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Purpose: To evaluate the outcome of limbal transplantation in eyes with bilateral severe ocular
surface damage secondary to chemical injury.

Patients and methods: This was a retrospective case series that included 20 patients who
had undergone living related limbal transplantation due to the presence of bilateral severe stem
cell deficiency resulting from chemical injury. Medical records of the selected patients were
reviewed. The following data were recorded and analyzed: gender; age at the time of the surgery;
duration of follow-up; corrected distance visual acuity (CDVA); symptoms; intraocular pres-
sure (IOP); any complications; postoperative treatment; and other surgical procedures needed.
Results: The mean age of the included patients was 27.4+9.3 years. The causative agent was
an alkali in 14 patients. Fifteen patients (75%) had a stable ocular surface (ie, complete corneal
re-epithelization and resolution of postoperative inflammation) after the first limbal transplanta-
tion, while the other five patients (25%) needed regrafting. As regards the IOP; five patients
(25%) needed Ahmed’s valve implantation to control the IOP. Other surgical procedures needed
were penetrating keratoplasty (PKP) in three patients (15%), cataract surgery in six patients
(30%), and lid surgery in one patient (5%).

Conclusion: In conclusion, living related conjunctival limbal allograft transplantation, espe-
cially when combined with amniotic membrane transplantation, yielded good results in the
management of cases with bilateral severe chemical eye injuries.

Keywords: living related, limbal stem cells, transplantation, chemical injury

Introduction
Limbal stem cells of the corneal epithelium, as their name denotes, are located at
the corneoscleral limbus. They are important for maintaining a healthy clear corneal
surface.!? Their damage or loss results in “limbal stem cell deficiency”, which can be
partial or complete, and can be documented by impression cytologic examination.>*
The first classification of ocular surface damage was introduced by Ballen® in 1964,
which was modified by Roper-Hall” in 1965. This classification provided prognostic
guidelines based on two factors; the degree of limbal ischemia and the corneal appear-
ance. Dua et al® introduced a new classification of ocular surface burns based on the
extent of limbal involvement in hours and the percentage of conjunctival involvement.
Limbal stem deficiency can be primary, eg, aniridia, or secondary, which is more
common, eg, chemical or thermal injuries, Stevens—Johnson Syndrome, ocular cica-
tricial pemphigoid (OCP), multiple surgeries or cryotherapies, contact lens wear, or
severe microbial infections.’'>** Signs of severe limbal stem cell deficiency include
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conjunctival epithelial ingrowth (subjunctivization), neo-
vascularization, chronic inflammation, and recurrent or
persistent corneal epithelial defects.!31¢

Limbal stem cell auto- or allo-transplantation is indicated
for ocular surface reconstruction in cases of severe limbal
stem cell deficiency. This procedure transplants a new source
of epithelium for the affected ocular surface, together with the
removal of damaged corneal epithelium and pannus.'” The
source of limbal transplantation can be “limbal autograft”,
which is harvested from the other eye in the case of unilateral
disease, or “limbal allograft” in the case of bilateral disease.
Limbal allograft can be harvested from a cadaver donor
or from a living related donor, who usually gives a better
tissue match.'®2° A successful limbal transplantation results
in regression of corneal vascularization, restoring a smooth
ocular surface with improved optical quality, and rapid ocular
surface healing with no recurrent erosions or persistent epi-
thelial defects. Amniotic membrane transplantation (AMT)
was also used in association with limbal transplantation in
cases with total stem cell deficiency.?!-232:3

The aim of the current study was to evaluate the outcome
of living related conjunctival limbal allograft (Ir-CLAL)
transplantation in eyes with bilateral severe ocular surface
damage secondary to chemical injury.

