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A 19-Year-Old Man with a History of 
Recreational Inhalation of Nitrous Oxide with 
Severe Peripheral Neuropathy and Central 
Pulmonary Embolism
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	 Patient:	 Male, 19-year-old
	 Final Diagnosis:	 Peripheral neuropathy • pulmonary embolism • vitamin B12 deficiency
	 Symptoms:	 Balance problems • muscle weakness • sensorial deficit • thoracic pain
	 Medication:	 —
	 Clinical Procedure:	 —
	 Specialty:	 Cardiology • Laboratory Diagnostics • Neurology

	 Objective:	 Unusual clinical course
	 Background:	 Recreational use of nitrous oxide (laughing gas) is a growing phenomenon among young people due to easy 

accessibility and a presumed innocent effect. However, complications have been reported, especially following 
high and long-term use, including nerve damage, spontaneous pneumo-mediastinum, myocardial infarction, 
and macrocytic anemia.

	 Case Report:	 We report a case of a 19-year-old previously healthy man with occasional recreational use of nitrous oxide of 
up to 10 times within recent months, who presented with severe peripheral neuropathy. Laboratory examina-
tion revealed severely elevated homocysteine values of 92 µmol/L (reference range, <10 µmol/L), strongly ele-
vated methylmalonic acid level of >10 µmol/L (range, 0.1-0.4 µmol/L), vitamin B12 level of 234 pmol/L (range, 
200-600 pmol/L), hemoglobin level of 9.3 mmol/L (range, 8.3-10.5 mmol/L), platelets of 384×109/L (range, 
145-350×109/L), and leucocytes of 6.2×109/L (range, 3.5-10.0×109/L). Nitrous oxide can result in vitamin B12 
inactivation and nerve damage due to lack of myelination. During hospitalization, the patient had a bilater-
al central pulmonary embolism, probably caused by a combination of nitrous oxide abuse and some extent of 
immobilization. After 6 months of nitrous oxide cessation and treatment with B vitamins, the patient experi-
enced almost no residual symptoms, and homocysteine and methylmalonic acid levels normalized.

	 Conclusions:	 Our case shows that even moderate recreational use of nitrous oxide can lead to severe peripheral neuropa-
thy as well as increase the risk of thromboembolic complications. Especially young and previously healthy in-
dividuals presenting with unexplained neuropathy or thromboembolic events should therefore be asked about 
possible use of nitrous oxide.
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Background

Nitrous oxide has been used as an anesthetic for more than 
a century [1]. However, nitrous oxide in the form of so-called 
“laughing gas” is an increasingly used drug among young 
people [2]. This is owing to a presumed innocent effect com-
bined with an easy and legal availability, as nitrous oxide can 
be easily obtained from, for example, whipped cream charg-
ing bottles [2]. Daily, large-scale (more than 200 cartridges), 
and long-term recreational use of nitrous oxide has been as-
sociated with nerve damage due to functional vitamin B12 de-
ficiency [1,3,4]. Furthermore, various complications, including 
nerve damage, macrocytic anemia, thromboembolic phenom-
ena, myocardial infarction, and spontaneous pneumo-medi-
astinum, have been associated with daily and long-term rec-
reational use of nitrous oxide [5-11]. Deaths have also been 
described as a result of recreational use of nitrous oxide, pre-
sumably triggered by hypoxia [2,12].

This report is a case of a 19-year-old man with no preexist-
ing cause of peripheral neuropathy but a recreational inhala-
tion of nitrous oxide, who presented with peripheral neurop-
athy and had a pulmonary embolism during hospitalization.

Case Report

A 19-year-old man who was previously healthy without any 
medication or predisposition presented to the Emergency 
Department after falling down a staircase. He explained that, 
during the past 4 to 5 weeks, he had experienced increas-
ing sensory disturbances in the hands and lower extremities 
and now experienced balance impairment and muscle weak-
ness in the lower extremities. An extensive workup was per-
formed, including neurological examination, lumbar punc-
ture, electroneuronography, and magnetic resonance imaging 
(MRI) of the medulla totalis. The patient’s lumbar puncture 
and electroneuronography results were normal, and no defi-
nite pathological signal changes were recognized on the MRI 
scan (Figure 1). Furthermore, laboratory examination revealed 
highly elevated homocysteine values of 92 µmol/L (reference 
range, <10 µmol/L), strongly elevated methylmalonic acid lev-
el of >10 µmol/L (range, 0.08-0.28 µmol/L), normal folate lev-
el of 21 nmol/L (range, >9 nmol/L), normal vitamin B12 level of 
234 pmol/L (range, 200-600 pmol/L), and a normal creatinine 
level of 61 µmol/L (range, 60-105 µmol/L) (Table 1). All other 
laboratory results were within the reference range (Table 1). 
Based on this extensive workup, the patient was diagnosed 
with severe sensorimotor neuropathy. The initial presumed di-
agnoses included Guillain-Barre syndrome, neurological infec-
tion, and other causes of neuropathy. However, based on the 
patient’s history and diagnostic workup, including laboratory 
results, it was concluded that the patient had sensorimotor 

