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1. European Society of Anaesthesiology Task Force on Nitrous Oxide: a narrative review of its role 
in clinical practice. 

Author(s): Buhre, Wolfgang; Disma, Nicola; Hendrickx, Jan; DeHert, Stefan; Hollmann, Markus W; 
Huhn, Ragnar; Jakobsson, Jan; Nagele, Peter; Peyton, Philip; Vutskits, Laszlo 

Source: British journal of anaesthesia; May 2019; vol. 122 (no. 5); p. 587-604 

Publication Date: May 2019 

Publication Type(s): Journal Article Systematic Review 

PubMedID: 30916011 

Available  at British journal of anaesthesia -  from Unpaywall  

Abstract:Nitrous oxide (N2O) is one of the oldest drugs still in use in medicine. Despite its superior 
pharmacokinetic properties, controversy remains over its continued use in clinical practice, 
reflecting in part significant improvements in the pharmacology of other anaesthetic agents and 
developing awareness of its shortcomings. This narrative review describes current knowledge 
regarding the clinical use of N2O based on a systematic and critical analysis of the available scientific 
literature. The pharmacological properties of N2O are reviewed in detail along with current evidence 
for the indications and contraindications of this drug in specific settings, both in perioperative care 
and in procedural sedation. Novel potential applications for N2O for the prevention or treatment of 
chronic pain and depression are also discussed. In view of the available evidence, we recommend 
that the supply of N2O in hospitals be maintained while encouraging its economic delivery using 
modern low flow delivery systems. Future research into its potential novel applications in prevention 
or treatment of chronic conditions should be pursued to better identify its role place in the 
developing era of precision medicine. 
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2. Safety and Risks of Nitrous Oxide Labor Analgesia: A Review 

Author(s): Rooks J.P. 

Source: Journal of Midwifery and Women's Health; 2011; vol. 56 (no. 6); p. 557-565 

Publication Date: 2011 

Publication Type(s): Review 

PubMedID: 22060215 

Available  at Journal of midwifery & women's health -  from Wiley Online Library  

Abstract:Introduction: This review of the safety and risks of nitrous oxide (N2O) labor analgesia 
presents results of a search for evidence of its effects on labor, the mother, the fetus, the neonate, 
breastfeeding, and maternal-infant bonding. Concerns about apoptotic damage to the brains of 
immature mammals exposed to high doses of N2O during late gestation, possible cardiovascular 
risks from hyperhomocysteinemia caused by N2O, a hypothesis that children exposed to N2O during 
birth are more likely to become addicted to amphetamine drugs as adults, and possible occupational 
risks for those who provide care to women using N2O/O2 labor analgesia are discussed in detail. 
Method(s): Research relevant to the 4 special concerns and to the effects of N2O analgesia on labor 
and the mother-child dyad were examined in depth. Three recent reviews of the biologic, 
toxicologic, anesthetic, analgesic, and anxiolytic effects of N2O; 3 reviews of the safety of 50% 
N2O/oxygen (O2) in providing analgesia in a variety of health care settings; and a 2002 systematic 
review of N2O/O2 labor analgesia were used. Result(s): Nitrous oxide analgesia is safe for mothers, 
neonates, and those who care for women during childbirth if the N2O is delivered as a 50% blend 
with O2, is self-administered, and good occupational hygiene is practiced. Because of the strong 
correlation between dose and harm from exposure to N2O, concerns based on effects of long 
exposure to high anesthetic-level doses of N2O have only tenuous, hypothetical pertinence to the 
safety of N2O/O2 labor analgesia. Discussion(s): Nitrous oxide labor analgesia is safe for the mother, 
fetus, and neonate and can be made safe for caregivers. It is simple to administer, does not interfere 
with the release and function of endogenous oxytocin, and has no adverse effects on the normal 
physiology and progress of labor. © 2011 by the American College of Nurse-Midwives. 
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3. The neurotoxicity of nitrous oxide: The facts and "Putative" mechanisms 

Author(s): Savage S.; Ma D. 

Source: Brain Sciences; Mar 2014; vol. 4 (no. 1); p. 73-90 

Publication Date: Mar 2014 

Publication Type(s): Review 

Available  at Brain Sciences -  from Europe PubMed Central - Open Access  

Abstract:Nitrous oxide is a widely used analgesic agent, used also in combination with anaesthetics 
during surgery. Recent research has raised concerns about possible neurotoxicity of nitrous oxide, 
particularly in the developing brain. Nitrous oxide is an N-methyl-D-aspartate (NMDA)-antagonist 
drug, similar in nature to ketamine, another anaesthetic agent. It has been linked to post-operative 
cardiovascular problems in clinical studies. It is also widely known that exposure to nitrous oxide 
during surgery results in elevated homocysteine levels in many patients, but very little work has 
investigated the long term effect of these increased homocysteine levels. Now research in rodent 
models has found that homocysteine can be linked to neuronal death and possibly even cognitive 
deficits. This review aims to examine the current knowledge of mechanisms of action of nitrous 
oxide, and to describe some pathways by which it may have neurotoxic effects. © 2014 by the 
authors; licensee MDPI, Basel, Switzerland. 
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4. Subacute combined degeneration of the spinal cord following nitrous oxide anesthesia: A 
systematic review of cases 

Author(s): Patel K.K.; Nouri A.; Mejia Munne J.C.; Nasser R.; Gimbel D.; Cheng J.; Gunness V.R.N.; 
Hersey D.; Alshafai N.; Sciubba D. 

