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The cornea, conjunctiva, and the limbus comprise tissues at the ocular surface. 
The primary function of the ocular surface is to provide clear vision, because the 
anterior surface of the cornea contributes more than two thirds of the total refrac-
tive power of the eye. To achieve this, maintain comfort, and prevent microbial 
invasion, the ocular surface must be covered by a stable tear film. The mechanism 
by which ocular surface health is ensured is built in the ocular surface defense 
that encompasses an intimate relationship between ocular surface epithelia 
and the pre-ocular tear film. In this chapter, we first discuss the ocular surface 
defense that governs how a stable tear film is formed when the eye is open and 
then describe some of the more important ocular surface diseases that develop 
due to a deficient ocular surface defense.

Ocular Surface DefenSe MechaniSMS

When the eye is open, the ocular surface health is dictated by a stable pre-ocular 
tear film. To maintain a stable tear film, the ocular surface employs a unique strat-
egy of defense involving both compositional and hydrodynamic factors. Together 
they require the close participation of the ocular surface epithelia and all exter-
nal adnexae including the lacrimal gland, the meibomian gland, and eyelids.1 
Compositionally, the normal tear film consists of mucins secreted by ocular sur-
face goblet cells and nongoblet epithelial cells, aqueous tear fluids produced pri-
marily from the lacrimal glands, and meibum lipids released by meibomian glands. 
Even if these normal tear components are present, a stable tear film cannot be 
formed without the kinetic movement of eyelid blinking that helps spread the tear 
components into a thin layer over the entire ocular surface. Eyelid blinking also 
facilitates the expression of meibum lipids to the lid margin, as well as the refresh-
ment of tear fluid by clearing “old tears” into the nasolacrimal drainage system. 
The open-eye state needs to be intermittently turned off by eyelid closure in order 
to avoid unnecessary evaporation of the tear fluid and exposure of the ocular sur-
face, which leads to dryness. The frequency of eyelid blinking and completeness of 
eyelid closure ensure the establishment of a stable tear film between blinks.

Ocular Surface 
Disorders

5

Ahmad Kheirkhah, MD; V.-K. Raju, MD, FRCS;   
and Scheffer C. G. Tseng, MD, PhD

Trattler WB, Majmudar PA, Luchs JI, Swartz T, eds.
Cornea Handbook (pp. 61-74)
© 2010 SLACK Incorporated



Both compositional and hydrodynamic factors are controlled by neuroana-
tomic integration via 2 neural reflexes, both of which are triggered by corneal 
sensitivity mediated by the ophthalmic division of the trigeminal nerve (V1) 
(Figure 5-1). The efferent limb of the reflex that controls the compositional factor 
is through the parasympathetic branch of the facial nerve (VII), and the reflex 
that controls the hydrodynamic factor is mediated by the motor branch of the 
facial nerve (VII). Through such neuroanatomic integration, activation of the 
compositional reflex induces secretion of all tear components, and activation of 
the hydrodynamic reflex induces eyelid blinking and closure. These 2 reflexes 
operate subconsciously and autonomously without eliciting conscious acknowl-
edgment during most daily activities. As a result, the entire ocular surface and all 
external adnexae function as a single unit for a common purpose, to maintain a 
stable tear film, prevent tear evaporation, and facilitate tear clearance during the 
open-eye state.1,2

This concept refutes an older belief that all tearing is subdivided into basic and 
reflex tearing. Basic tearing was thought to be produced by accessory lacrimal 
glands, whereas reflex tearing was thought to be produced by the main lacrimal 
gland. Based on the concept described earlier, we believe that both basic and 
reflex forms of tearing are mediated by the same neuronal reflex and that the 
difference between the two is that the former is driven by minimal stimulation, 
whereas the latter is driven by maximal stimulation. The production of tears is 
controlled by sensory stimuli, which are derived from all of the ocular surface 
tissues (mostly cornea and lid margin/lashes) that are innervated by V1. The 
amount of tearing varies according to the intensity of the summated sensory drive 
from both eyes.
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Figure 5-1. Neuroanatomic integration governing the stability of pre-ocular tear film. Both compositional and hydrodynamic 
factors for tear production, spreading, and maintenance are controlled by a neuroanatomic integration via 2 neural reflexes, both 
of which are triggered by corneal sensitivity mediated by the ophthalmic division of the trigeminal nerve (V1).
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increased eyelid Blinking compensates for unstable  
Tear film

