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Abstract 

Background The recreational use of nitrous oxide is becoming increasingly common among teenagers and young 
adults. Since 2018, the use of nitrous oxide has increased exponentially and has become a public health problem.

Case presentation A 23-year-old patient was referred to accident and emergency (A&E) by his general practitioner 
for deterioration in general condition, vomiting, diarrhea and febrile headache at 39 °C.

He reported that he had been partying for a month and consuming alcohol, cannabis and nitrous oxide. Three 
days before the consultation, he reported increased abdominal pain in the right iliac fossa. His homocysteine con-
centration was 51.9 μmol/L, and his plasma methyl malonate concentration increased to 4.45 μmol/L. A thoracic 
and abdominal CT scan revealed right iliac venous thrombosis associated with bilateral pulmonary embolism.

Conclusion Nitrous oxide inhibits the activity of methionine synthetase. We therefore observed an increase 
in plasma homocysteine and 5-methyl-THF. The increase in homocysteine could be responsible for the pro-throm-
botic activity resulting from nitrous oxide intoxication. At present, no threshold or duration of exposure has been 
identified as being particularly likely to cause complications. It is likely that other factors coexist, such as coagulation 
disorders and polymorphisms of the MHTFR gene, which can lead to hyperhomocysteinaemia, cannabis consump-
tion, inflammatory conditions and others. Treatment is based on vitamin B12 supplementation and curative antico-
agulation. Some authors also recommend folate supplementation.

Consumption of nitrous oxide could be associated with arterial and venous thromboembolic disease.
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Background
The recreational use of nitrous oxide is becoming increas-
ingly common among teenagers and young adults [1]. 
The first notifications to the national drug safety agency 
were made in 2012, but it was not until 2018 that the use 
of nitrous oxide increased exponentially and became a 
public health problem [2]. Nitrous oxide is the second 
most commonly used drug among young adults aged 16 
to 24 years [3]. Approximately 63% of users believe that 
this substance is safe [4]. Nitrous oxide is consumed in 
the form of a freely available food additive, known col-
loquially as “whippets” (food gas cartridges) [4, 5]. The 
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complications are manifold: neurological (mainly cer-
ebral thrombosis and neuropathy) [1, 6, 7], psychiatric [1, 
4], digestive [1], and cardiovascular (acute coronary syn-
drome and arterial and venous thrombosis) [1, 8]. We are 
going to present the case of a young patient who went to 
accident and emergency (A&E) and was referred by his 
general practitioner. 

Case presentation
A 23-year-old patient was referred for deterioration in 
general condition, vomiting, diarrhea and febrile head-
ache at 39  °C. He reported using alcohol, cannabis and 
nitrous oxide for one month. He reported increased 
abdominal pain in the right iliac fossa three days prior to 
consultation. The outpatient laboratory report revealed 
hyponatremia at 130  mmol/L, acute renal failure with 
creatinemia at 106 μmol/L, hepatic cytolysis with ASAT 
at 51 IU/L, ALAT at 79 IU/L, and elevated range-GT at 
61  IU/L, all of which are associated with inflammatory 
syndrome with hyperleukocytosis at 13 G/L with neutro-
phils (10 G/L) and CRP at 212 mg/L. The only history was 
psoriasis and depression, and smoking was estimated at 9 
pack-years. He consumed alcohol associated with nitrous 
oxide daily. His blood pressure was 125/72  mmHg, his 
heart rate was 90/min, his capillary oxygen saturation 
was 98%, and his temperature was 38.5  °C. On clinical 
examination, there were signs of extracellular dehydra-
tion with dry mucous membranes, and the abdomen was 
painful and tender in the hypochondrium, flank, right 
iliac fossa and epigastrium. Ultrasound ruled out abdom-
inal compartment infection. Biologically, the authors 
reported the persistence of inflammatory syndrome with 
CRP at 200 mg/L and hyperleukocytosis at 10.7 G/L and 
of renal failure with creatinemia at 98  µmol/L and no 
increase in lipase at 70  IU/L. In addition, homocysteine 
was measured at 51.9  μmol/L, plasma methyl malonate 
was increased to 4.45  μmol/L, and anti-cardiolipin and 
anti-beta 2 antibodies were negative.

