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Prevalence of limbal stem
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referral center over a
two-year period
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tDepartment of Ophthalmology and Visual Neurosciences, University of Minnesota, Minneapolis,
MN, United States, ?Department of Ophthalmology, Hampton Veterans Affairs Medical Center,
Hampton, VA, United States

Aim: To evaluate the prevalence and clinical characteristics of limbal stem cell
deficiency (LSCD) in the setting of a tertiary referral cornea practice at an
academic center.

Patient and methods: A retrospective chart review was performed to identify all
unique medical record numbers (MRNs) presenting to a single cornea specialist
(JHH) at the University of Minnesota during calendar years 2019 and 2020.
Records were queried and confirmed for a diagnosis of LSCD. Clinical
characteristics of identified patients, including demographics, etiology of LSCD,
severity of LSCD, treatment, and best corrected visual acuity (BCVA) at final
follow-up, were documented.

Results: In total 1436 unique MRNs were identified over the study period. There
were 61 individuals (91 eyes) diagnosed with LSCD, resulting in a prevalence of
4.25% (95% Cl, 3.33-5.42). Of 91 eyes, 60 eyes were bilateral (65.9%). Among all
eyes, ocular surface burns were the most common etiology (18.7%) followed by
iatrogenic or medicamentosa (15.4%). There were 51 eyes (56.0%) that
underwent some form of transplantation. The median BCVA at final follow-up
was Snellen 20/80 (range 20/20 to no light perception).

Conclusions: The prevalence of LSCD found at a cornea subspecialty tertiary
referral center in our study was much higher than previously reported prevalence
rates. This may reflect referral bias and potential underdiagnosis of LSCD in
practices outside of subspecialty referral centers. The high prevalence rate in our
study also suggests that LSCD patients are concentrated in subspecialty referral
practices, with many having high morbidity disease. This constitutes a major
health burden for these practices.
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1 Introduction

Limbal stem cell deficiency (LSCD) is a devastating disease that
results from excessive loss of limbal stem cells found on the ocular
surface (1, 2). LSCD can occur due to chemical and thermal burns,
autoimmune diseases, ocular surgeries, or other surface insults.
Patients with LSCD suffer from persistent corneal epithelial defects,
corneal melts, corneal scarring, and corneal conjunctivalization,
which can result in significant ocular surface pain and vision loss
(2). Despite being a well characterized clinical and histopathological
entity with significant morbidity, LCSD has no dedicated
International Classification of Diseases (ICD) code and its
prevalence is heterogeneously defined. Most reported prevalence
rates for LSCD are purely estimates, or extrapolated calculations
based on the prevalence of co-morbid diseases such as alkaline
burns, Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/
TEN), or mucous membrane pemphigoid (MMP). These estimates
range widely, and their accuracy is often unknown.

Orphanet estimates a disease prevalence of 1 to 5/10,000 (3), but
the source for this estimate is unclear. The Holland Foundation for
Sight Restoration estimates that congenital ocular surface failure
causes progressive blindness in 60,000 people per year and
chemical/thermal accidents impair the sight of another 100,000
each year, but the accuracy of these numbers is unknown (4). In a
published interview, Dr. Virender Sangwan of the LV Prasad Eye
Institute in India estimated that there are roughly 8.9 million
corneally blind people in India and up to 15-20% of those
patients would benefit from limbal stem cell transplant therapy
(5). However, it is unclear if any of these estimates are based on
formal studies. One peer-reviewed study by Bobba, et al., analyzed
data from a national surveillance study in New Zealand, where they
solicited voluntary responses from ophthalmologists across the
country over a one-year period to determine the incidence and
prevalence of LSCD. However, after 1-year, they found only 14
reported new cases of LSCD in New Zealand and authors concluded
that there was likely significant underreporting and under diagnosis
of LSCD in their cohort (6). This demonstrates the current difficulty
with establishing accurate epidemiology numbers for LSCD.

Other published estimates of LSCD incidence and prevalence
only evaluate specific subpopulations of patients with associated
ocular surface diseases. These studies are all limited by the narrow
patient population they examine. Ghosh, et al., found 6.86 new cases
of LSCD/year with a total of 147.66 cases per year in the United
Kingdom according to a prospective 6-month study (7). However,
this study assessed only acute chemical injuries that presented to the
emergency room. Choi, et al. found that LSCD was present in 32%
of pediatric patients diagnosed with SJS/TEN; however, their study
was limited by assessing only children with SJS (8).

