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INTRODUCTION

Nitrous oxide (N2O) abuse is relatively common(1,2)

and may cause significant neurological disability result-
ing from vitamin B12 (B12) deficiency. Subacute com-
bined degeneration (SCD) of the spinal cord is a result
of B12 deficiency and characterized by weakness, abnor-
mal sensations, mental problems and visual difficul-
ties(3,4). Common causes of B12 deficiency are pernicious
anemia, tropical sprue and gastric resection. SCD rarely

caused by N2O intoxication. The mechanism of N2O
neurotoxicity is interference with B12 bioavailability(5)

and the resulting neurological syndromes are indistin-
guishable from B12 deficiency due to malabsorption or
low dietary intake(6-8). However a movement disorder is
not a characteristic feature of N2O neurotoxicity.

Diagnosing N2O-induced neurologic disease may be
difficulty if the affected patient does not disclose her
inhalation activity, or the examiner fails to inquire about
it. In this issue we report a rare case of spinal myoclo-
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nus presenting SCD patient caused by N2O. 

CASE REPORT

A 26-year-old woman suffered from weakness and
numbness of both lower limbs for 2 days. She was previ-
ously healthy and denied history of abuse of toxic sub-
stances or illegal drugs. There was no history of gas-
trointestinal disease or deficient intake of B12.

On neurological examination, her mental status,
speech, and cranial nerves were normal. Strength was
3/5 in the lower limbs and 4/5 in the upper limbs. The
tendon reflexes were absent and the plantar responses
were bilaterally flexor. Sensory examination showed
paresthesias in the hands and feet with markedly
decreased vibratory sensation in her feet and legs follow-
ing a distal-accentuating  pattern. 

On the 2nd hospital day, she further developed respi-
ratory difficulty. She was initially diagnosed as Guillain-
Barré syndrome (GBS). Plasma exchange was done but
her symptoms did  not improve. Results of the CSF stud-
ies were normal without evidence of albuminocytologi-
cal dissociation (protein: 32 mg/dl, glucose: 58 mg/dl,
chloride: 128 mmol/L). The anti-HCV, anti-HIV,
Venereal Disease Research Laboratory test (VDRL) and
thyroid function test were unremarkable. The NCV and

EMG studies disclosed sensory-motor demyelinating
polyneuropathy. Blood biochemistry tests and blood cell
counts revealed no abnormalities except higher MCV
(101.8 fL). The B12 level (normal value ≥ 211 pg/ml) was
low (187 pg/ml). She was prescribed intramuscular B12

injections with a 1000 µg daily for 7 days then 1000 µg
every week for 2 months under the impression of B12

deficiency. The next day after B12 injection, she devel-
oped multifocal, jerky movements over four extremities
and in the trunk asynchronously. The brief and rapid
twitching of muscle groups persisted during sleep with a
lesser severity. The severity of myoclonic movements
increased in the first four days, then they ceased sponta-
neously after the 7th day of B12 therapy when the dose
was reduced to 1000 µg per week. EEG did not reveal
any abnormality. Further electrophysiological examina-
tion could not be performed, because the patient refused
investigation. When reviewing her history again, she dis-
closed a history of weekly N2O inhalation for 2-3
months due to recreational purpose. The MRI of cervical
spine revealed abnormal demyelinating lesion affecting
the posterior column between C2 and C7 spine on T2-
weighted images (Fig.). N2O intoxication was finally
diagnosed. Her symptoms completely resolved within 2
months after B12 supplementation. 

Figure. MR findings in a 26-year-old woman with a history of N2O abuse presented with limb weakness, numbness and spinal
myoclonus. (A) T2-weighted sagittal image shows increased signal intensity (black arrow) in the cervical spinal cord
between C2 and C7. (B) T2-weighted axial image shows that the abnormal signal involves preferentially the posterior
columns at the C4 level. 
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DISCUSSION

Under normal conditions, B12 is converted in the cell
cytoplasm to its active form, methylcobalamin, and
bound as a cofactor to the enzyme methionine synthase,
catalyzing the methylation of homocysteine to methion-
ine. The products of this reaction are essential to the
biosynthesis of myelin sheath protein, DNA, carbohy-
drate, and lipids(9).

