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ABSTRACT

Introduction: This study aimed to evaluate the
surgical treatment results for conjunctival lim-
bal autograft (CLAU) and keratolimbal allograft
(KLAL) in various types of limbal stem cell
deficiency (LSCD) etiologies performed in order
to achieve a stable ocular surface prior to KPro
implantation.
Methods: We analyzed the outcomes of the
surgical treatment of 43 eyes of 39 patients with
LSCD as an initial treatment preparing patients’
ocular surface for KPro implantation. The most

common causes were ocular trauma (50.7%),
mainly alkali burns (77%); autoimmune causes,
mainly ocular cicatricial pemphigoid (OCP;
17.4%); infection (15.9%) including Lyell’s
syndrome/Stevens–Johnson syndrome (LS/SJS;
16%). In all 17 eyes operated on with CLAU,
this procedure was performed once. Similarly,
one uncomplicated KLAL procedure in one eye
was performed in 10 women and 19 men. In
another one woman and three men, KLAL was
performed in both eyes. In one man with Lyell’s
syndrome, the KLAL operation was performed
three times in one eye. Follow-up was at least
12 months.
Results: Visual acuity (VA) improved in 17 eyes
(31%) and remained unchanged in 38 eyes
(69%). VA improved from light perception to
hand movements in three eyes (16%) from the
CLAU group of patients and eight eyes (15%)
from the KLAL group; VA improved from hand
movements to finger counting in two eyes
(12%) post CLAU and two eyes (4%) post KLAL
operation. The most common complication of
surgical treatment was persistent epithelial
defect that was refractory to medical treatment
in 32 eyes (58%), 5 eyes post CLAU and 27 post
KLAL. Corneal conjunctivalization (19%) and
neovascularization (29%) were present on the
corneal edge of the graft. Symblephara recurred
within 3 months in nine eyes (17.3%) after
KLAL, including four eyes that had been
chemically burned and five eyes with LS/SJS.
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Discussion: Pretreatment with CLAU or KLAL
procedures in severely damaged ocular surfaces
allows the ocular surface to be prepared for safe
KPro implantation with sufficient tissue sur-
roundings with less conjunctivalization and
deeper conjunctival fornices.

Keywords: Allograft; Conjunctival limbal
autograft; Corneal conjunctivalization;
Keratoprosthesis; Keratolimbal
neovascularization

Key Summary Points

Why carry out this study?

Restoration and maintenance of ocular
surface integrity and homeostasis are the
main purposes of ocular reconstructive
surgery.

The purpose of this study is to report on a
sample of patients who underwent
surgical treatment to restore ocular surface
homeostasis prior to Boston KPro type I
implantation.

What was learned from the study?

Pretreatment with conjunctival limbal
autograft (CLAU) or keratolimbal allograft
(KLAL) procedures in severely damaged
ocular surfaces allows the eye to be
prepared for safe KPro implantation with
sufficient tissue surroundings to fix the
implant properly; additionally restoration
of conjunctival fornices improve efficacy
of topical treatment.

Because of the complex nature of the
total limbal stem cell deficiency (LSCD),
permanent inflammation and different
factors leading to this state, successful
corneal surface reconstruction with
autografts or allografts is still a demanding
and high-risk treatment.

INTRODUCTION

Restoration and maintenance of ocular surface
integrity and homeostasis are the main pur-
poses of ocular reconstructive surgery [1]. Sub-
sequent treatment leading to improvement of
visual function depends on many factors. The
intact corneal epithelium covering the corneal
surface is crucial for its protection and trans-
parency, and it is essential for good visual acuity
(VA). The limbus acts as a barrier, preventing
the conjunctival epithelium from growing over
the corneal surface [2, 3]. Damage to the limbal
stem cells (LSCs) leads to LSC deficiency (LSCD),
resulting in epithelial breakdown and epithelial
defects, conjunctival proliferation over the
cornea with subsequent corneal opacification
and vascularization, ulceration, corneal melt-
ing, and even corneal perforation in advanced
tissue damage [4]. In severe cases, the fibrovas-
cular pannus may completely cover the cornea,
leading to loss of vision. The invasion of the
dermal epithelium on the ocular surface may
occur when injury effects the eyelid margins [5].
All disorders make reconstructive surgery highly
challenging. LSCD can be caused by genetic
defects, systemic immune-mediated diseases, or
secondary injury or insult to the LSCs and their
microenvironment, which is the cause in most
cases [5].

