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Background and Objective: Limbal stem cell deficiency (LSCD) describes the clinical condition when
there is dysfunction of the corneal epithelial stem/progenitor cells and the inability to sustain the normal
homeostasis of the corneal epithelium. The limbal stem cells are located in a specialized area of the eye
called the palisades of Vogt (POV). There have been significant advances in the diagnosis and management
of LSCD over the past decade and this review focuses on the pathophysiology of LSCD, its clinical
manifestations, diagnosis, and causes.

Methods: Papers regarding LSCD were searched using PubMed to identify the current state of diagnosis
and causes of LSCD published through to June 2022.

Key Content and Findings: LSCD is clinically demonstrated by a whorl-epitheliopathy, loss of the POV,
and conjunctivalization of the cornea. The diagnosis of this condition is based on clinical examination and
aided by the use of impression cytology, in vive confocal microscopy, and anterior segment optical coherence
tomography (asOCT). There are many causes of LSCD, but those which are most common include chemical
injuries, aniridia, contact lens wear, and Stevens-Johnson syndrome (SJS).

Conclusions: While this condition is most commonly encountered by corneal specialists, it is important

that other ophthalmologists recognize the possibility of LSCD as it may arise in other co-morbid eye

conditions.
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Introduction

The corneal epithelium is a stratified squamous epithelium
and must regenerate continuously. Clinically, this is
understood intuitively; a straightforward corneal abrasion
is easily identified and can be dependably expected to
resolve in a matter of hours to days (depending on the
size) in a healthy cornea. However, understanding the
processes which govern this series of events has been and
continues to be the subject of significant interest for corneal

specialists. In Vogt’s original atlas of the cornea from 1921,
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he described radially oriented structures (termed palisades),
which were located most prominently at the superior
and inferior limbus (Figure I1). He found that they were
located just peripheral to the terminal capillary loops of
the conjunctiva and had distinct radially oriented arterial
and venous components. The palisades were described
to be white in color and to become more prominent with
aging (1). "H-thymidine labeling of the limbal epithelium
further demonstrated that the corneal epithelium healed in
a centripetal manner with cells originating from the limbus
near these structures (2). The rate of movement has now
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Figure 1 Illustrations from Vogt’s original 1921 textbook Arlas of
the Slit Lamp-Microscopy of the Living Eye showing the POV and
its unique vascular supply. This figure has been reprinted with
permission from Springer, Berlin, Heidelberg. Vogt A [1921],
courtesy of SpringerNature. It originally appeared as Fig. 11 from
Chapter D: Examination of the Cornea.

Table 1 The search terms used

“Limbus Corneae” [Mesh]

“Limbal stem cell deficiency”

“Limbal stem cell deficiency” AND “anterior segment OCT”
“Ocular chemical injury”

“Limbal stem cell deficiency” AND “Glaucoma”

“Aniridia associated keratopathy”

“Limbal stem cell deficiency” AND “Stevens-Johnson
Syndrome”

“Limbal stem cell deficiency” AND “contact lens overuse”

“Limbal stem cell deficiency” AND diagnosis

OCT, optical coherence tomography.

been characterized with scanning microscopy, ranging from
1.7 to 32 pm a day (3). Further study in green fluorescent
protein (GFP) expressing mice with in vivo microscopy
has also demonstrated the centripetal movement, with an
average of 26 pm a day (4). It is now understood that the
palisades of Vogt (POV) are home to limbal stem cells
which repopulate the epithelium. The maintenance of this
microenvironment is critical to the regenerative potential
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of the cornea. These limbal stem cells move centripetally
first, differentiating into the basal epithelial cells,
proliferate, and then move anteriorly towards the surface
to be shed.

Limbal stem cell deficiency (LSCD) describes the
clinical condition when there is dysfunction of the corneal
epithelial stem/progenitor cells and the inability to sustain
the normal homeostasis of the corneal epithelium (5).
These cells can be damaged by a number of different
processes as detailed below. The loss of limbal stem
cells results in the replacement of corneal epithelial cells
with conjunctival epithelial cells, decreasing the normal
clarity of the cornea and leading to impaired healing,
scarring and vision loss. Even with only a remainder of
7% of limbal stem cells, there is still the capacity for
the corneal epithelium to be repopulated with modern
surgical techniques (6). The limbus also acts as a barrier
for conjunctival invasion onto the cornea. Partial LSCD
occurs when there is incomplete conjunctivalization
of the cornea whereas total LSCD (due to complete
loss of corneal epithelial stem cells) leads to complete
conjunctivalization of the cornea.

