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Abstract

Nitrous oxide, colloquially known as “whippets,” is a com-
monly abused inhalant by adolescents and young adults.
There are limited data describing the adverse effects of this
abuse. We present a 16-year-old girl with no medical history
who presented to the emergency department for confusion,
hallucinations, weakness, and headaches. Imaging revealed
extensive cerebral thrombosis. She had no prior history of
venous or arterial thrombosis. Hypercoagulability workup
demonstrated an elevated homocysteine level. She was
treated with effective anticoagulation and vitamin B12 fo-
late supplementation. To our knowledge, there are a very
few cases in the medical literature of cerebral venous throm-
bosis following the use of nitrous oxide. The pathophysiol-
ogy of the disorder appears to be linked to the metabolism
of vitamin B12 inducing hyperhomocysteinemia and a pro-
coagulant state. ©2021S. Karger AG, Basel

Introduction

Nitrous oxide (N,O) is gaining in popularity as a rec-
reational drug in adolescents and young adults since the
last decade due to its legal access and easy availability [1].
The desired effects are euphoria and hallucination. In
France, there is no specific epidemiology concerning its
abuse; however, it is included in the category of inhaled
recreational drugs. In a survey done in 2017, 2.3% of the
adults (18-64 years old) and 3.1% younger than 17 years
confirm having used one or more inhaled drugs at least
once in their life [2-5].

Several adverse effects from this recreational abuse
have been described including skin hyperpigmentation,
subacute combined degeneration of the spinal cord, meg-
aloblastic anemia, and bone marrow suppression [2-5],
all related to dysfunction of vitamin B12 metabolism [6].
In addition, nitrous oxide inhibits the methionine syn-
thase enzyme, leading to an increase in the blood homo-
cysteine level, by irreversibly oxidizing the cobalt atom of
vitamin B12 [7]. Hyperhomocysteinemia is considered
an independent risk factor for venous thrombosis [8-11].

Nevertheless, no clear association between nitrous ox-
ide abuse and venous thrombi was previously reported
[12-15]. The present case report emphasizes the role of
homocysteine in thrombotic events due to N,O abuse.
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Fig. 1. Brain CT: spontaneous hyperdensi-
ty at the level of the left lateral venous sinus.
Fig. 2. Brain CT with IV contrast: flow void
in the left lateral venous sign.

Fig. 3. Brain MRI, sagittal 3D T1 with gadolinium: flow void in the
superior and inferior sagittal sinuses.

Observation

A 16-year-old girl with no previous illness was admitted to the
emergency department of our institution in May 2020 for head-
ache, lethargy, nausea, and vomiting evolving over several days.
She was confined since 6 weeks, due to the SARS-CoV-2 pandem-
ic. She admitted excessive nitrous oxide abuse for 3 weeks (up to
18 whippits per day) and denied smoking, alcohol intake, and oral
contraceptive use.

At admission, her temperature was 36.7°C, she had stiff neck,
was slightly lethargic, and she had a sinus bradycardia (heart rate
46 bpm). Her brain CT scan was negative for parenchymal lesions
but showed spontaneous hyperdensities at the level of several ve-
nous sinuses and cerebral veins. Her brain angio-CT scan con-
firmed the extended cerebral venous thrombosis (superior sagittal
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sinus, straight sinus, transverse sinuses, right sigmoid sinus, right
jugular vein, and superficial and deep cerebral veins) (Fig. 1, 2).
Emergency blood workup was normal, and she had negative toxic
products in blood and urine. Intravenous heparin and oral acet-
azolamide (for relief of intracranial hypertension) were prescribed.
She was then transferred to the stroke unit.

The extensive workup for thrombophilia showed vitamin B12
deficiency (93 ng/L [N: 187-883 ng/L]), normal folate levels, and
a 10-fold increase in the homocysteine level (134 pmol/L [N: <13.6
umol/L]). Protein C, protein S, and antithrombin III levels were
normal. No mutations for the factor V Leiden and MTHFR genes
were found. Antiphospholipid antibodies and viral serologies for
HIV, HBV, HCV, Lyme, and syphilis were all negative, and there
were no arguments for disseminated intravascular coagulation.

