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Omission of Nitrous Oxide from a Propofol-based
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Undergoing Outpatient Gynecologic Surgery
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Background: Although nitrous oxide (N2O) is used commonly
during anesthesia, clinically relevant advantages–disadvantages
of using this agent are not well established in the ambulatory
setting. This study in women undergoing ambulatory gyneco-
logic surgery compares outcomes in patients administered total
intravenous anesthesia with propofol versus the propofol plus
N2O. The primary outcome was the time to home readiness.
Secondary outcomes included the incidence of postanesthetic
adverse events.

Methods: Women presenting for elective ambulatory termi-
nation of pregnancy or gynecologic laparoscopy were induced
with an intravenous sleep dose of propofol and fentanyl. After
induction, subjects were randomly allocated to maintenance

anesthesia with propofol alone or propofol plus 65% N2O. Pa-
tients were assessed by a blinded observer in the postanesthetic
care unit at 20-min intervals to determine home readiness.
Postoperative pain and nausea were measured with visual ana-
log scales. Postoperative analgesics and antiemetics were re-
corded. The incidence of adverse events occurring after hospi-
tal discharge was assessed by a telephone interview 24 h
postoperatively.

Results: A total of 740 patients received propofol alone, and
750 patients received propofol plus N2O. Mean home readiness
times were not significantly different between treatment
groups. There were no significant differences between groups
in pain scores, nausea scores, analgesia administration, or an-
tiemetic administration before discharge. There were no signif-
icant differences in the frequency of adverse events for 24 h
after discharge from hospital.

Conclusions: Omission of N2O from a propofol-based anes-
thetic for ambulatory gynecologic surgery does not affect time
to home readiness or the incidence of postoperative adverse
events up to 24 h after discharge from hospital. (Key words:
Awareness; outpatient surgery; total intravenous anesthesia.)

AMBULATORY surgery has undergone tremendous
growth over the last decade, and anesthesiologists have
had to respond to this trend by adapting to the unique
demands posed by ambulatory anesthesia. Patients must
be adequately anesthetized for surgery yet recover
quickly and with few residual effects so that they may be
discharged home shortly after surgery. Propofol is now
widely used to provide safe, effective, general anesthesia
for ambulatory procedures.1–5 It is currently considered
the intravenous anesthetic of choice because its short
duration of action allows patients to be discharged home
sooner than those anesthetized with other anesthetic
agents.6–10

Propofol is routinely administered to outpatients along
with nitrous oxide (N2O) as part of “balanced anesthe-
sia.” N2O is popular because it is inexpensive, easily
administered, and has a long history of use.11 Despite
this long history of apparently safe use, investigations
over the last three decades have revealed limitations and
dangers associated with this drug.11–23 However, its use
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in outpatient settings has been somewhat controversial
since harmful effects have been demonstrated in health-
care workers chronically exposed to low levels of
N2O.15,19,24 Personnel who work in ambulatory surgical
suites appear to be at highest risk.14,18 Because the use
of total intravenous anesthesia (TIVA) completely elimi-
nates the concern of occupational N2O toxicity, the
potential benefit of N2O to outpatients must be weighed
against the current information concerning toxicity.25

There are relatively few studies comparing clinical
outcomes of ambulatory anesthetics with and without
N2O. Data from these studies show that N2O reduces the
dosage of coadministered anesthetic drugs; however, it
remains unclear whether N2O provides any additional
clinical benefit.26 In addition, there is some evidence
suggesting that N2O may increase the incidence of ad-
verse outpatient outcomes, such as nausea and vomiting
and delayed discharge.27,28 None of the studies that
dispute this evidence have sufficient statistical power,
because of inadequate sample size, to rule out defini-
tively an association between adverse outcomes and the
administration of N2O.

These deficiencies led us to design a large, random-
ized, blinded, prospective study to determine the clinical
utility of N2O during propofol-based ambulatory anesthe-
sia. Thus, the purpose of this randomized blinded trial in
women undergoing ambulatory gynecologic surgery was
to compare total intravenous propofol anesthesia with
propofol plus N2O. The primary clinical outcome was
the time to home readiness. The secondary outcomes
were the incidence and severity of postanesthetic ad-
verse outcomes occurring over the first 24 h after hos-
pital discharge and the delayed discharge and readmis-
sion rates.

Materials and Methods

The study was conducted at four hospitals (details of
recruitment from the four hospitals are presented in the
Appendix). After obtaining protocol approval by each
hospital’s Human Ethics Committee, written informed
consent was obtained from patients undergoing termi-
nation of pregnancy or ambulatory gynecologic laparos-
copy. These two surgical procedures represented the
vast majority of ambulatory gynecologic surgery per-
formed at the institutions studied. Patients undergoing
other ambulatory gynecologic procedures were not stud-
ied to reduce heterogeneity in study population. Patients
were American Society of Anesthesiologists status I or II

and were between 18 and 55 yr of age. Patients were
excluded from participation if there was a history of
psychiatric disease, narcotic/sedative use, drug abuse, or
morbid obesity (. 30% above ideal body weight). No
premedication was given.

