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Abstract
Ocular chemical injuries vary in severity, with the more severe end of the spectrum having profound visual consequences
and medicolegal implications. Grading of ocular injuries is critical for determining acute treatment and visual prognosis.
Poor immediate management results in more challenging treatment of acute disease. Similarly, poorly controlled acute
disease results in more treatment-resistant chronic ocular disease. Despite several decades of research and public health
initiatives, simple and effective interventions such as wearing protective eyewear and immediate irrigation of eyes remain as
key challenges. Education and prevention are therefore important public health messages. Hurdles in the acute management
of disease include poor evidence-base for commonly used treatments (e.g. based on experimental animal studies), reduced
treatment adherence rates and high clinic non-attendance rates. The evolution of treatment strategies, particularly limbal stem
cell transplantation, has revolutionised the visual and cosmetic outcomes in chronic phases of disease. It is therefore
increasingly important to consider tertiary referral for patients with limbal stem cell failure or vision-limiting corneal
scarring.

Introduction

Severe ocular chemical burns are an ophthalmic emer-
gency requiring immediate treatment. Chemical eye
injuries can have a devastating impact on patient’s vision
and quality of life. Effective management starts from
developing effective prevention strategies and first-aid
measures. Following an ocular burn, the disease process
has several stages that require specialist ophthalmology-
led treatment focusing on each stage of disease process
[1]. Timely and adequate management of each stage of the
disease results in improved visual outcome and reduced
complication rates.

The prognosis for a severe ocular chemical burn has clas-
sically been poor. However, evolution in therapeutic strategies
has significantly improved visual outcomes. This is an up to

date review of the epidemiology, aetiology, classification and
management of ocular chemical burns.

Epidemiology

Adults

Chemical burns are amongst the most common workplace
related injuries [2, 3]. In a study of 101 patients in
Germany, a total of 131 severe ocular burns were
recorded, of which 84% were chemical injuries, mostly
alkali chemicals (80%) and 72% were work-related [4].
Similar trends in terms of the epidemiology of these
chemical eye injuries has been reported in the literature
[4–10]. About two-thirds occur at work, in people of
working-age group and with alkali chemicals. Further-
more, men are more commonly affected than women
(ratio 3–8:1). The proportion of chemical injuries due to
alkali is particularly worrying, as highly alkali agents are
known to result in the most severe ocular burns. For
example, a study of severe ocular chemical injuries in
China reported that 70% of inpatients with severe ocular
chemical burns had an alkali injury [9]. Once again, most
of the injuries (75%) occurred in the workplace, with
factory and construction workers being the most common.
This makes sense as alkali agents are known to be more
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commonly used in construction and cleaning/sanitising
agents (see Table 1). The majority of work-related eye
injuries occur in those not wearing protective eyewear at
the time, and such protective eyewear reduces the odds of
eye injury [9, 11].

More recently, two of the largest epidemiological studies
of chemical eye injuries have been carried out in the United
States (US). These studies have shed more light on the
incidence and financial burden of such injuries. In an
observational retrospective study of 961 emergency
departments in the United States, a mean of 15,865 new
chemical burn cases per year were identified, resulting in an
incidence rate of 51.10 new cases per million per year [12].
This correlates well with a recently published prospective
study in the United Kingdom (UK). Based on 11,683
patients attending an emergency department over 6 months,
the incidence was estimated to be 56 new cases per million
[13]. This incidence rate may therefore closely reflect that of
other developed countries. It is more challenging to extra-
polate such data to developing countries, which may show
substantial variation in incidence.

In another large study of 900 nationwide emergency
departments in the US, 144,149 chemical ocular burns were
diagnosed [7]. In total, 56.6% of cases occurred in men,
median age was 32 years, and 56% occurred in individuals
in the two lowest income quartiles. In total, 53.6% of
injuries were due to alkali, but the chemical agent was
known in only 11.8% of cases. It is also important to note
that chemical conjunctivitis was included in the diagnostic
criteria, which represents a mild form of chemical eye injury
rather than a chemical ‘burn’. The study also included all
age groups, including infants and children. These factors
would explain why alkali agents and work-related injuries
accounted for less proportion of injuries than aforemen-
tioned studies of severe ocular burns. Nevertheless, it is
important to report causes of mild injuries, as well as
incidence and causal factors in children, which are often
neglected in literature on ocular chemical burns. This study
calculated the cost of emergency departments’ charges only
(which does not include further outpatient and interven-
tional therapies) over 1 year to be $26.6 million. As far as
we know, the financial impact of chemical eye injuries in
the United Kingdom has not been thoroughly investigated.
However, if one is to infer this data to the population of the
UK (fifth of US population), then annual emergency
department costs alone would be in the region of $5.3 (£4.2)
million.

Over the years, an upward trend in chemical eye inju-
ries due to assault has been reported. In the United
Kingdom (UK), an alarming increase in assault-related
chemical burns was reported as early as 1980s
[10, 14, 15]. Over the last few years, an increase in
chemical-burn assaults has also been suggested [16]. In

terms of eye injuries, the British Ophthalmological Sur-
veillance Unit found that assault accounted for 33.3% of
severe chemical ocular injuries occurring between Dec
2005 and Nov 2006 [11]. This is of concern, as chemical
injuries caused by assault are known to cause more severe
and permanent injury to eyes [8, 17]. This may be due to
the highly toxic nature of the chemicals causing the injury
(e.g. ammonia), or the fact that first-aid kit (e.g. irrigating
solutions) and guidelines to immediate treatment are less
readily available on the roadside than in workplaces.
A study looking at patients presenting to Moorfields Eye
Hospital emergency department in London from Jan
2016 to March 2016 identified 84 patients with chemical
eye injuries [18]. Eleven patients had severe injuries, and
55 patients had mild chemical burns. Seventy percent
of severe chemical eye injuries were assault-related,
correlating with the aforementioned BOSU finding.
Astonishingly, 30% of patients with severe chemical burns
presented to an emergency department more than 24 hours
after the injury, and 36% did not comply with treatment.
Patients with mild chemical injuries maintained their pre-
injury level of vision, but 36% of severe chemical burns
resulted in a final BCVA of 6/18 or worse.

Children

A recent epidemiological study found that between January
2010 and December 2013, a total of 144,149 chemical
ocular burns were diagnosed at emergency departments
across the United States [7]. Of note in this study, the age-
specific risk for chemical ocular injuries is highest among 1-
and 2-year-old children. This serves to highlight the
importance of potentially dangerous chemicals and the
importance of safe keeping, education and prevention. A
review of the literature reported that most chemical injuries
in children are accidental [19]. Chemical agents included
household cleaning agents, industrial chemicals, medica-
tions, and agricultural chemicals. Biological agents reported
were millipedes, snake venom, vesicatory insects, and
Manchineel tree sap. A large epidemiological study in the
US identified household cleaning agents to be the most
common chemicals causing eye injuries in children [7].
Generalised body burns in children under the age of 10
years in the developed world are also most frequently due to
household cleaning agents [20]. Laundry detergent pods are
a particularly frequent cause of chemical eye injury in
children [21]. An important finding was that most of these
injuries are preventable, emphasising the importance of
public health measures and education in prevention of such
injuries. Interestingly, a small UK case series looking at
paediatric liquid detergent capsule eye injuries found that
resultant corneal burns resolved without sequelae in all
children (mean time to epithelial closure= 2.5 days) [22].
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In the developing world, delay in presentation is a
major challenge. In a recent study of 134 paediatric
patients with chemical eye burns in India, the average time
between injury and presentation was found to be 68.3 days
[23]. This is a worrying lag to management, especially
considering that 70.1% had a grade III–IV (Roper–Hall
classification) chemical injury, and 85% required surgical
intervention. The median best-corrected visual acuity at
final follow-up was 3/60. This data illustrates additional
challenges in the developing world which are rarely
encountered in the developed word. Such a delay in pre-
sentation means there was little or no treatment in the
acute and early reparative phases. This is particularly
worrying considering the reported severity of chemical
burns, and may therefore explain the high proportion of
patients requiring surgical intervention and ending up with
poor final visual acuity.