The lumbar puncture was not performed due to the urgency of
introducing anticoagulants. Her brain MRI confirmed the extensive
cerebral venous thrombosis and revealed multiple deep brain isch-
emic lesions and bilateral dilated optic nerve sheath (Fig. 3, 4). Her
whole-body scan was positive for pulmonary embolism. Doppler
ultrasound found no deep venous thrombosis at the lower limbs.

The clinical course of the patient was favorable within 10 days.
Extinction of headaches and lethargy was complete. Medical treat-
ment included anticoagulaion, and vitamin B12 and folate supple-
mentation.

Her mental status improved over several days, and she was dis-
charged on therapeutic dosing of low-molecular weight heparin.
During the follow-up (6 months), she reported abstinence from
any further drug abuse. Repeated blood workup at 3 weeks showed
normalization of the homocysteine level.

Discussion

The present case is a rare presentation of N,O abuse
and adverse effects. The first case of cerebral venous
thrombosis associated with N,O abuse was described by
Pratt et al. [15] in 2020 in a pregnant patient who had
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Fig. 4. Brain MRI, axial venous mask with gadolinium: flow void
in the left lateral venous sign.

methylenetetrahydrofolate reductase polymorphisms.
However, in our patient, we did not find any confounding
factor that could increase the risk of hypercoagulability.
Toxic effects of N,O seem to be due to oxidation of the
cobalt ion in vitamin B12, leading to its irreversible inac-
tivation [7]. Vitamin B12 acts as a cofactor in the conver-
sion of homocysteine to methionine, and its inactivation
leads to accumulation of homocysteine, which prevents
methylation of myelin in both the peripheral and central
nervous systems. Several cases of subacute combined de-
generation of the spinal cord were described with long
exposure to N,O as well as acute peripheral motor and
sensory neuropathy mimicking Guillain-Barré syndrome
[7, 16-18]. In these cases, the serum level of vitamin B12
is frequently low. Normal levels of vitamin B12 can also
be found but falsely reassuring. Therefore, a functional
vitamin B12 deficiency should be suspected and looked
for by measuring the substrates of reactions catalyzed by
vitamin B12, namely, methylmalonic acid and homocys-
teine. Some psychiatric manifestations were also de-
scribed including psychotic symptoms, hallucinations,
aggressive behavior, and even suicide. Cutaneous lesions
with hyperpigmentation were also reported. These mani-
festations are also thought to be directly related to vita-
min B12 deficiency caused by N,O abuse [2, 3, 6, 19-21].
Markedly increased homocysteine levels were associ-
ated with venous thromboembolism in 2 meta-analyses,
with an odds ratio of 2.5-3 [11, 22, 23].This may increase
the risk of cerebral venous thrombosis. The exact mecha-
nism is still unknown and most probably complex. It has
been suspected that hyperhomocysteinemia causes endo-
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thelium dysfunction as well as platelet and clotting activa-
tion, impaired fibrinolysis, and a shift of the balance of
methylation. In the cases previously reported, hyperho-
mocysteinemia was more likely to be moderate and asso-
ciated with other risk factors of venous thromboembo-
lism (pregnancy, methylenetetrahydrofolate reductase
polymorphisms). In our case, the homocysteine level was
10-fold the normal range, and no other vascular risk fac-
tor was identified.

There has been widespread recreational use of N,O in
Western countries for decades, due to the fact that it is
legal, cheap, and easily accessible [1]. As long as we know,
there are currently no laws nor regulations to control its
use.

The rapid emergence and disappearance of its euphor-
ic effect may explain the large dose consumption reported
in different studies and case reports, with serious and po-
tentially fatal complications. Given that N,O is used in
groups during parties, it could be speculated that the
number of patients with mild clinical symptoms does not
consult doctors.

In the CEIP report [24, 25], the recreational use of N,O
in France is presented as a new public health problem due
to its rapid development. However, lack of detailed
knowledge on several issues remains, including the prev-
alence of side effects and complications.

Conclusion

This case report is an example of spectacular side ef-
fects possibly related to N,O consumption. It shows that
cerebral venous thrombosis must be suspected in N,O
consumers and that early treatment with anticoagula-
tion and vitamin B12 supplementation allows favorable
outcome.
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