Under the normal open-eye situation, the tear film needs to be stable only dur-
ing the time period between blinks. For an individual with normal compositional 
factor, the demand for a stable tear film increases when the blink rate slows or 
the exposure zone enlarges or a combination of both. Alternatively, when tear 
film stability is threatened by compositional deficiency, it can be compensated for 
by the increase of eyelid blinking rate or by the narrowing of the exposure zone 
(eg, via squinting or closing eyelids) or by a combination of both. In other words, 
compositional deficiency can be compensated by hydrodynamic factors.

The control of lid blinking, exerted by the motor branch of the facial nerve, is 
a complex task mediated by local neuronal reflexes driven by corneal and supra-
orbital touch (pain) and light stimuli and modified by supranuclear pathways. 
Deficiency in this neuronal control will diminish the compensatory mechanism of 
blinking. For example, the blink rate slows when one is engaged in concentrated 
visual tasks; eg, reading, knitting, watching TV/movies, or driving. As a result, 
symptoms of dry eye manifest, particularly on these occasions, and may even 
develop in normal individuals working on video display terminals when upgaze 
dominates.3 One can conclude that the compositional factor works in concert 
with the hydrodynamic factor and that deficiency of one increases the demand for 
the other. Failure to meet such a demand by the other can lead to an unstable tear 
film. For this reason, the clinical workup should always be directed to exploring 
the status of all elements in these 2 factors to gain a full grasp of each patient’s 
ocular surface defense. Failure to do so will provide incomplete information for 
understanding the pathogenesis of the patient’s ocular surface problems.

neurotrophic Keratopathy
Based on scheme shown in Figure 5-1, the ocular sensitivity mediated by V1 is 

the single most important driving force controlling the integrity of both composi-
tional and hydrodynamic factors of the entire ocular surface defense. As corneal 
sensitivity decreases with age, there is a high prevalence of dry eye among elderly. 
Deficiency in ocular sensitivity is also the hallmark of the neurotrophic state. 
Because aqueous tear deficiency can take place as a result of the compositional 
factor and increased exposure can develop as a result of inadequate blinking, the 
worst form of dry eye (broadly defined herein as an unstable tear film) is found 
in patients with neurotrophic keratopathy. Indeed, the decreased corneal sensitiv-
ity noted in a number of disorders4 is frequently associated with dryness-induced 
keratopathy. In a prolonged state of dry eye, epithelial defects with ulceration 
can develop and progress, resulting in severe complications. Such a pathologic 
effect, mediated via disturbance of ocular surface defense, is in fact a secondary 
neurotrophic effect on the ocular surface and is clinically indistinguishable from 
that of keratitis sicca due to aqueous tear deficiency. Denervation of the cornea 
can cause a primary neurotrophic effect to the corneal epithelium by depriving 
essential neurotrophic factors, or neurotrophins.

exposure Keratopathy
Exposure keratopathy results from desiccation of the ocular surface due to 

failure of hydrodynamic factors. This may result from incomplete or infrequent 
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blinking, incomplete eyelid closure, and/or reduced Bell’s phenomenon. Although 
incomplete eyelid closure is widely recognized as a cause for exposure keratopa-
thy, other causes of this condition are commonly overlooked. Incomplete closure 
may cause keratopathy even in the presence of normal compositional factor, and 
the corneal involvement may be aggravated if protective Bell’s phenomenon is 
diminished, leading to nocturnal exposure. However, in the presence of compro-
mised compositional factor, exposure keratopathy may ensue much easier in eyes 
where reduced blink rate or incomplete blinking might not be as apparent.