Due to the wide range of reported rates, the true prevalence of
LSCD remains unknown. This has a significant impact on our
ability to understand the overall healthcare burden of LSCD.
Accurate characterization of the clinical burden and/or market
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size of LSCD is critical for attracting research interest and
potential industry investment in development of LSCD therapies.
The purpose of this study was to evaluate the prevalence of LSCD in
a cornea subspecialty practice and to characterize the clinical
characteristics of this population of patients. This data will help
improve our understanding of the unmet need and current clinical
burden of LSCD.

2 Patients and methods

After obtaining approval from the University of Minnesota
Institutional Review Board (IRB Study 0015456), electronic medical
and billing records were queried for all individual patients with
unique medical record numbers (MRN) seen by a single cornea
specialist (JHH) during calendar years 2019 and 2020. Records were
queried for billing codes ICD-9, ICD-10: H18.891, H18.892,
H18.893, H18.899 (Other specified disorders of cornea [right, left,
both eyes, unspecified]). These codes were used due to the electronic
medical record (EMR) system (EPIC) used by the practice. The
EMR uses these codes for any diagnosis or search term related to
“limbal stem cell deficiency” and is the standard code consistently
used by the single surgeon biller for the patient population captured
in this study. Each identified patient chart was then reviewed to
exclude any cases that did not have a diagnosis of LSCD. Charts for
those patients meeting diagnostic criteria for LSCD were then
reviewed. Age at time of diagnosis, gender, race, partial vs. total
LSCD, number of quadrants involved, etiology, presence of lid
abnormalities or symblepharon, laterality, treatment: medical vs.
surgical, and best corrected visual acuity (BCVA) at last follow-up
were extracted. The diagnostic criteria for LSCD were based on
empiric findings of conjunctival epithelium growing onto the clear
cornea (whorl-like keratopathy, late fluorescein staining),
fibrovascular changes to the ocular surface (keratinization,
corneal pannus, corneal neovascularization), and persistent
epithelial defects. Our definitions for case detection adhered to
LSCD diagnostic and staging criteria published by Deng et al. (2).

2.1 Statistical analysis

We used descriptive statistics and frequency analysis on all
continuous and categorical variables among demographic and
clinical data. We calculated prevalence using Taylor series
linearization, and we analyzed each patient as the primary
sampling unit of analysis in the prevalence calculation. This is a
widely accepted method for variance calculation in large population
studies (Demographic and Health Surveys, www.dhsprogram.com).
For LSCD-specific analyses, each eye was the unit of analysis.
Statistical significance was set at p<0.05. Statistical analyses were
performed with software package STATA 17 (StataCorp, College
Station, United States).
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3 Results
3.1 Prevalence

Among a total of 1436 unique MRNs identified in calendar
years 2019 and 2020, a total of 61 individual patients (91 eyes) were
diagnosed with LSCD for a single provider in a cornea subspecialty
clinic. The prevalence of LSCD among individuals was 4.25% (95%
CI, 3.33-5.42). The mean age of diagnosis was 53.2 years (standard
deviation 19.6, range 11-92) (Table 1). There were 52.5% and 47.5%
identified as male and female sexes, respectively. Race data were
self-reported and as follows: White (75.4%), Black (11.5%), Asian/
Pacific Islander (6.6%), Middle Eastern (1.6%), Native American
(1.6%), and unreported (3.3%).

3.2 Clinical characteristics

Clinical characteristics are summarized in Table 2. Overall,
49.2% (30/61) of affected patients had bilateral disease. Of the 91
eyes with LSCD, 39.6% (36 eyes) had total LSCD. Additionally, out
of 59 eyes in which the number of involved quadrants was
documented in the medical records, 11.9% had LSCD involving
one quadrant, 11.9% had LSCD involving two quadrants, 5.1% had
LSCD involving three quadrants, and 71.2% had LSCD involving
four quadrants. The primary etiologies are provided in Table 2 and
Figure 1. The most common causes of LSCD among all eyes were
ocular surface burns (chemical and thermal, 18.7%), iatrogenic/
medicamentosa (15.4%), other (15.4%), congenital aniridia (11.0%).
Iatrogenic causes refer to multiple ocular surface-involving
surgeries, such as trabeculectomy or glaucoma drainage device
implantation. Medicamentosa refers to chronic usage of topical
medications, for example, intraocular pressure lowering
medications. The other category included a heterogenous mix of
etiologies provided in Table 2. The most common etiology of
unilateral LSCD was iatrogenic/medicamentosa (25.8%
of unilateral cases). The most common identifiable etiology of

TABLE 1 Demographics of patients with limbal stem cell deficiency (N =
61 individuals).

