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DESCRIPTION OF THE EVIDENCE COLLECTION 
METHOD

Searches were carried out in multiple databases (Medline 
1965 to 2009, Cochrane Library, LILACS) and cross-referenc-
es with the collected material to identify articles with better 
methodological design, followed by critical evaluation of their 
content and classification according with the strength of evi-
dence.

Searches occurred between December 2007 and April 
2008. The following search strategies were used for searches 
in PubMed:

1. Nitrous Oxide [MeSH] AND Pharmacology [MeSH] 
AND Toxicology [MeSH]

2. Nitrous Oxide [MeSH] AND Toxicology [MeSH]
3. Nitrous Oxide [MeSH] AND toxicity [subheading]
4. Nitrous Oxide [MeSH] AND Acute Toxicity Tests 

[MeSH] OR Toxicity Tests [MeSH]
5. Nitrous Oxide [MeSH] AND Drug Toxicity [MeSH] OR 

Toxic Actions [MeSH]
6. Nitrous Oxide [MeSH] AND Drug Interactions [MeSH]
7. Nitrous Oxide [MeSH] AND Food-Drug Interactions 

[MeSH]
8. Nitrous Oxide [MeSH] AND Herb-Drug Interactions 

[MeSH]
9. Nitrous Oxide [MeSH] AND Anesthesia, General 

[MeSH] AND Postoperative Complications [MeSH] 
AND Randomized Controlled Trial[ptyp]

10. Nitrous Oxide [MeSH] AND Child [MeSH] 

11. Nitrous Oxide [MeSH] AND Anesthesia, General 
[MeSH] AND Child  [MeSH] AND Randomized Con-
trolled Trial[ptyp]

12. Pediatrics [MeSH] OR Neonatology [MeSH] AND Ni-
trous Oxide [MeSH]

13. Nitrous Oxide [MeSH] AND Anesthesia, General 
[MeSH] AND Pediatrics [MeSH] AND Randomized 
Controlled Trial[ptyp]

14. Nitrous Oxide [MeSH] AND Anesthesia, General 
[MeSH] AND Neonatology [MeSH] AND Randomized 
Controlled Trial[ptyp]

15. Cerebral Palsy [MeSH] AND Child [MeSH] AND Ni-
trous Oxide [MeSH]

Studies comparing different classes of anesthetic drugs or 
sedation techniques in children undergoing diagnostic tests 
or procedures with the use of sedation or anesthesia were 
selected. Also selected were studies that evaluated the phar-
macological effects of nitrous oxide, its interaction with other 
anesthetics and its toxic effects in children. 

DEGREE OF RECOMMENDATION AND STRENGTH OF 
EVIDENCE

A: Experimental or observational studies of best consistency.
B: Experimental or observational studies of least consistency.
C: Case Reports (non-controlled studies).
D: Opinion without critical evaluation, based on consensuses, 
physiological studies or animal models.

OBJECTIVE

To evaluate the advantages and disadvantages of nitrous ox-
ide administration in different procedures requiring sedation 
and analgesia, as well as its safety in children. 

INTRODUCTION

The inhaled anesthetic nitrous oxide is an inorganic com-
pound, odorless, with a linear and simple structure, which at 
room temperature and pressure, is in the gas phase and is 
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chemically stable. The action mechanism of nitrous oxide is 
still poorly known, but certainly involves several types of re-
ceptors including the dopaminergic and α2-adrenergic recep-
tors, benzodiazepines and N-methyl D-aspartate (NMDA).

Nitrous oxide has low anesthetic potency. It needs to be 
inhaled at a pressure close to 0.7 Atm (530 mm Hg) to result 
in unconsciousness in 50% of patients and above 1 Atm to 
prevent muscular movement during nociceptive stimulation of 
the skin incision. Due to this pharmacodynamic characteristic, 
nitrous oxide is usually used in combination with intravenous 
or inhaled anesthetics.

Notwithstanding the criticism and warnings expressed in 
the literature about the safety of its clinical use, the use of 
nitrous oxide in anesthesia is common worldwide. The main 
factors that justify this situation are its well-defined indications 
for clinical use 1(D). Furthermore, nitrous oxide is very well tol-
erated by pediatric patients, making it possible to perform mild 
anesthesia induction with a mask. The rapid onset of action 
and brief resolution of the effect, in addition to the absence of 
nephrotoxicity or hepatotoxicity and contraindication for use in 
patients susceptible to malignant hyperthermia, are other fea-
tures that make nitrous oxide an attractive option in pediatric 
anesthesia 1(D).

