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1.

Response to the Director-General Request to the Scientific Advisory Board to Provide
Further Advice on Assistance and Protection.

2.

This report contains recommendations addressed to the Technical Secretariat of the
OPCW. It is made available to the public for informational purposes, but was not
meant to be used by the public. All decisions regarding patient care must be made
with a healthcare provider and consider the unique characteristics of each patient.
The information contained in this publication is accurate to the best of the OPCW’s
knowledge; however, neither the OPCW nor the independent experts of the Scientific
Advisory Board assume liability under any circumstances for the correctness or
comprehensiveness of such information or for the consequences of its use.
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Annex
RESPONSE TO THE DIRECTOR-GENERAL REQUEST TO THE SCIENTIFIC
ADVISORY BOARD TO PROVIDE FURTHER ADVICE ON ASSISTANCE AND
PROTECTION
1.

EXECUTIVE SUMMARY

1.1

The Scientific Advisory Board (SAB) has provided further advice on assistance and
protection, with regards to the status of currently available medical countermeasures
and treatments, according to the Director-General’s two specific requests (Appendix,
page 22).

1.2

In reply to the first request, this report recommends to the Technical Secretariat pretreatments, emergency care, and long-term treatments that are currently available for
blister and nerve agents (pages 2-21).

1.3

In reply to the second request, to inform the Technical Secretariat of the most relevant
information sources that can be monitored to keep abreast of new developments in
these areas, this report included over 130 scientific references (pages 23-36), which
can be used as a platform for watching future medical countermeasure developments.

1.4

No further action in response to the two specific requests of the Director-General is
recommended; literature surveillance of new developments in chemical warfare agent
medical countermeasures and treatments will be monitored by the SAB as routine
activity, and any significant advances in this field flagged by the SAB to the
Technical Secretariat.

2.

BLISTER AGENTS (VESICANTS)
Blister agents can be fatal following exposure: they reduce soldiers’ fighting
capability through injury and force them to wear protective equipment. Their use,
especially in thickened form, contaminates soil, vehicles and equipment, and presents
a persistent hazard. Sulfur mustard (HD), nitrogen mustard (HN), arsenical vesicants
(Lewisite, L), and halogenated oximes, are the most common. Their effects on the
body include local and systemic damage (skin, eyes, lungs, mucous membranes, heart,
blood, immune and endocrine system, gastrointestinal and respiratory tract),
psychological disorders, and vomiting and diarrhea after inhalation.

3.

TREATMENT OF MUSTARD LESIONS

3.1

Therapeutic goals are to treat symptoms, prevent infection, and aid recovery. Specific
antidotes are unavailable and new strategies to optimise and expedite healing are
required. Signs and symptoms appear after a delay and the time between exposure
and their development can be used as a triage criterion. The earlier signs and
symptoms present, the poorer the prognosis. Signs and symptoms on skin 1 h after
exposure are frequently associated with lethality. In the symptom-free period,
mustard may persist on clothing, posing a hazard to the patient, medical staff, and first
responders.
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Eye lesions
3.2

Mustard poisoning should be treated with systemic analgesics (narcotics) and not
local analgesics since the latter may increase corneal damage. Infection should be
prevented with antibacterial preparations and mydriatic drugs used for corneal lesions
to prevent adhesion of cornea and iris. The eyes should be irrigated with sterile
isotonic saline and sterile petroleum jelly (Vaseline®) smeared on the eyelids to
prevent sticking. Opaque goggles can be applied, but the eyes should not be covered
with bandages. The cornea can be examined for lesions once the eyelids can be
separated without much pain, using a fluorescein solution and lavage, a green spot
indicating a lesion. Eyelid oedema, blepharospasm, and photophobia occur in severe
injuries. To assure patients that they are not blind, the eyelids should be forced open
gently. Permanent blindness is rare and temporary blindness common. Treatment
involves the use of artificial tears, mydriatic and antiglaucoma drops, ocular
washings, topical antibiotics and corticosteroids.
Skin lesions

3.3

Contamination should be removed before treatment. Red and itching skin should be
treated with water, cooling preparations (calamine lotion) and corticosteroid solutions,
but not with ointments and creams, as these can aid infection. There is no agreement
on whether to de-roof blisters or how best to treat them when open/covered or
dry/wet. When broken, the ragged roof of a blister should be removed to reduce the
chance of infection.

3.4

Therapeutic procedures for acute injury follow those for heat burns: (a) application of
topical antibacterial agents (silver sulfadiazine), (b) bullae smaller than 2 cm should
be left intact, while those > 2 cm should be opened and debrided, (c) blister fluid,
blood and urine samples should be collected and examined forensically, (d) if
infection is suspected, the affected area should be cultured, disinfected with 0.2-0.3%
Chloramine-T solution, and targeted antibiotics or antimicotics given, (e) wet to dry
dressings should be avoided, (f) diuretics should be prescribed (to reverse
hypervolemia), topical steroids applied early, a high calorie and protein diet followed,
and analgesics and antihistamines used. Frequent changes of primary dressing should
be avoided unless infection is suspected.
Respiratory tract lesions

3.5

No treatment is usually required if the injury is light (sore throat). Codeine should be
given for cough relief, while laryngitis and tracheitis is best treated with steam or
sterile cool mist inhalations. Repetitive bronchoscopic lavage may be indicated.
Pseudomembranes can form and detach and cause cardiac arrest. Hospitalisation is
advised for more severe injuries. Antibiotics should be used according to
antibiograms.

4.

