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In this systematic review we focused on postoperative
recovery and complications using four different anes-
thetic techniques. The database MEDLINE was
searched via PubMed (1966 to June 2002) using the
search words “anesthesia” and with ambulatory surgi-
cal procedures limited to randomized controlled trials
in adults (�19 yr), in the English language, and in hu-
mans. A second search strategy was used combining
two of the words “propofol,” “isoflurane,” “sevoflu-
rane,” or “desflurane”. Screening and data extraction
produced 58 articles that were included in the final
meta-analysis. No differences were found between
propofol and isoflurane in early recovery. However,
early recovery was faster with desflurane compared
with propofol and isoflurane and with sevoflurane

compared with isoflurane. A minor difference was
found in home readiness between sevoflurane and
isoflurane (5 min) but not among the other anesthetics.
Nausea, vomiting, headache, and postdischarge nau-
sea and vomiting incidence were in favor of propofol
compared with isoflurane (P � 0.05). A larger number
of patients in the inhaled anesthesia groups required
antiemetics compared with the propofol group. We
conclude that the differences in early recovery times
among the different anesthetics were small and in favor
of the inhaled anesthetics. The incidence of side effects,
specifically postoperative nausea and vomiting, was
less frequent with propofol.

(Anesth Analg 2004;98:632–41)

Ambulatory surgery has increased rapidly in the
last 10 yr, and the availability of new minimally
invasive surgical techniques has resulted in an

increased emphasis on the expansion of day surgery.
This has also been made possible by the safety of ambu-
latory surgery in sick patients and in those undergoing
major surgery.

Together with the advancement in surgical tech-
niques has been the availability of newer and better
drugs with short onset and duration of effect, result-
ing in quick recovery and the possibility of earlier
discharge from the day surgical unit. Specifically, the
advantages of IV anesthesia using propofol over in-
haled anesthesia have been intensively discussed as

the subject of numerous studies with opposing results.
The introduction of less-soluble inhaled anesthetics,
desflurane and sevoflurane, has added a new dimen-
sion to recovery and fast-tracking (1–3) by allowing
more rapid recovery and earlier discharge home.
However, these anesthetics are associated with in-
creased cost compared with older inhaled anesthetics
and may be associated with an increased incidence of
side effects and complications (4,5). Additionally, Dex-
ter and Tinker (6) concluded that the theoretical ad-
vantages of one of these anesthetics, desflurane, did
not translate into rapid recovery from anesthesia
partly because patients received other drugs that may
have tended to equalize differences between these
anesthetics. The manner in which the anesthetic drugs
are delivered, including the use of concomitant med-
ications, may therefore influence the optimal choice of
anesthetic used to achieve early discharge, and an
understanding of the risks and benefits of the anes-
thetics could assist the practitioner to determine which
anesthetic to use in clinical practice.
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Meta-analysis has increasingly been used over the
last 10 yr as one of several ways to assess the efficacy
of newer drugs. The aim of this systematic review was
to assess whether maintenance of anesthesia using
propofol infusion, isoflurane, sevoflurane, or desflu-
rane is associated with faster recovery and fewer side
effects during ambulatory surgery in adults.

Methods
We searched MEDLINE (from 1966 to June 2002) via
PubMed using the MeSH terms “ambulatory surgical
procedure” or “outpatients.” This was combined with
the MeSH term “anesthesia” using the AND function.
The results were limited to randomized controlled
trials in humans, in the English language, and in the
adult (�19 yr of age) patient population. We soon
realized that we had missed a number of articles.
Therefore, we did another search using the words
“propofol,” “sevoflurane,” “desflurane,” and “isoflu-
rane” as text words, which produced more results.
Finally, we searched the reference lists of the already
published systematic reviews for any missing articles.

A hand search was also done through the reference
lists of included studies to further identify any articles
that had been missed using earlier strategies.

The following criteria were used in identifying ap-
propriate studies that could be included in the analy-
sis. The studies had to be randomized with the specific
primary end-point of assessment of “early” recovery,
“intermediate” recovery, and side effects or complica-
tions. The results had to be presented as means (and a
measure of variance but not range) or numbers (yes or
no) for the study to be acceptable for meta-analysis.

Studies where the authors had compared inhaled
anesthetics during “monitored anesthesia care” were
excluded, as were studies in which halothane or en-
flurane was used for maintenance of anesthesia.
Whenever an inhaled anesthetic was used for induc-
tion of anesthesia, the study (or the group that was
induced by an inhaled anesthetic) was excluded. Fi-
nally, studies where the results were presented as
graphs or histograms without digital data were also
excluded. Because of the vast number of tests used for
the assessment of psychomotor recovery in different
studies, as well as their limited clinical significance,
these tests were not included in our systematic review.

