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Ocular surface reconstruction involves an entire gamut of modalities, both medical and surgical. The principal 

goals of medical therapy would be supplementation of the tear film, suppression of inflammation, limitation of tissue 

destruction and promotion of epithelial wound healing. The surgical approaches and techniques are varied and often 

performed as staged procedures. In this communication, we discuss the principles in the approach to the management of 

limbal stem cell deficiency disorders. 

 

Relevant anatomy of the ocular surface 

The ocular surface functional unit consists of stratified squamous corneal epithelium, limbal epithelium 

covering the junction between corneal and conjunctival epithelium, mucin producing conjunctival epithelium, 

muco- cutaneous junction of the lids which helps in the proper spread of the tear film, lipid secreting meibomian 

glands, aqueous secreting lacrimal glands and functioning eyelids. 

It acts as an interface between the eye and the outer world and is unique that it is not protected by skin. The 

normal functioning of the ocular surface requires an adequate tear film, normal ocular adnexa, normal corneal 

sensitivity and functioning limbal stem cells and hence a normal corneal epithelium (Figure 1). 

The limbus predominantly has two functions. It acts as a barrier between the avascular, smooth, non-

keratinized and goblet cell-free corneal epithelium and a mucin secreting, goblet cell rich conjunctival epithelium. It is 

also the source of regenerating epithelial cells, from the stem cells, and helps in maintaining of the corneal 

epithelium1-4. 

Stem cells, present in all self-renewing tissues, are a small subpopulation of specialized undifferentiated, 

self- renewing cells with a slow cell cycle, long life span, a high capacity for error-free self renewal and a 

capability for asymmetric division1-4. They are capable of indefinite 

 

 
Figure 1: Figure showing the ocular surface which includes the tear film, eyelashes, eyelid margins, meibomian 

glands and epithelial surfaces of conjunctiva and cornea 

Figure 2: (Left) Anatomy of the limbus and the lineage of ‘Stem cells’; (Right) XYZ hypothesis 
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Table 1: Etiological Classification of Limbal Stem Cell Deficiency 

(LSCD) 
Primary LSCD Secondary LSCD 

Aniridia TRAUMA 

Multiple Endocrine 

Deficiency 

Chemical – Acid and Alkali 

Sclerocornea Thermal – Heat and Steam 

Erythrokeratoderma Radiation burns 

 Iatrogenic 

Multiple ocular surgeries 

Cyclocryotherapy 

Use of topical Mitomycin C 

Systemic chemotherapy 

OCULAR Diseases 

Post infectious keratitis 

Neurotrophic keratitis 

Keratoconjunctivitis sicca 

Severe (limbal) Vernal 

Keratoconjunctivitis 

OSSN, Pterygium excision 

Chronic contact lens use 

IMMUNE mediated 

(Systemic) 

Mucous Membrane 

Pemphigoid 

Stevens Johnson Syndrome 

Vitamin A Deficiency 

Idiopathic 

18Reproduced with permission 

 

proliferation to a large number of differentiated progeny, responsible for cellular replacement and 

regeneration5-7. Though there are no direct markers for the stem cells, clinical8 and experimental evidence9-13 

proves that the corneal stem cell niche lies at the limbus, in the palisades of Vogt14,15,16 (Figure 2 Left). 

The asymmetric cell division of the limbal stem cells (SC) allows one of the daughter cells to remain a 

stem cell while the other cell differentiates to become a transient amplifying cell (TAC) located in the corneal 

epithelial basal layer. Both SCs and TACs are regarded as progenitor cells and they give rise to post-mitotic cells 

(PMC) and finally to terminally differentiated cells (TDC). The latter two cell types are incapable of further cell 

division3. The corneal epithelium is thus maintained by the balance of proliferation of basal epithelial cells (X) and 

proliferation and centripetal migration of limbal epithelial cells (Y) with the loss of epithelial cells from the 

surface (Z). This 

was proposed by Thoft and Friend in 1983 as the ‘XYZ hypothesis’ (X+Y=Z)17. To ensure the normal 

health of the tissue, cellular proliferation and differentiation in a coordinated manner at different levels of this 

hierarchy is indispensable (Figure 2- Right). 

