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Nitrous Oxide and Cardiovascular Outcome:
Perspective from the POISE Trial
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lthough numerous trials have been conducted over
the past 2 decades assessing strategies to decrease
the risk of postoperative myocardial infarction (MI),
clinicians are still left with limited answers regarding which
interventions will improve outcomes for their patients.
Unfortunately, rates of cardiovascular complications after
noncardiac surgery continue to be as high as 6% in patients
with risk factors for coronary artery disease,1–3 and these
rates may increase over time. According to the US Census
Bureau, between 2000 and 2010 the US population over
age 65 years reached 40 million and the group aged 85 to
94 years experienced 30% increase in growth, a rate 3 times
greater than that of the overall population. Recent observational studies have confirmed advanced age as a predictor
of both postoperative myocardial damage and 30-day postoperative mortality.1,4 Assuming that the age distribution of
our surgical population will change in accordance with that
of the population at large, we should expect that a growing number of patients will suffer costly postoperative cardiovascular complications in the future, unless we identify
and implement effective risk reduction measures. Although
numerous small studies have explored strategies to reduce
risk of postoperative MI within the past 2 decades,5–8 no
large trial to date has offered conclusive evidence of a single, universally protective intervention.
Clinicians looking to the literature for evidence-based
guidance in care of the high-risk surgical patient often
encounter findings that appear to be inconsistent. For
example, several studies have demonstrated that perioperative β-blockade can provide protection against postoperative ischemia, MI, and mortality,5,6,9 whereas others failed
to demonstrate this protective benefit.10,11 More recently,
results from the PeriOperative ISchemic Evaluation (POISE)
trial,12 the largest randomized controlled trial evaluating the
impact of perioperative β-blockade on risk of nonfatal MI
and 30-day all-cause mortality, challenged its unequivocal
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benefit. Devereaux et al.12 showed that metoprolol, although
effective in reducing ischemia and nonfatal MI, increased
risk of stroke and death when administered in the manner
prescribed by the trial investigators. Would modification of
the POISE protocol (e.g., relating to specifics of the patient
selection, chosen drug and dose) have mitigated the higher
rate of stroke and death in the treatment group, or minimized or eliminated the findings showing protective effects
on ischemia and nonfatal MI? These seemingly contradictory results remind us that (1) interventions whose benefits
were once considered “intuitively reasonable” may be subsequently disproven by a large randomized controlled trial;
and that (2) highly effective, beneficial drugs can, under
certain circumstances, cause harm. The influence of genetic
polymorphisms, affecting cytochrome P450 2D6 metabolic
pathways or adrenergic receptor signaling mechanisms, on
the risk versus benefit of perioperative β-blockade, is an
area of ongoing investigation.13
The anesthesia provider faces the special challenge of
identifying an anesthetic strategy that provides excellent
operating conditions, predictable recovery of vital functions,
and high patient satisfaction, without imposing liability
on patient safety. Toward that end, the appropriate role of
nitrous oxide, the world’s oldest general anesthetic, has
become the subject of recurring controversy. In one respect,
it possesses numerous favorable properties (among others,
low tissue solubility with minimal context sensitivity and
relatively low acquisition cost). However, it does have
indisputable disadvantages. It has the ability to expand
gas-filled spaces, with the potential to cause direct patient
injury in cases of pneumothorax, intestinal obstruction,
or retinal detachment. Nitrous oxide administration at
low fresh gas flow rates will lead to delivery of a hypoxic
gas mixture, as the nitrous oxide becomes concentrated
from profound decline in tissue uptake over time, unless
the clinician adjusts gas partitioning with the guidance
of a properly calibrated oxygen analyzer. Nitrous oxide
exposure leads to inhibition of the transmethylation
reaction necessary for maintenance of the myelin sheath,
and in susceptible patients, cases of profound neurologic
deterioration have been reported after a single exposure.14
In addition to these obvious scenarios, nitrous oxide may
also exert clinical impact not immediately recognized at
the time of its administration. By irreversible oxidation of
vitamin B12, nitrous oxide effectively impairs conversion
of homocysteine to methionine, and consequently this
impairment leads to dose-dependent plasma homocysteine
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elevation.15 Elevated plasma homocysteine, among the
general population, is associated with increased risk of
ischemic heart disease, stroke, and thrombosis.16,17 Surgical
patients receiving nitrous oxide not only develop higher
plasma homocysteine levels after surgery, compared
with patients not receiving nitrous oxide,18,19 but these
values often remain elevated for several days thereafter.20
Many investigators have hypothesized that this nitrous
oxide–mediated homocysteine elevation may contribute to
increased incidence of adverse postoperative cardiovascular
events. Addressing this potential cardiovascular risk to
those receiving nitrous oxide, compared with controls,
one study has shown a subsequently greater incidence
of myocardial ischemia, detected by Holter monitoring,
during the 48-hour period after surgery.21 On the basis of
these findings, an hypothesis associating nitrous oxide with
adverse cardiovascular sequelae would seem plausible.
