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Nitrous oxide is the most commonly used inhalation anesthetic in dentistry and is
commonly used in emergency centers and ambulatory surgery centers as well.
When used alone, it is incapable of producing general anesthesia reliably, but it
may be combined with other inhalation and/or intravenous agents in deep seda-
tive/general anesthestic techniques. However, as a single agent, it has impressive
safety and is excellent for providing minimal and moderate sedation for appre-
hensive dental patients. To gain a full appreciation of the pharmacology, physio-
logic influences, and proper use of nitrous oxide, one must compare it with other
inhalation anesthetics. The purpose of this CE article is to provide an overview of
inhalation anesthetics in general and to address nitrous oxide more specifically in
comparison.
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INTRODUCTION

General anesthesia is a drug-induced state that is
characterized by an absence of perception to all sensa-
tions. In 1920, Guedel described ether anesthesia ac-
cording to 4 stages, each of which reflects greater de-
pression of brain function: Stage I.analgesia; Stage
II.delirium; Stage III.surgical anesthesia; and Stage
IV.medullary paralysis and death. Today, these stages
are merely of historical interest; they are not observed
reliably when modern intravenous or inhalation agents
and techniques are used. The so-called anesthetic
stages are too unpredictable and inconsistent to be at-
tributed to modern-day general anesthetics.
Performance of surgery usually requires an immobi-

lized patient who is amnesic for the procedure and
does not exhibit an excessive autonomic response to
surgical stimulation (blood pressure and heart rate).
Most anesthesiologists agree that the anesthetic state
reflects a collection of component changes in behavior
and perception. These components include immobili-
zation, unconsciousness, and attenuation of autonom-
ic responses to noxious stimulation.1,2 Many of the
agents classified by convention as general anesthetics

do not accomplish all of these components. The inha-
lation agents come closest but only at doses that de-
press the brain to such a degree that vital functions be-
come jeopardized. The term anesthetic is used spuri-
ously when potent sedative-hypnotics or opioids that
produce only one component of complete general an-
esthesia are described. For example, thiopental pro-
vides hypnosis, but a surgical stimulus evokes auto-
nomic and somatic reflexes that confirm absence of
analgesia and immobilization. For these reasons, it is
most common to use combination regimens in provid-
ing general anesthesia to induce unconsciousness with
a potent sedative-hypnotic or inhalation agent, pro-
vide analgesia with an opioid, and produce muscle re-
laxation with the use of a neuromuscular blocking
agent.

INHALATION ANESTHETICS

Properties

The inhalation agents are most deserving of the title,
general anesthetics. These are excellent hypnotics,
and at higher concentrations, they provide varying de-
grees of analgesia and skeletal muscle relaxation. Al-
though the mechanism for their anesthetic effect is un-
resolved, influences are directly related to their tension
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(partial pressure) in brain tissue. This follows an equil-
ibration between tensions in the inspired gas, the alve-
oli, and arterial blood.

Uptake, Distribution, and Elimination

Unlike more common drug solutions, gases absorb and
distribute as the result of pressure gradients and equili-
bratewhen tensions of inspired gas equal those in alveoli,
blood, and tissues. Gases that have low solubility in blood
and adipose tissue will achieve tensions and equilibrate
more rapidly. This tension in blood provides the driving
force for inhalation agents to enter the brain, where their
anesthetic action occurs.Values provided inTable 1 illus-
trate that nitrous oxide has very low solubility and there-
fore achieves equilibration most rapidly. For this reason,
nitrous oxide has the fastest onset among inhalation
agents (Figure 1).
This same principle applies to elimination of anes-

thetic gases, only in reverse. When administration of
anesthetic gas is discontinued, alveolar tension is
washed out, and equilibration proceeds from tissues
to venous blood and to alveoli for expiration. Any
elimination attributed to biotransformation is negligi-
ble for the most widely used agents. Therefore, inhala-
tion anesthetics that have the lowest partition coeffi-
cients exhibit the most rapid onset and termination of
effects, which renders them most suitable for cases
that require intermittent alterations in anesthetic
depth.1^3