Patients and methods

This was a retrospective interventional non-comparative
case series that included 20 patients who had undergone
living related limbal transplantation due to the presence of
bilateral severe stem cell deficiency resulting from chemical
injury. The donor was best human leukocyte antigen (HLA)
matched available relative (one of the parents was preferred
or else a sibling). The HLA system is a gene complex encod-
ing the major histocompatibility complex (MHC) proteins in
humans. Included patients had corrected distance visual acu-
ity (CDVA) one logMAR or worse, age =18 years, bilateral
severe old chemical eye injury that resulted in limbal stem
cell deficiency (LSCD) with a Dua grading® not less than
IV during the acute phase of the old chemical injury, and at
least 6 hours extent of ocular surface damage (ie, abnormal
corneal epithelium and/or superficial corneal vascularization).
Patients with systemic autoimmune disorders, incomplete data
in their records, or associated ocular injuries were excluded.

Donor graft preparation and placement

Two donor grafts were harvested, each with a 4-hour size,
to be transplanted to two opposite quadrants of the recipient
ocular surface. The preparation of the recipient bed included
conjunctival peritomy at the limbus to expose the adjacent

scleral area where the donor tissue will be placed, then the
perilimbal subconjunctival scarred and inflamed tissues
were removed up to 5-6 mm from the limbus, and then the
abnormal corneal epithelium and superficial vascularized
scar were removed by blunt dissection. The bed size was
4 (clock) hours to match the donor graft size. The donor graft
is then placed in position and sutured by interrupted 10/0
nylon sutures. The donor site was left open to heal with no
sutures. For both donors and patients, postoperative topical
antibiotics (0.3% Moxifloxacin) and topical steroids (1%
Prednisolone acetate) were given together with preserva-
tive free lubricant eye drops until complete re-epithelization
and resolution of postoperative inflammation. Patients were
referred to an internal medicine specialist to prescribe a
6—12 months course of systemic immunosuppressive drugs
followed by a lower maintenance dose during the whole
period of follow-up. The oral immunosuppressive drugs were
in the form of oral corticosteroids 1 mg/kg in divided doses
then tapered gradually and oral cyclosporin A (10 mg/kg in
divided doses then tapered to 3—5 mg/kg as a maintenance
dose). The patients were counseled about the use and adverse
effects of systemic immunotherapy. Complete hematologic
and liver profile assessment were investigated by the internal
medicine specialist. Patients were followed up by the internal
medicine specialist in a regular way to ensure compliance
and to manage adverse effects if any.

Amniotic membrane preparation

Amniotic membrane is a thick basement membrane and
avascular stromal matrix. It is helpful for a successful grafting
as it aids the migration of the epithelial cells, reinforces the
adhesions of the basal epithelial cells, and promotes epithe-
lial differentiation. It was obtained after a cesarean section
delivery from a lady who was previously tested for infectious
diseases such as hepatitis, syphilis, and human immunodefi-
ciency virus (HIV). The placenta is then washed with sterile
phosphate buffered saline solution containing penicillin G
50 mg/mL, streptomycin 50 mg/mL, neomycin 100 mg/mL,
and amphotericin B 2.5 mg/mL. This is followed by separa-
tion of the amnion by blunt dissection. The amnion is then put
onto cellulose paper, with the side of the basement membrane
up. The cellulose paper is divided into small sheets, which can
be stored before grafting at —800°C in a sterile vial containing
Dulbecco’s Modified Eagle’s Medium and glycol. AMT was
performed in a similar way to limbal transplantation. Prepa-
ration of the recipient bed included same steps mentioned
above including peritomy, perilimbal conjunctival excision,
and superficial keratectomy. This was followed by applying
the preserved amniotic membrane to the ocular surface defect
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with basement membrane side up. The amniotic membrane
was sutured by 10/0 nylon sutures and covered by a bandage
contact lens. AMT was performed at least once for all the
cases before limbal transplantation at around 2—4 months to
minimize the inflammation and to reduce scarring and neo-
vascularization. It also helped to prepare the ocular surface
for limbal transplantation if symblepharon was present and
needed release in a step before the limbal transplantation.
Sometimes, it was repeated two or three times if its effect
was not enough after the first AMT (eg, cases with extensive
inflammation, scarring, or neovascularization) or in cases
of delayed re-epithelization after limbal transplantation.?**°

All the surgeries were performed by the same surgeon
(A.E.). The study was approved by the local ethics committee
at the Faculty of Medicine, Alexandria University, Egypt.
Tenets of the Declaration of Helsinki were followed. All
included signed an informed consent form.

