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Nitrous oxide at 576 mm Hg

Edmond 1. Eger II, M.D.

Nitrous oxide possesses many characteristics of
the ideal anestheticl-2. It is nonflammable, produces
excellent analgesia, and reduces anesthetic require-
ment. It costs little, particularly relative to the cost of
potent inhaled anesthetics. Its low blood and tissue
solubilities permit a rapid onset and elimination of
effect. This tendency to a rapid recovery from anes-
thesia is enhanced by a relatively high MACawake
relative to MAC: the ratio of these is approximately
0.68 whereas with potent anesthetics such as desflu-
rane or isoflurane, the ratio is approximately 0.355.
Clinical measures of circulation and respiration are
little affected by its use, implying a wide margin of
safety, a safety also suggested by its long history with-
out apparent untoward effect. Finally, metabolism, and
hence organ toxicity, appear to be minimal or non-
existent.

Nitrous oxide does have limitations? the most
obvious of which is that to use it effectively limits the
inspired concentration of oxygen. Even when used at
sea level at concentrations of 70 to 80 percent, its po-
tency is too low to produece anesthesia sufficient for
surgery in the normal patient. An ambient pressure
of 576 mmHg (three quarters of an atmosphere) as in
Mexico City, further limits the concentration that may
be applied without encroaching unduly on the partial
pressure of oxygen. If we insist on delivering at least
25% of an atmosphere of oxygen in inspired gases, that
restricts the delivered partial pressure of nitrous ox-
ide to 50% of an atmosphere in Mexico City. That is,
nitrous oxide might comprise two thirds of the deliv-
ered gas and oxygen one third.

The effectiveness of nitrous oxide at 50% of an
atmosphere or less, depends on the age of the patient.
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For young patients, perhaps only 30-40% of MAC may
be delivered with nitrous oxide, but with adults this
increases to 40-60% of MAC, the highest values found
for the elderly. This effect of age is of particular value
because it is the elderly in whom awakening is most
likely to be delayed and in whom circulatory stability
is sometimes hardest to achieve.

The delivery of partial pressures of nitrous ox-
ide of 50% of an atm or less may be helpful in some
unexpected ways. Higher partial pressures of nitrous
oxide can produce muscle rigidity®. Nitrous oxide can
increase the incidence of emesis after anesthesia®.
However, in volunteers we found that 45% of an atm
of nitrous oxide infrequently causes nausea and vom-
iting whereas 65% usually causes nausea and vomit-
ing3. Thus, the use of lower partial pressures of ni-
trous oxide may minimize the problem of nausea and
vomiting.

We have learned that not all the uptake charac-
teristics of nitrous oxide are desirable’. Gas spaces
within the body are expanded, sometimes with un-
toward results. Nitrous oxide may be contraindicated
in the presence of a tension pneumo-thorax or if air
embolization occurs. Embolization to the myocar-
dium may produce greater injury in the presence of
nitrous oxide®. The gas spaces in endotracheal tube
cuffs may be increased and thereby produce ischemia
of tracheal mucosa®. This probably is of minimal con-
cern in short procedures but may begin to be impor-
tant when surgery lasts for more than one to three
hours. Nitrous oxide may increase pressure in si-
nuses or the middle ear'®. Abdominal distention and
respiratory compromise from intestinal obstruction
may be exaggerated by nitrous oxide. In patients
without distention but undergoing intro-abdominal
surgery, the use of nitrous oxide may delay recovery
of function and prolong hospitalizations!!. However,
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other studies do not support this finding!2.

Toxicity and death may result from the pro-
longed administration of nitrous oxides and abuse
of nitrous oxide can cause neurological injury!415,
For operating personnel exposed to high concentra-
tions of nitrous oxide (i.e., in unscavenged operating
rooms), there may be an increased incidence of abor-
tions and birth defects'®!?, such findings are par-
ticularly applicable to dental operatories!®19, These
untoward findings may be explained by the discov-
ery that nitrous oxide can inactivate methionine syn-
thase?%-23 3 vitamin B;; containing enzyme which
converts homocysteine to methionine and, in the
process, changes methyl tetrahydrofolate to
tetrahydrofolate. Tetrahydrofolate is needed for the
synthesis of DNA. A decreased capacity to synthe-
size DNA might be the mechanism whereby nitrous
oxide produces the disorders listed above.