Table 1. Characteristics of Studies Comparing Propofol and Isoflurane

Study
Type of
surgery

Total
number of

patients
Induction
anesthetic

Was N2O
used?

Early
recovery

Intermediate
recovery

Authors
conclusion

Wilhelm (7) Mixed 249 Propofol No No differences NR No differences
Ashworth (8)* Mixed 60 Propofol Yes No differences No differences No advantage of propofol
Gupta (9) Arthroscopy 50 Propofol Yes No differences No differences Psychomotor recovery

earlier in isoflurane
Valanne (10) Oro-dental

surgery
50 Propofol Yes Propofol better Propofol better Propofol better

Nightingale
(11)

Gynecological 50 Propofol Yes/No NR NR Psychomotor recovery
earlier in propofol

Sung (12) Breast 99 Propofol or
thiopentone

Yes NR NR Propofol better

Werner (13) Dental 50 Propofol or
methohexital

Yes No difference Psychomotor recovery
earlier in isoflurane

Propofol better (less nausea/
vomiting)

Korttila (14) Gynecological 41 Propofol or
thiopentone

Yes Propofol better Propofol better Propofol better

Pollard (15)* Oral 49 Propofol Yes/No NR No differences Both techniques suitable
Moffat (16) Eye 40 Propofol or

etomidate
Yes Isoflurane better NR Isoflurane better

Larsen (17) Arthroscopy 30 Propofol No NR NR Isoflurane better
Marshall (18)* Dental and

Gynecological
114 Propofol Yes No difference NR No difference between the

agents
Visser (19) Mixed 554 Propofol Yes/No NR NR Propofol better in many

respects but expensive
Milligan (20) Gynecological 60 Propofol Yes More rapid in

propofol
group

NR Initial recovery quicker in
propofol group

Collins (21) Gynecological 30 Propofol Yes/No No difference NR Propofol has advantages
Lim (22) Dental surgery 50 Propofol or

thiopentone
Yes/No NR NR Propofol better

Alhashemi
(23)*

Knee surgery 62 Thiopentone or
propofol

Yes/No No difference No difference Isoflurane better and less
expensive

Zuurmond (24) Knee
arthroscopy

40 Propofol Yes No difference No difference Propofol comparable to
isoflurane

NR � not reported.
* Studies with more than two arms.
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Data extraction was done by two independent (pri-
mary) reviewers who were unaware of each other’s re-
sults (AG and TS or NS and RZ). Data included aspects
of patient characteristics, anesthesia, type of surgery,
“early” recovery (“time to open eyes,” “time to obey
commands”), “intermediate” recovery (“time to transfer
from Phase 1 to Phase II,” “home readiness,” and “home
discharge”), minor complications in the PACU or within
24 h including “pain,” “nausea or vomiting,” “antiemet-
ics” used, “dizziness/giddiness,” “drowsiness/
somnolence,” “headache,” “shivering,” or “coughing”.
Because authors had used different terminology for re-
covery indices, we came to an agreement that the fol-
lowing terms would be treated as measuring the same
end-point: time to open eyes and time to awakening;
time to obey commands and time to orientation or
squeezing fingers. Time to “emergence” was considered
too abstract to be included, and this variable was there-
fore excluded from the analysis. A differentiation was
made between “home readiness” (when the patient was
ready to be sent home) and “home discharge” (when the
patient was actually sent home). Data on post-discharge
nausea and vomiting (PDNV) were excluded when au-
thors did not differentiate between nausea and vomiting.

Extracted data were compared for agreement between
the primary reviewers by a secondary reviewer (SP).
Any discrepancies were noted and discussed further to
come to a consensus among all authors.

Data extracted from the relevant studies were en-
tered into the program RevMan 4.1 (Review Manager,
Cochrane Collaboration, UK) and analyzed. For di-
chotomous data, the relative risk (RR) with the corre-
sponding 95% confidence intervals (CI) were calcu-
lated for each study, and the results were pooled
together using the Mantel-Haenszel Method for com-
bining trials. For continuous data, the weighted mean
difference (WMD) and its corresponding standard er-
ror (SE) were calculated. The individual effect sizes
were weighted according to the reciprocal of their
variance. Subsequently, the inverse variance method
was used to pool the WMD. The overall estimate of
pooled effect was calculated. Heterogeneity was de-
termined under the assumption (null hypothesis) that
there are no differences in treatment effect between
trials. For combined dichotomous data, a fixed effect
model was used when there was no significant heter-
ogeneity (P � 0.05), otherwise a random effect model
was used. For continuous data, the weighted means

