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Abstract

Purpose: Mustard gas (MG) is a potent blistering and alkylating agent that has been used for 

military and terrorism purposes. Ocular surface injuries are common after exposure to MG. This 

review provides an update on the pathophysiology, ocular surface complications, and treatment 

options for MG-related ocular injuries.

Methods: Required information was obtained by reviewing various databases such as Cochrane 

Library, Google Scholar, and PubMed until March 2022. Data were collected by using keywords: 

“mustard gas” OR “sulfur mustard” AND “eye” OR “cornea” OR “ocular complication” OR 

“keratitis” OR “keratopathy” OR “limbal stem cell deficiency” OR “dry eye”.

Results: Chronic intracellular toxicity, inflammation, and ischemia have been shown to play an 

essential role in the pathogenesis of MG injury. Ocular surface injuries can have acute, chronic, 

and most distinctly a delayed-onset presentation leading to various degrees of limbal stem cell 

deficiency. To date, no treatment has been agreed upon as the standard treatment for chronic/

delayed-onset MG keratopathy. Based on the authors’ experience, we propose a management 

algorithm for MG-related ocular surface injuries involving optimization of ocular health, anti-

inflammatory therapy, and if needed surgical interventions. The management of chronic and 

delayed-onset presentation remains challenging.

Conclusion: MG keratopathy is a unique form of chemical injury which can lead to a range of 

ocular surface pathologies. Long-term anti-inflammatory therapy even in patients with seemingly 
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mild disease may potentially reduce the likelihood of the development of more severe delayed-

onset disease.
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Introduction

Mustard gas (MG) is a blistering and alkylating agent. Thousands of people were poisoned 

with MG during World War I and the Iran-Iraq War1, 2. The mustard agent has two chemical 

forms: the sulfur analog (sulfur mustard or 2,2-dichlorodiethyl sulfide; SM) applied as a 

chemical weapon, and the nitrogen analogs used previously for the treatment of cancer3 and 

in experimental models.

Mustard gas is highly lipophilic and quickly penetrates the epithelial lining of tissues. 

Damage to the cell membrane, DNA cross-linking, the release of inflammatory cytokines, 

and oxidative stress result in various acute and chronic ocular, cutaneous and respiratory 

injuries4. It can lead to fluid-filled blisters and skin erythema, followed by permanent 

disfiguration by dermal scarring and hypo- and hyper-pigmentation. Lung injuries can lead 

to chronic bronchitis, bronchiectasis, interstitial lung disease, asthma, and emphysema4.

The cornea is 10-fold more susceptible to MG-related injury than the skin and the lungs 

due to its exposure to the environment and high turnover of epithelial cells. It was reported 

that between 75%−90% of victims have ocular symptoms5. The dosage and duration of 

exposure, in addition to factors related to the host, determine the severity of the damage. 

There is a wide range of ocular surface complications resulting in vision loss5. This review 

provides an update on the pathophysiology, ocular surface complications, and treatment 

options for MG-related ocular injuries.

Methods

We collected the required information by reviewing various digital databases such as 

Cochrane Library, Google Scholar, and PubMed/Medline up to March 2022. Data were 

collected by using keywords: “mustard gas” OR “sulfur mustard” AND “eye” OR 

“cornea” OR “ocular complication” OR “keratitis” OR “keratopathy” OR “limbal stem 

cell deficiency” OR “dry eye”. No limitations on publication status and study design were 

imposed. Only articles in peer-review English language journals were included. The most 

relevant articles were selected and reviewed. The reference list of eligible research was also 

searched for additional resources.

Results

1. Pathophysiology of mustard gas-related injuries

The ocular damage caused by exposure to SM is multifactorial. Given its lipophilicity, 

mustard agent is rapidly absorbed through the tear film and ocular surface epithelium, where 
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it has alkylating, mutagenic, and cytotoxic effects. The high metabolic activity of the cornea 

increases its vulnerability to damage through the various mechanisms described below 2, 6.

