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Abstract

Aim—To report the outcome of a series of
patients with stem cell deficiency who
underwent allo-limbal transplantation
and to describe a technique for this proce-
dure.

Methods—Six consecutive patients under-
went allo-limbal stem cell transplanta-
tion. The primary diagnosis included
alkali burn (n=2), trachoma (n=1),
chronic rosacea blepharitis and kerato-
conjunctivitis (n=1), aniridia (n=1), and
Stevens-Johnson syndrome (n=1). The
limbal rim consisted of peripheral cornea
and perilimbal sclera. FK-506 was used
postoperatively for immunosuppression.
Results—The length of follow up ranged
from 3 to 24 months (mean follow up 11.8
(SD 9.3) months). The outcome was
considered satisfactory in five of six cases.
The corneal surface was completely epi-
thelialised within 2 weeks, and there was a
substantial improvement in vision and
symptoms. One patient had recurrent
epithelial defects related to eyelid abnor-
malities. No side effects associated with
systemic immunosuppression were noted.
Conclusion—Allo-limbal transplantation,
with systemic immunosuppression with
FK-506 is useful in reconstruction of the
ocular surface with improvement in vision
in patients with severe stem cell defi-
ciency.

(Br ¥ Ophthalmol 1999;83:414-419)

Corneal stem cells are principally located at the
sclerocorneal limbus,' and are indispensable
for the maintenance of a healthy corneal
surface. Loss of limbal stem cells, or corneal
stem cell deficiency, can be partial or total.
Limbal stem cell deficiency can be associated
with persistent epithelial defects, vascularisa-
tion of the cornea, conjunctivalisation of the
cornea, corneal scarring, melting, ulceration
and perforation of the cornea, corneal calcifi-

Table 1 Demographics and clinical data

cation, and band keratopathy.”® The symptoms
of limbal deficiency may include decreased
vision, photophobia, tearing, blepharospasm,
and recurrent episodes of pain, as well as a his-
tory of chronic inflammation with redness.
Diagnosis of limbal stem cell deficiency is cru-
cial because patients with these abnormalities
generally are poor candidates for conventional
corneal transplantation. Lamellar or penetrat-
ing keratoplasty provides only a temporary
replacement of the host’s corneal epithelium
and does not permanently reconstitute the
limbal function.’ '° In patients with limbal stem
cell deficiency, limbal autotransplantation'*"’
or allotransplantation'*?’ should be considered
for corneal surface reconstruction. This may
be combined with or followed by keratoplasty.

Several techniques have been reported for
limbal stem cell transplantation. All the proce-
dures share the goal of transplantation of a new
source of epithelium for a diseased ocular sur-
face and the removal of the host’s altered
corneal epithelium and pannus.”>” After suc-
cessful transplantation the host’s cornea (or
grafted cornea) will be permanently covered by
epithelium from the donor. Although all
techniques used in stem cell transplantation
are similar in principle the source of donor
stem cells can vary. Donor tissue can be
obtained from the fellow eye (limbal autograft)
in cases of unilateral disease; or from a living
related donor or cadaver donor (whole globe or
corneoscleral disc) (limbal allograft) when
both eyes are affected. Limbal transplantation
procedures also vary depending on the carrier
tissue used for the transfer of the limbal stem
cells. Carrier tissue is needed in limbal
transplantation because it is not possible to
transfer limbal stem cells alone. Limbal trans-
plants have used either conjunctiva (conjuncti-
val limbal graft) or cornea (keratolimbal graft)
as a carrier tissue for limbal stem cells."”

This report describes a modified surgical
technique for limbal stem cell transplantation
and the outcome of a series of consecutive
patients undergoing limbal allograft.

Patient No,

age (vears), VA before Follow up

sex Eye Primary diagnosis Previous surgeries LT Surgeries associated (months) VA after LT Complications

1,85,F LE Rosacea — CF PK, ECCE, PC-IOL 23 6/60 Glaucoma

2,54, F LE Aniridia ECCE HM — 24 1/60 Rejection episode

3,65, M LE Trachoma PK (x3) HM PK, ECCE, PC-IOL 10 6/12 —

4,35, M RE Alkali burn AMT HM — 6 6/60 Epithelial irregularity
Stromal opacity

5,76, M RE Alkali burn Entropion correction HM PK, ECCE, PC-IOL 5 HM Epithelial defect