Table 2. Characteristics of Studies Comparing Propofol and Desflurane

Study
Type of
surgery

Total number
of patients

Induction
anesthetic

Was N2O
used? Early recovery

Intermediate
recovery Authors conclusion

Song (2)* Gynecological 80 Propofol Yes Desflurane better No difference Desflurane better for
fast-tracking

Tang (25) Mixed 75 Propofol Yes Desflurane better No difference Faster recovery
following
desflurane

Ashworth (8)* Mixed 60 Propofol Yes No difference No difference No clinical
advantage of
either

Hemelrijck (4)* Laparoscopic 46† Propofol Yes/No Desflurane better No difference Lower incidence of
nausea after
propofol

Rapp (26)* Orthopedic 45† Propofol Yes/No No difference No difference Desflurane
comparable to
propofol

Lebenbon-Mansour
(27)*

Orthopedic 30† Propofol Yes/No Desflurane better No difference Desflurane suitable
for maintenance

Eriksson (28)* Gynecological 59 Propofol Yes No difference Favours propofol Propofol better than
desflurane alone

Raeder (29) Laparoscopic 60 Propofol No Desflurane better No difference Advantages and
disadvantages of
both

Wrigley (30)* Orthopedic 30† Propofol Yes/No No difference Psychomotor recovery
better in desflurane

Desflurane suitable

Song (31) Gynecological 104 Propofol Yes Propofol better No difference Desflurane
associated with
better postural
control

Graham (32)* Gynecological 28† Propofol Yes/No Desflurane better No difference Desflurane provides
rapid recovery

Larsen (33)* Mixed 40 Propofol Yes/No Propofol better Propofol better
(cognitive functions)

Propofol better

Coloma (34)* Gynecological 34 Propofol Yes Desflurane better No difference No difference in
number of
patients fast-
tracked

* Studies with more than two arms; † groups with inhalation induction excluded.
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and their corresponding 95% CI were used. Results are
presented as WMD and 95% CI for continuous data,
and RR and 95% CI for dichotomous data. Whenever
data were presented as mean and SE of mean, the
latter was converted to standard deviation (SD) using
the formula: SD � � N � SE. The numbers-needed-
to-harm (NNH) were calculated for those variables
where a significant overall effect was seen (P � 0.05)
by the reciprocal of the control event rate (CER) minus
the experimental event rate (EER), mathematically:
1/(CER � EER). The NNH for each variable was the
NNH when one anesthetic technique was compared
with another. In case of antiemetics given, the NNH
was calculated on the basis of the number of patients
who received antiemetics in each group, when com-
paring two anesthetics.

Results
Literature Review

The MeSH term “anesthesia” revealed 127,165 articles,
and “ambulatory surgical procedure” revealed 6017
articles. Combining these two terms and limiting the
results to adults (�19 yr), in humans, and in English
revealed 932 articles. The second search strategy using
the text word “propofol” and combining it with
“isoflurane” revealed 449 articles, with “sevoflurane”
revealed 170 articles and with “desflurane” revealed

107 articles when limited to adults (�19 yr), in hu-
mans, and in English. Hand searching all these arti-
cles, and reviewing reference lists from previous pub-
lications including previously published systematic
reviews revealed 42 articles that had extractable data.
In a final search strategy, combining the MeSH terms
“ambulatory surgical procedures” or “outpatient pro-
cedures” revealed 13,104 articles. The MeSH term “an-
esthetics, inhalation” revealed 30,538 articles. Combin-
ing these strategies using the AND function revealed
302 articles. Limiting these to adults (�19 yr), humans,
and the English language revealed 180 articles. A hand
search of these revealed 16 articles that could be fi-
nally included in the meta-analysis.

Propofol Versus Isoflurane

We found 18 studies (7–24) with data that could be
extracted in the postoperative period (Table 1). No
differences were found between propofol and isoflu-
rane in early recovery or transfer from Phase I to
Phase II, but there was significant heterogeneity be-
tween groups in all these variables (Table 5). How-
ever, home discharge was significantly earlier with
propofol (15 min). There was a greater RR for postop-
erative complications including nausea (number
needed to treat [NNT], 8), vomiting (NNT, 10), and
headache (NNT, 22) in the isoflurane group (Table 5).
The use of antiemetics (RR, 2.7) was also more com-
mon in the isoflurane group. The RR for postoperative

Table 3. Characteristics of Studies Comparing Propofol and Sevoflurane

Study
Type of
surgery

Total number
of patients

Induction
anesthetic

Was N2O
used?