Patients were randomly allocated by computer-gener-
ated random numbers in blocks of four to receive either
total intravenous anesthesia with propofol (TIVA group)
or propofol and N2O (N2O group). Stratification by hos-
pital site and surgical procedure ensured that roughly
equal numbers of subjects within both treatment groups
were enrolled at each site. Four research assistants
blinded to treatment allocation enrolled patients into the
study, obtained demographic and baseline information,
and collected postoperative data. Fifteen anesthesiolo-
gists administered anesthetics, and 25 gynecologists per-
formed the procedures. Patients were allocated to either
the TIVA or N2O group when the anesthesiologist
opened the sealed opaque envelopes at induction of
anesthesia. The anesthesiologists were not blinded to
treatment allocation to ensure safe anesthetic care. Bi-
ased administration of the anesthetics and unblinding of
the research assistants were prevented by the following:
(1) preenrollment training of anesthesiologists to stan-
dardize anesthetic administration; (2) random visits by
the principal investigator (R. A.) to discuss the anes-
thetic protocol with the anesthesiologists; (3) ongoing
review of the anesthetic study sheets by the principal
investigator; (4) restricting the research assistants from
access to the operating rooms or patients’ charts.

Patients received 500 ml of normal saline solution
intravenously before arriving at the operating room. Pa-
tients were monitored with noninvasive blood pressure,
electrocardiography, pulse oximeter, and end-tidal gas
monitor.

At induction of termination of pregnancy, patients
received fentanyl 0.7 mg/kg intravenously. After denitro-
genation of the lungs with 100% O2, 20 mg lidocaine and
2.0 mg/kg propofol were infused intravenously over 40 s
with further increments of propofol titrated to loss of lid
reflex. In the N2O group, N2O and oxygen 65%–35%
were administered by mask. In the TIVA group, patients
received 100% O2. Anesthesia was maintained with in-
termittent bolus doses of 20 mg propofol in response to
clinical signs of light anesthesia (movement, tearing, or
phonation in response to surgical stimuli, or increases in
blood pressure, pulse rate, or respiratory rate of $ 20%).

At induction of laparoscopy, patients received fentanyl
1.5 mg/kg and d-tubocurare 3 mg intravenously. After
denitrogenation of the lungs with 100% O2, 20 mg lido-
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caine and 2.0 mg/kg propofol were infused intrave-
nously over 40 s with further increments of propofol
titrated to loss of lid reflex. After the administration of
succinylcholine 1.5 mg/kg intravenously, subjects were
intubated orally. After induction, patients were paralyzed
with 0.075–0.1 mg/kg vecuronium intravenously and
mechanically ventilated. In the N2O group, patients re-
ceived 65% N2O–35% O2, and in the TIVA group, patients
received 100% oxygen. Anesthesia was maintained with an
infusion of propofol 100–200 mg z kg21 z min21 supple-
mented by intermittent bolus doses of 20 mg propofol in
response to clinical signs of light anesthesia (movement or
tearing in response to surgical stimuli or increases in blood
pressure, or pulse rate of $ 20%). At the end of surgery,
neuromuscular blockade was reversed with atropine
0.02 mg/kg and neostigmine 0.04 mg/kg.

In all patients, propofol and N2O were discontinued
when the dressing was applied at the end of surgery.
None of the wounds were infiltrated with local anes-
thetic. The anesthesiologists recorded the allocation
group, induction and maintenance doses of propofol
administered, duration of surgical procedure measured
by stopwatch (induction of anesthesia to application of
final dressing), dose and timing of all drugs, and any
intraoperative anesthetic or surgical complications.

In the postanesthesia care unit, nausea, vomiting and
pain were treated according to study guidelines with
medications most commonly used in the study institu-
tions. Dimenhydrinate (25–50 mg intravenously) was
administered to patients who retched or vomited, could
not ambulate because of nausea, or had prolonged nau-
sea ($ 30 min). Morphine, 2–4 mg intravenously, was
administered incrementally as needed for pain during
the first hour of recovery by nurses in the postanesthesia
care unit who were not part of the research team. There-
after, pain was treated with acetaminophen with co-
deine or acetylsalicylic acid with codeine.