6,31, F RE Stevens—Johnson PK LP PK, ECCE, PC-IOL 3 6/18 —

syndrome

VA = visual acuity; LT = limbal transplantation; ECCE = extracapsular cataract extraction; PC-IOL = posterior chamber intraocular lens implantation; PK = pen-
etrating keratoplasty; AMT = amniotic membrane transplantation; HM = hand movements; CF = counting fingers.
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Figure 1  Surgical technique. Harvesting donor limbus.
(A) Inflating eyeball with sterile air injected through the
optic nerve. This route allows air to remain trapped in the
vitreous cavity and keeps the eye firm during tissue
dissection. (B) Lamellar dissection of a ring of peripheral
cornea, limbus, and adjacent sclera with an angled bevel up
blade. The donor eyeball is wrapped with a strip of gauze to
facilitate handling. (C) The diagram illustrates the location
of tissue dissected.

Materials and methods

Patients with severe bilateral ocular surface
abnormalities were treated by limbal allograft
transplantation. The diagnosis of limbal stem
cell deficiency was made clinically based on the
ocular history, patient observation immediately
after chemical injury and close follow up, pres-
ence of corneal neovascularisation, staining of
epithelial cells on the corneal surface by
fluorescein, limbal inflammation, and limbal
abnormalities. Six consecutive patients were
included in this study. Demographics and
diagnosis are summarised in Table 1. All
patients had long standing problems except
case 4 who underwent limbal allotransplanta-
tion 3 weeks after severe alkali burn. This
patient had a non-healing epithelial defect
affecting the cornea and bulbar conjunctiva,
dense stromal opacity, severe limbal ischaemia
of two quadrants, and persistent inflammation.

SURGICAL TECHNIQUE
Preparation of the donor tissue from cadaver eyes

“Fresh” donor eyes were preferred because the
success of the procedure depends on the trans-
plantation of healthy limbal stem cells. Donor

Figure 2 Surgical technique. Preparing the host bed. After
a 360° peritomy, a plane of dissection superficial to corneal
stroma is created and the entire fibrovascular membrane is

Ilifted off the surface.

material was taken from eyes enucleated
promptly after death and stored for up to 24
hours at 4°C. Whole eyes were used for two
reasons: (1) it allowed for rapid transport of
tissue from source centre to our department
with processing of tissue required at an eye
bank; and (2) it provided better stabilisation of
the cornea and sclera during dissection of the
limbal sclerocorneal rim. The donor eye was
inflated with air (1-2 ml), injected through the
stump of the optic nerve, to make the globe
firm (Fig 1A). The globe was wrapped around
with a strip of wet gauze and held on a Tudor
Thomas stand. A vacuum trephine, with a
diameter 3 mm smaller than the corneal diam-
eter (that is, average of vertical and horizontal
corneal diameter), was used to trephine the
donor central cornea into one fourth to one
fifth of the stromal depth (approximately 150
um). Particular attention was paid to proper
centration to ensure that a uniform width of
peripheral cornea was obtained. Superficial
lamellar dissection of the peripheral cornea
was then carried out using an angle bevel up
blade, and extended into the sclerocorneal
junction and 1 mm beyond, into sclera (Fig 1B
and C). Approximately 1-2 mm of donor con-
junctiva, if present, was maintained. The
dissected tissue was divided at one point and
excision completed with a curved scissors, by
cutting along the outer circumference of the
dissected tissue. The limbal tissue to be grafted
thus consisted of an open ring of peripheral
corneal and limbal epithelium (and conjuncti-
val tissue at places), and superficial corneal,
limbal, and scleral stroma.

Preparation of the recipient eye

Good exposure was obtained by opening the
lids widely with a speculum, superior and infe-
rior rectus fixation sutures, and a lateral
canthotomy (in two cases). A 16 mm Flieringa
ring was sutured in place when the procedure
was combined with a corneal graft (and lens
extraction with implant). A 360° peritomy was
done, close to the host limbus. The vascular-
ised conjunctiva was recessed about 5-6 mm to
expose the limbus and perilimbal sclera. A
superficial keratectomy was done to remove all
abnormal epithelium and the superficial fibro-
vascular scar tissue. This abnormal tissue was
stripped off by blunt dissection after a suitable
plane was created with a bevel up angle blade
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Figure 3 Surgical technique. Transplanting the donor
limbal ring. (A) The harvested ring of tissue carrying the
“stem cells” is placed around the recipient limbus. A small
arc of similar tissue, to fill the gap between the cut ends of
the limbal ring, is cut to size and appropriately placed. (B)
The limbal explants are sutured along both inner and outer
circumferences using 10-0 nylon sutures. The sutures are
placed directly opposite to each other. In this illustration a
central penetrating keratoplasty is also shown.

