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Abstract: Ocular chemical burns are absolute ophthalmic emergencies and require immedi
ate management to minimize devastating sequelae. Management of alkali and acid burns is 
started at the scene of the accident by copious irrigation. Treatment is directed at improving 
epithelial integrity and stromal stability, reduction of undue inflammation, and prevention or 
timely management of complications. To ascertain the best possible outcome, numerous 
biological medications and surgical interventions have been merged into conventional 
therapeutic regimens. These include autologous and umbilical cord serum preparations, 
platelet-rich plasma, amniotic membrane transplantation, limbal stem-cell transplantation, 
and anti-angiogenic agents. 
Keywords: ocular chemical burn, amniotic membrane transplantation, autologous serum, 
limbal stem cell transplantation

Introduction
It is inevitable for an ophthalmologist to be consulted for an acute chemical burn. 
Many of such cases are mild and may be managed easily without remarkable 
sequelae. On the other hand, some chemical burns are so severe that they require 
frequent ophthalmic examinations and surgical operations for the management of 
structural, functional, and cosmetic complications.1 Despite what seems appropriate 
and timely management, further damage may ensue and result in severe loss of 
vision.

Epidemiology
From an epidemiological point of view, ocular chemical burns comprise up to 22% 
of all ocular injuries.2,3 Whether ocular insult occurs inadvertently (for instance, 
following unnoticed exposure or accidental contact at home or workplace) or as 
a result of a purposeful crime,4–6 it is more common in populations with low 
socioeconomic status.2 Large scale studies have demonstrated that the incidence 
of chemical burn is higher in men, though women are affected at an earlier age.2,5 

A noticeable finding is that children of 1 to 2 years old are afflicted twice as much 
as adults.2

In general, two-thirds of chemical burns result from an alkali, and the remainder 
from acids and alcohols.7 Sulfuric acid is the most common agent responsible for 
acid burns. This is most commonly found in industrial cleansers and automobile 
batteries. Ammonia is the most common agent leading to alkaline burns and is 
commonly found in various industrial and household fertilizers and refrigerants.5
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Pathophysiology
Any liquid or solid material with alkaline or acidic ingre
dients may cause an ocular burn. An alkali is especially 
notorious for severe damage to ocular tissues.5,7,8 The 
difference in the ocular effects between acids and alkali 
resides in their mechanism of action. Acids and alkali 
cause coagulative and liquefactive necroses respectively. 
Tissue surface proteins are sacrificed to neutralize acid pH 
and the connective tissue collagens are shrunk so that the 
resulting coagulum prevents further penetration of the 
insulting agent into deeper ocular structures. In contrast, 
alkaline agents contain hydroxyl moieties that saponify the 
fatty acids enclosed in the superficial cell membranes. 
Once the function of the cell membrane is disturbed, cell 
death ensues and the insulting agent more efficiently 
reaches the underlying connective tissue where the matrix 
proteoglycans are readily hydrolyzed leaving collagen 
fibrils especially susceptible to enzymatic degradation. 
These enzymes are produced by damaged or regenerating 
epithelial cells and immune cells which would have 
invaded the tissue immediately after exposure.3

It is noteworthy, however, that acids are equally as 
devastating as alkalis in severe burns. The chemical struc
ture of the material is not the only determinant of the 
severity of the damage. Chemicals are usually more active 
at a higher temperature.9 Liquids are more easily irrigated 
and expelled from the eye, in contrast to solid particles that 
may become entrapped in the conjunctival papillae and 
steadily resolve in the tear meniscus, thus leading to pro
longed exposure and irritation of the ocular tissues.9 

Forceful impact may also add to the influence of chemical 
agents.10 Finally, the higher the concentration and the more 
prolonged the exposure, the more severe the damage.11

When the chemical agent reaches the anterior chamber, 
it circulates through the aqueous and reaches the angle 
structure. In trabecular meshwork (TM), the collagen 
fibrils are denatured and shrunken so that the outflow 
tract is obstructed and the IOP is elevated acutely. The 
damaged collagen in the TM may leave scar tissue despite 
treatment, which is the main reason for glaucoma in the 
long-term.10

Clinical Course: Grading and 
Staging
Efforts have been made to propose universal classifications 
of clinical findings that can be used reliably to predict 
outcomes. Grading refers to the severity of the damage 

and should be documented at the very first ophthalmic 
examination. The grading systems unify the corneal, lim
bal, and conjunctival changes to prognosticate the clinical 
condition and are very helpful to acquire a general idea of 
the interventions that may be recommended in later stages.

