Anesthesiology

1998; 89:1524-31

© 1998 American Society of Anesthesiologists, Inc
Lippincott Williams & Wilkins

Recovery from Sevoflurane Anesthesia

A Comparison to Isoflurane and Propofol Anesthesia
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Background: Sevoflurane has a lower blood:gas partition co-
efficient than isoflurane, which may cause a more rapid recov-
ery from anesthesia; it also might cause faster emergence times
than for propofol-based anesthesia. We evaluated a database
that included recovery endpoints from controlled, randomized,
prospective studies sponsored by Abbott Laboratories that com-
pared sevoflurane to isoflurane or propofol when extubation
was planned immediately after completion of elective surgery
in adult patients.

Methods: Sevoflurane was compared to isoflurane in eight
studies (N = 2,008) and to propofol in three studies (N = 430).
Analysis of variance was applied using least squares method
mean values to calculate the pooled mean difference in recov-
ery endpoints between primary anesthetics. The effects of pa-
tient age and case duration also were determined.

Results: Sevoflurane resulted in statistically significant
shorter times to emergence (—3.3 min), response to command
(=3.1 min), orientation (—4.0 min) and first analgesic (—8.9
min) but not time to eligibility for discharge (—1.7 min) com-
pared to isoflurane (mean difference). Times to recovery end-
points increased with increasing case duration with isoflurane
but not with sevoflurane (patients receiving isoflurane took 4—5
min more to emerge and respond to commands and 8.6 min
more to achieve orientation during cases longer than 3 hr in
duration than those receiving sevoflurane). Patients older than
65 yr had longer times to orientation, but within any age group,
orientation was always faster after sevoflurane. There were no
differences in recovery times between sevoflurane and propo-
fol.
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Conclusions: Recovery from sevoflurane was 3—4 min faster
than with isoflurane in all age groups, and the difference was
magnified in longer-duration surgical cases (> 3 hr). (Key
words: Discharge; emergence; orientation; wake-up.)

IN this decade, two new volatile anesthetics have been
introduced into clinical practice: sevoflurane and desflu-
rane. Both are reported to have an improved recovery
profile compared to the older volatile anesthetics be-
cause of their lower blood:gas solubility.' > However, at
equivalent fresh gas-flow rates, sevoflurane and desflu-
rane cost 2-3 times more than equipotent concentra-
tions of isoflurane. Therefore, to justify the increased
expense of the newer volatile anesthetics, a clear cost:
benefit ratio needs to be shown. Although some of the
benefits of the newer volatile anesthetics may be out-
come factors other than an improved recovery profile
(e.g., reduced hepatitis risk, more stable cardiovascular
profile), this research focused on defining the benefit of
sevoflurane over isoflurane anesthesia in achieving clin-
ically important recovery endpoints. In addition, we
evaluated whether the expected recovery benefit of
sevoflurane over isoflurane was influenced by the dura-
tion of anesthetic exposure or by the age of the patient.
To do this, we accessed the clinical database from Ab-
bott Laboratories (Abbott Park, IL) that comprised Food
and Drug Administration phases II and III, controlled
patient trials of sevoflurane. More than 2,000 adult pa-
tients participated in studies in which they were ran-
domized to sevoflurane or isoflurane and were to be
extubated at the completion of elective surgery. We also
identified more than 400 adult patients randomized to
sevoflurane or propofol anesthesia in three outpatient
studies. We evaluated this database to quantify the re-
covery profile of sevoflurane and propofol.

Materials and Methods

We requested permission to access the clinical data-
base from Abbott Laboratories, which resulted from
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Food and Drug Administration phases II and III clinical
trials. These data were presented to the Anesthetic and
Life Support Drugs Advisory Committee of the Food and
Drug Administration for the registration of sevoflurane in
the United States (January, 1995).