Source: Clinical Neurology and Neurosurgery; Oct 2018; vol. 173 ; p. 163-168 

Publication Date: Oct 2018 

Publication Type(s): Article 

PubMedID: 30144777 

Abstract:Objective: Vitamin B12 deficiency can lead to subacute combined degeneration (SCD). 
Nitrous oxide (N2O) is an anesthetic which oxidizes the cobalt ion of vitamin B12, interfering with its 
function as a coenzyme. In this study, we conduct a systematic review of reported cases of SCD 
following nitrous oxide anesthesia. Patients and Methods: A comprehensive search of multiple 
databases was conducted, and information about patient characteristics, symptomatology, clinical 
work-up, and treatment was extracted from eligible articles. Univariate analyses were performed to 
identify predictors of poor neurological recovery following SCD. Result(s): 32 studies, reporting 39 
cases of nitrous oxide-induced SCD, were included through the screening process. These cases 
included 22 male patients and 17 female patients, with an average age of 51.3 years (SD 17.6). An 
etiology for subclinical B12 deficiency was determined in 31 reports; of these, 26 were due to 
vitamin malabsorption secondary to a gastrointestinal disorder. Duration of nitrous oxide exposure 
was described in 19 reports, and ranged from 30 min to 11 h. Univariate analysis failed to find an 
association between post-operative recovery and age (p = 0.41), sex (p = 0.48), positive MRI findings 
(p = 0.42), post-operative serum B12 (p = 0.96), post-operative hemoglobin (p = 0.17), type of 
surgery (p = 0.58), or post-operative high mean corpuscular volume (p = 0.14). Conclusion(s): In 
patients with postsurgical myelopathy, surgeons should evaluate B12 status and consider the 
possibility that nitrous oxide could cause a subclinical B12 deficiency to become overt, particularly in 
patients with malabsorptive GI comorbidities. Treatment with B12 in this population can result in 
significant improvement of neurological function.Copyright © 2018 Elsevier B.V. 
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5. An unusual cause of falls in a young woman. 

Author(s): Sleeman, I; Wiblin, L; Burn, D 

Source: The journal of the Royal College of Physicians of Edinburgh; Sep 2016; vol. 46 (no. 3); p. 160-
162 

Publication Date: Sep 2016 

Publication Type(s): Case Reports Journal Article 

PubMedID: 27959349 

Available  at The journal of the Royal College of Physicians of Edinburgh -  from Free Medical 
Journals . com  

Available  at The journal of the Royal College of Physicians of Edinburgh -  from Unpaywall  

Abstract:Nitrous oxide is commonly used as an analgesic and anaesthetic agent. Nitrous oxide is also 
in use in industry as an aerosol propellant and is now recognised as a recreational drug whose use is 
growing, especially among the young. Nitrous oxide from whipped cream canisters is inhaled to 
produce a dissociative, intoxicated state. Nitrous oxide is known to inactivate vitamin B12 via 
oxidation, which can precipitate a demyelinating myelopathy akin to the classical B12 deficiency 
syndrome, subacute combined degeneration of the spinal cord. This case describes a young woman 
with chronic pain and a poor nutritional state who took regular nitrous oxide as an opiate-sparing 
agent. She developed a progressive subacute myelopathy with a sensory level, profoundly impaired 
joint position sense, extensor plantars and required a wheelchair. Once diagnosed, she responded 
well to a regime of nitrous oxide withdrawal, high-dose B12 replacement and physiotherapy. The 
case illustrates the need for clinical teams to be able to dentify a nitrous oxide-precipitated 
myelopathy as its use as a drug of abuse increases; particularly in the case of malnourished patients 
who receive nitrous oxide surgically or obstetrically. 
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6. Nitrous oxide: An updated clinical approach 

Author(s): Garrigues B.; Pastor E.; Garzando M.; De Fez M.; Belda F.J. 

Source: Trends in Anaesthesia and Critical Care; Oct 2014; vol. 4 (no. 5); p. 138-140 

Publication Date: Oct 2014 

Publication Type(s): Review 

Abstract:Nowadays, nitrous oxide is a highly used anaesthetic agent. Although it has been used in 
general anaesthesia for more than 150 years, the potential adverse effects (postoperative nausea 
and vomiting, vitamin B12 metabolism interaction and the limitation of inspired oxygen 
concentration) ensure that its continued use in modern anaesthesia is questioned. The objective of 
this study is to review the arguments for and against the use of nitrous oxide.Copyright © 2014 
Elsevier Ltd. 
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7. The adverse effects of nitrous oxide 

Author(s): Ferner R.E.; Mackenzie A.A.; Aronson J.K. 

Source: Adverse Drug Reaction Bulletin; Apr 2014 (no. 285); p. 1099-1102 

Publication Date: Apr 2014 

Publication Type(s): Article 

Available  at Adverse Drug Reaction Bulletin -  from Ovid (LWW Total Access Collection 2019 - with 
Neurology)  

Abstract:Nitrous oxide (N2O) has been used as an anaesthetic agent since 1844. It has two well 
recognized adverse effects: it oxidizes Co(I) to Co(II) and so inactivates vitamin B12, and its high 
partial pressure in blood allows it to expand into cavities in the body such as the pleural space. 
Impairment of the action of vitamin B12 can cause both megaloblastic anaemia and, especially in 
recreational users of N2O, the syndrome of subacute combined degeneration of the spinal cord. The 
overall cardiovascular effects in noncardiac surgery seem to be minor. N2O is probably a human 
teratogen. Copyright © Lippincott Williams & Wilkins. 
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8. Nitrous oxide: are we still in equipoise? A qualitative review of current controversies. 