Age at diagnosis, in years

Mean (SD), range
Median (IQR)

53.2 (19.6), 11-92
57 (21, 86)

Biological sex

Female, n (%)
Male, n (%)

29 (47.5%)
32 (52.5%)

Race

White, n (%) 46 (75.4%)

Black, n (%) 7 (11.5%)
Asian/Pacific Islander, n (%) 4 (6.6%)
Middle Eastern, n (%) 1(1.6%)
Native American, n (%) 1 (1.6%)
Unreported, n (%) 2 (3.3%)
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TABLE 2 Clinical profile, ocular comorbidities, and therapeutic
management (N = 91 eyes).

Bilateral
(n = 60 eyes)

Unilateral

(n = 31 eyes)

Total LSCD, n (%) 9 (29.0%) 27 (45.0%)

Partial LSCD, n (%) 22 (71.0%) 33 (55.0%)

Corneal quadrants affected, n (%)

One 3 (9.7%) 4 (6.7%)
Two 5 (16.1%) 2(3.3%)
Three 3 (9.7%) 0 (0.0%)
Four 11 (35.5%) 31 (50.8%)

Unable quantify 9 (29.0%) 23 (37.7%)

Global consensus staging of LSCD

Stage 1
A 5 (22.7%) 1(2.7%)
B 0 (0.0%) 0 (0.0%)
C 0 (0.0%) 3 (8.1%)
Stage 2
A 3 (13.6%) 5 (13.5%)
B 5 (22.7%) 5 (13.5%)
Stage 3 9 (29.0%) 23 (62.2%)
Etiology, n (%)
Ocular burn 7 (22.5%) 10 (16.7%)
Tatrogenic/medicamentosa 8 (25.8%) 6 (10.0%)
TOther or unknown 2 (6.5%) 12 (20.0%)
Congenital aniridia 0 (0.0%) 10 (16.7%)
SJS/TEN 0 (0.0%) 8 (13.3%)
Contact lens associated 0 (0.0%) 6 (10.0%)
Mucous membrane pemphigoid 2 (6.5%) 4 (6.7%)
Neoplastic associated 5 (16.1%) 0 (0.0%)
Exposure keratopathy 2 (6.5%) 2 (3.3%)
Herpetic keratitis 4 (12.9%) 0 (0.0%)
Sjogren’s Syndrome 1(3.2%) 2(3.3%)
Symblepharon, n (%) 7 (22.6%) 8 (13.3%)
Ectropion or entropion, n (%) 4 (12.9%) 6 (10.0%)
Trichiasis, n (%) 9 (29.0%) 10 (16.7%)
Transplantation, n (%)
Keratolimbal allograft 9 (29.0%) 26 (42.6%)
Autologous SLET 2 (6.5%) 0 (0.0%)
Penetrating keratoplasty 3(9.7%) 6 (10.0%)
Keratoprosthesis 1(3.2%) 3 (4.9%)
Deep anterior 1(3.2%) 0 (0.0%)

lamellar keratoplasty

Conservative management, n (%) 15 (48.4%) 25 (41.7%)

SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; SLET, simple limbal
epithelial transplantation.

tOther etiologies: unknown (5 eyes), Gelatinous drop-like corneal dystrophy (2 eyes), severe
infectious keratitis ulcers (2 eyes), ocular rosacea (2 eyes), sickle cell/thalassemia associated (2
eyes), graft-versus-host disease (1 eye).

bilateral LSCD was ocular surface burns (18.7% of bilateral cases).
Overall, 42.8% of eyes had conjunctival deficiency (e.g. forniceal
foreshortening, symblepharon, keratinization, or chronic
conjunctival inflammation).
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Unilateral eyes (n = 31)

Sjogren’s Syndrome
3.2% (0.4-20.6)

-

Exposure
6.4% (1.6-23.2)

Other
6.4% (1.6-23.2)

latrogenic/
medicamentosa
25.8% (13.2-44.3)

Herpetic

12.9% (4.8-30.4)

Ocular burns
22.6% (10.9-41.0)

Neoplastic
16.1% (6.7-34.0)

FIGURE 1
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Bilateral eyes (n = 60)

Sjogren’s Syndrome

Exposure  3.3%(0.4-21.1)
3.3% (0.4-21.1) l

MMP

6.7% (1.6-23.8)

Pie chart by laterality showing etiologies of limbal stem cell deficiency (LSCD) by major categories (N = 91 eyes). Ocular burns include thermal and
chemical (alkaline, acidic); latrogenic/medicamentosa includes sequelae of multiple ocular surgeries and any chronic topical medication therapy;
Other includes Gelatinous drop-like corneal dystrophy, Graft-versus-host disease, ocular rosacea and undetermined; Neoplastic includes excision of
the surface tumor and/or sequelae of mitomycin C; SIS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis; MMP, mucous

membrane pemphigoid.