1.1 Alkylation of nucleic acids and proteins—Mustard agents are known alkylating 

agents. This, in turn activates secondary signaling such as poly (ADP-ribose) polymerase 

(PARP), which can deplete nicotinic adenine dinucleotide (NAD)7. Cellular depletion of 

NAD inhibits glycolysis, followed by upregulation of the hexose-monophosphate shunt and 

release of tissue proteases which can cause cell necrosis and blistering7.

1.2 Apoptosis induction—SM can activate both intrinsic and extrinsic signaling 

pathways that induce apoptosis. DNA breaks lead to cell death. Additionally, increased 

intracellular calcium levels due to homeostasis impairments may result in upregulation of 

calmodulin, an increase in nitric oxide synthetase, and activation of endonuclease, ultimately 

activating mitochondrial apoptotic pathways. Mitochondrial DNA alkylation causes cell 

death by releasing cytochrome C and activating caspase 9. Activation of Fas receptor and 

death receptors by SM and subsequent stimulation of caspase signaling cascade induce 

apoptosis8.

1.3 Oxidative stress—SM can, directly and indirectly, lead to increased cellular 

oxidative stress. Increasing oxidative stress is evident in the presence of peroxidized lipid 

products and proteins. A 30-fold rise in Cu levels and diminished ascorbic acid in the 

anterior chamber (AC) are other indicators of oxidative stress following exposure to MG9. 

MG can directly inhibit the cellular respiratory enzymes and lead to glutathione (GSH) 

depletion9.

1.4 Tissue inflammation—Dysregulation of the immunological system following MG 

exposure has been studied. SM activates the activator protein-1 and Nuclear Factor-kappa 

B (NF-κB). It also stimulates cyclooxygenase-2 (COX-2) and matrix metalloproteinases 

(MMP), leading to the release of inflammatory mediators, cytokines, prostaglandins, and 

serine proteases10, 11.

Serum concentrations of interleukin (IL)-1α and Fas Ligand (FasL) in SM-exposed veterans 

with severe eye injuries were remarkably elevated compared to the healthy control group. 

Serum and tear levels of tumor necrosis factor-alpha (TNF-α) were lower in cases than 

in controls10, 11. A study on eye injuries secondary to SM showed the association of 

alterations in serum immunoglobulin levels, especially IgG1 and IgG2, with some ocular 

abnormalities12. Ghazanfari et al. stated that the level of IL-8/CXCL8 in tear film was 

associated with the intensity of ocular surface injuries13. The higher levels of soluble 

intercellular adhesion molecule 1 (ICAM-1) and changes in levels of selectins in serum 

of individuals with severe eye injuries caused by SM were previously demonstrated as a 

regulatory defense mechanism against the ocular damage by SM14–16. Higher serum MMP-9 

in SM-exposed patients with ocular problems was also reported17.

2. Mustard gas-related ocular surface disorders

MG-induced ocular surface disorders are divided into three main categories: Acute ocular 

lesions that occur within hours of chemical exposure, chronic disease which persists for 
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years, and late-onset disease, which occurs in patients who are symptom-free for years and 

then develop ocular complications.

2.1 Acute ocular injury

2.1.1 Acute ocular manifestations: Most victims will show at least some degrees of 

ocular surface toxicity. Generally, there is a latent period of approximately 1–6 hours before 

developing ocular symptoms and signs following MG exposure. The duration and level of 

exposure to MG are determining factors of severity in the acute stage18.

