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ABSTRACT

Introduction: Limbal stem cell deficiency
(LSCD) is a potentially blinding disease; hence,
referral to a specialist service is becoming
increasingly common. Our aim was to investi-
gate the referral patterns and associated details.
Methods: We conducted an audit of 100 con-
secutive patients with LSCD who were referred
to our service from 2011 to 2018. Patient
demographics, geographical location, cause of
LSCD, coexisting ocular diseases, best corrected
visual acuity (BCVA), and extent of LSCD were
recorded. The following two subgroups were
further analyzed: (1) burns and (2) other causes
of LSCD.
Results: Out of the 100 patients (138 eyes),
70% were male, with a mean age of 45 years (SD
19). LSCD was unilateral in 62% of the cases.

The most common ocular comorbidity was
glaucoma, in 21 patients (33 eyes). Burns were
the most frequent cause of referral (61%). The
mean BCVA of the involved eye was 1.22 (SD
0.8) LogMAR, and total LSCD was present in 75
eyes (54%). There were statistically significant
age, gender and eye-involved differences
between the burns group and other causes
group, mean 39 (SD 17) and 53 (SD 19) years
(p\ 0.001); 85% were men versus 48.7%,
(p = 0.001); and 82% were unilateral versus 31%
(p\ 0.001), respectively.
Conclusions: LSCD was more common in men
and usually unilateral. Overall, the main cause
of LSCD was burns. There were significant dif-
ferences between the burns group and other
causes of LSCD group in terms of age, gender
and unilateral involvement that may help to
guide management decisions.
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Key Summary Points

Limbal stem cell deficiency (LSCD) is a
serious blinding disease, and limited
availability of treatment generates
frequent referrals to a few highly
specialized centers.

This is the first study that describes the
referral pattern of LSCD patients in the UK
and Europe. Burns are the most frequent
cause of referral, and the demographics
appear to be related to the etiology.
Assault with ammonia has emerged as an
important mechanism of LSCD.

Other etiologies of LSCD may result from
preventable causes such as the use of
topical mitomycin C and chronic use of
topical medication with preservatives,
which therefore should be avoided when
possible.

Patients often have to travel long distances
to be treated, and the required travel may
represent a significant barrier to early
tertiary referrals, or sometimes even late
referrals.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14483754.

INTRODUCTION

Limbal stem cell deficiency (LSCD) results from
a loss or deficiency of the corneal epithelial
stem cells located in the limbus, causing inva-
sion of the corneal surface by the adjacent
conjunctival epithelium, so called conjuncti-
valization [1–3]. Clinically, LSCD is character-
ized by recurrent epithelial breakdown and

impaired corneal healing, which may lead to
persistent ocular surface inflammation and
subsequent scarring, with consequent opacifi-
cation and vascularization of the cornea [4].
Although total LSCD is known to result in sev-
ere visual impairment, partial LSCD may also
cause major visual disturbances, depending on
the extent of central corneal involvement [5].
This qualifies LSCD as a severe eye problem with
a calculated incidence of 240 new cases per year
in the UK, most of which are caused by chem-
ical burns [6, 7]. LSCD related to burns has been
defined as an orphan disease in the European
Union (EU) [8]. Since LSCD is an orphan dis-
ease, there is limited information about it, and
the information that is available is derived
mostly from a few tertiary referrals centers [9].
Until recently, the available treatment was
limited to transplantation of limbal tissue from
the healthy eye in unilateral cases, including
techniques such as conjunctival limbal auto-
graft (CLAU), living related conjunctival limbal
allograft (lr-CLAL), keratolimbal allograft
(KLAL), simple limbal epithelial transplantation
(SLET) and Boston Keratoprosthesis in some
bilateral cases [10, 11]. However, over the past
20 years, the development of limbal autologous
cultivated cell transplant has improved LSCD
treatment options, which has become available
in a small number of centers throughout Eur-
ope, including the UK, resulting in referrals
from all over the country [12]. Unfortunately,
there is no information regarding the clinical
features and demographics of patients with
LSCD who are referred to specialized tertiary
services in the UK, and similar information
from other centers in the world is limited to
only a few earlier publications [9, 13, 14]. We
undertook this study to analyze the referral
pattern of a tertiary referral center in the UK
and characterize patients depending on the
cause of their LSCD.