Individual studies chosen for inclusion in this analysis
used the following protocol guidelines: patients were
adults (> 18 yr), patients received an intravenous anes-
thetic for induction of anesthesia, patients were ran-
domly assigned to receive sevoflurane or either isoflu-
rane or propofol, and tracheal extubation was planned at
the completion of surgery. Recovery endpoints (i.e.,
treatment-effect variables) were defined as follows:

1. Emergence: time from discontinuation of anesthesia
delivery (i.e., vaporizer or propofol infusion pump
turned off) to opening of eyes;

2. Response to commands: time from discontinuation of
anesthesia delivery to correct response to verbal com-
mands (e.g., hand squeeze);

3. Orientation: time from discontinuation of anesthesia
delivery to orientation (e.g., stating name and date of
birth or current location);

4. First analgesic: time from discontinuation of anesthe-
sia delivery to the patient request for the first post-
operative analgesic;

5. Recovery discharge: time from discontinuation of an-
esthesia delivery to eligibility for discharge from re-
covery room.

Statistical Methods

Descriptive statistics (mean, standard error, and range)
were used to summarize age, duration of anesthesia, and
minimum alveolar concentration (MAC) per hour
(MAC - h).

Recovery endpoints were analyzed by a mixed-effects
analysis of variance, with response equal to anesthetic
and study site random. Mean differences and 95% confi-
dence intervals were obtained from the least squares
mean values of the model. A statistically significant dif-
ference was achieved if the 95% confidence interval of
the mean differences (sevoflurane minus isoflurane or
propofol) did not include zero.®

A mixed-effects analysis of variance model that in-
cluded the study site as a random effect also was used to
evaluate the relations among recovery endpoints, anes-
thetic, age, and duration of anesthesia subgroups. Pre-
liminary evaluation of the model, including all main and
interaction effects, lead to a reduced model containing
main effects of anesthetic, case duration, and age and

Anesthesiology, V 89, No 6, Dec 1998

.pubs.asahq.org by guest on 05/15/2019

interaction effects of anesthetic X case duration and
anesthetic X age. Age was divided into three subgroups
of 18 to 34, 35 to 64, and = 65 yr. Duration of anesthesia
was divided into three subgroups of less than 1 h, 1 to =
5) o, el 5) fior == 5 .

The incidence of nausea or vomiting was compared
using Cochran-Mantel-Haenzsel analysis with stratifica-
tion by study site. Statistical significance was considered
when P < 0.05.

Results

A total of 11 studies were compatible with the inclu-
sion criteria. There were eight randomized studies from
the database that compared sevoflurane to isoflurane
(n = 2,008 patients); three studies comparing sevoflu-
rane to propofol were identified (n = 436 patients).
Although individual studies involved randomization, in
no study was the investigator blinded to the treatment.
Using emergence times as an example, the residual error
from the mixed-effect analysis of variance was 44.2, and
the estimate of the site variability was 3.7, indicating
there was more variability within a study site than be-
tween study sites. This uniformity between study sites
was consistent with all recovery endpoints. The average
patient age, duration of anesthesia, and MAC - h are
presented in table 1.

All patients were included in the evaluation of the
incidence of nausea and vomiting, however, it was de-
cided that “outliers” be removed from certain other
analyses. Two types of outliers were identified: those
with prolonged times to extubation and those with pro-
longed recovery room discharges. Nine patients were
excluded from all recovery-event analyses because of a
time to extubation that exceeded 80 min; five had re-
ceived sevoflurane and four had received isoflurane. This
cut-off time was arbitrarily chosen from inspection of the
data set that indicated usual extubation times (0 -25 min)
in almost all study participants. A similar inspection of
the data set identified a few patients for whom discharge
from the recovery room was more than 300 min. There
were 29 patients identified with extremely long dis-
charge times; 14 had received sevoflurane and 15 had
received isoflurane. The only recovery endpoint ex-
cluded from analyses for these 29 patients was the time
to discharge, because other endpoints (emergence, ori-
entation, among others) were comparable to the remain-
ing data. Although the reasons for these extended times
to discharge are unknown, explanations could be related
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Table 1. Descriptive Data for Sevoflurane, Isoflurane, and Propofol Anesthesia

Sevoflurane Isoflurane Sevoflurane Propofol
n 1168 840 216 220
Age (yr) 43 = 0.5 42 + 0.6 37 = 0.9 36 = 0.9
Range (yr) 18-983 18-84 18-75 18-71
Duration of anesthesia (min) 122024215 17172 2= 27 143 2= 72/ 752218
Range (min) 8-569 6-546 4-274 11-270
MAC - h 1.2 = 0.08 1.3 = 0.04 0.8 = 0.03 NA
Range (MAC - h) 0.04-7.5 0.04-15.1 0.05-2.7 —
Infusion rate (ug - kg ' - min ") NA NA NA 73 2= )

Data are mean *+ SEM.
NA = not applicable.

to an adverse postoperative event after early recovery
was achieved or could simply reflect an error in data
collection or entry.

