normal conjunctival epithelial phenotype as

shown by impression cytology,20 a finding also supported by in

vitro data.21 22 More importantly, as illustrated in Figures 1 and

2, AMT can restore the corneal surface without being compli-

cated with limbal stem cell deficiency.14 19 This result is in

agreement with the finding that AMT alone without

concomitant transplantation of autologous or allogeneic

limbal epithelial stem cells is amenable to treat pre-existing

partial limbal stem cell deficiency.14 22 Lately, in vitro23–25 and in

vivo26–29 (Koizumi et al, Grueterich et al, submitted) studies have

shown that AM serves as a suitable substrate for expanding

ocular surface epithelia and subsequent transplantation.

Many clinical reports26 27 29(Koizumi et al, Grueterich et al, sub-

mitted) strongly support the fact that AM is a suitable tissue

for the expansion and survival of epithelial cells.30

Figure 2 (A) A 60 year old woman with a three times recurrent melanoma presented with a large yellowish lesion with superior and inferior
feeder vessels (mass indicated by arrows). (B) Tumour under higher magnification. (C) Postoperative view after AMT covering the corneal and
conjunctival surface. (D) 30 month follow up appearance. (E) A conjunctival intraepithelial neoplasia covering 300 degrees of the limbus,
indicated by stars. (F) Rose bengal staining of the lesion. (G) Postoperative appearance 6 months after surgery. (H) Fluorescein staining
showing a smooth healed surface.
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In vitro experiments have shown that AM stromal

matrix suppresses signalling of transforming growth

factor β activity and myofibroblast differentiation in

normal human corneal and limbal fibroblasts,31 conjunctival

fibroblasts, and pterygium body fibroblasts.32 Rabbit

studies have also demonstrated that AM stromal matrix

trapped leucocytes and rendered them into a state of rapid

apoptosis.33 34 Furthermore, AM contains a number of

protease inhibitors such as α1 antitrypsin, α2 macroglobulin,

inter-α trypsin inhibitor, α2 plasmin inhibitor, and α2

antichymotrypsin.35 All these studies explain why AM may

help suppress inflammation following surgical excision,

possibly making AM an ideal tissue substitute for recon-

struction in cases of extensive resection. The lack of

inflammation and scarring is particularly important when

extensive resections are performed in conjunction with cryo-

therapy because the increased inflammation may even com-

promise the ocular motility or cause symblepharon. We did

not note any such cicatricial problems in this series. As a

result, the final cosmetic appearance met patients’ satisfac-

tion in all cases.

The recurrence rate of ocular surface neoplasia may

not be related to the cell type or degree of atypia, but rather

the presence of remaining neoplastic cells in the resected

margin.2 3 In our series, we noted a recurrence rate of 10% in

the CIN cases, which is a comparable number to previous

recurrence reports for CIN. An additional number of cases

and a longer follow up should be emphasised. One likely rea-

son for recurrence is the incomplete resection of the lesion, a

problem that can be overcome by adopting the dermatologi-

cal Mohs’ micrographic technique to assure tumour free

border.18

Recently, several new therapies have been reported in the

management of ocular surface neoplasia. These include

topical and subconjunctival interferon,36 37 mitomycin C,38–41

5-fluorouracil,42 and amniotic membrane transplantation for

reconstruction.43 44 Our study did not compare with these new

therapies. Chemotherapy with topical mitomycin C has

important advantages over surgical excision. Firstly, the rapid

cycling tumour cells are treated while the slow cycling stem

cells are probably left unaffected. Secondly, topical mitocmycin

C can treat satellite and multifocal lesions and the entire ocu-

lar surface, obviating the need to establish margins of

excision.

New studies including an additional number of patients

and a longer follow up are needed for further conclusions. As

a summary, our method of surgical reconstruction with AMT

proved to be effective, accelerating the epithelialisation of the

ocular surface. Anti-scarring properties of AM may avoid seri-

ous complications when extensive resections are performed.

Also, we believe that AM is useful for reconstruction because

of its unique properties as an ideal substrate for expansion of

progenitor cells in cases of partial limbal deficiency after

resection of extensive ocular surface neoplasia.
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