This epidemiological data sheds light on the substantial
global burden of ocular chemical injuries in children and
adults, and the need for public health and education measures
to the community at large. For children in particular, use of
child-resistant packaging, locked or out of reach cabinets and
parental/guardian education are important primary prevention
strategies [20].

Alkali vs acid chemical agents

Alkali is a more common cause of severe ocular chemical
burns than acid, with lime plaster being the most common
[10, 24, 25]. The fraction of severe ocular chemical burns
caused by alkali vary in the literature, with approximately
two-thirds being a commonly reported proportion [9, 11].
A key factor determining toxicity of the alkali is the pH
[26], with a pH > 11.5 resulting in significant corneal
damage [27]. Alkali chemicals have a higher penetration
rate than acids, and this has been long recognized [25]. Of
the common alkali substances which cause severe ocular
burns, ammonia has the fastest penetration rate (< 3 min).
This is followed by sodium hydroxide (3–5 min), potas-
sium hydroxide (> 5 min) and calcium hydroxide (slowest
and variable depending upon crystallisation) [28]. There-
fore, ammonia is known to cause most severe ocular
chemical burns [13] and is used commonly in assault
cases. Lime is a much more common cause of chemical

burns, but comparatively less toxic. It produces calcium
soaps after penetration of the corneal epithelium, hinder-
ing further penetration. Acid injuries cause more limited
damage of the ocular surface than alkali. Concentrated
acid results in denaturation and coagulation of the corneal
epithelium and anterior stroma protein, hence resulting in
opacification. This coagulated protein limits deep pene-
tration of the acid into the corneal stroma [27]. Further-
more, the buffering properties of the corneal epithelium
and anterior stroma enables neutralisation of the low pH
[29]. The most common cause of acid ocular injury is
sulfuric acid, which is much less likely to result in severe
ocular injury (unless associated with thermal or high-
velocity injury, e.g. battery explosion). Unlike other acids,
however, hydrofluoric (HF) acid has a powerful dissolving
action on cell membranes and has a similar ability to alkali
to penetrate into the anterior chamber [30]. HF acid can
result in severe cornea stromal scarring and vascularisa-
tion, as well anterior segment injury as described pre-
viously with alkaline injuries (e.g. uveal inflammation,
ciliary body fibrosis).

Grading the chemical eye injury

For the purposes of both treatment and prognosis, it is
important to have a classification system for chemical eye
burns. Severe chemical burns are not seen often, and a
classification system would therefore serve as an aid to the
ophthalmologist to guide examination, documentation of
findings and tailoring treatment. It also serves as a reminder
to the ophthalmologist examining about the importance of
meticulous documentation, as these cases often have med-
icolegal implications.

A number of classification systems have been developed
and are in clinical use. The two most commonly used sys-
tems in clinical practice are the Roper–Hall classification
and the Dua et al. classification.

The Roper–Hall classification [31] is a modification of a
classification system developed by Ballen et al. [32]
(Table 1). This system is based on the extent of cornea
injury and limbal conjunctival ischaemia. The latter has
long been recognised as a key marker of limbal stem cell
damage [26], which has major implications for short- and
long-term ocular surface recovery.

Table 1 Roper–Hall
classification of severity of
ocular surface chemical burns
(adaptation) [31]

Grade Prognosis Cornea Limbus

I Good Corneal epithelial damage No limbal ischaemia

II Good Cornea haze, iris details visible <1/3 limbal ischaemia

III Guarded Total epithelial loss, stromal haze, iris details obscured 1/3–1/2 limbal ischaemia

IV Poor Cornea opaque, iris & pupil obscured >1/2 limbal ischaemia
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The Roper–Hall classification is an important classifi-
cation system of accurate prognostic value, is in wide
clinical use, and is simple to follow. It has been utilised in
various clinical trials [33, 34]. A weakness of this clas-
sification system is that it does not factor in conjunctival
injury. This has been shown clinically to be of value in
predicting prognosis for corneal melting and sym-
blepharon formation [35]. Another recognised weakness
of this classification method is that it classifies all injuries
with >50% limbal ischaemia as a grade IV (i.e. same level
of severity). For example, an eye with 7 clock hours of
limbal ischaemia receives the same grading as an eye
with 12 clock hours of limbal ischaemia. However,
the evolution of treatments such as limbal stem cell
transplantation has significantly improved prognosis for
severe chemical ocular injuries. These treatment mod-
alities were not well established during the development
of Roper–Hall classification.

The Dua et al. classification system [36] (Table 2) has
been developed to enable more accurate stratification
of prognosis, particularly for severe injuries. It was origin-
ally based on experience with 67 chemical-burn cases
(35 retrospective, 32 prospective). The method factors in
conjunctival injury (percentage) and limbal injury (clock
hours). A key difference between the Roper–Hall classifi-
cation and Dua et al. classification is the method of
assessment of limbal stem cell injury (Fig. 1). Whilst the
former relies on the presence of perilimbal ischaemia, the
latter requires the presence of fluorescein staining of
the limbal area. The rationale given by Dua et al. is that
even in the presence of minor limbal ischaemia, complete
loss of limbal epithelium can indicate extensive stem cells
loss. Of note, Dua et al. classification does not take into
account corneal involvement.

Once the extent of conjunctival and limbal injuries have
been quantified, an analogue score can be calculated. This
facilitates monitoring of the healing process. Even if the
grade of chemical burn remains unchanged, the analogue
scale can assist in detecting improvement or worsening.

Potential drawbacks of the Dua et al. classification
scheme is that some clinicians find the analogue scheme

difficult to use, and that it does not take into account corneal
involvement or limbal vascularity.

Roper–Hall or Dua et al.?

The most commonly used classification systems in clinical
practice are Roper–Hall and Dua et al. methods. To date, the
most robust study comparing these classification systems
is a prospective trial by Gupta et al. [37]. In this study, 100
patients were studied prospectively and followed up for
13.2 ± 3.8 months. Of these patients, 50 were graded as
moderate (Roper–Hall and Dua et al. grade II) and 50 as
severe (Roper–Hall grade IV and Dua et al. grade IV, V &
VI) ocular burns. Patients were randomised to receive AMT
combined with medical therapy or conventional medical
therapy alone.

In patients treated with medical therapy alone, there was a
statistically significant difference in the extent of corneal vas-
cularisation in grade IV and grade VI ocular burns by Dua et al.
classification. There was no statistically significant difference in
time to healing of the epithelial defect. In the group of patients
treated with standard medical therapy and AMT, grade IV
burns had significantly better corneal clarity, final visual acuity
and less corneal vascularisation as compared with grade VI.
AMT significantly reduced symblepharon formation in group
IV but not in group VI.