Author(s): de Vasconcellos, K; Sneyd, J R 

Source: British journal of anaesthesia; Dec 2013; vol. 111 (no. 6); p. 877-885 

Publication Date: Dec 2013 

Publication Type(s): Journal Article Review 

PubMedID: 23801743 

Available  at British journal of anaesthesia -  from Patricia Bowen Library & Knowledge Service West 
Middlesex University Hospital NHS Trust (lib302631) Local Print Collection [location] : Patricia Bowen 
Library and Knowledge Service West Middlesex university Hospital.  

Available  at British journal of anaesthesia -  from Unpaywall  

Abstract:This review considers the current position of nitrous oxide in anaesthetic practice and 
balances potential beneficial and disadvantageous effects. The classic adverse characteristics of 
nitrous oxide, such as diffusion hypoxia, expansion of gas-filled spaces, and postoperative nausea 
and vomiting, are often cited as reasons to avoid this old drug. Recent concerns regarding 
neurotoxicity, adverse cardiovascular outcomes, and wound complications have further hardened 
many practitioners against nitrous oxide. New evidence and underpinning mechanistic data, 
however, suggest potential beneficial effects on the central nervous system, cardiovascular system, 
and acute and chronic pain. While we await the outcome of large studies including ENIGMA-II, many 
clinicians have already decided against this agent. The authors argue that this abandonment may be 
premature. Clinical Trial Registration None required. 
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9. Nitrous oxide-induced B₁₂ deficiency myelopathy: Perspectives on the clinical biochemistry of 
vitamin B₁₂. 

Author(s): Hathout, Leith; El-Saden, Suzie 

Source: Journal of the neurological sciences; Feb 2011; vol. 301 (no. 1-2); p. 1-8 

Publication Date: Feb 2011 

Publication Type(s): Case Reports Journal Article Review 

PubMedID: 21112598 

Abstract:Beginning with a case report of nitrous oxide (N₂O)-induced B₁₂ deficiency myelopathy, this 
article reviews the clinical biochemistry of vitamin B₁₂, and examines the pathogenetic mechanisms 
by which B₁₂ deficiency leads to neurologic damage, and how this damage is potentiated by N₂O 
exposure. The article systematically examines the available experimental data relating to the two 
main coenzyme mechanisms that are usually suggested in clinical articles, particularly the deficient 
methylation hypothesis. The article demonstrates that neither of these mechanisms is fully 
consistent with the available data. The article then presents a novel mechanism based on new data 
from the neuroimmunology basic science literature which suggests that the pathogenesis of B₁₂ 
deficiency myelopathy may not be related to its role as a coenzyme, but rather to newly discovered 
functions of B₁₂ in regulating cytokines and growth factors. 

Database: Medline 

 

10. Subacute combined degeneration of the spinal cord caused by nitrous oxide anaesthesia. 

Author(s): Renard, Dimitri; Dutray, Anais; Remy, Anouck; Castelnovo, Giovanni; Labauge, Pierre 

Source: Neurological sciences : official journal of the Italian Neurological Society and of the Italian 
Society of Clinical Neurophysiology; Feb 2009; vol. 30 (no. 1); p. 75-76 

Publication Date: Feb 2009 

Publication Type(s): Case Reports Journal Article 

PubMedID: 19169627 

Available  at Neurological sciences : official journal of the Italian Neurological Society and of the 
Italian Society of Clinical Neurophysiology -  from SpringerLink - Medicine  

Available  at Neurological sciences : official journal of the Italian Neurological Society and of the 
Italian Society of Clinical Neurophysiology -  from ProQuest (Health Research Premium) - NHS 
Version  

Available  at Neurological sciences : official journal of the Italian Neurological Society and of the 
Italian Society of Clinical Neurophysiology -  from EBSCO (Psychology and Behavioral Sciences 
Collection)  

Abstract:Vitamin B12 deficiency causes haematological, gastrointestinal and neurological diseases. 
Subacute combined degeneration (SCD) of the spinal cord is characterised by degeneration of the 
posterior and lateral columns. We report a case of SCD associated with nitrous oxide anaesthesia. 
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11. Nitrous oxide induced sub-acute combined degeneration of spinal cord: a case report. 

Author(s): Somyreddy, K; Kothari, M 

Source: Electromyography and clinical neurophysiology; 2008; vol. 48 (no. 5); p. 225-228 

Publication Date: 2008 

Publication Type(s): Case Reports Journal Article 

PubMedID: 18754532 

Abstract:We report a patient who developed signs and symptoms of a myelopathy after exposure to 
nitrous oxide. Magnetic Resonance Imaging of the cervical spinal cord disclosed hyperintensities of 
the dorsal columns on T2 weighted images suggesting sub-acute combined degeneration. 