METHODS

Records were retrospectively reviewed for 100
consecutive LSCD patients referred to the LSCD
Service at the Royal Victoria Infirmary (RVI),
Ophthalmology Department, Newcastle upon
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Tyne, UK between January 2011 and December
2018. The diagnosis of LSCD was confirmed by a
single specialist (FF) and was based on typical
clinical signs, corneal impression cytology and
in vivo confocal microscopy [15]. Variables,
including age, gender, geographical location of
the referral center, distance from patient’s
home address to RVI, referring doctor (general
practitioner/ophthalmologist), eye involved,
extension of LSCD, presence of ocular comor-
bidities and history of previous eye procedures
related to LSCD, were recorded. Best corrected
visual acuity (BCVA) was classified as mild
visual loss ([6/18), moderate visual loss (6/
18–\ 6/60) and severe visual impairment (B 6/
60). The following two LSCD etiological classi-
fication-based subgroups were further investi-
gated: (1) burns and (2) other causes of LSCD.
This anonymized retrospective study was
approved by the Clinical Governance and Audit
Department of the Newcastle upon Tyne
Hospitals NHS Foundation Trust (Ref: 10865);
approved by the Caldicott Data Protection
Guardian of the Newcastle upon Tyne Hospitals
NHS Foundation Trust (Ref. 7963), and followed
the tenets of the Declaration of Helsinki.
Descriptive and comparative statistical analysis
and chart preparation were done using Micro-
soft Excel (Microsoft Corporation, Redmond,
Washington, USA) and SPSS 17.0 (IBM, Chi-
cago, USA). The normality of the data distribu-
tion was assessed using the Shapiro–Wilk test,
and parametric or non-parametric tests were
used accordingly. Qualitative data were com-
pared using Fisher’s exact test. A value of
P\ 0.05 was considered statistically significant.
This anonymized retrospective audit was
approved by the Clinical Governance and Audit
Department of the Newcastle upon Tyne
Hospitals NHS Foundation Trust (Ref: 10865);
approved by the Caldicott Data Protection
Guardian of the Newcastle upon Tyne Hospitals
NHS Foundation Trust (Ref. 7963) and followed
the tenets of the Declaration of Helsinki.

RESULTS

Of the 100 patients (138 eyes), 70 were male
(70%), with a mean age of 45 (SD 19; range

2–88) years. LSCD was unilateral in 62 patients
(62%). The most common ocular comorbidity
was glaucoma, identified in 21 patients (21%,
33 eyes), who required regular topical treatment
in 94% (31/33) and glaucoma surgery in 21% (7/
33). In terms of LSCD cause, burns were the
most frequent cause of referral in 61 patients
(61%). Figure 1 shows a summary of the differ-
ent identifiable causes of unilateral and bilateral
LSCD for the referred patients. The mean BCVA
of the involved eye was 1.22 (SD 0.8) LogMAR
and is grouped into three categories of visual
loss (i.e. mild, moderate and severe) according
to the cause of LSCD (Fig. 2) as described in the
methods section. Total LSCD was present in 75
eyes (54%), and partial LSCD was graded as
(i)\ 50% in 34 eyes (25%) and (ii) between 50
and 75% in 29 eyes (21%). Previous procedures
related to the management of LSCD were noted
in 34 patients (34%), and the most common
were (i) amniotic membrane in 17 (17%), (ii)
penetrating keratoplasty in 11 (11%), (iii)
botox/tarsorrhaphy in 4 (4%), and (iv) previous
stem cell transplant in 4 (4%). Of the 100
patients, 93 were referred by an ophthalmolo-
gist and 7 by a general practitioner. With
respect to location of the referral, the median of
the distance was 53 (IQ 25–75% = 13–236) km,
and excluding patients from the greater New-
castle area, it was 235 (IQ 25–75% = 114–355)
km. The geographical distribution of the refer-
rals (UK and Europe) is illustrated in Fig. 3.

The burn group included 61 patients (72
eyes) with a mean age of 39 (SD 17; range
11–84) years, and 52 of them were male (85%).
Mean time of referral was 39.4 (SD 71) months.
Unilateral involvement was reported in 50
patients (82%). Regarding the mechanism,
accident was the leading cause (46%—work-re-
lated in 33% and domestic in 13%), followed by
assault (39%), where alkali was the most fre-
quent etiology. Burn causes and circumstances
are summarized in Fig. 4. The mean best cor-
rected visual acuity (BCVA) in the affected eye
was 1.2 (SD 0.9) LogMAR. Total LSCD was pre-
sent in 50 eyes (69%). Previous procedures
related to the management of LSCD were noted
in 21 patients (34%) and the most common
were (i) amniotic membrane in 20%, (ii) pene-
trating keratoplasty in 9%, (iii)
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botox/tarsorrhaphy in 7% and (iv) previous
stem cell transplant in 3%.