Interestingly, patients with up to 25% conjunctival invol-
vement had significantly less corneal vascularisation than those
with 100% conjunctival epithelial loss. Symblepharon forma-
tion showed correlation with degree of conjunctival epithelial
loss. This therefore highlights the relevance of grading of
conjunctival de-epithelialisation in chemical ocular injuries.

In another important retrospective study of acute ocular
chemical burns (over a 10 year period) presenting to two
centres in Europe, all patients were graded by both Roper–Hall
and Dua et al. methods [38]. Average patient follow-up was
36.4 months. Limited additional prognostic benefit was repor-
ted by the authors for using the Dua et al. classification over
Roper–Hall. Patients graded as IV by Dua et al. had possibility
of improvement to partial LSCD and improvement in VA.
Grades V and VI had very poor prognosis.

Table 2 Dua et al. classification of ocular surface chemical burns

Grade Prognosis Clinical findings Conjunctival involvement Analogue scale

I Very good 0 clock hours of limbal involvement 0% 0/0%

II Good ⩽ 3 clock hours of limbal involvement ⩽30% 0.1–3/1–29.9%

III Good > 3–6 clock hours of limbal involvement >30–50% 3.1–6/31–50%

IV Good to guarded > 6–9 clock hours of limbal involvement >50–75% 6.1–9/51–75%

V Guarded to poor > 9– < 12 clock hours of limbal involvement >75– < 100% 9.1–11.9/75.1–99.9%

VI Very poor Total limbus (12 clock hours) involved Total conjunctiva (100%) involved 12/100%
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The above studies suggest that the benefit of the Dua et al.
classification is that it helps identify patients who are grade IV
rather than grade V or VI. Grade IV patients have a better
prognosis in terms of visual acuity and risk of complications.
There is no compelling evidence of a difference in prognosis
between grade V and VI chemical burns.

Is it not clear whether the advantage of Dua et al. is due to
sub-classification into clock hours, or the use fluorescein
staining as marker of limbal stem cell injury as opposed to
presence of limbal ischaemia. Arguably, calculating extent of
limbal ischaemia in clock hours (e.g. 7 clock hours instead of
simply > 6 clock hours) may yield similar prognostic benefits
for patients with severe injury. Accurate clinical grading of
extent of limbal ischaemia is, however, limited by poor inter-
rater consistency, even amongst corneal specialists [39].
Anterior segment angiography may therefore play a vital role in
more accurate assessment of limbal vascularity.

One could infer from these findings the importance of
grading exact number of clock hours of limbal staining and/
or ischaemia. This may allow better stratification of injury
severity, and more tailored treatment regimens.

Further considerations

A major flaw in current classification systems is that
although the surface area of injury is well graded, they do
not consider depth of injury. In the current clinical setting,
more commonly available imaging modalities such as
anterior segment OCT may help in documenting depth of
involvement to some degree [40, 41].

However, these imaging modalities are not always available,
and their role has not been thoroughly studied in ocular che-
mical injuries. It is not possible therefore to make recommen-
dations about their role in assessment of chemical-burn severity
or progress. In addition to grading of injury, photographic
imaging and documentation of intraocular pressure and the
preseniris or lens involveme/iris or lens involvement (Fig. 1) as
important indicators of depth of injury are also important.

Management

The management of chemical eye injuries can be divided
based on the four phases of healing: immediate, acute, early
reparative and late reparative (Table 3).

Immediate management—Irrigation therapy

Following decades of research into treatment strategies, the
most important intervention in chemical injuries treatment
remains to be timely irrigation of the eye. This effectively
reduces severity of chemical burns, reduces need for sur-
gical intervention and improves final visual acuity [4]. This
should be done before any comprehensive examination of
the eye is performed to avoid delay. This is based on the
well-recognized highly penetrating rate of severe alkali
chemicals such as ammonia, which can take seconds to
penetrate into the anterior chamber [42]. Animal studies
have highlighted the importance of immediate irrigation in
preventing pH changes of the aqueous [43].

Eye 1: Limbal staining from 1 to 8 o’clock, and large but non-total cornea and conjunc�val epithelial 
defect (yellow arrows) of le� eye. No limbal ischaemia seen superonasally. Good visual prognosis 
expected as corneal epithelium heals from superonasal limbal area.

Eye 2: Total epithelial defect involving en�re right cornea, limbus and bulbar conjunc�va. Dua et al 
Grade VI classifica�on, indica�ng poor visual prognosis.

Eye 3 (image1): Assault-related ammonia ocular burn. Severe limbal ischaemia which extends 360 
degrees (Roper-Hall Grade IV), hazy cornea, cataract forma�on, sclerosed limbal and 
conjunc�val/scleral vessels, implying anterior segment ischaemia and very poor prognosis.

Eye 3 (image 2): Same eye undergoes buccal mucous membrane gra� for preven�on of corneo-scleral 
melt. Severity of anterior segment ischaemia puts this gra� at risk of ischaemic necrosis.

Fig. 1 Different stages of ocular surface burns
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Irrigation of the eye should ideally be performed with iso-
tonic saline or lactate ringer solution, and continued until the
pH neutralises to a physiological level. If this is not readily
available, water can be used as an alternative. Topical anaes-
thesia should be used, as irrigating an inflamed ocular surface
with denuded epithelium is very painful. A speculum can be
used to aid irrigation if available, and we recommend ocular
irrigation with at least 1 l of fluid and for at least 30min. It is
also important that any solid debris is removed from fornices
and subtarsal tissues (under the upper lid) to prevent persistent
accumulation of toxic chemicals. For example, lime (most
common cause of alkaline chemical injuries) can form pre-
cipitates. It can rapidly react with water to produce a calcium
hydroxide solution (pH= 12.4) [44]. Care must therefore be
taken to remove debris from the fornices. If these crystals are
not removed, the alkaline chemical will re-accumulate after
irrigation. It is therefore recommended to sweep the fornices
and to double evert the lid to remove any persistent residues. It
is also recommended to check the pH regularly at regular
intervals post irrigation for up to 1 hour in all cases of chemical
ocular injuries.

Irrigation techniques

In a non-healthcare facility, a standard IV set may not be
available for ocular irrigation. The most critical factor in this
scenario is timely delivery of irrigating fluid. Therefore, any
method of rinsing the eye safely (e.g. under tap water with the
eyes open) is preferable than delay in elimination of the toxic
chemical. Using a standard IV set enables rapid delivery of
copious irrigation. For decades, it has been the gold-standard
method of ocular irrigation. It remains the most readily
available and commonly used method in the healthcare
setting.

The Morgan® lens is specially-designed delivery system
which enable continuous irrigation of the ocular surface, as
well as delivery of medications. It also enables flushing out of
non-adherent debris. It is composed of a moulded lens with
directional fins, attached tubing and a standard luer loc
adapter. The Morgan® Delivery Set or a standard IV set can
be used to attach it to a standard bag of irrigating solution
(e.g. normal saline).

Topical anaesthetic drops aide the healthcare provider in
providing more copious irrigation by reducing ocular dis-
comfort. Arguably, however, it may increase penetration of
the offending chemical into the anterior chamber. This may
be especially true for rapidly penetrating chemicals such as
ammonia. It may therefore be preferable to minimise use of
anaesthetic eye drops, particularly the more potent types
(e.g. tetracaine). Furthermore, to minimise penetration of
the offending chemical, one could initially irrigate the eye
without anaesthetic, and thereafter use topical anaesthetic to
provide more copious irrigation. The authors, however,
emphasise the importance of providing immediate sufficient
irrigation, even if use of topical anaesthetic is the only
means by which this achievable.

