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Abstract
Background  The abuse of nitrous oxide (N2O) as a recreational drug has become a growing concern, manifesting 
in various medical complications. Here, we report the first Korean case of cerebral venous thrombosis (CVT) and 
pulmonary thromboembolism (PTE) caused by nitrous oxide abuse and anti-phospholipid syndrome.

Case presentation  A 24-year-old Korean man studying abroad in the USA presented to the emergency department 
with altered sensorium, gait disturbance, and involuntary leg movements. His history revealed escalating nitrous 
oxide inhalation from occasional use to daily intake of 100 balloons over six months. The patient’s symptoms were 
initially attributed to cobalamin deficiency due to N2O abuse, leading to hyperhomocysteinemia and subsequent 
venous thrombosis, particularly CVT and PTE. However, the presence of Lupus Anticoagulant (LA) indicated a 
potential autoimmune or inflammatory process contributing to thrombotic complications, complicating the 
diagnosis. The patient’s treatment involved cobalamin supplementation, anticoagulation therapy, and addressing 
associated substance abuse and depression. Notably, subsequent tests revealed persistent positive LA, highlighting 
the complexity of the case and the multifactorial nature of N2O-induced complications.

Conclusions  The mechanisms underlying N2O-induced thrombotic complications are elucidated, primarily involving 
the oxidation of cobalamin to its inactive form, leading to hyperhomocysteinemia and endothelial dysfunction. 
The association with LA suggests a potential autoimmune or inflammatory component, adding another layer of 
complexity to pathophysiology. This case underscores the importance of recognizing and managing the systemic 
thrombotic risk associated with N2O abuse. It highlights the need for heightened vigilance in diagnosing and 
managing associated complications, including CVT, and emphasizes the importance of comprehensive diagnostic 
and treatment approaches addressing both medical and psychiatric aspects. In conclusion, this case serves as a 
poignant reminder of the serious medical consequences of N2O abuse and underscores the importance of early 
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Background
Nitrous oxide (N2O) is inhalational anesthetic agent 
widely used in dentistry and minor medical procedures 
[1]. Nitrous oxide exerts rapid-onset anxiolytic and hal-
lucinogenic effects, typically beginning within 10  s of 
inhalation and dissipating within minutes [2]. The rec-
reational use of nitrous oxide has surged in recent years. 
N2O can increase the risk of vitamin B12 deficiency as it 
irreversibly binds and inactivates vitamin B12 [3, 4]. Its 
chronic or heavy abuse can lead to complications such 
as peripheral neuropathy, subacute combined degenera-
tion, bone marrow suppression, and even cerebral venous 
thrombosis (CVT) [5]. Hyperhomocysteinemia, a conse-
quence of vitamin B12 deficiency, is a recognized risk fac-
tor for thrombosis, which overlaps mechanistically with 
the hypercoagulable state observed in anti-phospholipid 
syndrome (APS). Although APS is an autoimmune dis-
order characterized by thrombotic events and persistent 
antiphospholipid antibodies, environmental or drug-
related triggers may unmask latent disease in predisposed 
individuals [6]. Pulmonary embolism with nitrous oxide 
inhalant abuse case with a single positive Lupus Antico-
agulant (LA) test has been reported once [7], but it was 
not confirmed and the patient was COVID-19 positive. 
To the best of our knowledge, this is the first reported 
case of nitrous oxide abuse unmasking APS in a patient 
diagnosed with CVT and pulmonary thromboembolism 
(PTE).

Case presentation
We present a case of a 24-year-old Korean man study-
ing abroad in the USA, who presented to the emergency 
department with altered sensorium. He had no signifi-
cant medical history but a history of recreational nitrous 
oxide inhalation. His use of nitrous oxide escalated from 
occasional use to a daily intake of 100 balloons over six 
months. He was admitted to a hospital in the USA for 
one day due to intermittently confused mentality, gait 
disturbance and involuntary leg movement. His urine 
drug level, routine CBC, chemistry, chest X-ray, brain 
CT scan and electroencephalography all showed normal 
results, according to his parents’ account. Since he was 
discharged against medical advice, his medical informa-
tion could not be retrieved, and his medical records in 
the USA were entirely based on his parents’ statements. 
He showed initial improvement with cobalamin sup-
plementation for B12 deficiency but returned to Korea 
immediately after discharge. In Korea, his symptoms 

