
169 

MEDICAL PROBLEMS IN CHEMICAL WARFAREl 
BY 

Colonel JOHN R. WOOD2 
Medical Corps, United States Army 

IN 1943 I predicted [1] that the task of delivering a successful chemical 
attack against the American people was so great that our enemies would not 
consider it worth trying. With the pos~ible exception of the nerve gases, it 
seems equally' unlikely today that cheJ:nical agents offer our potential enemies 
effective weapons for long-range attack. The problems of civil defence against 
chemical attack, therefore, can be reduced to consideration of a single group of 
chemical agents, the nerve gases, until such time as an enemy may be able to 
establish a base at or within our borders. . 

The nerve gases were first developoo by the Germans [2J but. are now"'Well. 
known to both our allies and our potential enemies. They are a family of 
chemicals having the common property of irreversibly inhibiting the enzyme 
cholinesterase. They are nearly colourless, essentially odourless liquids, which 
yield toxic vapours on evaporation. More toxic than formerly known chemical 
warfare agents, they may gain entrance to the body by inhalation of. the 
vapour or by absorption of the liquid agent through the skin, the eyes.or the 
gastro-intestinal tract [3]. .. 

The symptoms induced are due .largely or entirely to the inactivation of 
cholinesterase. This leads to the accumulation of acetylcholine in both the 
central and the peripheral nervous system and .to acetyloholine poisoning. 
Most of the classic symptoms ofbothmuscarine and nicotine poisoning develop. 
In Severe cases the excessive accumulation of acetylcholine at the myoneural 
junctions causeS. a curaTeclike flaccid paralysis.[4]. 

Man and experimental aninialsexhibit a rapid progression of essentially 
identical symptoms [5a]. Exposure to traces of the vapour causes pin~point 
constriction of the 'Pupils ina few minutes, usually accompanied with mild 
paroxysmalbronchoconstriction and a watery nasal discharge. A slightly 
greater exposure induces ciliary spasm, pa;inon focusing the eyes and a drawing 
sensation or pain in or back of the globes, radiating frontallyor to the occiput, 
and is often accompanied with moderate photophobia. 

At these low doses the paroxysmal bronchospasm does not produce anoxia, 
lasts only a few days and is readily relieved by small doses of atropine sulphate. 
The miosis, ciliary spasm and headache are more persistent and do not yield . . 

1 Reprinted by kind permission of,. the Editor of The] ournal of the A merican Medical 
Association, October 21,1950, 144, 606-609. Copyright, 1950, by American Medical 
Association. 

Read before the Section on Miscellaneous Topics at the Ninety-ninth Annual Session 
of the American Medical Association, San Francisco, June 29, 1950. 

2 Chief of the Medical Division, V.S. Army Chemical Center, Maryland. 
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170 Medical Problems in Ohemical Warjare 

to the usual parenteral doses of atropine. The ophthalmic administration of 
homatropinehydrobromide is required for relief of mild cases, or repeated 
instillations of atropine, for the severer cases, until good mydriasis is obtained. 
The headache and eye pain are usually relieved promptly with the induction of 
mydriasis. The ophthalmic instillations may have to be repeated several times, 
as miosis and ciliary spasm frequently recur [5bJ. 

The inhalation of larger doses of vapour, or the absorption of liquid nerve 
gas by other routes, causes a rapid and severe bronchospasm, which obstructs 
both inhalation and exhalation. The subject becomes cO'!1fused' and cyanotic, 
may have nausea and vomiting and soon falls unconscious [5aJ. Meanwhile, 
his blood pressure falls to, shock level; severe bradycardia 'develops, and 
cardiac arrest may occur as a temporary or terminal event_(fig. 1) [6]. 

If the subject can be given medical assistance before the anoxia is too 
profound and prolonged, large intravenous orintramllBfrWa.r doses of atropine 
may completely reverse the cardiorespiratory condition; The bronchial tree 

,relaxes; ventilation of the lung!> becomeS normal; anoxremia is rapidly over
come; " the slowed heart regains its rhythm and normal rate, and the blood 
pressure rises abov~ normal and quickly drops again to normal level (fig. 1) [6]. 

FIG. I.-The effects of nerve gas and atropine on a dog. Nerve gas was injected 
intravenously into dog at first marker (arrow) and atropine sulphate at second marker. 
Upper, the effects on intestine (duodenum) ; middle, the effects on tidal air (under artificial 
respiration), and lower, the effects on blood pressure and heart rate. 

Relatively large doses of atropine are required for the severe. cases, and 
the priricipal danger lies in under-treatment. It is essential that the atropine 
be given by a route by which it reaches the circulation rapidly. Intravenous 
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John R. Wood 171 

administration is preferable, from the standpoint both of rapidity of action and 
of ease of control of dosage. The intramuscular route may be used if the patient 
is not cold or in. shock. Absorption from the subcutaneous and oral routes is 
too slow for the initial treatment. 

Doses of 2 mg. (1'30 grain) of atropine sulphate should be repeated every 
few minutes until the cardio'respiratory symptoms are relieved and some 
dryness of the mouth appears. The amount of atropine some patients can take 
withoilt the development of atropinization is amazing. Thereafter,smaller 
oral or parenteral. doses of atropine must be administered every few hours for 
at least several days, since the poisoning is far more persistent than the duration 
of atropine effects [7]. 