Minimum Alveolar Concentration

The dose of an inhaled anesthetic gas is expressed as
its percent in the inspired mixture. In an effort to com-

pare the relative potencies of anesthetic gases, anes-
thesiologists have accepted a measure known as
MAC, or minimum alveolar concentration. This repre-
sents the percent or concentration of the gas at 1 at-
mosphere that renders 50% of patients unresponsive
to a surgical stimulus. It is analogous to the ED-50 (ef-
fective dose for 50% of patients) expressed in milli-
grams for other drugs. Nitrous oxide is clearly the least
potent of the anesthetic gases, having a MAC of 104.
This was extrapolated from studies conducted in a hy-
perbaric chamber because its MAC cannot be
achieved at normal atmospheric pressure. The MAC
determinations for various agents are listed in Table 1
and were determined in patients who were 21 to 65
years of age. It is significant that many variables can
alter the MAC in a given patient. Some of these are
listed in Table 2.
Because MAC reflects an adequate dose for only

50% of patients, successful clinical anesthesia may re-
quire 0.5 to 2.0 MAC for individual patients. More
than 90% of all patients become anesthetized follow-
ing the administration of 1.3 MAC,1,3 and presumably,
1.5 to 2.0 MAC is required to ensure anesthesia in all
patients. Furthermore, the doses of anesthetic gases
are generally additive; 0.5 MAC of a single agent add-
ed to 0.5 MAC of another provides 1 MAC. Based on
this principle, and given the influence of other CNS
depressants on MAC, anesthesia providers often ad-
minister anesthesia using single inhaled anesthetics
or mixtures that equal 0.8 to 1.2 MAC, in combination
with other central nervous system depressants such as

Figure 1. Relative Onset of Effect. When gas tensions
throughout body tissues equilibrate, the inspired gas tension
(FI ) will equal that in the alveoli (FA ). Notice from this graph
that nitrous oxide achieves approximately 90% equilibration
within 10 minutes. For each gas illustrated in this graph, the
speed of onset correlates with partition coefficients provided
inTable 1.

Table 1. Comparisons of Selected Inhalation Anesthetics.
Partition coefficients of gases reflect their degree of solubility
in blood (Blood:Gas) and adipose tissue (Fat:Blood). Mini-
mum alveolar concentration (MAC) is the percent required
to provide anesthesia in 50% of patients and represents po-
tency.
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intravenous sedatives and opioids. For example, ad-
ministering a mixture of 52% nitrous oxide with 2%
sevoflurane will provide 1.5 MAC, which could equal
as much as 2 MAC if combined with opioids and sed-
atives.
Finally, it must be emphasized that MAC is a mea-

sure of the dose response for an inhalation agent in
producing anesthesia. Incremental increases in MAC
do not predict with any precision the influence on re-
spiratory or cardiovascular function. For example, 0.5
MAC of an inhalation agent does not necessarily pro-
duce half the influence on blood pressure that is pro-
duced by 1.0 MAC.

Systemic Influences

At equipotent concentrations (MAC), anesthetic effica-
cy is identical regardless of the agent or mixture select-
ed. The influence of these agents and mixtures on the
lungs, heart, and circulation, as well as less apparent
action on other organs, is similar qualitatively but dif-
fers in terms of intensity and specific parameters tar-
geted. Side effects always accompany use of general
anesthesia, and accurate knowledge of these proper-
ties is required for safe management of the patient.
Data comparing the influences of inhalation anesthet-
ics were obtained from healthy volunteers and vary
among patients who have preexisting medical condi-
tions, especially of the respiratory, cardiac, hepatic,
and renal systems, or who are taking medications that
may interact with inhalation anesthetics.

Respiratory Effects

All inhalation agents are respiratory depressants, and
their influence on ventilatory response to hypoxemia
is greater than that for hypercapnia. Concentrations
,0.5 MAC have minimal influence on hypercapnic
drive, but the dose response becomes more significant
at higher concentrations, leading to apnea at concen-

trations of 1.5 to 2.0 MAC. In contrast, however, as lit-
tle as 0.1 MAC produces a 50% to 70% reduction in
ventilatory response to hypoxemia.4,5

All inhalation agents share a tendency to increase
respiratory rate but decrease tidal volume.Their net in-
fluence on minute ventilation is reflected as the degree
of hypercapnia that occurs during administration. Ni-
trous oxide is distinguished from other agents in that
it does not reduce net ventilation3,6 (Table 3).
In addition to their effects on central respiratory

centers (hypercapnic drive) and carotid bodies (hypox-
emic drive), inhalation anesthetics have varied effects
on the respiratory tract. Most notable is their ability to
relax bronchial smooth muscle; isoflurane and sevo-
flurane are most effective in this regard.3 They are
not so effective as to replace beta2-agonists as emer-
gency bronchodilators, but they are useful agents for
providing general anesthesia to patients who have a
history of asthma or reactive COPD. Nitrous oxide
has no efficacy in this regard.3,6