For all evaluable studies, the investigator was required
to vary the volatile anesthetic concentration to meet the
demands of the surgical stimulus. All studies used MAC
values of 2.05% for sevoflurane’ and of 1.15% for isoflu-
rane;” four of the studies had significantly lower average-
administered MAC for sevoflurane compared to isoflu-
rane using these values. However, when using MAC
values of 1.80% for sevoflurane and of 1.17% for isoflu-
rane, as recently suggested by Mapelson,” there were no
significant differences in anesthetic concentration as a
percent of MAC.

Sevoflurane versus Isoflurane
Patients were classified as ASA class I, II, or III. They
ranged in age from 18 to 93 yr. Induction agents in-

cluded thiamylal, thiopental, propofol combined with
protocol-defined (per kg) doses of midazolam, and fent-
anyl as adjuncts to induction drugs. The duration of
anesthesia was not different between groups and aver-
aged 114.3 min and 119.0 min for sevoflurane and isoflu-
rane, respectively. The average end-tidal concentration
of sevoflurane was 1.28%, which corresponds to 0.62
MAC if 2.05% sevoflurane is used for the one MAC value,
and 0.71 MAC using a MAC value of 1.8%. Isoflurane had
an average end-tidal concentration of 0.85%, which was
0.74 MAC. The MAC levels were not different between
anesthetics. Anesthesia was administered in 50-70% ni-
trous oxide with oxygen balance, with the exception of
one study (n = 75), in which anesthesia was adminis-
tered in 100% oxygen.

Analysis of variance results are summarized in table 2
and indicate small but nevertheless significantly shorter
times to early recovery for sevoflurane compared to

Table 2. Recovery from Anesthesia Parameters for Sevoflurane Versus Isoflurane and Propofol

Response to Time to First Eligibility for PACU
Emergence Command Orientation Analgesic Discharge

Sevoflurane versus isoflurane

Sevoflurane 82 9.2* 16H0): 38:5¢ 99.8

Isoflurane 55 12-8 17.0 47.4 101.5
Pooled data

Mean difference 8:8 Sl 4.0 8.9 =17

Confidence interval 39t =27 =BIOMO=2.8 =52 (o) =) 18i6/tor—4.2 =56 a8

n (sevo/iso) 1,139/826 729/688 717/687 944/649 1,038/752
Sevoflurane versus propofol

Sevoflurane 9.1 10.1 1122 57.8 82.8

Propofol 9.9 k2 18:1 64.3 86.4
Pooled data

Mean difference =(0}7/ =12 -0.9 =616 =316

Confidence interval 2.0 to 0.5 2161010:8 2251 (o) (074 —19.9 to 6.8 —12.611al5 8

n (sevo/prop) 213/218 213/218 214/216 123/123 211/214

Data are the least squares mean times (min) with the 95% confidence interval. Differences in time are the sevoflurane time minus the isoflurance or propofol time.

* P < 0.05, statistical significance achieved within the sevoflurane versus isoflurane or sevoflurane versus propofol if confidence interval does not include zero.
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Nl isoflurane for emergence (3.3 min), response to com-
“imands (3.1 min), orientation (4 min), and first postop-
&0 erative analgesic (8.9 min). There was no difference in
9 the late-recovery endpoint of time to recovery room
“ discharge.

Preliminary analyses of these data indicated a nonsig-

I nificant case-duration X age-interaction effect. which

implies that there is a consistent pattern of response
among case-duration subgroups for each age subgroup
and conversely. There was a significant anesthetic X
case-duration interaction effect for time to emergence,
response to commands, and orientation, implying a dif-
ferent response pattern between sevoflurane and isoflu-
rane among the case-duration groups (fig. 1). Evaluation
of the least squares mean indicated no significant differ-
ences between sevoflurane and isoflurane anesthetics at
case duration times less than 1 hr. In contrast, there
were significant differences between sevoflurane and
isoflurane in the 1-to-3-hr and the 3-to-5-hr case-duration
groups. The least squares mean differences were approx-
imately 4 to 5 min shorter in duration for sevoflurane
than for isoflurane for emergence and response to com-
mands and 5.8 and 8.6 min shorter in duration for ori-
entation in the 1-to-3-hr and 3-to-5-hr groups, respec-
tively (fig. 1). There was no significant difference among
case-duration groups for time to first postanalgesic, but
the case-duration means were significantly different for
eligibility for recovery room discharge, with shorter-
duration cases associated with faster recovery room dis-
charge (84, 107, and 117 min).