Database: Medline 

 

12. Persistent cognitive functioning deficits in operating rooms: two cases. 

Author(s): Dreyfus, Elsa; Tramoni, Eve; Lehucher-Michel, Marie-Pascale 

Source: International archives of occupational and environmental health; Oct 2008; vol. 82 (no. 1); p. 
125-130 

Publication Date: Oct 2008 

Publication Type(s): Case Reports Journal Article 

PubMedID: 18259771 

Available  at International archives of occupational and environmental health -  from SpringerLink - 
JUSTICE Consortium Package  

Available  at International archives of occupational and environmental health -  from ProQuest 
(Health Research Premium) - NHS Version  

Abstract:BACKGROUNDTo date, chronic toxic encephalopathy (CTE) has never been described in 
operating room personnel.CASE REPORTWe report two cases of anaesthetists who developed this 
pathology. They have both used anaesthetic gases for many years in paediatric surgery. Air 
conditioning was deficient during three years in operating rooms and atmospheric anaesthetics 
concentration was high (N(2)O mean concentration: 311 ppm, peak levels 1,600 ppm; halogenated: 
16 ppm, peak levels: 1,600 ppm).CLINICAL SYMPTOMSMood troubles and non-specific neuropsychic 
deficits gradually evolved until they had to stop working. Neuropsychological assessment showed 
important deficits in attention, executive functioning, short-term memory and visuo-spatial 
organization. Blood tests, VEPs, MRI, neuroSPECT and cardiovascular exams were normal. Troubles 
had slowly improved after cessation of exposure and sequels still remain.CONCLUSIONThese CTE 
cases seem to be the consequence of a long-term exposure to important levels of anaesthetic gases, 
and particularly nitrous oxide. It points out the importance of preventive measures in operating 
rooms, where occupational hazards are varied. 
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13. Biologic effects of nitrous oxide: A mechanistic and toxicologic review 

Author(s): Weimann J.; Maze M.; Sanders R.D. 

Source: Anesthesiology; Oct 2008; vol. 109 (no. 4); p. 707-722 

Publication Date: Oct 2008 

Publication Type(s): Review 

PubMedID: 18813051 

Available  at Anesthesiology -  from Ovid (LWW Total Access Collection 2019 - with Neurology)  

Available  at Anesthesiology -  from Unpaywall  

Abstract:Nitrous oxide is the longest serving member of the anesthesiologist's pharmacologic 
armamentarium but remains a source of controversy because of fears over its adverse effects. 
Recently, the Evaluation of Nitrous oxide In a Gas Mixture for Anaesthesia (ENIGMA) trial reported 
that nitrous oxide use increases postoperative complications; further preclinical reports have 
suggested that nitrous oxide may contribute to neurocognitive dysfunction in the young and elderly. 
Therefore, nitrous oxide's longevity in anesthetic practice is under threat. In this article, the authors 
discuss the evidence for the putative toxicity of nitrous oxide, from either patient or occupational 
exposure, within the context of the mechanism of nitrous oxide's action. Although it would seem 
prudent to avoid nitrous oxide in certain vulnerable populations, current evidence in support of a 
more widespread proscription from clinical practice is unconvincing. Copyright © 2008 The American 
Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc. 

Database: EMBASE 

 

14. Nitrous oxide-induced tension pneumocephalus after thoracic spinal cord surgery: a case 
report. 

Author(s): Theilen, Hermann Juergen; Heller, Axel R; Litz, Rainer J 

Source: Journal of neurosurgical anesthesiology; Jul 2008; vol. 20 (no. 3); p. 211-212 

Publication Date: Jul 2008 

Publication Type(s): Letter Case Reports 

PubMedID: 18580359 

Available  at Journal of neurosurgical anesthesiology -  from Ovid (LWW Total Access Collection 2019 
- with Neurology)  
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15. Reversible nitrous oxide-induced myeloneuropathy with pernicious anemia: case report and 
literature review. 

Author(s): Singer, Mike A; Lazaridis, Christos; Nations, Sharon P; Wolfe, Gil I 

Source: Muscle & nerve; Jan 2008; vol. 37 (no. 1); p. 125-129 

Publication Date: Jan 2008 

Publication Type(s): Case Reports Journal Article 

PubMedID: 17623854 

Available  at Muscle & nerve -  from Wiley Online Library  

Abstract:A previously healthy 27-year-old woman developed a subacute myeloneuropathy after 
receiving nitrous oxide anesthesia for dental procedures. Neurologic evaluation revealed that she 
was vitamin B(12) deficient due to underlying pernicious anemia. Discontinuation of nitrous oxide 
and supplementation with vitamin B(12) resulted in dramatic clinical improvement, with near-
complete normalization of her neurologic examination. This case and published reports reviewed 
here emphasize that favorable outcomes are possible following prompt recognition and treatment 
of vitamin B(12) deficiency. 

Database: Medline 

 

16. Safety of inhalation of a 50% nitrous oxide/oxygen premix: a prospective survey of 35 828 
administrations. 

Author(s): Onody, Peter; Gil, Pascal; Hennequin, Martine 

Source: Drug safety; 2006; vol. 29 (no. 7); p. 633-640 

Publication Date: 2006 

Publication Type(s): Research Support, Non-u.s. Gov't Clinical Trial Journal Article 