 

Limbal Stem Cell deficiency and classification 

Inflammatory, infectious, traumatic or  congenital insult to these limbal cells may lead to limbal stem 

cell deficiency (LSCD). Limbal stem cell dysfunction should be differentiated from limbal stem cell destruction. 

Limbal stem cell dysfunction is usually primary or hereditary where the stem cells never achieve their normal 

function. The condition is usually bilateral and less severe as the rest of the ocular surface may be normal (e.g. aniridia, 

keratitis associated with multiple endocrinal deficiencies). Limbal stem cell destruction is an acquired loss of 

functioning limbal stem cells. The condition can be unilateral or bilateral and is associated with severe ocular surface 

damage (e.g. chemical or thermal burns, Stevens Johnson Syndrome, Ocular cicatricial pemphigoid, multiple 

surgeries, chronic contact lens wear, etc.)1,18,19. LSCD could also be partial, focal loss of limbal stem cells with 

rest of the limbus being normal or total where there is total loss of limbal stem cells1. The etiological classification of 

LSCD is given in Table 1. 

Acute or chronic inflammatory damage to the stem cells makes it less capable of healing and leads to severe 

scarring of the cornea, conjunctiva or the eyelids. In advanced cases there may be destruction of the tear forming 

lacrimal glands leading to a dry ocular surface with progressive dermalization or formation of a skin like rough 

surface as seen in Stevens Johnson’s Syndrome and Ocular Cicatricial Pemphigoid. 
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LSCD - clinical features 

The histological hallmark of LSCD is the presence of conjunctival goblet cells on the corneal 

epithelium. Impression cytology of the perilimbal area with nitrocellulose acetate paper can detect the presence of goblet 

cells on the cornea20,21,22. However, the diagnosis of LSCD can usually be established clinically and 

histological studies are not required. Patients usually complain of redness, irritation, foreign body sensation, 

photophobia decreased vision and blepharospasm. The clinical hallmark of LSCD is a triad of signs: 

conjunctivalisation, neovascularisation and chronic inflammation23-26. The fluorescein-stained conjunctivalised 

cornea has a stippled appearance27-28 and there may be loss of palisades of Vogt in an area known to have 

palisades prior to the insult29-30. In unilateral cases, it is useful to compare the limbus in the affected quadrants 

with the corresponding areas of the unaffected fellow eye. Other features include recurrent and persistent epithelial 

defects, superficial vascularisation, scarring, thick fibrovascular pannus, ulceration, melting and perforation18. 

 

 
Figure 3: Composite showing acute chemical injury with an epithelial defect, corneal edema and surrounding 

limbal involvement (A); partial limbal stem cell deficiency (LSCD) with central corneal scarring (B); total LSCD 

with fine pannus on the cornea (C); total LSCD with thick pannus covering the whole corneal surface 

(D); total LSCD with granuloma, (E); total LSCD in a bone dry ocular surface in a patient of Stevens Johnson 

Syndrome (F) 

Figure 3 represents a composite of figures representing varying degree of LSCD. 

 

Goals and Principles of management 

The limbal stem cells are limited in number and do not regenerate. This makes the deficiency of limbal 

stem cells impossible to treat by pharmacological means. The management of LSCD includes restoration of the 

damaged ocular surface followed by subsequent definitive visual rehabilitation, if required18. 

Perhaps, the most important step in LSCD management is to minimize the initial damage during the acute 

phase of inflammation. Control of ocular surface inflammation with the use of topical steroids and preservative free 

lubricating eye drops is advocated31. The various benefits of amniotic membrane grafting in acute stage of 

chemical/thermal burn or Stevens Johnson Syndrome has been established beyond doubt32-38. In the authors 

experience, this simple surgical technique has a huge bearing on the long-term outcome of the ocular disease. 

Active inflammation could be detrimental to the transplanted stem cells. Hence, any surgical treatment in 

an inflamed eye will not give desired results. The success of limbal transplantation further depends on concomitant 

lid pathology, dry eye and uncontrolled systemic disorders. Hence, the management of LSCD also involves the 

treatment of associated adnexal conditions, management of dry eye and management of systemic diseases18. A detailed 

description of these conditions is outside the scope of this review. 

