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Abstract

Aim: To evaluate the outcomes of Conjunctival Limbal Autograft (CLAU) and Conjunctival Limbal Allograft
(CLAL) transplants for the treatment of partial or total Limbal Stem Cell Deficiency (LSCD).

Methods: Retrospective, cohort study. All eyes treated with limbal stem cell transplant (LSCT) that had 1 year
follow-up or more were included. Visual success was measured by improvement in VA post operatively. Surgical
success was defined as maintaining a healthy clear corneal surface post operatively.

Results: There were 8 autolimbal and 9 allolimbal transplants. Of the latter, 8 were from living related donors
(Lr-CLAL) and one was Keratolimbal Allograft (KLAL). Fifteen eyes had total LSCD and two eyes had partial LSCD.
Primary diagnosis included combined chemical & thermal Injury burn (n=13), vernal keratoconjunctivits (n=2), herpes
simplex infection (n=1) and idiopathic (n=1). Mean post operative follow-up was 50.65 + 34.68 months (range 12-
108 months). CLAU was successful in 7 out of 8 eyes (87.5%). Mean VA improved from 0.1 + 0.12 to 0.44 + 0.28
(measured in decimal fraction). CLAL was successful in 2 out of 9 eyes (22.2%). Mean VA improved from 0.03 + 0.04
to 0.10 £ 0.22. All eyes with CLAU achieved re-epithelialization and maintained an intact epithelium. Eyes with CLAL
achieved re-epithelialization and maintained an intact epithelium in 66.7% (6).

Conclusion: LSCT is an effective modality of treatment in patients with LSCD. CLAU transplant and absence of
post operative complications were associated with statistically higher success rate. Younger patients and wet ocular

surface had more favorable outcome.
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Introduction

The corneal epithelial cells undergo constant renewal and
regeneration. Cells from the surface are desquamated and replaced by
proliferating basal epithelial cells from the periphery. The cells undergo
vertical and horizontal movements. This state of dynamic equilibrium is
maintained by a sub-population of cells, the Limbal Stem Cells (LSCs),
residing within the palisades of Vogt at the limbus. The basal limbal
epithelium provides the source for corneal epithelial regeneration
[1-2]. In patients with complete limbal stem cell destruction, corneal
conjunctivalization accompanied by the invasion of goblet cells is
inevitable [3]. In unilateral diseases; autologous material harvested
from the healthy eye may be used. In bilateral cases, allogeneic material
must be transplanted [4-7].

The purpose of this study was to present a retrospective analysis
of the outcome of conjunctival limbal graft transplantation for ocular
surface reconstruction in patients with partial or total limbal stem
cell deficiency (LSCD). The influence on surgical outcome of many
variables, including cause of LSCD, dry eye syndrome, systemic
immunosuppressant, age of patients, time of surgery, and associated
keratoplasty, were analyzed.

Materials and Methods

This study was approved by the Institutional Review Board at King
Khaled Eye Specialist Hospital. The Medical records of all patients
with partial or total LSCD who required LSCT at our tertiary eye
center between November 1998 and December 2007 were reviewed.
A computer-based search of inpatient records was generated by

cross-referencing coded discharge information to obtain a list of
eligible patients. Patients included in this study had corneal LSCD,
identified clinically by the presence of late fluorescein staining, loss
of limbal palisade of Vogt, superficial vascularization or complete
conjunctivalization of the cornea. All these patients required limbal
stem cell transplant (LSCT) as part of their treatment. Specific data
collected included demographics, pre-operative, operative and post-
operative data. Pre-operative data included the following: date of LSCD
diagnosis, cause of LSCD, type of diagnosis (clinical or Lab based), extent
of LSCD, preoperative Best Corrected Visual Acuity (BCVA), previous
ocular disorders or surgeries, pre-operative medications, pre-operative
Intraocular Pressure (IOP), extent of corneal vascularization, and
wither HLA and ABO matching was done prior to surgery. Operative
dataincluded the following: date of surgery, type of anesthesia, source of
the graft (conjunctival limbal autograft (CLAU), living related donor’s
conjunctival limbal autograft (Lr-CLAL), or keratolimbal allograft
(KLAL), donor information if applicable, size and location of the
graft, type of suturing, associated surgical procedures, and presence of
intra-operative complications. Post-operative data included records of
VA, post-operative complications, topical and systemic post operative
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medications, side effects of medications if present, post-operative
procedures, date of last visit, BCVA in the last visit, mean period of
ambulatory vision, the clinical findings during the last visit and wither
a keratoplasty or repeated LSCT was required.