The primary lesions are subdivided into three groups based on the severity, as shown in 

table 119, 20. The most common acute ocular manifestations are conjunctivitis (in 75% of 

patients) and photophobia21. In mild cases, the cornea is usually spared. Moderate exposure 

usually involves the cornea. Loosening of the corneal epithelial layer and impairment of 

its barrier function may result in superficial punctate keratitis, corneal abrasion, corneal 

infiltration, and even perforation (Figure 1). There are reports of bacterial superinfection 

with Pseudomonas aeruginosa22. An orange peel appearance due to surface irregularity and 

stromal edema could be observed, which usually does not stain with the fluorescein. High 

dose exposure would additionally result in systemic toxicity (respiratory, gastrointestinal, 

and skin) and necrosis and ischemia of interpalpebral conjunctiva and deep corneal and 

limbal involvement. Anterior uveitis, posterior synechia, cataract, and full-thickness corneal 

damage are possible in doses higher than 200 mg/min/m3. Transient intraocular pressure 

(IOP) elevation could be expected in severe cases23. Most mild to moderate injuries resolve 

completely24..

2.1.2 Pathologic findings in acute ocular lesions: Light microscopy may show epithelial 

denudation, stromal edema, and cellular infiltration (particularly eosinophils) within 48 

hours after exposure. Corneal free nerve endings are exposed in the sites of epithelial loss. 

The epithelium starts to regenerate after three days25. Using electron microscopy, another 

study revealed a centripetal endothelial injury on the first day of exposure26. Damage 

to vascular endothelium and occlusion of conjunctival vessels accompanied by a severe 

decrease in density of conjunctival goblet cells are seen in moderate toxicities7, 27.

2.2 Chronic Ocular Disease

2.2.1 Mechanism of chronic injury: Chronic complications can deteriorate the ocular 

surface and cause progressive visual impairment due to ongoing inflammation. However, it 

may be misleading that, secondary to vascular necrosis, the eye can appear quiet on slit lamp 

examination7, 28.

2.2.2 Chronic ocular manifestations: Ocular findings of the late phase of MG-related eye 

injuries are classified into three categories: mild, moderate, and severe, as summarized in 

Table 2; however, the spectrum of disease is continuous and complete distinction is difficult. 

We previously introduced a practical approach for determining the severity of ocular surface 

involvement. The mild form is defined by changes such as tortuosity, telangiectasia, and 

segmentation of conjunctival blood vessels with a clear cornea. The moderate form is 

characterized by limbal ischemia and invasion of vessels to the corneal periphery with or 
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without corneal opacification. Corneal thinning or melting due to severe limbal ischemia and 

moderate to severe limbal stem cell deficiency are considered as severe forms7, 22, 29–33.

Blepharitis, decreased tear meniscus, thickening of the eyelid margin, and meibomian gland 

dysfunction are associated with an increased risk of progression to more severe ocular 

problems31. Alterations in microbiological flora of the ocular surface, likely due to immune 

dysregulation, were also reported34, 35.

Chronic conjunctival inflammation, ischemia, and hemorrhage are signs of chronic 

vasculitis36.

One prominent feature of MGK is limbal stem cell deficiency (LSCD)7. The presence of 

prolonged inflammation and MMPs stimulation, accompanied by compromised innervation, 

abnormal increase in corneal calcitonin gene-related peptide (CGRP), perilimbal ischemia 

and low levels of growth factors have been described as possible mechanisms37. DNA injury 

results in decreased ability of epithelial cell repopulation and subsequent persistent epithelial 

defects38. In one study, impression cytology in MGK revealed at least one quadrant of 

LSCD in all patients29. The pattern of LSCD is different from chemical burns. It is usually 

bilateral, partial, and asymmetric between the two eyes. Damage is more pronounced in 

interpalpebral area. The superior and inferior regions are mostly spared due to eyelid 

protection7. In our experience, stem cell deficiency in MGK is progressive like congenital 

stem cell diseases and despite other chemical burns; this would complicate treatment (Table 

3).

2.3 Delayed-onset ocular manifestation—Victims can present with ocular 

manifestations after a long asymptomatic period. There have been reports of delayed 

ocular complications as late as 40 years following the first exposure (usually 10–15 years 

before presentation)22. Less than 1% of mustard victims in World War I developed delayed 

keratitis2. The extent of ocular involvement is usually asymmetric between the two eyes. 

The pathophysiology of late-onset manifestations may be related to cytotoxic effects, long-

standing inflammation, and ischemia. There may be a significant overlap between chronic 

and delayed onset manifestations39.