The deficiency of functional epithelial stem cells that occurs in these conditions is not met by corneal 

transplantation. 
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Figure 4: Slit lamp image of limbal auto grafting with outcome 

 

(A): Schematic representation of the donor eye. The dotted lines represent the sites from which the donor conjunctival 

limbal auto graft is harvested (B): Schematic representation of the recipient eye- intra-operative appearance. The donor 

tissue is anchored to the recipient bed in the correct anatomical orientation with 10-0 monofilament nylon 

Previous studies have found that only 33 to 46% of corneal grafts survive for one year and none survives after 3 years 

after transplantation in eyes with ocular surface damage39. This is in contrast to more common indications like corneal 

scars or keratoconus where the one year corneal graft survival is more than 80%40. The management of limbal 

stem cell deficiency depends on whether the condition is unilateral or bilateral, involving the visual axis and whether 

the ocular surface is wet or dry. 

We describe below a review of the different cell based 

management strategies for ocular surface reconstruction. 

 

Unilateral Limbal Stem Cell deficiency 

1. Limbal AUTOGRAFTING: The discovery of putative epithelial stem cells in the palisades of Vogt located in 

the limbus marked the beginning of the era of cell based therapy for the ocular surface reconstruction11-16. Tsai 

RJ, et al conducted the first pre-clinical animal trial comparing the outcome of limbal and conjunctival autograft 

transplantation in corneal surface reconstruction and proved that limbal transplantation had a better efficiency 

than conjunctival transplantation in restoring a destroyed corneal surface41. Subsequently, Kenyon and Tseng for 

the first time in 1989 transplanted two free limbal grafts that encompassed 8 clock hours of the recipient limbus from the 

apparently healthy contralateral eye to and proved that the corneal surface could be regenerated by performing 

limbal transplantation42. Multiple reports of limbal autografting for ocular surface disorders were then 

published43. Table 2 describes the clinical outcomes and complications of different reports on limbal 

autografting. While autografting had the obvious advantage of no risk of immunological rejection and hence no 

need for long-term systemic immunosuppression, many reports of iatrogenic donor site LSCD were however 

published44,47 (Figure 4). 

 
Table 2: Clinical OUTCOMES and complications reported in STUDIES on Limbal AUTO-GRAFTING 

Author Year N Donor tissue 

(Clock 

hours) 

Clinical 

Success (%) 

2-line 

vision gain 

(%) 

Complications (n) Follow-up (years) 

       Mean (Range) 

Kenyon et al42 1989 26 4 77 65 None 18 (2 to 45) 

Morgan et al43 1996 6 2 to 3 83 83 Donor site micro- 

perforation (1) 

NA (3 to 24) 

Tan et al42 1996 9 2 to 4 77 77 LSCD in donor eye 
(1) 

27.1 (2.5 to 46) 

Frucht-Pery et 

al45 

1998 9 3 to 6 100 100 None NA (15 to 60) 

Basti et al46 1999 3 4 to 5 100 100 Donor site 
conjuncti- 

valization (1) 

NA (9 to 15) 

Rao et al47 1999 16 2 to 3 94 82 None 19.3 (3 to 45) 

Dua et al48 2000 6 2 to 4 100 83 Filmentary keratitis 

(1) 

18.8 (14 to 31) 

Ozdemir et 

al49 

2004 15 NA 87 80 None 13.9 (3 to 24) 

Santos et al50 2005 10 4 80 61 None 33 (NA) 

Miri et al51 2010 12 4 100 81.3 None 3.9 (1 to 10) 
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Miri et al52 2011 25 2 to 4 NA NA Filamentary 
keratitis (4), Donor 

site conjuncti- 

valization (17) 

41 (3 to 127) 

Welder et al53 2012 4 1.5 to 2 100 100 Nil 1.8 (0.6-2.6) 

 

2. Ex-vivo CULTIVATION of AUTOLOGOUS limbal epithelial cells (CULTIVATED Limbal Epithelial Transplantation- CLET): The 

concerns regarding donor site complications prompted the possibility of obtaining smaller biopsy and expanding the 

cells ex-vivo on a suitable substrate before transplanting them onto the affected eye. Since Pellegrini and co-

workers54 first described their technique, several groups around the world have described various techniques of 

culturing limbal stem cells. The technique of cultivation could either be a suspension culture or an explant culture. 

