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Methyl bromide is a highly toxic gas with poor olfactory warning properties. It is widely used as
insecticidal fumigant for dry foodstuffs and can be toxic to central and peripheral nervous systems. Most
neurological manifestations of methyl bromide intoxication occur from inhalation. Acute toxicity characterized
by headache, dizziness, abdominal pain, nausea, vomiting and visual disturbances. Tremor, convulsion, un-
consciousness and permanent brain damage may occur in severe poisoning. Chronic exposure can cause
neuropathy, pyramidal and cerebellar dysfunction, as well as neuropsychiatric disturbances. The first case of
methyl bromide intoxication in Thailand has been described. The patient was a 24-year-old man who worked
in a warehouse of imported vegetables fumigated with methyl bromide. He presented with unstable gait,
vertigo and paresthesia of both feet, for two weeks. He had a history of chronic exposure to methyl bromide for
three years. His fourteen co-workers also developed the same symptoms but less in severity. Neurological
examination revealed ataxic gait, decreased pain and vibratory sense on both feet, impaired cerebellar signs
and hyperactive reflex in all extremities. The serum concentration of methyl bromide was 8.18 mg/dl.
Electrophysilogical study was normal. Magnetic resonance imaging of the brain (MRI) revealed bilateral
symmetrical lesion of abnormal hypersignal intensity on T2 and fluid-attenuation inversion recovery (FLAIR)
sequences at bilateral dentate nuclei of cerebellum and periventricular area of the fourth ventricle. This
incident stresses the need for improvement of worker education and safety precautions during all stages of
methyl bromide fumigation.
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Methyl Bromide (MB) is a halogenated ali-
phatic hydrocarbon commonly used as an insecticide
in the form of gas®. It is generally used for dry food-
stuff and as a soil fumigant in green houses and fields
for the control of nematodes, fungi and weeds®. Route
of human exposure to MB is inhalation and dermal
contact®., Signs and symptoms of inhalation exposure
depend on the concentration and duration of expo-
sure®, Target organs of intoxication include the
nervous system, respiratory system, kidney, eye and
skin®®, Acute MB intoxication mainly involves the
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central nervous system (CNS) and is often related with
poor outcome such as coma and seizures®. Chronic
intoxication includes syndrome in acute exposure plus
visual and hearing disorders, axonal polyneuropathy,
ataxia and psychological symptoms®”. Most of the
cases of MB intoxication reported in the literature are
due to acute intentional and accidental poisoning dur-
ing fumigation or manufacturing®®89), In the present
report, the first case of chronic MB intoxication in
Thailand has been documented. Neuroimaging study,
which has been rarely reported, was also described.

Case Report

Two weeks before admission, a 24-year-old
healthy man developed paresthesia of both legs,

421



progressive unstable gait and paroxysmal vertigo,
which was not related to positional change. He had a
3-year history of working in a warehouse of imported
vegetables, fumigated with MB. His 14 co-workers
also developed the same symptoms but were less in
severity. On admission, his vital signs and general
physical examination were unremarkable. Neurological
examination revealed normal mental status and cranial
nerves. His motor power was normal but increased
muscle tone and brisk deep tendon reflexes were noted
in all extremities. Babinski’s signs were plantar flexion
bilaterally. Loss of pain and vibration sensation on both
lower extremities and positive Romberg*‘s test were
observed. He had severe ataxic gait, impaired tandem
walk as well as bilateral impaired finger to nose and
heel to knee tests. Laboratory tests included complete
blood count, serum electrolytes, plasma glucose, BUN/
Cr and liver function tests were within normal limits.
Sensory nerve conduction studies (NCS) including right
median, ulnar, radial nerve and bilateral sural responses
were unremarkable. Normal motor NCS on deep pero-
neal, tibial, median and ulnar nerves were observed on
both sides. Segmental stimulation performed up to the
Erb’s point on both sides and F-wave latencies obtained
on all of these motor nerves revealed no abnormalities.
Normal H-reflexes to gastrocnemiussoleus muscles were
documented on both sides. Needle electromyography
of the selected proximal and distal muscles of the three
limbs revealed no evidence of denervation or myopathic
pattern. Magnetic resonance imaging (MRI) of the

brain revealed normal T1 weighted image (T1WI).
Bilateral symmetrical high signal intensity on T2
weighted image (T2WI) and fluid-attenuation inver-
sion recovery (FLAIR) sequences were observed at
bilateral arcuate-dentate nuclei of the cerebellum, peri-
ventricular area of the fourth ventricle (Fig. 1), inferior
olivary nuclei, periaqueductal gray, superior and
inferior colliculi. There was no detectable abnormality
on diffusion weighted image (DWI) study. Post-gado-
linium study depicted no enhanced lesions. MRI of
the spinal cord was normal. Cerebrospinal fluid study
revealed no abnormal profiles. Serum bromide level of
8.18 mg/dl was obtained (normal < 0.5 mg/dI). Toxic and
nutritional causes of the neurological syndrome were
ruled out by tests for serum lead, arsenic, folate and
vitamin B12.