A variety of corneal lesions are described. A marbled appearance is seen in the limbal 

area in the early stages39 (Figure 2). A distinct type of vascularization consisting of 

varicose and ampulliform leaky vessels surrounding the perilimbal ischemic regions with 

blood islands may be present40. Because the eyelid protects the superior portion of the 

cornea in the acute phase, corneal manifestations mainly involve the nasal and temporal 

sides (Figure 3)41. Recurrent corneal ulceration often has an unpredictable course of 

exacerbation and remission and gradually involves deeper and more central cornea. Corneal 

neovascularization is an unfavorable prognostic factor in MGK22. We have observed more 

amyloidosis and lipid keratopathy cases in MGK, which could be due to leaky tortuous 

vascular abnormality and vasculitis due to long-standing inflammation and cellular toxicity. 

Corneal biomechanical properties in MGK indicate reduced corneal stiffness42.
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Corneal melt secondary to limbal infiltration has a similar appearance to Mooren’s ulcer22 

(Figure 2). Corneal perforation and phthisis bulbi are reported in a minority of very severe 

injuries.

2.3.1 Pathologic findings in chronic and delayed-onset ocular lesions: The pathologic 

findings in chronic and delayed-onset injuries include thinning/thickening of corneal 

epithelium, chronic inflammation, conjunctivalization, reduced number of conjunctival 

goblet cells, telangiectasis, vasculitis, scarring in substantia propria, dilated lymphatics, 

and amyloid and lipid depositions. Mild-to-moderate corneal squamous metaplasia might 

be a diagnostic factor for mild or subclinical limbal stem cell deficiency30 (Figure 4). 

Conjunctival cytology is helpful in the detection of conjunctival dysplasia43. Similar changes 

in the endothelial cells as well as Descemet’s membrane were previously demonstrated44. 

Ongoing necrosis of basal and suprabasal corneal epithelial cells and the degeneration of 

the basal lamina are two critical early sequelae in MGK38. Damage to the corneal basement 

membrane and cytoplasmic vacuolization can be visualized using electron microscopy30, 45. 

Routine biopsy or impression cytology is not recommended unless with surgical procedures 

in patients with diagnostic dilemmas.

Kanavi et al. found that there was more severe damage in anterior corneal layers, although 

all corneal layers were affected to some degree27.

2.3.2 Confocal microscopy in chronic and delayed-onset ocular lesions: Confocal 

scanning demonstrates abnormal findings in all corneal layers. The epithelial and basal 

epithelial cells are damaged with irregular high contrast boundaries. The keratocytes show 

pleomorphic change and a significant decrease in density. Spindle-like keratocytes and 

diffuse fibrillary inhomogeneities are reported in the anterior stroma. Foci of stromal 

necrosis are visible as intrastromal hyperreflective microdots. Also, the endothelial cells 

may be damaged41, 46, 47.

3. Treatment

3.1. Management of acute ocular injury—No specific treatment is available to 

prevent or reverse mustard gas keratopathy. Mustard gas injuries are dose dependent. Hence, 

instantaneous corneal rinsing following exposure is critical48.

Acute phase injuries can be treated as classic chemical burn; mainly offering symptomatic 

therapy and control of inflammation with daily ocular irrigation, lubricants, topical 

antibiotics, mydriatics, topical anti-glaucoma agents (in patients with high IOP), contact 

lenses, and anti-inflammatory eye drops7. However, serious concerns have been raised about 

the long-term use of steroids49–52. Also, the role of lubrication without prior irrigation in the 

clinic is controversial since it may release mustard particles entrapped beneath the eyelids. 

Some authors do not recommend ocular bandage lenses due to the potential effect on 

corneal temperature and accelerated toxicity39. We have not observed any cases of toxicity 

or infective keratitis patients treated with bandage contact lens and topical antibiotics. 