relapsed several days later, despite no longer abusing 
N2O. He denied using any drugs other than nitrous oxide 
during the initial evaluation. He had no headache, dizzi-
ness, nausea, vomiting, diplopia, dyspnea and chest pain. 
He exhibited intermittent confusion, altered sensorium, 
and involuntary leg movements, which appeared more 
consistent with agitation rather than jerky or myoclonic 
movements. The neurological examination indicated 
normal cranial nerve function, as well as intact proximal 
and distal muscle strength. Sensory perception, including 
touch, pain, temperature, vibration, and proprioception, 
was also normal. There was no ataxia observed during 
the finger-to-nose and heel-to-shin test, and the deep 
tendon reflexes were normal. His gait appeared grossly 
normal, despite some difficulty with balance. He scored 
22 out of 30 on the Korean version of the mini-mental 
state examination-2 (K-MMSE-2, license was bought 
from Inpsyt, Inc., a branch of Hakjisa publisher), display-
ing impairments in memory, orientation, and attention. 
Routine laboratory tests were repeated in Korea, along 
with a chest X-ray and electrocardiogram, all of which 
showed normal findings. His urine drug levels for acet-
aminophen, amphetamines, benzodiazepines, zolpidem, 
and ethanol were negative. Nitrous oxide levels were not 
measurable in Korea, so results were unknown. However, 
mildly elevated levels of CRP (16.9 mg/dL; normal < 8 mg/
dL) and ESR (70 mm/hr; normal < 15 mm/hr) were noted 
without a specific focus of inflammation. His coronavi-
rus disease-19 PCR tests were negative. He was positive 
for LA, while tests for Rheumatoid factor, antinuclear 
antibody, antineutrophil cytoplasmic antibody, anti-β2-
glycoprotein I IgG and IgM and anti-cardiolipin anti-
body, were negative. His laboratory results demonstrated 
elevated levels of C3 (206.8  mg/dL; normal 90-180  mg/
dL) and C4 (59.83  mg/dL; normal 10-40  mg/dL), which 
may reflect an underlying inflammatory activity. In 
addition, protein C (138%; normal 70–130%), protein S 
(> 150%; normal 62–150%), and antithrombin III (129%; 
normal 80–120%) were all elevated, supporting a hyper-
coagulable state while providing evidence against protein 
C or S deficiency. Nevertheless, d-dimer (3,577 ng/mL; 
normal < 243ng/mL) and homocysteine (30.12 mmol/L; 
normal < 15.0 mmol/L) levels were elevated, while vita-
min B12 (695 pg/mL), folate (20.11 ng/mL) and methyl-
malonic acid levels (2.41 umol/L) were within normal 
ranges. A spinal tap was performed to assess intracranial 
pressure and central nervous system inflammation. The 
results indicated elevated intracranial pressure (260 mm 
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CSF), with normal cell count, protein, glucose, lactate, 
and adenosine deaminase levels. Further evaluation with 
electroencephalography was conducted to assess altered 
sensorium and possible epilepsy, given his involuntary 
leg movements. The findings demonstrated continu-
ous diffuse theta to delta dominant background slowing. 
Brain magnetic resonance (MR) imaging provided critical 

insights, identifying venous sinus thrombosis at the supe-
rior sagittal sinus and adjacent cortical veins, along with 
cortical subarachnoid hemorrhage (SAH) at bilateral 
frontal sulci (Fig. 1A-F). As the diagnostic workup con-
tinued, a subsequent chest CT scans unveiled PTE, fur-
ther indicating a systemic thrombotic process (Fig.  2A, 
B). However, he did not have any symptoms of PTE, 

Fig. 2  Pulmonary CT image of the patient on admission to the hospital. (A) Pulmonary CT scan revealing pulmonary thromboembolism involving the 
segmental and subsegmental pulmonary arteries in both lungs (arrows). (B) Patchy subpleural ground-glass opacity and consolidation in left basal lung, 
findings suggestive of either pulmonary infarction or pneumonia (arrow)
CT: computed tomography

 

Fig. 1  Brain MR images of the patient on admission to the hospital, and 2 months after admission. (A) Brain MR FLAIR image revealing sulcal hyperinten-
sity (arrows), suggesting cortical SAH. (B) SWI image displaying dark signal intensity, highlighting cortical subarachnoid hemorrhage at the bilateral fron-
tal sulci (arrow) (C) T1-weighted and (D) T2-weighted images depicting hyperintensity at the superior sagittal sinus and adjacent cortical veins (arrows), 
suggesting CVT (E-F) Contrast enhanced T1-weighted images revealing filling defects within the superior sagittal sinus, where blood flow is blocked by 
the blood clot (arrows). (G-H) Follow-up MR performed two months after admission and ongoing anticoagulation therapy demonstrating a significant 
reduction in the extent of venous sinus thrombosis (arrows)
FLAIR: fluid attenuated inversion recovery; MR: magnetic resonance; SWI: susceptibility weighted imaging; CVT: cerebral venous thrombosis
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except occasional sinus tachycardia up to 130-150 bpm. 
Echocardiography was performed to assess for right ven-
tricular strain, but no abnormalities were observed. The 
patient reported no family history of autoimmune or 
rheumatic diseases. We recommended genetic testing for 
thrombotic conditions, including methylenetetrahydro-
folate reductase (MTHFR) polymorphism; however, the 
patient declined testing.