With respect to the chemical assault group,
this affected 39% of the burns group. The mean
age was 37 (SD 12; 17–74) and 92% were male.
The mean BCVA of the affected eye was 1.2 (SD
0.7), and 33% were bilateral. Furthermore, 58%
(n = 14) of this group reported ammonia as the
causal agent of the attack.

The other causes of LSCD subgroup included
39 patients (66 eyes), with a mean age of 53 (SD
19; range 2–88) years, and 19 were male
(48.7%). Unilateral involvement was found in

12 patients (31%). The main cause of LSCD in
this subgroup was aniridia in seven patients
(18%), followed by mitomycin C toxicity (ocu-
lar surface neoplasia and glaucoma in four and
two patients, respectively) and other chronic
topical therapy with preserved medication in
six patients each (15%). Previous procedures
related to the management of LSCD were noted
in 13 patients (33%), and the most common
were (i) amniotic membrane in 15%, (ii) pene-
trating keratoplasty in 13% and (iii) previous
stem cell transplant in 5%. The comparison
between the burn subgroup and other causes
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Fig. 1 Unilateral (a) and bilateral (b) etiology of limbal stem cell deficiency (LSCD) referrals. Other causes include ocular
cicatricial pemphigoid, chemotherapy, contact lens and neurotrophic keratopathy
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subgroup is presented in Table 1. There were
statistically significant differences between the
two subgroups in terms of age, gender, eye
involved (unilateral vs bilateral) and extent of
LSCD (partial vs total).

DISCUSSION

LSCD is a serious disease with a devastating
impact on vision and quality of life [16, 17].
Although there is evidence of increasing
research in this area, unfortunately there are
still very few specialized services providing
treatment for LSCD in the world, including the
UK. Therefore, there is limited information
regarding the clinical and demographic features
of patients referred to a specialized tertiary
treatment center for the management of LSCD,
and most of the cohort only consider clinical
criteria to define LSCD [9, 18, 19]. In fact, there
are no such data reported in the UK. The causes
of LSCD are heterogeneous, but a recently
published case series from India described that
the main cause of LSCD referral was burns, and
they also reported that patients suffering from
chemical burns have features differing from
those seen in patients with LSCD due to other
causes [9].

Overall, we found that LSCD was more
common in young men, and the majority of

cases were unilateral, similar to earlier reports
[9, 11]. It is important to recognize that those
observations are directly related to the under-
lying cause of LSCD and may vary depending
on local factors, and in this specific case series
seem to be dependent on the relative propor-
tion of eye burns in relation to the total number
of referred LSCD patients. Additionally, in this
study, BCVA at presentation was severely
impaired (B 6/60) in a high percentage of the
patients. Although this seems to be a typical
feature of patients with severe LSCD, it should
be recognized that this series includes patients
that had been referred to a tertiary treatment
center; therefore, it is possible that this spec-
trum of severity may be overrepresented in this
population.

The main cause of LSCD in our study was eye
burns, especially chemical, and LSCD caused by
burns seems to form a special group, affecting
primarily young men. Also, a high percentage of
this group allegedly had been assaulted. Assault
with chemicals has become an increasingly
common form of attack in certain areas of the
UK, raising significant concerns [7]. Based on
this scenario, our study describes an emerging
health problem secondary to a violent behavior,
affecting mainly young men due to attack,
particularly containing ammonia resulting in
significant visual loss and consequently
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impacting on different aspects of quality of life
on the victims.

With respect to clinical features, most of the
cases were unilateral, with severely impaired
BCVA in just over half of the eyes, and almost
80% presented with signs of total LSCD. This

results were similar to those described by Vazi-
rani et al., who found that burns were the
leading cause of unilateral LSCD [9]. Further-
more, a high percentage of patients presented
with ocular comorbidities, such as glaucoma,
that may affect the overall management and

Fig. 3 Geographical distribution of the LSCD referrals (UK and Europe). LSCD Limbal stem cell deficiency. Source:
adapted from Google Maps
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final treatment outcomes. In addition, this
group of patients were more likely to require
surgical intervention; in fact, before referral,
more than a third of the patients had already
received one or more surgical interventions.

