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Background
This presentation is mainly based on the 

experience of Iranian Medical community 
following the 1980s use of Sulphur Mustard 

against Iran



VX?

140 
Tonnes of 

Tabun

1800 
Tonnes of 
Mustard

600 
Tonnes of 

Sarin



HUMAN COST



Dealing with SM exposure is a serious challenge for 

medical responders 

• Latency Period, 

• Unknown Mechanism

• Long Hospitalization 

• Slow Recovery

• Long Term Health Effects 





15 years after exposure
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• Distribution of late toxic effects of SM among 34000 registered CW survivors

42.50%
39.50%

24%

Lung Eye Skin



25 years  after exposure

96.8%

75.5% 72%

• Distribution of late toxic effects of SM among 75000 registered CW survivors



MUSTARD LUNG 
(CLINICAL PATTERN)

Acute:

❑ Severe 
Tracheobronchitis

❑ Pseudo membrane 
formation

❑ Alveolar Hemorrhage

❑ ARDS (Acute 
Respiratory Distress 
Syndrome)

*Mustard gas toxicity: the acute and chronic pathological 

effects.
Ghabili K, Agutter PS, Ghanei M, Ansarin K, Shoja MM. J Appl 
Toxicol. 2010 Oct;30(7):627-43

Late:

❑ COPD
❑ Chronic Bronchitis

❑ Bronchiolitis Obliterans

❑ Bronchiectasis

❑ Tracheomalacia

❑ Bronchomalacia

❑ Bronchospasm

❑ Tracheobronchial stenosis

❑ Fibrosis ??

❑ Organized Pneumonia

❑ CANCER



MUSTARD LUNG (PATHOPHYSIOLOGY)
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❑ Imbalance between Oxidative Stress and anti-oxidants

❑ Inflammation

❑ Proteolysis

❑ Apoptosis
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Airway Stenosis

Credit: Dr. M Ghanei



MUSTARD LUNG: TREATMENT

❑Antioxidants (NAC)

❑Bronchodilators / Corticosteroid Inhalers

❑Macrolide Antibiotics

❑Respiratory Rehabilitation



Mustard Eye (Ocular lesions)

Complicated mechanism / Progressive

▪ Dry eye 

▪ Delayed Keratopathy 

▪ Corneal opacity, ulcer, melting, perforation

▪ Loss of vision



MUSTARD EYE: TREATMENT

Complicated treatment 

❑Medical ( Artificial tear, Lubricants, topical steroid,..)

❑Surgical 

❑ Corneal graft ( Lamellar Keratoplasty / Penetrating K)

❑ Tarsorrhaphy,

❑ Allograft Limbus Transplant - ALT

❑ Stem Cell Transplant - ACT

❑ Amniotic Membrane Transplant - AMT



Late Skin lesions (Mustard Skin)

▪ Dry skin ( damaged sebaceous glands) 

▪ Itching

▪ Pigmentation disorder

▪ Mustard Scar

▪ Other non-specific lesions



MUSTARD SKIN : TREATMENT

▪Local emollients

▪Systemic antihistamines

▪Topical Corticosteroids



Carcinogenicity

* SM has been categorized as Group 1carcinogen to humans by the International Agency for Research on Cancer (IARC)





Disorders in cellular level

▪ DNA damage (Chronic)

▪ DNA damage signaling defect

▪ DNA repair impairment?



▪ Cell cycle: G2/M DNA damage checkpoints and role of proteins in DNA damage/repair pathways (Cell signaling technology, 2010)

Disorders in DNA Repair pathways



Chronic Psychological effects

▪ Poor Quality of Life

*Hashemian F, Khoshnood K, Desai MM, Falahati F, Kasl S, Southwick S. Anxiety, depression, and posttraumatic stress in Iranian 

survivors of chemical warfare. JAMA. 2006 Aug 2;296(5):560-6. doi: 10.1001/jama.296.5.560. PMID: 16882962.

Subjects\ symptom Severe Depressive Symptoms major anxiety symptoms

CW Exposed population 41.2% 64.7%

Conventional weapons 
victims

12% 13%

Non-Exposed to CW or 
war

5.9% 9%



Other complications

▪ Immune system dysfunction

▪ Impaired pathways in cellular level

▪ Infertility?

▪ Congenital malformation?



SUMMARY

✓ SM targets all organs, it has no antidote

✓ Protection is the top priority

✓ Removal of all clothing & Early /full body decon  ASAP is crucial 

✓ Late effects of SM  Injuries are high cost : Medical, Psychological, 
Social, Economic

✓ More in depth studies are needed to understand the mechanism of 
Injury / novel therapeutic methods for such late complications

✓ Medical management of the patients in long term needs a holistic 
approach



Further reading:

www.opcw.org



Thanks for your attention

İlginiz için teşekkür ederiz
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