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Can mustard gas induce late onset polyneuropathy?
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Abstract
Background: Mustard gas, lethal in high doses, affects multiple organs such as
skin, eye and respiratory system. We studied the development of late onset mustardinduced polyneuropathy among chemically wounded Iranian veterans.
Methods: In this descriptive study, 100 chemically wounded Iranian veterans
with severe eye involvement were examined for any signs and symptoms of
polyneuropathy by an internist. 20 patients were suspected to have neurological
symptoms or signs. These patients were examined by a neurologist again. 13
showed abnormal neurological symptoms. Electrodiagnostic exams were performed for this group by another physician.
Results: 13 veterans had abnormal neurological exam results with prominent
sensory signs and symptoms in almost all of them. Brisk deep tendon reflexes were
found in 3 cases. Electrodiagnostic studies were compatible with axonal type distal
sensory polyneuropathy in 6 subjects.
Conclusion: To the best of our knowledge, this is the first report of late onset
polyneuropathy among chemically-wounded victims who were exposed to mustard
gas. The pathophysiology of this form of neuropathy is still unknown. Unlike most
toxic neuropathies, obvious clinical signs and symptoms appeared several years after exposure. No specific treatment for polyneuropathy due to chemical weapons
exposure has been described to date.
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Introduction
Toxin-induced neuropathies, although uncommon, are important to identify because of
potential reversibility. Numerous medications
and toxins are implicated in relation with neuropathy, but objective proof lacks for many.
Some established associations with neuropathy
are less widely known while others are overestimated [1]. The early disturbances are mostly

symmetrical sensory symptoms and signs, often followed by symmetrical motor pareses.
The best therapy is, of course, termination of
exposure to the toxic substance [2].
Chemical-weapon induced neuropathy is
one of the most unknown types of neuropathy.
In the Iran-Iraq war, chemical weapons were
used several times against Iranian soldiers and
also citizens (UN document S/16433 Mar.26,
1984). In 1987, the United Nations’ investigative envoy reported that Iran was subject to
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chemical weapons attacks. They visited 12000
chemical wounded soldiers, mostly affected by
mustard gas (UN DocumentS/17911.Mar.12,
1986).
There were some reports in the “Iran Veterans Registry” of the obvious signs and symptoms of neuromuscular involvement after exposure. However, the exact rate of peripheral
nerve disorders has not been studied. This
might be related to the high mortality rate and also severe morbidity among chemically wounded
veterans. Therefore, the symptoms and signs of
neuropathies were overlooked in patients with
severe eye, skin, and pulmonary disorders.
In this study we evaluated the prevalence of
peripheral neuropathy among veterans with severe toxic eye involvement due to documented
mustard gas exposure who had no obvious neurological complaints for several years after exposure.

(sensory and motor) were performed by an expert
physician who was also blind to clinical data.
Abnormal electrodiagnostic study was defined according to the standard definition of axonal, demyelinative and mixed neuropathy
based on the changes in the velocity and amplitude as well as electromyography changes. In
axonal injuries, there is initial loss of sensory
nerve amplitude in a length-dependent fashion
(i.e., first in the distal lower extremities) followed by loss of motor amplitudes (in sensorimotor axonopathy), with gradual spread of
these abnormalities to the shorter nerve segments in the upper extremities. Because myelination is relatively preserved in primary axonal
injury, distal latencies, conduction velocities,
and late responses are not affected.
In a distal symmetric neuropathy, electromyography changes appear first in the distal
muscles and may move proximally as the neuropathy worsens and the deficits ascend. In severe, acute processes, decreased motor unit recruitment and loss of a full interference pattern
on voluntary contraction are the earliest indication of axon loss. With ongoing severe denervation, increased insertional activity and spontaneous activity appear, starting approximately 3
weeks after an acute injury, and may persist as
long as the disease process remains active. Neurogenic motor unit action potentials do not appear for at least 2 to 3 months because of the
time required for collateral reinnervation to become established [3].
Finally, neuropathy was diagnosed based on
the definition of “the American Academy of
Neurology, the American Association of Electrodiagnostic Medicine, and the American
Academy of Physical Medicine Rehabilitation” ,
among which the combination of neuropathic
symptoms, signs, and abnormal electrodiagnostic studies provide the most accurate diagnosis of distal symmetric polyneuropathy [4].

Methods
In this descriptive study, 150 veterans from
all parts of Iran with a history of severe eye involvement due to documented mustard gas exposure were thoroughly evaluated in Mashhad
in 2007. Among them, 100 agreed to be examined for signs and symptoms of neuromuscular
disorders. They participated in this study freely
and willingly. General and neurological examinations were performed for all these patients by
an internist. 32 patients with suspected neurological findings were referred to a neurologist.
None of these patients had significant metabolic disorders.
Exclusion criteria were any of the following:
1) History of another disorder which could affect peripheral nerves such as metabolic disorders, or vitamin deficiency 2) History of medications which could affect peripheral nerves.
3) Positive family history for peripheral nerve
disorders.
In the cases with obvious symptoms and
signs of peripheral neuropathy, four-limb electromyography and nerve conduction studies

Results
From100 veterans, with a documented histo146
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injury

Table 1. Demographic data of the patients.