Xenogenic constituents of a limbal culture system may be in the form of murine feeder cells55-57, fetal bovine 

serum (FBS)55-59 or animal-derived growth factors60. Table 3 describes the clinical outcomes of reported 

studies on autologous cultivated limbal epithelial transplantation using such animal-derived growth factors. 

Animal derived products in a cell culture system always have a theoretical risk of infection, rejection 

 

or acquisition of prion diseases. Elimination of feeder cells and use of autologous human serum as an alternative to 

FBS is therefore desirable. The authors have developed a cost-effective and safer xeno-free and feeder-free explant 

culture system that uses autologous serum, recombinant enzymes and human growth factors and is devoid of animal-

derived products. It is a submerged culture technique which also promotes stem cell maintenance. The surgery, in 

brief, consists of the following steps: a 2x2 mm biopsy is taken from the superior limbus. The conjunctiva is incised 

and a sub-conjunctival dissection is continued until limbus is reached. Subsequently, a shallow dissection is carried out 

1 mm into the clear cornea. The tissue is transported to the laboratory in human corneal epithelium (HCE) medium. 

Under strict aseptic conditions, the donor limbal tissue is shredded into small pieces. Indigenously prepared human 

amniotic membrane (hAM), is used as a carrier. It sheet is de-epithelised and the shredded 

 
Table  3:  Clinical  OUTCOMES  of  reported  STUDIES  on  AUTOLOGOUS  CULTIVATED  limbal  epithelial  transplantation  USING  Animal-derived growth factors 

Author Year Culture Technique Substrate Eyes Clinical 

Success (%) 

2-line visual 

gain (%) 

Follow-up (months) 

Mean (Range) 

Pellegrini et al54 1997 Suspension 3T3s 2 100 50 24 NA 

Schawb et al60 1999 Suspension hAM 17 76 16 10 2-24 

Schawb et al61 2000 Suspension hAM 10 60 36 13 6-19 

Tsai et al62 2000 Explant hAM 6 100 50 15 12-18 

Rama et al63 2001 Suspension Fibrin 18 74 33 17.5 12-27 

Grueterich et al64 2002 Explant hAM 1 100 100 21 NA 

Sangwan et al65 2003 Explant hAM 2 100 50 29.5 25-34 

Nakamura et al66 2004 Explant hAM 1 100 100 19 NA 

Sangwan et al58 2006 Explant hAM 88 73 37 29.5 25-34 

Kawashima et al67 2007 Explant hAM 2 100 67 23 5-41 

Shortt et al68 2008 Suspension hAM 3 67 33 6 1-10 

Gisoldi et a69 2010 Suspension Fibrin 6 83 83 24 11-34 

Rama et al70 2010 Suspension Fibrin 107 68 54 35 12 to 120 

Di Iorio et al71 2010 Suspension Fibrin 166 80 NA 29.9 6-50 

Pauklin et al72 2010 Explant hAM 30 77 73 28.5 10-72 

Barandan-Rafii et 

al73 
2010 Explant hAM 8 88 63 34 6-48 

Meller et al74 2010 ***(full text not 

available) 

hAM 30 76.7 NA 28.9 NA 

Thanos M, et al75 2010   1 100 100 28 NA 

Prabhaswat et al76 2012 Explant hAM 12 58.3 NA 25.8 6-46 

Marchini et al77 2012 NA Fibrin 16 71.3 50 NA 12-50 

Sharma S et al78 2013 ***(full text not available) 4 100 # needed 
DALK 

19.5 9-26 
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Table 4: Clinical OUTCOMES of reported STUDIES on AUTOLOGOUS CULTIVATED limbal epithelial transplantation USING completely xeno-free 