Although the application of Petroleum-based lubricating ointments should be delayed due to 

the risk of mustard concentration in this oily agent53. In our experience, there is less chance 
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for glaucoma, symblepharon and adnexal problems in MGK patients compared to routine 

chemical burns.

Amniotic membrane transplantation alone or combined with other procedures may be 

beneficial54–58. Punctal occlusion and tarsorrhaphy can also be used for dry eye symptoms 

and ocular surface disturbance59, 60 (Figure 5).

3.2. Management of chronic/ late-onset ocular complications—Management of 

the chronic/late-onset complications of MGK is controversial and several interventions 

should be carefully considered to address dry eyes, blepharitis, corneal thinning or opacity, 

lipid or amyloid deposits, and stem cell deficiency59. Jadidi et al.61, 62 found that topical 

cyclosporine A 0.05% could decrease tear osmolarity and improve dry eye symptoms 

as well as goblet cell density. In our experience, managing dry eye and blepharitis is 

fundamental in these cases, even more critical than routine chemical burns. A well-operated 

keratoplasty in cases of localized opacity could be easily failed if tear film problems are 

neglected during the management. Punctal occlusion or tarsorrhaphy would be essential for 

managing dry eye before considering any keratoplasty.

It appears that combination of corticosteroids and non-steroidal anti-inflammatory drugs 

(NSAIDs) is more effective than using a single agent for corneal neovascularization50, 51. 

There are some reports about the efficacy of topical doxycycline in preventing 

neovascularization51, 63, 64 and also topical or subconjunctival administration of anti-VEGF 

agents may be useful65, 66. The effect of fine-needle diathermy and photodynamic therapy is 

unpredictable67.

Besides frequent lubrication7 and prophylactic topical antibiotics, autologous serum, 

platelet-rich plasma eye drops (E-PRP), or autologous platelet-rich plasma enriched with 

growth factors are potential options for improving corneal healing in persistent epithelial 

defects (PED)19, 68, 69. Cultured stem cells from bone marrow, adipose tissue, umbilical 

cord, and orbital fat are some of the emerging therapies under investigation 7, 67, 70, 71. 

Topical thymosin ß-4 may effectively improve corneal healing72. A recent report showed 

that curcumin was effective in the treatment of ocular lesions73.

Corneal thinning, scarring, and degeneration in the visual axis necessitate optical corneal 

grafting including lamellar and penetrating keratoplasty. It was shown that in most cases 

with corneal involvement, the damage was limited to the anterior cornea57. So, lamellar 

keratoplasty is a suitable alternative option74. It seems that performing conventional lamellar 

keratoplasty or Melles technique is more suitable for these cases rather than using Anwar 

big-bubble technique, since making a proper big bubble in mustard gas keratopathy is hardly 

achievable due to malformed corneal structure27, 74. Penetrating keratoplasty can be an 

option for late stages when full thickness of the cornea is involved. The risk of graft failure 

in such cases is considerably high due to prolonged inflammation, neovascularization, 

perilimbal ischemia, and stem cell deficiency75, 76.

In cases with severe limbal ischemia and stem cell deficiency, limbal stem cell 

transplantation with the least possible manipulation of healthy cells is needed. Since the 
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injury is bilateral in almost all cases, the available options are limited to transplantation 

of allogeneic stem cells, whether living-related conjunctival limbal allograft (lr-CLAL) or 

keratolimbal allograft (KLAL). Although an acceptable success rate has been reported for 

lr-CLAL, advantages of the KLAL include containing more stem cells and simultaneous 

resolving of scleral and peripheral corneal injury57, 59, 74, 77–79. In a study by Javadi et 

al.59 the outcomes achieved with KLAL were better than those achieved with lr-CLAL. 

Due to its availability and the load of stem cells which can be harvested, KLAL has 

priority. We showed that complete 360-degree transplantation is unnecessary and sectoral 

KLAL/lr-CLAL in areas with the most severe injury seems to be adequate7, 57. Debridement 

of ischemic perilimbal area followed by advancement of normal conjunctiva has been 

previously used in some of our patients with severe compromised limbal vasculature and 

it might be a potential beneficial procedure in MG-related LSCD.