This review will focus on the clinical manifestations and
causes of LSCD, including a summary of the 2019 global
consensus published from the Limbal Stem Cell Working
Group by the Cornea Society, as well as the advantages
and limitations of current diagnostic methods. In addition,
it highlights new epidemiologic data which has shown the
burden of LSCD as well as provide an update regarding
the pathophysiology, diagnosis, and management of some
of the most common causes of LSCD. We present this
article in accordance with the Narrative Review reporting
checklist (available at https://aes.amegroups.com/article/
view/10.21037/aes-22-35/rc).

Methods

A literature review was performed using PubMed to search
all original research and review articles published through
to June 2022. Some of the following search terms used
included: “limbal stem cell deficiency”, “limbal stem cell
deficiency diagnosis”, “ocular chemical injury”, “aniridia
associated keratopathy”. Additional search terms are shown
in Table 1.

Additional papers were identified by reviewing reference
lists of relevant publications. All publications reviewed were
in English and publications with relative low credibility
were excluded. Data were extracted based on their relevance
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Iltems Specification

Date of search 3/1/2022-6/18/2022

Databases and other sources searched PubMed
Search terms used See Table 1
Timeframe 1921-2022

Inclusion and exclusion criteria

Original research articles and reviews written in English were included. Articles that focused

on management or surgical treatment of limbal stem cell deficiency were excluded

Selection process

Jennifer C. W. Hu conducted the search and selection. Both authors met and agreed

regarding the final literature choice

Any additional considerations, if applicable

Some papers were identified by reviewing reference lists of relevant publications

Table 3 List of common causes of limbal stem cell deficiency

Traumatic
Chemical injuries
Contact lens use
Limbus-involving surgery

Drug induced [in conjunction with glaucoma surgery with
mitomycin C and 5-fluorouracil (7), dupilumab (8)]

External beam radiation (9,10)
Infectious

Microbial keratitis
Allergic

Vernal keratoconjunctivitis (11)
Immune-mediated

SJS

GVHD

MMP
Genetic

Aniridia

Congenital epidermal dysplasia

Keratitis associated with multiple endocrine deficiencies

Xeroderma pigmentosa

SJS, Stevens-Johnson syndrome; GVHD, graft vs. host disease;
MMP, mucous membrane pemphigoid.

to the topic instead of implementing a systematic approach
to paper selection. More details of the method are shown in
Table 2.
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Causes of LSCD (5)

There are many causes of LSCD with the most common
listed in 7able 3. Epidemiologic studies have been conducted
globally seeking to identify the most common causes
of LSCD. For instance, at a single tertiary center, in a
series of 738 eyes over 14 years, the most common causes
of LSCD identified were aniridia (30.9%), chemical or
thermal injuries (20.6%), contact lens (16.8%), and Stevens-
Johnson syndrome (10.4%) (12). Of note, among unilateral
cases, the most common cause of LSCD is chemical burns
(13,14). Other causes include prior surgery (most often
pterygium or glaucoma surgeries), drug toxicity, mucous
membrane pemphigoid (MMP), and others as listed in 7zble 3
(13,15). Of note, all ophthalmologists should understand
LSCD, given that many types of ophthalmic surgery can
affect limbal stem cells (16). In later sections of this review, we
discuss the epidemiology of some of the most common causes
of LSCD, which often depends on the age of the patient, their
occupation, and their other ocular co-morbidities.

Figure 2 shows a case of severe LSCD in the setting of
prior surgery, courtesy of Danielle Trief. In conditions
of longstanding ophthalmic disease, there may be limbal
stem cell loss due to changes in the microenvironment
of the limbal stem cells through a combination of
inflammatory cytokines and matrix metalloproteinases.
For example, patients with bullous keratopathy (BK) can
have LSCD, leading to impaired epithelialization. One
study that looked at patients with BK who underwent
a penetrating keratoplasty found that patients without
corneal neovascularization (and therefore less likely to have
LSCD) re-epithelialized after ~6 days compared to ~29 days
in those who had corneal neovascularization noted pre-
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Figure 2 LSCD in the setting of squamous cell carcinoma
following excision, cryotherapy, and interferon therapy. Image

courtesy of Danielle Trief. LSCD, limbal stem cell deficiency.

operatively (17). LSCD following infectious keratitis is not
uncommon either, therefore patients should be counseled
on the risk of graft failure following therapeutic penetrating
keratoplasty in this setting as well (16).