Termination of gas exposure, resulted in
gradual improvement in ataxia, impaired finger to nose,
heel to knee and Romberg‘s tests. After 3 months, only
mild gait imbalance on tandem walking, paresthesia of
lower extremities, reduced propioceptive pain, and
touch sensation in the feet were detected.

Discussion

MB is a colorless and odorless volatile liquid
with a boiling point of 3.6°C®, It is easily toxic because
of poor olfactory warning properties®. Symptoms of
acute mild MB poisoning are often non-specific and
include headache, dizziness, abdominal pain, nausea,
vomiting, visual disturbances and ataxia®. Tremor,

Fig. 1 MRI of the brain: revealed bilateral symmetrical lesion of abnormal signal intensity on T2 (arrow) at dentate nuclei
(A) and abnormal fluid-attenuation inversion recovery (FLAIR) sequences (arrow) at periventricular area of the

fourth ventricle (B)
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convulsion, unconsciousness and permanent brain
damage are observed in severe poisoning“®, The
severity of intoxication depends on the dose and dura-
tion of exposure®. Chronic intoxication of low level
MB exposure causes progressive neurological dys-
function, which may be difficult to diagnose®**?),
The main symptoms include visual and hearing dis-
turbances, axonal polyneuropathy, incoordination,
ataxia® and psychological symptoms including loss
of initiative, depressed libido, personality changes
and hallucinations®®. Symptoms generally disappear
after the exposure is terminated, but numbness of the
extremities and visual disturbances may persist for 2-5
months or more®, Measurable levels of the parent
agent in the blood are rapidly reduced, probably as a
result of direct tissue chemical reaction®%. Therefore,
it is often difficult to diagnose this condition without
obtaining an occupational history of exposure, espe-
cially in chronic cases. Serum bromide level is also poorly
correlated with toxic effects and asymptomatic high
level is possible®!2, The clinical syndrome of the
presented patient was compatible with chronic MB
toxicity. History of exposure and high serum bromide
level of 8.18 mg/dl (normal < 0.5) confirmed the diagno-
sis. After a complete electrophysiologic investigation,
evidence of peripheral neuropathy had not been
demonstrated. The neurological syndrome in this
patient related to CNS intoxication has been demon-
strated by MRI.

MRI findings of MB intoxication have been
recently reported®+9, Rhinshu S. demonstrated sym-
metric T2 signal abnormalities in posterior putamen,
subthalamic nuclei, restiform bodies, vestibular nuclei,
inferior colliculi, and periaqueductal gray®. Howard
L. reported symmetric brainstem and cerebellar MRI
lesions at inferior colliculi, periaqueductal gray, dentate
nuclei, dorsal pons, and inferior olives®®. Kang K also
depicted involvement of corpus collosum®. MRI in
the presented patient revealed symmetric involvement
of bilateral arcuate-dentate nuclei of cerebellum and
periventricular area of the fourth ventricle, inferior oli-
vary nuclei, periaqueductal gray, superior and inferior
colliculi. Pathological abnormalities in an autopsy study
following lethal MB intoxication included bilateral
symmetrical hemorrhagic damages and peticheal he-
morrhage of mamillary bodies, inferior colliculi and
cerebellar dentate nuclei®’®). Nonlethal intoxication
with the syndrome of ataxia and paralysis have been
observed in laboratory animals and tissue degeneration
included nasal tissue, adrenal glands and brains®®.
Changes in brain catecholamines and tyrosine hy-
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droxylase activity were also documented in these
animal models®).