The choice of treatment method and prog-
nosis for successful treatment is multifactorial.
Concomitant eyelid pathologies, such as
lagophthalmos, lid retraction, entropion and
ectropion, symblepharon, fornix shortening,
trichiasis and lid margin keratinization, damage
of the meibomian and lacrimal glands, dry eye,
ocular inflammation and infection, and
uncontrolled systemic disorders, first require
reconstruction of an appropriate limbal
microenvironment. This involves limiting and
controlling inflammation, improving the tear
film, and promoting the differentiation of the
corneal epithelial cells with medical and surgi-
cal methods. Appropriate management of
adnexal pathology prior to ocular surface
reconstruction is necessary [4, 6, 7].

Successful ocular surface reconstruction
requires a systematic and stepwise approach.
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Corneal surgery must be postponed until an
inflammation-free period is reached and lid and
adnexal abnormalities have been corrected [7].
Unilateral LSCD, in most cases resulting from
ocular trauma—mainly burns—can be partial or
total. In cases where vision is affected, surgical
options include sequential removal of the con-
junctival epithelium from the corneal surface
and removal of fibrovascular pannus with
amniotic membrane application [8]. Cell-based
therapy, in the form of direct or cultivated
autologous LSCs, provides long-term stabiliza-
tion of the ocular surface with significant
improvement in VA [8, 9].

Bilateral LSCD is more frequently a result of
systemic or autoimmune conditions, mainly
ocular cicatricial pemphigoid (OCP),
Stevens–Johnson syndrome (SJS), also known as
the Lyell’s syndrome, where there is no autolo-
gous source of healthy donor limbal tissue.
Surgical management of bilateral LSCD is based
on the two following approaches: cell-based
therapies, including allogenic limbal sources
(cultivated limbal epithelial transplantation
(CLET) or autologous cultivated oral mucosal
epithelial transplantation (COMET), amniotic
membrane transplantations, keratolimbal allo-
graft (KLAL) and keratoprostheses (KPros) or
synthetic corneas [2, 6–8, 10–16].

The study aimed was to evaluate the surgical
treatment results for CLAU and KLAL in various
types of limbal stem cell deficiency etiologies
performed in order to achieve a stable ocular
surface prior to KPro implantation.

METHODS

We retrospectively reviewed the outcomes of
the surgical treatment of 43 eyes of 39 patients
with total LSCD. All surgeries were performed
between June 1, 2018 and January 31, 2020.
Patients were recruited from the Ophthalmol-
ogy Department of Saint Barbara Hospital,
Trauma Centre, Sosnowiec, Poland. Data from
the medical records included demographics,
medical history, preoperative and postoperative
best spectacle-corrected visual acuity (BSCVA)
measured using the Snellen VA chart, outcomes
and complications of surgery, results of

accessory examinations (microbial tests), post-
operative intraocular pressure (IOP), graft
rejection, and other comorbidities and
complications.

The study was conducted according to the
guidelines of the Declaration of Helsinki.
Because this study was a retrospective analysis
of data obtained in clinical routine care at an
academic university setting, consent of the
ethics committee was not required. According
to the Polish statute, this is a non-interven-
tional study (Article 37a (1) of the Pharmaceu-
tical Law) and therefore, on the understanding
of the Act of 5 December 1996 on the profes-
sions of doctor and dentist, does not require the
opinion of the bioethical committee and does
not constitute a clinical trial. Informed consent
was obtained from all subjects involved in the
study.