Anticoagulation therapy was initiated with targeting 
an aPTT range of 50 to 60 to mitigate the risk of hemor-
rhagic complications, given the presence of SAH. Hepa-
rinization was maintained for five days, with the aPTT 
reaching the target range for three days, beginning on the 
second day after initiation. Heparinization was discon-
tinued due to clinical improvement, including regained 
ability to communicate and improved mental status. The 
anticoagulation regimen was then transitioned to apixa-
ban at a dose of 5  mg twice daily before discharge. In 
total, the patient received anticoagulation therapy for ten 
days. After 2 months of anticoagulation and replacement 
therapies using mecobalamin at 0.5  mg three times per 
day and folic acid at 0.5 mg per day, his abnormal move-
ments, gait, and cognition (MMSE, 30/30) have nor-
malized. About two months after admission, brain MR 
venography revealed a reduction in the extent of cortical 
SAH and venous sinus thrombosis (Fig.  1G-H). Subse-
quent LA tests conducted at 12-week intervals remained 
positive, confirming anti-phospholipid syndrome (APS). 
According to the 2023 ACR/EULAR antiphospholipid 
syndrome (APS) classification criteria [8], the patient 
meets the clinical criteria based on venous thromboem-
bolism and the laboratory criteria with persistent LAC 
positivity, supporting a diagnosis of APS. Additionally, 
the 1999 revised Sapporo criteria [9] and the 2006 revised 
Sydney criteria [10] recommend confirming LAC positiv-
ity at intervals greater than 12 weeks, a requirement ful-
filled by the patient’s laboratory findings. He reported no 
specific adverse events. As evidence suggests superior 
treatment outcomes with warfarin compared to non-
vitamin K antagonist oral anticoagulants in patients with 
APS, we initially planned to transition the patient from 
apixaban to warfarin following the positive LA result 
[11]. However, the patient declined warfarin therapy due 
to his need to return to the United States. Consequently, 
treatment with a non-vitamin K antagonist oral antico-
agulant was continued. Additionally, the patient reported 
difficulty adhering to a twice-daily medication regimen. 
As a result, apixaban was switched to once-daily rivarox-
aban therapy four months after discharge, with plans to 
reduce the dose given the absence of thrombotic symp-
tom relapse. However, the patient was lost to follow-up 
after March 2025.

Discussion and conclusions
The case highlights a potential association between rec-
reational nitrous oxide inhalation and the development 
of neurological complications, including venous sinus 
thrombosis and cortical SAH. The diagnosis of APS was 
confirmed, which is one of the risk factors for CVT. To 
our knowledge, this is the first documented case in which 
nitrous oxide abuse revealed underlying APS in a patient 
who subsequently developed both CVT and PTE.

This case report has some limitations. First, the initial 
levels of vitamin B12, homocysteine, and methylmalo-
nic acid were not obtained. Given the patient’s history 
of nitrous oxide abuse and the treatment he received, it 
is likely that his initial vitamin B12 level was low, accom-
panied by elevated homocysteine and methylmalonic 
acid levels. However, even if his initial vitamin B12 lev-
els were within the normal range, functional vitamin B12 
deficiency cannot be excluded, as cases of nitrous oxide 
abuse with normal serum vitamin B12 levels have been 
previously reported [12]. Second, the patient declined 
genetic analysis for factors associated with increased 
coagulability, such as MTHFR polymorphism [13] or 
prothrombin gene mutation [14]. Third, it is unclear 
whether CVT is attributable to APS or N2O abuse. The 
clinical criteria for APS are not applicable if a more likely 
alternative explanation is identified [8]; however, APS is 
a well-recognized risk factor for thrombosis, including 
CVT [15]. Although N₂O-associated thrombosis has pre-
dominantly been reported in case reports and case series, 
we concluded that the patient had underlying APS, with 
N₂O abuse serving as an aggravating factor that contrib-
uted to the development of CVT and pulmonary embo-
lism. There has been a reported case of APS diagnosed 
in a patient with cocaine abuse, presenting with retiform 
purpura [16].