Diagnosis of LSCD

The diagnosis of LSCD is through a combination of clinical
examination and imaging techniques, without any one method
being clearly preferred. In a recent literature review of 46
studies of LSCD, clinical features (as described below) were
used to diagnose LSCD in all studies and of those, 18 used
one or more additional tests: impression cytology (17 studies),
immunohistochemistry for epithelial markers (4 studies),
and/or in vive confocal microscopy (2 studies) (18). A
comparison of different imaging modalities used for the
diagnosis of LSCD is shown in Tuble 4.

Clinical examination

On slit lamp examination, as Vogt initially described, one
may sometimes be able to appreciate the direct loss of the
palisades. When staining the cornea with fluorescein, there
may only be epithelial thinning in a vortex pattern or whorl-
like epitheliopathy in mild disease (Figure 3A4). In moderate
disease, superficial neovascularization of the cornea and
peripheral pannus becomes apparent (Figure 3B). In severe
cases, this can lead to stromal neovascularization and
scarring along with corneal opacification (Figure 4). In a
global consensus (5) published from the Limbal Stem Cell
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Working Group by the Cornea Society from 2019, a clinical
staging system was devised as shown in Table 5.

A separate clinical grading scale proposed by
Aravena et al. (15) further correlated clinical signs with
confocal microscopy imaging (thereby quantifying the
basal epithelial cells). They proposed a score of 1 to 4
depending on the clock hour of limbal involvement, the
extent of corneal surface involved, and whether there was
encroachment within Smm of the central visual axis. A
total score was composed as the total of these 3 factors
with the stages of LSCD classified as mild (2 to 4 points),
moderate (5 to 7 points), and severe (8 to 10 points) based
on the clinical grading. In control eyes, basal epithelial cell
density (measured by cells/mm?) was 9,252 while compared
to those that were graded clinically as having mild,
moderate, and severe LSCD in which the cell density was
7,121, 5,512, and 2,821, respectively. This represented a
clinically significant difference from controls (15). The use
of imaging techniques such as confocal may augment our
ability to differentiate different severities of LSCD.

Confocal imaging

Confocal imaging allows for the i vivo imaging of various
different cell populations with a lateral resolution of 1-2 pm
and an axial resolution of 5-10 pm (19). Patients must
be able to sit for several minutes and tolerate a lens to be
placed on the surface of the eye to image the various layers
of the cornea. Compared to its use in the diagnosis and
management of Fuchs’ or other endothelial cell pathologies,
it is less readily used in the diagnosis of LSCD. Normal
corneal epithelium is characterized by multiple layers of
cells with large polygonal superficial flat cells while the
basal layer of cells contains more hyporeflective cytoplasm
and bright borders (20). Corneal stem cells are located at
the basal layer of the limbus. Conjunctival epithelium has
a more cuboid morphology with a more hyper-reflective
cytoplasm (19). While corneal basal epithelial cells may
be differentiated from conjunctival epithelial cells, there
is no set number for a normal basal epithelial cell density
with estimates ranging from 6,400 to 8,000 cells/mm’. Tt
has been shown that confocal imaging can also be directed
at the limbus itself, showing the complete loss of the POV
in severe cases (20). However, because this is also a normal
process of aging, pure definitions based only on cell counts
or presence or absence of POV are inaccurate and must be
correlated with clinical history.
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Table 4 Advantages and disadvantages of different imaging modalities for limbal stem cell deficiency

Diagnostic method Advantages

Disadvantages

Impression cytology Allows for identification of goblet cells, additional

immunohistochemical staining

In vivo confocal

microscopy
Allows for imaging of all layers of the cornea, including
deeper epithelial cell layers

asOCT No contact with the eye is needed

Scanning time of seconds

Ability to quantify cells and resolution of about 1-10 pm

Subject to preparation quality
Not available at all institutions
Only evaluates 1-3 epithelial cell layers

Requires patient participation for 5-15 minutes including
sitting with ocular lens in front of scanning laser

Difficult in those with nystagmus

Lower resolution than confocal microscopy, 5 pm

asOCT, anterior segment optical coherence tomography.