Systemic effects

4.1

Replacing loss of fluids and electrolytes and maintaining metabolic status is vital.
Infection should be treated immediately. Sodium thiosulfate can prevent or reduce
systemic damage when given intravenously during the first 20 min of exposure.
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Burns from high doses of fluid and vapour
4.2

Nausea, vomiting and collapse usually appear before complete development of
erythema. The time between exposure to high doses of vapour and appearance of
signs and symptoms may indicate the severity of burns. Systemic reaction correlates
with severity of burns.
Burns from low doses of vapour

4.3

The symptoms and signs are itching, irritation and erythema. Mild burns can result in
more severe burns later and must be treated immediately.
Sensitisation after re-exposure

4.4

Sensitisation, manifest as “re-exposure” burns 1-3 weeks after exposure, leads to a
rapid onset of symptoms such as erythema, possible oedema, and intense itching and
burning sensations within 1 h of re-exposure. These symptoms subside after a few
days. Morbilliform rash is a common manifestation in sensitised patients along with
eczematoid dermatitis which surrounds old lesions. Severe blistering in the torso
region and more localised blistering in other areas often results in casualties. High
doses of vapour, which cause oedema and skin blistering, and systemic reactions
(nausea, vomiting, prostration) to masked personnel (especially in tropical climates),
lead to casualty-causing burns—whereas low doses of vapour, that cause only skin
reactions, are usually not fatal. It is important to ascertain the lesion’s stage of
development in order to classify an individual as a casualty.
Distribution of blisters

4.5

Trunk and neck: Prompt evacuation is necessary. Trunk blistering is more likely to
occur on the back than the front due to better covering of the latter by protective
equipment. Progress of illness can be monitored by systemic symptoms (fever,
nausea, vomiting). Bacterial infection complicates the clinical course. Localised
trunk blistering commonly affects the natal cleft, extending forward to the scrotum
and penis. Depending on severity, such blistering may or may not result in casualties.
Walking is difficult as it irritates lesions and defecation is painful. Blisters in the
gluteal region do not produce casualties. Protective dressing of the trunk is desirable
to prevent rubbing on clothing.

4.6

Arms: Blistering of arms, with adequate treatment, leaves the patient without
disability. More extensive vesication, reaching axillae, elbows, volar or dorsal
aspects, affects adversely the movement of limbs at these joints, and oedema of the
surrounding tissue further immobilises the extremities. Severe burns on forearms and
elbows are common. If blistering is widespread, it may result in partial disability, so
evacuation is advised.

4.7

Hands: Burns are common and cause more disability than assumed based on their
size. Although the palms resist blistering, injury there is painful and slow to heal. If
the burn is localised and singular, or the patient has multiple small blisters and limited
erythema, little or no disability may result with proper treatment. However, burns on
the back of the hands lead to painful oedema. If blistering started 12-24 hpost-
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exposure, immediate evacuation of the casualty is necessary, as severe vesication may
develop. Those affected are viewed as casualties. If exposure starts 24 h before
treatment, even minor looking blisters may incapacitate the next day. Evacuation is
required in cases of vapour exposure of the hands and wrists, where diffuse erythema,
oedema and vesication may ensue.
4.8

Lower extremities: most often affected are the knees, with burns, oedema and lesions
and the ankles leading to incapacitation due interference with movement. Walking or
running worsens the oedema and irritates the lesions. Vesication can spread to the
thighs and/or feet, and casualties with such injuries should be evacuated. However,
burns of the thighs are less restricting that those of the legs. Less severe blisters on
the lower extremities incapacitate and such casualties are to be regarded as partially
disabled. The afflicted can return to their duties after being given the necessary
treatment, and physical and psychological evaluation.

4.9

Another case where the injured should be evacuated is when blisters develop near the
ankles, as these are unprotected, and pain is severe because of circulatory impairment
and tense oedema of the leg. Vapour burns of the legs, if mild, are associated with
irritation, itching, and casualties do not require evacuation. If blisters are in the
popliteal region, and caused by the higher doses of vesicant, erythema with scattered
blisters can affect the entire leg; these lesions are often associated with systemic
effects. In the case of feet burns, movement is impaired and injuries are manifested as
local reactions like the ones on the backs of the hands. However, shoes provide
decent protection to the soles.

4.10

Genitals: These are sensitive and injury causes casualties despite protective clothing burns are likely to be caused by vapour. Symptoms include pain, itching and anxiety.
If burns are mild, without blistering or oedema, the patient may be returned to duty
after receiving treatment. Severely injured patients should be evacuated. Penile and
scrotal oedema is characteristic. Sometimes vesication is superimposed on the
oedema. Secondary infection at the prepuce can lead to ulcers. In severe cases, urine
retention can occur. As for the scrotum, mild burns are likely to be unnoticed due to
normal pigmentation and elasticity of the skin; onset of symptoms can be delayed for
4-10 days. More serious cases present an enlarged scrotum, with degradation of rugae
and pinpoint vesication.
Systemic effects

4.11

Systemic effects include lesions of the respiratory tract and severe disabling skin
lesions accompanied by nausea, vomiting, anorexia, depression and fever (more likely
to occur in hot environments). Symptoms appear 4-12 h post-exposure and prior to
visible skin damage, and tend to subside after 24-26 h (anorexia and nausea may last
longer). Days after exposure, increased body temperature and depression may persist.
Individuals in this condition are regarded as casualties and evacuated as soon as
possible.
Secondary bacterial infection