Irrigation solutions

It is important to further emphasise that immediate irrigation
of the eye should not be delayed by choice of irrigating
solution. This is especially in light of the fact that there are
no robust trials comparing irrigating fluids, and evidence for
beneficial effect of one irrigating fluid over others is not yet
substantiated [45]. Studies have shown that immediate
irrigation with tap water is of benefit in minimising the
severity of chemical burns, reducing penetration of alkali
into the aqueous and improving healing time [43, 46, 47].

Table 3 Phases of injury following a chemical burn [1]

Phase Time (days) Findings

Immediate 0 Mild chemical burns result in limited conjunctival and corneal epithelial defects. More severe injuries result in
more extensive epithelial defects affecting the limbus, limbal ischaemia, corneal haze, raised intraocular pressure
and intraocular damage (e.g. lens opacification).

Acute 0–7 Inflammation plays a critical role here, and can contribute to ocular surface melting. Rate and success of re-
epithelialisation is multifactorial, being influenced by health of limbal stem cells, presence of growth factors,
ocular surface dryness, etc. Rapid changes in corneal transparency occurs in the days following injury.
Intraocular pressure can be affected at all stages of injury, and must be frequently monitored.

Early reparative 7–21 This is the transition period where regeneration of the ocular surface and the acute inflammatory response gives
way to scarring, stromal repair and chronic inflammation. Milder injuries complete re-epithelialisation and more
severe injuries can develop persistent epithelial defects.

Late reparative >21 Mild chemical-burns display adequate healing and subsiding of inflammation. Localised limbal stem cell
deficiency (LSCD) can result in sectorial conjunctivalisation (pseudopterygium) of the cornea. In more severe
injuries, persistent epithelial defects can result in permanent scarring and secondary infections. Limbal stem cell
deficiency and development of conjunctival cicatrisation, lid abnormalities and dry ocular surface result in
conjunctivalisation and vascularisation of the cornea. Glaucoma is an often missed cause of irreversible
visual loss.
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It is important to note that most studies about choice of
irrigating fluid are either in vivo studies or small non-
randomised studies, many which are observational.

As water is hypotonic in comparison to the cornea
stroma, there are some concerns regarding the osmosis of
water enabling the offending chemical to enter deeper layers
of the corneal stroma [48]. In a study on chemically burnt
porcine eyes, corneal thickness and osmolarity were sig-
nificantly correlated to osmolarity of the rinsing solution
[49]. In an ideal setting, immediate irrigation with a buf-
fering solution is preferable to water or other isotonic
solutions. This is because buffering solutions have a good
binding capacity to bases and acids, and have less exo-
thermic reactivity. They have been shown to have an
enhanced ability in reducing aqueous humour pH following
alkali ocular burns in ex vivo rabbit models [43, 50]. In a
prospective comparative non-randomised observational
case series in humans, Diphoterine® was compared with
normal saline as irrigation fluid for ocular chemical injuries
[51]. No significant difference in vision or corneal opacifi-
cation were observed between the two treatment groups. In
Roper–Hall grade I–II injuries, Diphoterine® was shown to
significantly reduce time to corneal re-epithelisation. More
clinical trials in humans showing beneficial effect on vision
or reduction in long-term complications are needed before it
can be recommended as a gold-standard irrigating fluid.
Lack of availability for immediate use is another major
obstacle to its widespread use.

Once eye irrigation is completed and pH is neutralised, a
comprehensive examination can be performed. Severe pain and

inflammation is expected, and so topical anaesthesia is used to
facilitate ophthalmic examination. In young children, exam-
ination under general anaesthesia may be needed.

Acute management of mild chemical burns

The definition of a mild injury would include the absence of
any limbal involvement or stromal loss. In such cases,
topical steroids promote healing by reducing inflammation
and protease production, and ocular lubricants provide a
positive environment for epithelial healing. In the presence
of epithelial defects, topical antibiotics act as prophylaxis
against infection. Here the goals are to normalise the cor-
neal epithelium as rapidly as possible and prevent stromal
loss or infection.

Acute and early reparative management of
severe chemical burns

The main principles of acute management of severe ocular
chemical burns are anti-inflammatory therapy, halting epithelial
and stromal breakdown, promoting re-epithelialisation and
promoting corneal stromal healing (see Table 4).

Anti-inflammatory therapies

Severe chemical injuries results in tissue necrosis and
resultant profound inflammation, which can lead to a

Table 4 Acute medical treatment of severe ocular chemical burns

Medical Treatment Key aimsa Suggested choices or dose

Broad-spectrum topical
antibiotics

Prophylaxis against infection in presence of epithelial
defects.

Topical PF fluoroquinolones or chloramphenicol four
times a day

Potent steroid eye drops Reduce inflammation and proteolytic enzyme
release, preventing uveitis and stromal melting.

Topical PF dexamethasone 0.1% or prednisolone acetate
1%, 1–2 hourly

Potassium ascorbate 10%
eye drops

Co-factor for collagen synthesis (needed for corneal
stromal healing), protecting against corneal
ulceration and perforation

1–2 hourly

Oral ascorbic acid As above 1 g twice a day

Sodium citrate 10.11%
eye drops

Chelation of cations and preventing release of
proteolytic enzymes, preventing corneal melts/
perforation.

1–2 hourly

Oral tetracycline Suppressing proteolytic enzymes and scavenging
free oxygen radicals release. Halting corneal
epithelial and stromal melts.

Doxycycline 100 mg once daily, or oxytetracycline 500 mg
twice a day

Cycloplegic eye drop Mydriasis and pain relief Topical PF cyclopentolate 1%, 2–3 times a day

Lubricating eye drops (PF) Prevents drying and promotes re-epithelialisation Locally available PF eye drops, 1–2 hourly

IOP lowering therapy Control raised intraocular pressure Treatment choice depends on level of ocular hypertension.
Early consultation with glaucoma team advised.

PF preservative-free
aSee references in respective sections below
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vicious cycle of further ocular tissue damage and an on-
going inflammatory response [52]. Alkali is both hydro-
philic and lipophilic, with the hydroxyl ion enabling sapo-
nification of fatty acids in cell membranes and resultant
cellular necrosis and disruption [25]. The inflammatory
response generates further proteolytic enzyme release.
These characteristics enable rapid and deep penetration of
cell membranes (unlike acids) resulting in rapid corneal
epithelium damage. Cations in the alkali cause hydration of
glycosaminoglycans and collagen fibrils, resulting in loss of
corneal clarity and thickening of the cornea [8, 25]. Inten-
sive topical corticosteroids has for decades been one of the
mainstays of treatment, and remains as such [53, 54]. The
role of corticosteroids is of paramount importance in cor-
neal stromal healing, as they reduce inflammatory cell
infiltration, and reduce polymorphonuclear lysosomal
enzyme release. They are also helpful in the treatment or
prevention of associated iridocyclitis. In animal models of
ocular chemical burns, an increased risk of corneal melting
has been witnessed with use of corticosteroids for more than
6 days [53]. Despite this, two retrospective studies have
shown no evidence of increased risk of corneo-scleral
melting on the provision that there is concurrent use of
ascorbate [24, 55]. We have not observed an increased risk
of corneal melting with concurrent use of ascorbate in
severe chemical corneal burns. Considering the critical role
that inflammation plays in tissue necrosis and disruption, we
advocate the immediate use of intensive topical corticos-
teroids for sufficient and timely inflammatory inhibition. A
potent corticosteroid eye drop (e.g. dexamethasone 0.1%)
should be started from day one, and administered topically
on a 1 or 2 hourly basis. For severe inflammation that in not
controlled with topical intensive corticosteroids, systemic
corticosteroids can be considered. Topical nonsteroidal anti-
inflammatory drugs (NSAIDs) are thought to be a risk
factor for corneal melts in the presence of an epithelial
defect (ED), and we therefore do not advocate their use in
the acute stages or in the presence of an ED [56].

