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E D I T O R I A L

Nitrous oxide (N2O) angel or devil?

Nitrous oxide is one of the oldest and most used anesthetic drugs in 
humans for more than three centuries. Yet, its use remains contro-
versial. Opponents and supporters of N2O state their arguments for 
or against its use regularly at congresses and journals. This can de-
stabilize professionals unfamiliar with N2O. While N2O can be used 
in combination with other agents for general anesthesia, the mixture 
of 50% oxygen and nitrous oxide can be safely administered on its 
own (=without other depressants of the central nervous system) by 
trained professionals (nurses, midwives, dentists, paramedics..) out-
side the operating room. In spite of its modest anesthetic power, this 
mixture is very helpful to many patients because its pharmacologi-
cal profile has no equivalent. This agent acts by inhalation, its speed 
of action is astonishing (its effect appears and disappears in a few 
minutes), and it has no obvious residual effect. The combination of 
an anxiolytic effect (often producing euphoria or even hilarity) and 
changes in sensory perceptions (superficial analgesic effect) leads 
to a specific sedation state imperfectly described as ‘disconnection,’ 
‘dissociation,’ and ‘conscious sedation,’ that is so useful during pain-
ful and or distressing procedures.

In this context, the strong conclusion of Victoria Forster article 
published in this journal (issue 30:9-16) ‘N2O should not be used 
in acute lymphoblastic leukemia patients receiving methotrexate’ 
raises important questions about the current use of N2O.

First, this publication presents methodological issues that need 
discussion. The inability to separate confounding factors from caus-
ative factors is present in many data referenced by Forster. For ex-
ample, the incidence of neurotoxic effects in adults and children 
with ALL receiving intrathecal methotrexate shows no significant 
difference. And long-term neurotoxicity manifesting as neurocogni-
tive impairment in children treated with N2O and MTX is impossi-
ble to attribute to any specific factor in retrospective studies. Last, 
single clinical cases are reported without strong evidence of nitrous 
oxide responsibility.

It is important to remember that the risk of neurotoxicity of N2O 
is known for more than 60 years and involves only its prolonged 
or repeated use. Except for a few cases of rare metabolic disease 
or dietary deficiency in vitamin B12,1 almost all published cases of 
neurotoxicity involve prolonged inhalations in an addictive or rec-
reational setting.2 Once diagnosed, this neurotoxicity is reversible 
fairly quickly after vitamin B12 supplementation.3 Simple preven-
tative measures exist: In the early 2000s, Australian teams recom-
mended that4 " Patients requiring N2O three times a week or more 
for a period of 2 weeks or more should receive folate 250 mcg/kg 
daily (max 10 mg) and Vitamin B12 5 mg orally daily." It is there-
fore advisable for patients at risk for N20 hematologic or neurologic 

toxicity (repeated exposures, MTX…) to receive supplemental fo-
lates and vitamin B12 or to undergo regularly vitamin B12 and folate 
blood level checks.

Despite these reassuring data, the use of N2O outside the op-
erating theater remains very variable among different countries: in 
France and Belgium, for example, almost all pediatric emergency 
and pediatric hemato-oncology wards are equipped with it and use 
it daily.5 Similarly, in England, Australia, and New Zealand, N20 is 
regularly used for procedural sedation unlike in other countries. In 
the USA, the promotion of N2O sedation analgesia due to its simplic-
ity and efficacy has led to its adoption mainly by hematology teams6 
and midwives.7

One should also keep in mind that Forster's interpretation of 
the precautionary principal fails to account for the risk and cost of 
changing practice when no known equivalent alternatives exist in 
terms of easiness of administration, effectiveness, and safety. One 
should indeed also consider what might result when clinicians would 
stop using N2O for procedures and use other techniques instead 
such as deep IV sedation or analgesia with its own risk (respiratory 
depression, anaphylaxis etc.). It is indeed very difficult for clinicians 
to choose the right practice when they are prompted to change 
well-established practice when laboratory or theoretical science is 
extrapolated into the clinic even if some human data confirm causal 
relationships in a high-risk group of patient.

