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Abstract

To present a pediatric patient with unilateral limbal stem cell deficiency (LSCD) after acetone burn, managed by simple
stem cell transplantation simple limbal epithelial transplantation (SLET) surgery and to review the literature on limbal stem
cell transplantation techniques. A 12-year-old boy was admitted to the emergency department for acetone burn on his left
eye. Following acute management of the chemical injury and amniotic membrane transplantation, the cornea healed with
extensive conjunctivalization. He suffered severe photophobia and visual acuity (VA) loss up to 0.16 Snellen lines. Because
of severe clinical findings of LSCD, SLET surgery was performed. He had dramatic improvement in corneal epithelialization,
stromal transparency, and disappearance of photophobia 2 weeks after the surgery. At 1 year postoperatively, his VA was
0.7 with a stable epithelial surface and minimal corneal haze and he had returned to normal life. SLET is a viable alternative
technique in the management of unilateral LSCD and should be present in the armamentarium of all corneal surgeons.
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hemical burn is a leading cause of corneal blindness.

Ocular surface injuries lead to 19 million unilateral and
1.6 million bilateral visual losses annually.['! Incidence of
blindness due to trauma and corneal ulceration is approx-
imately 2 million cases per year.2l Among all ocular inju-
ries, the rate of chemical burn is 1.5-22.1%.534! Inadequate
management of the acute burn or late sequela may lead
to severe dry eye syndrome, limbal stem cell deficiency
(LSCD), corneal neovascularization, and corneal opacities.
Eyelid disorders, trichiasis, symblepharon, ankylobleph-
aron, corneal keratinization, subsequent corneal infections,
or glaucoma require life-long follow-up of the patients,

probable additional interventions, and eventually loss of
labor of the patient and may cause great economic impact.

Chemical eye burn is a major cause of LSCD. Corneal scrap-
ing, amniotic membrane transplantation, conjunctival
limbal autograft (CLAU) or allograft, keratolimbal allograft,
and ex vivo cultivated limbal stem cell transplantation
have been used for the treatment of LSCD. Simple limbal
epithelial transplantation (SLET) is a recently introduced
technique for LSCD. Its advantages include need for a
small limbal biopsy, being repeatable due to low risk of
iatrogenic damage at the healthy fellow eye and being
applicable at low-budget facilities. Immunosuppressive
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treatment is not required as there is essentially no risk of
immune rejection.

Herein, we present a pediatric case whose unilateral LSCD
due to acetone burn was successfully treated by SLET; as
well as a review of the literature on the treatment of LSCD.
Consent and permission upon publication of the medical
data was obtained from the patient and his parents.

Case Report

A 12-year-old male patient was admitted to Dokuz Eylul
University, Department of Ophthalmology, after blasting
eye injury with an acetone bottle. His eye was rinsed with
saline solution at the emergency department, before refer-
ring to our clinic. At the initial admission, his visual acuities
were 1.0 at the right eye and 0.5 at the left eye, in Snellen
lines. Slit-lamp examination revealed wide corneal epithe-
lial defect, 360° limbal ischemia, and chemosis on the left
eye (Fig. 1). Right eye examination revealed normal find-
ings.

In our clinic, his injured eye was rinsed deliberetely again
with ringer lactate solution. A silicone hydrogel bandage
contact lens (balafilcon A, PureVision®, Bausch & Lomb,

Fig. 1.

Large corneal epithelial defect, chemozis, and limbal ischemia
immediately after ocular acetone burn.

(a, b) One month after acetone injury, only nasal less than 1/4th
cornea has re-epithelialized.

Fig. 2.