INTERACTION WITH OTHER ANESTHETIC AGENTS

Inhaled Anesthetics

What are the effects of the combination of volatile 
anesthetics and nitrous oxide?

Nitrous oxide can accelerate the time of induction of inhala-
tional anesthesia. The addition of high concentrations of ni-
trous oxide to a mixture of gases accelerates the partial pres-
sure increase of volatile anesthetic at the end of expiration, as 
well as of their partial arterial pressure 2(B). The presence of 
high concentrations of nitrous oxide has an effect of concen-
tration and second gas, facilitating the pure inhalation induc-
tion by mask, especially in pediatric anesthesia. The second 
gas effect will be even more significant with nitrous oxide, the 
lower the solubility of the associated volatile anesthetic. Ni-
trous oxide enhances alveolar uptake of the second gas in 
anesthesia induction or when there is an increase of its frac-
tion inhaled during the procedure 3(B). 

The addition of high concentrations of nitrous oxide to 
sevoflurane during anesthesia induction in children promotes 
acceleration of the balance between the alveolar and inhaled 
concentrations of the volatile anesthetic agent 4(D). The ad-
dition of nitrous oxide to high concentrations of sevoflurane 
results in a faster loss of consciousness 5(B). The combination 
of nitrous oxide at 70% and enflurane determines a decrease 
in the time of induction and awakening from anesthesia, and 
a lower incidence of airway problems during intubation and 
respiratory depression (PetCO2 and apnea) 6(B). On the other 
hand, the addition of nitrous oxide at 50% in anesthesia induc-
tion with sevoflurane is associated with increased occurrence 
of excitatory phenomena 7(B).

Anesthesia induction with sevoflurane at 8% promotes sim-
ilar anesthetic conditions and occurrence of adverse events, 
regardless of the combination with nitrous oxide at 60% 8(B). 
There is no difference in blood pressure levels, heart rate and 
pulse oximetry, as well as the occurrence of limb movement 
during venipuncture and adverse events. Likewise, the induc-
tion time, the position of the vocal cords in tracheal intubation 
and conditions for intubation, as well as the emergence time 
are similar regardless of the nitrous oxide combination 9(A). 
There is also no difference in the maintenance of anesthesia 
with sevoflurane when nitrous oxide was omitted from the an-
esthetic technique 10(A).

There is no difference in opioid consumption, time to ex-
tubation and reorientation, the quality of awakening and 
postoperative analgesia and the occurrence of nausea and 
vomiting after surgery if nitrous oxide is combined with sevo-
flurane 10(A). The time and conditions for tracheal intubation 
are similar, despite the combination of nitrous oxide, which is 
not associated with a higher occurrence of respiratory compli-
cations, even in children with obstructive airways undergoing 
tonsillectomy 5(B).

Most data in the literature indicate additive interaction be-
tween nitrous oxide and volatile anesthetics in order to reduce 
the minimum alveolar concentration (MAC) of these anesthet-
ics in adults and children. Nitrous oxide has an additive con-
tribution to halothane, as increasing concentrations of nitrous 
oxide are combined, thus reducing its MAC linearly 11(B). Ni-
trous oxide also reduces the MAC of sevoflurane for laryngeal 
mask insertion in children, in a linear and additive way 12(A), 
promoting this effect to prevent movement during laryngos-
copy and tracheal intubation 13(A). Administration of nitrous 
oxide at 33% and 66% linearly decreases sevoflurane MAC 
in 18% and 40% during laryngoscopy and intubation, respec-
tively.   

From this sparing effect of sevoflurane, together with the 
knowledge that the administration of high concentrations of 
sevoflurane may determine an epileptogenic effect, it is sug-
gested that the combination of nitrous oxide can reduce the 
risk of occurrence of epileptiform tracings in electroencepha-
lograms of children during sevoflurane administration 14(D). 

The MAC of desflurane is reduced by 25% with concomitant 
administration of nitrous oxide 15(B) and the MAC of isoflurane 
in children also decreases linearly with the administration of 
increasing concentrations of nitrous oxide 16(B).

Recommendations: In spite of its low anesthetic potency, 
when combined with other inhalation anesthetics and at an 
inhaled concentration of 60% to 70% in oxygen, nitrous oxide 
accelerates the time of anesthesia induction (especially with 
poorly soluble volatile anesthetics) 5,6(B), significantly reduces 
the need for the latter 12(a) 11,15,16(B) and allows reducing the 
exposure of patients and health professionals to potentially 
toxic anesthetic gases and vapors. On the other hand, it does 
not seem to alter the anesthetic conditions caused by volatile 
agents 9,10(A) and emergence time, when combined with a low 
solubility agent such as sevoflurane 10(A). Moreover, it can 
favor the occurrence of excitatory phenomena associated with 
sevoflurane 7(B).

