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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]

Nitrous Oxide [MeSH] AND Toxicology [MeSH]

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]
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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 a.2-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 (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 (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 (P,CO, and apnea) (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).
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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% &(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 °(A).
There is also no difference in the maintenance of anesthesia
with sevoflurane when nitrous oxide was omitted from the an-
esthetic technique 1°(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 19(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 1(B). Ni-
trous oxide also reduces the MAC of sevoflurane for laryngeal
mask insertion in children, in a linear and additive way 2(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 4(D).

The MAC of desflurane is reduced by 25% with concomitant
administration of nitrous oxide 5(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) 56(B), significantly reduces
the need for the latter 12(a) 1%1516(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 °10(A) and emergence time, when combined with a low
solubility agent such as sevoflurane °(A). Moreover, it can
favor the occurrence of excitatory phenomena associated with
sevoflurane 7(B).
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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 7(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 CO, 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 2°(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 2-: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* also occurs when the infusion is
increased to 3 ng.mL* 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 1°(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 23(B). Moreover, the addition of nitrous oxide at 70%
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to increasing plasma concentrations of propofol does not al-
ter the blood pressure up to when the target concentration of
propofol is > 5 ng.mL1 25(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 2°(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 3°(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 26(B).
The combination of nitrous oxide determines faster arterial de-
saturation during tracheal intubation 2°(B), but does not alter its
occurrence at emergence from anesthesia °(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 CO, 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 pg.mL*
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 CO, 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 3%(B), whereas the combination with vola-
tile agents determines the greatest change with lower cere-
brovascular reactivity during hypocapnia 3%(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 38(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 3¢ (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
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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 49(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 #?(B) or transmucosal “3(B) midazolam (maximum dose
of 5 mq) 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 4243(B). Furthermore, the compliance
with the inhalation technique is greater than with the transmu-
cosal route due to the unpleasant taste of midazolam “3(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 #4(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 #°(D). When
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administered by qualified professionals using appropriate
equipment, it is considered a technique with a high rate of
success %°(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 4°(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 *¢(B), al-
though we cannot conclude on the efficacy of nitrous oxide as
a technique for sedation and analgesia in children undergoing
fracture reductions #7(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 “°(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 5°(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 5(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 4250(B) and its efficacy is similar to oral sedation with mi-
dazolam 51(A).
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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 %(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 %9(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 %(A). In children with cerebral

455



DUARTE, DUVAL NETO, MENDES

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 2(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 3(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-
nigues, 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 (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 ¢8(B). Similarly, independent risk
factors are identified for postoperative nausea and vomiting,
among which is the administration of nitrous oxide 87(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 #(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 %9(A) or halothane 7°(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 "1(A).
On the contrary, when combined with propofol, nitrous oxide
is associated with increased incidence of postoperative vomit-
ing "2(A).

456

Recommendations: Nitrous oxide does not appear to in-
crease the occurrence of postoperative nausea and vomiting
in children when combined with volatile anesthetics 6%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 73(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 (B,, vitamin) 74(D). With the
oxidized cobalt cation, B, vitamin is prevented from acting as
a coenzyme of methionine synthase. In addition to the B, 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 (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 B,, vitamin and folate
demands caution in the case of pediatric patients with known
B,, vitamin deficiency (genetic or environmental) or report of
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this vitamin deficiency (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 7°(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 "8(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 8(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 8(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 8°(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 8(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 8%81(D).

Hematological and neurological complications

Patients with B;, 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
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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 B,, deficiency developed different
hematological and neurological manifestations, after intraop-
erative exposure to nitrous oxide 82(D) 8384(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 85(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 B,, vitamin deficiency, myeloneu-
ropatias, spastic paresthesia, acute funicular myeloid failure
and psychiatric manifestations can be seen after exposure to
nitrous oxide 8(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 8%(C) or folate °°(A) deficiency.

The fatal outcome was described in a child aged 3 months
with a diagnosis of Type Il 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 8(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 B,
vitamin after two exposures to nitrous oxide within a 10-day
period °}(C). Subsequent evaluation showed elevated levels
of homocysteine, low B*? vitamin levels and gene mutation of
the methylenetetrahydrofolate reductase enzyme %(C).

Recommendations: The effects of nitrous oxide on vitamin
B,,-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 B,, vitamin metabolism de-
fects 83.8486.87.89(C) 90(A),
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DESCRICAO DO METODO DE COLETA DE EVIDENCIA

Foram realizadas buscas em mudltiplas bases de dados (Me-
dline 1965 a 2009; Cochrane Library; LILACS) e referéncias
cruzadas com o material levantado para identificag&o de arti-
gos com melhor desenho metodolégico, seguidas de avalia-
¢édo critica de seu contelido e classificagcdo de acordo com a
for¢a da evidéncia.

As buscas foram realizadas entre dezembro de 2007 e
abril de 2008. Para as buscas no PubMed, foram utilizadas
as seguintes estratégias de pesquisa:

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

AND Toxicology [MeSH]

Nitrous Oxide [MeSH] AND Toxicology [MeSH]

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]
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11. 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]

Foram selecionados os estudos que compararam diferen-
tes classes de drogas anestésicas ou técnicas de sedacgéo
em criancas submetidas a procedimentos ou exames diag-
nésticos com uso de sedagdo ou anestesia. Também foram
selecionados estudos que avaliassem os efeitos farmacolégi-
cos do oxido nitroso, a sua interagdo com outros anestésicos
e seus efeitos toxicos em criangas.

GRAUS DE RECOMENDAGAO E FORGA DE EVIDENCIA

A: Estudos experimentais ou observacionais de melhor
consisténcia;

B: Estudos experimentais ou observacionais de menor
consisténcia;

C: Relatos ou séries de casos (estudos nao controlados);

D: Opinido desprovida de avaliacéo critica, com base em
consensos, opinides de especialistas, estudos fisiol6-
gicos ou modelos animais.