USA) was fitted and topical preservative-free dexametha-
sone qid, moxifloxacin tid, trehalose - sodium hyaluronate
gid, cyclopentolate tid, polivinil alcohol/povidone tears,
and (PO) 500 mg vitamin C were prescribed. On the 34 day
of the injury, slit-lamp examination revealed initiation of
corneal epithelization. However at the 4th week, only less
than a quarter of corneal epithelium has healed and amni-
otic membrane transplantation was performed to decrease
ocular inflammation and improve epithelialization (Fig. 2a
and b). At the 2"d week of surgery, the amniotic membrane
has dissolved and the epithelium has completely healed
leaving stromal haze, vascularization, and conjunctivaliza-
tion implying LSCD (Fig. 3a and b). His visual acuity (VA)
initially improved to 0.4 with +0.25(-1.25 at 140), but se-
vere photophobia was restricting his life and he quitted at-
tending his school. The healed epithelium itself was loose,
displaying recurrent erosions with associated pain and dis-
comfort. At the postoperatively 34 month, VA worsened to
0.16 levels and stayed stabile in the following visits.

Confirming the diagnosis of LSCD by clinical findings, SLET
surgery was performed at the 10t month following chem-
ical burn, by taking the limbal donor tissue taken from the
fellow eye (iD, CAU) (Fig. 4a and b). Initially, 2 mmx2 mm
area on the donor eye limbus was marked and a conjunc-
tival fleb was dissected toward limbus to prepare the graft
tissue. Conjuctival graft was cut into 14 small pieces. The
conjunctiva that has grown onto the cornea with LSCD was
gently dissected and the corneal surface was covered with

(a, b) Following amniotic membrane transplantation, corneal
epithelium healed with corneal haze, vascularization, conjuncti-
valization, and scarring.

Fig. 3.

Fig. 4.

(a, b) Simple limbal epithelial transplantation surgery in con-
junction with amniotic membrane transplantation was per-
formed with superior limbal biopsy from the healthy fellow eye.



Unlu et al., SLET for ocular chemical burn / doi: 10.14744/eer.2021.81300

Fig. 5.

Postoperatively, the corneal stroma was transparent. There was
no epithelial defect, neovascularization, and limbal deficiency.
Limbal stem cell grafts can be seen circumferentially.

amniotic membrane using tissue fibrin sealant (Tisseel,
Baxter Healthcare, US). Small limbal stem cell grafts were
placed circumferentially for 360° on the limbus intermit-
tently, over amniotic membrane with fibrin sealant. A 14.0
mm diameter silicone hydrogel contact lens (balafilcon A,
PureVision®, Bausch & Lomb, USA) was placed at the end of
the surgery.

Postoperatively, topical treatment of moxifloxacin qid,
preservative-free dexamethasone qid, and 0.15% sodium
hyaluronate artificial tears frequently was commenced. On
the post-operative 2" week, upon melting and dissolving
of the amniotic membrane, clear stroma has appeared.
His VA improved to 0.3 uncorrected and 0.5 with —0.50
(—1.50@100) D. Photophobia improved dramatically, and
the patient could return his normal life and school. At the
slit-lamp examination, minimal cornea haze was present
with no epithelial defect or neovascularization (Fig. 5). Top-
ical treatment was switched to cyclosporine 0.05% gid and
preservative-free 0.15% sodium hyaluronate qid.

At the 15t year follow-up, his corneal stroma had only min-
imal haze with regular epithelial surface. The uncorrected
and corrected VAs were 0.6 and 0.7 with —0.50 (—1.50 at
100), respectively. The patient is still under medical treat-
ment with cyclosporine 0.05% bid and preservative-free
artificial tears, as needed.

Discussion

Chemical burn is one of the leading causes of permanent
visual loss in the opthalmic emergencies.”! Treatment and
prognosis vary according to severity of the chemical dam-
age, depth and extend of area affected at the central cor-
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nea and limbal stem cell area. The exposure time and area
of the ocular surface and type, concentration, temperature,
and pH of the chemical also affect the prognosis.[67] Irre-
versible chemical damage of limbal basal epithelial cells
that are known to have vital roles for epithelialization,8-15]
may cause LSCD. The clinical picture of LSCD may pres-
ent in a broad spectrum, from undulating finger-shaped
epithelial irregularities with stippled corneal fluorescein
staining in vortex pattern and late fluorescein staining that
extend from the limbus to the center, up to severe and to-
tal conjunctivalization of the corneal surface. Eventually,
LSCD may cause serious corneal problems such as perma-
nent conjunctivalization, basal membrane destruction, and
fibrous tissue growth over cornea.l'6:17]