It is interesting that the highest proportion
of referrals resulted from cases of chemical eye
burns; while this trend can be explained by the
recently reported increased incidence of

chemical burns in the UK [7], it could also have
occurred because of the recent awareness of new
cell therapy treatment availability, especially in
cases with severe LSCD, despite being unilateral
[20, 21] or bilateral [22, 23]. However, it is
important to have in mind a prolonged referral
time in many cases. Considering the devastat-
ing visual and quality of life consequences
added by the cost of management of LSCD
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caused by chemical burns [24], primary pre-
vention should be prioritized locally [25].

The other causes of LSCD group in our study
presented different features, probably because
the etiology of LSCD is extremely diverse. In
this group, the percentage female was higher,
and the mean age of referral was also much
higher when compared with the LSCD group
caused by eye burns. It is important to note that
visual deterioration was extremely serious in
this group, as half of the eyes had BCVA worse
than or equal to 6/60; total LSCD was present in
one-third of the cases, and there was a high
percentage of bilateral eye involvement, in
which management is usually more challenging
but also the higher impact on cost and quality
of life [23]. Ocular comorbidities were also an
important problem in this group, the most
common being glaucoma. Although most of the
causes were deemed not preventable, it is rather
important to highlight the serious damage to
the ocular surface caused by topical mitomycin
C often used in glaucoma procedures and as
topical chemotherapy, and chronic use of pre-
served topical medications such as in patients
with glaucoma, in order to prevent the iatro-
genic development of LSCD [26]. We believe
that those risks should be discussed with
patients before beginning a long-term treat-
ment regime with a medication with well-
known ocular surface toxicity.

With respect to referral source, we received
patients from all over the UK, with the majority
being referred by an ophthalmologist. Unfor-
tunately, specialized eye centers for the man-
agement of LSCD are not widely available in the

UK. This explains why patients often have to
travel long distances to be treated; and unfor-
tunately, the required travel may represent a
significant barrier to early tertiary referrals, or
sometimes even late referrals. However, in
locations where local management of patients
with LSCD is not available, we would like to
emphasize the importance of early referral to a
specialized tertiary LSCD treatment center to
potentially reduce the risk of more significant
corneal opacity due to chronic ocular surface
inflammation, and consequently the need for a
subsequent corneal transplantation after cell
therapy. In this regard, there is an unmet need
to develop an important educational awareness
program all over the country to facilitate the
establishment of a national consensus and easy
referral process. In addition, it is also important
that vision-threatening comorbidities such as
glaucoma should receive prompt attention so as
to avoid nonreversible visual loss.

Some of the limitations of our study are
related to its retrospective design; as there is a
risk that some of the comorbidities may have
been underreported and the cause or mecha-
nism of the damage, especially in the burns
group, may not have been fully recognized.
Moreover, this study represents the experience
of one center and the results do not necessarily
represent the whole picture in the UK; for
instance, we have a reduced number of pediatric
LSCD referrals. Nevertheless, we believe that
this article is an initial effort to describe LSCD in
the UK and adds valuable information in order
to raise important awareness on this devastating
orphan disease and the need for early referral of

Table 1 Comparison between the chemical burn and other causes group

Burns (N = 72 eyes) Other Causes (N = 66 eyes) p value

BCVA logMAR—mean (SD) 1.2 (0.8) 1.1 (0.8) 0.3

Age—mean years (SD) 39 (17) 53 (19) \ 0.001

Gender—Male % 85 48.7 0.001

Unilateral involvement—% 82 31 \ 0.001

Total LSCD—eyes % 69 38 \ 0.001

Referral distance in km—median (IQ 25–75%) 60 (6.9–245) 53 (23–231) 0.8

BCVA best corrected visual acuity, SD standard deviation, LSCD limbal stem cell deficiency, km kilometers
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all moderate/severe LSCD patients, but also to
report the different clinical presentation and
patterns associated with the different groups;
furthermore, in cases where prevention is pos-
sible, the information from our study can be
used to help identify and avoid potential causes
of harm. Although there are previous reports,
most of them diagnose LSCD based only on slit
lamp clinical examination. However, our study
has the additional advantage that all patients
had adjunct diagnostic tests, such as impression
cytology and in vivo confocal microscopy, to
confirm the diagnosis of LSCD.

CONCLUSIONS

In conclusion, this study describes the referral
pattern of LSCD patients to a specialized LSCD
tertiary treatment center in the UK and provides
useful information that could lead to estab-
lishment of a national referral guideline, but
also to different prevention and treatment
strategies for an infrequent but potentially
blinding disease.
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