Cardiovascular Effects

Inhalation anesthetics produce a dose-dependent re-
duction in mean arterial pressure (MAP). Again, ni-
trous oxide is the exception3,7,8 (see Table 3). Agents
differ in terms of the specific physiologic parameter
that they target, for example, heart rate, myocardial
contractility, and systemic vascular resistance (SVR).
Isoflurane, desflurane, and sevoflurane increase heart

Table 2. Exemplary FactorsThat Alter MAC*

FactorsThat IncreaseMAC FactorsThatDecreaseMAC

Fever Hypothermia
CNS stimulants CNS depressants, including acute alcohol ingestion
Decreasing age Increasing age
Chronic alcoholism Severe hypercapnia (PaCO2 .90)

Severe hypoxemia (PaO2 ,40)
Severe anemia (Hct,10%)

* CNS indicates central nervous system; Hct, hematocrit; MAC, minimum alveolar concentration; PaCO2, partial pressure of car-
bon dioxide; and PaO2, partial pressure of oxygen.

Table 3. Respiratory and Cardiovascular Influences3

Nitrous
Oxide Isoflurane Desflurane Sevoflurane

Blood
pressure

« QQ QQ Q

Heart rate « q « q «
Tidal volume Q QQ Q Q
Respiratory
rate

q q q q

Net ventilation « q Q QQ Q
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rate and decrease systemic vascular resistance but
have little influence on cardiac output because their
influences on myocardial contractility are minimal.

Skeletal Muscle Effects

Inhalation anesthetics have varying influences on re-
laxation of skeletal muscle tone.one of the require-
ments of successful anesthesia for many types of sur-
gery. Isoflurane, desflurane, and sevoflurane provide
considerable skeletal muscle relaxation, but nitrous ox-
ide has no effect. Their influence on skeletal muscle
can be detrimental. Malignant hyperthermia is a hy-
permetabolic disorder of skeletal muscle that can be
triggered by succinylcholine and most inhalation anes-
thetics.3 Although susceptibility is largely heritable,
variants of classic malignant hyperthermia have been
reported in individuals without genetic predisposition.
Neither nitrous oxide nor any of the amide local anes-
thetics has been associated with this disorder, and in
fact, they have been listed as nontriggering.

NITROUS OXIDE

General principles of inhalation anesthetics have been
reviewed here, and we now turn our attention to spe-
cifics regarding nitrous oxide. Nitrous oxide is an inor-
ganic inhalation agent that is colorless, odorless to
sweet-smelling, and nonirritating to the tissues. It is
nonflammable but will support combustion.
The uptake and distribution of an anesthetic gas to

brain tissue is largely dependent on its partition coeffi-
cients. For this reason, nitrous oxide has the most rap-
id onset of the inhalation agents (see Table 1). It is
transported in blood as free gas; it does not combine
with hemoglobin, and it does not undergo biotransfor-
mation. Elimination occurs by expiration in a manner
that is precisely the reverse of uptake and distribution,
and its low solubility allows nitrous oxide to be re-
moved rapidly.
Nitrous oxide has low potency (MAC 5 104), but its

impressive record of safety allows use of sub-MAC
concentrations that are ideal in allaying apprehension
and anxiety regarding injections of local anesthetics
and treatment in general. In fact, many consider ni-
trous oxide an inert, benign gas that has little if any
influence on vital physiologic functions. This observa-
tion is not entirely flawed, especially with doses typi-
cally provided by dental sedation units (0.1 to 0.5
MAC). Respiratory and cardiovascular functions are
minimally influenced, especially when compared with
changes produced by more potent agents. However,

caution is advised because this analysis fails to address
considerations when nitrous oxide is combined with
other anesthetics, sedatives, or opioids. These agents
not only lower the MAC for nitrous oxide but work
synergistically in depressing respiratory and cardiovas-
cular function.
Although 50% of patients require more than 1 MAC

for surgical anesthesia, some patients are anesthetized
at lower concentrations. Furthermore, the MAC of a
particular anesthetic gas is often lower in small chil-
dren, the elderly, and the medically compromised. Al-
so, MAC is lowered by concomitant administration of
other CNS depressants such as opioids and sedatives.
For example, a 20 kg pediatric patient premedicated
with a sedative and an opioid may require only 60%
to 70% nitrous oxide to achieve MAC.