The first widely accepted grading system was published 
by Roper and Hall in 196512 (Table 1). This grading system 
was based on the amount of corneal haziness and the pro
portion of ischemic perilimbal conjunctiva. According to 
the 4-step Roper-Hall classification, the prognosis of all 
patients with >50% limbal ischemia was poor.

Later, Dua et al presented a new classification which, 
although in essence was based on the Ropper-Hall classi
fication, had a number of advantages (Table 2).13 In the 
Dua’s classification, corneal haziness was abandoned as an 
important prognostic factor; instead, the extent of limbal 
involvement (in clock hours) and the percentage of con
junctival involvement were incorporated. According to 
Dua’s classification, limbal ischemia is not the sole deter
minant of limbal stem cell deficiency and total epithelium 
loss at the limbus may occur in the presence of apparently 
insignificant ischemia with poor outcomes. Thus, they 
proposed that frequent observation of the stained limbus 
in order to document the extent of the epithelial defects is 
better correlated with outcomes rather than the extent of 
limbal ischemia (blanching). In this way, grade IV in 
Roper-Hall classification was revised as grades IV, V, 
and VI in Dua’s classification with different prognoses. 
Dua’s classification also provides an analog scale that is 
more flexible and allows for combining features of the 
different grades which is more compatible with real clin
ical situations.13

Table 1 Roper-Hall Classification for the Severity of Ocular 
Surface Burns12

Grade Clinical Findings Conjunctiva Prognosis

Cornea

I Corneal epithelial damage No limbal 

ischemia

Good

II Corneal haze with visible 

iris details

<1/3 limbal 

ischemia

Good

III Total epithelial loss, stromal 
haze, with obscured iris 

details

1/3 to ½ 
limbal 

ischemia

Guarded

IV Opaque cornea, with 

obscured iris and pupil

>1/2 limbal 

ischemia

Poor
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Chronologically, an ocular chemical burn can be classified 
into four stages. This staging demonstrates the potential heal
ing responses of the ocular surface tissue to a chemical insult. 
Originally described by Culley in 1990 in animal models, this 
staging is well known in clinical practice.14 Management 
strategies should be based not only on the severity of the 
burn but also on the stage at which the condition is being 
evaluated. These stages include the following:

● immediate (day 0). This is right after the exposure 
has occurred.

● Acute (days 1–7). This is the 1st week following the 
immediate phase. In the acute stage, the limbal stem 
cell remnants try to repopulate the epithelial defects 
over denuded corneal stroma. This stage is crucial 
because tear-soluble proteolytic enzymes and 
immune-cell-derived enzymes may be conveyed to 
the stroma through epithelial defects and result in 
stromal thinning and perforation in later stages.

● Early reparative (days 8–21). The 2nd and 3rd weeks 
following exposure represent a transition window in 
which chronic inflammation supersedes acute inflam
mation, hence, leading to stromal hyperplasia and 
scar formation. This is the most common stage at 
which corneal ulcers or thinning are noted.

● Late reparative (after day 21). Except for those who had 
good prognostic features and who had managed appro
priately, this stage represents the most severe complica
tions of ocular chemical burns. Severe dry eye, poor 
visual acuity due to corneal scarring and neovascular
ization, increased IOP and glaucoma, restricted ocular 
motility due to symblepharon, and lid abnormalities 
including entropion, ectropion, trichiasis, and incom
plete closure may ensue and lead to a vicious cycle.5

Management Strategies
Appropriate management of ocular chemical burn requires 
caring for epithelial defects, inflammatory response, and 

complications through steps that promote epithelialization, 
reduce inflammation, and prevent complications.8,10 This 
will break a vicious cycle that each of these factors, if left 
untreated, may bring about, and thus, may adversely affect 
outcomes (Figure 1).

An ophthalmologist taking care of ocular chemical 
burns must be familiar with both medical and surgical 
management of complications. While lower grades may 
demonstrate continued healing with an excellent prog
nosis, higher grades may deteriorate rapidly and require 
surgical interventions at earlier stages. Table 3 provides 
stage-specific treatment options in ocular chemical burns.