Biomicroscopic findings of LSCD include irregular corneal
surface varying in terms of depth and transparency. Se-
vere LSCD results in fibrovascular pannus, chronic keratitis,
cicatrization, and calcification.['8] Since the conjunctival-
ized corneal epithelium is more permeable, it stains with
fluorescein irregularly, as compared to normal corneal ep-
ithelium.['91 Conjunctivalized corneal epithelium is thin-
ner, disorganized, and stains in a punctate pattern.[202]
In partial LSCD, a demarcation line between damaged and
normal corneal area can be seen. Fluorescein stain tends to
pool on the conjunctivalized area, where the epithelium is
thinner.[2223] |n severe cases, persistant epithelial defects,
corneal melting, and even perforation can be seen.['8!
LSCD can be diagnosed histologically by showing goblet
cells in the conjunctivalized corneal epithelium with im-
pression cytology.?¥ This diagnosis has vital importance
to exclude conventional corneal transplantation as a treat-
ment option.[8]

In case of a chemical injury of the eye, main goal of acute
management is to suppress the inflammation, prevent
progression of epithelial and stromal defects and induce
epithelialization.[2>] Partial LSCD that does not affect the
corneal center could be managed by topical medications
to improve lubrication by artifical tears, suppress inflam-
mation by steroid and non-steroid eye-drops, and support
epithelialization by autologous serum eye drops.[26-29]
Autologous serum eye drops aim at providing healthy ep-
ithelial proliferation and migration and preventing corne-
al adhesion to tarsal conjunctiva leading to symblephora.
[30-32] Therapeutic contact lenses and scleral lenses may
prevent formation of new corneal epithelial defects, aid in
healing persistant epithelial defects, decreasing pain, and
photophobia. Lubrication prevents epithelial adhesion to
tarsal conjunctiva but unlike autologous serum eye drops,
artificial eye drops do not induce limbal stem cell prolifera-
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tion.133341 |n the presence of severe LSCD, (i.e., 360° corneal
vascularization, conjunctivalization, and severe visual loss)
limbal stem cell transplantation surgery is the only treat-
ment approach. SLET is a new generation technique in this
context.[3°]

Surgical treatment options for LSCD aim at restoring the
healthy corneal epithelial surface and transparent stroma
(Table 1). Corneal scraping procedure aims at removing
conjunctival tissue over the cornea to help re-epithelization
of corneal surface.38! Amniotic membrane transplantation
is frequently performed to induce residual limbal stem cell
islands’ proliferation and migration, at the early phase of
chemical injury. It helps healing corneal surface, improves
VA, reduces pain, and particularly photophobia. Amniotic
membrane has low immunogenic, high anti-inflammatory,
anti-angiogenic, antifibrinogenic, antimicrobial, and an-
ti-apoptotic properties. After removing conjunctival over-
growth on the cornea, amniotic membrane is fixed using
tissue fibrin sealants and/or sutures.32-34:36.371 However, in
terms of severe LSCD, it does not allow transparent epithe-
lialization of the cornea. CLAU is another technique, where
limbal graft from the healthy fellow eye is taken using con-
junctiva as a carrier tissue. However, due to the size of the
harvested graft, the technique carries inherent LSCD risk for
the donor healthy eye. Conjunctival limbal allograft can be
excised from alive relative or cadaver using conjunctiva as
a carrier tissue. In this case, systemic immunosuppression
is mandatory and risks of infection and neoplasia, as well
LSCD risk as in CLAU technique, are present. Keratolimbal
allograft is another technique of limbal stem cell transplant
from cadavers, using cornea as carrier tissue. Larger tissue
is transplanted comparing to other transplants. Its risks also
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include risks of systemic immunosuppression including in-
fection.[3338-401 Ex yjvo cultivated stem cell transplantation
(CLET) is a technique, where autologous or allogenic lim-
bal stem cells are grown in the culture media over amniotic
membrane or various carriers, and then transplanted. Main
advantages include low risk of LSCD in the donor eye and
low immunologic rejection risk as Langerhans cells do not
reside in the composite graft.394142l Finally, simple oral
mucosal epithelial transplantation (SOMET) can be used
when no limbal stem cells are available in bilateral LSCD
cases, to decrease ocular surface inflammation and corne-
al neovascularization. SOMET has particular advantage in
improving photophobia and preparing ocular surface for
future CLET.