CULTIATION TECHNIQUES 

Author Year Culture Substrate Eyes Clinical 2-line visual Follow-up (months) 

Technique Success (%) gain (%) Mean Range 

Nakamura et al79 2006 Explant hAM 2 100 67 15 14-16 

Shimakazi et al80 2007 Explant hAM 16 50 37.5 30 6-86 

Di Girolamo et al81 2009 Explant CL 2 100 50 10 8 - 13 

Kolli et al82 2010 Explant hAM 8 100 63 19 12-30 

Sangwan et al83 2011 Explant hAM 200 71 60.5 34 12-91 

Subramanium SV et al85 2013 Explant hAM 40 NA* NA* 33 1-87 

Sejpal K et al86 2013 Explant hAM 107 46.7 54.2 41.2 12-118 

 

bits of limbal tissue are explanted over the centre of de-epithelised hAM with the basement membrane side up. 

A similar parallel culture is also prepared as a backup. The culture is incubated at 370C with 5% 

 

CO2 and 95% air. The culture is completed when a monolayer of the cells growing from the explants became 

confluent, typically in 10 to 14 days83,84. In the recipient eye, a 3600 peritomy is performed and 

 

 
Figure 5: CLET - Clinical photographs of eyes before and after autologous cultivated limbal epithelial transplantation. 

Eyes of four different patients with total limbal stem cell deficiency and variable amounts of corneal stromal scarring (A 

to D); same eyes 1 year after limbal transplantation (E to H); Right eye of a 26-year-old female patient with a history of 

alkali injury showing a stable corneal surface, minimal stromal scarring and a best-corrected visual acuity (BCVA) of 

20/30 (E). Right eye of a 19-year-old male patient with a history of acid injury showing a stable corneal surface with 

residual stromal scarring with a BCVA of 20/100 (F). Right eye of a 45-year-old male patient with a history of alkali 

injury showing recurrence of conjunctivalisation inferiorly (failure) between 4 and 7 o’clock at the limbus, with a BCVA 

of 20/40 (G). Right eye of a 37-year-old female patient with a history of acid injury showing a stable corneal surface and a 

clear corneal graft with a BCVA of 20/20 (H). Reproduced with permission from Br J Ophthalmol. 2011;5:1525-9. 

 

the vascular pannus covering the cornea is removed. Bleeders are cauterized. Human amniotic membrane (hAM) 

graft is then placed over the bared ocular surface and is secured with fibrin glue (TISSEEL Kit from Baxter AG, Vienna, 

Austria). The donor tissue is then cut into eight to ten small pieces and these limbal transplants are placed, epithelial 

side up, on the hAM, sparing the visual axis. These transplants are also fixed in place with fibrin glue. A soft 

bandage contact lens is placed on the recipient eye. 

Table 4 describes the outcomes of reported studies on autologous cultivated limbal epithelial transplantation using a 

completely xeno-free explant culture technique. Although, comparing success rates among different culture 

techniques may be misleading as the indications for surgery, sample size, and follow-up duration are variable among 

different studies; it does appear there is no clinical advantage that one technique has over the other (Figure 5). 

3. In-vivo CULTIVATION of AUTOLOGOUS limbal epithelial cells: Sangwan et al87 proposed a novel simplified 

technique of limbal transplantation, In-vivo Cultivation of autologous limbal epithelial cells (Simple Limbal 
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epithelial Transplantation -SLET), which combines the advantages of conjunctival limbal autografting (CLAU) and 

cultivated limbal epithelial transplantation (CLET) by being a single-stage, easily affordable procedure which 

utilizes a minimal donor tissue and does not need a stem cell laboratory for cultivation of limbal epithelial cells. 

The surgical steps were similar to those of CLET. A 2x2 mm limbal biopsy is harvested, in the similar fashion as 

described earlier, and is placed in balanced salt solution. In the recipient eye, human amniotic membrane (hAM) 

graft is then placed over the bared ocular surface and is secured with fibrin glue (TISSEEL Kit from Baxter AG, 

Vienna, Austria). The donor tissue is subsequently cut into eight to ten small pieces and these limbal transplants are 

placed, epithelial side up, on the hAM, sparing the visual axis. These transplants are also fixed in place with fibrin 

glue. A soft bandage contact lens is placed on the recipient eye (Figure 6). 