A remarkable number of patients required both simultaneous or staged limbal stem cell 

transplantation and keratoplasty. It was reported that simultaneous versus staged approach 

had no significant differences in terms of visual and refractive outcomes or graft survival74. 

However, outcomes of stem cell transplantations were better in the simultaneous cases74. In 

contrast, some studies have shown worse outcomes with simultaneous surgeries76, 79. Some 

experts recommend that keratoplasty should be performed at least 3 months after limbal 

stem cell transplantation to have a less inflamed eye57. On the other hand, fewer operations 

and anesthesia, less antigen load to the host’s immune system, and shorter duration of oral 

steroid therapy are advantages of simultaneous strategy74. Recurrence after keratoplasty 

is possible (Figure 4). In our experience, stem cell deficiency in MGK is mostly partial; 

thus, a lamellar or penetrating keratoplasty is preferred to limbal stem cell transplantation 

which may be more invasive and require systemic immunosuppression. In cases that limbal 

stem cell transplantation is inevitable, we usually recommend KLAL in one session with 

one donor for both stem cell transplantation and keratoplasty and tapering off the systemic 

immunosuppression after 18 months following transplantation. Topical immunosuppressive 

agents such as cyclosporine plus systemic doxycycline or minocycline are used to control 

the long-standing inflammation in these cases.

Mustard gas can have a direct pain-stimulating effect on corneal nerves. Hence, cutting 

the nerves during autorotation keratoplasty may lead to pain relief80. The presence of 

necrotic tissue may irritate corneal nerves and cause pain. This may explain the efficiency of 

debridement of necrotic tissue81.

3.3 Treatment algorithm—We provide algorithms for managing MG-related ocular 

surface disease during acute and chronic phases after the injury (Figures 6&7). Stepwise 

management is recommended to avoid complications of more complex procedures in milder 

forms of injury. Management of dry eye disease is extremely important81–83.

3.4 Experimental approaches and future directions—Topical diltiazem was 

effective in preventing IOP rise and congestion in rabbits84. Also, using MMP inhibitors 

such as doxycycline for eight weeks may be helpful in decreasing acute and late phase 

damages. Doxycycline drops seem to be more effective in improving corneal edema, 

whereas hydrogels significantly reduce neovascularization49. Topical iron-chelating agents 
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may lead to faster corneal epithelialization, lower rates of corneal opacification and 

neovascularization, cataract, PS formation, and inflammation, and also better IOP control 

in animal models85. The combination of desferrioxamine-zinc with dexamethasone had 

additive effects86.

Recently, a mixture of topical eye drops, including ketorolac, suberoylanilide hydroxamic 

acid, enalapril, and vitamin C, has been formulated to attenuate mustard gas-related 

ophthalmic injuries in animal models48. It was found tolerable and effective for 

improving central corneal thickness, Schirmer’s test result, corneal edema and haze, and 

inflammation48. Several studies are available on the role of biological products in the 

treatment of MGK54. A combination of epidermal growth factor (EGF) with corneal 

collagen membrane (CCS) and fibronectin (FN) enhance attachment of the corneal 

epithelium to the basement membrane and improve epithelial cell migration in rabbits87. 

In another animal study, in cases treated with fibronectin, corneal epithelial healing 

was better and the breakage rate was lower than in the controls. An in vivo study 

reported resolving corneal injuries with a combination of dexamethasone, doxycycline, and 

silibinin63. Basic fibroblast growth factor was highly effective in improving the healing 

process in rabbits’ cornea88. Fagerholm et al. introduced recombinant human collagen as a 

promising safe material for partial regeneration of sub-basal nerves89. Antioxidants such as 

N-acetylcysteine and curcumin may help reduce oxidative damage in both acute and chronic 

phases72.