OBJETIVO

Avaliar as vantagens e desvantagens da administragao do Oxi-
do nitroso em diferentes procedimentos que demandam seda-
¢ao e analgesia, bem como sua seguranca em criangas.

INTRODUCAO

O anestésico inalatdrio 6xido nitroso € um composto inorgani-
co, inodoro, de estrutura simples e linear, que, em temperatu-
ra e pressao ambiente, se apresenta na fase gasosa e é qui-
micamente estavel. O mecanismo de ac¢do do 6xido nitroso
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ainda € pouco conhecido, mas certamente envolve Varios ti-
pos de receptores entre os quais os dopaminérgicos, a, adre-
nérgicos, benzodiazepinicos e N-metil D-aspartato (NMDA).
O o6xido nitroso possui baixa poténcia anestésica. Precisa
ser inalado a uma pressao proxima de 0,7 Atm (530 mm Hg)
para resultar em inconsciéncia em 50% dos pacientes, e aci-
ma de 1 Atm para prevenir movimentos musculares durante
estimulo nociceptivo de incisdo da pele. Devido a essa carac-
teristica farmacodinamica, o 6xido nitroso é geralmente utiliza-
do em associacdo com anestésicos venosos ou inalatdrios.
Apesar das criticas e alertas expressos na literatura sobre
a seguranca da sua utilizacéo clinica, o uso do 6xido nitroso
em anestesia continua frequente em todo o mundo. Os princi-
pais fatores que justificam essa situacédo séo as suas indica-
¢des bem definidas para uso clinico (D). Além disso, o 6xido
nitroso é um anestésico muito bem aceito por pacientes pedia-
tricos, tornando possivel a indugdo suave da anestesia sob
mascara. O inicio rapido de agéo e breve resolucao do efeito,
além da auséncia de nefrotoxicidade ou hepatotoxicidade e
de contraindicagao de uso em pacientes com susceptibilidade
a hipertermia maligna, sdo outras caracteristicas que tornam
0 6xido nitroso opgao atraente em anestesia pediatrica (D).

INTERACAO COM OUTROS ANESTESICOS

Anestésicos Inalatérios

Quais sao os efeitos da combinagéo de anestésicos
volateis e Oxido Nitroso?

O o6xido nitroso pode acelerar o tempo de inducéo da anes-
tesia inalatéria. A adicdo de altas concentragfes de 6xido ni-
troso a uma mistura de gases acelera a elevagéo da presséo
parcial do anestésico volatil no final da expiracéo, bem como
da sua pressao parcial arterial 2(B). A presenca de altas con-
centracdes de Oxido nitroso exerce efeitos de concentracdo
e de segundo gas, facilitando a indugéo inalatéria pura sob
mascara, principalmente em anestesia pediatrica. O efeito de
segundo gas sera tdo mais importante com o 6xido nitroso
guanto menor for a solubilidade do anestésico volatil associa-
do. O 6xido nitroso aumenta a captacéo alveolar do segundo
gas na inducéo da anestesia ou quando do aumento da sua
fracdo inspirada durante o procedimento?(B).

A adicéo de concentragdes elevadas de 6xido nitroso ao
sevoflurano durante a indugéo da anestesia em criangas pro-
move aceleracao do equilibrio entre as concentracdes alveo-
lar e inspirada do anestésico volatil 4(D). A adicao do éxido
nitroso a elevadas concentrac¢des de sevoflurano resulta em
perda mais rapida da consciéncia 5(B). A combinacao de 6xi-
do nitroso 70% ao enflurano determina diminui¢cdo dos tem-
pos de inducéo e de despertar da anestesia, além de menor
ocorréncia de problemas nas vias aéreas na intubacéo e de
depresséo respiratéria (P, CO, e apneia) 5(B). Por outro lado,
a adicdo de 6xido nitroso 50% na indugéo da anestesia com
sevoflurano se associa a maior ocorréncia de fendmenos ex-
citatorios 7(B).
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A inducéo da anestesia com sevoflurano 8% promove con-
dicdes anestésicas e ocorréncia de eventos adversos seme-
Ihantes, independentemente da combinacado ou ndo de éxido
nitroso 60% 8(B). N&do ha diferenca nos niveis de pressao ar-
terial, frequéncia cardiaca e oximetria de pulso, bem como na
ocorréncia de movimento do membro durante a venopuncéo
e de eventos adversos. lgualmente, o tempo de indugéo, a
posicéo das cordas vocais no momento da intubagéo traqueal
e as condigdes de intubacao, assim como o tempo para des-
pertar, sdo semelhantes independentemente da combinagéo
do oxido nitroso °(A). Também ndo ha diferenga na manu-
tencéo da anestesia com sevoflurano quando o 6xido nitroso
foi omitido da técnica anestésica 1°(A). Nao ha diferenca no
consumo de opioides, no tempo para extubacéo e reorienta-
¢do, na qualidade do despertar e da analgesia pos-operatoria
e na ocorréncia de nauseas e vomitos pos-operatorios se o
oxido nitroso for combinado ao sevoflurano 1°(A). O tempo e
as condic¢Bes para intubacgéo traqueal foram semelhantes, a
despeito da combinagdo do 6xido nitroso que também néo se
associou a maior ocorréncia de complicacbes respiratorias,
mesmo em criangas com vias aéreas obstrutivas submetidas
a amigdalectomias 5(B).

A maioria dos dados na literatura aponta para interacao
aditiva entre o 0xido nitroso e 0s anestésicos volateis de for-
ma a diminuir a CAM destes anestésicos em adultos e em
criangas. O Oxido nitroso exerce contribuicdo aditiva ao halo-
tano, & medida que concentragfes crescentes de 6xido nitro-
so sao combinadas, reduzindo sua CAM de modo linear (B).
O 6xido nitroso também reduz a CAM do sevoflurano para
insercdo da mascara laringea em criangas de forma linear e
aditiva 2(A), promovendo esse efeito a fim de prevenir o mo-
vimento durante a laringoscopia e intubacéo traqueal 13(A). A
administracdo de 6xido nitroso 33% e 66% diminui linearmen-
te a CAM do sevoflurano em 18% e 40%, respectivamente, na
laringoscopia e intubacgdo. A partir de tal efeito poupador do
sevoflurano, juntamente com o conhecimento de que a admi-
nistracéo de elevadas concentra¢des de sevoflurano podem
determinar efeito epileptogénico, sugere-se que a combina-
¢do do 6xido nitroso pode reduzir o risco da ocorréncia de
tragados epileptiformes no eletroencefalograma de criangas
durante a administracdo de sevoflurano 4(D).