Figure 3 Examples of limbal stem cell deficiency in the setting of prior surgical trauma. (A) Whorl-epitheliopathy in a patient with a

history of pseudoexfoliative glaucoma with prior trabeculectomy, and Ahmed glaucoma implant. Image courtesy of Danielle Trief. (B)

Conjunctivalization of the superior cornea in limbal stem cell deficiency following surgical trauma. Image courtesy of Danielle Trief.

Figure 4 Severe limbal stem cell deficiency causing 360° corneal
conjunctivalization in a patient with a severe chemical injury.

Image courtesy of Danielle Trief.
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Impression cytology

Impression cytology is considered by some to be the gold
standard in diagnosing LSCD, although it is not readily
used in clinical practice. In this method, a cellulose acetate
filter paper, nitrocellulose membrane or Biopore membrane
is applied to the ocular surface to remove 1-3 layers of
ocular surface epithelium (21). The specimens can then
be subjected to various stains including hematoxylin
and eosin (H&E), Periodic acid Schiff, Papanicolaou,
or Giemsa staining to evaluate for goblet and epithelial
cells. The presence of conjunctival goblet cells indicates
conjunctivalization, correlating to one of the clinical
hallmarks of LSCD. Beyond traditional histologic stains,

Ann Eye Sci 2023;8:13 | https://dx.doi.org/10.21037/aes-22-35



Page 6 of 14

Annals of Eye Science, 2023

Table 5 Clinical staging of LSCD from the Limbal Stem Cell Working Group in 2019

Stage Clinical findings A

B C

Stage | Normal corneal epithelium within the central

5 mm zone of the cornea

Stage Il

Stage Il The entire corneal surface is affected

<50% of limbal involvement

The central 5 mm zone of the cornea is affected <50% of limbal involvement

>50% but <100% limbal
involvement

100% of limbal
involvement

>50% but <100% limbal
involvement

LSCD, limbal stem cell deficiency.

more specific markers are being investigated in order to
more definitively define cells as corneal or conjunctival.
Cytokeratin 3 is thought to be specific to corneal epithelium
while cytokeratin 19 is thought to be specific to conjunctival
epithelium (22). One of the limitations of this method,
however, is that good quality cytology is variable—in one
study, only 42% of sampled eyes could be graded due to
limitations in having “good quality” cytology (22).

Anterior segment optical coberence tomography (asOCT)

asOCT is being investigated as a novel method of evaluating
and diagnosing LSCD. This imaging modality offers the
advantage of requiring no contact with the patient’s eye and
rapid evaluation compared to the aforementioned methods.
In evaluating the central cornea in patients with LSCD, it
was found that there was a significant reduction in epithelial
thickness and maximal limbal epithelial thickness in patients
with LSCD compared to controls which may provide
a useful clinical measure in patients (23). Additionally,
asOCT can be used to directly image the POV. In patients
with LSCD, it was found that there was loss of the smooth
interface between the conjunctival epithelium and stroma,
dilated conjunctival stromal vessels, and a decreased POV
density (24,25).

Chemical injury
Epidemiology

In the United States (US), the American Academy of
Ophthalmology Intelligent Research in Sight (IRIS)
Registry is a clinical data registry of over 59 million unique
patients. Through a retrospective study of the registry, the
incidence of ocular burns was estimated to be 65 new cases
per 100,000 new diagnoses in 2013, rising slightly to 78 cases
per 100,000 in 2017 (26). The mean age of the 64,760 unique
patients who had suffered chemical injuries was 48 years old,
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though a bimodal distribution was noted with many patients
under the age of 1 years old. Alkali injuries tended to be
more common overall compared to acidic injuries (27,28).
Figure 5 shows a patient with an alkali injury due to plaster
lime in the workplace. The most common locations of
chemical injuries are in the workplace (29) and within
workplace injuries, they are the 2nd most common injury
(after metallic foreign bodies) (30). In addition, these
injuries were more common among individuals in the lowest
and second-lowest income quartiles (<$48,749) (28). In the
Nationwide Emergency Department Sample, emergency
department (ED) charges in the US over a 3-year period
due to chemical burn injuries totaled $106.7 million (28).

In comparison with unintentional chemical injuries,
chemical injuries can also be due to assault or warfare
and these injuries tend to have more severe outcomes. In
a prospective study of 11,683 patients who presented to
an eye infirmary ED, of the 98 acute chemical injuries,
there were only 4 cases which reached the highest level
of severity, Roper-Hall grade IV (Dua grade IV-VI). All
four of these cases were cases of assaults with ammonia and
progressed to complete LSCD (27). Similarly, in another
series of the severe ocular chemical injuries (either grade I11
or IV on the Roper-Hall grading system), 16/25 cases were
assault (31). Given both the severe visual outcome along
with the emotional toll, this has led to countries across
the world to creating new legislation to address formal
legal definitions of chemical assault, controlling the sale of
chemicals, facilitating justice, and support for survivors (32).

