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Clinical Question Box
In patients with chronic nitrous oxide abuse, what is the role of vitamin B12 deficiency in the
development of subacute combined degeneration (SCD) of the spinal cord and what is the
recommended treatment to prevent permanent neurological damage?

Chronic nitrous oxide abuse can cause functional vitamin B12 deficiency by inactivating
cobalamin, leading to SCD of the spinal cord and treatment involves discontinuing nitrous oxide
use and administering intramuscular B12; early recognition and intervention are crucial to reverse
neurological deficits and prevent permanent damage.

Abstract

Background: Nitrous oxide is a widely abused inhalant known for its rapid onset of euphoric
sensations. Chronic use, however, can result in functional vitamin B12 deficiency, causing mega-
loblastic anemia, peripheral neuropathy, and subacute combined degeneration (SCD) of the spinal
cord. Case Presentation: This case report examines a 43-year-old male with a history of attention-
deficit/hyperactivity disorder and chronic back pain who presented with neurological symptoms
secondary to chronic nitrous oxide use and subsequent B12 deficiency. The patient reported a one-
week history of lower extremity swelling, paresthesias, and vertigo. He admitted to daily nitrous oxide
use for the past month. Neurological examination revealed ataxia, impaired proprioception, and a
positive Romberg test. Laboratory studies showed macrocytic anemia and a severely decreased B12
level. An MRI of the cervical spine revealed T2 hyperintensity in the dorsal columns, which was
consistent with SCD. He was treated with intramuscular B12 and advised to discontinue nitrous
oxide use. Significant neurological improvement was noted at a three-month follow-up, allowing
him to return to work. Conclusion: Chronic nitrous oxide use can lead to functional B12 deficiency
and subacute combined degeneration, a potentially reversible condition if treated early. Differential
diagnoses include pernicious anemia, malabsorption syndromes, and other neurological disorders.
Prompt diagnosis through serum B12, methylmalonic acid, homocysteine levels, and spinal imaging is
essential to prevent permanent neurological damage. Nitrous oxide abuse is an emerging cause of B12
deficiency. Early recognition and intervention are essential for recovery. Healthcare providers should
consider B12 deficiency in patients presenting with neurological symptoms and a history of nitrous
oxide use.

Keywords: Vitamin B12, nitrous oxide, subacute combined degeneration, vitamin B12 deficiency,
chronic inhalant abuse.
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Introduction

Nitrous oxide is an inhaled anesthetic with a rapid onset and offset. When inhaled, users may
experience feelings of euphoria, dissociation, and heightened consciousness. In some cases, users can
experience dizziness, weakness, confusion, and hallucinations, which may lead to falls or accidental
injury.1 While there do not appear to be many side effects of heavy use, functional B12 deficiency can
occur, resulting in megaloblastic anemia or peripheral neuropathy, with some case reports identifying
limb paralysis or a possibly increased risk of psychosis and schizophrenia.1,2 The most common
adverse effects are hallucination (27.8%) and confusion (23.9%), with persistent numbness being
present in 4.3% of users.3 As nitrous oxide use causes a functional B12 deficiency, B12 titers can be
normal on initial presentation despite elevated serum Methylmalonic acid and homocysteine.4

While B12 deficiency and its related adverse effects can result from nitrous oxide use, B12 deficiency
can also be due to pernicious anemia, malabsorption, or dietary insufficiency. It is expected that 1%–
2% of patients with anemia and 18%–20% of patients with clinical macrocytosis can be attributed to
B12 deficiency.5 While it can be challenging to determine the true prevalence of B12 deficiency in the
population, in general, it is more common for B12 deficiency to be present in elderly populations, with
an estimated 6% prevalence in people <60 years of age and 20% prevalence in people >60 years of age
in the USA.6