A CAM do desflurano é reduzida em 25% com a admi-
nistracdo concomitante de 6xido nitroso 3(B) e a CAM do
isoflurano também diminui linearmente em criangcas com a
administracdo de concentragdes crescentes de oOxido nitro-
so 15(B).

Recomendacdes: Apesar da poténcia anestésica baixa,
guando associado a outros anestésicos inalatérios e em con-
centracdo inspirada de 60% a 70% em oxigénio, o 0xido nitro-
so acelera o tempo de indugdo da anestesia (especialmente
com agentes volateis pouco sollveis) >8(B), reduz de maneira
significativa as necessidades dos mesmos 12(A) 111516(B) e
permite reducdo da exposi¢do de pacientes e profissionais
da area da salde aos gases e vapores anestésicos poten-
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cialmente toxicos. Por outro lado, ndo parece alterar as con-
digbes anestésicas produzidas por agentes volateis %1°(A) e
o tempo de despertar, quando combinado a agente pouco
solavel, como o sevoflurano 1°(A). Além disso, pode favorecer
a ocorréncia de fendmenos excitatérios associados ao sevo-
flurano 7(B).

ANESTESICOS VENOSOS

Quais sao os tipos de interagdo que podem ocorrer
entre Oxido Nitroso e anestésicos venosos?

A combinacgéo do 6xido nitroso & infuséo alvo-controlada de
propofol permite reduzir em cerca de 25% a concentracéo
plasmatica média de propofol necessaria para prevenir res-
posta a incisdo cirtrgica 17(B). Igualmente, a inalacédo de 6xi-
do nitroso 66% antes da inducdo da anestesia com propofol
permite reduzir em 44% a dose necessaria do hipnético para
a perda da resposta ao comando verbal e o tempo de indugéo
da anestesia 8(A).

A administracé@o de Oxido nitroso a criangas sedadas com
doses moderadas de hidrato de cloral e hidroxizina, quando
comparada a administragdo de oxigénio, resulta em menos
choro e comportamento mais tranquilo, sem potencializacdo
dos efeitos farmacol6gicos sobre parametros como frequén-
cia cardiaca, presséao arterial, saturacédo periférica de oxigé-
nio e CO, expirado °(B). A adi¢do de 6xido nitroso 30% ou
50% em criangas sedadas com hidrato de cloral e submetidas
a procedimentos dentarios deprime a ventilagao e resulta fre-
guentemente em sedacao profunda 2°(B).

Ocorre superposicéo dos efeitos de opioides e 6xido nitro-
so, de forma que o Ultimo reduz o efeito poupador dos opioi-
des sobre a CAM dos anestésicos volateis em ratos 212?(D).
Quando ha administracdo de dose suficiente de fentanil, a
adicdo subsequente de 6xido nitroso ao anestésico volatil ndo
causa reducdo adicional na CAM 23(B). Por outro lado, resul-
tados aparentemente discrepantes surgem quando o opioide
administrado é o remifentanil. A reducdo da CAM do sevoflu-
rano promovida com a administracdo de 6xido nitroso 60%
durante infusdo alvo-controlada de remifentanil 1 ng.mL?
ocorre também quando a sua infusdo é aumentada até
3 ng.mL1 24(A). E possivel que a diferenca nos resultados
se deva aos diferentes mecanismos de a¢éo do fentanil e do
remifentanil sobre o receptor NMDA. Enquanto o remifenta-
nil ativa o receptor NMDA, o 6xido nitroso, como antagonista
NMDA, pode bloquear o efeito ativador do opioide e manter o
efeito poupador sobre a CAM.

Recomendacgdes: A combinagéo do éxido nitroso produz co-
mumente interacdo aditiva com o propofol para o tempo de
inducdo da anestesia 18(A) e sedativos °(B). Por outro lado,
ndo parece haver interagao aditiva com opioides 23(B), exceto
se o remifentanil é o agente utilizado 24(A).
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Efeitos hemodinamicos

Quais sao os efeitos hemodinamicos secundarios a
adicdo de Oxido Nitroso?

Em adultos, a combinacdo do éxido nitroso 65% com o iso-
flurano ou com o sevoflurano causa menos hipotensao que a
administracéo isolada dos mesmos anestésicos volateis em
concentragdes proporcionalmente equivalentes 25(B). Devi-
do aos efeitos depressores dos anestésicos volateis, o efei-
to poupador determinado pela combinacdo do 6xido nitroso
pode proporcionar menor depressao cardiovascular e respira-
téria, e menor interagdo com outras drogas 25(B). Igualmente,
a adicdo de 6xido nitroso 70% a concentracdes plasmaticas
crescentes de propofol ndo altera a pressao arterial até a con-
centracao alvo de propofol exceder 5 pg.mLt 26(B).

Ao contrario do que ocorre em adultos, a adicdo de 6xido
nitroso a anestesia com 1 CAM de halotano ou isoflurano em
criangas, ndo promove sinais cardiovasculares secundarios
a estimulagdo simpatica?’(B). Na verdade, a adi¢céo do 6xido
nitroso causa reducgéo da frequéncia cardiaca, pressédo arte-
rial média e consequente reducéo do débito cardiaco. Volume
sistolico e fragdo de ejecdo ndo sofrem alteragBes com a adi-
¢do do oxido nitroso.