Indications for surgical treatment were
chemical or thermal burns and cicatrizing con-
junctival disease, such as OCP, SJS/LS. The
diagnosis of total LSCD was made clinically on
the basis of the medical history, patient exam-
ination, and response to previous treatment. All
patients suffered from severe ocular surface
pathology with total LSCD and underwent
multistage, repetitive surgical treatment. Addi-
tional simultaneous intensive local and general
immunosuppressive and anti-inflammatory
medications were applied. Total LSCD clinical
manifestations comprised severe limbal ische-
mia of four quadrants, persistent limbal
inflammation, non-healing persistent corneal
epithelial defects often leading to ulcerations,
corneal melting or perforation, corneal superfi-
cial and deep neovascularization, fibrovascular
pannus, scarring, keratinization and calcifica-
tion of the corneal surface. Ocular surface and
adnexal involvement did not allow direct
application of Boston KPro type I. Additional
treatment was necessary to improve the local
conditions on the surface.

All patients with diagnosed total LSCD were
treated using two different surgical methods—
KLAL and conjunctival limbal autograft
(CLAU)—with the purpose of achieving a
stable ocular surface prior to KPro implantation.
In some eyes, additional amniotic membrane
transplantation (AMT) was performed, serving
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as accessory tissue covering the reconstructed
fornix or in conjunction with a stem cell pro-
cedure; this contributed a substrate for stem cell
proliferation and epithelial migration, acceler-
ating re-epithelialization following surgery.
AMT was applied routinely as a first-line treat-
ment after ocular burns to suppress inflamma-
tion, facilitate epithelialization, and prevent
cicatricial complications in acute chemical and
thermal burns. Application of the amniotic
membrane was performed immediately after
admission to the ophthalmic emergency center.
Only eyes with tear film secretion qualified for
the treatment.

In the patients, the severe ocular surface
pathology also demanded medical and fre-
quently surgical treatment of adnexal patholo-
gies, such as ectropion, entropion, trichiasis,
dacryocystitis, symblepharolysis, ankyloble-
pharolysis, and other lid procedures. During
KLAL surgery and frequently one-time restora-
tion of lost conjunctival fornixes, the AMT on
the bare sclera in the bottom of the newly cre-
ated fornix was necessary. The monolayer
amniotic patch was sutured epithelial-side
down using 10–0 nylon running or interrupted
sutures extending to the edges of the palpebral
conjunctiva and the external margin of the
KLAL graft.

The KLAL technique involved preparation of
the donor tissue and 360� corneoscleral rings
remaining after corneal trephination for pene-
trating keratoplasty. The limbal tissue attached
to a corneal carrier was harvested from the
cadaveric eyes and transplanted to the recipient
eye. Oversized donor grafts with 2–3 mm scleral
rims were preserved in a cold storage medium of
Eusol-C solution (Alchimia, S.r.I., Ponte S.
Nicolo, Italy). During surgery, the posterior one-
half to two-thirds of stromal and scleral tissues
were removed by lamellar dissection using a
sharp, rounded steel crescent blade with the
freehand technique. In areas of symblepharon,
conjunctival tissue was first recessed at the
limbus and then undermined to allow the
conjunctival tissue to fall back. A 360� con-
junctival peritomy was carried out and the
conjunctiva was resected to 2.0–3.0 mm from
the limbus to expose an adequately sized bed of
denuded sclera on which to position the KLAL

tissue. All corneal pannus and corneal irregu-
larities were smoothed and removed with a
rounded blade. The keratolimbal donor allo-
graft was positioned and sutured with 7–0 Vicryl
sutures to the recipient scleral bed. The corneal
part of the allograft usually fitted closely to the
recipient cornea. The recipient’s primary
pushed-back conjunctiva was sutured tightly
with 10–0 Vicryl sutures just outside the limbus.
All surgical procedures were performed under
general anesthesia. Patients were hospitalized
for 1–2 days after KLAL and followed up 2 weeks
after hospitalization and monthly for 6 months.