Visual success was measured by improvement in Visual Acuity
(VA) in the operated eye during the follow-up period. Surgical success
was defined as maintaining a healthy clear corneal surface following
LSCT until last follow-up. Patients unable to perform Snellen VA test
due to either young age or mental handicap were excluded. Patients
with a follow up period of less than 12 months were also excluded. The
Snellen VAs is converted to decimal fraction for statistical analyses.
For Snellen VA less than 20/400, counting fingers (CF; 0.025), hand
motions (HM; 0.0125), light perception (LP; 0.006), and no light
perception (NLP; 0.0) were used.

Surgical technique

In case of total LSCD two types of LSCT were performed by nine
different experienced anterior segment surgeons, CLAU and CLAL. In
cases of CLAL, grafts consisted of 3 clock hours of superior and inferior
limbus including 1 mm of peripheral cornea and 3 mm of adjacent
conjunctiva was obtained from the donor. On the recipient eye, the
fibrovascular pannus was removed from the recipient cornea. Grafts
were sutured to the 12 and 6 o’clock positions of the recipient. Similar
procedure was applied in cases of CLAU. The source of the graft in these
cases was the contralateral healthy eye. KLAL donor tissue consisted of
the entire limbus with 1 mm of peripheral cornea. In case of partial
LSCD graft consisted of 3 clock hours of the limbus including 1 mm
of peripheral cornea and 3 mm of adjacent conjunctiva were obtained
from the contralateral healthy eye and sutured to the area of deficiency.

Statistical analysis was carried out using SPSS 15.0. Fisher’s exact
test was utilized to calculate success significance. CLAU and CLAL,
were analyzed separately in terms of age, gender, cause of LSCD,
dryness, and presence of post operative complications.

Results

Fourteen patients (17 eyes) were included in our study as they were
suffering from LSCD requiring LSCT. The primary diagnoses included
combined chemical-thermal burn (thirteen eyes, 76.5%), VKC (Two
eyes, 11.8%), herpetic infection (one eye, 5.9%), and idiopathic LSCD
(one eye, 5.9%). All eyes had the procedure once except 1 eye that had
the procedure twice. Of the 17 procedures, 47.1% (8) were CLAU,
47.1% (8) were CLAL from a first degree family relative, and 5.9%
(1) were KLAL. LSCT was combined with Penetrating Keratoplasty
(PKP) and Amniotic Membrane Transplant (AMT) in 2 eyes, and
with superficial keratectomy combined with AMT in 13 eyes. In 2
cases, limbal stem cell transplantation was not combined with any
other surgical procedure. Six eyes required PKP after LSCT. LSCT was
preceded by PKP combined with lid repair in 4 eyes, AMT in 3 eyes,
and one eye had penetrating keratoplasty with glaucoma surgery. The
remaining 8 eyes had no previous record of ocular surgery. Corneal
dryness was reported in 76.5% (n=13) cases prior to LSCT.

The mean age at time of surgery was 27.76 + 12.59 years (range,
8-65 years); nine cases were females. Mean post operative follow-up
period was 50.65 + 34.68 months (range 12-108 months). Fifteen eyes
had total LSCD. The remaining two had partial LSCD. Three cases
had glaucoma prior to LSCT. IOP was controlled with topical anti-
glaucoma medications in all those three cases. Mean IOP prior to LCST
was 14.29 + 3.42 mmHg.

All patients with CLAU showed complete re-epithelialization of
the cornea. A healthy corneal epithelium was maintained until last
follow-up in all eyes. Two of those eyes developed superficial corneal
neovascularization. Visual success was achieved in 87.5% (7) of eyes
(Figure 1). The mean VA have improved from 0.1 + 0.12 to 0.44 + 0.28.