3.3 Management

There were 51 eyes (56.0%) that underwent some form
of transplantation, mostly keratolimbal allografts to address LSCD
(38.4%, 35 of 91). Four keratoprosthesis were performed (4.4%) given
inability for the patients to be on long-term immunosuppression.
There were 9 eyes (9.9%) that underwent PKP and one eye that
underwent a deep anterior lamellar keratoplasty (DALK). All
keratoplasties were done in a staged manner following limbal stem
cell transplantation. The 40 eyes (44.0%) managed conservatively were
treated using frequent preservative free artificial tears, bandage contact
lenses, scleral lenses, serum tears, topical corticosteroids, cenegermin,
topical tacrolimus or cyclosporine, and/or surgical procedures to
improve ocular surface coverage, such as tarsorrhaphy or (in severe
cases) Gunderson conjunctival flaps (3 eyes).

3.4 Visual outcomes

Among 91 affected eyes, the median BCVA at final follow-up
was Snellen 20/80 (range 20/20 to no light perception). By
etiologies, LSCD associated with contact lens overwear had the
best median BCVA of 20/20, followed by neoplastic and herpetic
keratitis both with median BCVA of 20/40 (p<0.001, each etiology
in comparison to all others, Multivariate analysis of variance and
covariance [MANOVA] test) (Figure 2). The proportion of
individuals with blindness (BCVA in the better seeing eye worse
than 20/400 as defined by the World Health Organization/ICD
blindness) was 11.5% (Figure 3).

4 Discussions

This study provides important data to help establish the overall
healthcare burden of LSCD. Based on the clinical characteristics of
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patients in this cohort, LSCD is a high morbidity disease with 11.5%
of patients having BCV A 20/400 or worse in the better seeing eye at
final follow-up and 56.0% of eyes requiring surgical therapy.
Though rare, the prevalence of LSCD in our study cohort was
dramatically higher than the overall U.S. prevalence reported by
Orphanet (4.25% vs. 0.0001-0.0005%). This suggests that LSCD
patients are heavily concentrated in cornea subspecialty and tertiary
referral practices. Ophthalmologists outside of these practices may
rarely encounter this disease and as a result may lack familiarity
with making the diagnosis. This may contribute to significant
underdiagnosis of the disease. The lack of a specific ICD-10/-11
code for LSCD may further exacerbate this problem.

Overall, ocular surface burns were the most common cause of
LSCD in our cohort, accounting for 18.7% of cases. This was
consistent with other published studies that found high rates of
ocular surface burns among LSCD patients (9). In a study from
India reviewing clinical characteristics of LSCD patients at two
major referral centers, ocular surface burns accounted for 84% of all
unilateral LSCD cases and 30% of all bilateral LSCD cases. The
higher percentage of patients presenting with ocular surface burns
in their cohort compared to ours may be due to the higher rates of
burn trauma overall in their India-based centers. Of note,
congenital aniridia was a significant proportion of bilateral cases
in both our study and the study from India (16.7% of bilateral cases
in our study versus 9% bilateral cases in Vazirani, et al),
demonstrating the significance of the disease globally.
Furthermore, in a study done by Cheung et al., in 2021, the rate
of patients presenting with bilateral LSCD was as high as 70%. The
common etiologies for presentation were similar to this study e.g.
congenital aniridia, chemical or thermal injuries, contact lens,
Stevens-Johnson syndrome, and iatrogenic causes. However, a big
difference was that the rate of congenital aniridia was significantly
higher in this study at around 30%. Also, iatrogenic causes were
only 7% of the data, which shows how greatly the causes for this
condition can vary from study to study (10).
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FIGURE 2
Best-corrected visual acuity (BCVA) at final follow-up by major categories of etiologies (N = 91 eyes). NLP, No light perception; LP, light perception.
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FIGURE 3
Best-corrected visual acuity (BCVA) at final follow-up by
International Classification of Diseases (ICD) 11 distance visual
impairment categories (N = 61 individuals). No VI: no visual
impairment (Snellen 20/40 or better), Mild VI: mild visual impairment
(Snellen 20/50 and 20/60), Mod VI: moderate visual impairment
(worse than Snellen 20/60 to 20/200), Sev VI: severe visual
impairment (worse than 20/200 to 20/400), Blind (worse than
Snellen 20/400).