Recomendacfes: A combinagdo do 6xido nitroso a anes-
tésicos volateis reduz a ocorréncia de hipotensdo quando
comparada a administragdo isolada destes agentes em dose
equipotente 25(B). Por outro lado, a combinagdo de 6xido ni-
troso ao halotano e isoflurano na dose de 1 CAM em criangas
causa reducdo do débito cardiaco 27(B).

Efeitos respiratorios

Quais sio os efeitos respiratérios do uso do Oxido
Nitroso em criangas?

Os efeitos respiratorios produzidos pelo Oxido nitroso em
criancas diferem de acordo com o anestésico volatil associa-
do. Enquanto o efeito depressor com o halotano é semelhante
quando combinado ao éxido nitroso 50% ou ao oxigénio puro,
durante anestesia com enflurano, a combinacéo do 6xido ni-
troso determina efeito depressor menor 28(B).

O estado da oxigenacdo antes da intubacéo traqueal em
criangas é determinante para o intervalo de tempo até o surgi-
mento de dessaturacéo arterial. Dessa forma, a menor fracéo
inspirada de oxigénio associada a incluséo do 6xido nitroso na
mistura de gases inalados determinara queda mais rapida da
saturagdo de oxigénio na hemoglobina 2°(B). Por outro lado,
0 uso intraoperatdrio de éxido nitroso 66% nao influencia a
ocorréncia de episédios de dessaturacdo durante o despertar
da anestesia em criangas 3°(A). O uso de ar, no lugar do 6xido
nitroso, com o objetivo de reduzir a formacéo de atelectasias
ndo encontra respaldo na literatura.
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Recomendacgdes: A intensidade do efeito depressor do éxido
nitroso sobre a ventilagéo, quando combinado a anestésicos
volateis, difere na dependéncia do agente halogenado 28(B).
A associacdo do 6xido nitroso determina dessaturagdo arte-
rial mais rapida durante a intubacéo traqueal 2°(B), mas néo
altera a sua ocorréncia no despertar da anestesia 30(A).

EFEITOS CEREBRAIS

Que efeitos o Oxido Nitroso produz sobre o cérebro da
crianga?

A adicado de o6xido nitroso ndo afeta a reatividade da vascu-
latura cerebral ao CO,, durante anestesia com propofol em
criancas 3(B). Quando é necessaria preservacdo da reati-
vidade vascular cerebral, a combinacédo de propofol e 6xido
nitroso é uma alternativa adequada 3(B). O 6xido nitroso a
65% promove aumento de cerca de 12% da velocidade de
fluxo sanguineo cerebral durante anestesia alvo-controlada
com propofol 3 ug.mL* em criangas. O efeito do éxido nitroso
sobre a velocidade de fluxo sanguineo cerebral é preservado
durante a infusdo de propofol, enquanto a sua substituicdo
por ar implica em redugédo de cerca de 14% na velocidade de
fluxo sanguineo cerebral 32(B).

Na anestesia com sevoflurano a 1,5 CAM, a adi¢éo de 6xi-
do nitroso causa diminuicdo na reatividade cerebrovascular
ao CO, durante a hipocapnia (fragdo expirada de CO, entre
25 e 35 mmHg) 33(B). Esse efeito sera importante quando a
hiperventilagédo for contemplada para reduzir o volume cere-
bral em criangas com hipertenséo intracraniana 33(B). A adi-
¢do de oxido nitroso a anestesia com sevoflurano a 1 CAM
promove aumento da velocidade de fluxo sanguineo cerebral,
que retorna aos valores basais quando da remocao do 6xido
nitroso 34(B). Ao contrario, na anestesia com 1 CAM de des-
flurano, a adigdo de éxido nitroso ndo altera a velocidade de
fluxo sanguineo cerebral 35(B).

Recomendacéo: Os efeitos do éxido nitroso sobre a hemodi-
namica cerebral de criancas diferem de acordo com o anesté-
sico combinado. Quando combinado ao propofol, ha pequena
alteragdo da reatividade cerebral 31(B), enquanto a combina-
¢do com agentes volateis determina maior alteragao com me-
nor reatividade cerebrovascular durante a hipocapnia 3'(B).

Papel do 6xido nitroso como técnica de sedacao e
analgesia

O uso do Oxido Nitroso é uma técnica segura de
sedacdo e analgesia em criancas?

Poucos séo os dados existentes na literatura com relagdo a
seguranc¢a do uso do 6xido nitroso como técnica de sedagéo
e analgesia em criancas. Com relagdo a profundidade da se-
dacao e incidéncia de efeitos adversos associados a inalagao
de oOxido nitroso em criancas 3¢(B), sabe-se que concentra-
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¢Oes elevadas do gas (70%) promovem sedacado de leve a
moderada, com baixa ocorréncia de efeitos adversos, e se
mostram seguras para a sedacdo e analgesia, mesmo em
criancas abaixo de 3 anos de idade %(B). A ocorréncia de
efeitos adversos — a maioria vomitos — ndo difere entre a ad-
ministracéo de 6xido nitroso a 50% ou a 70%.

Recomendacéo: A sedacgéo de criangas promovida pelo 6xi-
do nitroso é de profundidade leve e com baixa frequéncia de
efeitos adversos, a maioria vomitos 36(B).

O uso do Oxido Nitroso é uma técnica eficaz de sedacdo
e analgesia em criangas?

O 6xido nitroso pode ser usado como método de sedacéo
e analgesia em diferentes situacbes da prética clinica em
criancas, isoladamente ou em combinagao a outra técnica de
analgesia como farmacos analgésicos, mistura eutética de
anestésicos locais (EMLA) e infiltragéo de lidocaina %7(B).

Criangas podem apresentar dor e ansiedade considera-
veis quando submetidas e procedimentos cirlrgicos ou diag-
nésticos dolorosos. Pequenos procedimentos cirdrgicos em
criangas (puncéo lombar, aspiragdo medula 6ssea, suturas,
punc¢des venosas, correcdo de fraturas, tratamento dentario
e procedimentos endoscopicos) requerem controle efetivo
da dor, da ansiedade e dos movimentos. A administragdo de
oxido nitroso em concentragfes abaixo de 50% ¢é alternati-
va eficaz a sedagédo consciente e anestesia geral em peque-
nos procedimentos cirargicos pediatricos. A técnica promove
grande alivio da dor e ansiedade, satisfagédo dos pais, pacien-
tes e equipe assistente, mantém os reflexos protetores e nao
requer monitorizacédo pés-procedimento 38(D).