CLAU is a procedure in which limbal tissue
attached to a conjunctival carrier is trans-
planted from the healthy eye to the contralat-
eral stem cell-deficient eye [17]. The main
advantage over the allograft procedure is that
there is no need for general immunosuppres-
sion. This technique was applied in unilateral
LSCD. In the recipient eye, conjunctival perit-
omy was performed in the region of consecutive
autografts. The superficial keratectomy was
performed to remove the abnormal epithelium
and fibrovascular epithelium. The donor eye
tissue was then carefully harvested from the
healthy eye. The tissue source was superior and
inferior limbus of donor eye. Two trapezoid-
shaped limbal grafts, measuring 5.0 mm at the
limbus and extending 4.0–6.0 mm posterior to
the limbus, were demarcated with a rounded
blade. The thickness of the limbal tissue do not
extend 150 lm. The corneal margin of the
autograft was extended through the palisades of
Vogt to ensure isolation of stem cells. After
careful dissection of the graft margins, it was
transferred to the donor eye with proper
epithelial and limbal orientation. The graft was
then sutured with 10–0 Vicryl sutures to the
recipient eye scleral bed. To avoid stem cell
damage, no sutures were placed through the
limbal or corneal margins. The donor eye con-
junctiva was sewn back with 10–0 nylon
sutures. All procedures were performed under
local anesthesia, with the use of drops of 0.5%
proxymetacaine and subconjunctival injection
of 2% xylocaine for easier separation of the
conjunctiva from Tenon’s layer if necessary.
Patients were hospitalized for 1 day and

252 Ophthalmol Ther (2022) 11:249–259



followed up 2 weeks after the procedure and
monthly for 6 months.

Postoperative treatment consists of 14 days
of topical fluoroquinolone administered five
times a day and dexamethasone therapy with
the following regimen: seven times a day for
14 days, five times a day for 14 days, three times
a day for 30 days, and once a day afterwards. In
the KLAL group prednisone was taken orally at a
dose of 20 mg for 14 days and then 10 mg for
the next 14 days. General immunosuppressive
treatment included mycofenolate mofetil
500 mg BID applied in long-term
administration.

After both KLAL and CLAU surgery, inten-
sive management of epithelialization and local
and systemic immunosuppression, control of
inflammation, and management of coexisting
glaucoma and other comorbidities and compli-
cations were conducted. A minimum of 1 year
after ocular surface reconstruction, Boston KPro
type I was implanted.

RESULTS

Between June 1, 2018 and January 1, 2020, 69
surgeries preparing the ocular surface for KPro
implantation were performed. Follow-up was at
least 12 months. These surgeries involved 22
procedures in a group of 17 women (18 eyes),
where the mean age was 54.32 ± 16.5 (range
45–78 years), and 47 procedures in a group of 34
men (37 eyes), where the mean age was
54.37 ± 15.14 (range 28–90 years).

In 6 eyes of 6 women and 11 eyes of 11 men,
an uncomplicated CLAU procedure was per-
formed once. Similarly, one uncomplicated
KLAL procedure in one eye was performed in
each of 10 women and 19 men. In another one
woman and three men, KLAL was performed in
both eyes. In one man with Lyell’s syndrome,
the KLAL operation was performed three times
in one eye. Because of severe scarring of the
ocular surface, despite prior KLAL surgery, two
women and five men (two men post KLAL
operation in both eyes) required KLAL to be
reperformed, and two women and three men
who underwent CLAU were operated on with
the KLAL technique.

In all 17 eyes operated on with CLAU, we
used this technique once. In one eye of a
woman with OCP and two eyes of one male
patient with Lyell’s syndrome, after KLAL, cor-
neal perforation was recognized, and penetrat-
ing keratoplasty (PK) à chaud was performed.
Healthy eyes did not reveal any LSCD signs in
follow-up.