N2O irreversibly inactivates methylcobalamin by
oxidizing from its active constituent cobalt molecule
(Co+) to the Co++ and Co+++ forms(10). As methylcobal-
amin is depleted by N2O, levels of methionine diminish
and myelination cannot be maintained, leading to symp-
toms and signs of SCD. The etiologies of SCD include
pernicious anemia (78.3%), tropical sprue (5.6%), gas-
tric resection (4.2%), ileal resection (2.5%), jejunal
diverticula (2.1%), dietary B12 malabsorption (2.1%),
multiple etiologies (2.8%), and etiology unknown
(2.1%)(3). N2O neurotoxicity should be recognized as an
important cause of SCD. In patients with N2O neurotoxi-
city, the posterior columns are involved(5) with loss of
position and vibration senses, ataxia, broad-based gait,
and, occasionally, Lhermitte sign. The corticospinal
tracts may also be involved(5), leading to weakness, spas-
ticity, urinary and fecal incontinence, hyperreflexia,
clonus, and extensor plantar response. Peripheral neu-
ropathy as evidenced by axonal degeneration with or
without demyelination in peripheral nerves is also
seen(10).

The patient was initially diagnosed of GBS due to
ascending paralysis with respiratory difficulty, lower
motor neuron signs (diminished DTR) and concealed
history of N2O abuse. The presence of N2O abuse with
myoclonus, abnormal nerve conductions and MRI of C
spine, higher MCV, and low serum B12 level confirmed
the diagnosis. The patient in this report presented with
paresthesias, profound loss of vibratory sensation (“large
fiber” sensory loss) and preservation of pain and temper-
ature (“small fiber” function). This clinical pattern also
suggests that the dysfunction of the posterior column is
due to N2O neurotoxicity. 

To our knowledge, there is no reported patient with

involuntary movements associated with N2O intoxica-
tion. No sustained abnormal posture was observed in our
patient, which might have suggested that the muscle
contractions were part of a dystonic syndrome. They
were multifocal, irregular, jerky movements and exag-
gerated with various stimuli, so were thought to be
myoclonus. 

Myoclonus can be classified into three groups, i.e.
cortical, subcortical and spinal, based on the underlying
physiological mechanism(11). The normal EEG did not
favor cortical myoclonus in our patient. Subcortical
myoclonus does not persist during sleep, except palatal
myoclonus(12). The persistence of myoclonus during sleep
is a feature of spinal myoclonus(13). Spinal myoclonus
includes two types: first simple spinal segmental
myoclonus, with focal repetitive rhythmic jerks and sec-
ond propriospinal myoclonus with predominantly axial,
arrhythmic flexor or extensor jerks involving many
spinal segments(13). In our opinion, the irregular, asym-
metric extensor and flexor jerks persisting in sleep,
developing on the basis of myelopathy in our patient
resembled propriospinal myoclonus. 

We propose the involuntary movements were related
to B12 therapy, because the involuntary movements hap-
pened on the next day after B12 supplementation. There
are a few reports of therapy-induced myoclonus in the
patients with B12 deficiency(14-16). After a period of severe
shortage of B12 depleted by N2O, the sudden availability
of B12 may have resulted in a temporary imbalance of the
complicated metabolic pathways of cobalamin(14,15). 

Treatment for B12 deficiency and N2O toxicity is
cobalamin and possibly methionine supplementation(17,18).
Parenteral vitamin therapy aimed at replenishing the
total body pool is needed. Since most symptoms
improve but do not resolve completely, early diagnosis
and treatment are important.

In conclusion, N2O interacts with vitamin B12 result-
ing in selective inhibition of methionine synthase, a key
enzyme in methionine metabolism. As methylcobalamin
is depleted by N2O, levels of methionine diminish and
myelination cannot be maintained, leading to symptoms
of SCD. N2O intoxication should be recognized as one of
the causes of SCD if no history of vegetarian or gastric
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operation exists. N2O intoxication should be considered
in the differential diagnosis of acute ascending paralysis.
Finally, spinal myoclonus can occur in patients with N2O
intoxication especially after the initiation of B12 treat-
ment. The pathogenic mechanism and the nature of the
movement disorder are still not clear. 
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