SLET technique is one of the recent advances for monocu-
lar LSCD cases. In 2012, Sangwan et al.[43] presented autol-
ogous SLET surgery as a new technique combined with am-
niotic membrane transplantation. Basu et al.[*4! analyzed
long-term consequences of SLET, and reported successful
resultsin 125 eyes of 95 patients with ocular chemical burn,
at post-operative 1.5 years follow-up. Vazirani et al.l*>! ana-
lyzed outcomes of SLET in 68 eyes at eight centers in three
countries; and reported successful results in 57 eyes at the
end of 1 year follow-up.

For successful SLET, limbal biopsy should be excised from
a healthy limbal area. The biopsy size 2 mmx2 mm is ad-
equate. A larger limbal biopsy may create a risk of LSCD
in the healthy eye. Advantages of SLET include being re-
peatable due to low risk of iatrogenic damage at healthy
fellow eye with a small biopsy requirement. In repeated
SLET surgeries, biopsy might be harvested close to former
biopsy area but they should not overlap. Of note, SLET is

Table 1. Comparison of limbal stem cell transplantation techniques

CLAU CLET SOMET SLET
© B B &

Donor tissue size 10-20 mm 2X2 mm 3x4 mm 2X2 mm
Laboratory need No Yes No No
Amnion use No Yes Yes Yes
Repeatability No Yes Yes Yes
Donor eye LSCD risk Yes No No Yes
Cost Low High Low Low
Preference in unilateral LSCD Rare Yes No Yes
Preference in bilateral LSCD Yes No Yes No

CLAU: Conjunctival limbal autograft; CLET: Ex vivo cultivated stem cell transplantation; SOMET: Simple oral mucosal epithelial transplantation; SLET: Simple limbal epithelial trans-

plantation; LSCD: Limbal stem cell deficiency.
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applicable at low-budget facilities, as no laboratories for
cultivating limbal stem cells are needed. SLET does not re-
quire immunosuppressive medication, as risk of immune
rejection essentially does not exist.[*6] Unfortunately, the
autologous SLET is not applicable for bilateral LSCD cases.
Allograft SLET can be an option for bilateral LSCD cases, but
the rate of surgical success may be lower with this tech-
nique. The presence of symblephora might also decrease
the rate of surgical success. Per-operative symblephora ex-
cision and use of amniotic membrane can be a solution.[47]
To transplant the stem cell niches onto a quiet ocular sur-
face with minimal to no inflammation, at least 4-6 months
medical treatment after the chemical burn would improve
the rate of post-operative success.!*3]

To sum up, SLET technique is a viable and minimally in-
vasive alternative in monocular LSCD to improve corneal
epithelialization and final VA, as well as to resolve photo-
phobia.

Acknowledgment: We sincerely thank Mr Ercan Ata¢ and Ms
Nevin Ersoy for their technical drawings used in Table 1.

Informed Consent: Written informed consents were obtained
from the parents for publication of this case report and accom-
panying images.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: C.A.U,, I.D,; Design: CA.U,;
Supervision: 1.D.; Materials: |.D.; Data Collection and/or Process-
ing: B.H.U,; Analysis and/or Interpretation: B.H.U., C.A.U,; Litera-
ture Search: B.H.U.; Writing: B.H.U., C.A.U,; Critical Reviews: I.D.

Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References

1. Négrel AD, Thylefors B. The global impact of eye injuries. Oph-
thalmic Epidemiol 1998;5:143-69. [CrossRef]

2. Whitcher JP, Srinivasan M, Upadhyay MP. Corneal blindness:
A global perspective. Bull World Health Organ 2001;79:214-
21.

3. Wong TY, Klein BE, Klein R. The prevalence and 5-year inci-
dence of ocular trauma. The beaver dam eye study. Ophthal-
mology 2000;107:2196-202. [CrossRef]

4. Loon SC, Tay WT, Saw SM, Wang JJ, Wong TY. Prevalence and
risk factors of ocular trauma in an urban South-East Asian
population: The Singapore Malay eye study. Clin Exp Ophthal-
mol 2009;37:362-7. [CrossRef]

5. Eslani M, Baradaran-Rafii A, Movahedan A, Djalilian AR.The oc-
ular surface chemical burns. J Ophthalmol 2014;2014:196827.

6. Wagoner MD. Chemical injuries of the eye: Current conceptsin
pathophysiology and therapy. Surv Ophthalmol 1997;41:275-
313. [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

51

Pfister R. Chemical injuries of the eye. Ophthalmology
1983;90:1246-53. [CrossRef]

Bron AJ, Goldberg MF. Clinical features of human limbus. In:
Trevor-Roper PD, editor. The Cornea in Health and Disease:
5th Congress of the European Society of Ophthalmology. Lon-
don: Grune and Stratton; 1981. p. 15-20.

Goldberg MF, Bron AJ. Limbal palisades of Vogt. Trans Am
Ophthalmol Soc 1982;80:155-71.

Greiner JV, Covington Hl, Allansmith MR. The human limbus.
A scanning electron microscopic study. Arch Ophthalmol
1979;97:1159-65. [CrossRef]

Vogt A. Atlas of the Slitlamp-Microscopy of the Living Eye:
Technique and Methods of Examination. Berlin: Springer;
1921. [CrossRef]

Vogt A. Textbook and Atlas of Slit Lamp Microscopy of the
Living Eye. 3rd ed., Vol. 1. Bonn/Bad Godesberg: Wayenborgh;
1921. p. 52-3. [CrossRef]

Pfister RR. Corneal stem cell disease: Concepts, categorization,
and treatment by auto-and homotransplantation of limbal
stem cells. CLAO J 1994;20:64-72.

Thoft RA, Wiley LA, Sundarraj N. The multipotential cells of the
limbus. Eye 1989;3:109-13. [CrossRef]

Tseng SC. Concept and application of limbal stem cells. Eye
1989;3:141-57. [CrossRef]

Chew HF. Limbal stem cell disease: Treatment and advances in
technology. Saudi J Ophthalmol 2011;25:213-8. [CrossRef]
Holland EJ, Schwartz GS. The evolution of epithelial transplan-
tation for severe ocular surface disease and a proposed classi-
fication system. Cornea 1996;15:549-56. [CrossRef]

Dua HS, Saini JS, Azuara-Blanco A, Gupta P. Limbal stem cell
deficiency: Concept, aetiology, clinical presentation, diagno-
sis and management. indian J Ophthalmol 2000;48:83-92.
Huang AJ, Tseng SC. Corneal epithelial wound healing in
the absence of limbal epithelium. Invest Ophthalmol Vis Sci
1991;32:96-105.