RBA - 62-03 - 016 - rec B.indd   452RBA - 62-03 - 016 - rec B.indd   452 5/16/2012   3:29:43 PM5/16/2012   3:29:43 PM



NITROUS OXIDE USE IN CHILDREN

Revista Brasileira de Anestesiologia 453
Vol. 62, No 3, May-June, 2012

Intravenous anesthetic agents 

What are the types of interactions that can occur 
between nitrous oxide and intravenous anesthetics?

The combination of nitrous oxide with target-controlled infu-
sion of propofol allows a 25% decrease in the mean plasma 
concentration of propofol necessary to prevent response to 
the surgical incision 17(B). Equally, inhalation of nitrous oxide at 
66% before anesthesia induction with propofol allows a 44% 
decrease in the required dose of hypnotic drug for the loss 
of response to verbal commands and the time of anesthesia 
induction 18(A).

The administration of nitrous oxide to children sedated with 
moderate doses of chloral hydrate and hydroxyzine, when 
compared to oxygen administration, results in less crying and 
more pacific behavior, with no potentiation of the pharmaco-
logical effects on parameters such as heart rate, blood pres-
sure, peripheral oxygen saturation and expired CO2 19(B). The 
addition of nitrous oxide at 30% or 50% in children sedated 
with chloral hydrate and submitted to dental procedures de-
presses ventilation and often results in deep sedation 20(B).  

There is an overlap of the effects of opioids and nitrous ox-
ide, so that the latter reduces the sparing effect of opioids on 
the MAC of volatile anesthetics in rats 21,22(D). When fentanyl 
is administered in a sufficient dose, the subsequent addition 
of nitrous oxide to the volatile anesthetic causes no additional 
reduction in MAC 23(B). On the other hand, apparently conflict-
ing results occur when the opioid remifentanil is administered. 
The decreased MAC of sevoflurane promoted by the adminis-
tration of nitrous oxide at 60% during a target-controlled infu-
sion of remifentanil 1 ng.mL-1 also occurs when the infusion is 
increased to 3 ng.mL-1 24(A). It is possible that the difference 
in results is due to different mechanisms of action of fentanyl 
and remifentanil on the NMDA receptor. While remifentanil ac-
tivates the NMDA receptor, nitrous oxide as NMDA antagonist 
can block the activating effect of the opioid and maintain the 
sparing effect on the MAC. 

Recommendations: The combination of nitrous oxide usu-
ally produces additive interaction with propofol for the time of 
anesthesia induction 18(A) and sedatives 19(B). On the other 
hand, there appears to be no additive interaction with opi-
oids 23(B), except when the agent used is remifentanil 24(A).  

Hemodynamic effects 

What are the hemodynamic effects secondary to the 
addition of nitrous oxide? 

In adults, the combination of 65% nitrous oxide with isoflurane 
or sevoflurane causes less hypotension that the administra-
tion of the same volatile anesthetic alone at proportionally 
equivalent concentrations 25(B). Due to the depressant effects 
of volatile anesthetics, the sparing effect determined by the 
combination of nitrous oxide can lead to lower cardiovascu-
lar and respiratory depression, and less interaction with other 
drugs 25(B). Moreover, the addition of nitrous oxide at 70% 

to increasing plasma concentrations of propofol does not al-
ter the blood pressure up to when the target concentration of 
propofol is > 5 µg.mL-1 26(B). 

Contrary to what occurs in adults, the addition of nitrous 
oxide to anesthesia with 1 MAC of halothane or isoflurane in 
children does not result in cardiovascular signs secondary to 
sympathetic stimulation 27(B). Actually, the addition of nitrous 
oxide causes a decrease in heart rate, mean arterial pressure 
and consequent reduction in cardiac output. Systolic volume 
and ejection fraction do not change with the addition of nitrous 
oxide. 

Recommendations: The combination of nitrous oxide and 
volatile anesthetic agents reduces the incidence of hypoten-
sion when compared to the administration of these agents 
alone, at equipotent doses 25(B). On the other hand, the com-
bination of nitrous oxide with halothane or isoflurane at a dose 
of 1 MAC in children cause decreased cardiac output 27(B). 