There were no significant differences between age
groups for time to emergence, response to commands,
and eligibility for recovery room discharge (fig. 2). For
time to orientation, the 18-to-34, 35-t0-64 and =65-yr age
groups had mean times of 14.5, 14.8, and 17.4 min,
respectively. The mean orientation time for the =65-yr
group was significantly greater than the mean times for
the other two age groups and was independent of case
duration. For the time to first postoperative analgesic,
the mean time for the two younger groups (38.7 min)
was significantly less than the mean time for the elderly
group (61.2 min).

There was not a significant difference in the incidence
of nausea or vomiting between sevoflurane and isoflu-
rane (table 3).

Sevoflurane versus Propofol

Patients were American Society of Anesthesiologists
class I or II and received propofol for induction of
anesthesia. Patient age and case duration of anesthesia
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Fig. 1. Analysis of variance results showing times to emergence,
responses to commands, orientation, and discharge from re-
covery according to anesthetic used and duration of anesthesia.
Data are shown as mean * SEM; n = number of patients in each
observation. *Significant difference between sevoflurane and
isoflurane (significant anesthetic effect); tsignificant difference
with increasing duration of anesthesia; ¥ significant interaction
between and anesthetic and duration of anesthesia.

did not differ between propofol and sevoflurane groups
(table 1). The end-tidal concentration of sevoflurane was
1.4% (~ 0.7 MAC); the average rate of infusion of propo-
fol for maintenance of anesthesia was 75 pg - kg ' -
min '. There were no obvious outliers in the sevoflu-
rane-versus-propofol database for tracheal extubation
times or times to discharge from recovery room, such as
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Fig. 2. Analysis of variance results showing times to emergence,
responses to commands, orientation, and discharge from re-
covery. Data are shown as mean = SEM; n = number of patients
in each observation. *Significant difference between sevoflu-
rane and isoflurane (significant anesthetic effect); tsignificant
difference with increasing age.

there were in the isoflurane-versus-sevoflurane database.
There were no statistical differences between sevoflu-
rane and propofol for the recovery endpoints (table 2) or
for nausea and vomiting (table 3).

Discussion
The results indicate that, in the general patient popu-

lation undergoing elective surgery, small but significant
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differences exist in early recovery endpoints between
sevoflurane and isoflurane anesthesia. In patients anes-
thetized with sevoflurane, emergence from anesthesia
occurred an average of 3.3 min earlier, and orientation
occurred 4 min earlier than in patients anesthetized with
isoflurane. There were no significant differences in re-
covery endpoints when comparing sevoflurane to
propofol anesthesia, and there were no significant dif-
ferences between sevoflurane and isoflurane anesthesia
in the times to eligibility for discharge from the recovery
room.

Because we had access to the individual patient files
from the database, we were able to perform additional
analyses to determine the effects of age and case dura-
tion on recovery endpoints in patients receiving sevoflu-
rane and isoflurane. We could not perform these analy-
ses to compare sevoflurane and propofol because of
limited numbers of patients older than 65 yr (n = 6
sevoflurane, n = 8 propofol) and similar limitations in
the sample size for cases longer in duration than 3 hr
(n = 4 sevoflurane, n = 5 propofol).