Although there is no statistically significant difference between age group and nitrous oxide use,
one study reports that men, young adults, and adolescents are more likely to be heavy users compared
to other populations.1 The prevalence of nitrous oxide use also increases depending on hobbies, as
people who attend raves and clubs were estimated to have a 30-day prevalence between 40%–80%.3

In addition, a 2016 global drug survey showed that, in general, there is a 29.4% (28.3%–30.5%, 95%
CI) lifetime prevalence of nitrous oxide use in the United States and an 8.2% (7.6%–8.9%, 95% CI)
prevalence of use within the last year among those aged 20–27 years old.3 In this case report, we will
be going over the case of one patient who presented to the hospital with signs of peripheral neuropathy
and difficulty walking after self-medicating with nitrous oxide.

Case Presentation

The patient is a 43-year-old male with a past medical history concerning for attention-deficit hyperac-
tivity disorder and chronic back pain and surgical history concerning right shoulder arthroscopy and
an open reduction internal fixation of an orbital fracture (2015) who presented to the emergency room
for a one-week history of lower extremity swelling, paresthesias, and vertigo. He recalls feeling “off
while walking,” as well as intermittent tingling and burning sensations in his legs. He admits to recent
daily use of nitrous oxide for the past month that he purchased from the internet to alleviate chronic
lower back pain that he states was related to his occupation. He states he has never used cigarettes
or e-cigarettes in the past and drinks approximately one standard drink per week. Additionally, he is
sexually active with multiple female partners. On review of systems, the patient endorsed leg swelling,
dizziness, and weakness. The physical examination was positive for mild edema bilaterally in the
lower extremities and hemodynamically stable vital signs, but it was otherwise unremarkable aside
from the neurological examination. A neurological consult revealed that cranial nerves were intact,
motor strength was preserved, normal muscle tone and bulk were observed, tremors were absent, and
Babinski was negative. However, Romberg testing was positive, an ataxic and broad-based gait was
observed, finger-to-nose testing was impaired, and proprioception and vibration sense were impaired.

On further workup, magnetic resonance imaging (MRI) of the cervical spine with and without
contrast demonstrated a T2 signal hyperintensity within the dorsal columns of the spinal cord
extending from the craniocervical junction to C6, most suggestive of subacute combined degeneration
(Fig. 1). Laboratory results demonstrated macrocytic anemia, a severely decreased B12 level (<150
pg/mL), and a normal folate level. His complete blood count, complete metabolic panel, liver function
tests, and glucose were within normal limits. The results returned negative for copper toxicity, human
immunodeficiency virus (HIV), and syphilis. A toxicity consult aligned with a diagnosis of B12
deficiency due to nitrous oxide abuse leading to subacute combined degeneration with possible
improvement of symptoms within the next month to a few months. He was treated with intramuscular
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B12 and discharged from the emergency room with recommendations to discontinue nitrous oxide
use, supplement diet with cobalamin and folic acid as well as possible methionine, receive drug abuse
counseling, as well as follow up outpatient with toxicology, physical therapy, and psychiatry. During his
3-month follow-up with his primary care provider and physical therapist, he improved his neurological
symptoms markedly and could return to work with light duty.

Figure 1. Magnetic resonance imaging of the cervical spine with a symmetric, bilateral, and
high T2 signal in the dorsal columns, indicated by the characteristic inverted “V” or “bunny-ear”
sign.

Discussion

This case highlights the neurological complications associated with vitamin B12 deficiency due to
chronic nitrous oxide abuse. Nitrous oxide was first documented for use since 1844 in patients requiring
dental surgeries as an anesthetic but has been largely replaced by other medications today.7 The first
cases of B12 deficiency due to nitrous oxide exposure have been noted since 1978 in dentists exposed
to the gas due to poorly ventilated working conditions.8 Nitrous oxide has now become increasingly
popular as a recreational drug that can be easily and legally obtained at a low cost, especially in younger
populations.9

B12 deficiency, a potentially reversible cause of neurological impairment, presents with a variety of
symptoms, including paresthesias, peripheral neuropathy, gait disturbances, and cognitive decline.10

In severe cases, it can lead to subacute combined degeneration (SCD) of the spinal cord, as seen in this
patient. This condition is characterized by demyelination of the dorsal and lateral columns, leading
to impaired proprioception, vibration sensation, and ataxia, which is evident in the patient’s positive
Romberg test and gait abnormalities.