 

 
Figure 6: Composite of intra-operative photographs describing the surgical steps of Simple Limbal Epithelial 

Transplantation (SLET). (A): 2x2 mm area is marked in superior limbus of the donor eye; (B): sub-conjunctival 

dissection is carried out 1 mm into the clear cornea; (C): The limbal tissue is excised; (D, E): peritomy is performed and 

fibrovascular pannus is excised from the recipient ocular surface; (F): human amniotic membrane graft is placed on 

the bare ocular surface and secured with fibrin glue; (G, H): donor limbal tissue is cut into eight to ten small 

pieces and secured to amniotic membrane overlying the cornea with fibrin glue. (Reproduced with permission 

from 

Br J phthalmol.2012;96(7):931-4)
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Figure 7: Composite showing a patient of chemical injury induced LSCD who underwent SLET. (A): Pre-operative 

image showing limbal stem cell deficiency with symblepharon formation; (B): In-vivo cultivation of limbal stem cells 

(SLET) - post-operative day 1 picture showing explants in place on an intact amniotic membrane; (C): post-operative 

day 14 picture showing explants in place, cornea getting clear and an amniotic membrane which is degenerating, best 

corrected visual acuity – 20/200; (D): post-operative 2 months image showing a relatively clear corneal with remnants of 

explants in place, best corrected visual acuity – 20/30 

In the only study published on SLET thus far,87 the authors treated 6 patients of unilateral and total 

limbal stem cell deficiency following ocular surface burns. A completely epithelialised, avascular and stable corneal 

surface was seen in all recipient eyes by 6 weeks and was maintained at a follow-up of 9.2 + 1.9 months. 

Subsequently isolated case reports have been published for this technique88-90. Although long-term results are 

awaited, simple limbal epithelial transplantation promises to be an easy and effective technique for treating 

unilateral limbal stem cell deficiency following ocular burns (Figure 7). 

 

Bilateral Limbal Stem Cell Deficiency 

1. Allogenic transplantation: In eyes with bilateral LSCD, there is no autologous source of limbal cells which 

can be used for therapy. These patients can either be treated with allogenic limbal transplantation, from living 

(related or unrelated) or cadaveric donors, or with autologous transplantation of epithelial cells of a different 

lineage, like oral or nasal mucosa. Living donors are preferable as limbal cells obtained from cadavers have a 

lower proliferative rate in vitro91 and a poorer corneal epithelisation rate in vivo92,93. Table 5 describes the 

clinical outcomes reported in studies on allogenic cultivated limbal epithelial transplantation (Figure 8). 

The advantage of autologous transplantation of oral or nasal mucosa is that there is no risk of immunological 

 

 
Figure 8: Postoperative clinical photographs of four eyes that underwent allogeneic cultivated limbal epithelial 

transplantation, followed by penetrating keratoplasty (PK) for limbal stem cell deficiency (LSCD). (Reproduced with 

permission from Br J Ophthalmol 2012;96:1504–1509) 
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Table 5: Clinical OUTCOMES reported in STUDIES on Allogenic CULTIVATED Limbal Epithelial Transplantation 

Author Year Donor Method Xeno-Free N Success (%) Follow-Up 

(months) 

Tsai et al94 1994 Cadaveric NA NA 16 62.5 18.5 (NA) 

Tan et al95 1996 Cadaveric NA NA 9 77.7 14.7 

Schwabb, et al60 1999 LR Suspension No 2 50 13 (16-19) 

Schwabb, et al61 2000 LR Suspension No 4 100 10.5 (2-24) 

Koizumi, et al96 2001 Cadaveric Explant No 13 92 11.2 (9-13) 

Koizumi, et al97 2001 Cadaveric Explant No 3 100 6 

Shimazaki et al98 2002 Cadaveric   13   

Nakamura, et al99 2003 Cadaveric Explant No 3 100 13 (12-14) 