Halting epithelial and stromal breakdown

Inflammatory cell release of matrix metalloproteinases,
collagenase and stromelysin cause collagen breakdown,
which augment the toxic effect of the offending chemical on
the corneal stroma resulting in corneal and scleral thinning/
melts [5]. There is strong evidence for the role of tetra-
cyclines and citrate in suppressing the release of proteolytic
enzymes and in scavenging free oxygen radicals release in
animal models of chemical injuries [57]. Systemic tetra-
cycline inhibits corneal ulceration in animal models of
ocular chemical burns [58]. Topical citrate has also been
shown to reduce the incidence of corneal perforation
in animal models of severe chemical injury [59].

Tetracycline derivatives possess both anti-bacterial and anti-
inflammatory properties. Doxycycline downregulates the
expression of CXCL8 and pro-inflammatory cytokines IL-
1b and TNF [57]. Doxycycline is also responsible for
inhibiting MMP-9 activity and supports ocular surface
integrity. Doxycycline has been reported to be effective in
reducing ocular rosacea, dry eyes, and treatment of corneal
abrasion [60, 61]. Systemic tetracyclines can also play a role
in promoting repair non-healing corneal epithelial defects
[57]. Based on these experimental models, most conven-
tional medical therapy for acute chemical injuries includes
an oral tetracycline (e.g. doxycycline 100 mg once a day)
and intensive topical sodium citrate drops (at least 4×/day).

Promoting corneal re-epithelialisation

Re-epithelialisation of the cornea is a key challenge in both
the acute and chronic management of chemical ocular
burns. In addition, chemical injuries can result in severe
goblet cell and Meibomian gland dysfunction, resulting in
mucin and oil deficiency of the tear film. Topical ocular
lubricants are essential for maintaining a moisturised ocular
surface that facilitates re-epithelialisation of the cornea [25].
Maintaining a moist ocular surface is also important to
prevent the risk of further epithelial breakdown. It is
important to use preservative-free lubricants to avoid further
preservative-induced epitheliopathy.

Autologous peripheral blood serum (PBS), umbilical
cord serum (UCS) and platelet rich plasma (PRP) have also
been reported to accelerate epithelial healing in chemical
ocular burns [62]. PBS and UCS contain various growth
factors and essential tear components that are known to
promote healing. The concentration of EGF, TGF-β and
NGF are several times higher in UCS than PBS, whilst
Vitamin A and IGF-1 concentrations are higher in PBS [63].
It is not yet known whether these variations in concentra-
tions have an additional therapeutic benefit, or indeed a
detrimental impact. Both PBS and UCS have been used
successfully for the treatment of severe dry eye syndrome,
persistent epithelial defects and neurotrophic keratopathy
[63, 64]. Interestingly, in a double-blind prospective RCT of
patients with acute ocular burns of varying severity, eyes
receiving UCS had a significantly lower mean time to
complete re-epithelialisation, reduced limbal ischaemia and
better corneal clarity than patients receiving autologous
serum eye drops or artificial tears [65]. Although the trial
was small, with 10, 11 and 12 patients in each group, these
findings have been replicated in a mouse model of ocular
chemical burn [66]. These topical treatments represent a
possible armamentarium in managing epithelial healing,
which is a major challenge in severe chemical injuries. They
may also be a suitable alternative to amniotic membrane
transplantation in some cases. Larger clinical trials are
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needed to more clearly elucidate this therapeutic benefit.
Major obstacles to blood derived topical therapy are diffi-
culties in obtaining and preparing the treatment, lack of a
standardised preparation protocol, high cost and potential
risk of contamination and infection [64]. At the present
time, stored allogeneic serum drops are available within the
United Kingdom, and can be ordered through NHS Blood
and Transplant (NHSBT). Autologous serum drops can also
be ordered through NHSBT (see Table 5), but the patient
must be able to donate 400 ml of blood, and be able to travel
to a blood donation centre (correct as of January 2019).
Furthermore, autologous donations are contraindicated in
patients with serious cardiovascular disease or active bac-
terial infection. Patients with confirmed positive markers for
transmissible infections (HIV, Hepatitis B, Hepatitis C,
HTLV and Syphilis) are not eligible to donate.

Human amniotic membrane transplantation (AMT) is
utilised in acute ocular chemical burns for supporting re-
epithelialisation of the ocular surface and reducing
inflammation. However, there is a dearth of evidence of a
significant role in reducing LSCD development or

improving final visual outcome in very severe chemical
burns [33, 67, 68]. A systematic review of acute ocular
burns found only one RCT (not blinded) comparing AMT
and conventional medical therapy (CMT) to CMT alone
[69]. Re-epithelialisation rate was significantly faster in the
AMT group in medium severity ocular injuries (Dua et al.
grades II–III) [34].

More recently, a randomized, parallel-controlled clinical
trial compared CMT (30 eyes of 30 patients) to
CMT combined with AMT (30 eyes of 30 patients) for
treatment of acute severe chemical burns. Mean follow-up
time was 20.3 months. No statistically significant difference
was detected in mean corneal epithelial defect healing time,
mean BCVA achieved nor in central corneal vascularisation
[70]. It is important to note that this study only included the
most severe chemical injuries (Roper–Hall grade IV), with
extensive limbal ischaemia. The study findings cast further
doubt on the controversial role of AMT in the management
of acute severe chemical burns.

There are three main forms of amniotic membrane
available for use in the UK:

1. Cryopreserved amniotic membrane (most commonly
used, available from NHSBT).

2. Freeze dried amniotic membrane (easier to access/
store).

3. Sutureless amniotic membrane.

Conventional cryopreserved (frozen) amniotic membrane
has been studied extensively, and is known to have anti-
inflammatory, anti-fibrotic, anti-angiogenic and anti-microbial
properties [71]. Mechanically, it acts as a scaffold, enabling
adhesion and migration of epithelial cells. Freeze dried
amniotic membrane, on the other hand, does not appear to
significantly compromise the biochemical or structural prop-
erties of AM as compared with cryopreserved AM, particu-
larly when pre-treated with trehalose or raffinose [71, 72].
It has the advantages of being stable, enabling it to be
transported and stored at room temperature. This may be
advantageous, particularly in the developing world, or areas
of reduced accessibility to healthcare.