In addition, there are still unresolved issues regarding the risk of 
N20 exposure of those who administer it. Due to lack of solid data, 
no consensus is currently possible regarding personnel exposure 
thresholds, as illustrated by the discrepancies (from 25 to 100 ppm) 
among countries of the occupational exposure limits (OELs) cal-
culated as time-weighted average over 8 hours. To evaluate acute 
exposure to short N2O duration, it would probably be more appro-
priate to use peak exposure values of up to 200 ppm for 15 minutes 
as done in Germany.8 However, simple means such as the use of 
breathing circuits equipped with a demand valve, appropriate scav-
enging, and proper ventilation of the procedure room can greatly 
reduce the caregiver's exposure to N2O.9 For example, the use of 
nitrous oxide (50%-70%) with a demand valve did not modify the 
vitamin B12 status of medical personnel as evaluated by measuring 
homocysteine, methylmalonic acid, vitamin B12, blood count, and 
the MTHFR C677T genotype.10

Another reason to trouble clinicians is the current widespread 
recreational and even addictive11 use of N20 among adolescents 
and young adults12 This could also worry parents whose children 
could benefit from it for procedural sedation. A misuse potential ex-
ists for many analgesic medications such as opioids, ketamine, and 
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pregabalin, and conversely, products initially classified as drugs of 
abuse progressively obtain the medication status (cannabis). This 
risk of misuse of N2O must neither be denied nor be overestimated. 
The vigilance of health professionals must be continuous to identify 
misuse. There is a risk of confusion, and it is important to carefully 
separate the information directed toward the public from that di-
rected toward health professionals and to stress the difference be-
tween the medical and the recreational use of N20 without oxygen, 
and to restrict as much as possible the over-the-counter availability 
of N2O canisters designed to produce whipped cream.

Last but not least, an anesthesiologists' tendency to abandon the 
use of N2O has developed over the last 10 years13 because of the cli-
mate risks of this greenhouse gas: This has led to a steady decrease 
in its use during general anesthesia. However, the analysis of the 
global emissions of N2O shows that the medical part of it is very low. 
In Europe, N2O emissions from medical use represent only 1.07% 
of total Europe N2O emissions in 2017 and 0.06% of total Europe 
greenhouse gas emissions.14 In fact, three-quarters of the N2O emis-
sions are related to agriculture and oceans.15 Other concerns have 
also been reported: lower operating room personnel fertility, risks 
for the fetuses, cardiovascular risks, and increase of wound infec-
tions. The European Society of Anesthesiology recently published a 
narrative review of 180 publications on the clinical use of N20 over 
the last 10 years and provided reassuring answers8: “Many perceived 
drawbacks of medical N2O administration (eg, nausea, vomiting, use 
during laparoscopy, cardiac ischemia, environmental effects) have 
been exaggerated or misplaced. There is good reason to maintain 
interest in the contribution of N2O to general anesthesia and its use 
as a sedative and analgesic.... We recommend that the supply of N2O 
in hospitals be maintained while encouraging its economic use.”

To conclude, the majority of the questions and doubts concern-
ing the clinical use of N2O especially for pediatric painful procedures 
have clear and reassuring answers. But it must be kept in mind that 
N2O is a medication, so its use must be subject to an individual-
ized prescription (eg, increased risk of vitamin B12 deficiency as in 
vegetarian children) and a controlled administration technique. The 
50% oxygen and N2O mixture have an excellent risk-benefit ratio: 
Its efficacy, simplicity of administration, speed of onset and offset, 
and safety of use makes it one of the first choices to relieve pediatric 
procedural pain and related anxiety.

CONFLIC T OF INTERE S T
Fee received for organizing education from the following: Pfizer, 
Kiowa Kirin, Linde, Mundipharma, and Air Liquide Santé.