Sangwan, et al100 2005 LR Explant Yes 4 100 15.3 (7-24) 

Daya, et al101 2005 1 LR, 9 Cadaveric Suspension No 10 70 28 (12-50) 

Nakamura, et al79 2006 Cadaveric Suspension No 7 100 14.6 (6-26) 

Shimazaki, et al102 2007 7 LR, 7 Cadaveric Explant Yes 20 50 29 (6-85) 

Ang, et al103 2007 Cadaveric Suspension No 1 100 48 

Kawashima et al67 2007 LR 1, Cadaveric 3 Explant Yes 4 100 26 (15-33) 

Shortt, et al68 2008 Cadaveric Explant No 7 71 10 (6-13) 

Meller, et al104 2009 HLA-Donor Explant Yes 1 100 31 

Pauklin, et al72 2010 4 LR, 10 
Cadaveric 

Explant No 14 50 28.5 (9-72) 

Miri A et al105 2010 9 LR, 6 Cadaveric Non cultivated, Allolimbal 

transplantation 

15 NA 30.8 (13-96) 

Basu S et al106 2011 LR Explant Yes 28 71.4 58 (2-114) 

 

rejection and hence no need for systemic immunosuppression, unlike allogenic transplantation. However, these 

transplanted cells often maintain their original phenotype, invite vascularization and therefore provide poor 

visual outcomes. 

2. CULTIVATED Oral MUCOSAL Epithelial Transplantation (COMET): There had been earlier attempts of 

autografting in bilateral LSCD with different non-corneal lineages107-110 until Nakamura et  al111,112  developed 

the cultivated oral mucosal epithelial transplantation (COMET) procedure. It is a safe and effective means of 

managing patients with severe bilateral LSCD following chemical injuries with good clinical outcome in terms of 

ocular surface stabilization, symptomatic relief and a marginal improvement in visual acuity. Table 6 enumerates 

the different studies published for COMET in bilateral LSCD. 

 

 
Figure 9: Preoperative (a,b): clinical photograph of right and left eye showing bilateral limbal stem cell deiciency. 

(c): Post-operative view of right eye showing an epithelialised central cornea with residual deep stromal scarring 

and few limbal transplants persisting over the cornea. (d): Circumcorneal congestion with engorged, tortuous 

perilimbal vessels 
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(arrow) and 360
0
 peripheral superficial corneal neovascularisation. (e): Fine vascular ingrowths from the 

perilimbal area approaching the peripheral limbal transplants (arrow). (f): Well epithelialised ocular surface with 

decrease in congestion and persistence of neovascularisation following systemic immunosuppression. 

(Reproduced with permission from BMJ Case Rep. 

2013 Mar 14;2013. 

 

Authors have earlier also performed allogenic (cadaveric) SLET for bilateral limbal stem cell deficiency90. It 

was done in the right eye for a 41 year old female who presented one year following bilateral chemical injury with 

alkali. One month later her unaided visual acuity (VA) improved to 20/100 from hand-motions preoperatively with 

a stable, avascular and epithelialized corneal surface. Three months later, she presented with allograft rejection 

suggested by acute pain with peripheral corneal neovascularization encircling the transplants, engorged and tortuous 

peri- limbal vessels and diffuse epithelial haze. Rejection episode was reversed with pulse doses of intravenous 

methyl prednisolone with intensive topical steroids in a week. She recovered to her pre-rejection VA. She was later 

maintained on systemic immunosuppressive agents. This case describes the clinical features of allograft rejection 

following SLET and emphasizes the importance of continued immunosuppression in allogeneic limbal 

transplantation (Figure 9). 

3. Boston Keratoprosthesis: is one of the non-cell based options in the management of bilateral LSCD. Boston type 

I keratoprosthesis gives superior visual outcomes in the management of corneal LSCD when compared with other 

treatment modalities126. In spite of the different complications associated with this technique, like retroprosthetic 

membrane formation (26.7%), sterile corneal stromal necrosis (17.8%), and elevated introcular pressure (13.9%)
127

 

the authors believe that it is still a safe and an effective long-term management. 