Medicamentosa and iatrogenic causes contributed to 15.4% of
the LSCD diagnoses in these patients. According to a study done at
the University of Minnesota examining iatrogenic LSCD from
1986-1996, traumatic disruption of the stem cells in surgery is
hypothesized to be the primary causative mechanism for
development of iatrogenic LSCD. Such trauma is believed to
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increase the susceptibility of stem cells to external disease and
toxic influences, thus resulting in development of LSCD (11, 12).

In terms of visual outcomes, the contact lens-associated cohort
had the best visual acuity at final assessment. This is similar to
findings from a 2015 study from the Cincinnati Eye Institute. In
that study, patients with contact-lens related LSCD were examined
and followed long-term for treatment outcomes. Their study
showed that the contact-lens related LSCD showed great response
and improvement to limbal stem cell transplant. In all but 1 patient,
BCVA improved to at least 20/30 from 20/70 or worse. The
agreement between our study and theirs supports the conclusion
that contact-lens related LSCD patients have a better prognosis than
other etiologies of LSCD (13-15).

In our study, the rate of bilateral disease in affected patients was
found to be 49.2%. This is close to the rate found by Vazirani et al,
in which 40.6% (540/1331) of patients had bilateral disease (9). The
small difference in rates may be due to the difference between the
patient populations in US and India (higher rates of unilateral burns
in India), or differences in diagnostic criteria for LSCD used in each
study. Though our study had a higher rate of bilateral disease, only
39.6% (36/91) of eyes in our study had total LSCD compared to
68.4% (1239/1812) of eyes in their study (9). This suggests overall
disease severity may have been higher in their India-based cohort.

The management of LSCD is challenging as the benefits of
treatment must be balanced against the inherent risks. Limbal stem
cell transplantation is the recognized treatment for severe LSCD
(stage IIB, III) (16); however, limbal stem cell transplants are
associated with significant rates of rejection. Post-operative use of
systemic immunosuppression is critical for achieving optimal
outcomes, but numerous side effects are associated with their use.
Because of this, surgical intervention is usually reserved for cases
refractory to medical therapy, such as aggressive lubrication, topical
anti-inflammatory medications, bandage contact lenses, scleral
lenses, and amniotic membranes (17-22). Failing that, patients
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often progress to surgical intervention for advanced or refractory
disease (17). These therapies can include boston keratoprosthesis,
and limbal stem cell transplant. In our study, over half (56%) of the
LSCD cohort required surgical management for their condition.
According to Iyer et al, 2020, this split in treatment is typical for
management of this condition.

Both the study by Iyer et al, and the global consensus by the
LSCD Working Group of the Cornea Society (23) support our
findings of a near 50/50 split in the management of this condition.
In addition to this, the surgical techniques used to manage LSCD
have varying outcomes and can depend on the severity and laterality
of the disease. Both keratoprosthesis and limbal stem cell
transplantation have been used in the management of severe LSCD
with improved outcomes over the past two decades (16, 24-27).
These improvements and successes in managing bilateral LSCD have
been demonstrated in multiple case studies such as the one by
Vazirani et al. (2016), and other examples (28-32). Furthermore,
the global consensus on the management of LSCD by Deng et al.,
2020, recommends a combination of surgical and medical treatments
for this condition, which again is similar to our study (23, 33-35).

Some weaknesses of this study are that it was a retrospective
study and limited to a single cornea subspecialty clinic. The
difficulty in tracking patients with a diagnosis of LSCD due to
the lack of specific ICD-10 codes and the fact that these patients all
had code-able co-morbid diseases, also meant that cases of LSCD
could have been missed. Because LSCD is a clinical diagnosis
made at the slit lamp with no definitive diagnostic testing,
significant experience is needed to consistently diagnose LSCD.
By focusing our study on a single provider skilled in the diagnosis
of LSCD, our study was able to provide an upper limit estimate of
LSCD prevalence. On the other hand, the inherent referral bias
from analyzing only a single referral practice means that the
prevalence of LSCD in our study cannot be simply extrapolated
to the wider U.S. patient population. The major limitation of this
study is the restriction of scope to one provider at a single referral
center, which may result in an overestimation of the prevalence,
thus creating the likely upper limit for the prevalence of this
condition. Further research across multiple sites and over a longer
period will help fine tune this prevalence. However, our study does
suggest that LSCD represents a significant disease burden in
corneal subspecialty practices where LSCD patients are likely to
be concentrated.