Respiratory effects 

What are the respiratory effects of nitrous oxide use in 
children?

The respiratory effects produced by nitrous oxide in children 
differ according to the associated volatile anesthetic. While 
the depressant effect with halothane is similar when combined 
with nitrous oxide at 50% or pure oxygen during anesthesia 
with enflurane, the combination of nitrous oxide determines a 
lower depressant effect 28(B). 

The state of oxygenation before tracheal intubation in chil-
dren is crucial for the time interval until the onset of arterial 
desaturation. Thus, the lower inspired oxygen fraction asso-
ciated with the inclusion of nitrous oxide in the inhaled gas 
mixture determines a faster decrease in oxygen saturation in 
hemoglobin 29(B). On the other hand, the intraoperative use 
of nitrous oxide at 66% does not influence the occurrence of 
desaturation episodes during emergence from anesthesia in 
children 30(A). The use of air instead of nitrous oxide, in order 
to reduce the formation of atelectasis is not supported in the 
literature.  

Recommendations: The intensity of the depressant effect of 
nitrous oxide on ventilation, when combined with volatile anes-
thetic agents, differs depending on the halogenated agent 28(B). 
The combination of nitrous oxide determines faster arterial de-
saturation during tracheal intubation 29(B), but does not alter its 
occurrence at emergence from anesthesia 30(A).  

Effects on the brain 

What effects does nitrous oxide have on the child’s 
brain?

The addition of nitrous oxide does not affect the reactivity of 
the brain vasculature to CO2 during anesthesia with propofol 
in children 31(B). When brain vascular reactivity must be pre-
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served, the combination of propofol and nitrous oxide is an 
appropriate alternative 31(B). Nitrous oxide at 65% promotes 
an increase of about 12% in the speed of cerebral blood flow 
during target-controlled anesthesia with propofol at 3 µg.mL-1 
in children. The effect of nitrous oxide on the rate of cerebral 
blood flow is maintained during the infusion of propofol, while 
its replacement by air implies in a reduction of about 14% in 
the rate of cerebral blood flow 32(B).  

In the anesthesia with sevoflurane at 1.5 MAC, the addition 
of nitrous oxide causes a decrease in cerebrovascular reactiv-
ity to CO2 during hypocapnia (fraction of expired CO2 between 
25 and 35 mm Hg) 33(B). This effect will be important when 
hyperventilation is considered to reduce the brain volume in 
children with intracranial hypertension 33(B). The addition of 
nitrous oxide to sevoflurane at 1 MAC promotes an increase 
in cerebral blood flow velocity, which returns to baseline after 
nitrous oxide withdrawal 34(B). In contrast, in the anesthesia 
with 1 MAC of desflurane, the addition of nitrous oxide does 
not alter the speed of cerebral blood flow 35(B).

Recommendation: The effects of nitrous oxide on children’s 
cerebral hemodynamics differ according to the combined an-
esthetic. When combined with propofol, there is little change 
in cerebral reactivity 31(B), whereas the combination with vola-
tile agents determines the greatest change with lower cere-
brovascular reactivity during hypocapnia 31(B).  

Role of nitrous oxide as sedation and analgesia 
technique 

Is the use of Nitrous Oxide a safe sedation and analgesia 
technique in children?

There are few data in the literature regarding the safety of 
nitrous oxide use as sedation and analgesia technique in 
children. Regarding the depth of sedation and incidence of 
adverse effects associated with inhalation of nitrous oxide in 
children 36(B), it is known that high concentrations of the gas 
(70%) result in mild to moderate sedation with low occurrence 
of adverse effects, and that they safe for sedation and anal-
gesia even in children under three years of age 36 (B). The oc-
currence of adverse effects - mostly vomiting - does not differ 
between the administration of nitrous oxide at 50% or 70%.

Recommendation: The degree of sedation induced by ni-
trous oxide in children is mild and has a low frequency of ad-
verse effects, which are mostly vomiting 36(B).

Is the use of Nitrous Oxide an effective sedation and 
analgesia technique in children?

Nitrous oxide can be used as a method of sedation and anal-
gesia in children in several clinical situations, alone or in com-
bination with other analgesic techniques, such as analgesic 

drugs, eutectic mixture of local anesthetics (EMLA) and lido-
caine infiltration 37(B).  