 
Table 6: CULTIVATED Oral MUCOSAL Epithelial transplantation – COMET – for bilateral LSCD 

Author Year Culture Eyes Clinical 2-line visual Follow-up (months) 

technique Success (%) gain (%) Mean Range 

Nakamura et al113 2004  6 100 100 13.8 11-17 

Nishida et al114 2004 3t3 + MMC 4 100 100 14 13-15 

Inatomi et al115 2006 3t3 + MMC 15 67 67 20 3-34 

Inatomi et al116 2006 3t3 + MMC 2 100 0 (improved after second surgery) 22.5 NA 

Ma et al117 2009  5 80 NA 29.6 26-34 

Uchino et al117 2009  1 100 100 12 NA 

Chen HCJ et al11 2009  4 100 NA 14.2 10-22 

Nakamura et al120 2011 3t3 + MMC 19 100 42 55 36-90 

Satake et al121 2011 3t3 + MMC 40 57.5 59 25.5 6-54.9 

Takeda K et al122 2011 3t3 + MMC 3 67 0 30 NA 

Hirayama et al123 2012 3t3  + MMC 
(Substrate free) 

16 62.5 68.8 64 NA 

Hirayama et al123 2012 3t3 + MMC 

(hAM) 

16 37.5 43.8 85.5 NA 

Burillon C et al124 2012  25 64 38.46 12 NA 

Sotozono et al125 2013  46 NA NA (Improvement 
in 48%) 

28.7 (6.2 – 85.6) 
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Figure 10: Composite showing a slit lamp image of left eye of a patient who had a bilateral LSCD due to chemical injury 

(A); image after the patient had undergone multiple penetrating keratoplasties and limbal transplantation (cadaveric and 

living related) procedures (B); post- operative day 1 picture after Boston Keratoprosthesis, BCVA 20/40 (C); post-

operative 41 months picture after Boston Keratoprosthesis, BCVA 20/20. (D); (Reproduced with permission from 

BMJ Case reports 2013 May 29;2013). 

 

 
Figure 11 (A): Slit lamp image of a patient of SJS 

(B): who underwent MOOKP implantation 

option for patients of bilateral non–immune-mediated limbal stem cell deficiency128 (Figure 10). 

 

4. Osteo-Odonto Keratoprosthesis (OOKP): For patients with bilateral LSCD with a severe dry ocular surface, 

Strampelli129-133 and Falcinelli134 developed the OOKP. The principle of OOKP is the use of a single rooted 

tooth and surrounding intact alveolar bone to fashion 

 

a plate as a carrier for a PMMA optical cylinder. The surgery involves different stages done over a period of 8-

10 months. Details of the surgery are beyond the scope of this review. In a series of 234 patients, with a median 

follow-up from stage II of 9.4 + 5.7 years, an anatomic success of more than 94% was reported135. Visual 

acuity was more than 6/18 in 52% (range 46- 72%) of the eyes with  OOKP  surgery.  However, the most 

common intraoperative complication was vitreous hemorrhage (0-52%) and the most common long-term 

blinding complication was glaucoma (7- 47%). Endophthalmitis rates ranged from 2-8% 

(Figure 11). 

 
Figure 12: Authors’ treatment algorithm for the management of unilateral or bilateral LSCD in a wet ocular surface 
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Figure 13: Authors’ treatment algorithm for the management of unilateral or bilateral LSCD in an ocular surface with 

severe dry eye 

 

Conclusion 
Ocular surface reconstruction for the purpose of cosmetic and visual rehabilitation is a challenging prospect 

for both, the surgeon as well as the patient. Current knowledge of the ocular surface components and 

pathophysiological mechanisms has led to tremendous advancements in the management of ocular surface 

disorders (OSD). 

The treatment algorithms given in (Figure 12&13) elucidate the authors’ treatment protocols in these 

cases. Of the different management options discussed in this communication, In-vivo Cultivation of autologous 

limbal epithelial cells (SLET) and Boston Keratoprosthesis remain the authors’ preference for the management of 

unilateral or bilateral LSCD respectively. 
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