Clinical assessment

Acute clinical assessment of chemical injuries is important
in determining ultimate prognosis. Initially, the Roper-
Hall scale graded injuries on a scale from I to IV
depending on the involvement of limbal ischemia and
corneal opacity. Grade I was characterized by no limbal
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Figure 5 Progression of corneal epithelialization following alkaline chemical injury. (A) Limbal ischemia following plaster lime injury,

8 hours after injury. Image courtesy of Jennifer C. W. Hu. (B,C) Day 1 (8 hours after injury) with BCVA 20/60 with corneal involvement

from 3:30-7:30 and conjunctival involvement from 3 to 8:30. Day 3 after injury, BCVA improved to 20/50 and Prokera placement occurred

at day 4 after injury. Image courtesy of Jennifer C. W. Hu. (D,E) Day 12 after injury, with small area of heaped epithelium, but otherwise re-

epithelialized. Final BCVA was 20/30 (consistent with patient’s baseline history of amblyopia in the affected eye) at day 19 after injury. Image

courtesy of Jennifer C. W. Hu. BCVA, best corrected visual acuity.

ischemia with only corneal epithelial damage and with a
good prognosis while grade IV involved greater than 1/2
limbal ischemia with an opaque cornea and conferred a
poor prognosis. Grade II involved between <1/3 limbal
ischemia and grade III between 1/3 and 1/2 limbal
ischemia. While the Roper-Hall classification has been
in use since 1965, it has been argued that with newer
management strategies, such as earlier amniotic membrane
transplantation (AMT) or limbal stem cell transplantation,
that even eyes with up to 75% limbal ischemia (historically
grade IV on the Roper-Hall classification) may still
do well (6,33). Dua et al. (6) proposed a new grading
scheme which subdivided group IV by Roper-Hall into
3 subclasses: those with 50-75% limbal involvement (Dua
grade IV), 75-100% involvement (Dua grade V), and 100%
involvement (Dua grade VI) and found that even in those
eyes that were historically categorized as Roper-Hall group
IV injuries compared to Dua group VI had significantly
different final outcomes. While early AM'T placement does
appear to provide benefit for Dua grade IV and V injury,
there was no difference in final outcome for eyes with VI
injury, or 100% clock-hour involvement, furthering our
understanding that while recovery is possible (even likely) as

© Annals of Eye Science. All rights reserved.

long as there is 75% limbal involvement, 100% involvement
can have devastating outcomes.

Management

Luckily, most cases of chemical injury will have a return
to baseline visual acuity before 1 year, though there may
be significant changes in the immediate period following
injury (26). Identification of the agent is often not
possible (28), but attempts should be made to identify the
agent itself, the length of contact with the eye, and the
strength of the solution. The pH of the eye should be
checked and periodically evaluated while flushing the eye.
The eyelids should be everted to identify any material
which may continue to seed the eye. Greater risk for poorer
best corrected visual acuity (BCVA) include older age,
worse initial BCVA, and irrigation greater than 24 hours
after injury (29).

Additional treatment will vary depending on the severity
of the injury. A topical antibiotic ointment or drop, such as
a fourth generation fluoroquinolone is helpful to prevent
infection. Topical steroids such as prednisolone should
be used initially to treat inflammation. In cases where
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significant limbal ischemia is noted, the use of doxycycline
and vitamin C to prevent corneal melt are generally
accepted. Should the damage progress into the anterior
chamber, patients may have a rise in intraocular pressure
(IOP). Attempts should be made to lower the IOP orally to
prevent additional drop toxicity with a healing epithelium.
Furthermore, cycloplegia may help with comfort. In
patients with severe chemical injuries, amniotic membrane
placement should be considered (34).

Some argue that there is a role for limbal stem cell
transplantation in severe chemical injury either in the acute
term (immediately following vascularization of the nearby
conjunctiva to support a graft) or in the chronic phase. In
one case series of 6 patients, both acute and chronic LSCD
patients had improvement in their visual acuity and comfort
after limbal stem cell transplantation from the contralateral
eye (2-3 clock hours in size) (33).