Children may present considerable pain and anxiety when 
undergoing surgical procedures or painful diagnostic tests. 
Minor surgical procedures in children (lumbar punctures, bone 
marrow aspiration, sutures, venipuncture, correction of frac-
tures, dental and endoscopic procedures) require effective 
pain, anxiety and movement control. The administration of ni-
trous oxide at concentrations below 50% is an effective alter-
native to conscious sedation and general anesthesia in minor 
pediatric surgical procedures. The technique provides great 
relief from pain and anxiety, satisfaction of parents, patients 
and assistant staff, maintains protective reflexes and does not 
require monitoring after the procedure 38(D).  

Dental procedures

Over 90% of children undergoing dental extractions success-
fully complete the treatment under sedation with nitrous oxide 
at 30% 39(B) and inhalation sedation with this same gas is 
effective in children of different ages, especially older children 
who require orthodontic treatment, or even four dental extrac-
tions 40(D). On the other hand when compared to general an-
esthesia, inhalation sedation demands longer time periods per 
case and a higher number of treatment sessions per patient. 

Inhalation of nitrous oxide at 50% by healthy children is 
referred to as pleasant experience, but it determines signifi-
cant effects on psychomotor capacity 41(C). Sedation with ni-
trous oxide at 30% is superior to the administration of intrave-
nous 42(B) or transmucosal 43(B) midazolam (maximum dose 
of 5 mg) in children between 10 and 16 years of age under-
going dental extractions. While the techniques are equivalent 
in terms of efficacy and safety, nitrous oxide is associated, 
however, with shorter times to achieve the maximum level of 
sedation and recovery 42,43(B). Furthermore, the compliance 
with the inhalation technique is greater than with the transmu-
cosal route due to the unpleasant taste of midazolam 43(B). 

Inhalation of nitrous oxide is an alternative technique to 
control pain and anxiety in dental procedures and has proven 
to be reliable in relation to general anesthesia. In fact, the ad-
ministration of nitrous oxide alone, or combined with sevoflu-
rane at low concentration (0.1% to 0.3%) does not cause com-
plications and allows children to remain aware and responsive 
to verbal commands during the dental treatment and in the 
recovery room 44(A). 

The combination of nitrous oxide sedation with behavior-
al techniques and distractions (e.g., videogame) help in the 
management of anxiety in children undergoing dental treat-
ment. The combination of non-pharmacological and pharma-
cological methods of sedation promotes proper sedation and 
increases the child’s compliance by decreasing the excitation 
and fear 45(C). 

Recommendations: The inhaled sedation with nitrous ox-
ide is well indicated in the dental care of older children and 
when fewer than four extractions are necessary 40(D). When 
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administered by qualified professionals using appropriate 
equipment, it is considered a technique with a high rate of 
success 39(B) and low occurrence of side effects and com-
plications, so it can be an effective and safe alternative to 
general anesthesia 44(A). However, in most cases, analgesia 
provided by nitrous oxide is not sufficient to provide a painless 
dental treatment and supplementation with a local anesthetic 
is required 40(D).

Bone fracture reduction 

The success rate and intensity of pain are similar in children 
who require nonsurgical management of forearm fractures, 
when techniques for analgesia are inhaled nitrous oxide or 
intravenous regional anesthesia. Analgesia with nitrous oxide 
allows the procedure to be completed more quickly 46(B), al-
though we cannot conclude on the efficacy of nitrous oxide as 
a technique for sedation and analgesia in children undergoing 
fracture reductions 47(A). 

Recommendations: There are insufficient data to indicate or 
contraindicate the use of nitrous oxide in children undergoing 
fracture reductions. 

Otorhinolaryngological procedures

Otoscopic examination and other procedures are uncomfort-
able and as a consequence of pain and anxiety, children may 
not cooperate with the examiner. Inhalation of nitrous oxide 
for sedation and analgesia during the examination and minor 
otologic surgical procedures in small, non-cooperative chil-
dren are useful and effective methods for pain relief 48(C).

Recommendation: Inhalation of nitrous oxide is effective in re-
lieving the discomfort of otological procedures in children 48(C).

Urological procedures

Sedation with nitrous oxide is effective in reducing anxiety and 
pain during catheterization for urethrocystography in children 
and adolescents between 4 and 18 years of age 49(B). The ad-
ministration of nitrous oxide does not cause serious adverse 
events (apnea and arterial desaturation below 92%), and the 
incidence of mild adverse events (diaphoresis, nausea, vomit-
ing) is low, occurring in 4% of patients 50(B). 

When compared with oral midazolam, inhalation of nitrous 
oxide at 50% is equally effective and safe in relieving pain and 
anxiety associated with urethrocystography in children older 
than 3 years of age 51(A). However, nitrous oxide allows a 
more rapid onset of sedation and a shorter recovery.  