One of the barriers to use of amniotic membranes is the
extensive suturing required to apply it onto the ocular sur-
face. Advances have been made in sutureless amnion
technology. Prokera® is one such device, designed by clip-
ping a piece of amniotic membrane between two rings made
from a clear, flexible material. In one study, Prokera® was
found to have complete or partial success in treating non-
healing corneal ulcers of 80 % of chemically injured eyes
[73]. Other new amnion based devices include Omnigen®—
a transportable amniotic membrane derived biological
matrix. It is dry and has no viable cells, and hence be
used straight from a sterile pack stored at room temperature.

Table 5 Current sources of non-locally available treatments of
chemical eye burns in the UK

Treatment UK sources

Potassium ascorbate 10%
eye drops

Stockport Pharmaceuticals
Tel: 0161 419 5666
Fax: 0161 419 5426
E-mail: sppu.orders@stockport.nhs.uk
Tayside Pharmaceuticals
Tel: 01382 632052
Fax: 01382 632060
E-mail: tpsales.Tayside@nhs.net

Sodium citrate 10.11%
eye drops

Mandeville Medicines
Tel: 01296394142
Fax: 01296397223
E-mail: info@mandevillemedicines.com

Autologous or allogeneic
serum drops

NHSBT Tissue and Eye Services
Tel: 0300 0200 113
Fax: 0845 607 6819
E-mail: asetears@nhsbt.nhs.uk

Amniotic membrane
(frozen)

NHSBT Tissue and Eye Services
Tel: 0845 607 6820
Fax: 0845 607 6819
E-mail: tscustserv@nhsbt.nhs.uk

Prokera® Scope Ophthalmics Ltd
Tel: 0800 270 0253
E-mail: info@scopeophthalmics.com

Omnigen® NuVision Biotherapies Ltd
Tel: 01157 840120
E-mail: orders@nu-vision.co.uk

Holoclar® Chiesi Ltd
Tel: 01614 885555
Fax: 01614 885566
E-mail: info@chiesi.uk.com

Morgan lens® https://www.morganlens.com/distributors
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It can therefore be accessed rapidly when required. If used
with OmniLenz®, it can be applied to the eye like a contact
lens, eliminating the need for sutures. There are no robust
clinical trials comparing efficacy and safety of different
forms of amniotic membranes.

In addition to AMT, Tenon’s tissue advancement has
been utilised for cases of limbal ischaemia with resultant
anterior segment necrosis and corneo-scleral melts. This
aim of this procedure is to re-establish limbal vascularity. It
can be a single early stage procedure, or combined with
AMT. Anterior segment fluorescein angiography maybe
considered to enable more selective localised tenonplasty
[74]. It must be noted that Tenon advancement procedures
are difficult in patients with acute injury due to the presence
of friable and inflamed conjunctiva and Tenon’s tissue.

More recently proposed modalities for wound healing
include corneal collagen cross-linking, subconjunctival
TNF-α antibodies (Infliximab), regenerative agent (Caci-
col20, Paris, France) and growth factors (e.g. fibronectin,
EGF, retinoic acid). They have all been shown to promote
re-epithelialisation of the ocular surface in animal models of
alkali chemical burns [62, 75–77]. These therapies are still
awaiting clinical trials in humans to determine their
efficacy.

There are some data on the role of early limbal stem cell
transplantation in acute burns which shows that outcome
relies upon limbal vascularity [78]. The main issue
in early limbal stem cell failure with epithelial defects is
limbal ischaemia. Repeated amniotic membrane transplan-
tation maybe of major benefit in management of early
epithelial defects in this setting. Restoring limbal vascu-
larisation and resolution of ocular surface inflammation are
important factors for viability and function of transplanted
limbal stem cells.

Finally, as with persistent corneal epithelial defects due
to a variety of other causes, a number of strategies can aid
the epithelial healing process. Punctal plugs to reduce tear
drainage helps minimise ocular surface dryness, particularly
in patients with aqueous tear deficiency. A soft contact lens,
of which the diameter should be wider than the limbal
diameter, serves to protect the corneal surface from direct
eyelid mechanical rubbing. It is important that the contact
lens is well-fitted, to avoid further mechanical irritation.
Botulinum toxin injection and tarsorrhaphy serve a similar
purpose in terms of minimising mechanical rubbing against
the healing corneal epithelial cells. They have the additional
benefit of being more effective than a soft BCL in reducing
ocular surface exposure, which also aids epithelial healing.
In addition, the increased risk of microbial keratitis asso-
ciated with contact lens use is avoided. In more resistant
cases of persistent epithelial defects, fitting a scleral contact
lens can be tried. This may aid re-epithelialisation in two
ways, by protecting against mechanical eyelid rubbing, and

by providing a hydrating reservoir of fluid between the
contact lens and corneal surface.

Promoting corneal stromal healing

Potent alkali agents can rapidly penetrate into anterior
chamber, increasing the pH of aqueous humour and
inflicting severe ciliary body damage [79]. As well as
causing potentially severe recalcitrant hypotony, this can
result in decreased ciliary body ascorbate secretion.
Ascorbate is an essential co-factor for stromal collagen
healing and maintenance of corneal clarity [80]. Significant
reduction of ascorbate levels in aqueous humour is known
to occur after chemical injuries, which can in turn inhibit
collagen synthesis by fibroblasts [81, 82]. Ascorbate defi-
ciency thus increases the risk of corneal ulceration, desce-
metoceles and perforation [83, 84]. Corneal ulceration and
perforation incidence have been shown to decrease with
immediate treatment with ascorbate.

Treatment with ascorbate can be both topical and/or
systemic. Topical ascorbate has better anterior segment
penetration than oral ascorbate [81, 85]. Compliance with
topical ascorbate eye drops is can be a challenge due to
ocular pain on instillation of drops. A recent study showed
that 33% of patients with severe ocular chemical burns did
not comply with topical ascorbate and citrate drops [18].
We therefore advocate the concurrent use of oral ascorbate
in all severe chemical burns, low threshold for admission,
and importance of educating patients re importance of drops
even if they cause pain.

Combined ascorbate/citrate treatment appears to offer
more protection against ulceration than citrate alone [86]. In
an 11-year retrospective nonrandomized comparative study,
use of intensive treatment with ascorbate and citrate regi-
men was shown to be of benefit for patients with
Roper–Hall grade III burns [24]. The clinical benefit due to
each agent is not quantifiable as was not compared with
other treatment regimens.

Management of chronic complications

Limbal stem cell transplantation

A devastating complication of severe chemical eye burns is
limbal stem cell deficiency (LSCD). This condition results
from irreversible damage to limbal stem cells situated in a
deep and protected microenvironment within the limbal
epithelium. LSCD manifests as corneal conjunctivalisation,
corneal vascularisation, chronic inflammation and recurrent
or persistent corneal epithelial defects. Re-epithelialisation
can be further hampered by a chronically dry ocular surface
because of goblet cell and Meibomian gland dysfunction.
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Progressive conjunctival cicatrisation also impedes re-epi-
thelialisation, not least by the resultant mechanical irritation.
Cicatricial changes include fornix shortening, sym-
blepharon/ankyloblepharon formation, trichiasis and sub-
tarsal scarring. Specialist adnexal input is helpful for
management of these complications.