We grouped the sevoflurane-versus-isoflurane database
into patients aged 18 to 34, 35 to 64, and = 65 yr of age.
Preliminary analyses of these data indicated a nonsignif-
icant case-duration X age-interaction effect, which im-
plied there was a consistent pattern of response among
case-duration subgroups for each age subgroup and con-
versely. We then compared recovery endpoints as a
function of age and case duration of anesthesia. Several
outcomes of these analyses appear to be unique. First,
mean times to early recovery endpoints were signifi-
cantly shorter in duration after sevoflurane than after
isoflurane anesthesia for each of these recovery end-
points and were consistent among each age group. Sec-
ondly, with either anesthetic, the time to emergence
from anesthesia (eye opening) and time to response to
command (squeeze hand) were not influenced by in-
creasing patient age. In contrast, time to orientation

Table 3. Incidence of Nausea and Vomiting after Sevoflurane,
Isoflurane, and Propofol Anesthesia

Sevoflurane versus Sevoflurane versus

Isoflurane Propofol
Sevoflurane Isoflurane Sevoflurane Propofol
n 1,168 840 216 220
Nausea 593 (51) 418 (50) 93 (43) 81 (37)
Vomiting 276 (24) 211 (25) 48 (22) 36 (16)
Nausea or Vomiting 593 (51) 418 (50) 104 (48) 87 (40)

Data are shown as number (%) of patients. There were no statistically signif-
icant differences in the incidence of nausea or vomiting (all P > 0.05).
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o were delayed in elderly patients compared to patients

younger than 65 yr of age, regardless of anesthetic.
Lastly, times to late recovery (discharge) were not in-
creased with age. The reason that emergence from gen-
eral anesthesia with a volatile anesthetic was not longer
in duration in the elderly patients than in the younger
patients may be two-fold. The blood:gas partition coef-
ficient of sevoflurane does not vary with age,'” and the
awakening concentrations of sevoflurane and isoflurane
decrease similarly with increasing age, such that the
ratios of MAC to the awakening concentration for
sevoflurane and isoflurane are similar."' The demonstra-
tion that time to orientation in elderly patients was
delayed is consistent with clinical observations and may
be caused by an interplay of the volatile anesthetics with
cognitive functioning in elderly patients.

When evaluating the effects of duration of anesthesia
on recovery endpoints, several interesting outcomes
were noted. First, in cases less than 1 hr in duration,
there were no differences between sevoflurane and
isoflurane in any recovery endpoint. This contrasts to a
recent publication summarizing the results of a multi-
center study of sevoflurane versus isoflurane in ambula-
tory anesthesia in which case durations averaged 38 - 46
min.® The authors showed a 2-min faster time to emer-
gence and a 3-min faster time to orientation with sevoflu-
rane. Because the range of case durations was from 7 to
207 min, it is possible that including cases that lasted for
more than 1 hr helped to achieve a statistical difference.
It seems more likely that after short-duration anesthetic
exposures, a minimal difference in recovery would exist
between any of the volatile anesthetics because there
would be little time to saturate tissue groups. This was
pointed out by Eger et al'® in a study in rodents in
which the kinetic advantages of the less-soluble anes-
thetics, sevoflurane and desflurane, were more difficult
to show after anesthetic exposures of less than 1 hr
compared to anesthetic exposures more than 1 hr. It also
has been shown in rodents that the differences in times
to recovery endpoints between anesthetics are smaller
when low concentrations of the anesthetics are used. In
the current study, the average concentration of sevoflu-
rane and isoflurane was only 0.7 MAC.

The difficulty in showing a more rapid recovery with
sevoflurane after short durations of anesthesia also may
be explained, in part, by the identical alveolar elimina-
tion of sevoflurane and isoflurane after short-duration
exposures in volunteers.'” Another possible explanation
for the absence of differences in recovery times in short-
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er-duration surgical procedures could be that residual
effects of induction agents and adjuvant drugs (opioids
and benzodiazepines) still are exerting an effect on cog-
nitive functioning. This might nullify any kinetic advan-
tage of the less-soluble anesthetic sevoflurane over isoflu-
rane. This factor also may have been influential in
comparisons between propofol and sevoflurane, be-
cause these cases had mean anesthetic durations of less
than 90 min (table 1), and in comparisons between
sevoflurane and isoflurane in ambulatory surgery pa-
tients in which fewer adjuvants might be used.”