Recommendation: Sedation with nitrous oxide can reduce 
the anxiety related to catheterization for urethrocystogra-
phy 49,50(B) and its efficacy is similar to oral sedation with mi-
dazolam 51(A). 

Skin sutures

The administration of nitrous oxide at 50% in children under-
going repair of skin lacerations allows the reduction of pain 
and anxiety scores 52(B). The use of nitrous oxide is also su-
perior to oral midazolam in the suturing of lacerations of the 
face, by promoting lower pain scores during wound care and 
local anesthetic injection, in addition to promoting faster re-
covery and fewer adverse effects in children between 2 and 6 
years of age 53(A). 

Recommendation: The administration of nitrous oxide is ef-
fective and superior to oral midazolam for sedation when per-
forming skin sutures in children 53(A).

Venipuncture

The administration of nitrous oxide at 50% or 70% is effective 
for reducing pain and anxiety associated with venipuncture in 
children. The use of higher concentrations, however, is asso-
ciated with increased frequency of adverse events 54(B). The 
combination of inhalation of nitrous oxide at 50% and eutectic 
mixture of local anesthetics (lidocaine and prilocaine) is effec-
tive for the insertion of central venous catheters in children 
and has limited side effects (euphoria 14%, deep sedation 
4%, nausea and vomiting 2% and hallucinations 2%) 55(B).

The combined therapy with nitrous oxide at 50% and EMLA 
is superior to either of the two treatments alone for venous 
cannulation, and is associated with lower pain scores in chil-
dren aged between 8 and 15 years. On the other hand there is 
no difference when both techniques are used separately 56(A). 
The pain relief produced by inhalation of nitrous oxide at 70% 
in children between 6 and 11 years of age, the technical sim-
plicity and efficiency are similar to those produced by the use 
of EMLA 57(B). On the other hand, there is also evidence 
that the inhaled nitric oxide at 70% is superior to the use of 
EMLA, resulting in lower pain scores during venous cannula-
tion 58(A).

Recommendations: Nitrous oxide inhalation was found to be 
effective in relieving the pain associated with venipuncture in 
children 54(B). However, the results are superior when com-
bined with the use of EMLA (lidocaine and prilocaine) 56(A).

Injections

The administration of nitrous oxide at 50%, combined with lo-
cal use of EMLA, is associated with lower pain scores dur-
ing and immediately after intramuscular injection in children, 
and is superior to the separate administration of each strat-
egy 59(A). Furthermore, inhalation of nitrous oxide at 50%, 
prior to intravenous administration of propofol, reduces the 
pain associated with injection in children, when compared to 
the inhalation of 100% oxygen 60(A). In children with cerebral 

RBA - 62-03 - 016 - rec B.indd   455RBA - 62-03 - 016 - rec B.indd   455 5/16/2012   3:29:43 PM5/16/2012   3:29:43 PM



DUARTE, DUVAL NETO, MENDES

456 Revista Brasileira de Anestesiologia
 Vol. 62, No 3, May-June, 2012

palsy submitted to injection of botulinum toxin A, sedation pro-
moted by the inhalation of nitrous oxide is more effective than 
midazolam administered by the enteral route 61(A). 

Recommendation: The administration of nitrous oxide, alone 
or in combination with EMLA is associated with effective seda-
tion and pain relief in children receiving injections 59-61(A).

Others

The administration of nitrous oxide at 50% and oxygen com-
bined with local topical anesthesia is safe and effective in se-
dation and relief of pain and anxiety in children undergoing 
fiber optic bronchoscopy 62(A).

The administration of nitrous oxide promotes rapid and ef-
fective analgesia without heavy sedation and with minimal ad-
verse effects in children undergoing upper endoscopy 63(B). It 
allows cooperation, and a rapid and adequate examination. 

There are no benefits with the use of intravenous morphine 
or nitrous oxide in children undergoing chest tube removal. 
There is no difference in the analgesic efficacy of two tech-
niques, which are also not effective in pain relief when used 
as a single technique 64(A).

ADVERSE EFFECTS 

Postoperative Nausea and Vomiting 

Postoperative nausea and vomiting are among the most com-
mon adverse events related to anesthesia and surgery. Their 
incidence, however, varies depending on the risk profile of the 
patient and the surgery, as well as the prophylactic measures 
used 65(D).