Nausea and pain were assessed every 20 min by a re-
search assistant using a visual analog scale of 100 mm.9,29

Postoperative administration of analgesia and antiemet-
ics was recorded. To allow comparison of narcotic anal-
gesic usage, dosages of codeine were converted to equiv-
alent morphine dosages, and analysis of analgesic usage
was made on standardized “morphine equivalents.”30

Time to home readiness was determined using the post-
anesthesia discharge scoring system (PADSS) based on
five main criteria31: (1) vital signs; (2) activity and mental
status; (3) pain, nausea, and vomiting; (4) surgical bleed-
ing; and (5) liquid intake–output. Each of the five cate-
gories is assigned a value of 0–2. Patients may be dis-

charged (i.e., are home-ready) when they attain a PADSS
score $ 9. Subjects were assessed by a blinded research
assistant every 20 min until they reached a score $ 9. In
addition, the same research assistant interviewed pa-
tients by telephone 24 h after discharge to determine the
incidence of postdischarge adverse outcomes.

The incidence of perioperative dreaming and aware-
ness during anesthesia was assessed in 649 patients 1
and 24 h after surgery by telephone interview using a
questionnaire.

Statistical Analysis
We planned to recruit 1,500 patients (n 5 1,000,

termination of pregnancy group; n 5 500, gynecologic
laparoscopy group), with half the patients randomized
to the N2O group and the other half to the TIVA group.
These sample sizes were identified to detect 20-min
differences in time to home readiness between treat-
ment groups with a power . 0.95 and a two-sided type
I error of 0.05, based on mean 6 SD time to home
readiness of 111 6 32 min (termination of pregnancy
group) and 139 6 50 min (gynecologic laparoscopy
group). Data were analyzed using patient allocation by
intention to treat. Descriptive statistics of continuous
variables are presented as mean 6 SD values, whereas
discrete variables are presented as percentage 6 95%
confidence intervals. Between-group comparisons were
made using unpaired t tests for continuous variables and
Fisher exact test for discrete variables. Repeated-mea-
sures analysis of variance was used to analyze continuous
variables measured over time.

Results

One thousand patients undergoing termination of
pregnancy (N2O, n 5 503; TIVA, n 5 497) and 490
patients undergoing laparoscopy (N2O, n 5 247; TIVA,
n 5 243) were studied (see Appendix for institution-
specific recruitment). Twenty-four hour follow-up as-
sessments were available from nearly all randomized
patients (termination of pregnancy: N2O 5 93%, TIVA 5
94%; laparoscopy: N2O 5 98%, TIVA 5 99%). The treat-
ment groups were similar in terms of age, weight, Amer-
ican Society of Anesthesiologists status, smoking history,
and history of postoperative emesis or motion sickness
(table 1). Within each surgical subpopulation, there
were no statistically significant differences in the dura-
tion of anesthesia or the total doses of fentanyl adminis-
tered to both treatment groups. Patients in the TIVA
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groups received significantly more propofol than pa-
tients in the N2O groups. The mean dose of propofol
administered to the TIVA group was 15% greater in
patients undergoing termination of pregnancy (N2O 5
217.3 6 54 mg, TIVA 5 247.5 6 68 mg; P # 0.001) and
25% greater in patients undergoing laparoscopy (N2O 5
381.1 6 137 mg, TIVA 5 456.0 6 169 mg; P # 0.001).

Primary Outcome: Time to Home Readiness
Within each surgical subpopulation, time to home

readiness was similar in both treatment groups (table 2).
Among patients undergoing termination of pregnancy,
the mean time between PADSS score $ 9 and actual
patient discharge was 70 6 55 min (N2O group) and
70 6 55 min (TIVA group; P 5 0.99). Anesthesia-related
causes for prolonged stay included nausea or vomiting
(N2O, n 5 2; TIVA, n 5 0); dizziness or headache (N2O,

n 5 3; TIVA, n 5 4); and other reasons (N2O, n 5 4;
TIVA, n 5 3). One patient in the TIVA group was admit-
ted overnight for observation after an episode of laryn-
gospasm, and one patient in the N2O group was admit-
ted for treatment of intractable pain. Mean time between
PADSS score $ 9 and patient discharge among the group
undergoing laparoscopy was 61 6 51 min (N2O group)
and 63 6 54 min (TIVA group; P 5 0.74). Anesthesia-
related causes for prolonged stay included nausea or
vomiting (N2O, n 5 6; TIVA, n 5 3); dizziness (N2O, n 5
12; TIVA, n 5 17); pain (N2O, n 5 2; TIVA, n 5 1); and
other reasons (N2O, n 5 2; TIVA, n 5 3). Two patients
in each study group were admitted to hospital after
surgical complications. Two patients in the N2O group
and one in the TIVA group were admitted for treatment
of severe nausea and vomiting. One patient in the N2O
group was admitted for refractory pain and one from the
TIVA group for severe vertigo.

Secondary Outcomes: Frequency of Adverse
Postoperative Events
There were no differences between treatment groups

in maximum visual analog scale pain scores, frequency
of analgesia administration, or mean dosage of analgesia
administered (morphine equivalents) before discharge
from hospital (table 3).