The time between the ocular pathology
report and ocular surface reconstruction was
29 ± 6 months (from 12 to 54 months). The
oldest patient, a 90-year-old man, lost useful VA
in both eyes and suffered from LSCD compli-
cations after a misfire explosion in 1949.

The main ocular surface pathologies requir-
ing prior surgical preparation before KPro
implantation were reported. The most common
causes were ocular trauma (50.7%), mainly
alkali burns (77%); autoimmune causes, mainly
OCP (17.4%) including LS/ SJS (16%) and
infection (15.9%). The indications and details of
the surgical treatment of the ocular surface
pathology before KPro implantation are pre-
sented in Table 1.

Because of the autologous origin of the graft,
after CLAU, we used only topical medication,
with no necessity for general immunosuppres-
sion. Patients received topical dexamethasone
(0.1%) and broad-spectrum antibiotic (fluoro-
quinolones; moxifloxacin or levofloxacin) eye
drops with regimen described before. Continu-
ous lubrication with artificial tears eye drops
was highly important. KLAL patients were
additionally treated with oral steroid for
1 month and with oral immunosuppressive
agents. Postoperative medical treatment after
KLAL included a topical steroid (dexametha-
sone seven times a day), broad-spectrum
antibiotic (fluoroquinolones; moxifloxacin or
levofloxacin), aminoglycosides (gentamycin),
and strong systemic immunosuppression,
including steroids, cyclosporine A, azathio-
prine, and mycophenolate mofetil. It was cru-
cial to ensure persistent intensive lubrication to
support favorable conditions for epithelializa-
tion and to maintain successful surgical and
medical treatment. Topical antimicrobial ther-
apy was routinely applied for 21 days and
extended if needed. Steroid doses were tapered
(one drop less each month) to maintenance
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treatment five times a day. Modifications were
applied according to the progress of the disease.

To create suitable conditions for KPro
implantation in seven eyes (13%), KLAL was
repeated, and in one eye, it was performed three
times. In eight eyes treated with the KLAL
technique, AMT was used to cover the restored
fornixes.

The most common complication of surgical
treatment was persistent epithelial defect that
was refractory to medical treatment. This com-
plication occurred in 32 eyes (58%), 5 eyes after
CLAU, and 27 after KLAL, mainly in patients
with Lyell’s syndrome or autoimmunological
conditions. In addition, abnormal tear produc-
tion dominated in these groups of patients. The
purpose of intensive medical treatment was to
increase the ocular surface moisture with
preservative-free lubricants, a 20% solution of
autologous serum drops, and cyclosporine A
drops, as well as to limit existing tear evapora-
tion with bandage soft contact lenses, partial
tarsorrhaphy, ptosis with botulin toxin, or a
constant eye patch. As an adjunctive therapy,
anti-collagenases, such as orally administered
doxycycline (100 mg twice daily for 6–8 weeks)
and vitamin C to facilitate collagen synthesis,
were applied.

Corneal conjunctivalization (19%) and neo-
vascularization (29%) were present on the cor-
neal edge of the graft. Symblepharon recurred
within 3 months in nine eyes (17.3%) after
KLAL, including four eyes that had been
chemically burned and five eyes with LS/SJS.
They were dissected during separate surgery or
subsequent KLAL.

Glaucoma, which is frequently associated
with severe ocular surface disease resulting from
injuries, mainly alkali burns, multiple surgical
procedures, and long-term use of topical corti-
costeroids, was managed aggressively in
patients undergoing limbal transplantation. A
simple way to monitor IOP elevation was regu-
lar eye globe axial length measurements.

Glaucoma or ocular hypertension was
reported in 28 eyes (51%) and is crucial to
ensure the best prognosis for further visual
rehabilitation. Eight eyes (14.5%) required sur-
gical intervention to normalize IOP that was
refractory to medical treatment, including three
trabeculectomies, three transscleral cyclopho-
tocoagulation procedures, and two Ex-Press
glaucoma-shunt implantations.