Medical records of the selected patients were reviewed.
All patients were recalled for a final follow-up visit. The
following data were recorded and analyzed: gender; caus-
ative agent of the chemical injury; age at the time of the
surgery; duration of follow-up; CDVA; intraocular pressure
(IOP); any complications; postoperative treatment; and other
surgical procedures needed, eg, cataract surgery, kerato-
plasty, and glaucoma surgery. The age of the donor and the
relationship of the donor to the recipient were also recorded.
Donors were tested for infectious diseases, eg, hepatitis B
and C, and HIV infection. The outcome after the surgery was
followed up by recording the percentage of patients with a
stable ocular surface (see below), improvement of CDVA,
and success/failure rate of the graft. Also, patients who had
undergone another intervention were recorded.

The primary outcome measure was clinical success
to obtain a stable ocular surface characterized by a com-
pletely epithelized corneal surface with or without mild
residual corneal epithelial irregularities, resolution of the
inflammation, and regression of corneal neovascularization
(minimal vascularization of less than 3 hours circumference
is acceptable as a success). Failure was considered as failure
of complete corneal epithelialization or presence of corneal
vascularization more than 3—4 hours. An episode of acute
graft rejection was characterized by pain, decreased vision,
photophobia, intense ciliary injection, and edema of the graft.
Acute graft rejection was treated aggressively by increasing
both topical and systemic treatment. More frequent topical
steroid eyedrops (1% Prednisolone acetate) were applied,
subconjunctival injection of triamcinolone, oral corticoste-
roids with tapering over several months, and increasing the
dose of the oral immunosuppressive agent.

Dua grading® for classifying the old ocular surface burns
during the acute phase was applied to the included patients
in the current study. This grading included six grades from
Ito VI according to the extent of limbal involvement rather
than limbal ischemia (ranging from grade [ with zero involve-
ment to grade VI with 100% involvement) and the percentage
of bulbar conjunctival involvement including the fornices
(ranging from grade I with zero involvement to grade VI with
100% involvement). Grade IV included limbal involvement
between 6 and 9 hours and conjunctival involvement between
50% and 75%. Grade V included limbal involvement between
9 and 12 hours and conjunctival involvement between 75%
and 100%. Grade VI included limbal involvement of 100%
and conjunctival involvement of 100%.

Statistical analyses

Clinical findings were statistically evaluated using Excel
2007 (Microsoft Corporation, Redmond, WA, USA) and
SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA).
Means and standard deviations were calculated. The percent-
ages of different variables were also calculated. Kaplan—
Meier was used for survival analysis.

Ethics statement

The study was approved by the local ethics committee at
the Faculty of Medicine, Alexandria University, Egypt.
Tenets of the Declaration of Helsinki were followed. All
included patients were recalled for final -p visit and signing
an informed consent form.

Results
The mean age of the included patients was 27.449.3 years
(range=18-54 years). Fifteen patients were males (75%) and
five patients were females. The causative agent of the chemical
injury was an alkali in 14 patients (70%), an acid in four patients
(20%), and was undetermined in two patients (10%). The mean
follow-up period was 29.3110.5 months (range=18-42 months).
Table 1 shows the characteristics of the included patients.
The presenting CDVA before any surgical intervention
was hand motion (HM) in nine patients (45%), ie, 3 logMAR,
counting fingers at 1 meter or less in seven patients (35%),
ie, 2 logMAR, and counting fingers at 2-3 meters in four
patients (20%), ie, 1.3—1.6 logMAR. None of the cases with
acid injury presented with visual acuity of HM. Table 2
shows the postoperative best corrected visual acuity of the
included patients. The mean of the extent of limbal involve-
ment was 8.8%+1.9 hours (range=6—12 hours) and the mean
percentage of conjunctival involvement was 70.0%+19.2%
(range=25%-100%). By applying Dua grading, nine patients
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Table | Characteristics of the included patients