Maximum visual analog scale nausea scores were very
low, and there were no significant differences between
the treatment groups (table 4). The incidence of vomit-

Table 1. Patient Characteristics

N2O Group TIVA Group

Termination of pregnancy
Age (yr) 26.2 6 6 26.3 6 6
Weight (kg) 58.4 6 10 59.4 6 10
ASA status I/II (%) 93.1/6.9 93.0/7.0
Smoker (%) 34.3 33.9
History of postoperative

emesis or motion sickness (%)
17.7 18.1

Gestation (wk) 8.4 6 2 8.7 6 2
Laparoscopy

Age (yr) 34.2 6 6 34.7 6 5
Weight (kg) 61.7 6 12 62.2 6 11
ASA status I/II (%) 85.4/14.6 88.9/11.1
Smoker (%) 26.0 26.7
History of postoperative emesis

or motion sickness (%)
21.5 17.3

Birth control pill (%) 14.2 15.4
Menstrual (%FDLMP # 8 d)* 22.8 20.0
Pregnant (%) 15.1 10.7

Where appropriate, values are mean 6 SD.

* %FDLMP # 8 d 5 percentage of patients who were within 8 days of the first
day of their last menstrual period.

Table 2. In-hospital Recovery

N2O Group TIVA Group P

Termination of pregnancy
Time to home readiness (min) 113.0 6 31.0 110.8 6 30.1 0.24
Admitted to hospital (%) 0.2 0.2 1.00

Laparoscopy
Time to home readiness (min) 167.2 6 49.6 167.7 6 49.1 0.91
Admitted to hospital (%) 1.2 1.3 1.00

Where appropriate, values are mean 6 SD.

Table 3. Postoperative Pain and Analgesia Usage

N2O Group TIVA Group P

Termination of pregnancy
In hospital

Maximum pain score (cm) 2.4 6 2.5 2.5 6 2.6 0.46
Patients requiring analgesia (%) 18.1 21.3 0.20
Morphine equivalence dose

(mg)
2.4 6 2.1 2.4 6 1.6 0.83

After discharge
Pain in operative area (%) 34.6 35.2 0.83
Patients requiring analgesia (%) 20.8 21.2 0.94

Laparoscopy
In hospital

Maximum pain scores (cm) 5.0 6 3.0 5.4 6 2.8 0.15
Patients requiring analgesia (%) 75.5 80.1 0.23
Morphine equivalence dosage

(mg)
5.8 6 3.2 5.6 6 2.7 0.54

After discharge
Pain in operative area (%) 69.1 71.8 0.55
Patients requiring analgesia (%) 53.5 56.0 0.65

Where appropriate, values are mean 6 SD.
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ing was not significantly different between groups. In
the termination of pregnancy subgroup, antiemetics
were used approximately twice as frequently by the
patients who received N2O.

Six hundred forty-nine patients were questioned post-
operatively about perioperative dreams (table 5). Ap-
proximately 20% of the patients reported perioperative
dreams with no significant difference in the incidence of

dreaming between treatment groups. Approximately
70% of the dreams were reported to be pleasant, while
only 6–8% were considered unpleasant; 10%–15% of
dreams were thought to have occurred during anesthe-
sia, whereas the majority (53%–61%) was reported to
have taken place immediately postoperatively.

Only one patient in this study reported intraoperative
awareness (laparoscopy, N2O group). The attending an-
esthesiologist noted that this event was likely caused by
a kinked intravenous line that interrupted the flow of
propofol for a short period.

Twenty-four hours after discharge, patients in both
treatment groups reported similar amounts of postoper-
ative pain and analgesia usage (table 3). Twenty-four
hours after discharge, patients allocated to either treat-
ment group experienced similar emetic symptoms and
consumed similar amounts of antiemetic medication (ta-
ble 4). There were no differences between treatment
groups in the incidence of adverse symptoms experi-
enced up to 24 h after discharge from hospital (table 6).

Discussion

This study demonstrates that the elimination of N2O
from a propofol-based anesthetic does not significantly

Table 4. Postoperative Nausea and Vomiting

N2O Group TIVA Group P

Termination of pregnancy
In hospital

Maximum nausea scores
(cm)

0.4 6 1.1 0.4 6 1.1 0.83

Vomiting (%) 0.8 2.2 0.73
Patients requiring

antiemetics (%)
2.0 4.8 0.01

Dimenhydrinate dosage (mg) 23.8 6 8 25.0 6 10.8 0.72
After discharge

Nausea (%) 6.3 6.3 1.00
Vomiting (%) 2.2 1.5 0.48
Patients requiring

antiemetics (%)
0.4 0.6 1.00

Laparoscopy
In hospital

Maximum nausea scores
(cm)

0.7 6 1.6 0.7 6 1.6 0.72

Vomiting (%) 3.6 4.9 0.51
Patients requiring

antiemetics (%)
26.1 28.9 0.54

Dimenhydrinate dosage (mg) 24.9 6 10.6 22.6 6 12.0 0.24
After discharge

Nausea (%) 24.5 22.4 0.67
Vomiting (%) 11.2 10.4 0.88
Antiemetic usage (%) 1.2 1.3 1.00

Where appropriate, values are mean 6 SD.