Recent studies on the signaling pathways and factors involved in late manifestations of SM-

related ocular injuries may help scientists develop novel biological therapies that specifically 

target these pathways90, 91. Suberoylanilide hydroxamic acid is used to reduce transforming 

growth factor β1 (TGF-β1) signaling pathways and decreases corneal haze by decreasing 

myofibroblast production. Enalapril, an angiotensin-converting enzyme (ACE) inhibitor has 

antioxidant properties and reduces TGF-β1 expression48. A new investigational product, 

INV-102 is a topical preparation that modulates the activity of p53, and could be an 

effective treatment for ocular conditions associated with DNA damage including delayed 

eye injury after SM exposure36. Another new hypothesis is that hypercitrullination is critical 

in nitrogen mustard injury by causing chronic glial reactivity and fibrosis. Peptide arginine 

deiminase (PAD4) is an enzyme discovered to be involved in hypercitrullination. Small 

molecule inhibitors against PAD4 and gene therapy to turn off PAD4 production are under 

investigation for possible use in MG-related eye injury72,92.

Developing new technologies for cultivating stem cells would be helpful but 

still expensive92. Mesenchymal stem cells (MSCs) have regenerative potential, 

immunomodulatory and anti-scarring effects and are more resistant to SM compared to 

epithelial cells. MSC transplant may represent a new modality that can be used for 

promoting corneal healing and reconstruction of the ocular surface in advanced injuries54, 93.

Conclusion

Ocular surface tissues are highly susceptible to mustard gas-related damage. Irreversible 

and vision-threatening ocular surface injuries could occur following severe exposures. 
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The pathophysiology involves DNA and microstructural involvement, oxidative stress and 

inflammation. There are various medical and surgical treatment options available based 

on the severity and phase of injury. Timely management is critical in preventing the 

sight-threatening sequelae. Overall, although management of acute phase MGK is similar 

to routine cases of chemical burn, chronic/ delayed-onset MGK is more complicated. No 

specific treatment has been proposed for late-onset disease; however, the treatment of dry 

eye disease is of utmost importance in these patients. Chronic uncontrolled ocular surface 

inflammation likely leads to the progression of the disease. Therefore, we recommend 

regular use of anti-inflammatory therapies such as topical cyclosporine as well as oral agents 

such as doxycycline/minocycline.
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Figure 1. 
Acute phase of mustard gas-induced ocular surface disorders. a. Chemosis and conjunctival 

injection. b. Corneal epithelial sloughing.
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Figure 2. 
Delayed-onset phase of mustard gas-induced ocular surface disorders. a. Telangiectatic 

ampulliform leaky vessels with peripheral corneal thinning and lipid deposition. b. A patch 

of inferior corneal thinning and intrastromal lipid and amyloid deposits. c. Corneal surface 

irregularity, thinning and peripheral corneal infiltration. d. Peripheral corneal melt (healed) 

following MGK similar to a Mooren’s ulcer.
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Figure 3. 
Interpalpebral involvement in MGK.
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Figure 4. 
Histopathological findings of MGK. a. H&E staining x 400, irregular attenuated 

epithelium, disruption of Bowman’s membrane, subepithelial amorphous hyalinized 

material, intrastromal vascular channels, paucity of keratocytes. b. H&E staining x 

200, denuded epithelium, multiple vascular channels, degenerated collagen fibers. c. 
H&E staining x 400, amorphous subepithelial hyalinized material with epithelial islands, 

disruption of Bowman’s membrane, spheroidal degeneration, paucity of keratocytes.
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Figure 5. 
Advanced cases of MGK. a. Tarsorrhaphy in a 55-year-old man who was suffering from 

chronic MGK with severe corneal opacity and conjunctivalization. b. Amniotic membrane 

transplantation in a 61-year-old man with persistent epithelial defect and peripheral thinning. 

c. Recurrence of MGK after penetrating keratoplasty showing peripheral corneal thinning.
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Figure 6. 
Summary of the management of acute ocular injury by mustard gas.
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Figure 7. 
Summary of the management of chronic ocular injury by mustard gas (NSAID: Non-

steroidal anti-inflammatory drugs; VEGF: vascular endothelial growth factor; LSCD: limbal 

stem cell deficiency).
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Table 1.