Tear clearance represents final integration  
of Both reflex arcs

The final neuroanatomic integration of these 2 reflex arcs is also manifested 
in tear clearance, or rate of tear turnover. The “hydrodynamic” reflex arc that 
gives rise to lid blinking also generates a pump function to remove the tear fluid 
from the tear meniscus into the nasolacrimal drainage system.5 The “composi-
tional” reflex arc controls the production of aqueous tear fluid, and the volume 
dictates tear clearance. The latter also explains why decreased tear secretion in 
keratoconjunctivitis sicca is frequently associated with decreased clearance rates 
as measured by fluorophotometry.6,7 By using fluorescein as a tracer, the tear 
clearance rate can also be measured by a modified method using serial Schirmer 
paper strips.8,9 Such measurements are consistent with those measured by fluoro-
photomtery10 and are useful to diagnose the dry eye state more accurately.8 Such 
measurement also distinguishes aqueous tear deficiency dry eye associated with 
Sjögren’s syndrome from non-Sjögren’s syndrome aqueous tear deficiency, based 
on the presence or absence of reflex tearing triggered by nasal stimulation.

Adequate tear clearance is important to allow constant refreshment of the tear 
components and effective elimination of debris and irritants that can potentially 
harm and irritate the ocular surface. Dysfunction in tear clearance, particularly 
when it is delayed, is common, often overlooked, and may be pathogenic in several 
ocular surface disorders.9 Besides decreased tear secretion, delayed tear clear-
ance can be induced by ineffective or decreased blinking (functional block) and 
mucosal inflammation and edema in nasolacrimal drainage system (partial ana-
tomic block). The former is contributed to by such risk factors as old age, female 
gender, decreased corneal sensitivity, and lid laxity, including floppy lids. In the 
context of ocular surface defense, an unstable tear film leading to dry eye and 
delayed tear clearance leading to accumulation of inflammatory debris are the 2 
major pathogenic process identified.

clinical Manifestation
The sensory supply of the both aforementioned reflexes is an input summation 

from areas innervated in both eyes by V1 division, which include the cornea, lid 
margin/lashes, conjunctiva, and anterior nasal mucosa. Therefore, conditions 
reducing the sensation of these structures may create an unstable tear film. For 
example, reduced corneal sensation due to chronic contact lens wear, HSV kerati-
tis, or LASIK; reduced lid and lash sensation due to chronic blepharitis with lash 
loss; reduced conjunctival sensation due to atopy, allergy, floppy lid, or conjunc-
tivochalasis; and reduced nasal mucosa sensation due to nasal allergy can only 
increase the severity of reduced ocular sensitivity, leading to a neurotrophic state. 
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Dry eye after LASIK is due to cutting of the corneal nerves and is accentuated if 
any of these conditions is present. Therefore, it is important to consider all these 
conditions as risk factors of developing dry eye for patients undergoing LASIK.

In addition to the above factors, neurotrophic keratopathy may be caused by 
involvement of sensory nerves anywhere from terminal nerve endings in the cor-
nea along its course to the trigeminal nerve ganglion. The common causes for 
reduced corneal sensation are listed in Table 5-1 and include increasing age, her-
pes simplex and herpes zoster virus infections, multiple ocular surgeries, chemi-
cal burns, systemic disease such as diabetes mellitus, and topical medications.

Clinically, neurotrophic keratopathy should be suspected in any patient pre-
senting ocular surface symptomatic complaints disproportionately less than the 
clinical signs, or in those patients presenting with a decreased eyelid blink rate. 
In patients with neurotrophic keratopathy, 2 types of ocular changes may be seen. 
First, there are some primary effects in the cornea that may be followed by second-