Table 5. Incidence of Perioperative Dreams Reported 30 min
and 24 h after Surgery

Surgical Group

Frequency of
Dreams Reported

30 min
Postoperatively

Frequency of
Dreams Reported

24 h
Postoperatively

n/N % n/N %

Termination of pregnancy
N2O group 50/251 20 46/235 20
TIVA group 48/242 20 39/231 17

Laparoscopy
N2O group 16/73 22 18/72 25
TIVA group 12/78 15 11/79 14

There was no significant difference between treatment groups in incidence of
dreams.

n 5 number of patients reporting dreams; N 5 number of patients inter-
viewed.

Table 6. Course of Patients over the First 24 h after Discharge
from Hospital

N2O Group TIVA Group P

Termination of pregnancy
Able to leave home (%) 86.3 84.8 0.51
Headache (%) 19.9 20.3 0.87
Drowsy (%) 19.4 18.4 0.73
Dizzy (%) 16.8 16.0 0.72
Sleep quality (%)

Not at all good 5.6 4.8
Somewhat good 5.6 5.2 0.96
Moderately good 14.3 15.8
Very good 74.5 74.3

Sought medical attention (%) 0.4 0.6 1.00
Readmitted to hospital (%) 0.2 0.2 1.00

Laparoscopy
Able to leave home (%) 54.8 50.2 0.32
Headache (%) 15.8 19.1 0.40
Drowsy (%) 37.3 34.9 0.64
Dizzy (%) 24.9 24.9 1.00
Sleep quality (%)

Not at all good 7.9 10.0
Somewhat good 9.5 7.1 0.66
Moderately good 15.8 18.3
Very good 66.8 64.7

Sought medical attention (%) 1.2 0.4 0.62
Readmitted to hospital (%) 0.4 0.4 1.00
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alter the rate of recovery after ambulatory gynecologic
surgery. There was no difference in the incidence of
vomiting or severity of nausea measured by visual analog
scale between the two groups. Furthermore, we did not
observe any differences in the incidence of adverse post-
operative events up to 24 h after surgery. These results
applied equally to patients who underwent termination
of pregnancy and to those in the laparoscopy group.
Therefore, these results appear to be robust and are
unaffected by differences in the anesthesia protocols,
patient demographics, or surgical procedures in the two
surgical groups studied.

These results are similar to previous reports with
smaller groups of patients undergoing outpatient or in-
patient procedures.26,32–34 Sukhani et al.26 compared
the recovery characteristics of two groups of patients
undergoing ambulatory laparoscopy who were anesthe-
tized with propofol alone or propofol plus N2O. Al-
though the time from discontinuation of propofol to
eye-opening and orientation was significantly longer in
patients anesthetized with propofol alone, the time to
fulfilling the criteria for home readiness was not signifi-
cantly different between the two groups.

Nitrous oxide causes emesis in unpremedicated hu-
man volunteers.35 However, its significance after general
anesthesia and surgery is still widely debated.36–38 Post-
operative nausea and vomiting are influenced by age,
sex, date of menstrual cycle, obesity, type of operative
procedure, and anesthetic technique.36,39–45 In our
study, healthy female patients undergoing ambulatory
gynecologic surgery were studied to prevent confound-
ing by these variables, and thus our results apply only to
this population. Our data indicate that N2O does not
increase the incidence of postoperative vomiting. This
finding is in agreement with the results of Sukhani et
al.,26 who investigated the effect of N2O on postopera-
tive nausea and vomiting in 70 patients undergoing am-
bulatory gynecologic laparoscopy with propofol. Our
results are also consistent with the conclusions of a
metaanalysis by Tramer et al.27 that included studies of
heterogeneous populations, surgical procedures, and anes-
thetic techniques. Although the odds ratios and confidence
interval estimates calculated in the overall metaanalysis
suggest a moderate association between postoperative nau-
sea and vomiting and N2O, the authors concluded that this
association is only significant in patient populations with
baseline postoperative nausea and vomiting rates much
higher than those observed in our study.

Propofol requirements of patients who received N2O
were 20–25% lower than those who received propofol

alone in both surgical groups we studied. Previous stud-
ies of N2O using propofol or inhalational vapors as the
primary anesthetic agents have demonstrated similar re-
ductions in the dose of the primary anesthetic.26,33–44

Although this effect of N2O was sufficiently large to be
clinically important in patients undergoing laparoscopic
surgery, it was clinically insignificant in patients under-
going termination of pregnancy.