(Fig 2). In case 4 there was no pannus covering
the host surface.

Limbal transplantation

The anterior edge of the “open ring” (with
donor peripheral corneal tissue + limbus +
sclera) was placed at the host limbus (Fig 3A).
Therefore, the donor limbus was slightly
posterior to the host limbus, increasing the
length of the circumference to be covered. The
limbal tissue was sutured with interrupted
10-0 nylon sutures at the corneal and scleral
margin. Six to eight sutures were first passed
along the inner (corneal) edge of the donor tis-
sue and partial thickness of host corneal
stroma. A similar number of sutures were then
passed directly opposite to the inner sutures,
along the outer (scleral) edge of the donor tis-
sue. These were anchored to the superficial
sclera of the host. The tension on these sutures
also determined the final tension on the inner
sutures. The knots were trimmed and buried.
This method invariably left a small gap
(approximately 5-8 mm) between the two ends
of the donor tissue ring. This was filled with a
“spacer” fashioned out of donor corneal
stroma or a piece of donor limbal tissue, cut to
size, harvested from the other eye of the same
donor. This piece usually required a couple of
additional sutures along either edge. The host
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conjunctiva was approximated to the limbus
with interrupted 8-0 Vicryl sutures. When a
penetrating keratoplasty was required at the
time of surgery the limbal tissue was first
sutured in place (Fig 3B). The donor graft for
penetrating keratoplasty was obtained from the
central cornea of the donor whole globe. Sub-
conjunctival antibiotics and corticosteroids are
injected at the end of the procedure. All
surgeries were performed by one of the authors
(HSD).

Postoperative trearment

Topical preservative-free  chloramphenicol
0.5% was used four times a day for the first
month. Topical preservative-free prednisolone
acetate 1% was used four times a day for the
first 12 weeks, and slowly tapered during the
next months. A low dose of topical cortico-
steroids (one drop per day) was maintained
unless elevation of intraocular pressure oc-
curred. Preservative-free artificial tears every
hour and highly viscous methylcellulose four
times daily were initially used and tapered after
epithelial healing was completed.

Autologous serum eye drops were prepared
and given hourly until the epithelialisation was
completed, usually within the first week after
surgery. To prepare serum eye drops 50 ml
blood were obtained by venepuncture and cen-
trifuged for 5 minutes at 1500 rpm. A 20%
solution of serum was then prepared with
saline in a sterile environment and placed into
sterile vials, each of them containing 5 ml of
the solution. The vials were kept frozen in a
refrigerator at —20°C, and one vial per day was
defrosted and used.

Vigorous postoperative immunosuppression
with FK-506 was used at least during the first
18 months after surgery. All patients under-
went thoracic radiography, blood tests (renal
function tests), urine tests, and blood pressure
determination before and during FK-506
treatment. The daily total dose was initiated at
0.1-0.2 mg/kg of body weight per day 1 day
before surgery, and continued for at least 1
year, trying to maintain the trough level
between 3 and 15 ng/ml. The serum levels and
patient’s systemic condition (blood pressure,
thoracic radiography, blood tests (renal func-
tion tests: SMA-12), and urine tests) were
checked every week for the first month and
every 2—4 weeks later. The FK-506 dosage was
increased or decreased if it proved ineffective
or caused adverse effects.