Because of the complex and hard nature of
underlying conditions leading to corneal sur-
face disintegrity, the only goal of our treatment

Table 1 Surgical techniques and indications for surgery in ocular surface pathology

Characteristics Total (N = 69)
N (%)

Women (n = 22)
N (%)

Male (n = 47)
N (%)

CLAU 17 (24.6) 6 (32.0) 11 (68.0)

Indication for surgery

Ocular trauma 12 (17.4) 4 (18.2) 8 (17.0)

Autoimmune causes – – –

Infection 5 (7.2) 2 (9.1) 3 (6.4)

LS/SJS – – –

KLAL 52 (75.4) 16 (48.0) 36 (52.0)

Indication for surgery

Ocular trauma 23 (33.3) 6 (27.3) 17 (36.2)

Autoimmune causes 12 (17.4) 5 (22.7) 7 (14.9)

Infection 6 (8.7) 1 (4.5) 5 (10.6)

LS/SJS 11 (16.0) 4 (18.2) 7 (14.9)
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was to achieve preparation of the ocular surface
for KPro implantation, not to improve VA.
However, the postoperative VA in the study
group of patients was improved in 17 eyes
(31%) and remained unchanged in 38 eyes
(69%). VA was improved from light perception
to hand movements in three eyes (16%) from
the CLAU group of patients and eight eyes
(15%) from the KLAL group, as well as from
hand movements to finger counting in two eyes
(12%) after CLAU and two eyes (4%) after KLAL
operation. VA improvement resulted from a
combination of various factors, which were as
follows: slight partial corneal neovasculariza-
tion disappearance, more stable and complete
tear film, partial corneal epithelium regenera-
tion, and a limitation of corneal surface
inflammation.

Boston type I keratoprosthesis obtained
approval for reimbursement from public finan-
ces in Poland in July 2019. Since then, kerato-
prostheses have been implanted in a group of
patients after the KLAU and CLAU initial pro-
cedures. At the date of preparation of the
manuscript, 12 patients had a follow-up period
of at least 6 months after the implantation of
the keratopthesis. Nine eyes were operated on
after KLAL, and three after CLAU. Ocular surface
disorders after implantation were observed only
in two patients after KLAL, the surgical proce-
dure used for both cases was conjunctival flap
surgery with the displacement of the conjunc-
tival tissue over corneal necrosis in the area of
the keratoprosthesis interface. Both interven-
tions were successful.

Visual acuity after keratoprosthesis after
KLAL procedure resulted in BCVA above 0.5
(0.9–0.5) only in three cases, the remaining two
persons maintained visual acuity of 0.2–0.3, and
four others below 0.1. The reason for the low
visual acuity was glaucoma in four cases and
macular RPE atrophy in two eyes.

Figure 1 presents an eye before KLAL proce-
dure for LSCD due to Lyell’s syndrome. Figure 2
shows an eye after KLAL procedure for LSCD
due to Lyell’s syndrome. Figure 3 shows an
example of an eye after KLAL and KPro proce-
dure for LSCD due to Lyell’s syndrome.

DISCUSSION

Diseases affecting the cornea are a major cause
of blindness worldwide. Globally, corneal
opacity of various origins is the fourth-leading
cause of bilateral blindness, following cataract,
glaucoma, and age-related macular degenera-
tion [10]. Trauma, inflammation, and congeni-
tal diseases are the main causes of LSCD,
frequently leading to irreversible corneal
destruction. Prior to any attempt at LSC trans-
plantation, the ocular surface must be opti-
mized. Except for a proper surgical approach,
the following are the two most important

Fig. 1 Eye before KLAL procedure for LSCD due to
Lyell’s syndrome

Fig. 2 Eye after KLAL procedure for LSCD due to Lyell’s
syndrome
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general principles: controlling causative factors
and controlling comorbid conditions [6].

KPros offer a therapeutic alternative to
patients with corneal blindness who cannot
undergo successful corneal allograft [10]. How-
ever, to implant a prosthesis, it is necessary to
restore and stabilize the ocular surface.