The frequency of dreaming reported 1 and 24 h after
surgery was similar to the incidence reported in previous
studies of women anesthetized with propofol and N2O
for termination of pregnancy.6,46 Less than 10% of pa-
tients who dreamt described their dreams as unpleasant.
Although Oxorn et al.46 reported that propofol is not
associated with unpleasant dreams, only 29 patients in
their study were allocated to receive propofol; therefore,
they probably did not detect this low incidence of un-
pleasant dreams.

The one case of intraoperative awareness in our study
was reported by a patient in the N2O group who had a
short period of intraoperative awareness during position-
ing for surgery. In this instance, the anesthesiologist did
not notice that the intravenous tubing was kinked until
after the patient had been positioned. This case illus-
trates that during intravenous anesthesia: (1) delivery of
intravenous anesthetic drugs must be monitored at all
times; (2) patients must be monitored regularly for signs
of inadequate anesthesia; and (3) administration of N2O
does not guarantee unconsciousness.

We did not observe any cases of awareness in the TIVA
group; thus, we can be 95% confident that the incidence
of intraoperative awareness is not greater than 0.4% in
patients undergoing outpatient gynecologic surgery
with our TIVA protocol.47 Miller et al.48 observed a 17%
incidence of awareness and recall using TIVA with
propofol and alfentanil. This rate greatly exceeds the
frequency of intraoperative recall commonly quoted for
general anesthesia (0.1–0.2%).49 Miller et al. attributed
the high incidence of recall they encountered to under-
dosing of propofol and alfentanil (their starting infusion
rates of propofol and alfentanil were 100 mg z kg21 z
min21 and 0.5 mg z kg21 z min21, respectively). It is likely
that we did not encounter this unacceptably high inci-
dence of recall as our protocol specified a starting propo-
fol infusion rate of . 160 mg z kg21 z min21 with subse-
quent reductions if indicated clinically.

The aggregated incidence of awareness in the N2O
group was 0.13%. Our study has only sufficient power to
detect a 20-fold difference in this rate with a power of
0.90 and an a level of 0.05. Although, on its own, our
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study does not have sufficient power to determine
whether N2O reduces the risk of awareness during in-
travenous anesthesia, it provides data from a large num-
ber of patients that may be combined with data from
future prospective randomized studies in a metaanalysis
to resolve this issue. In their metaanalysis, Tramer et al.27

reported that the risk of intraoperative awareness is
greatly increased in the absence of N2O (odds ratio, 4.5;
95% confidence interval, 1.1–18). However, this assess-
ment is probably highly biased because (1) their meta-
analysis selected studies that evaluated the effect of N2O-
free anesthetics on postoperative nausea and vomiting
rather than selecting studies aimed at investigating the
incidence of intraoperative recall per se (only 7 of the 24
trials that Tramer et al. evaluated reported intraoperative
recall as an outcome); and (2) six of seven cases of
intraoperative awareness during N2O-free anesthetics
were reported from one study in which it is evident that
not all patients received adequate levels of anesthesia.34

Nitrous oxide is a well-described analgesic agent that is
thought to interact with opioid receptors in the central
nervous system.50,51 Although data from animal studies
suggest that N2O may have properties leading to “pre-
emptive analgesia,”52,53 we found no evidence of this.
There were no differences in pain visual analog scale
scores in hospital or in the reported incidence or sever-
ity of pain up to 24 h after hospital discharge. Eger et
al.34 also found no evidence of residual analgesia after
surgery with N2O.

The major finding of this study in patients undergoing
ambulatory gynecologic surgery is that elimination of
N2O from a propofol-based anesthetic does not signifi-
cantly alter the time to discharge. There was no differ-
ence in the postoperative incidence of vomiting or se-
verity of nausea between treatment groups. In addition,
there was no difference in 24-h postoperative adverse
outcomes. Thus, these results indicate that the clinical
outcome of women undergoing outpatient gynecologic
surgery is largely unaffected by omission of N2O from a
propofol-based anesthetic.
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References

1. Edelist G: A comparison of propofol and thiopentone as induction
agents in outpatient surgery. Can J Anaesth 1987; 34:110–6

2. Henriksson BA, Carlsson P, Hallen B, Hagerdal M, Lundberg D,
Poten J: Propofol vs thiopentone as anesthetic agents for short opera-
tive procedures. Acta Anaesthesiol Scand 1987; 31:63–6

3. Heath PJ, Kennedy DJ, Ogg TW, Dunling C, Gilks WR: Which
intravenous induction agent for day surgery? A comparison of propofol,
thiopentone, methohexitone and etomidate. Anesthesia 1988; 43:365–8

4. Chung F: Outpatient anesthesia: Which is the best anesthetic
technique? Can J Anaesth 1991; 38:882–6

5. Raeder JC, Misvaer G: Comparison of propofol induction with
thiopentone or methohexitone in short outpatient general anesthesia.
Acta Anaesthesiol Scand 1988; 32:607–13

6. Jakobsson J, Oddby E, Rane K: Patient evaluation of four different
combinations of intravenous anesthetics for short outpatient proce-
dures. Anesthesia 1993; 48:1005–7