In contrast to the absence of different recovery times
in cases of less than 1 hr in duration, there were signif-
icant and progressively greater differences in times to
recovery endpoints with isoflurane compared to sevoflu-
rane, with increasing case duration (1-3 and 3-5 hr). An
important advantage of sevoflurane appears to be that
times to early recovery endpoints are not influenced (not
lengthened) by case duration. In contrast, patients re-
ceiving isoflurane showed progressive lengthening of
times to early recovery endpoints with increasing case
duration. The lack of an effect of duration of anesthetic
exposure with sevoflurane on the times to early recovery
endpoints is consistent with a previous study by Frink et
al.'* that compared sevoflurane to isoflurane in patients
and also is consistent with a study in rodents,' but
differs from a study in volunteers not undergoing sur-
gery. 15

Because early recovery endpoints (e.g., times to emer-
gence and orientation) in patients receiving sevoflurane
were not affected by anesthetic duration, whereas, they
increased progressively with duration of administration
of isoflurane, an argument can be made that the optimal
use of the less-soluble anesthetics might be for cases of
longer duration. However, the newer volatile anesthetics
cost more per MAC per hour than isoflurane, making this
argument less tenable because of hesitation to use a
more costly volatile anesthetic in longer-duration cases.
One needs to consider whether a savings of indirect
costs, such as operating room time or personnel costs,
can be achieved if the less-soluble anesthetics are used in
the longer-duration cases or whether similar recovery
benefits of sevoflurane could be realized in longer-dura-
tion cases by using isoflurane throughout most of the
procedure and switching to sevoflurane near the com-
pletion of surgery.

The absence of differences between the recovery
times in patients receiving either sevoflurane or propofol
is at variance with two published multicenter stud-

ies'®'” in which early recovery endpoints were achieved
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1-3 min faster after sevoflurane than after propofol.
However, the current data are consistent with several
similar studies that compared recovery end-points be-
tween desflurane and propofol anesthetics.”'® 2 In ad-
dition, a meta-analysis of multiple studies of recovery
after desflurane and propofol anesthesia showed no sta-
tistical differences in times to recovery endpoints. As
stated previously, we cannot rule out the influence of
other residual drug effects in anesthetic cases of short
duration. Interestingly, the current study was unable to
show the commonly reported benefit of propofol over
volatile anesthetics on the incidence of nausea and vom-
iting.”' One needs to consider that the use of narcotics in
the recovery room at a time distant from propofol ad-
ministration might have obscured the antiemetic effects
of propofol.*'

One limitation of this and all previous studies of emer-
gence from anesthesia has been the standard require-
ment that the anesthetic concentration be kept at “sur-
gical depth” until the last suture or the dressing is in
place. Although this permits precise timing of the recov-
ery endpoints, it does not reflect the typical clinical use
of these primary anesthetics. Despite the lower blood:
gas solubility of sevoflurane compared with isoflurane
and the statistical result of a 3-4 min faster time to
recovery with sevoflurane, the average time to emer-
gence with sevoflurane still was 8 min. More typically,
primary anesthetics are titrated downward near the com-
pletion of surgery, and this approach often results in
wake-up and extubation occurring at or near the time of
the placement of the last suture or wound dressings.

In summary, postanesthesia recovery times in adult
patients were similar between sevoflurane and propofol,
but times to early recovery endpoints were significantly
shorter in duration (3-4 min) for patients receiving
sevoflurane than for those receiving isoflurane. These
small differences were magnified in cases in which an-
esthetic exposures exceeded 3 hr. Finally, aging did not
influence (prolong) most early-recovery events, except
for time to orientation. Regardless of choice of volatile
anesthetic, there were longer times to orientation in
patients older than 65 yr of age compared with younger

DeSouza G, VandenBosch M, Dorta F, Gold MI: A comparative
study of sevoflurane and isoflurane for maintaining anesthesia in pa-
tients over 65 (abstract). ANESTHESIOLOGY 1994;81:A7

# Dubin SA, Huang S, Martin E, List W, Schachter SA: Multicenter
comparative study evaluating sevoflurane versus propofol in anesthesia
maintenance and recovery in adult outpatients (abstract). ANESTHESIO!-
0GY 1994; 81:A2
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patients; but within any age group, time to orientation
was always faster after sevoflurane anesthesia.

Appendix 1

Much of the data summarized in the current report have subse-
quently been published as smaller, separate articles. Of the 2,008
patients randomized to sevoflurane and isoflurane, 10 studies have
been published that summarize data from 1,737 patients.® »'*22°23
For the studies comparing sevoflurane to propofol, three publications
have been identified that provide data from 434 patients.”**"#
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