Concentration Delivered

It must be appreciated that the concentration of nitrous
oxide that leaves the typical dental unit, and therefore its
partial pressure, is not identical to that inspired or that
reaching the alveoli. Equipment leakage such as
through poorly fitted nasal masks, dead space, mouth
breathing, and the ventilatory status of the patient are
some of the factors that account for the discrepancy.
Even though machine settings may indicate up to 70%
nitrous oxide, the actual concentration delivered to alve-
oli is unlikely to exceed 30% to 50% (Figure 2).9 In oth-
er words, it is unlikely that one can deliver greater than
0.3 to 0.5 MAC with the use of typical dental nitrous ox-
ide units. For this reason, one must use caution when ex-
trapolating data derived from medical studies in which
nitrous oxide was delivered by full mask or through an
endotracheal tube.

Figure 2. Concentration DeliveredVersusThat Reaching Al-
veoli.The concentration of nitrous oxide delivered by the typ-
ical dental machine is drastically reduced when compared
with the concentration that actual ly reaches the patient.
(Adapted from Sher et al9 )
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Transfer to Gas-Filled Spaces

The blood:gas partition coefficient of nitrous oxide is
0.46, which is more than 30 times greater than that
of nitrogen (0.014). When a patient’s inspired gas mix-
ture is switched from air containing approximately
78% nitrogen to an anesthetic mixture containing
70% nitrous oxide, the nitrous oxide will enter gas-
filled spaces more than 30 times faster than nitrogen
can exit the space. As a result, the volume or pressure
within such a space will increase.3 Although lower
concentrations (30% to 50%) of nitrous oxide are
used for sedation, it enters gas-filled spaces more rap-
idly than nitrogen can exit. Gas volume and pressure
can become dangerously high within an obstructed
bowel, pneumothorax, or the middle ear if patency
of the eustachian tube is compromised by inflamma-
tion. Rupture of the tympanic membrane is possible
during administration of nitrous oxide, and negative
pressure may develop following discontinuation, lead-
ing to serous otitis possibly contributing to postopera-
tive nausea and vomiting.3,10 Pain also may be expe-
rienced when nitrous oxide is administered to pa-
tients with a sinusitis. Expansion of gas bubbles in
the eye following retinal surgery may lead to severe
consequences. Other anesthetic gases are adminis-
tered in such low concentrations that their partial
pressures do not lead to the preferential transfer ob-
served with nitrous oxide.

Diffusion Hypoxia

When inhalation of high concentrations of nitrous ox-
ide is discontinued, high partial pressure in blood
transfers nitrous oxide to the alveoli rapidly. This di-
lutes the partial pressure of oxygen in the alveoli and
may lead to hypoxemia. For this reason, it is conven-
tional practice to provide the patient with 100% oxy-
gen during the first few minutes following discontinu-
ation of nitrous oxide. This concern is more theoretical
than clinical, however. Hypoxemia is significant for
only a matter of minutes and has been documented
only when high concentrations (.70%) have been de-
livered by full mask or by endotracheal tube.11 These
conditions cannot be met with the use of conventional
dental nitrous oxide machines with nasal masks, and
any tendency for diffusion hypoxia is trivial.12 Never-
theless, providing 100% oxygen toward the end of a
dental appointment has other benefits and is advocat-
ed. This allows discontinuation while providing a wan-
ing placebo influence, and it allows expired nitrous ox-
ide to enter the scavenging apparatus of the machine,
which is sound environmental practice.

Analgesic and Anesthetic Action

The mechanism by which anesthetic gases produce
general anesthesia is unknown. The leading theory
suggests that they bind to proteins within neuronal
membranes and somehow modify ion fluxes and sub-
sequent synaptic transmission.1,3

Unlike other anesthetics, nitrous oxide produces a
mild analgesic effect at subanesthetic concentrations.
The mechanism for this effect most likely involves an
interaction with the endogenous opioid system be-
cause it is abolished by administration of the opioid
antagonist, naloxone. The strongest evidence is that
nitrous oxide stimulates release of enkephalins, which
bind to opioid receptors that trigger descending norad-
renergic pathways.13 The most common estimate of
analgesic efficacy suggests that 30% nitrous oxide de-
livered by full mask is equivalent to 10 to 15 mg mor-
phine.14 This interaction with the endogenous opioid
system may account in part for abuse potential attri-
buted to nitrous oxide.