7. Gupta A, Larsen LE, Sjoberg F, Lindh ML, Lennmarken C: Thio-
pentone or propofol for induction of isoflurane-based anesthesia for
ambulatory surgery? Acta Anaesthesiol Scand 1992; 36:670–4

8. Valanne J: Recovery and discharge of patients after long propofol
infusion vs isoflurane anesthesia for ambulatory surgery. Acta Anaes-
thesiol Scand 1992; 36:530–3

9. Green G, Jonsson L: Nausea: The most important factor determining
length of stay after ambulatory anesthesia. A comparative study of isoflu-
rane and/or propofol techniques. Acta Anaesthesiol Scand 1993; 37:742–6

10. Korttila K, Ostman P, Faure E, Apfelbaum JL, Prunskis J, Ekdawi
M, Roizen MF: Randomized comparison of recovery after propofol-
nitrous oxide versus thiopentone-isoflurane-nitrous oxide anesthesia in
patients undergoing ambulatory surgery. Acta Anaesthesiol Scand
1990; 34:400–3

11. Baughman VL: N2O: Of questionable value. J Neurosurg Anes-
thesiol 1995; 7:79–81

12. McMorrow AM, Adams RJ, Rubenstein MN: Combined system
disease after nitrous oxide anesthesia: A case report. Neurology 1995;
45:1224–5

13. Ohryn M: Tympanic membrane rupture following general anes-
thesia with nitrous oxide: A case report. Am Assoc Nurse Anesthetists
J 1995; 63:42–4

14. Rowland AS, Baird DD, Shore DL, Weinberg CR, Savitz DA,
Wilcox AJ: Nitrous oxide and spontaneous abortion in female dental
assistants. Am J Epidemiol 1995; 141:531–8

15. Dale O, Husum B: Nitrous oxide: At threat to personnel and
global environment? Acta Anaesthesiol Scand 1994; 38:777–9

16. Hohner P, Reiz S: Nitrous oxide and the cardiovascular system.
Acta Anaesthesiol Scand 1994; 38:763–6

17. Reinstrup P, Messeter K: Cerebrovascular response to nitrous
oxide. Acta Anaesthesiol Scand 1994; 38:761–2

18. Donaldson D, Meechan JG: The hazards of chronic exposure to
nitrous oxide: An update. Br Dent J 1995; 178:95–100

19. Yagiela JA: Health hazards and nitrous oxide: A time for reap-
praisal. Anesth Prog 1991; 38:1–11

20. Buckley DN, Brodsky JB: Nitrous oxide and male fertility. Re-
prod Toxicol 1987; 1:93–7

21. Gillman MA: Haematological changes caused by nitrous oxide.
Cause for concern? Br J Anaesth 1987; 59:143–6

338

ARELLANO ET AL.

Anesthesiology, V 93, No 2, Aug 2000



22. Brodsky JB, Cohen EN: Adverse effects of nitrous oxide. Med
Toxicol 1986; 1:362–74

23. Schilling RF: Is nitrous oxide a dangerous anesthetic for vitamin
B12-deficient subjects? JAMA 1986; 255:1605–6

24. Peric M, Petrovecki M, Marusic M: Age-dependent haematologi-
cal disturbances in anesthetic personnel chronically exposed to high
occupational concentrations of halothane and nitrous oxide. Anesthe-
sia 1994; 49:1022–7

25. Baird PA: Occupational exposure to nitrous oxide: Not a laugh-
ing matter. N Engl J Med 1992; 327:1026–7

26. Sukhani R, Lurie J, Jabamoni R: Propofol for ambulatory gyne-
cologic laparoscopy: Does omission of nitrous oxide alter postopera-
tive emetic sequelae and recovery? Anesth Analg 1994; 78:831–5

27. Tramer M, Moore A, McQuay H: Omitting nitrous oxide in
general anesthesia: Meta-analysis of intraoperative awareness and post-
operative emesis in randomized controlled trials. Br J Anaesth 1996;
76:186–93

28. Melnick BM, Johnson LS: Effects of eliminating nitrous oxide in
outpatient anesthesia. ANESTHESIOLOGY 1987; 67:982–4

29. Taylor E, Feinstein R, White PF, Soper N: Anesthesia for laparo-
scopic cholecystectomy: Is nitrous oxide contraindicated? ANESTHESIOL-
OGY 1992; 76:541–3

30. Librach LS: The Pain Manual: Principles and Issues in Cancer
Pain Management. Toronto, Pegasus Healthcare International, 1997

31. Chung F: Are discharge criteria changing? J Clin Anesth 1993;
5(6 suppl 1):64–8

32. Lindekaer AL, Skielboe M, Guldager H, Jensen EW: The influence
of nitrous oxide on propofol dosage and recovery after total intrave-
nous anesthesia for day-case surgery. Anesthesia 1995; 50:397–9