Daniel Annequin  

Centre de la Douleur, de la Migraine de L'enfant et de 
L'adolescent, Hôpital Trousseau Paris Assistance Publique 

Hôpitaux de Paris, AP-HP Sorbonne University, Paris, France

Correspondence
Pr Daniel Annequin, Centre de la Douleur, de la Migraine de 
L'enfant et de L'adolescent, Hôpital Trousseau, 75012 Paris, 

France.
Email: daniel.annequin@aphp.fr

ORCID
Daniel Annequin  https://orcid.org/0000-0001-6425-4016 

R E FE R E N C E S
 1. Patel KK, Mejia Munne JC, Gunness VRN, et al. Subacute com-

bined degeneration of the spinal cord following nitrous oxide 
anesthesia: A systematic review of cases. Clin Neurol Neurosurg. 
2018;173:163-168.

 2. Massey TH, Pickersgill TT, Peall KJ. Nitrous oxide misuse and vita-
min B12 deficiency. BMJ Case Rep. 2016:bcr2016215728.

 3. Ng J, Frith R. Nanging. Lancet. 2002;360:384.
 4. Royal Australasian College of Physicians Paediatrics Division 

Guideline statement: management of procedure-related pain in 
children and adolescents. J Paediatr Child Health. 2006;42(Suppl 
1):S1-S29.

 5. Onody P, Gil P, Hennequin M. Safety of inhalation of a 50% nitrous 
oxide/oxygen premix: a prospective survey of 35 828 administra-
tions. Drug Saf. 2006;29:633-640.

 6. Livingston M, Lawell M, McAllister N. Successful use of nitrous 
oxide during lumbar punctures: a call for nitrous oxide in pediatric 
oncology clinics. Pediatr Blood Cancer. 2017;64(11):e26610.

 7. King TL. From forgotten to mainstream: how a nurse-midwife's 
commitment to nitrous oxide changed practice. J Midwifery Womens 
Health. 2011;56:541-542.

 8. Buhre W, Disma N, Hendrickx J, et al. European Society of 
Anaesthesiology Task Force on Nitrous Oxide: a narrative review of 
its role in clinical practice. Br J Anaesth. 2019;122:587-604.

 9. Messeri A, Amore E, Dugheri S, et al. Occupational exposure to ni-
trous oxide during procedural pain control in children: a comparison 
of different inhalation techniques and scavenging systems. Pediatr 
Anesth. 2016;26:919-925.

 10. Staubli G, Baumgartner M, Sass JO, Hersberger M. Laughing gas in 
a pediatric emergency department-fun for all participants: vitamin 
B12 status among medical staff working with nitrous oxide. Pediatr 
Emerg Care. 2016;32:827-829.

 11. van Amsterdam J, Nabben T, van den Brink W. Recreational ni-
trous oxide use: prevalence and risks. Regul Toxicol Pharmacol. 
2015;73:790-796.

 12. Randhawa G, Bodenham A. The increasing recreational use of ni-
trous oxide: history revisited. Br J Anaesth. 2016;116:321-324.

 13. Sherman J, Le C, Lamers V, Eckelman M. Life cycle greenhouse gas 
emissions of anesthetic drugs. Anest Analg. 2012;114:1086-1090.

 14. Fernandez R, Mandl N, Pinterits M, Coll.Annual European Union 
greenhouse gas inventory 1990–2017 and inventory report 2019. 
Annual European Union greenhouse gas inventory; 2019. https ://
www.eea.europa.eu/publi catio ns/europ ean-union-green house-
gas-inven tory-2019 Accessed November 21, 2019.

 15. Sulbaek Andersen MP, Nielsen OJ, Wallington TJ, Karpichev 
B, Sander SP. Medical intelligence article: assessing the impact 
on global climate from general anesthetic gases. Anest Analg. 
2012;114:1081-1085.

mailto:￼
https://orcid.org/0000-0001-6425-4016
mailto:daniel.annequin@aphp.fr
https://orcid.org/0000-0001-6425-4016
https://orcid.org/0000-0001-6425-4016
https://www.eea.europa.eu/publications/european-union-greenhouse-gas-inventory-2019
https://www.eea.europa.eu/publications/european-union-greenhouse-gas-inventory-2019
https://www.eea.europa.eu/publications/european-union-greenhouse-gas-inventory-2019