Concern regarding the potential for nitrous ox-
ide to produce untoward effects on vital organs lad
to the pursuit of several studies of outcome in pa-
tients given nitrous oxide. Lampe and his co- work-
ers reported results from nearly 300 patients ran-
domly assigned to receive isoflurane with or with-
out nitrous oxide?4+30. With only minor exceptions,
nitrous oxide did not increase the incidence of unto-
ward effects?4. No evidence for neurologic injury was
found?4, even in patients subjected to anesthesia of
nine hr duration??. Postoperative hypoxemia was not
increased 26, nor was hepatic injury found?®. Hema-
tologic effects in patients given nitrous oxide were
not different from the effects in patients not given
nitrous oxide30, The effect of nitrous oxide on folate
and vitamin B;; metabolism was minimal or nonex-
istent and any effect seen was transient. Results of
one study contradict the finding regarding the ca-
pacity of nitrous oxide to produce postoperative is-
chemia. Maroof et al. did find a decrease in satura-
tion 48 hr after anesthesia in patients given nitrous
oxide plus fentanyl and isoflurane as opposed to pa-
tients given fentanyl and isoflurane in oxygen -en-
riched air3!. Possibly, Lampe et al. failed to find a
difference because they used oxygen rather than air
as the background gas in the control group.

Other studies have examined the capacity of
nitrous oxide to produce abortions and teratogenic
changes. These have included both occupational ex-
posure®233 and anesthesia to patients3. None have
found a significant effect except for two studies of
occupational exposure. In one it was found that a
small subset exposed to the highest levels of nitrous
oxide had a delay in the time to conception35. How-

ever, a change in the result for only two of the pa-
tients in this subset would have eliminated the sig-
nificance of this finding. In another, it was concluded
that frequent, high occupational exposure to nitrous
oxide may have a negative influence on the ability
of women to become pregnant3®,

Finally, we may ask if there are rare specific
patients in whom nitrous oxide administration does
present a toxic risk? Schilling suggested that vita-
min B, deficiency might have been the basis for two
patients who developed neurologic deficiencies af-
ter receiving nitrous oxide®’. Another case and a re-
view of the literature by Rosener and Dichgans sup-
port Shilling’s findings33. Further support for this
position comes from the finding that inactivation of
methionine synthase by nitrous oxide occurs more
rapidly in patients with a pro-existing B;, defi-
ciency?®.

Nitrous oxide is not a perfect anesthetic. It is
less potent than we might wish, and it supports com-
bustion. It has untoward uptake characteristics such
as diffusion hypoxia and expansion of gas spaces
within the body. It increases muscle tone - but only
at higher partial pressures. It increases cerebral
blood flow and intracranial pressure and does not
decrease cerebral metabolic rate. It can predispose
to nausea - but may do so to a much lesser extent if
given at partial pressures less than 50% of an atm.
A toxicity accrues to prolonged exposures - but does
not appear to apply to patients provided briefer ex-
posures, including those of a half day in length.

Despite some limitations, nitrous oxide contin-
ues to be a mainstay of our practice because of sev-
eral desirable characteristics. These apply with
greater or lesser force to its application at higher
elevations such as found in Mexico City. It has little
or no odor. Its low solubility and high MAC-awake/
MAC ratio permit a more rapid recovery than can
be obtained with potent anesthetics. Depression of
respiration and circulation is less than that seen with
potent anesthetics. It does not increase uterine bleed-
ing nor does it trigger malignant hyperthermia.

And it is inexpensive. It continues to deserve a
place in our management of patients, particularly

adult patients, in Mexico City.
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