neuropathy due to functional vitamin B12 deficiency. A poten-
tial underlying trigger was suggested to be moderate recre-
ational use of nitrous oxide on various occasions, primarily 
on weekends. The patient claimed to had used nitrous oxide 
about twice per week within recent months (maximum of 50-
75 cartridges per time), which the patient confirmed to sev-
eral health professionals. The patient denied the use of other 
forms of recreational drugs. The patient received oral vitamin 
treatment with 1 mg once-daily vitamin B12, 5 mg once-dai-
ly folate (vitamin B9), and 300 mg once-daily thiamin (vitamin 
B1) and started physiotherapy treatment. The symptoms im-
proved considerably during hospitalization, and after 14 days, 
the patient was ready for discharge for further outpatient treat-
ment at a rehabilitation center. However, just before discharge, 
the patient suddenly developed severe non-radiating thorac-
ic pain. The pain was worsened by deep inspiration. His vital 
signs were blood pressure of 112/64 mm Hg, pulse of 86 beats 
per min, and oxygen saturation of 98%. An acute computed 
tomography angiography of the aorta was performed on sus-
picion of aortic dissection. No dissection was found; howev-
er, bilateral central pulmonary embolism with signs of pulmo-
nary infarction in both lower lobes with consolidated changes 

Figure 1. �Magnetic resonance imaging (MRI) scan of the 
cervical column. The MRI did not reveal any definite 
pathological findings.
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Laboratory values Admission Hospitalization
6-Month 
follow-up

Reference 
ranges

Standard blood samples

	 Potassium, mmol/L 3.5 3.8 3.5-4.6

	 Sodium, mmol/L 140 139 137-145

	 Calcium, mmol/L 2.20 2.52 2.20-2.55

	 Albumin, g/L 36 36 36-48

	 CRP, mg/L 6.9 5.8 <8.0

	 Leucocytes, ×109/L 6.2 9.1 3.50-10.0

	 Creatinine, µmol/L 61 62 60-105

Hematology

	 Hemoglobin, mmol/L 9.3 8.7 10.5 8.3-10.5

	 Erythrocytes MCV, fl 101 99 93 82-102

	 Erythrocytes MCHC, mmol/L 22.1 21.5 21.1 19.7-22.2

	 Platelets, ×109/L 384 346 342 145-350

	 Iron, µmol/L 26 9-34

	 Vitamin B12, pmol/L 234 352 200-600

	 Methylmalonic acid, µmol/L >10 0.08-0.28

	 Folate, µmol/L 21 >9

	 Homocysteine, µmol/L 92 9.5 <10

Thrombosis and hemostasis

	 INR 1.2 1.2 1.1 <1.2

	 APTT 23 26 20-29

	 Fibrin D-dimer, mg/L 3.0 0.25

	 Cardiac troponin I, ng/L <3 <47

	 Cardiolipinantibodies, IgG, ×103 IU/L 16 <20

	 Cardiolipinantibodies, IgM, ×103 IU/L <10 <20

	 Lupus anticoagulant 1.2 <1.4

	 Coagulation factor VIII, ×103 IU/L 1.34 0.66-1.55

	 Antithrombin, ×103 IU/L 0.84 0.80-1.20

	 Protein-C, ×103 IU/L 0.93 0.74-1.50

	 Protein-S, ×103 IU/L 0.70 0.69-1.37

	 DNA-F2-gene Normal

	 DNA-F5-gene Normal

	 Anti-beta-2-glycoprotein 1 antibodies, IgG, ×103 IU/L <10 <20

	 Anti-beta-2-glycoprotein 1 antibodies, IgM, ×103 IU/L <10 <20

Table 1. Laboratory values at admission, during hospitalization, and at 6-month clinical follow-up.
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was found. Because the patient was completely hemodynam-
ically stable and had a normal echocardiography, the pulmo-
nary embolism was treated with an oral anticoagulant (20 mg 
once-daily rivaroxaban). After a few days of further hospital-
ization, the patient was discharged.

At clinical follow-up 6 months after hospitalization, only mild 
sensory-motor residual symptoms were present. The patient 
had no symptoms related to pulmonary embolism or antico-
agulant treatment. A thrombophilia screening was performed, 
but all tests were normal, including no antiphospholipid anti-
bodies or lupus anticoagulant, no genetic polymorphisms, and 
no lack of natural anticoagulants, (Table 1). In addition, the ho-
mocysteine level had been completely normalized (9.5 µmol/L) 
(Table 1). Based on these findings, the anticoagulant treat-
ment was stopped.

Discussion

Our patient had both severe peripheral neuropathy and bilat-
eral central pulmonary embolism, presumably due to function-
al vitamin B12 deficiency and increased level of homocysteine 
after moderate recreational use of nitrous oxide. In addition, 
after 6 months of total nitrous oxide cessation, the patient ex-
perienced almost no residual symptoms.