Dua HS, Gomes JA, Singh A. Corneal epithelial wound healing.
Br J Ophthalmol 1994;78:401-8. [CrossRef]

Coster DL, Aggarwal RK, Williams KA. Surgical management
of ocular surface disorders using conjunctival and stem cell
allografts. Br J Ophthalmol 1995;79:977-82. [CrossRef]

Dua HS, Forrester JV.The corneoscleral limbus in human corne-
al epithelial wound healing. Am J Ophthalmol 1990;110:646-
56. [CrossRef]

Chen JJ, Tseng SC. Corneal epithelial wound healing in partial
limbal deficiency. Invest Ophthalmol Vis Sci 1990;31:1301-14.
Egbert PR, Lauber S, Maurice DM. A simple conjunctival biop-
sy. Am J Ophthalmol 1977;84:798-801. [CrossRef]

Hamill CE, Bozorg S, Chang HY, et al. Corneal alkali burns: A
review of the literature and proposed protocol for evaluation
and treatment. Int Ophthalmol Clin 2013;53:185-94. [CrossRef]
Poon AC, Geerling G, Dart JK, Fraenkel GE, Daniels JT. Autolo-
gous serum eyedrops for dry eyes and epithelial defects: Clini-
cal and in vitro toxicity studies. Br J Ophthalmol 2001;85:1188-
97. [CrossRef]


https://doi.org/10.1076/opep.5.3.143.8364
https://doi.org/10.1016/S0161-6420(00)00390-0
https://doi.org/10.1111/j.1442-9071.2009.02035.x
https://doi.org/10.1016/S0039-6257(96)00007-0
https://doi.org/10.1155/2014/196827
https://doi.org/10.1016/S0161-6420(83)34401-8
https://doi.org/10.1001/archopht.1979.01020010613022
https://doi.org/10.1007/978-3-662-26677-9
https://doi.org/10.1007/978-3-662-26677-9
https://doi.org/10.1038/eye.1989.17
https://doi.org/10.1038/eye.1989.22
https://doi.org/10.1016/j.sjopt.2011.04.012
https://doi.org/10.1097/00003226-199611000-00003
https://doi.org/10.1136/bjo.83.4.414
https://doi.org/10.1136/bjo.78.5.401
https://doi.org/10.1136/bjo.79.11.977
https://doi.org/10.1016/S0002-9394(14)77062-X
https://doi.org/10.1016/0002-9394(77)90499-8
https://doi.org/10.1097/IIO.0b013e31829ceefa
https://doi.org/10.1136/bjo.85.10.1188

52

27

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

. Young AL, Cheng AC, Ng HK, Cheng LL, Leung GY, Lam DS.The
use of autologous serum tears in persistent corneal epithelial
defects. Eye (Lond) 2004;18:609—14. [CrossRef]

Geerling G, Maclennan S, Hartwig D. Autologous serum
eye drops for ocular surface disorders. Br J Ophthalmol
2004;88:1467-74. [CrossRef]

Kim BY, Riaz KM, Bakhtiari P, et al. Medically reversible limbal
stem cell disease: Clinical features and management strate-
gies. Ophthalmology 2014;121:2053-8. [CrossRef]

Geerling G, Daniels JT, Dart JK, Cree |A, Khaw PT. Toxicity of
natural tear substitutes in a fully defined culture model of
human corneal epithelial cells. Invest Ophthalmol Vis Sci
2001;42:948-56. [CrossRef]

Mantelli F, Argiieso P. Functions of ocular surface mucins
in health and disease. Curr Opin Allergy Clin Immunol
2008;8:477-83. [CrossRef]

Rauz S, Saw VP. Serum eye drops, amniotic membrane and
limbal epithelial stem cells-tools in the treatment of ocular
surface disease. Cell Tissue Bank 2010;11:13-27. [CrossRef]
Fernandes M, Sangwan VS, Rao SK, et al. Limbal stem cell
transplantation. Indian J Ophthalmol 2004;52:5-22.
Schornack MM. Limbal stem cell disease: Management with
scleral lenses. Clin Exp Optom 2011;94:592-4. [CrossRef]
Kenyon KR, Tseng SC. Limbal autograft transplantation for ocu-
lar surface disorders. Ophthalmology 1989;96:709-22. [CrossRef]
Dua HS. The conjunctiva in corneal epithelial wound healing.
Br J Ophthalmol 1998;82:1407-11. [CrossRef]

Anderson DF, Ellies P, Pires RT, Tseng SC. Amniotic membrane
transplantation for partial limbal stem cell deficiency. Br J
Ophthalmol 2001;85:567-75. [CrossRef]

Holland EJ. Epithelial transplantation for the management
of severe ocular surface disease. Trans Am Ophthalmol Soc
1996,;94:677-743.