Non-Operative Management
Management of Immediate Stage
The very first step after exposure of the ocular surface to 
chemical agents is to institute continuous irrigation.10,15 

Prompt irrigation takes priority over looking for the chemical 
composition of the offending agent or waiting for specific 
fluids.5,8 Although some authors have proposed a certain dura
tion or amount of irrigation, it is generally accepted that 
irrigation should be continued until the ocular surface pH has 
been neutralized.7,8,10 Frequent application of litmus paper 
should be commenced until stable neutralized pH results are 
ensured.16

There are also arguments against using hypo-osmolar 
fluids for irrigation because they may increase the epithelial 
permeability and result in greater diffusion of the chemicals.17 

However, this has been debated in alkali burns, and currently, 
delaying irrigation for a proper solution to become available is 
not recommended.18 This is especially the case in the scene of 
an accident, where even tap water should be used until the 
patient is transferred to a medical facility.11,19–21

In experimental alkali burns, where intracameral pH is 
relatively rapidly affected, hyperosmolar amphoteric solutions 
are more efficacious than iso-osmolar solutions in normalizing 
intracameral pH.18,22 In a 30-year longitudinal study pub
lished by Wiesner et al, it was shown that pre-hospital rinsing 

Table 2 Dua Classification for the Severity of Ocular Surface Burns13

Grade Clock Hours of Limbal Involvement Bulbar Conjunctival Involvement Analog Scale Prognosis

I 0 0% 0/0% Very good
II <3 <30% 0.1–3/1–29.9% Good

III >3–6 >30–50% 3.1–6/31–50% Good

IV >6–9 >50–75% 6.1–9/51–75% Good to guarded
V >9-<12 >75-<100% 9.1–11.9/75.1–99.9% Guarded to poor

VI 12 (total) 100% (total) 12/100% Very poor
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of the ocular surface with Previn (an amphoteric polyvalent 
agent) followed by secondary rinsing in the hospital setting 
reduced the severity of chemical burns in comparison to all 
solutions.23 However, using tap water in the pre-hospital set
ting was as efficacious as Previn.

The other important step is removing any chemical par
ticles from the ocular surface (especially fornices) using 
cotton tip swab or forceps; sometimes it may be necessary 
to double evert the upper eyelid even in the operation room.

Management of Epithelial Defects
Several topical and systemic medications have been pro
posed to promote re-epithelialization. Intact epithelium 
plays an important role in preserving stromal stability 
because it can effectively inhibit digestive enzymes from 
reaching underlying stroma. It is also critical in smoothing 
the ocular surface and expediting visual rehabilitation. 
Here, we summarize the measures that are used to enhance 
epithelial growth and stromal stability.

Artificial Tears
Frequent administration of preservative-free artificial tears 
is currently incorporated into many treatment protocols so 
that it is virtually considered routine clinical practice by 
most authorities.8 It will reduce the chance of persistent 
epithelial defects and recurrent epithelial erosions, both of 
which are disabling complications.3

Fibronectin and Laminin
Fibronectin and laminin are essential components of con
nective tissue. Experimental animal studies have shown 

that these factors naturally increase in the acute stage and 
correlate with re-epithelialization.24–26 Nonetheless, their 
effect in human chemical burns is still undiscovered.

Epidermal Growth Factor
As its name suggests, this is a growth factor that promotes 
epithelial and keratocyte proliferation. In previous animal 
models, it accelerated wound healing and epithelial growth 
but the evidence in human patients is lacking.27,28

Retinoic Acid
Retinoic acid (vitamin A) is essential to normal epithelial 
growth and development. However, both hyper- and 
hypovitaminosis A can be deleterious for epithelial tis
sues. In experimental animal studies, the administration 
of retinol palmitate eyedrops (1500 IU/mL) has been 
shown to improve wound healing and impression cytol
ogy findings.29,30 The possible explanation for the effects 
of retinoic acid is that it may provoke dormant limbal 
stem cells and conjunctival stem cells to proliferate and 
differentiate into corneal epithelial cells by affecting 
intracellular signaling pathways.31 It may also prevent 
corneal pannus formation by inhibiting vascular endothe
lial growth factor type A (VEGF-A) and stimulating 
thrombospondin-2.29 However, the evidence for the effi
cacy of retinoic acid in human subjects is largely anec
dotal and well-controlled human studies are lacking.