Stevens-Johnson syndrome (SJS) and toxic
epidermal necrolysis (TEN)

SJS is a severe, life-threatening disease characterized by
sloughing of epithelial necrosis, oftentimes triggered by
exposure to a new drug. When there is <10% body surface
involvement, this is characterized as SJS while TEN is
due to >30% involvement. Between 10% and 30% body
surface involvement, there is overlap between SJS and
TEN. The most common offending agents are antibiotics
(sulfonamides most commonly) and anti-epileptics, followed
by non-steroidal anti-inflammatory drugs (NSAIDs) and
allopurinol (35). Other causes may include Mycoplasma
pneumoniae infection, though these cases generally have
less severe clinical manifestations (36). These patients may
be critically ill, requiring hospitalization in burn units.
For ophthalmologists, it is the standard of care to examine
patients within 24-48 hours as there can be long-term
morbidity if not properly monitored, with rates of ocular
involvement ranging between 53-88% of cases in adults
(36-38). The incidence of ocular involvement of pediatric
patients with SJS/TEN was 32% (39).

Epidemiology

In a survey of 961 hospital-based US EDs between July 1,
2010, and June 30, 2012, a mean of 3,834 new SJS-spectrum
cases per year were identified, correlating to an incidence
rate of 12.35 new cases per million per year. In the United
Kingdom, in incidence rate of 5.76 cases per million per year

© Annals of Eye Science. All rights reserved.
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was identified (40). In both the US and Canada, there is
now approval for the use of some human leukocyte antigen
(HLA) genetic variant identification to aid in identifying
patients at higher risk for SJS when exposed to particular
medications. For instance, it is recommended that patients
being considered for allopurinol should be tested for
HLA-B*58:01 and carbamazepine HLA-B*15:02 (41) in an
effort to reduce the rates of SJS.

Pathophysiology

The exact pathophysiology of SJS is not completely
understood. Biopsies of the skin lesions are characterized
by infiltration of the dermal tissues with lymphocytes and
keratinocyte necrosis (36). Originally characterized as a
type IV hypersensitivity reaction, additional mechanisms
leading to keratinocyte necrosis have also been proposed
including activation of Fas ligands (a surface molecule
responsible for apoptosis) or perforin activation by natural
killer cells (42). It has been found that in the eye, early on
there may be epithelial sloughing and hemidesmosome loss
even without the presence of immune cells. Early corneal
keratinocytes have basal vacuolization despite having no
immune cells present, suggesting that there may be cytokine
dysregulation in the early phases of the disease prior to
immune infiltration (43). In later phases of the disease, CD8"
cytotoxic lymphocytes infiltrate and target keratinocytes (43).
It has been suggested that in the chronic phase of the disease,
there are continued neutrophil presence in conjunctival tissue
which may drive the continued immune dysregulation and
lead to limbal stem cell compromise (44).

Clinical assessment and management

Patients can be categorized into 4 different grades
(ranging from 0 to 3). In patients with grade 0, there is
no ocular involvement and prophylactic artificial tears are
recommended. In grade 1, there is conjunctival hyperemia
but no corneal involvement, and topical antibiotic 3x/day,
topical steroid 6x/day, topical steroid ointment 6x/day, and
artificial tears every hour are recommended. In patients with
grade 2, where there is corneal involvement but without
any membranes, Prokera or AMT should be pursued (in
addition to the grade 1 treatments). In grade 3, the same
topical therapy as before should be used along with AMT.
Long-term complication were significantly less likely when
adhering to the treatments above compared to without

strict grading criteria (35). Others have found early AMT
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intervention can provide excellent visual outcomes—in a
study of 9/10 extremely severe cases, the final BCVA was
20/20 with 3 of 10 having moderate scarring of the tarsal
conjunctiva and lid margins (45). Infectious keratitis may
also occur in the setting of SJS, with one study identifying
itin 35% of patients (18 eyes, 14 patients), highlighting the
need for additional antibiotic prophylaxis (46).