Age Gender | Cause Preop. best corrected | Affected Affected limbus Dua grading®
(years) vision (logMAR) conjunctiva (%) (hours)
| 18 Female Acid 2/60 (1.6) 50 6 \%
2 21 Male Alkali HM (3.0) 75 7 \%
3 34 Male Alkali HM (3.0) 75 8 \%
4 54 Male Alkali HM (3.0) 100 I \
5 22 Male Acid 1/60 (2.0) 75 8 \%
6 18 Male Acid 2/60 (1.6) 50 6 \%
7 18 Female Alkali 2/60 (1.6) 50 7 v
8 32 Male Alkali 1/60 (2.0) 75 9 \
9 24 Male unknown HM (3.0) 100 10 \%
10 19 Male Alkali HM (3.0) 75 12 \
I 34 Male Alkali 1/60 (2.0) 75 9 \
12 40 Male Acid 3/60 (1.3) 25 7 \%
13 33 Female Alkali HM (3.0) 50 9 v
14 24 Female Alkali HM (3.0) 75 12 \
15 19 Male Alkali HM (3.0) 75 12 \
16 27 Male n 1/60 (2.0) 75 9 \
17 26 Female Alkali 1/60 (2.0) 50 7 \%
18 21 Male Alkali HM (3.0) 100 9 \
19 30 Male Alkali 1/60 (2.0) 75 9 \
20 34 Male Alkali 1/60 (2.0) 75 9 \
Table 2 Outcome of the included patients
Donors Intervention timing Regrafting 1oP Postop. best corrected
(months) vision (logMAR)
| Brother I5 - - 6/60 (1.0)
2 Father 14 - - 2/60 (1.6)
3 Brother 16 - Valve 2/60 (1.6)
4 Father 13 2 Valve 1/60 (2.0)
5 Father 12 - - 5/60 (1.1)
6 Father 12 - - 5/60 (1.1)
7 Father 12 - Drops 5/60 (1.1)
8 Sister 17 - - 3/60 (1.3)
9 Brother 14 2 - 2/60 (1.6)
10 Father 14 2 Valve 1/60 (2.0)
I Brother 14 - - 2/60 (1.6)
12 Father 12 - - 6/60 (1.0)
13 Father 12 - - 4/60 (1.2)
14 Sister 18 - Drops 4/60 (1.2)
15 Brother 15 2 - 3/60 (1.3)
16 Father 14 - - 2/60 (1.6)
17 Father 14 - - 3/60 (1.3)
18 Sister 14 2 Valve 2/60 (1.6)
19 Father 12 - Valve 4/60 (1.2)
20 Brother 12 - - 4/60 (1.2)

Abbreviation: IOP, intraocular pressure.

386

Dove

submit your manuscript

Clinical Ophthalmology 2019:13


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

El-Hofi and Helaly

18.5
18
17.5
17
16.5
16
15.5
15
14.5

— Number of surviving
grafts along time in years

0 0.5 1 1.5 2 25 3 3.5 4

Figure | Limbal graft survival over time in years.

were grade IV and 11 patients were grade V. As regards
AMT; 12 patients (60%) underwent AMT once, six patients
(30%) underwent AMT twice, and two patients (10%) under-
went AMT three times.

The mean duration from the chemical injury to the
timing of limbal transplantation was 13.8+1.7 months
(range=12—18 months). The donor was the father in
11 patients (55%), the brother in six patients (30%), and the
sister in three patients (15%). The mean age of the donor was
44.2+12.2 years (range=22-59 years). Five patients (25%)
needed regrafting (Table 2). As regards the IOP; five patients
(25%) needed Ahmed’s valve implantation to control the
10P, two patients (10%) needed medical treatment to con-
trol the IOP, and 13 patients (65%) had normal IOP. Other
surgical procedures needed were penetrating keratoplasty
(PKP) in three patients (15%), cataract surgery in six patients
(30%), and lid surgery in one patient (5%). Two patients out
of the three who required PKP had also undergone cataract
surgery in the same sitting. All cases had postoperative sys-
temic immunosuppressive therapy in the form of systemic
steroids or cyclosporine (see above).