4.12

Secondary infections, only apparent days after exposure, often affect the skin lesions,
respiratory tract and eyes. In cases of infection of small skin lesions, evacuation is
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not necessary, but if multiple lesions are infected and systemic infection has set in, or
if the infection is disabling (affecting the hands, feet, genitalia or limb joints),
evacuation is advised. Respiratory symptoms are almost always associated with
severe eye effects—and as respiratory lesions may not develop for days, the patient
should be evacuated upon presentation. In cases of mild conjunctivitis, infection is
unlikely and the individual should not be evacuated. However, burns may be
associated with pharyngitis, laryngitis and tracheitis, and severe respiratory infection.
Course and prognosis
4.13

Most patients with eye lesions recover 14 days after exposure. Cases with superficial
skin lesions recover 2-3 weeks after exposure, whereas those with more deep and
severe skin lesions recover in up to 60-90 days. It is difficult to ascertain the time
course for the treatment of patients with lesions of the upper respiratory tract. If the
lesions solely affect the upper respiratory tract, lung function tests reveal normal
function in most cases; an abnormal pattern in patients with parenchymal damage
occurs.
Long term effects of mustard poisoning

4.14

These are divided into three groups: (a) prolonged psychological manifestations,
including chronic depression, anxiety and loss of libido, (b) local effects, including
visual impairment, skin scars, chronic bronchitis, bronchial stenosis, and increased
sensitivity to mustard, and (c) an increased lung cancer incidence. Late complications
arise from damage to the respiratory system, skin, eyes, CNS, blood, and immune,
gastrointestinal and endocrine systems. Although mortality induced by sulfur mustard
is low, the variety and severity of toxic effects can be dramatic. Psychological
complications can include anxiety, depression, personality disorders, psychosis, posttraumatic stress disorder, disorders of consciousness, attention deficit, emotional
behaviour, and sleep disorders. Hematologic complications include leucopenia,
decreased T cells, anaemia, thrombocytopenia, and leukaemia. Other complications
include liver and kidney failure and bone marrow depression.

5.

TREATMENT OF LEWISITE LESIONS
DMPS sodium salt (Unithiol™) HSCH2CH(SH)CH2SO3Na
Day 1: 1 ampoule
Day 2: 1 ampoule
Day 3: 1 ampoule
Day 4: 1 ampoule

DMPS-Heyl i.v.
DMPS-Heyl i.v.
DMPS-Heyl i.v./i.m.
DMPS-Heyl i.v./i.m.
(Na)/day)

every 3-4 h (1.5-2.0 g DMPS (Na)/day)
every 4-6 h (1.0-1.5 g DMPS (Na)/day)
every 6-8 h (0.75-1.0 g DMPS (Na)/day)
every 8-12 h (0.5-0.75 g DMPS

5.1

On following days: depending on the clinical situation one to three times 1 ampoule
DMPS-Heyl i.v./i.m. per day (0.25-0.75 mg DMPS Na/day), or the oral form
(Dimaval® capsules).

5.2

Lewisite is believed to cause systemic toxicity by binding to thiol groups of important
proteins in the body. The primary mode of antidoting such action is to administer thiol
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drugs which scavenge intact Lewisite and/or reactivate the affected proteins. Several
thiol drugs can be used; the current recommended therapy is Dimercaprol.
5.3

Dimercaprol (2,3-dimercaptopropanol HSCH2CH(SH)CH2OH, British Anti-Lewisite,
BAL), is a colourless water-soluble liquid. Its therapeutic effect is due to it: (a)
combining with arsenic to form a water-soluble complex that is excreted, and (b)
providing the organism with SH groups that displace the arsenic bound to enzymes
(e.g. pyruvate dehydrogenase). The enzymes are reactivated and resume normal
activity. However, the toxicity of dimercaprol itself, including local irritation, must
be considered.

5.4

Eyes: The efficacy of dimercaprol eye ointment in diminishing Lewisite effects is
optimal if applied 2 min after exposure. Systemic morphine for pain control may be
required. Atropine sulphate ointment or eye drops to maintain mydriasis in cases with
corneal erosions, iritis, cyclitis marked photophobia, or miosis, is recommended.
Antibiotics to combat infection and sterile petroleum jelly (Vaseline®) to prevent
eyelid sticking are advantageous. Isotonic solutions should be used for eye irrigation,
but occlusive dressings or pressure on the globe must be avoided.

5.5

Skin: Dimercaprol ointment may be applied to skin exposed to Lewisite before
vesication has begun. It is spread on the skin in a thin film and left for at least 5 min
(occasionally it causes stinging, itching or urticarial weals, lasting ~1 h). Mild
dermatitis may occur if the ointment is applied frequently to the same area.
Dimercaprol is incompatible with silver sulfadiazine and the two should not be used
together. Treatment of blisters, erythema, and denuded skin is identical to that for
mustard lesions. Pain develops earlier than in sulfur mustard poisoning. In cases of
severe third degree burns over a large area, intravenous resuscitation, to correct
potential hypovolaemic shock, must be given. Morphine and splinting of affected
parts may help relieve pain. Hospitalisation is indicated when the affected area is >
20% of the body surface, or even less when the depth of skin involvement is
significant.