5 Conclusions

Overall, LSCD is a high morbidity disease with a significant
prevalence in subspecialty and referral practices. The highly non-
uniform concentration of LSCD patients in specialty and referral
practices should be carefully considered in future epidemiology
studies of LSCD. Future directions for this study should include
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expanding the data collection to include multiple centers
and potentially prospectively standardizing the criteria for
inclusion, diagnostic testing, and codified clinical documentation.
Accurate estimates of LSCD prevalence and market size remain
critical for drawing industry and academic interest in therapeutic
developments for this disease.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

JG: Writing - original draft, Writing - review & editing,
Conceptualization, Data curation, Investigation, Methodology,
Project administration, Resources, Supervision, Formal analysis,
Validation, Visualization. DF: Writing — original draft, Writing —
review & editing, Data curation, Investigation. JH: Writing — original
draft, Writing - review & editing, Conceptualization, Data curation,
Formal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Resources, Software, Supervision,
Validation, Visualization.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The authors
would like to acknowledge an unrestricted grant from the
Minnesota Lions Vision Foundation for research support of JH.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fopht.2024.1392106
https://www.frontiersin.org/journals/ophthalmology
https://www.frontiersin.org

Goldberg et al.

References

1. Le Q, Xu J, Deng SX. The diagnosis of limbal stem cell deficiency. Ocul Surf.
(2018) 16:58-69. doi: 10.1016/.jt0s.2017.11.002

2. Deng SX, Borderie V, Chan CC, Dana R, Figueiredo FC, Gomes JAP, et al. Global
consensus on definition, classification, diagnosis, and staging of limbal stem cell
deficiency. Cornea. (2019) 38:364-75. doi: 10.1097/IC0O.0000000000001820

3. Limbal stem cell deficiency. In: Orphanet encyclopedia. Orphanet online.

4. Mission Statement. Holland Foundation Online: Holland Foundation For Sight
Restoration (2021). Available at: https://www.hollandfoundationforsight.org/about-us/
mission-statement/.

5. Vemuganti GK, Sangwan VS. Affordability at the cutting edge: stem cell therapy
for ocular surface reconstruction. Regener Med. (2010) 5:337-40. doi: 10.2217/
rme.10.29

6. Bobba S, Di Girolamo N, Mills R, Daniell M, Chan E, Harkin DG, et al. Nature
and incidence of severe limbal stem cell deficiency in Australia and New Zealand. Clin
Exp Ophthalmol. (2017) 45:174-81. doi: 10.1111/ce0.12813

7. Ghosh S, Salvador-Culla B, Kotagiri A, Pushpoth S, Tey A, Johnson ZK, et al.
Acute chemical eye injury and limbal stem cell deficiency-A prospective study in the
United Kingdom. Cornea. (2019) 38:8-12. doi: 10.1097/I1C0O.0000000000001739

8. Choi SH, Kim MK, Oh JY. Corneal limbal stem cell deficiency in children with
Stevens-Johnson syndrome. Am ] Ophthalmol. (2019) 199:1-8. doi: 10.1016/
j.2jo.2018.10.016

9. Vazirani J, Nair D, Shanbhag S, Wurity S, Ranjan A, Sangwan V. Limbal stem cell
deficiency-demography and underlying causes. Am J Ophthalmol. (2018) 188:99-103.
doi: 10.1016/j.2j0.2018.01.020

10. Cheung AY, Sarnicola E, Denny MR, Sepsakos L, Auteri NJ, Holland EJ. Limbal
stem cell deficiency: demographics and clinical characteristics of a large retrospective
series at a single tertiary referral center. Cornea. (2021) 40:1525-31. doi: 10.1097/
1C0.0000000000002770

11. Schwartz GS, Holland EJ. Iatrogenic limbal stem cell deficiency. Cornea. (1998)
17:31-7. doi: 10.1097/00003226-199801000-00006

12. Haagdorens M, Van Acker SI, Van Gerwen V, Ni Dhubhghaill S, Koppen C,
Tassignon MJ, et al. Limbal stem cell deficiency: current treatment options and
emerging therapies. Stem Cells Int. (2016) 2016:9798374. doi: 10.1155/2016/9798374