Several cases of N2O abuse with CVT have been 
reported to date. There have been reports of young adults 
with a history of nitrous oxide abuse developing CVT 
despite the absence of other known thrombophilia risk 
factors in France [17], Taiwan [18], Thailand [19], and 
two cases in China [20, 21]. Additionally, a patient in the 
Netherlands with a history of N2O abuse was found to 
have a heterozygous prothrombin G20210A (factor II) 
gene mutation [5], while one patient each in China and 
the United States with a similar history tested positive 
for significant MTHFR polymorphisms [13, 22]. Another 
case report from the United States described a young 
male diagnosed with PTE who had a history of nitrous 
oxide abuse and tested positive for COVID-19 via PCR 
[7]. The patient also had a positive LA test; however, fol-
low-up testing at 12 weeks was not reported. Given the 
well-established association between COVID-19 and var-
ious thrombotic complications, chronic anticoagulation 
was not initiated in this patient [23].
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It has been proposed that nitrous oxide oxidizes cobala-
min to its inactive form, thus depleting the active methyl-
cobalamin, which is an essential cofactor for methionine 
synthesis [24]. This depletion of methionine and subse-
quent accumulation of homocysteine could contribute to 
the development of homocysteinemia, which has been 
associated with venous thrombosis in previous studies 
[25]. Such homocysteinemia could potentially lead to 
CVT as well as PTE. In a 2003 case-control study involv-
ing 121 patients with a first episode of CVT, hyperho-
mocysteinemia was diagnosed in 33 patients (27%). In 
contrast, it was identified in only 20 control subjects 
(8%) [26]. Additionally, a study has shown that 32% of 
patients with CVT had hyperhomocysteinemia with-
out any other identified thrombotic risk factors, such as 
protein S deficiency, protein C deficiency, MTHFR muta-
tion, antinuclear antibodies, or Factor V Leiden mutation 
[27]. Several meta-analyses have also demonstrated an 
association between hyperhomocysteinemia and venous 
thrombosis [25, 28, 29].

There is a case report with a 25-year-old woman who 
had a history of nitrous oxide abuse and presented with 
CVT and SAH [30]. While there isn’t a well-established 
and direct mechanism linking nitrous oxide abuse to 
SAH, it is plausible that an increased risk of vascular 
damage and clot formation could potentially contribute 
to the rupture of blood vessels and lead to SAH. Addi-
tionally, hyperhomocysteinemia could result in elevated 
levels of reactive oxygen species, potentially causing 
endothelial dysfunction [31, 32]. Inhalation of nitrous 
oxide is a well-documented cause of vitamin B12 defi-
ciency [4], which disrupts the vitamin B12-dependent 
pathways involved in methionine and folate metabolism 
[33]. Numerous in vitro and in vivo studies have demon-
strated the direct cytotoxic effects of elevated homocys-
teine levels on endothelial cells, further underscoring the 
clinical significance of this metabolic disruption [34–36]. 
Hyperhomocysteinemia leads to the accumulation of the 
endogenous nitric oxide synthase inhibitor asymmetric 
dimethylarginine [37] and inhibits the expression of the 
antioxidant enzyme cellular glutathione peroxidase. This 
results in increased reactive oxygen species, which inac-
tivate nitric oxide and contribute to endothelial function 
[38].

Psychiatric symptoms are known to occur in relation 
to nitrous oxide use, although the exact pathophysiology 
of nitrous oxide-induced psychosis remains unclear [39]. 
In our case, the patient exhibited involuntary leg move-
ments, possibly attributed to nitrous oxide psychosis or 
increased intracranial pressure. Our patient, who was a 
heavy nitrous oxide user, experienced a combination of 
intracranial hypertension, CVT, and pulmonary infarct.

This represents the first reported case in Korea of 
an APS patient with N2O abuse associated with CVT, 

emphasizing the importance of recognition and inter-
vention. This case underscores the potential multifacto-
rial pathogenesis of CVT and pulmonary embolism in 
the setting of APS and nitrous oxide abuse. While APS 
was confirmed based on established diagnostic criteria, 
N₂O abuse likely acted as a significant aggravating factor, 
contributing to disseminated thrombotic complications 
through mechanisms such as hyperhomocysteinemia and 
vitamin B12 deficiency. The case emphasizes the need for 
heightened clinical awareness regarding the thrombotic 
and neuropsychiatric risks associated with recreational 
N₂O use, particularly in patients with underlying pro-
thrombotic conditions. Treatment addressing depression 
and substance abuse may be warranted in such cases.