Fifteen patients (75%) had a stable ocular surface
(ie, complete corneal re-epithelization and resolution of
postoperative inflammation) after the first limbal transplanta-
tion, while the other five patients (25%) needed regrafting.
Figure 1 shows the limbal graft survival with time. Three
patients of those five required PKP due to large corneal
perforations. Twelve patients (60%) had a final CDVA
ranging between 3/60 and 6/60 (1.3—1.0 logMAR). The
other eight patients had a final CDVA ranging from 1/60 to
2/60 (2.0-1.6 logMAR). The mean re-epithelialization time
was 1947.2 days. All cases had less pain and improvement
in symptoms. Five eyes (25%) were highly inflamed, which
necessitated a second AMT. Acute graft rejection occurred
in three cases (15%) during the first 6 months postoperative
and was treated (see above). No major complications were
reported in donor eyes. Figures 2 and 3 shows example of
the included cases before and after limbal transplantation.

Discussion

Patients presenting with ocular surface complications fol-
lowing bilateral severe chemical injuries present a challenge
in the management. The problem of bilateral cases is that
there is no available source for conjunctival-limbal autograft
(CLAU) from the other eye, thus necessitating another source
for the limbal stem cells. In the current study, two-thirds
of the included patients were males in the second to fourth
decade of life. This could be explained by the fact that males,
especially younger age, are an active group, making them
more liable to trauma and injuries. Janicijevic Petrovic et al**
and Midelfart et al* also showed that chemical eye injuries
occurred more among males. In the case series, alkali burns
were more common than acid burns. Alkali burns can be
caused by lye (a bleaching agent for wooden materials), lime
(calcium oxide), or ammonia, while acid burns can be due

Figure 2 (A—C) Ocular surface status before limbal transplantation, with scarring and vascularization of the cornea.
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Figure 3 (A-B) Ocular surface re-epithelization and regression of corneal neovascularization after limbal transplantation.

to sulphuric acid or acetic acid. In the literature, there are
different reports as regards the frequency of the causative
agent of a chemical injury to the eye. In the current study,
most of the cases were due to alkali injury. This is because
the selected patients suffered from severe bilateral injury.
An Alkali is known to have more severe effects on the ocular
surface, with more penetration and damage than an acid. This
explains why the number of acid injuries is less.?¢28

Most of the cases had poor vision at presentation and after
the first aid management of the chemical injury, with 40%
of the cases presenting with HM visual acuity. None of the
cases with acid injury presented with visual acuity of HM
(3.0 logMAR). All cases showed improvement in corrected
distance visual acuity after surgical interventions. Patients
with acid injury had postoperative best corrected visual
acuity ranging between 5/60 and 6/60. Amniotic membrane
transplantation was used in all the cases to prepare the ocular
surface stroma for the limbal transplantations. It promoted
healing, allowed for rapid recovery, decreased scarring and
vascularization, and quieted the eye inflammation.?'*° Cases
with delayed re-epithelialization after limbal transplanta-
tion needed another AMT to promote the regrowth of the
epithelium. All five eyes with second AMT were alkali burns
and were highly inflamed, in contrast to eyes with previous
acid burns that didn’t require a second AMT.

Vazirani et al’! reported the outcome of autologous simple
limbal epithelial transplantation for unilateral cases. It was
a multicenter study that included 68 eyes. They reported
clinical success in 83% of the cases with a median follow-up
of 12 months. The clinical success in the current study was
90% in the first year and 85% in the first 18 months. This
was a comparable, if not slightly better outcome, despite the
more severe nature and bilaterality of the cases that required
a living related donor. This may be attributed to the use of
prior AMT. However. The visual outcome in the current
study was poorer than that achieved by the abovementioned

study (they reported 65% of cases with visual acuity 20/200
or better). Again, this is explained by the severe nature of
included cases of the current study.