5.6

Systemic effects: Burns severe enough to cause shock and systemic poisoning can be
life-threatening and if the patient survives the acute effects, the prognosis is uncertain
for weeks.
Indications for systemic treatment

5.7

These include: shortness of breath, cough, dyspnoea, frothy sputum with traces of
blood, a skin burn the size of the palm of the hand or larger (caused by an arsenical
blister agent not decontaminated within the first 15 min, or skin contamination by a
liquid arsenical over > 5% of the body surface, with skin damage (blanching)).
Types of treatment

5.8

Two types may be used: (a) Local neutralisation by application of dimercaprol
ointment. Affected skin should be covered with a layer of ointment, but only after
other protective ointment used before the treatment is removed, and (b) intramuscular
injection of 10% BAL in oil. The maximum dosage of BAL is 3 mg/kg (200 mg for
an average person) intramuscularly repeated every 4 h for 2 days, every 6 h on the
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third day, and every 12 h for up to 10 days.
intramuscular.
5.9

The injection must be deep and

Injected Dimercaprol often produces alarming reactions including: blood pressure
elevation, tachycardia, dose-related nausea and vomiting, headache, burning sensation
of lips, feeling of constriction of the chest, conjunctivitis, lachrymation, rhinorrhea,
sweating, anxiety and unrest. About 50% of patients experience adverse reactions if 5
mg/kg doses are given. Dimercaprol injection should not be used in iron, cadmium,
selenium poisoning, or when hepatic function is impaired.
Therapy

5.10

5.11

Dimercaprol is the current therapy for Lewisite poisoning. Newer therapies include:
(a)

DMSA - meso-2,3-dimercaptosuccinic acid HO2CCH(SH)CH(SH)CO2H

(b)

DMPS - 2,3-dimercapto-1-propanesulfonic acid HSCH2CH(SH)CH2SO3H

(c)

DMPS - sodium salt HSCH2CH(SH)CH2SO3Na (Unithiol™)

(d)

DMPA - the phthalamidic acid o-(HO2C)C6H4CONHCH2CH(SH)CH2SH

Favourable pharmacokinetic/pharmacodynamic properties include:
(a)

They are water soluble, active when given orally and relatively nontoxic.

(b)

They are more effective in terms of therapeutic index.

(c)

BAL binds arsenic in most tissues but less effectively than DMSA, DMPS or
DMPA.

(d)

Unlike DMPA or DMPS, BAL given to rabbits poisoned by sodium arsenite
increased brain arsenic levels.

(e)

DMPS is the most potent and BAL the least potent in reversing or preventing
pyruvate dehydrogenase inhibition by sodium arsenite.

(f)

A body of evidence indicates that the new chelating agents should be
considered as alternatives to dimercaprol in the treatment of systemic Lewisite
poisoning.

(e)

Course and prognosis

(f)

Long term effects of Lewisite exposure are unknown.

6.

HALOGENATED OXIMES

6.1

These include diiodoformoxime, dibromoformoxime, monochloroformoxime and
dichloro-formoxime. The latter is the most irritant and is phosgene oxime (codename
CX). Ordinary clothing affords little or no protection against it; a respirator, NBC
suit, gloves and over-boots are required. Chlorination is an ineffective decontaminant
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- inactivation by alkalis is recommended. Adsorbent powders, e.g. fullers' earth, are
used for physical decontamination. Eyes should be flushed immediately with water or
isotonic aqueous sodium bicarbonate.
Clinical effects
6.2

Phosgene oxime causes corneal lesions and blindness; respiratory damage (with
pulmonary oedema) and skin irritation (the affected area turns white within 1 min,
fringed by erythema, oedema occurs within 1 h, and the lesion yellows and blisters
within 24 h). After several days the area shows desquamation and necrosis, crusting
and purulent secretion.
Treatment

6.3

Treat as any other ulcerated necrotic skin lesion (e.g. thermal burn) with supportive
measures. Consider appropriate treatment of pulmonary oedema. Recovery takes 1 to
3 months.

7.

NERVE AGENTS

7.1

Organophosphorus (OP) nerve agents (NAs) are stable organophosphorus
compounds. They are easily dispersed and highly toxic when inhaled or absorbed
through skin. They are classified into G and V agents, but some are hybrid in
structure, and are called GV agents.

7.2

G agents
GA
Tabun
GB
Sarin
GD
Soman
GF
Cyclosarin

O-ethyl N,N-dimethylphosphoramidocyanidate
O-isopropyl methylphosphonofluoridate
O-pinacolyl methylphosphonofluoridate
O-cyclohexyl methylphosphonofluoridate

V agents
VE
VM
VG
VR
VX

O-ethyl S-2-(diethylamino)ethyl ethylphosphonothiolate
O-ethyl S-2-(diethylamino)ethyl methylphosphonothiolate
O,O-diethyl S-2-(diethylamino) ethyl phosphorothiolate
O-isobutyl S-2-(diethylamino)ethyl methylphosphonothiolate
O-ethyl S-(diisopropylamino)ethyl methylphosphonothiolate

GV agents
GV

2-(dimethylamino)ethyl N,N-dimethylphosphoramidofluoridate

Nerve agents (NAs) are potent acetylcholinesterase (AChE) inhibitors. The
development of signs and symptoms varies depending on the dose and route of
exposure, and clinical manifestations include: runny nose (rhinorrhea), chest
tightness, shortness of breath, excessive salivation and sweating, nausea, vomiting,
abdominal cramps, involuntary defecation and urination, muscle twitching, confusion,
seizures,
flaccid
paralysis,
miosis/mydriasis
(“tunnel
vision”),
bradycardia/tachycardia and hypotension/hypertension (depending on the phases of
muscarinic or nicotinic receptor hyperstimulation), coma, respiratory failure, and
death (Table 1).
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Acute effects
7.3