In CLAL patients, complete re-epithelialization of the cornea
was achieved in 66.7% of the eyes (6). In the last follow-up, 55.5% (5)
eyes developed complete conjunctivalization of the cornea and the
remaining 44.4% (4) developed superficial neovascularization despite
an intact corneal epithelium. Visual success was only achieved in 22.2%
(2) eyes (Figure 2). 33.3% (3) of eyes maintained their VA as prior to
LSCT and 44.4% (4) suffered a drop in their VA. The mean VA have
improved from 0.03 + 0.04 to 0.10 + 0.22.

Both eyes of partial LSCD underwent CLAU and were successful in
terms of VA improvement and ocular surface stability.

Discussion

Reconstruction and restoration of the ocular surface of eyes with
either partial or total LSCD is a challenging problem. In unilateral
disease the option of a CLAU obtained from the contralateral eye has
been a well-established option [8-10]. Treatment of bilateral disease
depends on transplantation of allograft tissue from a living related
donor or from a cadaveric tissue. The graft would later be applied to
the affected eye wither directly or following expansion over a suitable
substrate.

Outcomes after CLAL transplantation have been reported with
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Figure 1: Comparison of visual acuity in decimals before and after autolimbal
stem cell transplant.
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Figure 2: Comparison of visual acuity in decimals before and after allolimbal
stem cell transplant.
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encouraging results in short term follow ups [11]. Long term follow ups
exceeding one year showed variable results. Daya et al. [12] reported
80% successful re-epithelization and 50% improved final VA in 10 eyes
with a mean follow up of 26.2 months. Reinhard et al. [13] reported 65%
success in term of central graft clarity after five years postoperatively.
A failure after a period of two years was reported by Ilari et al. [14].
Solomon et al. [15] reported an overall visual success of 56.3% in 39
eyes. Tsubota et al. [16] and Samson et al. [17] reported similar results.
The longest follow up was reported by Miri et al. [18] were follow ups
extended up to 119 months. Ocular surface stability was seen in 82% of
27 eyes. An improved mean VA was also noted.

We report a long term follow up that extends to 108 months. In
term of visual success our CLAU success rate is comparable with others
(87.5%) [9,10]. The CLAL success (22.2%) was lower than reported in
the literature. This reflects the need of proper HLA typing prior to
donor’s selection and the use of systemic immunosuppressants post
operatively, the later was applied in a single patient whom underwent
CLAL. Systemic steroids and cyclosporine were used resulting in a
successful procedure. The duration between diagnosis and surgical
intervention in the form of LSCT was found to be significant. Statistically
higher procedure success was associated with CLAU transplant
(p=0.012) and absence of post operative complications (p=0.044). Eyes
that had their LSCT 18 months or more following the diagnosis of
LSCD have performed better (p=0.036). This could be explained that
eyes received longer medical treatment prior to surgery are less likely to
have inflammation; even subclinical; that would jeopardize the LSCT.
Eyes with wet ocular surface (p=0.053) and those younger than 18 years
(p=0.053) had more favorable outcome.

Some factors were not found to be statically significant associated
with the success or failure of LSCT. Those include: associated PKP at
the time of LSCT (p = 0.79), AMT at the time of LSCT (p = 0.56), use
of topical anti-glaucoma medications (p = 0.5) and eyelid repair prior
to LSCT (p = 0.75).

Ex-vivo expansion is becoming a successful procedure nowadays
[19-21]. Its major advantage is minimal donor’s tissue requirement
which allows utilization of patients own LSCs even in cases of
bilateral ocular injury with minimal survival of LSCs. Although ex-
vivo expansion might be of choice for most cases, the procedure is
considered expensive, time consuming and requires high expertise
which renders it unavailable in most of institutes including ours.

In conclusion we think that LSCT is an effective modality of
treatment in patients with LSCD. CLAU transplant, absence of post
operative complications and longer diagnosis to LSCT duration are
associated with statically higher success rate. Younger patients and wet
ocular surface had more favorable responses.
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