Table 5-1

Etiologic causEs of NEurotrophic KEratopathy

Infectious Herpes simplex virus*
Herpes zoster virus*
Mycobacterium leprae

Toxic Acid*
Alkali*
Carbon disulfide
Hydrogen sulfide

Neurogenic Inflammatory: cavernous sinus syndrome, orbital apex syndrome, Gradenigo syn-
drome
Neoplasia: acoustic neuroma
Vascular: aneurism
Surgical ablation of trigeminal nucleus or ganglion
Congenital: familial dysautonomia (Riley-Day syndrome), Goldenhair-Gorlin syndrome, 
Mobius syndrome, familial corneal hypoplasia
Trauma: facial or intracranial trauma to trigeminal nerve

Topical Medications Beta-blockers,* anesthetics, diclofenac sodium

Corneal Dystrophies Lattice, macular

Metabolic Ddisease Diabetes mellitus,* vitamin A deficiency

Iatrogenic Corneal surgery*: PK, LK, RK, LASIK
Contact lens use*
Ciliary nerve damage*: retinal photoablation, retinal surgery, choroidal inflammation

Miscellaneous Aging*
Adie’s syndrome

*Common causes. PK = penetrating keratoplasty; LK = lamellar keratoplasty; RK = radial keratotomy; LASIK = laser-assisted in situ keratomileusis.
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ary effects in the ocular surface. Primary effect is intrinsic epithelial degeneration 
due to deprivation of neurotrophic factors (neurotrophins). Secondary effect 
is an unstable tear film or dry eye due to interruption of the 2 neural reflexes 
mediated by V1. It is important to distinguish these 2 neurotrophic effects. To 
do so, the use of differential dye staining with fluorescein and rose bengal is 
advised. Although fluorescein detects the epithelial defect caused by both, rose 
bengal staining pattern is also helpful to differentiate the secondary effect from 
the primary effect. In eyes with primary neurotrophic effect, rose bengal stain-
ing is confined to the epithelial defect; but in eyes with secondary neurotrophic 
effect, it extends beyond that into the exposure zone of the conjunctiva, similar 
to that of Sjögren syndrome (Figure 5-2). Following the dye staining, one can 
then use fluorescein clearance test (FCT) to verify the presence of the secondary 
effect by showing reduced tear secretion. Once detected, eyes with a secondary 
neurotrophic effect need punctal occlusion as the first step in the management 
of neurotrophic keratopathy. This point has been illustrated in the case example 
shown in Figure 5-3.

expOSure KeraTOpaThy

Incomplete eyelid closure can be caused by neurogenic diseases such as seventh 
nerve palsy, cicatricial or restrictive eyelid diseases such as ectropion, previous 
blepharoplasty, and skin disorders such as Stevens-Johnson syndrome or xero-
derma pigmentosum. Proptosis caused by thyroid orbitopathy or other inflam-

Figure 5-2. Rose bengal staining pattern in primary and secondary neurotrophic effects. In eyes with primary neurotrophic 
effect, rose bengal staining is confined to the epithelial defect (A and B); but in eyes with secondary neurotrophic effect, it extends 
beyond the defect to include the interpalpebral exposure zone of the conjunctiva (C and D).
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matory or infiltrative orbital diseases can also result in exposure keratopathy. 
Although reduced blink rate or incomplete blinking may be seen in old age or 
disease conditions such as Parkinson’s disease, a common denominator is reduced 
corneal sensation.

Exposure keratopathy is characterized by a punctate epithelial keratopathy usu-
ally involving the most exposed inferior third of the cornea, although the entire 
corneal surface can be involved in more severe cases. Indeed, incomplete blinks 
leading to inferior corneal fluorescein staining patterns has been reported in 
67% of all forms of exposure keratopathy (Figure 5-4).11 Large, coalescent epithe-
lial defects may ensue, leading to ulceration, melting, and perforation. Symptoms 
are similar to those associated with dry eye, including foreign-body sensation, 
photophobia, and tearing, unless there is an associated neurotrophic component 
resulting in corneal anesthesia. Most persistent corneal epithelial defects can be 
explained by the above-mentioned neurotrophic keratopathy that is complicated 