13. Rossen J, Amram A, Milani B, Park D, Harthan J, Joslin C, et al. Contact lens-
induced limbal stem cell deficiency. Ocul Surf. (2016) 14:419-34. doi: 10.1016/
1,jt05.2016.06.003

14. Chan CC, Holland EJ. Severe limbal stem cell deficiency from contact lens wear:
patient clinical features. Am ] Ophthalmol. (2013) 155:544-9. doi: 10.1016/
j.2jo.2012.09.013

15. Shen C, Chan CC, Holland EJ. Limbal stem cell transplantation for soft contact
lens wear-related limbal stem cell deficiency. Am ] Ophthalmol. (2015) 160:1142-9.
doi: 10.1016/j.aj0.2015.07.038

16. Deng SX, Kruse F, Gomes JAP, Chan CC, Daya S, Dana R, et al. Global
consensus on the management of limbal stem cell deficiency. Cornea. (2020) 39:1291-
302. doi: 10.1097/IC0O.0000000000002358

17. Lee SC, Hyon JY, Jeon HS. Contact lens induced limbal stem cell deficiency:
clinical features in Korean patients. Korean ]| Ophthalmol. (2019) 33:500-5.
doi: 10.3341/kj0.2019.0095

Frontiers in Ophthalmology

07

10.3389/fopht.2024.1392106

18. Ganger A, Singh A, Kalaivani M, Gupta N, Vanathi M, Mohanty S, et al.
Outcomes of surgical interventions for the treatment of limbal stem cell deficiency.
Indian ] Med Res. (2021) 154:51-61. doi: 10.4103/ijmr.JJ]MR_1139_18

19. Dong Y, Peng H, Lavker RM. Emerging therapeutic strategies for limbal stem cell
deficiency. J Ophthalmol. (2018) 2018:7894647. doi: 10.1155/2018/7894647

20. Iyer G, Srinivasan B, Agarwal S, Agarwal M, Matai H. Surgical management of
limbal stem cell deficiency. Asia Pac J Ophthalmol (Phila). (2020) 9:512-23.
doi: 10.1097/AP0.0000000000000326

21. Xue]JF, Li DF, Wang YN, Chen C, Yang RF, Zhou QJ, et al. Midterm outcomes of
penetrating keratoplasty following allogeneic cultivated limbal epithelial
transplantation in patients with bilateral limbal stem cell deficiency. Int J
Ophthalmol. (2021) 14:1690-9. doi: 10.18240/ij0.2021.11.07

22. Kate A, Basu S. A review of the diagnosis and treatment of limbal stem cell
deficiency. Front Med (Lausanne). (2022) 9:836009. doi: 10.3389/fmed.2022.836009

23. Holland EJ. Management of limbal stem cell deficiency: A historical perspective, past,
present, and future. Cornea. (2015) 34 Suppl 10:59-15. doi: 10.1097/IC0O.0000000000000534

24. Ozer MD, Altinkurt E, Yilmaz YC, Gedik AC, Alparslan N. The surgical
outcomes of limbal allograft transplantation in eyes having limbal stem cell
deficiency. J Curr Ophthalmol. (2020) 32:132-41. doi: 10.4103/JOCO.JOCO_91_20

25. Vazirani J, Mariappan I, Ramamurthy S, Fatima S, Basu S, Sangwan V. Surgical
management of bilateral limbal stem cell deficiency. Ocul Surf. (2016) 14:350-64.
doi: 10.1016/j.jt0s.2016.02.006

26. Lomelino Pinheiro R, Gil J, Quadrado MJ, Murta J. Surgical management of
bilateral limbal stem cell deficiency. Acta Med Port. (2023) 36:679-82. doi: 10.20344/
amp.18960

27. Barut Selver O, Yagci A, Egrilmez S, Giirdal M, Palamar M, Cavusoglu T, et al.
Limbal stem cell deficiency and treatment with stem cell transplantation. Turk ]
Ophthalmol. (2017) 47:285-91. doi: 10.4274/tj0.72593

28. Kim KH, Mian SI. Diagnosis of corneal limbal stem cell deficiency. Curr Opin
Ophthalmol. (2017) 28:355-62. doi: 10.1097/ICU.0000000000000387

29. Ghareeb AE, Lako M, Figueiredo FC. Recent advances in stem cell therapy for
limbal stem cell deficiency: A narrative review. Ophthalmol Ther. (2020) 9:809-31.
doi: 10.1007/s40123-020-00305-2