Hyaluronic Acid
The administration of topical 1% and 2% hyaluronic acid 
in experimental animal studies has been associated with 

Figure 1 Management strategies of ocular chemical burns have three facets: promotion of epithelialization, reduction of inflammation, and prevention of complications.
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improved corneal epithelialization.32–34 It provokes the 
process of wound healing, possibly through induction of 
formation of hemidesmosomes.35 However, the evidence 
for benefit in the human chemical burn is sparse.

Tetracycline Medications
These antibiotics exert matrix metalloproteinase inhibition 
(and thus prevent enzymatic proteolysis of the corneal 
stroma) via mechanisms independent of their bactericidal 
action.36,37 Both systemic and topical preparations have 
been effective in animal studies.36 Due to its irreversible 
action, doxycycline has been postulated to be more effec
tive than other agents of this class.38

N-Acetyl-Cysteine (NAC)
NAC is a synthetic inhibitor of matrix metalloproteinases. 
It also inhibits neutrophil migration to the site of injury, 
which is a potential source of many degrading enzymes.39 

However, the clinical role of these agents is not known.

Ascorbate
The observation that aqueous ascorbate levels fall in 
response to alkali burns has led some investigators to 
propose that early vitamin C supplements may improve 
collagen synthesis, prevent the development of corneal 
ulcers, and accelerate healing.40–43 Although the evidence 
was mainly derived from animal studies, it appears that the 
efficiency of topical ascorbate outweighs that of systemic 
supplementation.44 Some authors have recommended the 
administration of both preparations simultaneously (oral 
ascorbate 2 g in 4 divided doses and topical 10% eyedrops 
every 2 hours).

Biological Medications
These are concentrates of growth factors that are normally 
present in patients’ autologous serum or umbilical cord 
serum.45,46 There is a good body of evidence in humans 
that these preparations are superior to conventional 

Table 3 Summary of Interventions in Different Stages of Ocular Chemical Burns

Stage (Days) Suggested Intervention

Immediate (0) Prehospital: 
- Start irrigation with any available clean solution as soon as possible* 

*hypertonic amphoteric solutions may be more beneficial 

Hospital: 
- Rapid assessment; 

- Remove any particulate material: lid eversion (even double eversion) may be necessary; 

- Continue copious irrigation* with frequent measurement of ocular surface pH with litmus paper; 
- Once stable normal pH is achieved, reassessment on slit lamp and document the severity according to Dua classification 

*hypertonic amphoteric solutions may be more beneficial but patient discomfort is less with isotonic solutions

Acute (1–7) 

Early Reparative 

(8–21)

- Frequent topical corticosteroids irrespective of epithelial defects for at least 7 days* 

- Continue corticosteroids if epithelialization has been completed 

- Start frequent preservative-free artificial tears and continue throughout treatment 
- Start topical antibiotic (preservative-free formula is preferred) 

- Check IOP; start IOP lowering medications if elevated IOP is detected# 

- Start systemic tetracyclines and vitamin C 
- Start biological medications (AS or PRP) in grades III–VI Dua classification 

- Consider AMT (alternatively: PROKERA) in grades IV–VI Dua classification preferably in the first week 
- Consider Tenonplasty if scleral melting or ischemia is noted (more common in grades V–VI Dua classification) 

*In the presence of non-healing epithelial defects, steroids should be tapered after 10–14 days 
#Systemic agents may be preferred; Surgical interventions may be required in case of uncontrolled IOP

Late reparative (>21) Treatment is directed at correction of complications: 

- Previous treatments are continued until stable ocular surface is ensured 
- DALK, PK, or KPro for visually debilitating stromal scars or endothelial failure 

- CLAU for unilateral LSCD; CLET, lr-CLAL, and KLAL for bilateral LSCD 

- Symblepharon release with or without graft to restore external ocular movements 
- Forniceal and lid reconstruction