PubMedID: 16808555 

Available  at Drug safety -  from SpringerLink - Medicine  

Abstract:BACKGROUNDA 50% nitrous oxide/oxygen (N(2)O/O(2)) premix is widely used to alleviate 
pain or anxiety during brief care procedures in various medical domains. In some countries, recent 
changes in regulation status for medical gases state that they should be considered as drugs. 
Consequently, more valuable data gained from exhaustive clinical surveys are needed. This 
prospective study, conducted in the same conditions imposed for testing a drug, aims to analyse the 
factors that affect tolerance of the 50% N(2)O/O(2) premix in a wide range of clinical 
indications.METHODSIn a 4-year prospective survey, 35 942 data sheets were received from 191 
French hospital paediatric (82%) and adult units (18%). Of these, 35 828 sheets were sufficiently 
complete to be included in the study. The number and the type of adverse events declared to the 
manufacturer were analysed.RESULTSA total of 1581 (4.4%) adverse events were reported on 1384 
data sheets, which were mostly gastrointestinal and neuropsychiatric disorders (86%). The main 
factors associated with adverse events were age, concomitant drug administration and longer 
duration of inhalation. Among the 27 (0.08%) reported serious adverse events, only 9 (0.03%) were 
possibly attributed to the N(2)O/O(2) premix. Among the serious adverse events that were not 
attributed to the gas, a concomitant drug association and insufficient patient surveillance occurred 
in 12 and 2 cases, respectively.CONCLUSIONThis survey confirms the pharmacological safety of the 
50% N(2)O/O(2) premix in a wide variety of clinical indications and emphasises the need for rational 
training of medical personnel in its administration. 
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17. Reversible nitrous oxide myelopathy and a polymorphism in the gene encoding 5,10-
methylenetetrahydrofolate reductase. 

Author(s): Lacassie, H J; Nazar, C; Yonish, B; Sandoval, P; Muir, H A; Mellado, P 

Source: British journal of anaesthesia; Feb 2006; vol. 96 (no. 2); p. 222-225 

Publication Date: Feb 2006 

Publication Type(s): Case Reports Journal Article 

PubMedID: 16361298 

Available  at British journal of anaesthesia -  from Unpaywall  

Abstract:We present a case of a patient who received nitrous oxide on two occasions within a period 
of 8 weeks and who subsequently developed a diffuse myelopathy, characterized by upper extremity 
paresis, lower extremity paraplegia and neurogenic bladder. Laboratory testing revealed 
hyperhomocysteinaemia and low levels of vitamin B(12). Because of this uncommon clinical 
presentation, we analysed the patient's DNA, and found a polymorphism in the MTHFR gene that is 
associated with the thermolabile isoform of the 5,10-methylenetetrahydrofolate reductase enzyme, 
which explained the myelopathy experienced by the patient after being exposed to nitrous oxide. 
Soon after initiating supplementary therapy with folic acid and vitamin B(12), the neurological 
symptoms subsided. 
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18. Epidural air entrapment after spinal surgery. 

Author(s): Kaymaz, Memduh; Oztanir, Namik; Emmez, Hakan; Ozköse, Zerrin; Paşaoğlu, Aydin 

Source: Clinical neurology and neurosurgery; Aug 2005; vol. 107 (no. 5); p. 421-424 

Publication Date: Aug 2005 

Publication Type(s): Case Reports Journal Article 

PubMedID: 16023539 

Available  at Clinical neurology and neurosurgery -  from ProQuest (Health Research Premium) - NHS 
Version  

Abstract:A case which had developed neurological complication because of compression due to air 
trapping in the epidural space after spinal surgery is presented with its clinical and radiological 
findings. Nitrous oxide can easily diffuse into the air-filled spaces in the body from the bloodstream 
and also increases the pressure of the air in the closed spaces. After the L4-5 discectomy procedure, 
weakness in dorsal flexion was occurred on the contra lateral leg. The patient was evaluated 
urgently with radiological examinations. Postoperative radiological findings showed air compression 
between L3 and L5 levels which occupied the epidural space. The surgical approach was not 
considered. Following the resolution of the air in the epidural space, neurological deficit was 
progressively improved. In order to prevent neurologic complication due to air trapping in spinal 
surgery, avoidance of using nitrous oxide and also irrigation of the surgical field with isotonic fluid is 
recommended. 
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19. Cobalamin deficiency and subacute combined degeneration after nitrous oxide anesthesia: a 
case report. 

Author(s): Ahn, Sung C; Brown, Allen W 

Source: Archives of physical medicine and rehabilitation; Jan 2005; vol. 86 (no. 1); p. 150-153 

Publication Date: Jan 2005 

Publication Type(s): Case Reports Journal Article 

PubMedID: 15641006 

Abstract:We report on a diabetic man in his early forties with a history of disabling left-hemisphere 
stroke and hyperhomocystinemia who developed new sensorimotor symptoms and urinary 
incontinence 4 weeks after prolonged exposure to nitrous oxide (N(2)O) related to arterial occlusive 
disease and amputation. Physical examination at rehabilitation hospital admission showed 
preexisting severe nonfluent multimodality language impairment, new ataxic quadriparesis 
superimposed on static spastic right hemiparesis, diffusely blunted muscle stretch reflexes, impaired 
cutaneous sensation and proprioception, diminished alternating motion rates, and impaired truncal 
balance. Laboratory tests revealed low serum cobalamin and hyperhomocystinemia. Magnetic 
resonance imaging of the spinal cord showed dorsal T2-signal hyperintensity. Treatment included 
vitamin replacement and comprehensive rehabilitation. His response to hospital-based and 
outpatient treatment led to successful prosthetic fitting. This case shows the importance of 
screening for and treating cobalamin deficiency before exposing patients with known risk to N(2)O 
and highlights the potential diagnostic and therapeutic challenges of subacute combined 
degeneration when it occurs with a setting of preexisting disabling neurologic impairment. 
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Source: BMJ (Clinical research ed.); Jun 2004; vol. 328 (no. 7452); p. 1364-1365 

Publication Date: Jun 2004 
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Source: Anaesthesia and Intensive Care; Apr 2004; vol. 32 (no. 2); p. 165-172 

Publication Date: Apr 2004 

Publication Type(s): Review 

PubMedID: 15957712 

Available  at Anaesthesia and intensive care -  from ProQuest (Health Research Premium) - NHS 
Version  

Available  at Anaesthesia and intensive care -  from Unpaywall  
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22. Toxicity of nitrous oxide 

Author(s): Weimann J. 