As regards, the timing of the limbal transplantation,
the majority of the cases were done after the first year after
chemical injury, in order to give time for the ocular surface
to be more stable and less inflamed. The donor was the best
HLA matched available donor (one of the parents was pre-
ferred, or else a sibling). The donor had to be screened for
infectious diseases, eg, syphilis, hepatitis, and HIV before
proceeding with the transplantation to avoid transfer of any
diseases. Graft failure could still occur and in the current
series we had five cases representing 25% of the cases with
the need of regrafting. The donor in those cases was the
father in two cases, the brother in two cases, and the sister
in one case.

Arora et al*? compared the outcomes of simple limbal epi-
thelial transplantation with conjunctival-limbal autologous
transplantation in severe unilateral ocular chemical burns.
Patients were followed up for 6 months and assessed for a
stable epithelialized ocular surface and visual acuity. They
concluded that both procedures were equally effective in
achieving a stable ocular surface and regression of corneal
vascularization. In their study, symblepharon due to scar
tissue formation was graded from 0—4. A score of 1 was
given for every 3-hour involvement. They reported better
visual outcome, despite the shorter duration of follow-up
(6 months).

Tsiklis et al** evaluated long-term results of limbal
transplantation in patients with unilateral LSCD following
chemical burns. They included 22 eyes of 22 patients.
Twenty patients were males, a similar proportion to in our
study. The mean time from surgery to corneal epithelization
was 17.18+9.8 days (which was comparable to our study).
They had a higher success rate than our case series (95.4%
vs 75%), despite their longer follow-up time (7.813.5 years
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vs 29.3£10.5 months). This might be due to the more com-
plex nature of our included bilateral severe cases. Also,
auto limbal transplantation lacked the problem of rejection
faced by the allograft, even in the presence of systemic
immunosuppression.

Cheung et al®® presented two cases with combined
conjunctival limbal autograft and living related conjunc-
tival limbal allograft procedure to treat severe unilateral
ocular surface failure. Systemic immunosuppression of oral
Tacrolimus and mycophenolate mofetil were used. They
concluded that combining both techniques maximized the
amount of healthy limbal stem cells while minimizing the
antigenic burden.

The intraocular pressure rise in our cases might be due to
the use of steroids postoperative or due to the complications
of the chemical injury itself. Two-third of the included cases
did not have IOP problems, while the other third needed
management in the form of either medications or surgery.
Fifteen patients (75%) had a final visual acuity ranging
between counting fingers at 4 meters and 20/200, which is
a good result according to the presenting situation of the
patients. Also, there were no major complications reported
among the donor eyes, which denotes that harvesting a limbal
stem cell on a conjunctival vehicle is a simple safe procedure
for the donor.

Patients with Dua grade IV did not need regrafting (all
five cases that needed regrafting were grade V). As regards
the intraocular pressure, only one patient with grade IV
needed a valve procedure and another patient needed eye
drops. As regards the final visual outcome, patients with
grade IV showed better best corrected visual acuity than
patients with grade V (Table 2).

The retrospective nature was one of the limitations of the
current study. However, the long follow-up period and col-
lection of data for such a good number of cases with bilateral
severe chemical injury necessitated the retrospective nature.
Another limitation was the lack of a control group. The
strength of the current study was the long follow-up period and
the inclusion of a good number of cases that present a chal-
lenge in the current practice to manage such difficult cases.

In conclusion, living related conjunctival limbal allograft
transplantation, especially when combined with amniotic
membrane transplantation, yielded good results in the man-
agement of cases with bilateral severe chemical eye injuries.

Abbreviations
IOP, intra ocular pressure; PKP, penetrating keratoplasty;
OCP, ocular cicatricial pemphigoid; AMT, amniotic

membrane transplantation; CDVA, corrected distance visual
acuity; HIV, human immunodeficiency virus; HM, hand
motion; LSCD, limbal stem cell deficiency; Ir-CLAL, living
related conjunctival limbal allograft.
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