Results

The length of follow up ranged from 3 to 24
months, with an average follow up of 11.8 (SD
9.3) months. Histological examination of the
host’s corneal pannus confirmed the presence
of conjunctival-like epithelium. Postopera-
tively, in all cases, outgrowths of epithelial
sheets from the limbal grafts started within the
first 3 days and the whole corneal surface was
completely epithelialised within 2 weeks (Fig
4). There was no infection, limbal graft failure,
or slippage of tissue. The epithelium was stable
in five of six patients (that is, there were no
recurrence of epithelial defect, see Figs 5 and
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Figure 4 Results of limbal transplant in case 2 (primary diagnosis: aniridia). (A) The external appearance of the right
eye showing an extensive fibrovascular membrane covering the cornea. The picture was taken during surgery while a
peritomy was being done. (B) Slit lamp photograph (fluorescein stained) of the same eye 3 days after surgery. Corneal

epithelial cells have started to migrate from the transplanted limbus and are migrating across the host cornea. The quadrant
indicated with arrows, where no epithelial cell migration is seen, corresponds to the site where a spacer, fashioned from
corneal collagen (without epithelial cover), was placed. (C) Sht lamp photograph (fluorescein stained) of the same eye, 5
days after surgery. Three quarters of the host surface is re-epithelialised. The quadrant corresponding to the spacer (arrows)
has remained bare. (D) Shit lamp photograph (fluorescein stained) of the same eye, 7 days after surgery. The remaining
quadrant is almost covered by cells migrating from the other quadrants. (E) Sht lamp photograph (fluorescein stained) of
the same eye taken on day 8 post surgery. Re-epithelialisation of the host corneal surface from donor limbus is complete. (F)
Slit lamp photograph of the same eye 6 weeks after surgery. The cornea is clear and the surface is smooth as illustrated by

the broad slit beam. Remnants of the lens capsule (following needling for congenital cataract) with a central opening are

now clearly visible.

6), transparent and smooth (in four of six
cases). In case 4 the corneal epithelium was
irregular, which was attributed to previous
stromal abnormalities and persistent low grade
inflammation; stromal melting did not occur,
and a penetrating keratoplasty was done 5
months after limbal transplantation. Visual
acuity improved in five of six patients, and was
very substantial in two of them (cases 3 and 6).
Improvement of visual function was only mod-
erate in cases 1, 2, and 4 because of
pre-existing abnormalities (see Table 1). Case
5 had a satisfactory reconstruction of the
corneal epithelial surface and vision improved
to 6/60 shortly after surgery. However, the fol-
low up was complicated with several episodes
of epithelial defects associated with eyelid
abnormalities. This corneal epithelium could
be restored but stromal opacity developed and
a repeated corneal graft was done 4 months
after limbal transplantation.

Side effects related to FK-506 were not
observed. All cases but two (cases 1 and 2)
were still taking FK-506 at the time of submis-
sion of this paper. In case 1, FK-506 was
discontinued 13 months after surgery. He pre-
sented with a rejection episode of the limbal
graft (intense congestion along scleral edge,
oedema of donor tissue, and clouding of tissue)
and of the corneal graft (keratic precipitates
and stromal oedema) 2 months later. FK-506
orally and topical steroids were recommenced.
The rejection settled with complete clearing of
limbal and corneal graft tissue. FK-506 was
finally discontinued 5 months later. Case 2 had
limbal allograft rejection 4 months after
surgery, with engorgement of limbal and
conjunctival vessels, and the dosage of FK-506
was increased. Three weeks later the vascular
engorgement regressed. In this patient immu-
nosuppression was discontinued 18 months
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Figure 5 Results of combined limbal and corneal
transplant with lens extraction and implant (quadruple
procedure) in case 3. (A) Preoperative picture of the left eye
of a patient with clinical diagnosis of trachoma of 30 years’
duration. The cornea is scarred and vascularised with
calcium deposition. The outline of a previously failed
corneal graft is visible. Preoperative vision was hand
movements. (B) The same eye 8 weeks after surgery. The
patient has a follow up of 9 months and maintains a vision
of 6/12 unaided and 6/9 with a pinhole.

Figure 6 Results of combined limbal and corneal
transplant with lens extraction and implant (quadruple
procedure) in case 6. (A) Preoperative picture of the right
eye of a patient with clinical diagnosis of Stevens—Johnson
syndrome. The cornea is scarred and vascularised.
Preoperative vision was light perception. (B) The same eye
4 weeks after surgery.

after surgery and 6 months later graft rejection
did not recur.

Discussion
The aetiology of limbal stem cell deficiency can
be primary—related to an insufficient stromal
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microenvironment to support stem cell func-
tions, such as aniridia, congenital erithrokera-
todermia, Kkeratitis associated with multiple
endocrine deficiencies, neurotrophic (neural
and ischaemic) keratopathy, and chronic limbi-
tis, or secondary—related to external factors
that destroys the limbal stem cells such as
chemical or thermal injuries, Stevens—Johnson
syndrome, ocular rosacea, ocular cicatricial
pemphigoid, multiple surgeries or cryothera-
pies, contact lens wear, or extensive microbial
infection.” In this series most patients (five of
six) had secondary limbal stem cell deficiency.