Abbreviations: IOP, intraocular pressure; AS, autologous serum; PRP, platelet-rich plasma; AMT, amniotic membrane transplantation; DALK, deep anterior lamellar 
keratoplasty; PK, penetrating keratoplasty; KPro, keratoprosthesis; LSCD, limbal stem cell deficiency; CLAU, conjunctival limbal autograft; CLET, cultivated limbal epithelial 
transplantation; lr-CLAL, living-related conjunctival limbal allograft; KLAL, kerato-limbal allograft.
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treatment.47–52 Serum is a rich source of various growth 
factors, cytokines, and vitamins, and has been shown to 
accelerate the process of wound healing and re- 
epithelialization and decelerate corneal vascularization 
and limbal damage.47,51,53,54 It may also provide pain 
relief and cause inflammation to subside through local 
immune modulation.49

The efficacy of umbilical cord serum is proposed to be 
superior to the pure autologous serum, though it has more 
accessibility issues. In a randomized clinical trial with 
moderate to severe chemical burns, the efficacy of 20% 
umbilical cord serum was shown to be superior to 20% 
autologous serum or artificial tears in terms of acute 
symptom relief, healing of epithelial defects, corneal 
clarity, and vascularization but not symblepharon 
formation.51

The addition of platelets to serum creates platelet-rich 
plasma (PRP) which may be more efficient because plate
lets possess manufacturing properties and thus may pro
vide continued production of growth factors.52,55,56 In 
a randomized clinical trial on moderate to severe chemical 
burns, Panda et al reported that autologous PRP eyedrops 
resulted in better corneal clarity and faster healing of the 
epithelial defects at three months, in comparison to con
ventional treatment. However, the sample size was not 
large enough and the study lacked comparison with pure 
autologous serum.52

Recently, amniotic membrane extract has been used in 
the treatment of ocular chemical burns with promising 
results.48,57 In a human study by Liang et al, a small series 
of patients with various severities of ocular chemical 
burns were prescribed frequent instillation of amniotic 
membrane extract for 6 weeks in addition to conventional 
therapy. The results were promising in terms of symptom 
relief, reduced inflammation, and improved visual acuity.48

Currently, it is recommended that all eyes with grades 
III to VI Dua’s classification receive at least one type of 
biological eyedrops every 2 hours for a month starting in 
the acute stage and continued with slow taper until the 
inflammation has completely resolved.8

Control of Inflammation
The institution of anti-inflammatory treatment should be 
considered as early as possible whenever there are no 
contraindications. Inflammatory transmitters are produced 
in the acute stage by the summoned immune cells, espe
cially neutrophils, and regenerating epithelial cells. 
Inflammation presents two facets: it provides resources 

for activating repair mechanisms; on the other hand, 
these mechanisms may go uncontrolled and result in 
further damage. Hence, the balance between these two 
potentials of the same mechanism determines whether 
the healing process is efficiently accomplished. The anti- 
inflammatory options include the following.

Corticosteroids
The benefits of topical corticosteroids in the acute stage of 
ocular chemical burn are invaluable. It has been shown that 
steroids can prevent the reduction in the number of goblet 
cells, enhance the stability of the basement membrane and 
endothelial cells, reduce the migration of immune cells into 
the wound, and prevent degranulation of neutrophils.58–61 

Conversely, prolonged treatment with corticosteroids has 
been associated with corneal and scleral sterile ulcers and 
melting because it interferes with collagen synthesis.62 

Some investigators have postulated that co-administration 
of topical steroids and vitamin C preparations would pre
vent steroid-induced corneal ulceration.63 Most of the evi
dence regarding the efficacy of corticosteroids in ocular 
chemical burns was derived from animal models or retro
spective human studies.

Frequent administration of topical steroids (predniso
lone acetate 1% or Dexamethasone 0.1% every 2 hours) is 
recommended in the acute stage. It should be tapered in 
the early reparative stage in order to avoid complications.8 

They may be continued thereafter, if the epithelial defects 
have been healed, but the inflammation is still a concern.

Progesterone-Derivatives
Progesterone inhibits collagenase activity, in addition to 
having anti-inflammatory characteristics. In comparison to 
corticosteroids, their prolonged use is less associated with 
inhibition of collagen production and wound healing.64,65 

These properties make progesterone derivatives attractive, 
especially in the early and late reparative stages. Firm 
evidence in human subjects is lacking.