Depression of respiratory and vasomotor centres in the brain may result in respiratory
failure. Hypoxia can cause cerebral oedema, convulsions, and brain damage.
Acetylcholine build-up at muscarinic and nicotinic receptors causes systemic
complications.
Ocular system:

7.4

The most common sign is miosis that may continue for several days to 9 weeks post
exposure. Impaired vision, tearing and bloodshot appearance are common.
Respiratory system:

7.5

Rhinorrhea is common followed by bronchorrhea, wheezing, bronchiolar smooth
muscle constriction, and breathing failure.
Cardiovascular system:

7.6

The increase in vagal tone usually results in bradycardia and atrioventricular block.
Cardiac arrest and myocarditis may also occur.
Nervous system:

7.7

Fatigue, muscle weakness, flaccid paralysis, generalised fasciculation, and seizure
may occur. Apnoea responding only to antidotal therapy may occur. Exposure to low
doses may cause headache, dizziness, restlessness, anxiety, mental confusion, ataxia,
irritability, insomnia, depression, forgetfulness, impaired judgment and concentration.

7.8

Skin and mucosal membrane: Although skin penetration by nerve agents differ, skin
absorption increases as the surrounding temperature rises from 18 to 46 °C.

7.9

Gastrointestinal system: Increased mobility, nausea and vomiting can occur.

7.10

Genitourinary system: Micturition can occur after dermal contact or inhalation of
vapour.

TABLE 1:

SIGNS AND SYMPTOMS AFTER EXPOSURE TO NAS (FROM CRIT.
CARE MED. 30 (2002))

Signs and Symptoms after acute inhalation
exposure to NA
Low-dose with mild effects
Runny nose
Miosis (blurred vision)
Conjuctival injection
Bronchoconstriction (chest tightness)
Mild bronchosecretion
Medium-dose with moderate effects
Shortness of breath

Signs and symptoms after dermal exposure
to NA
Low-dose with mild effects
Localised sweating at exposure site
Fine muscle fasciculations at exposure site
Miosis not an early sign and may be absent
Medium-dose with moderate effects
Nausea and vomiting
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Coughing
Wheezing
Nausea and vomiting
Fasciculation
Generalised feelings of weakness
High-dose with severe effects
Loss of consciousness
Seizures
Flaccid paralysis
Apnea
Death usually within minutes

Severe headache
Generalised fasciculation
Feelings of weakness
BEWARE: No respiratory signs present yet
High-dose with severe effects
Sudden loss of consciousness
Seizures
Flaccid paralysis
Apnea
Death

8.

MEDICAL TREATMENT

8.1

Pretreatment and prophylaxis: Pretreatment is the administration of drugs before
poisoning, to increase the efficacy of treatment post-exposure, while prophylaxis is
the administration of drugs before poisoning, designed to prevent poisoning.
Carbamates, e.g. pyridostigmine, may be used as pretreatments against NA poisoning
due to their ability to carbamoylate AChE, preventing the OP inhibitor from binding.
Carbomoylated AChE conjugates breakdown rapidly, while OP-AChE conjugates are
particularly stable. Aging of OP-AChE conjugates results in stable OP-AChEcomplexes that cannot be reactivated.

8.2

When carbamates are used as pretreatments, carbamoylation of ~30% of AChE
should prevent phosphylation of the carbamoylated AChE fraction. As free G-agent
is cleaved quite fast from the tissue, AChE is released upon decarbamoylation,
restoring normal function.

8.3

Pyridostigmine (30 mg every 8 h) is used as a pretreatment. In conjunction with post
exposure therapy, good protection against lethality is obtained within 2 h of the first
dose, but is not optimal until the third dose. Pyridostigmine pretreatment should be
stopped upon observation of NA poisoning symptoms and post exposure therapy
started. If the recommended dose is exceeded, symptoms of carbamate poisoning
occur (diarrhea, gastrointestinal cramps, tight chest, nausea, rhinorrhea, headache and
miosis). Pretreatment for soman poisoning is in a form usable by non-medical
personnel (tablets, sublingual or transcutaneous patch).

8.4

Prophylaxis: Recently, a dermal topical protective agent containing a 50:50 mixture of
perfluoroalkylpolyether and polytetrafluoroethylene (SERPACWA) has been used by
military personnel wearing personal protective equipment (PPE) when chemical
warfare is deemed possible. Its purpose is to reduce or delay the absorption of
chemical weapons agents through the skin. However, effectiveness can only be
expected when SERPACWA is applied prior to exposure (to the skin until a barely
visible white layer is evident). Before application, a dry towel should be used to
remove perspiration, insect repellents, camouflage paint, or dirt from skin. Decreased
toxicity of sulfur mustard, VX, soman, T-2 mycotoxins, and CS has been confirmed
experimentally. SERPACWA’s duration of action has not been evaluated for > 6 h.
Its major side effect is an occasional mild flu-like syndrome. No systemic absorption
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occurs through intact skin (not studied in children). Standard decontamination
methods should be followed after NA or other chemical weapons agent exposure.
8.5

Post-exposure therapy: A therapeutic scheme for nerve agent poisoning includes early
decontamination, supportive measures and specific pharmacological treatment to
achieve muscarinic cholinergic blockade (atropine), enzyme reactivation (oximes),
and anticonvulsant effect (benzodiazepines). Post acute exposure effects may appear
as an intermediate syndrome and delayed polyneuropathy. Examining the patients by
electromyography for nerve conduction velocity is helpful to diagnose such cases and
triage them. The neuropathy after acute or low-level prolonged exposures develops
without preceding cholinergic toxicity. Persistent inhibition of AChE is responsible
for muscle weakness, but this is not the only factor involved in the neuropathy.