The probability of occurrence of nausea and vomiting in the 
recovery room after anesthesia is 2.24 times higher when ni-
trous oxide is used in adults 66(B). Similarly, independent risk 
factors are identified for postoperative nausea and vomiting, 
among which is the administration of nitrous oxide 67(D), which 
is also a predictor of nausea and vomiting in patients older 
than 18 years of age undergoing surgery lasting more than 2 
hours 68(A). The omission of nitrous oxide may decrease the 
incidence of symptoms in almost 30%, while the impact of the 
strategy is linked to patients at high risk for the occurrence of 
postoperative nausea and vomiting 

On the other hand, the addition of nitrous oxide at 70% to 
sevoflurane 69(A) or halothane 70(A) is not associated with in-
creased frequency of postoperative nausea and vomiting in 
children. Similarly, the severity and incidence of vomiting in 
children did not differ between patients treated with nitrous ox-
ide at 70% and those who did not receive the anesthetic 71(A). 
On the contrary, when combined with propofol, nitrous oxide 
is associated with increased incidence of postoperative vomit-
ing 72(A). 

Recommendations: Nitrous oxide does not appear to in-
crease the occurrence of postoperative nausea and vomiting 
in children when combined with volatile anesthetics 69,70(A). 
Moreover, the known protective effect of propofol against 
nausea and vomiting may be lost when it is associated with 
nitrous oxide 72(A).  

TOXIC EFFECTS 

Toxicology

There has been clinical evidence of the toxic effects of nitrous 
oxide for about 50 years, with potential alterations in the health 
of exposed patients, as well as in the occupational health of 
healthcare professionals exposed to chronic inhalation (envi-
ronmental) of this anesthetic 73(D).

Anesthesia with nitrous oxide in rats rapidly inhibited the 
activity of methionine synthase 74(D) and their exposure for 2 
hours was associated with a 50% reduction in the activity of 
methionine synthase 75(D). The exposure to nitrous oxide at 
50% decreased the activity of the enzyme after 30 minutes, 
being undetectable after 6 hours. Also in rats, the administra-
tion at 50% for one hour reduced enzyme activity to 11% and 
18% in both maternal and fetal livers, respectively 76(D). Ex-
trapolating these findings to humans should be done carefully, 
as rats are more sensitive to the inhibitory action of nitrous 
oxide than humans 77(C). Commonly, enzyme activity is re-
covered 2-4 days after exposure to nitrous oxide 74(D). 

The inhibition of the methionine synthase enzyme by ni-
trous oxide occurs through the oxidation of the cobalt ion 
(Co+) of its coenzyme - cobalamin (B12 vitamin) 74(D). With the 
oxidized cobalt cation, B12 vitamin is prevented from acting as 
a coenzyme of methionine synthase. In addition to the B12 vi-
tamin, methionine synthase also requires 5-methyltetrahydro-
folate as a coenzyme, with a crucial role in the biosynthesis 
of purines and pyrimidines and the metabolism of serine and 
glycine, which donate methyl groups to cobalamin, forming 
methylcobalamin, the final donor of methyl groups in the con-
version of homocysteine   to methionine.   

The actual clinical consequences of these biological and 
pharmacological activities, however, are not yet fully under-
stood. One suggests that the possible alterations secondary 
to its administration can be expressed as deleterious immuno-
logical, hematological, neurological, myocardial, reproductive 
and infectious effects, among others. The use of nitrous oxide 
in a prolonged or repeated manner can result in megaloblastic 
anemia and/or subacute degeneration of the spinal cord 1(D). 

Recommendations: Given the importance of methionine 
synthase for cell function, due to its contribution to the gen-
eration of methyl groups for the synthesis of DNA, RNA, my-
elin, catecholamines, among others, the interference imposed 
by nitrous oxide on the metabolism of B12 vitamin and folate 
demands caution in the case of pediatric patients with known 
B12 vitamin deficiency (genetic or environmental) or report of 
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this vitamin deficiency 1(D). These patients should be rec-
ognized in order to determine the need for monitoring these 
metabolic alterations in the perioperative period. 

Neurodegeneration

As a NMDA receptor antagonist, nitrous oxide can promote 
both neuroprotective actions (against neurodegenerative al-
terations caused by NMDA agonists) and neurotoxic ones, 
depending on the circumstances 78(D). Another hypothesized 
mechanism for the neurotoxicity triggered by nitrous oxide is 
the interference with dopamine release mechanisms 79(D). 
While these findings raise concern about the administration 
of nitrous oxide in combination with other NMDA antagonists, 
the risk of neurotoxicity should decrease when its administra-
tion is combined with other general anesthetics that exert a 
GABAergic effect and minimize the possible neurotoxicity of 
nitrous oxide 78(D).