Procedimentos dentarios

Mais de 90% das criangas submetidas a extracGes dentarias
concluem o tratamento com sucesso sob sedag&o com 6xido
nitroso a 30% 3°(B) e a sedagao inalatéria com esse mesmo
gés é efetiva em criangas de diferentes faixas etarias, espe-
cialmente em criangas mais velhas que requerem tratamento
ortoddntico ou até quatro extracdes dentarias “°(D). Por outro
lado, quando comparada a anestesia geral, a sedacao inala-
téria demanda mais tempo por caso e maior nimero de ses-
sfes de tratamento por paciente.

A inalacao de éxido nitroso a 50% por criangas saudaveis
é referida como experiéncia agradavel, mas que determina
efeitos significativos sobre a capacidade psicomotora 4(C).
A sedagdo com 6xido nitroso a 30% mostra-se superior a ad-
ministracdo de midazolam pelas vias venosa (dose maxima
de 5 mg) #3(B) ou transmucosa “3(B) em criancas entre 10
e 16 anos de idade submetidas a extragdes dentéarias. En-
guanto as técnicas sédo equivalentes quanto a eficacia e segu-
ranga, 0 6xido nitroso se associa, porém, a tempos menores
para atingir o nivel maximo de sedagdo e para sua recupe-
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racéo 4243(B). Além disso, a aceitacdo da técnica inalatéria é
maior que a transmucosa devido ao gosto desagradavel da
solugdo de midazolam “3(B).

A inalagdo de 6xido nitroso é técnica alternativa para con-
trole da dor e ansiedade em procedimentos dentarios e se
mostrou segura em relacdo a anestesia geral. De fato, a ad-
ministracéo isolada de 6xido nitroso, ou combinada ao sevo-
flurano em baixa concentragédo (0,1% a 0,3%), ndo determina
complicacdes e permite que criangas permanegam conscien-
tes e responsivas ao comando verbal durante o tratamento
dentario e na sala de recuperacao *(A).

A combinagdo da sedacdo com 6xido nitroso a técnicas
comportamentais e de distragdo (por exemplo, videogame)
auxiliam no manejo da ansiedade em criangas submetidas
a tratamento dentario. A combinacdo de métodos farmaco-
I6gicos e ndo farmacolégicos de sedacdo promove sedacéo
adequada e aumenta a aceitagdo da crianga, ao reduzir a ex-
citacéo e o medo #5(C).

Recomendacgdes: A sedacdo inalatéria com 6xido nitroso
estd bem indicada nos tratamentos dentarios de criangas
mais velhas e quando menos de quatro extracdes dentarias
sdo necessarias*?(D). Quando administrado por profissionais
gualificados através de equipamento adequado, € consi-
derada uma técnica com alta taxa de sucesso3*(B) e baixa
ocorréncia de efeitos adversos e complicacdes, de forma que
pode ser alternativa efetiva e segura a anestesia geral *4(A).
Todavia, na maioria dos casos, a analgesia promovida pelo
6xido nitroso ndo é suficiente para garantir um tratamento
dentario indolor e a suplementacdo com anestesia local é ne-
cessaria (D).

Reducao de Fraturas Osseas

Ataxa de sucesso e a intensidade da dor sdo semelhantes em
criangas que necessitam de manipulagéo incruenta de fratu-
ras do antebrago, quando as técnicas para a analgesia sédo a
inalacéo de 6xido nitroso ou a anestesia regional intravenosa.
Analgesia com 6xido nitroso permite que o procedimento seja
completado mais rapidamente “6(B), apesar de nédo se poder
concluir acerca da eficacia do 6xido nitroso como técnica de
sedacdo e analgesia em criangas submetidas a reducéo de
fraturas #7(A).

Recomendagdes: N&o ha dados suficientes para indicar ou
contraindicar o uso do 6xido nitroso em criangas submetidas
a redugdes de fraturas.

Procedimentos otorrinolaringoldgicos

O exame e outros procedimentos otoscépicos sao desconfor-
taveis e, como consequéncia da dor e da ansiedade, criancas
podem n&o colaborar com o examinador. A inalacdo ambu-

latorial de 6xido nitroso para sedacéo e analgesia do exame
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e pequenos procedimentos cirdrgicos otolégicos em criangas
ndo cooperativas sdo métodos Uteis e eficazes no alivio da
dor #8(C).

Recomendacéo: A inalagdo de 6xido nitroso é um método
eficaz no alivio do desconforto de procedimentos otolégicos
em criangas “(C).

Procedimentos uroldgicos

A sedacé@o com oOxido nitroso é efetiva em reduzir a ansie-
dade e dor durante o cateterismo para uretrocistografia, em
criangas e adolescentes entre 4 e 18 anos de idade “°(B). A
administracdo de 6xido nitroso ndo causa eventos adversos
graves (apneia e dessaturagdo arterial abaixo de 92%), e a
incidéncia de eventos adversos leves (diaforese, ndusea, vo-
mito) é baixa, ocorrendo em 4% dos pacientes °(B).

Quando comparado ao midazolam oral, ainalagao de éxido
nitroso a 50% é igualmente efetiva e segura no alivio da dor e
ansiedade associadas a uretrocistografia, em criangas acima
de 3 anos de idade 51(A). Todavia, 0 6xido nitroso permite
inicio mais rapido da sedacao e recuperagdo mais curta.

Recomendacéo: A sedagdo com 6xido nitroso permite redu-
zir a ansiedade relacionada ao cateterismo para uretrocisto-
grafia 4959(B) e sua eficacia é semelhante a sedagéo oral com
midazolam 51(A).