Source: Best Practice and Research: Clinical Anaesthesiology; Mar 2003; vol. 17 (no. 1); p. 47-61 

Publication Date: Mar 2003 

Publication Type(s): Review 

PubMedID: 12751548 

Abstract:Nitrous oxide interacts with vitamin B12 resulting in selective inhibition of methionine 
synthase, a key enzyme in methionine and folate metabolism. Thus, nitrous oxide may alter one-
carbon and methyl-group transfer most important for DNA, purine and thymidylate synthesis. Long-
term exposure to high concentrations of nitrous oxide may cause megaloblastic bone-marrow 
depression and neurological symptoms. Exposure to higher doses for less than 6 hours, as in clinical 
anaesthesia, are considered harmless. Recent studies seem to suggest a correlation between nitrous 
oxide anaesthesia and hyperhomocysteinaemia which is accepted to be an independent risk factor 
for coronary artery disease. As for today, available data do not support the notion that exposure to 
trace amounts of nitrous oxide is associated with impaired fertility or an increased risk of developing 
cancer. Emission of nitrous oxide from medical use is estimated to contribute less than 0.05% to 
total annual greenhouse gas emission. © 2003 Elsevier Science Ltd. All rights reserved. 
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23. MR findings in subacute combined degeneration of the spinal cord caused by nitrous oxide 
anaesthesia--two cases. 
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Source: European journal of neurology; Jan 2002; vol. 9 (no. 1); p. 101-104 

Publication Date: Jan 2002 

Publication Type(s): Case Reports Journal Article 

PubMedID: 11784385 

Available  at European journal of neurology -  from Wiley Online Library  

Abstract:Vitamin B12 deficiency causes haematological and neurological diseases. Subacute 
combined degeneration (SCD) of the spinal cord is characterized by degeneration of the posterior 
and lateral columns. We report two cases of SCD induced by nitrous oxide (N2O) anaesthesia. In 
both cases magnetic resonance imaging (MRI) of the spinal cord showed symmetric, reversible 
changes in the posterior columns, correlating well with patients' symptoms. 
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Publication Date: Jan 2001 

Publication Type(s): Letter Comment 
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Available  at Archives of neurology -  from EBSCO (MEDLINE Complete)  

Database: Medline 

 

25. Hearing loss associated with nitrous oxide use during radical prostatectomy. 
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Source: The Journal of urology; May 2000; vol. 163 (no. 5); p. 1522 

Publication Date: May 2000 

Publication Type(s): Case Reports Journal Article 
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26. Temporary hearing impairment after general anesthesia--a case report. 

Author(s): Chan, Y F; Hsing, C H; Chen, J Y; Hsu, C S; Yeh, F C 

Source: Acta anaesthesiologica Sinica; Mar 2000; vol. 38 (no. 1); p. 37-39 

Publication Date: Mar 2000 

Publication Type(s): Case Reports Journal Article 

PubMedID: 11000662 

Abstract:The incidence of hearing impairment after anesthesia is rare. We report a case who 
received left total knee and hip replacement and developed severe hearing impairment of the left 
ear after general anesthesia. Examination of the left ear by an otolaryngologist showed that there 
was no noticeable abnormality. The hearing acuity recovered gradually and returned to normal 3 
days later. The use of nitrous oxide during anesthesia was incriminated as the possible cause. 

Database: Medline 

 

27. Sickle cell disease and nitrous oxide-induced neuropathy 

Author(s): Ogundipe O.; Pearson T.C.; Slater N.G.P.; Adepegba T.; Westerdale N.; Walker M. 

Source: Clinical and Laboratory Haematology; 1999; vol. 21 (no. 6); p. 409-412 

Publication Date: 1999 

Publication Type(s): Article 

PubMedID: 10671996 

Available  at Clinical and laboratory haematology -  from Wiley Online Library  

Available  at Clinical and laboratory haematology -  from EBSCO (MEDLINE Complete)  

Abstract:We report three cases of peripheral neuropathy in patients with sickle cell disease. All had 
a history of frequent painful crises and regular attendance at our Accident and Emergency 
department where nitrous oxide analgesia was administered for prolonged periods. All three 
patients (one male and two females) presented with difficulty in walking associated with 
paraesthesiae, and neurological examination revealed signs compatible with a peripheral 
sensorimotor neuropathy, later confirmed by nerve conduction studies. Serum vitamin B12 levels 
were mildly reduced in two patients and very low in one patient (< 10ng/l). Haemoglobin levels in all 
the patients were unchanged compared with their steady-state levels but one had developed a 
macrocytosis (103 fl). Schilling tests were normal in two patients, and two patients had negative 
gastric parietal antibodies. All three patients were given intramuscular vitamin B12 in addition to 
avoiding further exposure to nitrous oxide, and their neurological symptoms improved completely. 
As nitrous oxide is known to cause a neuropathy similar to that seen in pernicious anaemia, we 
postulate that nitrous oxide analgesia combined with low B12 levels was the cause of the marked 
neuropathy in these patients. As a result of our observations and the probable association, we now 
do not use nitrous oxide analgesia in the management of patients with sickle cell disease. 
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28. Nitrous oxide in neuroanaesthesia: An appraisal 

Author(s): Amorim P. 