Respiratory Effects

All anesthetic gases increase respiratory rate and di-
minish tidal volume. Unlike other agents, however,
the increase in rate produced by nitrous oxide may ac-
tually provide a net increase in minute ventilation (see
Table 3).6 Therefore, when used alone for mild to
moderate sedation, nitrous oxide does not depress
ventilation. However, when it is combined with seda-
tives or opioids that depress ventilation, a more pro-
nounced and clinically important depression may re-
sult.
Similar to other inhalation agents, nitrous oxide

produces a dose-dependent depression of ventilatory
drive with greater influence on the ventilatory re-
sponse to hypoxemia than to hypercapnia. As little as
0.1 MAC nitrous oxide can depress hypoxemic drive
by 50%.4,5 This is to say that if respiratory depression
occurs, nitrous oxide obtunds the body’s normal re-
sponse to lowered oxygen tension rather than to ele-
vated carbon dioxide tension. Because patients who
have significant chronic obstructive pulmonary disease
rely almost entirely on hypoxemic drive, some author-
ities suggest that nitrous oxide should be avoided in
these patients. Reasons cited include not only its de-
pression of hypoxemic drive, but also, because high
oxygen concentrations are delivered with nitrous ox-
ide, its use may remove the stimulus for hypoxemic
drive. However, if the principles of moderate sedation
are followed, the patient can always be instructed to
breathe more deeply.
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Cardiovascular Effects

Nitrous oxide mildly depresses myocardial contractili-
ty, but this is offset by its ability to activate sympathetic
activity. In both normal patients and those with coro-
nary artery disease, subanesthetic concentrations of
nitrous oxide (0.1 to 0.5 MAC) have little influence on
cardiac output, stroke volume, and heart rate. At high-
er concentrations, nitrous oxide actually increases
these variables, while volatile agents have the opposite
influence.15 Any depressant influences of nitrous ox-
ide are overshadowed by its augmentation of sympa-
thetic tone, but this introduces the need for one word
of caution. Opioids depress sympathetic outflow, and
when combined with nitrous oxide, depressant influ-
ences of nitrous oxide on myocardium could be un-
masked.14,16 This may be significant for patients who
are compromised by significant degrees of heart fail-
ure.
Arterial blood pressure remains stable in patients

who receive subanesthetic concentrations of nitrous
oxide. Nitrous oxide increases venous tone, leading to
increased venous return to the heart,15 and this likely
contributes to the stable cardiovascular function ob-
served with nitrous oxide. It is notable that this influ-
ence of nitrous oxide on venous tone is exploited at
times to facilitate venous access during difficult veni-
puncture.

Chronic Toxicity

Nitrous oxide has been implicated in the adverse ef-
fects on health seen in those individuals who are
chronically exposed to trace amounts of the drug.
These adversities include infertility, spontaneous abor-
tion, blood dyscrasias, and neurologic deficits. These
concerns pertain only to chronic exposure; it is pre-
sumed that healthy surgical patients could receive ni-
trous oxide without harm.
Nitrous oxide irreversibly oxidizes the cobalt atom of

vitamin B12 and thereby reduces the activity of B12-de-
pendent enzymes such as methionine and thymidylate
synthetases. This appears to be the likely mechanism
for toxicity because these enzymes are vital in the syn-
thesis of myelin and nucleic acids. The minimum con-
centration and duration of exposure at which this in-
fluence becomes significant are unsettled, however.
Megaloblastic changes in bone marrow are observed
following exposure to anesthetic concentrations for
24 hours, and agranulocytosis is apparent after 4 days
of exposure.17 Animal studies that used intermittent
exposure to trace amounts of various anesthetic gases
have failed to reveal any harmful reproductive ef-

fects.18 It is generally accepted that proper use of scav-
enging devices while nitrous oxide is provided to pa-
tients in the dental setting eliminates any significant
risk. One must be cognizant, however, that proper use
of scavenging equipment is only one of several meth-
ods used to reduce environmental nitrous oxide con-
centrations. Other considerations include, but are not
limited to, the following: (1) Set maximum vacuum set-
tings per manufacturer instructions; (2) check all fit-
tings for leaks (soapy water is an effective and inex-
pensive diagnostic agent); (3) ensure that there is ade-
quate operatory ventilation and air circulation (air
exchange rates above 10/hr recommended); (4) the
exhaust system for vacuum suction should vent to out-
side of the building; (5) always use appropriate gas
flow and ensure proper mask fit; (6) minimize patient
conversation; and (7) as the procedure nears comple-
tion, terminate nitrous oxide flow and administer
100% oxygen for 3 to 5 minutes before removing the
nasal hood from the patient.