33. Sengupta P, Plantevin OM: Nitrous oxide and day-case laparos-
copy: Effects on nausea, vomiting and return to normal activity. Br J
Anaesth 1988; 60:570–3

34. Eger EI, Lampe GH, Wauk LZ, Whitendale P, Cahalan MK,
Donegan JH: Clinical pharmacology of nitrous oxide: An argument for
its continued use. Anesth Analg 1990; 71:575–85

35. Rupreht J, Dworacek B, Bonke B, Dzoljic MR, van Eijndhoven
JH, de Vlieger M: Tolerance to nitrous oxide in volunteers. Acta
Anaesthesiol Scand 1985; 29:635–8

36. Erkola O: Nitrous oxide: Laparoscopic surgery, bowel function,
and PONV. Acta Anaesthesiol Scand 1994; 38:767–8

37. Hartung J: Twenty-four of twenty-seven studies show a greater
incidence of emesis associated with nitrous oxide than with alternative
anesthetics. Anesth Analg 1996; 83:114–6

38. Fisher DM: Dose nitrous oxide cause vomiting? Anesth Analg
1996; 83:4–5

39. Ding Y, Fredman B, White PF: Use of mivacurium during lapa-
roscopic surgery: Effect of reversal drugs on postoperative recovery.
Anesth Analg 1994; 78:450–4

40. Boeke AJ, De Lange JJ, Van Druenen B, Langemeijer JJM: Effect
of antagonizing residual neuromuscular block by neostigmine and
atropine on postoperative vomiting. Br J Anaesth 1994; 72:654–6

41. Korttila K: The study of postoperative nausea and vomiting. Br J
Anaesth 1992; 69:20S–3S

42. Beattie WS, Lindblad T, Buckley DN, Forrest JB: Menstruation
increases the risk of nausea and vomiting after laparoscopy. ANESTHE-
SIOLOGY 1993; 78:272–6

43. Watcha MF, White PF: Postoperative nausea and vomiting: Its
etiology, treatment, and prevention. ANESTHESIOLOGY 1992; 77:162–84

44. Reimer EJ, Montgomery CJ, Bevan JC, Merrick PM, Blackstock D,

Popovic V: Propofol anesthesia reduces early postoperative emesis
after paediatric strabismus surgery. Can J Anaesth 1993; 40:927–33

45. Wilson IG, Fell D: Nitrous oxide and postoperative vomiting in
children undergoing myringotomy as a day case. Paediatr Anaesth
1993; 3:283–5

46. Oxorn D, Orser B, Ferris LE, Harrington E: Propofol and thio-
pental anesthesia: A comparison of the incidence of dreams and peri-
operative mood alterations. Anesth Analg 1994; 79:553–7

47. Hanley JA, Lippman-Hand A: If nothing goes wrong, is every-
thing all right? Interpreting zero numerators. JAMA 1983; 249:1743–5

48. Miller DR, Blew PG, Martineau RJ, Hull KA: Midazolam and
awareness with recall during total intravenous anesthesia. Can J An-
aesth 1996; 43:946–53

49. Liu WHD, Thorp TAS, Graham SG, Aitkenhead AR: Incidence of
awareness with recall during general anesthesia. Anesthesia 1991;
46:435–7

50. Gillman MA: Possible mechanisms of action of nitrous oxide at
the opioid receptor. Med Hypotheses 1984; 15:109–14

51. Finck D: Nitrous oxide analgesia, Nitrous Oxide. Edited by Eger
EI. New York, Elsevier, 1985, pp 41–55

52. Goto T, Marota JJ, Crosby G: Nitrous oxide induces preemptive
analgesia in the rat that is antagonized by halothane. ANESTHESIOLOGY

1994; 80:409–16
53. Martin DC, Williams RS: Ethanol augments pre-emptive analgesia

produced by nitrous oxide in the formalin test in the rat. Neurosci Lett
1994; 180:9–12

Patient Recruitment Log

N2O Group TIVA Group

Termination of pregnancy
Toronto General Hospital 277 274
Toronto Western Hospital 226 223

Laparoscopy
Toronto General Hospital 88 84
Toronto Western Hospital 81 84
North York General Hospital 63 62
Women’s College Hospital 15 13

Time to Home Readiness at Each Study Institution

Time to Home Readiness
(min)

PN2O Group TIVA Group

Termination of pregnancy
Toronto General Hospital 127 6 30 125 6 29 0.25
Toronto Western Hospital 95 6 22 94 6 21 0.41

Laparoscopy
Toronto General Hospital 195 6 54 190 6 53 0.56
Toronto Western Hospital 164 6 38 165 6 38 0.81
North York General Hospital 130 6 28 135 6 36 0.35
Women’s College Hospital 203 6 50 196 6 53 0.70

Values are mean 6 SD.
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