In the current study, we reported that the
therapeutic approach to ocular surface recon-
struction in LSCD before KPro implantation is
challenging and unpredictable. This results
from the extent of involvement of the limbus
(partial or total), involvement of surrounding
tissues, and unilaterality or bilaterality of LSCD
[6–8]. Often, a repeated surgical approach is
necessary to achieve a stable ocular surface.

The transplantation procedures presented in
our report are usually more favorable than local
or general medication using adhesive tissues or
other forms of treatment. In LSCD, this is fre-
quently the only possible approach to restoring
the ocular surface integrity. An important
aspect of surgical treatment for LSCD is the
availability of tissue necessary for the procedure
[18].

With the KLAL technique, large numbers of
stem cells can be transplanted. KLAL permits
the treatment of LSCD eyes when there is no
available living-related or autograft tissue [18].
This technique is performed to treat severe
bilateral ocular surface disorders secondary to
LSCD. In our study, the overall success of KLAL

depended on the causes of LSCD. It was con-
sistent with clinical reports on KLAL results in
LS/SJS and autoimmunological patients [7, 18],
where the complexity of autoimmunological
processes leading to KLAL failure demanded
strong immunosuppression, frequently with
two different drugs and systemic and topical
steroids. We used cyclosporine A or azathio-
prine and mycophenolate mofetil.

Liang et al. [19] reported that successive
KLAL was performed after failure of the first
KLAL in 11 of 39 study group patients; nine eyes
demanded a second, one eye a third, and
another one eye a fourth KLAL procedure. In
our study, only five eyes demanded re-KLAL,
and one eye was operated on three times with
this technique. The prognosis for successful
KLAL survival is related to persistent inflam-
mation, severe dry eye, or asymptomatic and
progressive rejection of KLAL. Thus, the higher
survivability for KLAL in our study probably
resulted from selected indications for ocular
surface reconstruction, mainly post ocular
trauma.

Many reports have suggested that some risk
factors for KLAL failure include chronic
inflammation, dry eye, symblepharon, kera-
tinization, lid abnormalities, and increased IOP
[7]. Glaucoma or increased IOP may be a
comorbidity secondary to the underlying LSCD,
and the use of oral and topical steroids may lead
to the development of increased IOP. This state
often demands drainage device placement or
medical antiglaucomatous therapy [7, 13, 18].
Glaucoma or ocular hypertension was reported
in 28 eyes (51%). Most of these eyes were trea-
ted with one or three topical agents (timolol,
brimonidine, brinzolamide) or referred to tra-
beculectomy with peripheral iridectomy in
three eyes, transscleral cyclophotocoagulation
in three eyes, and Ex-Press glaucoma-shunt
implantation in two eyes.

In patients with unilateral LSCD, KLAL is a
surgical alternative for those who fear damage
to the healthy fellow eye if it is used as a source
of limbal stem cells. CLAU is particularly effec-
tive in treating patients with conjunctival scar-
ring and inflammation. In addition to limbal
tissue, conjunctival tissue is also transplanted.
This is the method of choice for unilateral LSCD

Fig. 3 Eye after KLAL and KPro procedure for LSCD
due to Lyell’s syndrome
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[11, 20]. It is thought that harvesting about 40%
of stem cells would not destabilize the donor
eye [21]. Long-term follow-ups have shown a
good graft survival rate [3]. In our study, five
eyes (29%) required reoperation. In the case of
corneal surface instability and subsequent scar-
ring, delayed epithelial healing requiring AMT,
and progressive conjunctival ingrowth overrid-
ing the grafts, we decided not to repeat CLAU
operations.