Abbreviations
N2O	� Nitrous oxide
CVT	� Cerebral venous thrombosis
LA	� Lupus Anticoagulant
PTE	� Pulmonary thromboembolism
CBC	� Complete blood count
CT	� Computed tomography
MMSE	� Mini-mental state examination
CRP	� C-reactive protein
ESR	� Erythrocyte sedimentation rate
CSF	� Cerebrospinal fluid
MR	� Magnetic resonance
SAH	� Subarachnoid hemorrhage
aPTT	� Activated partial thromboplastin time
APS	� Anti-phospholipid syndrome

Acknowledgements
Not applicable.

Author contributions
SY: Formal analysis, Investigation, Data curation, Writing– original draft, 
Writing– review & editing, Visualization; DYK: Data curation; MKC: 
Conceptualization, Methodology, Writing– review & editing, Supervision.

Funding
Not applicable.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was reviewed and approved by Yonsei University Health System, 
Severance Hospital, Institutional Review Board (IRB No.4-2024-0310). Informed 
consent was waived by IRB because medical records were used only for this 
study.

Consent for publication
Written informed consent to publish was obtained from the patient.

Competing interests
The authors declare no competing interests.

Author details
1Department of Neurology, Severance Hospital, Yonsei University College 
of Medicine, Seoul, South Korea

Received: 9 May 2024 / Accepted: 13 May 2025



Page 6 of 6Yoon et al. BMC Neurology          (2025) 25:220 

References
1.	 Malamed SF, Clark MS. Nitrous oxide-oxygen: a new look at a very old tech-

nique. J Calif Dent Assoc. 2003;31 5:397–403.
2.	 van Amsterdam J, Nabben T, van den Brink W. Recreational nitrous oxide use: 

prevalence and risks. Regul Toxicol Pharmacol. 2015;73 3:790–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​j​​.​y​r​​t​p​h​​.​2​0​1​​5​.​​1​0​.​0​1​7.

3.	 Kalikiri P, Sachan Gajraj Singh Sachan R. Nitrous oxide induced elevation 
of plasma homocysteine and methylmalonic acid levels and their clinical 
implications. Internet J Anesthesiology. 2003;8:2.

4.	 Dinn JJ, McCann S, Wilson P, Reed B, Weir D, Scott J, ANIMAL MODEL FOR 
SUBACUTE COMBINED DEGENERATION. Lancet. 1978;312. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​1​6​​/​S​​0​1​4​0​-​6​7​3​6​(​7​8​)​9​2​3​1​4​-​0. 8100:1154; doi.

5.	 de Valck L, Defelippe VM, Nathalia Anne Maria Geertruida B. Cerebral venous 
sinus thrombosis: a complication of nitrous oxide abuse. BMJ Case Rep. 
2021;14:8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​c​r​-​2​0​2​1​-​2​4​4​4​7​8.

6.	 Sherer Y, Blank M, Shoenfeld Y. Antiphospholipid syndrome (APS): where does 
it come from? Best Pract Res Clin Rheumatol. 2007;21 6:1071–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​e​r​h​.​2​0​0​7​.​0​9​.​0​0​5.

7.	 Molina MF, Al Saud AA, Al Mulhim AA, Liteplo AS, Shokoohi H. Nitrous oxide 
inhalant abuse and massive pulmonary embolism in COVID-19. Am J Emerg 
Med. 2020;38 7:e15491–2. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​j​e​m​.​2​0​2​0​.​0​5​.​0​2​3.

8.	 Barbhaiya M, Zuily S, Naden R, Hendry A, Manneville F, Amigo MC, et al. The 
2023 ACR/EULAR antiphospholipid syndrome classification criteria. Arthritis 
Rheumatol. 2023;75 10:1687–702. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​r​t​.​4​2​6​2​4.

9.	 Wilson WA, Gharavi AE, Koike T, Lockshin MD, Branch DW, Piette JC et al. Inter-
national consensus statement on preliminary classification criteria for definite 
antiphospholipid syndrome: report of an international workshop. Arthritis 
Rheum. 1999;42 7:1309-11; ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​1​​5​2​9​-​0​1​3​1​(​1​9​9​9​0​7​)​4​2​:​7​<​
1​3​0​9​:​:​A​i​d​-​a​n​r​1​>​3​.​0​.​C​o​;​2​-​f

10.	 Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al. 
International consensus statement on an update of the classification criteria 
for definite antiphospholipid syndrome (APS). J Thromb Haemost. 2006;4 
2:295–306. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​5​​3​8​-​​7​8​3​6​​.​2​​0​0​6​.​0​1​7​5​3​.​x.