Suturas da pele

A administracdo de 6éxido nitroso a 50% em criangas subme-
tidas a reparos de laceracoes da pele permite a reducéo dos
escores de dor e de ansiedade 53(B). O uso do éxido nitroso
também é superior ao midazolam oral em suturas de lacera-
¢Oes da face, ao promover escores menores de dor durante
a limpeza da ferida e injecdo do anestésico local, além de
promover recuperagdo mais rapida e menos efeitos adversos
em criangas entre 2 e 6 anos de idade 53(A).

Recomendacéo: A administracdo de 6xido nitroso é eficaz e
superior a sedacao oral com midazolam para realizagéo de
suturas da pele de criangas 53(A).

Venopungao

A administracdo de dxido nitroso a 50% ou 70% é efetiva para
adiminuigdo da dor e ansiedade associadas a venopuncao em
criangas. O uso da concentracdo mais elevada, entretanto, se
associa a maior frequéncia de eventos adversos 4(B). A com-
binagdo da inala¢&o de 6xido nitroso a 50% e mistura eutética
de anestésicos locais (lidocaina e prilocaina) é efetiva para a
insercdo de cateter venoso central em criancas e apresenta
efeitos adversos limitados (euforia 14%, sedacdo profunda
4%, nduseas e vomitos 2% e alucinacdes 2%) 55(B).
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A terapia conjunta com 6xido nitroso a 50% e EMLA é su-
perior aos dois tratamentos isolados para a canulagdo veno-
sa, e estd associada a escores menores de dor em criangas
com idade entre 8 e 15 anos. Por outro lado, néo ha diferenca
quando as duas técnicas sdo aplicadas isoladamente 56(A). O
alivio da dor produzido pela inalagao de 6xido nitroso a 70%
em criangas entre 6 e 11 anos de idade, a facilidade técnica
e a eficacia sdo semelhantes aqueles produzidos pela aplica-
¢do de EMLA 57(B). Por outro lado, ha também evidéncias de
que a inalagdo de oxido nitroso a 70% é superior a aplicagao
de EMLA, promovendo escores menores de dor durante a
canulagdo venosa 58(A).

Recomendacgdes: A inalacdo de 6xido nitroso mostrou-se
eficaz no alivio da dor associada a venopuncéo em crian-
¢as %4(B). Porém, os resultados séo superiores quando com-
binado a aplicagdo EMLA (lidocaina e prilocaina) 55(A).

Injecdes

A administracdo de 6xido nitroso a 50%, combinada a apli-
cacao local de EMLA, esta associada a escores menores de
dor durante e logo apés inje¢do intramuscular em criangas, e
é superior a administracéo isolada de cada estratégia >°9(A).
Além disso, a inalagdo de Oxido nitroso a 50%, previamente
a administracdo venosa de propofol, reduz a dor associada a
injecdo em criangas, quando comparado a inalagao de oxigé-
nio 100% 8°(A). Em criangas com paralisia cerebral subme-
tidas & injecdo de toxina botulinica A, a sedacdo promovida
pela inalacéo de éxido nitroso é mais eficaz que o midazolam
administrado pela via enteral 1(A).

Recomendacé&o: A administracdo de Oxido nitroso, isolado
ou em combinagdo com EMLA, se associa a sedacéo eficaz e
alivio da dor em criangas submetidas a injecdes 59-61(A).

Outros

A administracdo de mistura de 6xido nitroso a 50% e oxigé-
nio, combinada a anestesia local topica, é segura e eficaz na
sedacéo e alivio da dor e ansiedade em criangas submetidas
a broncoscopia por fibra dptica 52(A).

A administracéo de 6xido nitroso promove analgesia rapi-
da e eficaz, sem sedacéo profunda e com efeitos adversos
minimos, em criancas submetidas a endoscopia digestiva
alta 83(B). Permite cooperacdo, realizacao rapida e adequada
do exame.

N&o h& beneficios com o uso de morfina venosa ou 6xido
nitroso em criancas submetidas a retirada de dreno toréacico.
Nao ha diferenca na eficacia analgésica das duas técnicas,
que também n&o sao efetivas no alivio da dor quando utiliza-
das como técnica Unica %4(A).

Revista Brasileira de Anestesiologia
Vol. 62, N2 3, Maio-Junho, 2012

EFEITOS ADVERSOS
Nauseas e VOmitos Pés-peratorios

As nauseas e vomitos pos-operatdrios estdo entre os eventos
adversos mais comumente relacionados a anestesia e cirur-
gia. Sua incidéncia, entretanto, varia na dependéncia do perfil
de risco do paciente e da cirurgia, além das medidas profila-
ticas utilizadas ¢3(D).

A probabilidade da ocorréncia de nauseas e vomitos na
sala de recuperagdo poOs-anestésica € 2,24 vezes maior
quando o 6xido nitroso é usado em adultos %(B). De forma
semelhante, sdo identificados fatores de risco independentes
para nauseas e vOmitos pos-operatérios, entre os quais esta
a administragdo de 6xido nitroso %7(D) que também é fator
preditor da ocorréncia de nauseas e vomitos em pacientes
com mais de 18 anos de idade submetidos a cirurgias com
duragéo superior a 2 horas %(A). A omisséo do 6xido nitroso
pode diminuir a incidéncia da sintomatologia em quase 30%,
enquanto o impacto da estratégia esteja ligado a pacientes
com alto risco para a ocorréncia de nauseas e vomitos pos-
operatorios.

Por outro lado, a adi¢do de 6xido nitroso a 70% ao sevoflu-
rano %(A) ou ao halotano 7°(A) ndo esta associada a frequén-
cia maior de nauseas e vémitos pos-operatorios em criangas.
De forma semelhante, a incidéncia e gravidade de vémitos
em criancas ndo diferem entre pacientes tratados com 6xi-
do nitroso a 70% e aqueles que ndo receberam o anestési-
co "Y(A). Ao contrario, quando combinado ao propofol, o 6xido
nitroso esta associado ao aumento da ocorréncia de vomitos
pés-operatérios 2(A).