Citrate
Sodium citrate is a potent inhibitor of collagenase and 
leukocyte migration.66,67 Its mechanism of action is related 
to the chelation of calcium ions. Brodovsky et al reported 
that topical citrate administration was associated with better 
outcomes in patients with a guarded prognosis.40 In animal 
experiments topical 10% citrate was shown to be more 
effective than ascorbate and NAC.68 Currently, frequent 
administration of topical 10% citrate is recommended in 
the acute stage of chemical burns.8
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NSAIDs
The effectiveness of topical or systemic nonsteroidal anti- 
inflammatory medications, whether as adjuvants to corti
costeroids or as corticosteroid-sparing agents, needs to be 
explored. Animal studies have yielded promising results 
regarding prophylaxis against IOP rise.69,70

Prevention of Complications
Chemical burn injury may induce devastating complica
tions at any stage of the disease. It is critical to specifically 
look for complications at each stage irrespective of their 
absence in prior stages.

Corneas with epithelial defects are especially vulnerable to 
a secondary infection. Therefore, prophylactic broad-spectrum 
topical antibiotics are recommended in the acute stage and 
thereafter until re-epithelialization has been completed. Any 
suspicious stromal infiltration should be examined for culture 
and sensitivity immediately and empirical treatment should 
not be postponed while waiting for lab results.

Measurement of intraocular pressure (IOP) is manda
tory during the course of management. IOP may rise 
primarily due to chemical-induced disruption of the trabe
cular meshwork or contracture of the sclera, or it may rise 
secondarily due to aggressive corticosteroid treatment or 
surgical interventions.71–73 The higher the initial grading, 
the higher the chance of glaucoma.72 If elevated IOP is 
detected, initiation of topical anti-glaucoma medications 
will be prudent. However, the treatment of such cases may 
be challenging as many IOP-lowering agents may cause 
epithelial toxicity and delay epithelialization. Systemic 
IOP-lowering substitutes or surgical interventions may be 
beneficial for more severe and/or uncontrolled cases.

Severe intraocular inflammation may cause posterior 
synechia and secondary glaucoma. Cycloplegic medica
tions may prevent or resolve synechia.

Pain may be severe in the acute stage and merits special 
consideration at all stages. Topical cycloplegia may remedy 
mild pain due to spasm of the ciliary body, but systemic 
medications may be necessary in more severe cases.

Surgical Management
Although surgical management is reserved for higher 
grades (generally grades III to VI Dua’s classification), it 
should not be considered longitudinal to medical manage
ment. Instead, at any stage of the chemical burn, surgical 
interventions may be recommended to accelerate the heal
ing process and to reduce the burden of complications. The 

following section discusses various surgical options that 
are recommended in the current clinical practice.

Amniotic Membrane Transplantation 
(AMT)
The amniotic membrane is a fetal membrane that covers 
the amniotic fluid around the fetus. It consists of a single 
cuboidal epithelium overlying a basement membrane. The 
basement membrane contains collagen (types 4 and 7), 
laminin (types 1 and 5), and fibronectin which provide 
a bed for extension of the native corneal epithelial cells 
over the membrane.74 Beneath the basement membrane, 
the so-called stroma, is cellular connective tissue that 
supports the epithelium and produces multiple growth 
factors that are essential for the proliferation and mainte
nance of corneal stem cells while inhibiting the production 
of fibrotic tissue by local fibroblasts.75 Furthermore, it has 
been demonstrated that amniotic membrane possesses anti- 
angiogenic, anti-inflammatory, anti-protease, and anti- 
microbial characteristics which are postulated to result 
from local modulation of signaling pathways.75–78

Amniotic membrane may be transplanted as single or 
multiple layers and with the stromal side up or down. It 
may be sutured or attached by tissue adhesives onto the 
overlying ocular surface.8 It may be used as a permanent 
graft which is left indefinitely or as a transient support that 
is removed following stabilization of the ocular surface. It 
may cover the whole ocular surface, the fornices, and the 
lid margins or only cover the de-epithelialized area. 
Amniotic membrane may be attached to a polycarbonate 
ring (PROKERA [Bio-Tissue, Inc., Miami, USA]) and 
inserted over the ocular surface in the office under topical 
anesthesia.79 Amniotic membrane may be left uncovered 
or under a bandage contact lens for a long time.80

Many human studies have demonstrated the benefits of 
AMT. Patient satisfaction was increased due to the reduction 
of pain, photophobia, and epiphora.47,80,81 Symptomatic 
relief was more common after acid burns in comparison to 
alkali burns.