30. Lim P, Fuchsluger TA, Jurkunas UV. Limbal stem cell deficiency and corneal
neovascularization. Semin Ophthalmol. (2009) 24:139-48. doi: 10.1080/08820530902801478
31. Figueiredo FC, Glanville JM, Arber M, Carr E, Rydevik G, Hogg J, et al. A
systematic review of cellular therapies for the treatment of limbal stem cell deficiency
affecting one or both eyes. Ocul Surf. (2021) 20:48-61. doi: 10.1016/j.jt0s.2020.12.008

32. Bonnet C, Roberts JS, Deng SX. Limbal stem cell diseases. Exp Eye Res. (2021)
205:108437. doi: 10.1016/j.exer.2021.108437

33. Sehic A, Utheim @A, Ommundsen K, Utheim TP. Pre-clinical cell-based therapy
for limbal stem cell deficiency. J Funct Biomater. (2015) 6:863-88. doi: 10.3390/jfb6030863

34. Jawaheer L, Anijeet D, Ramaesh K. Diagnostic criteria for limbal stem cell
deficiency-a systematic literature review. Surv Ophthalmol. (2017) 62:522-32.
doi: 10.1016/j.survophthal.2016.11.003

35. Masood F, Chang JH, Akbar A, Song A, Hu WY, Azar DT, et al. Therapeutic
strategies for restoring perturbed corneal epithelial homeostasis in limbal stem cell deficiency:
current trends and future directions. Cells. (2022) 11:3247. doi: 10.3390/cells11203247

frontiersin.org


https://doi.org/10.1016/j.jtos.2017.11.002
https://doi.org/10.1097/ICO.0000000000001820
https://www.hollandfoundationforsight.org/about-us/mission-statement/
https://www.hollandfoundationforsight.org/about-us/mission-statement/
https://doi.org/10.2217/rme.10.29
https://doi.org/10.2217/rme.10.29
https://doi.org/10.1111/ceo.12813
https://doi.org/10.1097/ICO.0000000000001739
https://doi.org/10.1016/j.ajo.2018.10.016
https://doi.org/10.1016/j.ajo.2018.10.016
https://doi.org/10.1016/j.ajo.2018.01.020
https://doi.org/10.1097/ICO.0000000000002770
https://doi.org/10.1097/ICO.0000000000002770
https://doi.org/10.1097/00003226-199801000-00006
https://doi.org/10.1155/2016/9798374
https://doi.org/10.1016/j.jtos.2016.06.003
https://doi.org/10.1016/j.jtos.2016.06.003
https://doi.org/10.1016/j.ajo.2012.09.013
https://doi.org/10.1016/j.ajo.2012.09.013
https://doi.org/10.1016/j.ajo.2015.07.038
https://doi.org/10.1097/ICO.0000000000002358
https://doi.org/10.3341/kjo.2019.0095
https://doi.org/10.4103/ijmr.IJMR_1139_18
https://doi.org/10.1155/2018/7894647
https://doi.org/10.1097/APO.0000000000000326
https://doi.org/10.18240/ijo.2021.11.07
https://doi.org/10.3389/fmed.2022.836009
https://doi.org/10.1097/ICO.0000000000000534
https://doi.org/10.4103/JOCO.JOCO_91_20
https://doi.org/10.1016/j.jtos.2016.02.006
https://doi.org/10.20344/amp.18960
https://doi.org/10.20344/amp.18960
https://doi.org/10.4274/tjo.72593
https://doi.org/10.1097/ICU.0000000000000387
https://doi.org/10.1007/s40123-020-00305-2
https://doi.org/10.1080/08820530902801478
https://doi.org/10.1016/j.jtos.2020.12.008
https://doi.org/10.1016/j.exer.2021.108437
https://doi.org/10.3390/jfb6030863
https://doi.org/10.1016/j.survophthal.2016.11.003
https://doi.org/10.3390/cells11203247
https://doi.org/10.3389/fopht.2024.1392106
https://www.frontiersin.org/journals/ophthalmology
https://www.frontiersin.org

	Prevalence of limbal stem cell deficiency at an academic referral center over a two-year period
	1 Introduction
	2 Patients and methods
	2.1 Statistical analysis

	3 Results
	3.1 Prevalence
	3.2 Clinical characteristics
	3.3 Management
	3.4 Visual outcomes

	4 Discussions
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