Source: Current Opinion in Anaesthesiology; 1999; vol. 12 (no. 5); p. 511-515 

Publication Date: 1999 

Publication Type(s): Review 

Available  at Current Opinion in Anaesthesiology -  from Ovid (Journals @ Ovid) - London Health 
Libraries  

Available  at Current Opinion in Anaesthesiology -  from Ovid (LWW Total Access Collection 2019 - 
with Neurology)  

Abstract:A handful of recent publications have brought relevant contributions to the ongoing debate 
over the use of nitrous oxide in neuroanaesthesia. The present article reviews these publications. 
The question of whether nitrous oxide can be safely used in patients with reduced cerebral 
compliance and the relationship between hypocapnic vasoconstriction and nitrous oxide are 
discussed. The implications of the use of nitrous oxide during evoked potentials recording (motor 
evoked potentials and somatosensory evoked potentials) are discussed. The possible harmful effect 
of nitrous oxide in cerebral ischaemia is debated. 
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29. Myeloneuropathy following nitrous oxide anesthaesia in a patient with macrocytic anaemia. 

Author(s): Sesso, R M; Iunes, Y; Melo, A C 

Source: Neuroradiology; Aug 1999; vol. 41 (no. 8); p. 588-590 

Publication Date: Aug 1999 

Publication Type(s): Case Reports Journal Article 

PubMedID: 10447571 

Available  at Neuroradiology -  from SpringerLink - Medicine  

Abstract:The neurological condition triggered by anaesthesia with nitrous oxide involves the 
cyanocobalamine pathway and is characterised by progressive demyelination and axonal lesions of 
the peripheral nerves and cervicothoracic spinal cord (posterior and anterolateral columns) giving a 
peripheral neuropathy and very frequently subacute combined degeneration of the spinal cord. It is 
possible to show these demyelinating lesions by MRI of the spine, allowing early diagnosis and 
follow-up. We describe a case of myeloneuropathy with onset a few hours after nitrous oxide 
anaesthesia in a patient with macrocytic anaemia and possible subclinical vitamin B(12) deficiency 
and MRI evidence of a lesion of the cervical spinal cord. Neurological and haematological 
improvement followed cyanocobalamine replacement. 
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Publication Date: Feb 1999 
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Available  at Lancet (London, England) -  from ProQuest (Health Research Premium) - NHS Version  

Available  at Lancet (London, England) -  from EBSCO (MEDLINE Complete)  

Available  at Lancet (London, England) -  from Patricia Bowen Library & Knowledge Service West 
Middlesex University Hospital NHS Trust (lib302631) Local Print Collection [location] : Patricia Bowen 
Library and Knowledge Service West Middlesex university Hospital.  
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31. Myelopathy caused by nitrous oxide toxicity 

Author(s): Pema P.J.; Horak H.A.; Wyatt R.H. 

Source: American Journal of Neuroradiology; May 1998; vol. 19 (no. 5); p. 894-896 

Publication Date: May 1998 

Publication Type(s): Article 

PubMedID: 9613506 

Available  at AJNR. American journal of neuroradiology -  from HighWire - Free Full Text  

Abstract:We describe a case of myeloneuropathy resulting from nitrous oxide abuse. MR imaging of 
the spine revealed symmetric abnormal signal in the posterior columns of the cervical cord. 
Myeloneuropathy is caused by inactivation of vitamin B12 by nitrous oxide. This syndrome can also 
be seen in patients with borderline vitamin B12 deficiency who have recently been anesthetized 
with nitrous oxide. 
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Source: Anesthesiology; Oct 1995; vol. 83 (no. 4); p. 863-866 

Publication Date: Oct 1995 

Publication Type(s): Case Reports Journal Article Review 

PubMedID: 7574068 

Available  at Anesthesiology -  from Free Medical Journals . com  

Available  at Anesthesiology -  from Ovid (LWW Total Access Collection 2019 - with Neurology)  

Available  at Anesthesiology -  from Patricia Bowen Library & Knowledge Service West Middlesex 
University Hospital NHS Trust (lib302631) Local Print Collection [location] : Patricia Bowen Library 
and Knowledge Service West Middlesex university Hospital.  
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Publication Date: Aug 1995 

Publication Type(s): Case Reports Journal Article 

PubMedID: 7644061 

Available  at Neurology -  from Ovid (LWW Total Access Collection 2019 - with Neurology)  

Abstract:A man with a subclinical cobalamin deficiency developed syncope, vertigo, paresthesias, 
and ataxia after two exposures to nitrous oxide anesthesia. Patients with unrecognized cobalamin 
deficiency may be particularly susceptible to brief exposures to nitrous oxide, which inactivates the 
cobalamin-dependent enzyme methionine synthase and may cause a myeloneuropathy. Clinicians 
should consider this entity when confronted with patients with neuropathic symptoms after surgical 
or dental procedures. 
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34. Myelotoxic, neurotoxic and reproductive adverse effects of nitrous oxide 

Author(s): Louis-Ferdinand R.T. 

Source: Adverse Drug Reactions and Toxicological Reviews; 1994; vol. 13 (no. 4); p. 193-206 

Publication Date: 1994 

Publication Type(s): Review 

PubMedID: 7734639 

Abstract:N2O is a relatively safe general anaesthetic under normal medical and dental anaesthetic 
use. It is more likely to produce megaloblastosis or neuropathy when used repetitively or for periods 
longer than 3 hours or in individuals with vitamin B12 deficiencies. The mechanism responsible for 
its myelotoxicity, neurotoxicity and most likely its reproductive toxicity, involves its inhibition of 
MetSyn and the resulting reduction in SAM and THF levels. Administration of folinic acid or 
methionine have been shown to protect against megaloblastosis and neurotoxicity occurring 
following N2O administration. Occupational N2O exposure of medical and dental personnel during 
its use as an analgesic is not likely to produce adverse reproductive outcomes except in B12-
deficient individuals or in those routinely exposed to high N2O levels. 
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35. Neurologic degeneration associated with nitrous oxide anesthesia in patients with vitamin B12 
deficiency. 