Summary of dose-related acute eye injuries following mustard gas exposure.

Severity of 
injury

Dosage Signs and symptoms Time of onset of symptoms 
after exposure

Resolution

Mild <80 mg/min/m3  • Eyelid swelling
• Eye redness
• Ocular discomfort

4–24 hours Few days to couple of 
weeks

Moderate 100–200 mg/min/m3  • Pain
• Blepharospasm
• Edematous cornea
• Corneal bullae formation
• Transient loss of vision
• Photophobia
• Chemosis
• Blepharitis

3–6 hours 2–6 weeks

Severe >200 mg/min/m3  • Uveitis 
• Iris vasodilation
• Miosis
• Conjunctival and limbal necrosis
• Eyelid necrosis
• Adhesion between eyelids and 
globe
• Corneal ulceration
• Corneal neovascularization 
• Cataract 
• Permanent blindness

Rapid onset Several weeks
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Table 2.

Summary of signs and symptoms of chronic and delayed eye damages following mustard gas exposure.

Severity of 
injury

Signs Symptoms

Mild • MGD
• Blepharitis

• Shortened tear meniscus
• Telangiectatic conjunctival vessels

• Comma-shaped vascular tortuosity in the palpebral fissure area
• Subconjunctival fibrosis, hemorrhage and scarring

• Punctate epithelial erosions

• Photophobia
• Foreign body sensation

• Dry eye
• Lacrimation

• Mild eye redness

Moderate Similar to mild injury plus any of:
• Corneal irregular astigmatism

• Mild to moderate limbal ischemia
• Corneal irregularity

• Peripheral corneal thinning
• Lipoid and amyloid deposits in the corneal periphery

• Neovascularization of peripheral cornea
• Peripheral stromal scars and corneal opacity

• Peripheral intra-stromal hemorrhage
• Decreased corneal sensation

Similar to mild injury plus any of:
• Decreased visual acuity

• Remarkable redness
• Itching

• Pain

Severe Similar to mild and moderate injury plus any of:
• Severe limbal ischemia and limbal stem cell deficiency

• Corneal thinning and opacity
• Central and peripheral corneal vascularization and conjunctivalization

• Central and peripheral stromal band keratopathy and scars
• Central and peripheral intra-stromal hemorrhage

• Descemetocele
• Corneal ulcer

• Corneal melting/perforation
• History of previous corneal and limbal interventions

Similar to mild and moderate injury plus any of:
• Severe photophobia
• Severe vision loss

• Severe pain
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Table 3.

Comparison between disorders secondary to mustard gas and chemical agents.

Mustard gas Chemical injury

Limbal stem cell deficiency Gradual and progressive; mostly, at nasal and temporal 
cornea followed by an extension to the other healthy 

sections

Dependent on the severity and extension of the 
primary insult

Corneal involvement Peripheral involvement may be more common than 
central part

Dependent on the severity and extension of the 
primary insult

Corneal 
neovascularization

Leakage and tortuosity of aberrant vessels are usually 
present.

Leakage and tortuosity of aberrant vessels are less 
common.

Systemic involvement Usually present such as dermatologic, gastrointestinal, 
respiratory, nephrologic, and hematologic disorders

Uncommon

Peri-ocular disorders Uncommon Usually present such as distichiasis, trichiasis, 
entropion, ectropion, symblepharon, and forniceal 

scars and shortening

Dry eye disease Common Common

Recurrence Common Uncommon

Management * Conjunctival advancement to address limbal 
ischemia and peripheral involvement

*It needs careful follow up for any recurrence.
*Benign course of glaucoma usually controlled via 

topical drops

*Performing adnexal reconstruction before ocular 
surface reconstruction and limbal stem cell 

transplantation
*Tenonplasty to address limbal ischemia

* More aggressive and progressive course of 
glaucoma requiring surgical procedures
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