Contraindications

With its long history of safety in medicine and dentist-
ry, nitrous oxide sedation can be used safely for almost
all patients routinely treated in the ambulatory dental
setting. In fact, it could be argued that nitrous oxide is
the safest of all the modalities available for sedation in
dentistry. However, similar to any other pharmacolog-
ic agent, nitrous oxide may not be suitable for all pa-
tients. It is very important to carefully review the med-
ical history of a patient and to consider the small num-
ber of situations in which nitrous oxide sedation may
be contraindicated or may at least pose a relative con-
traindication.
Clearly, inability to use a nasal mask is an absolute

contraindication to the use of nitrous oxide. Generally,
such patients fall into one of two categories: those
who cannot inhale adequately through the nose be-
cause of anatomic and/or disease-induced nasopha-
ryngeal obstructions, and those who cannot tolerate
and sustain placement of the nasal mask because of
psychological and/or cognitive disturbances. Exam-
ples include severely phobic, cognitively impaired, or
uncooperative pediatric patients, as well as those who
present with deviated septum, nasal polyps, upper re-
spiratory infection, allergic rhinitis, and severe sinusi-
tis. In this latter regard, any compromise in patency
of the eustachian tube may lead to pressure increases
within the middle ear, as was explained previously in
this article. In fact, it has been suggested that any re-
cent surgery of the ear presents a contraindication for
nitrous oxide.10

Anesth Prog 55:124^131 2008 Becker and Rosenberg 129



Although nitrous oxide has been used successfully
in patients with diagnosed personality and psychiatric
disorders, it should be used cautiously when those di-
agnosed with schizophrenia or bipolar disorder are
treated. These patients are treated with many psycho-
tropic agents, and the use of nitrous oxide may further
alter disposition, leading to results that are highly un-
predictable. Medical consultation is strongly encour-
aged for these patients.
The question of nitrous oxide use in pregnant pa-

tients is complicated by opinions based on concerns
related to adverse effects associated with chronic ex-
posure. These issues were addressed previously and
warrant the use of scavenging devices to protect the
health care provider. The issue under consideration,
however, is the use of nitrous oxide sedation during a
single appointment. Clearly, all elective dental treat-
ment should be avoided during pregnancy, especially
during the first trimester. However, urgent dental care
frequently is required for patients who are pregnant.
Under these circumstances, it is not unusual for the
patient to be anxious and fearful, often extremely so.
For these patients, apprehension should be allayed by
using the safest agents available, and nitrous oxide ful-
fills this requirement.19,20 For ethical reasons, pro-
spective studies cannot address this issue, but retro-
spective studies of nearly 6000 general anesthetics in
pregnant patients failed to reveal any adverse out-
comes for patient or fetus.21^23 Virtually all these an-
esthetics included nitrous oxide. For the pregnant pa-
tient who is apprehensive and requires urgent dental
care, nitrous oxide should be regarded as the sedation
agent of choice. Any evidence of complication during
pregnancy certainly warrants consultation with the pa-
tient’s obstetrician.
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CONTINUING EDUCATION QUESTIONS

1. Which of the following properties listed in Table 1 is
most credited for isoflurane having the slowest on-
set of inhalation agents?

A. lowMAC
B. unique molecular structure
C. high blood:gas coefficient
D. high fat:blood coefficient

2. Which of the following is correct regarding respira-
tory influences of nitrous oxide?

A. increases respiratory rate
B. depresses hypoxemic drive
C. depresses minute ventilation
D. A and B
E. A, B, and C

3. All of the following may reduce the MAC for nitrous
oxide EXCEPT

A. meperidine
B. advanced age
C. cocaine
D. ethanol

4. For which of the following is nitrous oxide contrain-
dicated?

A. pregnancy
B. severe sinus and middle ear infection
C. asthma
D. A and B
E. A, B, and C

Anesth Prog 55:124^131 2008 Becker and Rosenberg 131