Author(s): Flippo, T S; Holder, W D 

Source: Archives of surgery (Chicago, Ill. : 1960); Dec 1993; vol. 128 (no. 12); p. 1391-1395 

Publication Date: Dec 1993 

Publication Type(s): Case Reports Journal Article Review 

PubMedID: 8250714 

Abstract:Vitamin B12 (cyanocobalamin) is an integral component of two biochemical reactions in 
man: the conversion of L-methylmalonyl coenzyme A into succinyl coenzyme A and the formation of 
methionine by methylation of homocysteine. The transmethylation reaction is essential to DNA 
synthesis and to the maintenance of the myelin sheath by the methylation of myelin basic protein. 
Active vitamin B12 contains cobalt in its reduced form (Co+). Nitrous oxide produces irreversible 
oxidation to the Co++ and Co forms that renders vitamin B12 inactive. Five cases (four from the 
literature and one new case) are presented in which patients unsuspected of having vitamin B12 
deficiency developed subacute combined degeneration of the spinal cord following nitrous oxide 
anesthesia. Patients with vitamin B12 deficiency are exceedingly sensitive to neurologic 
deterioration following nitrous oxide anesthesia. If unrecognized, the neurologic deterioration 
becomes irreversible and may result in death. 
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37. Postoperative myeloneuropathy: a preventable complication in patients with B12 deficiency. 

Author(s): Holloway, K L; Alberico, A M 

Source: Journal of neurosurgery; May 1990; vol. 72 (no. 5); p. 732-736 

Publication Date: May 1990 

Publication Type(s): Case Reports Journal Article 

PubMedID: 2157826 

Available  at Journal of neurosurgery -  from Unpaywall  

Abstract:Two cases of postoperative neurological deterioration following routine neurosurgical 
procedures are presented. In each instance, the patient was found to have hematological 
abnormalities present preoperatively consistent with vitamin B12 deficiency and to have undergone 
general anesthesia involving N2O. This caused inactivation of the remaining marginal stores of B12 
with resultant neurological decompensation. The frequent use of N2O in general anesthesia and the 
significant incidence of B12 deficiency make it imperative that the surgeon be aware of this 
complication and its easy prevention. The preoperative recognition of B12 deficiency and N2O-
induced neurological deterioration in patients with B12 deficiency is reviewed. 
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Publication Date: Aug 1987 
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Available  at Neurosurgery -  from Ovid (Journals @ Ovid) - Remote Access  
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39. Nitrous oxide withdrawal reduces intracranial pressure in the presence of pneumocephalus. 

Author(s): Skahen, S; Shapiro, H M; Drummond, J C; Todd, M M; Zelman, V 

Source: Anesthesiology; Aug 1986; vol. 65 (no. 2); p. 192-195 

Publication Date: Aug 1986 

Publication Type(s): Research Support, Non-u.s. Gov't Journal Article 

PubMedID: 3740508 

Available  at Anesthesiology -  from Free Medical Journals . com  

Abstract:Nitrous oxide anesthesia has been implicated as contributing to the development of 
delayed tension pneumocephalus following surgery performed in the sitting position. The authors 
tested the hypothesis that withdrawal of nitrous oxide anesthesia administered during formation of 
an intracranial gas cavity would lead to a decrease in intracranial pressure (ICP) as N2O diffuses from 
the cavity back into the blood. Ten halothane-anesthetized rabbits were prepared for measurement 
of supracortical ICP and arterial blood pressure (BP) and for intracranial volume alterations via a 
cisterna magna infusion catheter. Hyperventilation (Paco2 = 28-30 mmHg) and mannitol were used 
to shrink the brain to accommodate intracranial infusion of either air or lactated Ringer's (LR) 
solution, which was used to elevate ICP to between 10-15 mmHg from a baseline ICP of 2.1 +/- 2.5 
mmHg over a period of 8 to 10 min. Following stabilization at an elevated ICP, inhalation of nitrous 
oxide (75%) was either initiated or withdrawn (if already present during the induced ICP increase) 
and the subsequent changes in mean ICP and BP were recorded. Following ICP elevation with LR to 
10 +/- 1 mmHg, initiation of 75% N2O administration resulted in no change in ICP and modest 
increases (P less than 0.05) in BP and cerebral perfusion pressure (CPP = BP - ICP) after 4 min. 
However, when ICP was raised (to 12 +/- 3.5 mmHg) with intracranial air infusion, subsequent 
initiation of 75% N2O inhalation caused an abrupt ICP increase to 22.3 +/- 9 mmHg (from control P 
less than 0.001).(ABSTRACT TRUNCATED AT 250 WORDS) 
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50 EMBASE 49 not 47 487 

51 EMBASE exp "DRUG INDUCED 

DISEASE"/ 

91769 

52 EMBASE (50 AND 51) 32 

54 EMBASE exp "BRAIN HYPOXIA"/ OR 

exp "BRAIN HYPOXIC 

ISCHAEMIC DAMAGE"/ 

17757 

55 EMBASE (35 AND 54) 11 

56 EMBASE exp "COGNITIVE DEFECT"/ 487701 

57 EMBASE (35 AND 56) 88 

 