While nitrous oxide abuse leading to functional B12 deficiency is the most likely diagnosis in this
case, other causes of B12 deficiency and neurological dysfunction must be considered. Pernicious
anemia, malabsorption syndromes (e.g., celiac disease, Crohn’s disease), or dietary insufficiency in
vegetarians and vegans are common causes.10 Additionally, differential diagnoses for the patient’s
symptoms could include multiple sclerosis, spinal cord compression, HIV-associated neuropathy,
copper deficiency, and syphilis, all of which should be ruled out based on clinical presentation
and relevant laboratory and imaging findings.10 In this case, our patient admitted to nitrous oxide
use forthright, and subsequent laboratory testing and imaging pointed towards subacute combined
degeneration due to B12 deficiency.

A thorough workup is essential to confirm B12 deficiency and rule out other potential causes. Initial
laboratory evaluation should include serum B12, which may be falsely normal in nitrous oxide-induced
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deficiency. Therefore, testing for serum methylmalonic acid (MMA) and homocysteine, both of
which are elevated in B12 deficiency, is crucial for confirming the diagnosis, especially in patients
with inhibited abilities to absorb B12, such as those who have undergone gastric bypass surgery.11

MRI of the cervical spine is useful in identifying subacute combined degeneration, as demonstrated
by the T2 signal hyperintensity in the dorsal columns in this patient’s imaging.12 However, MRI
demonstrating T2 signal hyperintensity in the dorsal columns is not specific to B12 deficiency and can
be seen in disorders such as copper deficiencies, HIV myelopathy, methotrexate toxicity, and vitamin
E deficiencies.13

Once diagnosed, B12 deficiency can be treated with intramuscular B12 injections, which should be
initiated promptly to prevent permanent neurological damage with continued ingestion of B12 and
methionine supplements.14,15 General guidelines state that for treatment of B12 deficiency in those
without neurological involvement, the regimen consists of 1 mg of hydroxocobalamin every other
day for two weeks, then 1 mg of hydroxocobalamin injections over the course of three months.16

However, the same dose is administered in those with neurological involvement until the symptoms
resolve, followed by bi-monthly injections.16 In cases of nitrous oxide-induced deficiency, counseling
to discontinue use is critical as relapse is common.14 As this case demonstrates, with early intervention,
neurological recovery is possible, as evidenced by the patient’s marked improvement during follow-up
and his ability to return to work.

In summary, B12 deficiency should be considered in any patient presenting with neurological
symptoms and a history of nitrous oxide use, with a thorough workup involving serum B12, MMA,
homocysteine, and spinal imaging. Early diagnosis and treatment are essential for preventing perma-
nent neurological damage, and early treatment can prevent irreversible outcomes.

Conclusion

This case underscores the importance of recognizing vitamin B12 deficiency as a potential complica-
tion of chronic nitrous oxide abuse, particularly in patients presenting with neurological symptoms
such as peripheral neuropathy, ataxia, and cognitive changes. Nitrous oxide, commonly abused for
its euphoric effects, can disrupt B12 metabolism and lead to subacute combined degeneration if
left untreated. Early diagnosis through a combination of clinical evaluation, laboratory testing,
and imaging is essential, as prompt initiation of B12 replacement therapy can lead to significant
neurological recovery. Given the rising prevalence of nitrous oxide use, healthcare providers should
remain vigilant for this diagnosis, ensuring timely intervention to prevent permanent neurological
damage. Comprehensive management, including cessation counseling and follow-up, is critical for
long-term recovery and relapse prevention.
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