9.

EMERGENCY FIELD THERAPY

9.1

These oxime autoinjectors appear to be available:

9.2

(a)

Pralidoxime chloride (600 mg) and atropine (2 mg)

(b)

Obidoxime chloride (220 mg) and atropine (2 mg)

(c)

TMB 4 (80 mg) and atropine (2 mg)

(d)

HI-6 dimethanesulfonate (750 mg), atropine (2 mg) and diazepam (10 mg)

Strategies using these autoinjectors depend on the country in which they are used. No
data on the tolerability of HI-6 dimethansulfonate to humans were available to the
authors. Therefore the use of this type of autoinjector cannot be recommended at
present.
Self aid (first/buddy aid)

9.3

The rapid effects of NAs require immediate intramuscular injection of atropine (2 mg)
combined if possible with an oxime (available oxime in adequate dose). Each soldier
carries 1 to 3 autoinjectors, each containing atropine (2 mg) or a mixture of atropine,
oxime and/or anticonvulsant (diazepam).

9.4

One autoinjector should be administered immediately after development of symptoms
and/or signs of NA poisoning by the soldier or a helper; the injection site depends on
the drug loaded - typically perpendicularly through the clothing into the thigh. The
design of the autoinjector provides maximum safety and accidental injection is
avoided. If the manifestations of poisoning are still present, further autoinjectors, up
to a total of 3, should be administered during the next 30 min. The timing of these
further injections and whether each drug is given singly or as a mixture varies
between nations and depends on the condition of the casualty.

9.5

Note that symptoms and signs of atropinisation may occur if autoinjectors are used in
the absence of NA exposure: dry mouth and skin, increased heart rate (> 90
beats/min), dilated pupils, urine retention, and central nervous system disturbance.
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Susceptibility to heat exhaustion or heat stroke is increased, particularly in closed
spaces or while wearing PPE.
First aid by first responders
9.6

The aim is to restore or maintain vital bodily functions. If the casualty is not wearing
a mask, the respirator must be adjusted by the nearest person, and decontamination
initiated. Afterwards, atropine should be injected at intervals until clear signs of
atropinisation are evident (drying of bronchial, salivary and skin secretions and an
increase in heart rate to > 90 beats/min). Systemic atropine does not affect miosis
from vapour exposure.

9.7

Atropine should be administered in doses of 1-2 mg intramuscularly (i.m) every 30
min to 4 h, as required (with individual adjustment), or ideally infused (20% of a
loading dose) for at least 24 h. Atropinisation carries the risk of ventricular
arrhythmia if the casualty is anoxic. Therefore, anoxia must be corrected prior to
atropinisation (by cleaning the airways by suction etc).

9.8

In severe poisoning - involving bronchoconstriction, copious bronchial secretion,
respiratory insufficiency and/or depression, and convulsions - assisted ventilation
must be applied.
Cardiorespiratory resuscitation/stabilisation

9.9

This preserves brain function until the necessary measures can be taken to restore
other vital functions. If the atmosphere is uncontaminated, the casualty's face and
mouth are decontaminated and assisted ventilation and chest compression is enforced
by the standard mouth-to-mouth method. In a contaminated atmosphere, if
resuscitation is needed, a portable resuscitator with an NBC filter may help ventilate
the casualty. Decontamination of the casualty and resuscitator is obligatory.

10.

PHARMACOLOGICAL TREATMENT OF NA POISONING

10.1

This involves the use of:
(a)

Anticholinergics (atropine) to antagonise the muscarinic effects.

(b)

Oximes to reactivate the inhibited enzyme and antagonise the nicotinic effects.

(c)

Anticonvulsants to prevent CNS damage.

10.2

Atropine: Atropine sulfate remains essential for treatment of NA poisoning. It is a
competitive antagonist at muscarinic receptors and blocks the effects of acetylcholine
(ACh) at muscarinic receptors in the peripheral (PNS) and central nervous system
(CNS). Atropine cannot counteract ACh’s effects at nicotinic receptors in the PNS or
CNS.

10.3

After emergency field treatment, it is necessary to continue atropinisation for at least
24 h by repeated intramuscular injections or ideally by intravenous infusion of 1 to 10
mg of atropine per hour as required (depending on the severity of intoxication).
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Intervals of 5 to 15 min are acceptable for adjusting the atropine dose based on the
therapeutic effects. Administration of a double dose (4 mg) may be required.
Electrocardiographic (ECG) monitoring should be undertaken in all patients if
possible.
10.4

Atropine overdose may induce CNS signs: blurred vision, dry mouth, decreased
sweating, mydriasis, tachycardia, euphoria, hallucinations, anxiety, fever and
delirium. Observation of patients is necessary to avoid these and bladder dysfunction
may necessitate catheterisation.

10.5

By inhibiting sweat production, atropine increases heat stress and care must be taken
to avoid hyperthermia in warm or hot weather. Atropine given parenterally has
comparatively little effect on NA-induced miosis. Application of cycloplegics
(atropine eye drops) to the eye reduces the degree of miosis, eye pain and headache.
The effects of atropine are fairly prolonged, lasting 3-5 h after one or two injections of
2 mg, and 12-24 h after over-atropinisation. In severe cases of NA poisoning,
atropine can be given as an initial dose up to 6 mg intravenously (i.v) or i.m, and then
2 mg i.v or i.m, every 5-10 min until ventilation is regular and secretions have dried.
Intravenous administration followed by infusion is preferred.