A abdominal scan was performed if appendicitis or 
cholecystitis was suspected, revealing right iliac venous 
thrombosis. The radiologist then extended the CT scan 
to the thorax which revealed bilateral pulmonary embo-
lism. He was then anticoagulated with 7000 IU of enoxa-
parine, followed by rivaroxaban in the medical ward. At 
a subsequent follow-up visit, the biological work-up and 
inflammatory syndrome showed a marked improve-
ment. Similarly, the digestive symptoms had completely 
improved.

Discussion
This case highlights the possible association between 
the consumption of nitrous oxide and the occurrence of 
thrombotic events, which have rarely been described [1].

The pro-thrombotic effects are thought to be linked 
to the interaction of nitrous oxide with the intracellu-
lar metabolism of vitamin B12 [3, 7, 9]. Its active form, 
adenosyl cobalamin, decreases with the efficiency of 
methionine synthase, resulting in an increase in homo-
cysteine as well as cardiovascular and thrombotic risks 
(see Fig. 1) [9].

The cofactor activity of vitamin B12 for methionine 
synthase and methylmalonyl-CoA mutase is affected by 
nitrous oxide. Nitrous oxide oxidizes methylcobalamin 
and thus inhibits the activity of methionine synthase. 
This enzyme catalyses the conversion of homocysteine 
and 5-methyl-THF to methionine and THF. We there-
fore observed an increase in plasma homocysteine and 
5-methyl-THF. Methylcobalamin is involved in the 
migration of methylcobalamine-CoA mutase from the 
mitochondria to the cytosol, resulting in an alteration 
in lipid metabolism and an accumulation of methyl-
malonic acid [9, 10] (see Fig. 2).

The increase in homocysteine could be responsible 
for the pro-thrombotic activity resulting from nitrous 
oxide intoxication [3]. However, the results of clinical 
case reviews are ambivalent: not all patients have an 
increase in homocysteine, and not all have a decrease in 
vitamin B12 [1].

At present, no threshold or duration of exposure has 
been identified as being particularly likely to cause 
complications. This is especially true given that the 
action of nitrous oxide varies and likely differs depend-
ing on the metabolic pathway.

Diagnosis is therefore difficult and depends on a 
range of factors, including a history of the disease, 
nitrous oxide consumption and elevated homocyst-
eine and methylmalonic acid levels. It is likely that 
other factors coexist, such as coagulation disorders and 
polymorphisms of the MHTFR gene, which can lead 
to hyperhomocysteinaemia, cannabis consumption, 
inflammatory conditions and others.

Treatment is based on vitamin B12 supplementation 
and curative anticoagulation [1, 3]. Some authors also 
recommend folate supplementation [1, 5, 7]. Depend-
ing on the organ affected, thrombectomy procedures 
are discussed. The duration of anticoagulation is 
unknown, but it should be assumed that hyperhomo-
cysteinaemia persists despite the cessation of nitrous 
oxide consumption [3].

There is no specific marker for nitrous oxide intoxica-
tion, especially because vitamin B12 is rarely decreased 
and is not correlated with the severity of intoxication. 
However, an increase in homocysteine is associated 
with recent increases in nitrous oxide consumption and 
methylmalonic acid [11].
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Conclusion
Nitrous oxide consumption could be associated with 
arterial and venous thromboembolic disease. At present, 
it is not possible to identify a threshold frequency of con-
sumption that should be of concern to clinicians.
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Fig. 1 Homocysteine metabolism [10]

Fig. 2 Adenosyl-cobalamin is a cofactor of the mitochondrial methylmalonyl-CoA mutase [10]
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