Recomendacgdes: O 6xido nitroso ndo parece aumentar a
ocorréncia de nauseas e vOmitos pos-operatdrios em crian-
¢as quando associado a anestésicos volateis 67°(A). Por ou-
tro lado, o conhecido efeito protetor do propofol contra nau-
seas e vomitos pode ser perdido ao ser associado ao 6xido
nitroso 72(A).

EFEITOS TOXICOS
Toxicologia

Ha cerca de 50 anos existem evidéncias clinicas dos efeitos
toxicolégicos do 6xido nitroso com potenciais alteracdes na
salde de pacientes expostos, bem como na saude ocupa-
cional de profissionais da area da salude expostos a inalagao
cronica (ambiental) desse anestésico 73(D).

A anestesia com 6xido nitroso em ratos inibiu rapidamente
a atividade da metionina sintetase 74(D) e a sua exposi¢ao
por 2 horas se associou a reducdo de 50% na atividade da
metionina sintetase 73(D). A exposigdo ao 6xido nitroso a 50%
diminuiu a atividade da enzima apés 30 minutos, sendo in-
detectavel apés 6 horas. Também em ratos, a administracao
a 50%, por uma hora, reduziu a atividade da enzima a 11%
e 18% nos figados materno e fetal, respectivamente 76(D). A
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extrapolagdo desses achados para o género humano deve
ser cuidadosa, pois 0s ratos mostraram-se mais sensiveis a
acao inibitoria do 6xido nitroso do que o homem 77(C). Comu-
mente, a atividade enzimatica € recuperada 2 a 4 dias apo6s a
exposicao ao 6xido nitroso 74(D).

A inibicdo da atividade da enzima metionina sintetase pelo
oxido nitroso ocorre por meio da oxidacdo do ion cobalto
(Co*) de sua coenzima — a cobalamina (vitamina B,,) 74(D).
Com o cétion cobalto oxidado, a vitamina B,, é impedida de
agir como coenzima da metionina sintetase. Além da vitamina
B;,, @ metionina sintetase também requer 5-metiltetra-hidro-
folato como coenzima, e com participacao crucial na biossin-
tese das pirimidinas e purinas e no metabolismo das serinas e
glicinas, que doam grupos metil para a cobalamina, formando
metilcobalamina, doadora final dos grupos metil na converséo
da homocisteina em metionina.

As consequéncias clinicas reais de tais atividades hiol4gi-
cas e farmacoldgicas, entretanto, ainda ndo estdo totalmente
entendidas, mas sugere-se que as possiveis alteracdes se-
cundarias a sua administracdo podem se expressar como
efeitos deletérios imunoldgicos, hematoldgicos, neurolégicos,
miocérdicos, infecciosos e reprodutivos, entre outros. A utili-
zacao do Oxido nitroso, de maneira prolongada ou repetida,
pode resultar em anemia megaloblastica e/ou degeneracao
subaguda da medula espinhal (D).

Recomendacdes: Dada a importancia da metionina sinteta-
se para o funcionamento celular, pela sua contribuicdo para a
geracdo de grupamentos metil para a sintese do DNA, RNA,
mielina, catecolaminas, entre outros, a interferéncia imposta
pelo éxido nitroso sobre o metabolismo da vitamina B, e fola-
to demanda cuidado no caso de pacientes pediatricos com re-
conhecida deficiéncia de vitamina B,, (genética ou ambiental)
ou relato de deficiéncia dessa vitamina (D). Tais pacientes
devem ser reconhecidos, a fim de se determinar a necessida-
de de monitorizagdo das referidas alteracdes metabdlicas no
periodo perioperatério.

Neurodegeneracgéo

Enquanto antagonista dos receptores NMDA, o 6xido nitro-
so pode promover agfes tanto neuroprotetoras (contra alte-
racBes neurodegenerativas causadas por agonistas NMDA)
guanto neurotdxicas, a depender das circunstancias 78(D).
Outro mecanismo aventado para a neurotoxicidade desenca-
deada pelo 6xido nitroso é a interferéncia sobre os mecanis-
mos de liberacdo de dopamina 7°(D). Enquanto esses acha-
dos suscitam preocupacdo com a administracdo do 6xido
nitroso em combinacao a outros antagonistas NMDA, o risco
de neurotoxicidade deve diminuir quando da sua administra-
¢do combinada a outros anestésicos gerais que exercem efei-
tos GABAérgicos e minimizam a possivel neurotoxicidade do
6xido nitroso 8(D).

Evidéncias em estudos animais demonstraram que o 6xido
nitroso pode ser deletério ao cérebro durante o desenvolvi-
mento da crianga, podendo ser um risco potencial a alguns
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pacientes prematuros e recém-nascidos (D). Estudos suge-
rem que o Oxido nitroso apresenta efeitos neurotdxicos em
cérebros imaturos de ratos através de mecanismo que envol-
ve a inducgdo de apoptose, seja independentemente, seja em
combinacao e potencializando a agdo dos anestésicos halo-
genados 8(D). Apesar da exposicéo ao 6xido nitroso em con-
centracdes até 75% ndo ter induzido degeneracdo apoptoética
em cérebros de ratos neonatos, o 6xido nitroso exacerbou a
lesdo causada pelo isoflurano &(D). A combinacao do éxido
nitroso ao midazolam e isoflurano, administrada por 6 horas a
ratos jovens, causou extensa neurodegeneracgao apoptética,
além de disfung6es de meméria e aprendizado®l(D). Todavia,
nesse e em outros estudos, a administracdo isolada do 6xi-
do nitroso ndo causou aumento da apoptose. Além disso, os
resultados do estudo podem representar, quando aplicado a
humanos, exposicdo prolongada, como em sedagdo na uni-
dade de terapia intensiva, bem maior que aquela durante o
procedimento cirdrgico.