10.6

Oximes: These remove the organophosphorus group from the OP-inhibited AChE,
restoring the normal function of AChE. Their use with atropine in the early stages of
poisoning alleviates the clinically-important symptoms and signs of skeletal
neuromuscular blockade, and reduces the amount of atropine needed, if administered
on time. As oximes penetrate the CNS poorly, and cannot reverse the muscarinic
effects (particularly hypersecretions), simultaneous administration of atropine is
always required. Relative potencies of oximes in reactivating AChE inhibited by four
NAs appear in Table 2, dosing schemes for intravenous administration of oximes,
applied to poisoning of humans by OP insecticides, appear in Table 3.

TABLE 2:

EFFECTIVENESS OF VARIOUS OXIMES IN THE TREATMENT OF
NA POISONING
Oxime
GA
GB
GD
GF
P2S
+
Obidoxime
+
+
+/+ effective, - ineffective, and +/- sometimes effective

TABLE 3:

DOSING SCHEME FOR INTRAVENOUS ADMINISTRATION OF
OXIMES
Oxime
Loading Continuous
dose
infusion
Obidoxime
250 mg
750 mg/24 h
2-PAM or P2S
1-2 g
500 mg/h

10.7

Obidoxime chloride: 250 mg bolus then 750 mg/24 h for an adult. Pralidoxime
(2-PAM; molecular weight 173 and mesylate P2S; molecular weight 232): 1-2 g/h
loading dose, then 8 mg/kg/h continuously infused (1-2 g loading dose over 20-30
min, then 500 mg/h). The recommended plasma concentration of 3.6 mg/l of
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obidoxime chloride and pralidoxime of ~13.8 mg/l should suffice to antagonise the
toxic effects of OP compounds. Similar doses can be given intramuscularly in the
field, avoiding accidental intra-arterial injection.
TABLE 4:
OXIME DOSING
Oxime
Route of administration
Dose
Pralidoxime chloride Individual autoinjector dose
600 mg
(2-PAM)
Total adult loading dose
1-2 g (30 mg/kg)
Pralidoxime mesylate Individual autoinjector dose
500 mg
(P2S)
Total adult loading dose
2 g (30 mg/kg)
Obidoxime chloride
Individual autoinjector dose
220 mg *
Total adult loading dose
HI-6
Individual autoinjector dose
Total adult loading dose
* Autoinjector ATOX II (220 mg obidoxime and 2 mg atropine).
10.8

Results of studies of human poisoning by OP insecticides have shown that oxime
treatment should be continued for 12 h after reactivation has been achieved and the
patient has recovered (e.g. no need for further atropine). If enzyme reactivation has
not occurred after 24-48 h and the patient has not recovered, it should be accepted that
the inhibited enzyme is resistant to reactivation by the oxime, and administration
should be stopped. There is only limited experience with human poisoning by NAs,
but experimental data suggest that NAs will persist in the body for a shorter time than
OP insecticides. Thus, administration of oximes should be continued for 24-48 h or
more until recovery of the patient. To assess this, a commercial laboratory test system
of AChE status should be used.

11.

SIDE EFFECTS/ADVERSE EFFECTS OF OXIMES
Rapid injections of 2-PAM or P2S can cause nausea, drowsiness, headache,
disturbance of vision, increased blood pressure, tachycardia, hyperventilation and
muscular weakness. Hypotension and facial warmth, and sensations similar to those
caused by menthol, occur during obidoxime treatment; i.m application can cause pain
at the injection site and hepatic dysfunction after multiple doses. HI-6 can have
similar effects but has a better tolerance profile. Adverse effects reported for HI-6 in
healthy volunteers are nausea and headache only.

12.

ANTICONVULSANTS
Atropine protects only partially against convulsions and the resulting brain damage in
severe poisoning. Anticonvulsants (e.g. diazepam, lorazepam or midazolam) having a
neuroprotective effect, should be applied as necessary. Experimental soman
poisoning shows that adding diazepam to the basic treatment works by antagonising
the convulsions, as well as by decreasing the morbidity and mortality rate. Diazepam
should be injected i.m starting with a 10 mg dose and the frequency of later injections
adjusted to control the convulsions. When seizures occur, up to 40 mg diazepam
given by medical personnel may be used.
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13.

SUPPORTIVE CARE
Supportive treatment includes general measures like i.v feeding, restoration of
electrolyte balance and treatment of respiratory failure and/or convulsions. In some
cases, treating the infection and symptoms is necessary. OP casualties often remain
incapacitated for days after exposure, despite initial therapy which reduces mortality.
Care using muscle relaxants must be taken. Intensive care and assisted ventilation is
often required for several hours or even days, watching whether the patient is
comatose or suffering brain damage due to hypoxia.

14.

PREHOSPITAL MANAGEMENT
Casualties whose skin or clothing is contaminated with liquid NA can contaminate
rescuers by contact or off-gassing vapour. NAs can cause loss of consciousness and
convulsions within seconds and death from respiratory failure within minutes of
exposure. Atropine and pralidoxime chloride (2-PAM Cl) are antidotes; however,
2-PAM has to be administered within minutes to a few hours following exposure
(depending on the NA) to be effective. Treatment consists of supportive measures
and repeated administration of antidotes.

15.

HOT ZONE
Responders should have received training and wear protective clothing before
entering a Hot Zone. If PPE is unavailable, or rescuers have not been trained, a call
for assistance should be made according to local Emergency Operational Guides
(EOG) (Figure 1).