Figure 5-3. Case example of management of secondary neurotrophic effects. A 56-year-old man with a long history of recurrent 
herpetic keratitis developed corneal perforation that failed to be glued (A) and therefore underwent an emergency penetrating 
keratoplasty. Although there was no corneal epithelial defect at the first postoperative day, an epithelial defect was noted at day 7 
after surgery (B). The rose bengal dye showed diffuse staining extending beyond the epithelial defect, suggestive of the presence of 
secondary neurotrophic effects (C). Fluorescein clearance test confirmed the presence of aqueous tear deficiency and thus directed 
to performing punctual occlusion by cauterization. One week later, the epithelial defect was healed (D and E). During 5 years of 
follow-up (F), the eye retained a smooth and stable corneal surface without any recurrent episodes of herpetic keratitis.

Figure 5-4. Exposure keratopathy due to incomplete blinking. This 60-year-old woman with a history of previous upper lid 
blepharoplasty had incomplete blinking in the left eye (A). Because of defective blinking, the inferior part of the cornea was not 
covered by the tear film most of the time (B). This resulted in desiccation of the corneal surface, leading to exposure keratopathy 
with punctuate epithelial erosion on the inferior corneal surface (C).
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by factors that aggravate exposure or by factors that may damage the epithelium 
such as medication toxicity.

ManageMenT

Therapy of patients with ocular surface disorders requires an accurate initial 
evaluation directed to understanding the ocular surface defense governed by neu-
roanatomic integration of both hydrodynamic and compositional factors. After 
history taking, external examination may reveal the rate and completeness of 
blinking, presence of Bell’s phenomenon, and completeness of eyelid closure. In 
cases of neurotrophic keratitis, medical and surgical history may point to the cor-
rect diagnosis by revealing the underlying cause (see Table 5-1). The clinical sign 
crucial to diagnosis is a decrease in corneal sensitivity. It is important to localize 
and quantify the loss of corneal sensitivity. A gross evaluation of corneal sensitivity 
may be performed with the tip of a cotton swab that has been drawn out, twisted, 
and then advanced slowly until it touches the central corneal zone. For a more 
accurate measure of corneal sensitivity, the simplest and most useful instrument 
is the Cochet-Bonnet esthesiometer, which records the patient’s response at the 
touch of a nylon line (between 0 and 6 cm).

In all eyes with ocular surface disorders, tear function should be evaluated 
completely. FCT is of particular usefulness because it provides the following 3 
important pieces of information regarding basic tearing, reflex tearing, and 
tear clearance.9 For performing FCT, a drop of 0.5% proparacaine is first 
instilled into the eye and after a few seconds the conjunctival sac is dried. Then, 
5 µL of 0.25% Fluoress solution (Akron, Inc, Buffalo Grove, IL) is applied to the 
eye and the patient is allowed to blink normally. At 10, 20, and 30 minutes after 
fluorescein application, Schirmer’s paper is placed in the eye for only 1 minute. 
For the 30-minute point, cotton-tipped applicators are used to stimulate the 
anterior nasal mucosa in both sides. In normal individuals, the wetting length 
of the Schirmer’s strips during FCT is more than 3 mm, increases after nasal 
stimulation, and has a normal clearance evidenced by disappearance of fluores-
cein in 15 minutes; ie, no fluorescein staining in the second strip (Figures 5-5A 
and 5-5B). In eyes having ATD dry eye with reflex tearing, the wetting length is 
less than 3 mm in the first and second strips but increases in the last strip due 
to reflex tearing, and the fluorescein clears by the second 20-min strip (Figure 
5-5C). In eyes having severe ATD dry eye without reflex tearing, the wetting 
length is less than 3 mm in all strips and has delayed tear clearance as judged 
by fluorescein shown after 15 minutes using the second or third strip (Figure 
5-5D). Therefore, delayed tear clearance is frequently found in eyes with severe 
dry eye because of the discontinuation of the tear meniscus to the punctum. 
Although this is a protective mechanism to conserve tears, delayed tear clear-
ance also leads to stagnation of inflammatory cytokines/toxic medications in 
the tears.