39.

40.

41.

42.

43.

44,

45.

46.

47.

European Eye Research

Baylis O, Figueiredo F, Henein C, Lako M, Ahmad S. 13 Years
of cultured limbal epithelial cell therapy: A review of the out-
comes. J Cell Biochem 2011;112:993-1002. [CrossRef]

Kolli SA, Ahmad S, Lako M, Figueiredo F. Successful clinical
implementation of corneal epithelial stem cell therapy for
treatment of unilateral limbal stem cell deficiency. Stem Cells
2010;28:597-610. [CrossRef]

Pellegrini G, Traverso CE, Franzi AT, Zingirian M, Cancedda R,
de Luca M. Long-term restoration of damaged corneal sur-
faces with autologous cultivated corneal epithelium. Lancet
1997;349:990-3. [CrossRef]

Shortt AJ, Secker GA, Notara MD, et al. Transplantation of ex
vivo cultured limbal epithelial stem cells: A review of tech-
niques and clinical results. Surv Ophthalmol 2007;52:483-502.
Sangwan VS, Basu S, MacNeil S, Balasubramanian D. Simple
limbal epithelial transplantation (SLET): A novel surgical tech-
nique for the treatment of unilateral limbal stem cell deficien-
cy. BrJ Ophthalmol 2012;96:931-4. [CrossRef]

Basu S, Sureka SP, Shanbhag SS, Kethiri AR, Singh V, Sangwan
VS. Simple limbal epithelial transplantation long-term clinical
outcomes in 125 cases of unilateral chronic ocular surface
burns. Ophthalmology 2016;123:1000-10. [CrossRef]

Vazirani J, Ali MH, Sharma N, et al. Autologous simple limbal
epithelial transplantation for unilateral limbal stem cell defi-
ciency: Multicentre results. Br J Ophthalmol 2016;100:1416-
20. [CrossRef]

Jackson CJ, Erng IT, Ringstad H, Tanseth KA, Dartt DA, Utheim
TP.Simple limbal epithelial transplantation: Current status and
future perspectives. Stem Cells Transl Med 2020;9:316-27.
Sakimoto T, Sakimoto A, Yamagami S. Autologous transplan-
tation of conjunctiva by modifying simple limbal epithelial
transplantation for limbal stem cell deficiency. Jpn J Ophthal-
mol 2020;64:54-61. [CrossRef]


https://doi.org/10.1038/sj.eye.6700721
https://doi.org/10.1136/bjo.2004.044347
https://doi.org/10.1016/j.ophtha.2014.04.025
https://doi.org/10.1016/S0002-9394(01)01230-2
https://doi.org/10.1097/ACI.0b013e32830e6b04
https://doi.org/10.1007/s10561-009-9128-1
https://doi.org/10.1111/j.1444-0938.2011.00618.x
https://doi.org/10.1016/S0161-6420(89)32833-8
https://doi.org/10.1136/bjo.82.12.1407
https://doi.org/10.1136/bjo.85.5.567
https://doi.org/10.1002/jcb.23028
https://doi.org/10.1002/stem.276
https://doi.org/10.1016/S0140-6736(96)11188-0
https://doi.org/10.1016/j.survophthal.2007.06.013
https://doi.org/10.1136/bjophthalmol-2011-301164
https://doi.org/10.1016/j.ophtha.2015.12.042
https://doi.org/10.1136/bjophthalmol-2015-307348
https://doi.org/10.1002/sctm.19-0203
https://doi.org/10.1007/s10384-019-00701-7