Recomendacfes: Apesar de estudos sugerirem que o 6xido
nitroso apresenta efeitos neurotdxicos em cérebros imaturos,
a evidéncia atual de lesdo é insuficiente para contraindicar
seu uso pediatrico. Ndo ha evidéncias na atualidade de que
seu uso afete negativamente o desenvolvimento neurolégico
de criangas 8%81(D).

Complica¢des hematoldgicas e neuroldgicas

Pacientes com deficiéncia de vitamina B, (secundéria a res-
secgdo do ileo terminal, anemia perniciosa ou restricao ali-
mentar — vegetarianos e restricdo de proteinas) estdo sob
maior risco de desenvolverem complicagdes secundarias
aos efeitos metabolicos do 6xido nitroso. Relatos de casos
ilustram que esses pacientes, ou mesmo recém-nascidos de
maes com tais problemas, podem apresentar complicacdes
hematoldgicas e neurolégicas apds exposi¢ao ao 6xido nitro-
S0 82(D)83:84(C).

Pacientes com deficiéncia de vitamina B;, desenvolve-
ram diferentes manifestages neurolégicas e hematolégicas,
apds exposicdo intraoperatéria ao 6xido nitroso 82(D)83:84(C).
Assim, diferentes autores levantam suspeita sobre a adminis-
tracdo do 6xido nitroso a criangas, dada a grande prevaléncia
de defeitos metabdlicos e deficiéncias vitaminicas nessa po-
pulacdo de pacientes.

A inibicdo da atividade da enzima metionina sintetase
pode causar anemia megaloblastica 85(D). Pacientes com
deficiéncia de cobalamina ou de folato estariam sob risco
especialmente mais elevado. Curtos periodos de inalagdo
de oOxido nitroso (2 a 6 horas) podem resultar em alteracdes
megaloblasticas na medula 6ssea de pacientes com salde
gravemente comprometida, por disfuncdo na sintese de me-
tionina e DNA 8(C). Ap6s 24 horas de exposigdo aparecem
neutréfilos hiperpigmentados, alteracdes megaloblasticas e
insuficiéncia aguda da atividade da medula 6ssea.

Em pacientes com deficiéncia latente de vitamina B,,, mie-
loneuropatias, parestesias espasticas, insuficiéncias funicu-
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lares mieloides agudas e manifestacdes psiquiatricas podem
ser vistas apos exposi¢do ao oOxido nitroso &(C). Enquanto
a ocorréncia de lesdo neurologica é improvavel quando da
exposicdo de curta duragdo ao Oxido nitroso (como em um
Unico procedimento cirdrgico), a reducdo da atividade da
metionina sintetase apds repetidas exposi¢cdes causou mie-
linopatia com degeneragdo medular em humanos &(C) e em
animais 8(D). Lesdo neuroldgica também foi descrita apds
anestesia com 6xido nitroso em paciente com deficiéncia de
cobalamina 8%(C) ou de folato %°(A).

O desfecho fatal foi descrito em criangca de 3 meses de
idade, com diagnéstico de homocistindria tipo 1l (defeito da
enzima 5, 10-metilenotetra-hidrofolato redutase), exposta ao
oxido nitroso por duas ocasifes em periodo de 4 dias 8(C). As-
sumiu-se que a combinacéo do defeito genético com a inibigao
da enzima metionina sintetase — induzida pelo 6xido nitroso —
foi fatal 8(C). Outros polimorfismos da enzima 5, 10-metileno-
tetra-hidrofolato redutase séo ainda mais comuns. A literatura
apresenta também relato de mielopatia e anemia macrocitica
responsiva ao folato e a vitamina B, apos duas exposi¢des
ao 6xido nitroso em intervalo de 10 dias %(C). Avaliagdo sub-
sequente demonstrou niveis elevados de homocisteina, ni-
veis baixos de vitamina B;, e mutacdo do gene da enzima
metilenotetra-hidrofolato redutase °1(C).

Recomendacgdes: Os efeitos do 6xido nitroso sobre as vias
dependentes de vitamina B;, em pacientes com deficiéncia
da enzima metionina sintetase ndo sdo conhecidos, mas pa-
rece razoavel evitar seu uso em criangas com deficiéncia da
enzima, assim como em outros defeitos do metabolismo da
vitamina B, 83:84.86.87.89(C) S0(A),
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Resumen: Duarte LTD, Duval Neto GF, Mendes FF — Uso del Oxido
Nitroso en Pediatria.

DESCRIPCION DEL METODO DE RECOLECCION DE
EVIDENCIA

Fueron realizadas busquedas en multiples bases de datos
(Medline desde 1965 a 2009; Cochrane Library; LILACS) y
referencias cruzadas con el material investigado para la iden-
tificacion de los articulos con el mejor esquema metodoldgico,
seguidas de una evaluacion critica de su contenido y clasifi-
cacion de acuerdo con la fuerza de la evidencia.

Las busquedas fueron realizadas entre diciembre de 2007
y abril de 2008. Para las bisquedas en el PubMed, fueron
utilizadas las siguientes estrategias de investigacion:
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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]

Se seleccionaron los estudios que compararon diferentes
clases de farmacos anestésicos, o las técnicas de sedacion
en nifios sometidos a procedimientos o examenes diagnosti-
cos con el uso de sedacion o anestesia. También fueron se-
leccionados estudios que evaluasen los efectos farmacologi-
cos del 6xido nitroso, su interaccién con los otros anestésicos
y sus efectos téxicos en nifios.

GRADOS DE RECOMENDACION Y FUERZA DE
EVIDENCIA

A: Estudios experimentales u observacionales de mejor
consistencia;

B: Estudios experimentales u observacionales de menor
consistencia;

C: Relatos o series de casos (estudios no controlados);

D: Opiniodn que no tiene una evaluacion critica, con base
en los consensos, opiniones de expertos, estudios fi-
siologicos o modelos animales.

OBJETIVO

Evaluar las ventajas y desventajas de la administracion del
oxido nitroso en diferentes procedimientos que exigen una
sedacion y una analgesia, como también su seguridad en los
nifos.
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