The therapeutic strategy is formulated according to the dysfunctional elements 
identified in the ocular surface defense. Although frequent lubrication with artifi-
cial tears and lubricants is started in most cases with ocular surface diseases mani-
festing dry eye, the mainstay remains punctual occlusion, especially when ocular 
surface inflammation is controlled. Punctal occlusion by either plugs or cauteriza-
tion for one or both puncta depends on the presence or absence of reflex tearing, 
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which can be detected by FCT. If ATD dry eye still possesses reflex tearing, occlu-
sion of only one punctum by plug can be started. In contrast, if severe ATD dry 
eye does not exhibit reflex tearing, occlusion of both puncta by cauterization can 
be considered. In addition, the choice between plug and cauterization is governed 
by the nature of the underlying lesion. When the underlying cause for ATD dry 
eye is temporary and reactive, plugs are sufficient, whereas cauterization is pref-
erable if it is permanent and irreversible. The FCT can also be used to verify the 
effectiveness of punctual occlusion and whether there is suspicious recanalization 
following thermal cauterization.

Once punctual occlusion is performed, the eye becomes amenable for other 
measures such as insertion of a therapeutic bandage contact lens12 or adminis-
tration of autologous serum drops,13 especially for eyes without reflex tearing. 
Once the compositional factor is augmented, one may begin to consider reducing 
exposure by taping the eyelid shut at bedtime (for nocturnal exposure), insertion 
of gold weights to the upper eyelid, or tarsorrhaphy by either Botox injection or 
sutures for daytime exposure. Finally, correction of eyelid/lash abnormalities, 
such as ectropion or trichiasis, is also important. For cases in which neurotrophic 
or exposure keratopathy failed to respond to the above measures and corneal 
ulceration persists, amniotic membrane transplantation can be used to improve 
the healing of the cornea. Conjunctival flaps may be reserved as a last resort in 
patients with limited visual potential and for those who refuse tarsorrhaphy for 
cosmetic reasons.

liMBal STeM cell Deficiency

As mentioned earlier, ocular surface health is dependent on the intimate rela-
tionship between tear film and the ocular surface epithelia, which are nonkera-
tinized and express mucins. Ultimately, such normal terminal differentiation of 
the ocular surface epithelium, a process that is coupled with cell desquamation 
as a result of apoptosis, must be compensated by the proliferation of epithelial 

Figure 5-5. Fluorescein clearance test. Typical examples of normal aqueous tear secretion at the basic and reflex levels and 
normal tear clearance (A), normal aqueous tear secretion with delayed tear clearance (B), a patient with decreased aqueous tear 
secretion but with intact reflex tearing (C), a patient with decreased aqueous tear secretion but without reflex tearing (D). Note 
that severe aqueous tear deficiency is frequently associated with delayed tear clearance (D).
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stem cells. For the corneal epithelium, stem cells are located at the limbal basal 
layer.14,15

A number of ocular surface diseases may manifest limbal stem cell deficiency 
(LSCD) as a result of either destructive loss of the limbal epithelial stem cells or 
dysfunction of the limbal stroma (Table 5-2). They carry the hallmark of conjunc-
tivalization of the cornea, where the conjunctival epithelium migrates to cover 
the corneal surface accompanied by vascularization, destruction of the basement 
membrane, chronic inflammation, and scarring of the cornea (Figure 5-6).16 
These limbal-deficient corneas show poor epithelial integrity manifested as 
irregular surface, recurrent erosion, or persistent ulcer. Patients with LSCD often 
suffer from severe photophobia and decreased vision and are poor candidates for 
conventional corneal transplantation, which only brings in short-lived corneal epi-
thelial cells. Furthermore, preexisting corneal vascularization and inflammation 
increase the risk of allograft rejection.