FIGURE 1:

INCIDENT MANAGEMENT AND DOWNWIND HAZARD (NATO
STANAG 2103)
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16.

RESCUER PROTECTION

16.1

Rapid local and systemic effects are induced when NA vapour is readily absorbed by
inhalation and eye contact. Absorption of liquid thorough the skin is prompt but the
effects may be delayed for several minutes up to 18 h.

16.2

Respiratory protection: First responders must wear pressure-demand self-contained
breathing apparatus (SCBA) to respond to casualties poisoned by NA vapour or
liquid.

16.3

Skin protection: To prevent skin absorption of liquid NA, chemical-protective
clothing and butyl rubber gloves are recommended.
Triage

16.4

Chemical casualty triage is based on walking feasibility, respiratory status, age, and
additional conventional injuries. The triage officer must know the course of a given
injury, the medical resources available, the current and likely casualty flow, and
medical evacuation capabilities.
There are three triage categories: T1
immediate-severe (unconscious, convulsions, respiratory distress or arrest, profound
bradycardia, cyanosis), T2 urgent/moderate (non-ambulatory, excessive secretions,
confusion, not obeying commands), T3 delayed/mild (walking, pinpoint pupils only).
Triage is repeated in mass-casualty circumstances.

17.

SUMMARY

17.1

First aid recommendations under field conditions

17.2

Casualties from NA exposure should be extracted from the contaminated area by first
responders wearing PPE. The responders should place the unconscious patients in a
position preventing aspiration (left lateral decubitus) and attend to ABC
(Airway-Breathing-Circulation). In severe cases of exposure, treatment should be
commenced immediately: decontamination should be started and the casualty given
an antidote by self or buddy aid via autoinjectors:
(a)

MARK I kit: Atropine (2 mg, 0.7 ml) and 2-PAM (600 mg)

(b)

ATOX II: Atropine (2 mg, 0.7 ml) and obidoxime (220 mg)

(c)

ATNAA: Atropine (2 mg/0.7 ml) and 2-PAM (600 mg/2 ml); 1 needle injects
both drugs

(d)

ATROPEN: Atropine (2 mg, 0.7 ml). Each soldier must have 3 kits and 1
auto-injector with diazepam (10 mg) (if warned of NA attacks). Based on the
severity of poisoning, one to three MARK I kits are applied:
(i)
(ii)
(iii)

miosis, severe rhinorrhea (1 × MARK I kit)
severe respiratory distress (2 × MARK I kits)
severe breathing difficulties, apnea, cyanosis, muscle twitching,
seizures and unconsciousness (3x MARK I kits and diazepam)
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17.3

The atropine dose in the MARK I kit is between the therapeutically desirable and
safely administrable dose to a non-intoxicated person. Absorption of antidotes
administered with autoinjectors is more rapid than by i.m injection (autoinjectors
spray the liquid throughout the muscle as the needle enters, while classical
needle-and-syringe cause the liquid to pool in the muscle). Following administration,
the patient should be monitored and medical action taken accordingly. Emergency
treatment under field conditions is summarised in Table 5.

TABLE 5:
EMERGENCY MEDICAL TREATMENT OF NA POISONING
Symptoms and signs
Mark-1 Kit
Repeat dosing
Severe difficulties with ABC
Diazepam autoinjector
breathing,
apnoea, (Maintain patent airway; assist may be repeated 3
cyanosis,
muscle breathing as needed, give times every 10-15 min
fasciculation or twitching, oxygen, provide suction, restore
seizure,
loss
of normal cardiac rhythm)
consciousness
Administer Mark I Kit
(3 times at 10-15 min intervals)
Severe respiratory distress Administer Mark I Kit
(2 doses)
Sweating,
miosis, Administer Mark I Kit
rhinorrhea,
nausea, (1 dose)
vomiting, anxiety
NOTE:
Monitor for symptoms every 10
min. Repeat atropine if needed
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Appendix
DIRECTOR-GENERAL’S REQUEST TO THE SCIENTIFIC ADVISORY BOARD
1.

Article X establishes the obligations and rights of a State Party concerning the
assistance and protection against chemical weapons, and accords each State Party the
right to request and to receive assistance and protection against the use or threat of use
of chemical weapons. It is anticipated that, in most cases, the main assistance needed
from the OPCW would be provision of medical countermeasures and treatment for
chemical weapons casualties.

2.

At its Sixteenth Session (in 2012) the Conference of States Parties to the Chemical
Weapons Convention established the international support network for the victims of
chemical weapons. This decision requires the establishment of a webpage and a
databank to include information on offers by Member States relevant to the victims of
chemical weapons and information on needs of the victims of chemical weapons. In
order to be in a position to fully meet the expectations of the Convention States
Parties with regard to the victims’ network, it is necessary for the Technical
Secretariat to compile information on relevant scientific advances with respect to new
medical countermeasures and treatments of victims of nerve and blister agents.

3.

In its report on developments in science and technology to the Third Review
Conference (cf. paragraphs 120-123 in RC-3/DG.1, dated 29 October 2012), the
Scientific Advisory Board informed the Technical Secretariat on the status of
currently available countermeasures and treatments. As a follow up to this
information, the Director-General requests the Scientific Advisory Board to:
(a)

recommend to the Technical Secretariat pre-treatments, vaccines, emergency
care, and long term treatments that are currently available for blister and nerve
agents; and

(b)

To inform the Technical Secretariat of the most relevant information sources
that can be monitored to keep abreast of new developments in these areas.

Technical Secretariat
June 2013
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