ry of exposure to chemical mustard gas, during
the Iran-Iraq conflict, 13 revealed clinical findings compatible with peripheral neuropathy.
Table 1 shows the demographic data of these
patients.
As shown in Table 2, the most important
complaints were paresthesia and numbness.
There were no symptoms and signs of autonomic dysfunctions. Muscle strength was normal and more interestingly deep tendon reflexes were normal or even brisk in some cases.
Peripheral nerve involvement was confirmed
in 6 cases by electrodiagnostic studies (Table
3). Mild axonal sensory and motor polyneuropathy was the most frequent type of peripher-
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al neuropathy.
Disscusion
Toxic neuropathy is a complex, multifactorial disease which potentially affects individuals
of all ages. The variety of agents producing
neurotoxicity is wide, including inorganic toxins such as heavy metals; organic toxins such as
organophosphates, acrylamide and its analogs,
industrial solvents; therapeutic agents and plant
alkaloids [5]. In this study we evaluated late onset presentation of mustard neuropathy.
The two major threat classes of chemical
weapons are mustard gas and nerve agents.
Mustard gas, bis- (2-chloroethyl) sulfide (Chem-
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Table 2. Neurological findings of the patients.
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syndrome

Table 3. Electrodiagnostic findings of the patients.

ical Abstract Service No. 505-60-2), is also
known as mustard, S-mustard, sulfur mustard,
HS, HD, H, Kampstoffe, Lost, SLost, Schwefel-Lost, Y, Yellow Cross, and Yperite. At 25 degrees celsius, the vapor pressure, liquid density,
and volatility of mustard are 0.11 mmHg, 1.27
g/mL, and 920 mg/m3, respectively. The nerve
gases or nerve agents are all fluorine- or
cyanide-containing organophosphates (OPs)
similar to insecticides. They are the most potent
of the known chemical agents, rapidly lethal,
and are hazardous by any route of exposure.
The nerve agent O-ethyl S-[2-(diisopropyamino) ethyl]methylphosphonothioate (VX) is
estimated to be 103-104 times more potent than
the most potent commercially available OP insecticides [6].
The first wartime use of mustard was by the
Germans against the British at Ypres, Belgium,
on 12 July 1917 [7]. Since World War I, mustard has been allegedly used by the following:
Great Britain in the Middle East; the French in
Morocco; Italy against Ethiopia in 1936; Japan
against China in 1937; Poland against Germany
in 1939; the Russians in Central Asia; Egypt
against Yemen from 1963 to 1967; Iraq against
Iran during the Iran-Iraq War, and Iraq against

the Kurds [8-12].
The most common symptoms in mustard-exposed victims are eye and skin lesions, with
more severe cases having respiratory and gastrointestinal problems [13-15]. To the best of
our knowledge, there is no report of late onset
mustard-induced neuropathy in the literature.
We found objective signs and electrodiagnostic
findings of polyneuropathy among 13% and
6% of our patients, respectively. None of our
patients had any complaints of neuromuscular
disorders for several years after exposure, although this might be due to severe comorbid injuries. Ruling out metabolic and other toxic
neuropathies and not having a positive family
history of neuropathic disorders, we concluded
that these neuropathies might be mustard-induced.
Most toxic peripheral neuropathies are sensory-motor with predominant sensory symptoms [16]. In our study, sensory signs and
symptoms were prominent (Table 2). Some toxins (such as organophosphates, hexacarbons
and acrylamide) may have simultaneous toxic
effects on both central and peripheral pathways
(central-peripheral neuropathy) [17]. Brisk deep
tendon reflexes which were observed among
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our patients might reflect central involvement.
Toxins may have damaging effects on the peripheral nerves at different sites: on the axon, on
the myelin sheath, on the cell bodies and on the
vasa nervorum [2]. It already has been proven
that one of the most common pathological manifestations of neurotoxin-induced axonal disease is selective vulnerability and degeneration
of long and large axons[18]. In our study, electrodiagnostic examinations showed axonal involvement in 6 cases. Although electrodiagnostic studies were normal in other cases, the clinical examinations were definitely abnormal,
which might indicate sensory neuropathy without any changes in electrodiagnostic studies.
The symptoms of our patients appeared with
a delay phase of 17.5 years on average (Table
2). The pathophysiology of this delay type of
neuropathy is not clear. It is known that some
toxins such as organophosphates (OP) produce
acute toxicity as well as delayed neurotoxicity
which usually occurs 2-3 weeks after exposure.
This neuropathy is predominantly motor, symmetrical, with muscle atrophy and pyramidal
signs [19]. OP poisoning can induce acute toxic
neuropathy in hens, which might be related to
the disturbance of axoplasmic flow and axonal
demyelination [20]. There is overwhelming evidence that modification of the structure of
“neuropathy target esterase”, by covalent binding of some organophosphorus esters, initiates
an irreversible delayed polyneuropathy [21].
There is no proven treatment for toxic neuropathies. Some researchers used calcium
channel blockers [22]. Clinicians should be
aware of the possibilities of peripheral neuropathies, because it can significantly worsen
after use of “non-toxic” dosages of known neurotoxic agents [23].
Sample size was the major limitation of this
study. Further analytic cohort studies with appropriate sample size and specific focus on
biopsy, and pathophysiology of the disease is
recommended. It would also be interesting to
evaluate neuropathy among American, British,
MJIRI.Vol. 21, No.3, November 2007. pp. 145-150

and Iraqi soldiers after Gulf War I and II and to
evaluate the impacts of other toxic materials.
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