Optimising the ocular surface before LSCT by manage-
ment of pre-existing conditions such as aqueous tear
deficiency and lagophthalmos is paramount. Any lid
abnormalities (e.g. cicatrisation, entropion, trichiasis)
increasing risk of graft failure should be addressed in the
first instance. Other measures to eliminate mechanical irri-
tation, such as fornix reconstruction and symblephara lysis,
if needed, should also be performed prior to any LSCT. The
LSCT should only be done once the inflammation has
subsided for at least 3 months. These measures are not only
important for the survival of limbal stem cell transplanted
tissue, but also for aiding in the recovery of existing stem
cells damaged by chemical injury. In general, LSCTs are
either autologous or allogeneic, and are either biopsies of
limbal tissue or culture-expanded cells.

Partial LSCD requires treatment if there is central
corneal involvement affecting vision. Pannus resection com-
bined with limbal stem cell transplantation (LSCT) enables re-
epithelialisation of the cornea with corneal epithelial cells. A
recent study showed that pannus resection with AMT maybe
an equally good alternative to LSCT for the management
of partial LSCD [87].

For total unilateral LSCD, limbal stem cells can be har-
vested from the patient’s other eye as part of a
conjunctival–limbal autograft (CLAU) procedure or can be
used for ex vivo cultivated limbal epithelial transplantation
(CLET). A more novel technique called simple limbal
epithelial transplantation (SLET) has also been described. In
SLET, direct transplantation of a tiny limbal fragment from
the unaffected eye was found to be sufficient for reversing
LSCD, negating the need for ex vivo expansion [88].
The limbal fragment (2 mm × 2 mm) is divided into
8–10 smaller fragments which are evenly distributed onto
an amniotic membrane and transplanted to the contralateral
eye. It can be performed as a primary procedure in LSCD.
In cases in which CLET has failed, SLET has been pro-
posed as an alternative option to repeat CLET [89]. Long-
term studies are awaited to confirm that corneal con-
junctivalisation does not recur in between the areas of
limbal fragments transplantation.

In ocular chemical burns, CLAU has excellent outcomes.
It results in corneal vascularisation regression, corneal re-
epithelialisation and improved vision in around 75–81% of
patients after 1 year [90]. After 3 years, this is around 70%.
The theoretical risk of inducing LSCD in the healthy eye
has not yet been substantiated [91]. Similar clinical out-
comes have been achieved with SLET and with CLET in

chemical injuries, however, long-term follow-up results for
SLET are awaited [92].

In patients with bilateral LSCD, limbal stem cells may be
harvested from immediate family members as a living-
related conjunctival–limbal allograft (lr-CLAL), cadaveric
eyes as a keratolimbal allograft (KLAL) or allogenic culti-
vated limbal epithelial transplantation (allo-CLET) [93, 94].
These allogeneic transplants obviously require systemic
immune suppression. Other options include cultivated oral
mucosal epithelial transplantation (COMET), which allows
a penetrating keratoplasty at a later stage to improve vision
and ocular surface [95]. Keratolimbal transplants for
patients with chemical injury induced total LSCD and dense
corneal scarring have been reported to have a 3.4 year mean
graft survival time [96]. This is a procedure in which an
eccentric trephination of the donor button enables simulta-
neous transplantation of full thickness corneal graft and
limbal stem cells. For CLAL the largest studies show that
50% of eyes achieved post-operative BCVA ≥20/200. A
recent systemic review looked at studies in which KLAL
was done for chemical injury induced total LSCD. Eighty-
nine percent underwent simultaneous or subsequent pene-
trating keratoplasty [94]. Median follow-up for 29 eyes was
42 months (range: 6.2–114 months), and 69% had BCVA
≥20/200 at last follow-up. Considering the poor prognosis
of total LSCD, these results are encouraging. Similar BCVA
results (mean follow-up of 4.8 years) have been achieved
for allogeneic cultivated limbal epithelial transplantation
with or without subsequent penetrating keratoplasty [97].
Encouraging results have also been reported in a small
study looking at the early outcomes for penetrating kera-
toplasty following SLET [98]. A recently published study
looked at the outcome of PKP in 14 patients who previously
underwent COMET [95]. BCVA improved significantly,
from 2.67 ± 0.08 LogMAR preoperatively to 0.64 ± 0.27
LogMAR after PKP (mean follow-up 28.2 ± 8 months).
Although trials with larger patient numbers and longer
follow-up are needed, these results are promising.
COMET has also been utilised in patients with persistent
epithelial defects and ocular inflammation, enabling re-
epithelialisation and stabilisation of the ocular surface [99].

More long-term data were recently published in a study
that included 165 eyes of 110 patients with LSCD due to a
multitude of causes (20.6% due to chemical/thermal inju-
ries). This retrospective study looked at long-term outcome
of limbal stem cell allograft transplantation requiring sys-
temic immunosuppression [100]. Patients underwent
KLAL, lr-CLAL, combined KLAL/lr-CLAL, or combined
KLAL/CLAU. Mean follow-up was 9.1 years (range:
5.2–17.7 years). In other words, the minimum follow-up
was more than 5 years. At last follow-up, there was ≥2 lines
BCVA improvement in 62.1%, whilst BCVA reduced in
18.6%. Ocular surface stability was achieved in 72.7%.
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Additional limbal stem cell allograft transplantation was
necessary in 30.9% (51/165 eyes) to maintain ocular surface
stability. In the subgroup of patients with chemical/thermal
injuries, a gain of 2 or more lines of BCVA was achieved in
76.5%, and ocular surface stability was achieved in 70.3%.
It is also worthy of note that this subgroup of patients did
significantly better than patients with Steven-Johnsons
syndrome or mucus membrane pemphigoid.

The most common cause of ocular surface failure fol-
lowing LSCT is graft rejection, accounting for about 75% of
cases [100]. The limbus is highly vascular and rejection can
therefore be aggressive. Other causes include ocular surface
exposure, mechanical irritation (e.g. trichiasis/entropion)
infection and graft failure. This highlights the importance of
adequate immunosuppression to minimise rejection risk.
There is no universally agreed regimen for topical
and systemic immunosuppression. Systemic regimens
commonly used include systemic corticosteroids combined
with a steroid-sparing agent, commonly cyclosporine [94].
Others prefer more aggressive systemic immunosuppres-
sion, combining systemic corticosteroids with dual immu-
nosuppressives, such as cyclosporine and azathioprine, or
tacrolimus and mycophenolate mofetil [100]. The mainstay
of topical immunosuppression is steroid eye drops, with
some authors also using topical cyclosporine [94, 100]. It is
important for the treating ophthalmologist to be experienced
in the use of potent systemic immunosuppression, and it is
preferable to work alongside a physician with expertise in
immunosuppression for organ transplantation. This will
facilitate maximising efficacy of immunosupressives used,
and careful monitoring of systemic side effects.

In many countries, including Europe, India and Japan,
both biopsy-based keratolimbal transplantation and cell
culture-based transplantation are permitted for use. Only the
former, however, is licenced and allowed by the Food and
Drug Administration (FDA) in the United States. More
recently, the Holoclar® has been licenced in Europe for
management of moderate to severe LSCD [101]. This is a
transparent circular sheet composed of ex vivo expanded
autologous human corneal epithelial cells (including limbal
stem cells), attached on a supportive 2.2 cm diameter fibrin
layer and maintained in the transport medium. In the UK it
is licensed for transplantation to eyes with moderate to
severe LSCD (defined as presence of superficial corneal
neovascularisation in at least two corneal quadrants, with
central corneal involvement, and severely impaired visual
acuity) [102]. To qualify for treatment, patients must meet
the criteria set by NICE: it is used to treat one eye only, and
has already had a conjunctival–limbal autograft, or there is
insufficient tissue for a conjunctival–limbal autograft or it is
contraindicated, and the company provides a discount
agreed in the patient access scheme. Bilateral treatment can
only be done in the context of research. According to the

company’s submission, a single treatment for one eye costs
£80,000 excluding VAT. The company has agreed a patient
access scheme with the Department of Health. The level of
the discount is commercial in confidence [102].