Aniridia
Epidemiology

Aniridia is caused by a mutation in PAX6, leading to a host
of different eye abnormalities in addition to the classic
absence of the iris. It is inherited in an autosomal dominant
fashion and usually the result of a nonsense mutation
in one copy of the gene, with many causative mutations
having been identified (47). The estimated incidence is 1 in
40,000 live births (48). Because of the nearby WT1I locus,
patients often have congruous deletions and therefore are at
risk of Wilms tumor (one of the four major components of
WAGR syndrome, an acronym for Wilms tumor, aniridia,
genitourinary problems, and developmental delay) (49).
Patients with aniridia often have additional ocular
consequences such as macular and optic nerve hypoplasia
and glaucoma, which may all contribute to visual disability.
Rates of aniridia associated keratopathy (AAK) range
between 20% to over 80% (50,51). Presentation is often
symmetric, though not always (52).

Pathophysiology

Patients with aniridia have progressive corneal opacification
throughout life, thought to be due to LSCD. In multiple
studies of patients with confirmed P4X6 mutations, there
have been significantly decreased basal epithelial cell counts
(by in vivo confocal microscopy) along with loss of the
palisades correlating with worsened keratopathy (53,54).
However, some have proposed that due to the widespread
expression of PAX6, the keratopathy associated with aniridia
may be due to a combination of not only LSCD, but also
corneal stroma changes, mechanical changes in the limbal
stem cell niche, and altered inflammatory of gene profiles of
the adjacent conjunctival epithelial cells (47,51,55).

Clinical assessment and management
The clinical severity of AAK may be variable. In a cross-

sectional study of 92 eyes of 47 patients with aniridia
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(average age 48), 12 eyes (13%) were classified as stage I
AAK, 33 eyes (35.9%) were stage 11, 25 eyes (27.2%) were
stage III, 17 eyes (18.5%) were stage IV, and 5 eyes (5.4%)
were stage V (56). Stage I was defined as only abnormal
peripheral epithelium as assessed by fluorescein. Stage II
was characterized by centripetalization of the epithelial
changes however not yet center involving. Stage III meant
that central corneal epithelial changes were present with
some peripheral neovascularization superficially. Stage IV
was defined as neovascularization superficially over the
entire cornea and stage V was defined as abnormal corneal
epithelium throughout with deep stromal scarring.

Identification of missense and non-coding mutants
may help prognosticate patient’s clinical course, which has
become a greater reality in clinical practice as the cost of
genetic testing decreases. For instance, in one study AAK
was found to be an age-dependent process in patients with
premature termination codons or C-terminal extension
mutations while other mutation types were age-independent
or produced a non-progressive keratopathy (57). These
results may provide clinicians with greater ability to
prognosticate and provide anticipatory guidance in addition
to identifying the type and timing of other treatments of
LSCD.

Given the increasingly prevalent use of genetic testing,
patients are being identified with causative mutations
despite having minimal iris abnormalities and these patients
may benefit from earlier intervention. Treatments in mild
cases may include serum drops and AMT to improve
surface quality, though patients often suffer recurrence
of the keratopathy (58). Even with limbal stem cell
transplantation or penetrating keratoplasty, the keratopathy
often returns, highlighting the ongoing dysregulation (59).
Keratoprostheses (KPro) may be an option and can be
considered as first line; in a study of 26 eyes (of which 76%
of cases the KPro was the primary corneal procedure),
the KPro retention rate was 77%. However, there was
a high rate of progression to glaucoma (88%), therefore
transplanted patients must be monitored carefully (60).

Contact lens wear
Epidemiology

Contact lens wearers have a range of mild to severe LSCD.
There is an estimated 125 million contact lens wearers in
the US, therefore this represents a significant population
of patients with LSCD (61). It is most commonly seen with
soft contact lens use, with an estimated prevalence among
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Figure 6 An example of limbal stem cell deficiency in the setting

of contact lens overuse. Image courtesy of Danielle Trief.

contact lens wearers of around 2-5% (61). The duration
of contact lens use before development of LSCD ranges
between 14.1-17 years (62-64). Figure 6 shows one patient
with severe LSCD in the setting of contact lens use.

Pathophysiology

It is unclear whether the mechanical irritation/friction
of the contact lens causes limbal stem cell injury or
whether there is a change in the micro-environment due
to preservatives or additives which the eye is exposed to
through the lens solutions (65). Another theory posited is
that the low-oxygen environment created by the contact
lenses is unfavorable for the survival limbal stem cells (66).

Treatment

The first and primary treatment is stopping the usage of soft
contact lenses. In many patients, stopping contact lens use
alone may resolve epitheliopathy. Jeng et al. reported that
in 11/18 eyes cessation of the contact lens led to resolution
of the epitheliopathy and 5 required the addition of topical
corticosteroid (64). Other treatment options include
cyclosporine (67) or autologous serum tears (68).