Some of these patients will show nicotinic and central nervous system 
effects, which persist or appear after the muscarinic effects have been con
trolled with 'atropine. These effects range from muscular fasciculations and 
spasmodic twitchingspossibly to grand mal seizures of clonic and tonic con- . 
vrilsionK The convulsions may be' controlled, to the point that they do not 
threaten life, with thiopental sodium,trimethadione (tridione R) or ether 
anresthesia (fig. 2). 

~ 
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FIG.2.-The effects of nerve gas and trasentine R methiodide on' brain' w'aves of a 
rabbit. Upper, electroencephalogram (In0tor cortex); middle, blood .pressure; and lower, 
'elecfrocardiogram. A, normal tracings; E, three minutes after the inttacarotid injection 
of nerve gas (convulsive pattern, falling blood pressure, pronounced bradycardia), and 
C, thirty seconds after the intravenous injection of 2·5 mg. per kilogram of body-weight of 
trasentine R methiodide(restoration of normal electroencephalographic findings and 
circulation1-

Overdosag~ ()f thiopental (or any barbiturate) must be avoided,.as it acts 
synergistically with the nerve. gases in depressing respiration. A20' per cent 
solution of trimethadione, given intraveIlously in I gramme' doses every 
fifteen minutes, with a maximum dQse of 5 grammes, has the advantage of 
depressing cortical activity effectively without depressing respirations [8]-

If the severely affected patient cannot be treated promptly, profuse sali
vation, 'intestinal hypermotility and spasm and' incontinence' of urine .and 
freces' will develop. The .profound anoxia and increasing accumulation of 
acetylcholine in the nervous system lead to intermittent then almost con~ 
tinuous grand mal convulsions, until flaccid paralysis supervenes [5a]. 
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172 Medical Problems in Chemical Warfare 

The use of atropine is dangerous in severe cases with profound and prolonged 
anoxia. In experimental animals the sudden release of the heart from vagal 
control, with the attendant increase in work by the cardiac muscle, in the 
presence of severe anoxia, leads immediately to ventricular fibrillation and 
death in a high percentage of the animals [9]. The admInistration of atropine 
in these cases should be delayed until the lungs have been ventilated and the 
heart has made some recovery from anoxia. The convulsive seizures can be 
controlled, _or largely prevented from reappearing, by intravenously ad
ministered trimethadione or thiopental sodium, but the urgent problem in 
these cases is the paralysis of respiration. 

At this late stage a very considerable 'relaxation of the bronchial tree occurs 
spontaneously, but repiratory paralysis prevents effective respiration. The 
paralysis. is both central, due to anoxia, and peripheral, due to muscle fatigue 
and the curare-like blocking of the myoneural junctions of the diaphragm and 
accessory muscles of respiration by excessive amounts of a(3etylcholine. The 
chest is flaccid and collapsed. The, usual methods 'of artificial respiration, such 
as the Schaefer prone pressure method or the Eve tilt table method are ineffective 
or impractical [5b]. A new method suggested by Emerson [10] may be.worth a 
trial in emergency, but there has not y{lt been sufficient work to assess its 
effectiveness properly. This method, consists in placing the patient in a prone 
position, grasping his thighs at the level of the pubis and alternately lifting 
and lowering his hips 10 to 12 inches. Preliminary trials are said to indicate 
that this method may effectively ventilate the lungs in cases of flaccid paralysis 
of the respiratory muscles Tll]. . 

The use of an efficient mechanical resuscitator is probably the most 
practical and 'reliable method of giving- artificial respiration in these cases, 
provided that the device can be got to the patient, or the patient to it, before 
irreversible anoxic damage occurs. A light, portable, hand-powered, bellows 
type resuscitator may be the most practical for emergency rescue work. 
Animal experiments indicate that forty-five minutes of artificial respiration may 
be required to restore natural breathing after two or three lethal doses of nerve_ 
gas [12]. 

If the skin should be splashed with liquid nerve gas, it is important to 
remove the contamination as soon as- possible. The safest and most effective 
method is to swab the skin immediately with an alkaline fluid. 'Ammonia 
water, a 5 to 10 per cent solution of sodium carbonate or a 1 to 2 per cent 
solution of sodium hydroxide is suitable for this purpose. If none of these is 
available immediately, any available absorbent material may be dampened 
with water and the area swabbed with this. Swabbing or rubbing the contami
nated skin with dry materials must be avoided, as t.his. greatly increases 
absorption and toxicity. If only dry absorbent material is available, the 
excess liquid may be gently blotted from the skin, provided wiping and rubbing 
are carefully aVoided, but the contaminated area must be washed with soap 
and water or swabbed. with an alkalinefiuid as soon thereafter as possible [13]. 

Clothing which is splashed with liquid nerve gas should be removed 
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John R. Wood 173 

promptlyandleftoutdoors. Patients,should not be admitted to hospitals 
or' other enclosed spaces until all liquid nerve gas contamination of skin and 
clothing has been eliminated, because the vapours from such contamination 
will endanger other patients and hospital personnel. 

This information may be useful in dealing with poisoning by some of the 
newer insecticides, notably parathion and tetraethyl pyrophosphate (TEPP), 
which are also powerful though less dangerous anticholinesterases [14]. 
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