The pathology in the CNS after MB intoxica-
tion has some features resembling Wernicke’s
encephalopathology and Leigh’s disease™®. The exact
mechanism of MB induced CNS toxicity is unclear and
is proposed to be related to the disruption of enzymes
involved in metabolic pathways responsible for the
generation of energy®>%2b, MB intoxication should
be classified as one of the energy deprivation syn-
drome (EDSs). EDSs are disorders with diverse etiolo-
gies i.e. toxic, genetic and nutritional. EDSs share a
characteristic anatomic distribution of abnormalities
with preferential damage to periventricular, cerebellar
and brainstem areas®.These areas appear to be selec-
tively vulnerable to metabolic-energy derailment®@?,
Well known nutritional and genetic EDSs are Wernicke’s
encephalopathy and Leigh’s disease respectively®@.
These two disorders produce a similar distribution of
brain abnormalities. In Wernicke*s encephalopathy, a
deficiency of thiamine which is a necessary cofactor in
glycolysis, the lesions are commonly located at peri-
ventricular areas of thalamus, hypothalamus, brainstem,
mammillary bodies, periaqueductal grey and cerebellar
cortex®. In Leigh’s disease, a mitochondrial disorder,
neuropathological findings are similar to those of
Wernicke’s encephalopathy, except the sparing of
mammillary bodies®®. In the literature, there are two
reported cases of MB intoxication with Wernicke-like
brain MRI1®29, In Wernicke’s encephalopathy promi-
nent involvement of the inferior colliculi and periaque-
ductal area are usually detected in DW1@527, However,
MRI in MB intoxication revealed no abnormality in
DWI at these areas and this pattern can be used to
differentiate the two conditions®@27. In the last ten
years, cases of acute and chronic MB intoxication have
been reported and are summarized in Table 1.

Conclusion

A patient with MB intoxication who presented
with signs and symptoms of cerebellar and brainstem
abnormalities has been described. MRI of the brain
showed bilateral symmetrical lesions of abnormal sig-
nal intensity on T2WI and FLAIR sequence at bilateral
dentate nuclei of the cerebellum and periventricular
area of the fourth ventricle. The patient gradually
improved after termination of the exposure. Awareness
of this syndrome and occupational history of MB ex-
posure is necessary for the correct diagnosis. The MRI
findings are characteristic for MB intoxication but must
be differentiated from Wernicke’s encephalopathy. The
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Table 1. Case reports of acute and chronic MB intoxication in last ten years

Patient no. (Ref) Sex/Age Duration/ Symptoms and signs Serum Neuroimaging
(yn Route bromide level
(microgram/ml)

1(3) M/32 A/D  Dermal burns,vesicles, 12 -
weakness-brisk deep
tendon reflex, paresthesia
lower extrimities, Babinski

signs, ataxia

24 - Al Seizure, fever, multiorgan 270 -
failure, dead

3(5) F/12 Ataxia, severe action 113.0 -

myoclonus, dysarthria

4 (8) M/39 Al Dizziness, vomiting, 729 -
myoclonus, akinetic mutism

5(8) F/34 Al Dizziness, vomiting, 67.8 -
myoclonus, akinetic mutism,
derilium, convulsion,
behavioral changes

6 (8) F/5 All Dizziness, vomiting, 91.5 CT - enlarged sulci,
myoclonus, convulsion cerebral atrophy

7 (14) M/30 Al Paresthesia feet, unstable gait, 43.7 MRI - high SI at putamen,
blephaloptosis subthalamic nuclei, dorsal

medulla oblongata, inferior
colliculi, periaqueductal gray

8 (15) M/30 Cll Ataxia, acral paresthesias, 29 MRI - high Sl on T2 and
vertigo, horizontal diplopia, FLAIR in dentate nuclei,
pain-vibratory sense loss, periaqueductal grey, dorsal
absent ankle reflexes midbrain, pons, inferior olives

9 (16) M/31 Cll Dizziness, vomiting, walking - MRI - high Sl on T2 at
difficulty, urinary incontinence, splenium of corpus callosum

paresthesia extremitie simpaired
comprehension of language

10 (16) M/32 Cll Dizziness, vomiting, - MRI - bilateral symmetric
headache, dysarthria, high Sl on T2 in splenium
confusion, seizure of corpus callusum, globus

pallidus, periaqueductal grey,
pontine tegmentum, dentate
nuclei, medulla oblongata

11 (28) M/45 C/ Visual disturbance, dysarthria, 11.2 -
decreased muscle strength, gait
disturbance, erectile dysfunction

12 (present case) M/24 Cll \ertigo, cerebellar ataxia, 8.18 MRI - High SI T2wl FLAIR
paresthesia, spasticity bilateral arcuate-dentate
all extrimities nuclei, periventricular of 4"

ventricle, inferior olivary
nuclei, periaquiductal gray,
superior-inferior colliculi

A =acute, C = chronic, | = inhalation, D = dermal exposure, M = male, F = female, Ref = reference
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presented case emphasizes the need for the improve-
ment of worker education and safety precautions
during all stages of MB fumigation.
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