The VA improvement after CLAU depends
on the graft size and drops with smaller grafts
[21]. The study aimed was to evaluate the sur-
gical treatment results for CLAU and KLAL in
various types of limbal stem cell deficiency eti-
ologies performed in order to achieve a
stable ocular surface prior to KPro implantation.
A stable ocular surface was achieved in 71% of
cases. This result remains consistent with Ozer
et al.’s [1] study, where CLAU transplantation
was applied to the patients at least 3 months
after injury, and normal epithelialization was
achieved in 68% of eyes. Epithelialization failed
in only four eyes (13%) during the postopera-
tive period, three of which had severe recurrent
cicatricial eyelid disorders despite
reconstruction.

The rate of postoperative glaucoma after
CLAU ranges from 6% to 32%, increasing with
subsequent optical allografting [1, 18, 20]. The
reason for glaucoma development in CLAU eyes
was interpreted as the consequence of alkali
injury-induced trabecular meshwork damage.
In our report, glaucoma or increased IOP was
observed in four eyes (23.5%), requiring topical
medication in two eyes and surgical interven-
tion in the other two eyes, with one tra-
beculectomy with peripheral iridectomy and
one Ex-Press glaucoma-shunt implantation. The
other explanation for a lower frequency of
increased IOP after CLAU than after KLAL is the
lack of need to use steroids in general medica-
tion and smaller doses of topical steroids.

Our observations indicate that waiting at
least 1 year from reconstructive surgery of the
ocular surface before the optical operation—
KPro implantation in our study group—fosters
better final outcomes. Of course, the success of
KPro does not solely depend on the limbal
niche restoration but on other factors such as

lid malformations, dry eye, and protracted
inflammation. Ozer et al. [1] presented a similar
view in relation to CLAU and penetrating ker-
atoplasty in eyes with LSCD. Similarly, Yao et al.
[9] suggested that there should be a minimum
of 12 months between CLAU and associated
deep anterior lamellar keratoplasty procedures.
We presume that the failures of limbal auto-
and allografts in our study mostly occurred
because of advanced-stage ocular surface
destruction.

According to }Ozdemir et al. [22], limbal
autografts seem to be superior to limbal allo-
grafting under similar ocular conditions. Per-
haps the main aim of limbal allografting should
be to relieve patients’ symptoms first, and
thereafter to prepare the corneal surface for a
successful future keratoplasty—KPro implanta-
tion in our material.

The two-step surgical approach, including
first KLAL or CLAU and staged KPro implanta-
tion, seems to be more effective in improving
vision and maintaining long-term ocular sur-
face stability in patients with severe ocular sur-
face disease and LSCD. It offers a more
stable ocular surface than a simultaneous pro-
cedure, along with a better prognosis of graft
survival.

A limitation of this study is its retrospective
nature. For this reason, in the next stages it
would be reasonable to extend the analyses to
the observations from prospective studies and
to include the control group. Of course, it is
always reasonable to increase the analyzed
groups, as well as to extend the period of
observation. Nevertheless, the results presented
in this study are significant.

CONCLUSION

Because of the complex nature of the total LSCD
and different factors leading to this state, suc-
cessful corneal surface reconstruction with
autografts or allografts is still a demanding and
high-risk treatment. The improvement of VA,
the main goal of ophthalmic treatment, falls
into second place. Further investigations and
development of new surgical techniques and
appropriate immunosuppressive approaches are
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still necessary to improve the final outcomes of
treatment.

ACKNOWLEDGEMENTS

Funding. No funding or sponsorship was
received for this study or publication of this
article. The authors funded the journal’s rapid
service fee.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author Contributions. Conceptualization,
K.K. and P.M.; methodology, K.K.; formal anal-
ysis, D.B., A.L-B.; resources, B.O.G.; data cura-
tion, K.K.; writing—original draft preparation,
P.M., D.D., and A.L.-B.; writing—review and
editing, K.K. and E.W.; supervision, E.W.; pro-
ject administration, B.O.G. All authors have
read and agreed to the published version of the
manuscript.

Disclosures. Katarzyna Krysik, Piotr Mik-
laszewski, Dariusz Dobrowolski, Anita Lyssek-
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