Evidence from animal studies has shown that nitrous ox-
ide may be deleterious to the brain during child development 
and may be a potential risk to some premature patients and 
newborns 80(D). Studies have suggested that nitrous oxide 
has neurotoxic effects on immature rat brains by a mecha-
nism involving apoptosis induction, either independently or in 
combination, enhancing the activity of halogenated anesthet-
ics 80(D). Although the exposure to nitrous oxide at 75% did 
not induce apoptotic degeneration in neonatal rat brain, ni-
trous oxide exacerbates the injury caused by isoflurane 80(D). 
The combination of nitrous oxide and isoflurane with midazo-
lam administered for 6 hours to young rats caused extensive 
apoptotic neurodegeneration, as well as memory and learning 
disorders 81(D). 

However, in this and other studies, administration of nitrous 
oxide alone did not cause increased apoptosis. Furthermore, 
the study results may represent, when applied to humans, 
prolonged exposure such as sedation in the intensive care 
unit, much higher than that during surgical procedures. 

Recommendations: Although studies suggest that nitrous 
oxide has neurotoxic effects on immature brains, the current 
evidence of injury is insufficient to contraindicate its use in chil-
dren. There is no current evidence that its use will adversely 
affect the neurological development of children 80,81(D). 

Hematological and neurological complications

Patients with B12 vitamin deficiency (secondary to resection 
of the terminal ileum, pernicious anemia or dietary restric-
tions - vegetarians and those on protein-restriction diets) are 
at increased risk of developing complications secondary to the 
metabolic effects of nitrous oxide. Case reports illustrate that 

these patients or newborns of mothers with these problems 
may present hematological and neurological complications 
after exposure to nitrous oxide 82(D) 83,84(C). 

Patients with vitamin B12 deficiency developed different 
hematological and neurological manifestations, after intraop-
erative exposure to nitrous oxide 82(D) 83,84(C). Thus, various 
authors raise the concern about the administration of nitrous 
oxide to children, given the high prevalence of metabolic de-
fects and vitamin deficiencies in this population.

The inhibition of the methionine synthase enzyme can 
cause megaloblastic anemia 85(D). Patients with deficiency of 
cobalamin or folate would be particularly at higher risk. Short 
periods of nitric oxide inhalation (2-6 hours) may result in 
megaloblastic alterations in the bone marrow of patients with 
severely impaired health due to dysfunction in methionine and 
DNA synthesis 86(C). After 24 hours of exposure hyperpig-
mented neutrophils appear, as well as megaloblastic altera-
tions and acute failure of bone marrow activity.

In patients with latent B12 vitamin deficiency, myeloneu-
ropatias, spastic paresthesia, acute funicular myeloid failure 
and psychiatric manifestations can be seen after exposure to 
nitrous oxide 87(C). While the occurrence of neurological le-
sion is unlikely with a short-term exposure to nitrous oxide 
(as in a single surgical procedure), the reduction of methi-
onine synthase activity after repeated exposures caused my-
elinopathy with medullar degeneration in humans 87(C) and 
animals 88(D). Neurological lesions have also been described 
after anesthesia with nitrous oxide in patient with cobala-
min 89(C) or folate 90(A) deficiency.

The fatal outcome was described in a child aged 3 months 
with a diagnosis of Type III homocystinuria (5,10-methyle-
netetrahydrofolate reductase enzyme defect), exposed to ni-
trous oxide twice in a period of four days 89(C). 

It has been presumed that the combination of genetic de-
fect with the inhibition of the methionine synthase enzyme - in-
duced by nitrous oxide - was fatal 89(C). Other polymorphisms 
of the 5,10-methylenetetrahydrofolate reductase enzyme 
are more common. The literature also has reports of myel-
opathy and macrocytic anemia responsive to folate and B12 
vitamin after two exposures to nitrous oxide within a 10-day 
period 91(C). Subsequent evaluation showed elevated levels 
of homocysteine  , low B12 vitamin levels and gene mutation of 
the methylenetetrahydrofolate reductase enzyme 91(C).  

Recommendations: The effects of nitrous oxide on vitamin 
B12-dependent pathways in patients with deficiency of the 
methionine synthase enzyme are not known, but it seems 
reasonable to avoid its use in children with deficiency of 
this enzyme, as well as other B12 vitamin metabolism de-
fects 83,84,86,87,89(C) 90(A).
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