Peripheral neuropathy following recreational use of nitrous ox-
ide has been reported previously, primarily in cases of long-
term use [13-15]. Chronic use of nitrous oxide leads to func-
tional vitamin B12 deficiency due to irreversible inactivation of 
vitamin B12 [2,16]. Active vitamin B12 is required for the conver-
sion of methylmalonic acid and the degeneration of homocys-
teine to methionine, hence persistent inactivation of vitamin 
B12 by nitrous oxide results in elevated levels of methylmalo-
nic acid and homocysteine [13,17] (Figure 2). As methionine is 

required for all methylations, vitamin B12 inactivation caused 
by the use of nitrous oxide can cause nerve damage due to 
lack of myelination of the nerve cell axons [13,18]. This mech-
anism is also a likely explanation for the peripheral neurop-
athy in our patient, as laboratory examinations at admission 
revealed elevated levels of methylmalonic acid and homocys-
teine, whereas plasma levels of vitamin B12 and folate as well 
as creatinine were normal. Although the patient’s vitamin B12 
level was normal, the amount of cobalamin available for the 
cells can still be suboptimal and result in the experienced 
symptoms, as only the cobalamin bound to transcobalamin 
are available for circulation [19]. Unfortunately, transcobala-
min was not measured in the patient. Furthermore, the MRI 
scan did not reveal any definite pathological findings. Following 
nitrous oxide cessation, the inactivation of vitamin B12 no lon-
ger persisted, leading to normalization of blood levels and res-
toration of nerve cell myelination. We believe that the rapid 

Table 1 continued. Laboratory values at admission, during hospitalization, and at 6-month clinical follow-up.

Laboratory values Admission Hospitalization
6-Month 
follow-up

Reference 
ranges

Lumbar puncture 

	 Leucocytes, ×106/L 0 <5

	 Mononuclear leucocytes, ×106/L 0 <4

	 Polynuclear leucocytes, ×106/L 0 <0

	 Glucose, mmol/L 3.6 2.5-4.5

	 Protein, g/L 0.26 0.15-0.50

	 Erythrocytes, ×106/L 0 0

CRP – C-reactive protein; MCV – mean cell volume; MCHC – mean cell hemoglobin concentration; INR – international normalized ratio; 
APTT – activated partial thromboplastin time; IU – international units.

Figure 2. �Schematic overview of the effect of vitamin B12 on the 
metabolism of methylmalonic acid and homocysteine. 
Nitrous oxide (N2O) oxygenates the core of vitamin B12 
(B12), leading to inactivation and functional vitamin 
B12 deficiency. This results in elevated levels of 
methylmalonic acid and homocysteine.
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fall/normalization in homocysteine level supports the hypoth-
esis that it is most likely the use of nitrous oxide causing the 
substantial increase in homocysteine level and the cessation 
causing the normalization.

Our patient had a pulmonary embolism 2 weeks after admis-
sion. Immobilization is a well-known risk factor for thrombo-
embolic complications [20] and might be of importance re-
garding this case, as the patient primarily stayed in his own 
hospital room during hospitalization. However, the patient was 
not immobile and could still walk despite peripheral neurop-
athy. The use of nitrous oxide may also have contributed to 
the development of the pulmonary embolism. Accordingly, one 
case has previously been reported on pulmonary embolism fol-
lowing the recreational use of nitrous oxide, although this pa-
tient had long-term use [6]. Among potential reasons for the 
increased risk of thromboembolic complications is the highly 
increased level of homocysteine [6,21,22]. An increased level 
of homocysteine has been reported to have various effects re-
garding hemostasis including endothelium dysfunction, platelet 
activation, and impaired fibrinolysis, which can also increase 
the risk of myocardial infarction [23-25]. However, these con-
sequences of increased homocysteine by nitrous oxide may 
not account for all effects of nitrous oxide on hemostasis. In 
a case report on a patient with an aortic arch thrombus fol-
lowing recreational use of nitrous oxide, the author suggested 
that since this thrombus occurred in an artery, a strong factor 
contributing to a hypercoagulable state must be present, and 
believed this factor to be nitrous oxide because the patient 
did not have any other major risk factors [26]. In addition, an-
other case of a patient with isolated cortical vein thrombo-
sis after long-term recreational use of nitrous oxide found a 

normal homocysteine level upon admission [27]. However, as 
our patient had a pulmonary embolism about 2 weeks after 
his last recreational use of nitrous oxide, the direct contribut-
ing effect of nitrous oxide on the development of pulmonary 
embolism was uncertain.

Conclusions

This report shows that even moderate recreational use of ni-
trous oxide can lead to severe peripheral neuropathy due to 
functional vitamin B12 deficiency and can be associated with 
pulmonary embolism, even in young and previously healthy 
individuals. Complete cessation of nitrous oxide use and treat-
ment with relevant vitamins can lead to a rapid return to nor-
mal conditions. Due to an increasing consumption among 
young people, healthcare professionals should explore the 
possible recreational use of nitrous oxide in patients present-
ing with unexplained neuropathy or thromboembolic events. 
Furthermore, it is important that young people in particular 
are informed about this risk of adverse effects of the recre-
ational use of nitrous oxide.
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