Interestingly, in the past several years, possibly coincident
with publications suggesting a higher incidence of both
cardiac21 and other22 adverse outcomes, nitrous oxide
administration has declined in the United States, utilized in
33% of all general anesthetics given in 2009 but only 21%
of those in 2011 (http://www.hraresearch.com/expertise/
hospital-data-audits, Healthcare Research and Analytics
Operating Room Audit, accessed August 13, 2012).
In this issue of Anesthesia & Analgesia, Leslie et al.23
examined the impact of nitrous oxide administration on the
composite outcomes of nonfatal MI and 30-day all-cause
mortality among the subjects in the POISE trial. Contrary
to what we might have expected based on previous investigations, Leslie et al.23 found no evidence supporting the
hypothesis linking nitrous oxide to adverse cardiovascular
events. How might this be explained? First, the previously
described hypothesis, perhaps even the conclusions, may
be flawed. The POISE trial, unlike the trials investigating
homocysteine levels, measured objective, clinically relevant
end points. Although homocysteine elevation in the perioperative milieu appears to be associated with postoperative
morbidity, there are several sources of uncertainty. First,
regarding the chosen experimental outcome, Badner et al.21
used myocardial ischemia, a surrogate measure, based on
Holter evidence of ST depression within 48 hours of surgery as the measured end point, finding a significantly
greater incidence after nitrous oxide exposure compared
with controls. Although ST segment depression detected
by continuous electrocardiogram monitoring has clear predictive association with subsequent major adverse cardiac
events,24,25 it does not, by itself, constitute a clinically significant outcome. Another issue involves the possible confounding issue of Fio2− in the ENIGMA trial, the control
group received approximately >70% inspired oxygen, compared with 33% Fio2 in the nitrous oxide group. The relationship between Fio2 and outcome has itself been the subject
of intense scrutiny and speculation over the past decade.
Finally, Myles et al.18 concluded that although nitrous oxide
did increase risk of overall morbidity, this association could
not be explained by homocysteine elevation alone. At most,
elevated plasma homocysteine might provide partial influence, among many others, for the clinically relevant end
points measured in the trial. Might nitrous oxide exert other
physiologic influence that could, in contrast to the possible
May 2013 • Volume 116 • Number 5

harm exerted by metabolic inhibition, offer other benefits,
such as greater circulatory stability? Nitrous oxide is known
to exert heterogeneous circulatory effects, depending on the
presence of concomitant anesthetics, but overall increases
α-adrenergic tone under most circumstances.26 Thus, the
use of nitrous oxide, combined with lesser amounts of volatile agents, propofol or opioids, might allow the clinician to
economize use of the more depressant anesthetic or drug.