Although some authors have reported improvement of 
visual acuity especially in lower grades,80–82 randomized 
clinical trials have failed to prove such findings.47,83 

Conversely, some studies reported poorer visual outcomes 
after AMT.84–86

Two randomized clinical studies have shown faster 
epithelialization of the ocular surface. Sharma et al com
pared AMT with conventional treatment in patients with 
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mild to moderate chemical burns and found faster 
healing.47 Tamhane et al compared adjuvant AMT or 
umbilical cord serum and reported superiority over tradi
tional treatment alone.86 Despite the improvement in 
epithelial reconstruction, the results are not predictable. It 
may take as long as a week or it may take several months 
to observe a smooth epithelialized ocular surface.8 The re- 
epithelialization is found to occur faster in lower grades 
and suture-less techniques.80,86,87

Symblepharon was found to be less common after 
AMT compared to conventional medical treatment. 
Nonetheless, the efficacy of AMT may be reduced in 
higher grades and with sutured techniques.83,87

The AMT is very popular in current clinical practice and 
many authors recommend it immediately in the acute stage of 
grades III to VI Dua’s classification.8 Despite all its benefits, 
AMT has been shown to fail in some studies.81,86,88,89 

Persistent epithelial defect may remain and may require 
repeat AMT.79,81 It is also less predictable in grades IV to 
VI Dua’s classification. Finally, results of a systematic 
review published in 2012 by Clare et al demonstrated that 
AMT in the first week post-chemical burn did not have 
sufficient high-quality evidence.90

Tenonplasty
In cases with severe chemical burns where limbal vas
culature is significantly compromised, tenoplasty or 
tenonplasty remains a logical approach. Originally 
described by Teping et al in 1989, this procedure 
includes sufficient debridement of necrotic tissues, fol
lowed by the advancement of the remaining healthy 
Tenon’s capsule adjacent to the limbus.91 This may be 
sutured alone or combined with AMT or may be aug
mented with tissue adhesives.92,93 The goal is to provide 
the ischemic limbus with healthy vascular connective 
tissue thus preventing anterior segment necrosis and/or 
corneoscleral ulceration and melting while tissue repair 
and wound healing are promoted. In a series of 6 patients 
with severe chemical burns (Dua’s classification V and 
VI), we performed selectively localized tenoplasty in the 
first week based on anterior segment fluorescein angio
graphy (FA) findings. The repeat FA demonstrated that 
reperfusion had occurred in all patients.94

Debridement of Necrotic Tissue
Obviously, necrotic tissue is a source of attracting immune 
cells and augmenting tissue instability. Therefore, it is 
prudent to remove devitalized tissues.8

Limbal Stem-Cell Transplantation (LSCT)
Limbal stem cell deficiency (LSCD) is a disabling long- 
term complication of ocular chemical burn. It may be 
partial or total; center-involving or non-center- 
involving.73 The sequelae include conjunctivalization of 
the cornea, recurrent epithelial erosions, scars, persistent 
epithelial defects, ulcers, melting, and perforations.95

LSCT is an option when the corneal conjunctivalization 
is total or center-involving.96–98 As inflammation is detri
mental to a successful transplant, it is wise to wait until the 
inflammation has been perfectly controlled. Correction of 
structural abnormalities such as symblepharon or cicatricial 
entropion and/or ectropion take priority over LSCT.99,100

In unilateral cases, the healthy eye is used to acquire 
conjunctival limbal autograft (CLAU) which brings about 
excellent outcomes in terms of re-epithelialization and visual 
acuity, as described originally by Pellegrini et al.101–103 If 
bilateral but asymmetric involvement is the case, cultivated 
limbal epithelial transplantation (CLET) is an option.104–106

When bilateral LSCD is severe and symmetric, limbal 
stem-cells can be harvested from allograft donors either as 
living-related conjunctival limbal allograft (lr-CLAL) or 
keratolimbal allograft (KLAL).107–111 The former is 
obtained from a first-degree relative which also provides 
healthy conjunctival tissue to replace the recipient’s 
defects, but the number of stem-cells obtained by this 
technique is relatively small. The latter is obtained from 
a cadaver with more technical ease and more stem-cells 
available.111,112 All allografts need systemic immunosup
pression and a multidisciplinary medical team if rejection 
and side effects are to be prevented.113,114