11.	 Woller SC, Stevens SM, Kaplan D, Wang TF, Branch DW, Groat D, et al. 
Apixaban compared with warfarin to prevent thrombosis in thrombotic 
antiphospholipid syndrome: a randomized trial. Blood Adv. 2022;6 6:1661–70. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​2​​/​b​​l​o​o​​d​a​d​​v​a​n​c​​e​s​​.​2​0​2​1​0​0​5​8​0​8.

12.	 Ménétrier T, Denimal D. Vitamin B12 status in recreational users of nitrous 
oxide: A systematic review focusing on the prevalence of laboratory abnor-
malities. Antioxid (Basel). 2023;12 6:1191.

13.	 Pratt DN, Patterson K, Quin K. Venous thrombosis after nitrous oxide abuse, a 
case report. J Thromb Thrombolysis. 2019;49:501–3.

14.	 Elkattawy S, Alyacoub R, Singh KS, Fichadiya H, Kessler W. Prothrombin 
G20210A gene Mutation-Induced recurrent deep vein thrombosis and 
pulmonary embolism: case report and literature review. J Investig Med High 
Impact Case Rep. 2022;10:23247096211058486. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​2​​3​2​4​
7​0​9​6​2​1​1​0​5​8​4​8​6.

15.	 Saposnik G, Barinagarrementeria F, Brown RD Jr., Bushnell CD, Cucchiara B, 
Cushman M, et al. Diagnosis and management of cerebral venous thrombo-
sis: a statement for healthcare professionals from the American heart associa-
tion/american stroke association. Stroke. 2011;42 4:1158–92. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​1​6​1​​/​S​​T​R​.​​0​b​0​​1​3​e​3​​1​8​​2​0​a​8​3​6​4.

16.	 Schmoeller DG, Silva BMd, Staub HL. Cocaine abuse, retiform purpura and 
antiphospholipid syndrome. Rheumatology. 2015;54 8:1533–4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​9​3​​/​r​​h​e​u​​m​a​t​​o​l​o​g​​y​/​​k​e​v​2​1​9.

17.	 Farhat W, Pariente A, Mijahed R. Extensive cerebral venous thrombosis sec-
ondary to recreational nitrous oxide abuse. Cerebrovasc Dis. 2022;51(1):114–
7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​9​​/​0​​0​0​5​1​8​5​2​4.

18.	 Lin S-S, Fan IW, Chen C-Y, Su Y-J. A nitrous oxide abuser presenting with 
cerebral venous thrombosis: A case report. Med Int. 2022;2 3:20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​3​8​9​2​​/​m​​i​.​2​0​2​2​.​4​5.

19.	 Banjongjit A, Sutamnartpong P, Mahanupap P, Phanachet P, Thanakitcharu S. 
Nitrous Oxide-Induced cerebral venous thrombosis: A case report, potential 
mechanisms, and literature review. Cureus. 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​7​5​9​​/​c​​u​r​
e​u​s​.​4​1​4​2​8.

20.	 Luo X, Xie X, Yang R, Mi XJ. Asymptomatic extensive cerebral venous sinus 
thrombosis in a nitrous oxide abuser with spinal cord subacute combined 
degeneration: a rare case report. Neurol Sci. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​
0​0​7​2​-​0​2​5​-​0​8​0​3​2​-​x.

21.	 Peng C, Liu X, Wu K, Lang H, He L, Chen N. Nitrous oxide inhalation-induced 
cerebral venous sinus thrombosis in a 20-year-old man: A case report. Heli-
yon. 2023;9(2):e13473. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​e​​l​i​y​​o​n​.​2​​0​2​​3​.​e​1​3​4​7​3.

22.	 Liu M, Zhang J, Bu B. Isolated cortical vein thrombosis after nitrous oxide use 
in a young woman: a case report. BMC Neurol. 2020;20(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​1​8​6​​/​s​​1​2​8​8​3​-​0​2​0​-​0​1​9​6​1​-​4.

23.	 Cheng NM, Chan YC, Cheng SW. COVID-19 related thrombosis: A mini-review. 
Phlebology. 2022;37 5:326–37. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​2​6​8​3​5​5​5​2​1​1​0​5​2​1​7​0.