For total LSCD, the transplantation of limbal stem cells is the only solution to 
improve the patient’s symptoms and vision. Depending on the unilateral or bilat-
eral involvement, the extent of LSCD involvement, and the patient’s acceptance 
and expectations of the proposed treatment, several procedures of transplanting 
autologous or allogeneic limbal stem cells may be considered (see classification 
by Holland and Schwartz17).

conjunctival limbal autograft
In this procedure, autologous limbal tissue with adjacent conjunctiva is harvest-

ed from the healthy fellow eye and transplanted to the diseased eye. Conjunctival 
limbal autograft (CLAU) is used to treat patients with unilateral LSCD. The sur-
geon removes a lamellar graft encompassing a small portion of conjunctiva, the 
limbus, and the most peripheral portion of the cornea from one-third to one-half 

Table 5-2

corNEal DisEasEs MaNifEstiNg  
liMbal stEM cEll DEficiENcy

Hereditary Aniridia
Keratitis associated with multiple endocrine deficiency
Epidermal dysplasia (ectrodactyly–ectodermal dysplasia–clefting syndrome)

Acquired Chemical or thermal burns, including mustard gas
Stevens-Johnson syndrome, toxic epidermal necrolysis
Multiple surgeries or cryotherapies to limbus
Contact lens-induced keratopathy
Severe microbial infection extending to limbus
Antimetabolite uses (5-FU or mitomycin C)
Radiation
Chronic limbitis (vernal, atopy, phlyctenular)
Peripheral ulcerative keratitis (Mooren’s ulcer)
Chronic bullous keratopathy
Idiopathic
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of the limbal circumference (see Figures 5-6A and 5-6B). Because CLAU uses 
an autologous tissue, there is no risk of immune rejection and hence no need 
for systemic immunosuppression. Besides limbal epithelial stem cells, CLAU also 
provides healthy, noninflamed conjunctiva. There have been some concerns when 
it is performed in an eye that may have subclinical LSCD.18 This risk appears low 
if the donor eye is absolutely healthy.

living-related conjunctival limbal allograft
In living-related conjunctival limbal allograft (lr-CLAL), allogeneic limbo-con-

junctival tissue is harvested from a healthy eye of a patient’s living relative and 
transplanted to the patient’s diseased eye. Because lr-CLAL uses an allogeneic 
tissue, it is used to treat bilateral total LSCD.19 Although lr-CLAL is obtained 
from living donors with some degree of histocompatibility, it does not completely 
obviate the necessity for systemic immunosuppression.

cadaveric Keratolimbal allograft
Cadaveric keratolimbal allograft (KLAL) is also used to treat bilateral total 

LSCD. Because KLAL does not include conjunctival tissue, however, it cannot 
help treat eyes that manifest additional active conjunctival inflammation and 

Figure 5-6. Surgical management of total limbal stem cell deficiency. For this eye with unilateral total limbal stem cell defi-
ciency (LSCD) due to Stevens-Johnson syndrome (A), conjunctival limbal autograft (CLAU) taken from the fellow eye resulted 
in a smooth and stable corneal surface without systemic immunosuppression (B). For this patient with bilateral total LSCD due 
to chemical burn, presenting with persistent corneal epithelial defect in the left eye (C), keratolimbal allograft (KLAL) as a 360 
degree ring, along with systemic immunosuppression and subsequent penetrating keratoplasty, resulted in a healed, smooth, and 
noninflamed ocular surface (D).
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scarring such as symblepharon unless amniotic membrane transplantation 
is also used at the same time or before. KLAL is a better alternative in those 
patients who have LSCD but whose conjunctiva is normal, such as in aniridia, 
because there is no need to include donor conjunctiva. Because KLAL includes 
a 360 degree limbus, it can restore the entire limbal deficiency more so than 
lr-CLAL (Figures 5-6C and 5-6D).20 Alternatively, this ring can be halved into 
2 segments, and 3 segments from 2 donor eyes can be used for KLAL.21 Like 
lr-CLAL, prolonged, if not indefinite, systemic immunosuppression is necessary. 
Therefore, the potential side effects derived from this long-term treatment must 
be considered.22
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