Glaucoma
Epidemiology

Patients with primary open angle glaucoma (POAG) on
topical therapy and/or history of glaucoma surgery are both
at increased risk for LSCD. Given that the prevalence in the
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US alone is estimated to be 2.1% (affecting approximately
2.9 million individuals), this represents a large population at
risk (69). Other primary eye conditions such as aniridia also
predispose patients to glaucoma, further compounding the
risk of LSCD. In a study of 434 eyes with LSCD, 35% of
patients had glaucoma or ocular hypertension (OHT) (12).

Pathophysiology

There are multiple possible contributions to LSCD in
patients with glaucoma. In patients who undergo surgery,
there is a strong correlation between the location of corneal
neovascularization and location of the glaucoma surgery
(both trabeculectomy and aqueous shunt) (7). These
procedures are thought to induce direct mechanical trauma
to the cells, with more than one surgery being correlated
with more severe LSCD (7). The combined use with anti-
metabolites during this surgery to promote bleb formation
and decrease wound healing has also been proposed to
affect the microenvironment of the limbal stem cells (7,70).
Furthermore, the topical drop therapies which patients are
on chronically can be correlated with LSCD severity as
well. In a study using iz vive confocal microscopy, patients
with glaucoma medications (either one or two drops) were
found to have higher dendritic cell density suggesting
inflammation-mediated destruction of limbal stem cells,
though interestingly the POV appeared similar between
the glaucoma patients and controls (71). The infiltration of
HLA-DR+ and IL-6+ cells as seen with impression cytology
also suggests an increase in general inflammation which may
contribute to a gradual loss of limbal stem cells over time (71).
In a prospective, randomized two-year trial, treatment
naive glaucoma patients were put on preservative-free (PF),
polyquad (PQ) and benzalkonium chloride (BAK) drop
therapy and those with BAK preserved drops were found to
have increased immune mediators compared as measured by
impression cytology, mRNA, and quantitative polymerase
chain reaction (qQPCR) suggesting that it is the preservative
which drives immune dysregulation (72).

Management

Given the progressive, blinding nature of glaucoma,
surgical intervention may be the only option to prevent
vision loss therefore it is important to be aware that patients
may be at risk of developing LSCD. It is currently unclear
the exact role and best practice in using anti-metabolites
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in preventing LSCD. It may be helpful in such patients to
try to use preservative free formulations when possible in
patients with glaucoma, to minimize their risk of LSCD (73).

Discussion
Future perspectives

In the last century, from the first description of the POV
to the sophistication of in vive confocal microscopy and
asOCT, our ability to diagnosis, assess, and manage
LSCD has grown tremendously. While clinical staging
definitions were most recently reviewed by the Cornea
Society in 2019, there remains opportunity to standardize
and make use of the growing imaging modalities available
to ophthalmologists for both diagnosis and monitoring
of treatments for LSCD. For the corneal specialist, it is
not only imperative to be able to recognize and treat the
conditions which cause LSCD. Conditions such as aniridia
highlight the ways in which advances in genetic sequencing
may provide additional prognostication and aid in managing
these patients in pediatric and adult populations. Chemical
injuries represent a large financial burden and an area of
opportunity to educate even non-ophthalmologic healthcare
providers management to prevent severe LSCD. Taken
together, these conditions cross a diverse set of patient
populations and ophthalmic co-morbidities and should be
of interest to all healthcare providers and ophthalmologists.

Limitations

This narrative review is meant to provide a comprehensive
and critical synthesis of information regarding LSCD
diagnosis and non-surgical management. It is limited by
its use of one database and inclusion of articles which
were most relevant and credible at the discretion of the
authors. However, it is meant to provide a framework for
understanding this complex and prevalent disease which
is of interest for both corneal specialists and the general
ophthalmologist.

Conclusions

LSCD has experienced a significant growth in its
understanding and treatment. From the earliest studies
looking at the palisades of Vogt to the newest surgical
techniques, LSCD represents an oftentimes treatable
condition which all ocular healthcare professions should be

© Annals of Eye Science. All rights reserved.

Page 11 of 14

aware of. Its diagnosis is mainly clinical, aided by additional
tools such as confocal microscopy, impression cytology, and
asOCT. The most common causes include chemical injury,
SJS/TEN, aniridia, contact lens overuse, glaucoma which
each have unique demographic factors and management
strategies.
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