24.	 Massey TH, Pickersgill TT. K JP. Nitrous oxide misuse and vitamin B12 defi-
ciency. BMJ Case Rep. 2016;2016; ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​c​r​-​2​0​1​6​-​2​1​5​7​2​8

25.	 Den Heijer M, Lewington S, Clarke R, Homocysteine. MTHFR and risk of 
venous thrombosis: a meta-analysis of published epidemiological studies. J 
Thromb Haemost. 2005;3 2:292–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​5​​3​8​-​​7​8​3​6​​.​2​​0​0​5​.​0​
1​1​4​1​.​x.

26.	 Martinelli I, Battaglioli T, Pedotti P, Cattaneo M, Mannucci PM. Hyperhomocys-
teinemia in cerebral vein thrombosis. Blood. 2003;102 4:1363–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​2​​/​b​​l​o​o​d​-​2​0​0​3​-​0​2​-​0​4​4​3.

27.	 Kalita J, Singh VK, Misra UK. A study of hyperhomocysteinemia in cerebral 
venous sinus thrombosis. Indian J Med Res. 2020;152 6:584–94. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​4​1​0​3​​/​i​​j​m​r​.​I​J​M​R​_​2​1​2​5​_​1​8.

28.	 den Heijer M, Rosendaal FR, Blom HJ, Gerrits WB, Bos GM. Hyperhomocyste-
inemia and venous thrombosis: a meta-analysis. Thromb Haemost. 1998;80 
6:874–7.

29.	 Ray JG. Meta-analysis of hyperhomocysteinemia as a risk factor for venous 
thromboembolic disease. Arch Intern Med. 1998;158 19:2101–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​1​0​0​1​​/​a​​r​c​h​​i​n​t​​e​.​1​5​​8​.​​1​9​.​2​1​0​1.

30.	 Liu M, Zhang J, Bu B. Isolated cortical vein thrombosis after nitrous oxide use 
in a young woman: a case report. BMC Neurol. 2020;20(1:378). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​3​-​0​2​0​-​0​1​9​6​1​-​4.

31.	 Lentz SR, Rodionov RN, Dayal S. Hyperhomocysteinemia, endothelial 
dysfunction, and cardiovascular risk: the potential role of ADMA. Atheroscler 
Suppl. 2003;4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​1​5​6​7​-​5​6​8​8​(​0​3​)​0​0​0​3​5​-​7. 4:61– 5; doi.

32.	 Myles Paul S, Chan Matthew TV, Kaye David M, McIlroy David R, Lau C-W, 
Symons Joel A, et al. Effect of nitrous oxide anesthesia on plasma homocyste-
ine and endothelial function. Anesthesiology. 2008;109 4:657–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​9​7​​/​A​​L​N​.​​0​b​0​​1​3​e​3​​1​8​​1​8​6​2​9​d​b.

33.	 Caris MG, Kuipers RS, Kiestra BE, Ruijter BJ, Riezebos RK, Coppens M, et al. 
Nitrous oxide abuse leading to extreme homocysteine levels and thrombosis 
in young adults: a case series. J Thromb Haemost. 2023;21(2):276–83. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​t​h​a​.​2​0​2​2​.​1​0​.​0​0​2.

34.	 Mayer EL, Jacobsen DW, Robinson K. Homocysteine and coronary atheroscle-
rosis. J Am Coll Cardiol. 1996;27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​0​​7​3​5​-​1​0​9​7​(​9​5​)​0​0​5​0​
8​-​0. 3:517– 27; doi.

35.	 Bellamy MF, McDowell IF, Ramsey MW, Brownlee M, Bones C, Newcombe RG, 
et al. Hyperhomocysteinemia after an oral methionine load acutely impairs 
endothelial function in healthy adults. Circulation. 1998;98 18:1848–52. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​1​​/​0​​1​.​c​i​r​.​9​8​.​1​8​.​1​8​4​8.

36.	 Chambers JC, McGregor A, Jean-Marie J, Obeid OA, Kooner JS. Demonstra-
tion of rapid onset vascular endothelial dysfunction after hyperhomocystein-
emia. Circulation. 1999;99 9:1156–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​1​​/​0​​1​.​C​I​R​.​9​9​.​9​.​1​1​5​
6.

37.	 Stühlinger MC, Oka RK, Graf EE, Schmölzer I, Upson BM, Kapoor O, et al. Endo-
thelial dysfunction induced by hyperhomocyst(e)inemia: role of asymmetric 
dimethylarginine. Circulation. 2003;108 8:933–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​1​​/​0​​1​.​C​​i​
r​.​​0​0​0​0​​0​8​​5​0​6​7​.​5​5​9​0​1​.​8​9.