The technique described in this article was a
variation of previously described limbal
transplantation.” * In 1984, Thoft used lenti-
cules of peripheral cornea from a cadaveric
donor globe as a source of epithelium (that is,
keratoepithelioplasty) but limbal cells were not
transplanted.” The first trials of human limbal
stem cell transplant were performed by
Kenyon and Tseng in 1989 through limbal
autograft transplantation to treat unilateral
ocular surface disorders."" They transplanted
conjunctiva and limbus presumably including
stem cells, from the good fellow eye to the
recipient eye. Since this original report several
variations of limbal autografts’>" ** and
allografts'*>’ *® have been reported with good
reconstitution of the corneal epithelium and
regression of neovascularisation. Cornea or
conjunctiva have been the most commonly
used carriers to transplant limbal stem cells. In
this study peripheral cornea, perilimbal sclera,
and conjunctiva were used as carriers for
limbal cells and providers of an adequate
microenvironment for their survival and repli-
cation. After surgery, autologous serum eye
drops were used as described by other authors
to promote corneal epithelialisation.”

We performed six limbal allograft trans-
plants to reconstruct corneal surface severely
affected by different disorders. All patients had
very poor vision and were not manageable with
penetrating Kkeratoplasty alone. All cases
achieved rapid surface healing restoration of an
optically improved surface, resulting in im-
proved visual acuity. In five of six patients
visual function improved. However, two pa-
tients required penetrating keratoplasty after
limbal transplantation for visual rehabilitation.
In limbal allografts the surface disorder can
recur if there is immunological destruction of
the transplanted limbal stem cells. A high rate
of immune reactions can be expected because
the high immunogenic stimulus of the limbal
transplant, related to the relatively abundant of
Langerhans cells and HLA-DR antigens.”
They play an important role in the afferent arm
of allograft rejection and effective immunosup-
pression is judged to be absolutely necessary.
Several authors had used cyclosporine A as the
immunosuppressive agent.'®* *' > The use of
FK-506, a new agent isolated from the
fermentation broth of Strepromyces tsukubaen-
sts, for immunosuppression in limbal or cor-
neal allografts has not been reported before.
FK-506 has been successfully used in organ
transplantation® and uveitis.” > This agent has
immunosuppressive activities similar to and
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more potent than those of cyclosporine.” ”

The major side effects of FK-506 are sensation
of warmth, hypomagnesaemia, renal dysfunc-
tion, glucose intolerance, nausea, vomiting,
and disorders of the central nervous system. In
this series FK-506 was well tolerated by all
patients. One patient had an episode of
rejection that could be controlled by increasing
the dosage of the drug. Limbal rejection can be
suspected with the development of inflamma-
tion and/or acute or chronic severe surface
disorders.”” Our decision to stop this drug
months after surgery was empirical. It is not
known whether immunosuppression may not
be necessary in some patients undergoing allo-
limbal transplantation. Hypothetically, patients
receiving HLLA matched limbal tissue may not
need intense immunosuppression. Tan er al
reported three cases who received limbal tissue
from living relatives without systemic immuno-
suppression and no rejection was noted after
midterm follow up.” The duration of systemic
immunosuppression in allo-limbal transplanta-
tion is yet undefined. Some authors advocate
indefinite oral cyclosporine treatment.” In this
series, two patients discontinued FK-506. One
of them developed a rejection episode which
was controlled, FK-506 was again stopped,
and rejection did not recur. Longer follow up
and further research is necessary to evaluate
whether FK-506 can be stopped, its timing,
and the long term outcome of limbal trans-
plantation.

In conclusion, allo-limbal transplantation
with corneal, scleral, and conjunctival carriers
for ocular surface reconstruction, associated
with systemic FK-506 immunosuppression,
has a successful midterm outcome and is a
valuable option for patients with severe bilat-
eral limbal stem cell deficiency.

Dr Azuara-Blanco is the current Vision Express fellow in cornea
and contact lenses.

We are grateful to Dr Richard J Powell and Mrs Myra Sloper
for monitoring our patients on FK-506.
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