Keratoplasty and keratoprosthesis

Another important aspect of chronic management is the con-
sideration of corneal transplantation. Both penetrating kerato-
plasty (PKP) and deep anterior lamellar keratoplasty (DALK)
can be performed in vision-limiting corneal scarring. Anterior
lamellar keratoplasty is preferred when possible, to reduce the
risk of rejection. This risk is already high in an eye prone to
inflammation and vascularisation. Systemic immunosuppres-
sion should be considered for eyes with increased risk of
rejection. Keratoplasty should only be contemplated once
limbal stem cell function has normalised. In LSCD, a staged
procedure, where the limbal stem cell transplant occurs at least
6 weeks prior to corneal transplantation, is associated with 80%
survival rate after 12 months. This is in sharp contrast to 25%
success rate for non-staged procedures [45]. The median sur-
vival for combined limbal stem cell transplant and keratoplasty
is 1 year, whilst it is 4 years for a staged procedure [45]. The
success rate of PKP following different types of LSCT was
discussed in the LSCT section.

In recurrent failure of penetrating keratoplasty, the Boston
Type 1 Keratoprosthesis can be considered. A recent systemic
review of Boston Type 1 Keratoprosthesis implantation in
chemical injuries looked at visual outcomes and keratoprosth-
esis retention [103]. Although no RCTs were found, a total of
nine studies looked at a pool of 106 eyes of 100 patients.
BCVA of 20/200 or better was achieved and retained in more
than 64.1% of chemical injuries at 2 years follow-up, from a
median pre-operative BCVA of hand movements (HM).
However, three of the nine studies had <1 year follow-up,
which may have skewed the visual outcome results knowing
that complications accrue over time. Neverless, the visual
improvement rates, and the fact that systemic immunosup-
pression can be spared is encouraging. The keratoprosthesis
retention rate was 88.9%. Interestingly, the most common
cause of BCVA < 20/200 was glaucoma, once again empha-
sising the importance of glaucoma specialist input.

The osteo-odonto keratoprosthesis (OOKP) remains the
treatment of choice in end-stage corneal disease not amenable
to aforementioned keratoplasty options. OOKP is particularly
resilient in a dry keratinised eye following chemical injury.
Ocular surface exposure, number of previous failed PKP’s and
presence of autoimmune disease are risk factors for failure
[104]. A recent study of OOKP in chemical/thermal burns
reported that although anatomic success is high in such
patients, the visual potential is often limited by glaucomatous
optic neuropathy [105]. Moreover, a fair number of these
patients require glaucoma shunt procedures. Endophthalmitis
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rates are also higher than usually observed in corneal or
intraocular surgery. All of these observations mirror findings of
previous studies [106]. It is imperative therefore that patients
with Boston Type 1 Keratoprosthesis or OOKP are closely
monitored for glaucoma, and preferably co-managed by an
experienced glaucoma team. We also advocate warning
patients undergoing OOKP about the potentially increased risk
of endophthalmitis.

Intraocular pressure (IOP) and glaucoma

Severe chemical burns which damage the corneal archi-
tecture can result in distortion of the trabecular meshwork
(TM), leading to intraocular pressure (IOP) elevation. As
well as direct TM damage by the alkali, inflammatory debris
deposition at the TM can also contribute to increased IOP.
Episcleral vasculopathy can result in further hindrance to
aqueous outflow. There is a high incidence of glaucoma
after severe ocular chemical injury [107–109]. In a study of
90 eyes of 66 patients with severe chemical injuries, 14 eyes
(15.6 %) developed early secondary glaucoma, and 20 eyes
(22.3 %) developed late secondary glaucoma [110]. Rates of
advanced glaucoma limiting visual potential in patients with
Boston Type 1 Keratoprosthesis, or OOKP are even higher
[3, 111]. Hence, it is important not to neglect regular
monitoring of the IOP and for glaucoma development. This
can be overlooked when clinicians are focused on evaluat-
ing and treating the ocular surface over the long term. The
IOP can be abnormally elevated or decreased, and can
change with time from one state to another. Raised IOP can
have multifactorial causes (e.g. TM damage/obstruction,
episcleral venous damage). Therefore, it may be more
resistant to standard topical therapy (e.g. IOP lowering eye
drops). Cicatrisation of the conjunctiva and underlying
structures results in understandably low success rates for
trabeculectomy surgery. Glaucoma tube surgery is therefore
more common, but these cases are often challenging with
significant rates of revision [112]. Cyclophotocoagulation
maybe more effective than various IOP lowering interven-
tions for refractory glaucoma [107], but risks further con-
junctival inflammation and scarring. To the best of our
knowledge, no prospective comparative trials of IOP low-
ering interventions in severe chemical injuries have been
performed. Although management is complex, good long-
term IOP control is achievable [112]. Therefore if IOP is not
optimally controlled, early referral to a specialist glaucoma
service is highly advocated.

Conclusions

Chemical eye burns are frequently encountered in emer-
gency departments. Causes include domestic accidents,

workplace-related injuries and assaults. There are several
important interventions to be made in the management of
chemical eye injuries: public health messages regarding
prevention and the importance of immediate eye irrigation
following burns, early assessment and treatment by an
ophthalmologist and the development of novel treatments
for ocular surface reconstruction (such as stem cell
therapies).

Despite several decades of research and public health
initiatives, simple and effective interventions such as
wearing protective eyewear and immediate irrigation of
eyes remain as key challenges [113]. Most serious che-
mical eye injuries are work-related [111]. Many work-
related eye injuries occur in those not wearing protective
eyewear at the time, and such protective eyewear reduces
the odds of eye injury [3, 111]. A recent increase in crime-
related chemical injuries in the UK [16] further empha-
sises the importance of public education in first-aid
management of such chemical burns. There have been
widespread media campaigns to educate the public about
early irrigation, however, more is required to protect
people in the workplace [16]. Current legislation, over-
seen by the Health and Safety Executive, does not compel
employers to provide additional training and first-aid
equipment where there is a higher risk of contact with
chemicals [114]. A change in legislation may be effective
in reducing the incidence of chemical burns in hazardous
occupations and help in raising awareness about the
importance of immediate eye irrigation. We also propose
a collective approach to collecting hospital data on che-
mical eye burns, their treatment and outcomes.

Challenges in the management of severe ocular burns
include reduced adherence to treatment amongst a younger
population group, pain associated with certain treatments
(e.g. ascorbate drops) and poor follow-up rates [18]. Better
communication with patients and their relatives, relaying
the importance of compliance with treatment (despite
intensive regimens and associated pain) and follow-up
attendance is essential. In the acute stages, admission of
severe cases of ocular chemical burns may be a better
management option than outpatient visits.

Over the past decades, advances in ocular surface
reconstruction such as the use of cultured cell therapies have
improved outcomes for patients with limbal stem cell
deficiency. These treatments can be effective in severe
chemical eye burns, even decades after the initial injury.
Patients should be referred to tertiary care centres for con-
sideration of such treatments.
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