Keratoplasty and Keratoprosthesis
Corneal transplantation is considered for those with visually 
significant stromal scars and perforations. Both penetrating 
keratoplasty (PK) and deep anterior lamellar keratoplasty 
(DALK) are acceptable but the latter is a better option due 
to the lesser chance of rejection.115 Keratoplasty may be 
performed alone or in combination with AMT. Keratoplasty 
should not be scheduled if LSCT is anticipated.116 It is 
advised to delay keratoplasty for at least three months after 
LSCT. This approach is proposed to increase graft survival in 
chemical burn patients.117 An exception is when a large 
perforation is encountered so that urgent tectonic graft is 
required to provide support. The fate of the graft in such 
cases is failure.8 Larger corneoscleral grafts are preferable 
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because they may provide limbal stem-cells in addition to 
tectonic support.118,119

Keratoprosthesis is indicated when multiple kerato
plasty procedures have failed and the chance of a new 
successful keratoplasty is extremely low.120,121 In patients 
with minimal tear production, Boston type 1 keratoprosth
esis (B1-KPro) may be tolerated especially in combination 
with LSCT and other reconstructive procedures.122 Finally, 
in extremely dry eyes or severe surface keratinization, or 
select cases with non-functional lids, Boston type 2 (B2- 
KPro), or osteo-odonto-keratoprosthesis (OOKP) may be 
recommended as a salvage treatment.123,124

Miscellaneous Therapies
Oxygen Therapy
Administration of hyperbaric oxygen has yielded contra
dicting results in animal models of ocular chemical 
burn.125,126 A human study reported that 100% oxygen 
administered for 1 hour every 12 hours resulted in faster 
epithelialization and resolution of limbal ischemia in com
parison to the control group.127

Tissue Adhesives
If a small corneal perforation (<3 mm) occurs at any stage of 
a chemical burn, fibrin glue and cyanoacrylate adhesive may 
be applied to close the site of perforation. The fibrin glue 
is preferred as it induces less inflammation and 
vascularization.128–130 If the cornea has not been perforated 
but the thinning is severe, cyanoacrylate adhesive with over
lying bandage contact lens may provide support and prevent 
melting.8 It may be left in place until it dislodges sponta
neously, or it may be peeled off after enough neovasculariza
tion has ensured corneal stability. Tissue adhesives have been 
used with AMT successfully.131

Anti-Angiogenic Therapy
Inflammation results in elevation of numerous angiogenic 
factors that end in corneal neovascularization unless they 
are subsided.132 Angiogenesis not only impairs visual 
acuity but also increases the risk of corneal graft rejections 
due to disturbance of the immune privilege mechanisms.132 

Multiple agents including anti-vascular endothelial growth 
factors (ANTI-VEGF) have been tried in animal and human 
studies.62,133–137 However, their clinical correlation needs 
further studies. However, in severe burns, we paradoxically 
like to enhance angiogenesis for fear of perforation in 
ischemic areas.

Conclusion
An ocular chemical burn is an ophthalmic emergency. 
Treatment should be started immediately at the scene of 
the accident with continued irrigation. Proper management 
requires the promotion of epithelialization, suppression of 
inflammation, and prevention of complications. Artificial 
tears, topical steroid therapy, ascorbate, and biological med
ications are the mainstay of treatment. AMT at an early stage 
reduces inflammation, supports stroma, and provides a bed 
for expansion of epithelial tissue. LSCT is a valuable option 
when corneal conjunctivalization is extensive. Finally, kera
toplasty may be considered to improve visual function.

In our center, after proper management of the immedi
ate stage, we classify patients according to Dua classifica
tion. Treatment of acute stage for grade I and II chemical 
burns includes frequent lubrication, topical corticosteroids, 
topical antibiotics, systemic doxycycline, and systemic 
vitamin C. Topical medications are prescribed as preserva
tive-free preparations. Patients are advised to return within 
48 hours for a follow-up visit.

For burns classified as grade III, we recommend fre
quent administration of autologous serum 20% in addition 
to the standard treatment. Patients are advised to choose 
between hospitalization or outpatient management. If they 
choose the latter, daily follow-up visits are scheduled.

For burns classified as grades IV to VI, we recommend 
AMT with or without tenonplasty in addition to the afore
mentioned therapies. It is highly recommended that these 
patients continue their treatment in an inpatient setting.
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