38.	 Weiss N, Zhang YY, Heydrick S, Bierl C, Loscalzo J. Overexpression of cellular 
glutathione peroxidase rescues homocyst(e)ine-induced endothelial dys-
function. Proc Natl Acad Sci USA. 2001;98 22:12503–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​7​
3​​/​p​​n​a​s​.​2​3​1​4​2​8​9​9​8.

39.	 Sheldon RJG, Reid M, Schon F, Poole NA. Just say N2O– nitrous oxide misuse: 
essential information for psychiatrists. BJPsych Adv. 2020;26 2:72–81. ​h​t​t​p​s​:​​​/​​/​d​
o​​i​.​​o​r​​g​​/​​1​0​​.​1​1​​​9​2​​/​​b​j​a​.​2​​0​1​9​.​5​7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.yrtph.2015.10.017
https://doi.org/10.1016/j.yrtph.2015.10.017
https://doi.org/10.1016/S0140-6736(78)92314-0
https://doi.org/10.1016/S0140-6736(78)92314-0
https://doi.org/10.1136/bcr-2021-244478
https://doi.org/10.1016/j.berh.2007.09.005
https://doi.org/10.1016/j.berh.2007.09.005
https://doi.org/10.1016/j.ajem.2020.05.023
https://doi.org/10.1002/art.42624
https://doi.org/10.1002/1529-0131(199907)42:7%3C1309::Aid-anr1%3E3.0.Co;2-f
https://doi.org/10.1002/1529-0131(199907)42:7%3C1309::Aid-anr1%3E3.0.Co;2-f
https://doi.org/10.1111/j.1538-7836.2006.01753.x
https://doi.org/10.1182/bloodadvances.2021005808
https://doi.org/10.1182/bloodadvances.2021005808
https://doi.org/10.1177/23247096211058486
https://doi.org/10.1177/23247096211058486
https://doi.org/10.1161/STR.0b013e31820a8364
https://doi.org/10.1161/STR.0b013e31820a8364
https://doi.org/10.1093/rheumatology/kev219
https://doi.org/10.1093/rheumatology/kev219
https://doi.org/10.1159/000518524
https://doi.org/10.3892/mi.2022.45
https://doi.org/10.3892/mi.2022.45
https://doi.org/10.7759/cureus.41428
https://doi.org/10.7759/cureus.41428
https://doi.org/10.1007/s10072-025-08032-x
https://doi.org/10.1007/s10072-025-08032-x
https://doi.org/10.1016/j.heliyon.2023.e13473
https://doi.org/10.1186/s12883-020-01961-4
https://doi.org/10.1186/s12883-020-01961-4
https://doi.org/10.1177/02683555211052170
https://doi.org/10.1136/bcr-2016-215728
https://doi.org/10.1111/j.1538-7836.2005.01141.x
https://doi.org/10.1111/j.1538-7836.2005.01141.x
https://doi.org/10.1182/blood-2003-02-0443
https://doi.org/10.1182/blood-2003-02-0443
https://doi.org/10.4103/ijmr.IJMR_2125_18
https://doi.org/10.4103/ijmr.IJMR_2125_18
https://doi.org/10.1001/archinte.158.19.2101
https://doi.org/10.1001/archinte.158.19.2101
https://doi.org/10.1186/s12883-020-01961-4
https://doi.org/10.1186/s12883-020-01961-4
https://doi.org/10.1016/S1567-5688(03)00035-7
https://doi.org/10.1097/ALN.0b013e31818629db
https://doi.org/10.1097/ALN.0b013e31818629db
https://doi.org/10.1016/j.jtha.2022.10.002
https://doi.org/10.1016/j.jtha.2022.10.002
https://doi.org/10.1016/0735-1097(95)00508-0
https://doi.org/10.1016/0735-1097(95)00508-0
https://doi.org/10.1161/01.cir.98.18.1848
https://doi.org/10.1161/01.cir.98.18.1848
https://doi.org/10.1161/01.CIR.99.9.1156
https://doi.org/10.1161/01.CIR.99.9.1156
https://doi.org/10.1161/01.Cir.0000085067.55901.89
https://doi.org/10.1161/01.Cir.0000085067.55901.89
https://doi.org/10.1073/pnas.231428998
https://doi.org/10.1073/pnas.231428998
https://doi.org/10.1192/bja.2019.57
https://doi.org/10.1192/bja.2019.57

	﻿Nitrous oxide abuse unmasking anti-phospholipid syndrome in a 24-year-old male with cerebral venous thrombosis and pulmonary thromboembolism: a case report
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusions
	﻿References