Previous experiments have shown that administration of
potent inhaled anesthetic in nitrous oxide–oxygen versus
oxygen alone, at equivalent minimum alveolar concentration multiples, results in less pronounced decrease in mean
arterial pressure, likely due to both the sparing of the potent
anesthetic and nitrous’s direct effect on peripheral vascular resistance.27–29 One small study of patients undergoing
coronary artery bypass surgery indicated that although
episodic exposure to 70% nitrous oxide did not result in
segmental wall motion abnormality or electrocardiogram
change indicative of ischemia, the cause and significance of
persistent left ventricular hypokinesis in 1 of 7 subjects after
initial nitrous oxide exposure remains unclear.29 Findings
suggesting that nitrous oxide affords better circulatory stability, compared with an equivalent minimum alveolar concentration fraction of a more depressant anesthetic, speak to
the need for further clinical outcome studies weighing this
potentially beneficial characteristic against the clinical cost
of perioperative plasma homocysteine elevation.
Despite the uncertainties raised by Leslie et al.23 in the
case against nitrous oxide, there are legitimate reasons to
maintain skepticism for findings that would seemingly
support a case for its continued use. First, because
randomization of subjects was to β-blockade versus
placebo, rather than to nitrous oxide versus oxygen (or
versus other anesthetic technique), it is not reasonable to
assume that similar characteristics existed between patients
who either did or did not receive nitrous oxide and some
of these characteristics may have been influential of the
primary outcome. Second, Propensity Scoring can certainly
improve matching of characteristics between those subjects
exposed versus unexposed in an observational trial, thereby
decreasing selection bias. Unfortunately, it cannot eliminate
such bias entirely.30 Propensity Scoring makes adjustments
for identifiable characteristics, but cannot adjust for factors
that nobody measured or knew about. Furthermore, the
Propensity Score matching process may underestimate
disparity between characteristics when substantial
overlap does not exist between groups; examination of
the Leslie et al.’s23 data suggests that nitrous use was at
least somewhat influenced by the country and hospital in
which the subject underwent surgery. In considering this
possibility of allocation bias, factors that might be difficult
to identify in a post hoc analysis include issues related to
the planned surgery, as well as the clinician’s judgment
of the patient’s clinical condition at the time, including
his anticipated tolerance for lower Fio2. And, because
nitrous oxide administration was a conscious choice on
the part of the clinician, cointervention may have served
to further confound, e.g., by proportional adjustment of
other anesthetics. Last, nitrous oxide was treated as a binary
(yes/no) predictor—no distinction was made between
administration of high inspired concentration over several
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hours versus brief administration, e.g., during the final 15
to 20 minutes of a case after anesthetics with higher tissue
solubility have been discontinued. As we have learned from
the primary findings of many trials, including POISE, the
clinical impact of a drug may vary depending on numerous
circumstances under which it is given.
Overall, the findings of Leslie et al.,23 for now, are reassuring. Despite the described methodological limitations,
there are strong arguments to be made in favor of these post
hoc findings. Large clinical trials are time consuming and
expensive, and our anticipated greater resource constraints
may make such trials even more difficult to conduct in the
future. Although observational studies will not provide
the same certainty about cause and effect as will randomized trials, more sophisticated analytical techniques and
selection of appropriate, clinically relevant outcomes may
enable us to minimize bias, and ask multiple research questions using the data derived from a single large trial. The
most reliable method toward understanding the impact of
nitrous oxide on outcome would come from an adequately
powered, well-designed randomized controlled trial. In fact,
the ongoing ENIGMA-2 trial, a large, mulicenter study of
high-risk patients assigned to nitrous oxide–oxygen versus
nitrogen–oxygen (Fio2 = 0.3 in all cases), with primary end
points of cardiovascular events and all-cause mortality at 30
days after surgery, promises to shed light on the question
more definitively. Nevertheless, as the authors have justly
stated in their discussion, the findings of this POISE post
hoc analysis will undoubtedly generate further hypotheses
and avenues of investigation. E
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