Early
recovery

Intermediate
recovery Authors conclusion

Song (2)* Gynecological 80 Propofol Yes Sevoflurane better No difference Sevoflurane better for
fast-tracking

Tang (35)* Mixed 69† Propofol Yes No difference Propofol better Propofol better in most
respects

Smith (36)* Mixed 61† Propofol Yes Sevoflurane better Propofol better Both drugs have
advantages and
disadvantages

Coloma (34)* Gynecological 34 Propofol Yes Sevoflurane better No difference No difference in number
of patients fast-tracked

Fredman (37)* Mixed 98† Propofol Yes No differences No differences Sevoflurane an acceptable
alternative

Peduto (38) General/ENT 60 Propofol Yes Sevoflurane better Sevoflurane better Faster emergence and
recovery after propofol

Raeder (39) Arthroscopy 169 Propofol Yes Sevoflurane better No differences More rapid recovery but
higher PONV after
sevoflurane

Smith (40)* Mixed 142† Propofol Yes No differences No differences Propofol better, but at a
higher cost

Jellish (41) Mixed 186 Propofol Yes Sevoflurane better No differences Sevoflurane compared
favourably with
propofol

Wandel (42) Mixed 50 Propofol Yes Sevoflurane better Sevoflurane better Sevoflurane is a useful
alternative to propofol

Larsen (33)* Mixed 40 Propofol Yes/No Propofol better Cognitive function better
in propofol group

Propofol better
(emergence and
cognitive functions)

NR � not reported.
* Studies with more than two arms; † groups with inhalation induction excluded.
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nausea (PON) and postoperative vomiting (POV) after
24 h was significantly higher with isoflurane com-
pared with propofol.

Propofol Versus Desflurane

There were 13 studies (2,5,8,25–34) with extractable
data that were included in the meta-analysis (Table 2).
Time to eye opening was significantly quicker with
desflurane compared with propofol (1.3 min), as was
the time to obey commands (1.3 min), with significant
heterogeneity between the anesthetics (Table 5). No
differences were found in home readiness or dis-
charge between the anesthetics. The RR for postoper-
ative complications including PON (NNT, 7) and POV
(NNT, 10) was significantly greater with desflurane
compared with propofol and the need for antiemetics
was also increased with desflurane (RR, 3.9) (Table 5).
No other differences were seen between the
anesthetics.

Propofol Versus Sevoflurane

There were 11 studies including 821 patients with
extractable data (2,33,35–43) (Table 3). No difference
was found in the time to eye opening between sevoflu-
rane and propofol, but time to obeying commands
was quicker in the sevoflurane group (1.6 min), with
significant heterogeneity between anesthetics (Table

5). No significant difference was found in the time to
home-readiness between the anesthetics, but with sig-
nificant heterogeneity. The time to home discharge
was earlier with propofol compared with sevoflurane
(10.3 min). The RR for postoperative complications
including PON (NNT, 11) and POV (NNT, 16) was
significantly greater with sevoflurane compared with
propofol but with significant heterogeneity (Table 5).
The need for antiemetics in the postoperative period
was significantly increased with sevoflurane (RR, 4.9).
There were no other significant differences between
the anesthetics.

Isoflurane Versus Desflurane

Four studies compared isoflurane and desflurane in
the ambulatory setting (8,44–46) and included 277
patients (Table 4). A statistically significant difference
was found in “time to eye opening” (P � 0.004) and
“time to obey commands” (P � 0.01) but in no other
variable of recovery (Table 6). The WMD in early
recovery between desflurane and isoflurane were
modest (4–5 min) and in favor of desflurane. Sore
throat was reported in only one study, and the inci-
dence was more frequent in the desflurane compared
with the isoflurane group (P � 0.05). No other differ-
ences were found between the anesthetics.

Table 4. Characteristics and Conclusions of Studies Included in the Meta-Analysis

Study Comparison between
Number of

patients Type of surgery
Was N2O

used? Early recovery
Intermediate

recovery Authors conclusions

Song (2)* Sevoflurane vs Desflurane 80 Gynecological
Laparoscopy

Yes No differences No differences Similar

Coloma (34)* Sevoflurane vs Desflurane 34 Gynecological
Laparoscopy

Yes No differences No differences Desflurane better

Larsen (33)* Sevoflurane vs Desflurane 40 Elective surgery Yes No differences NR Cognitive function
better in
Desflurane

Nathanson (53) Sevoflurane vs Desflurane 42 Gynecological
Laparoscopy

Yes Favours desflurane No differences Sevoflurane good
alternative

Naidu-Sjösvärd
(54)

Sevoflurane vs Desflurane 50 Arthroscopy No Favours desflurane No differences Sevoflurane
acceptable
alternative

Tarazi (55) Sevoflurane vs Desflurane 60 Gynecological
Laparoscopy

Yes No differences No differences No significant
differences

Ghouri (45) Isoflurane vs Desflurane 38 Mixed Yes Favours desflurane No differences Desflurane better
Gupta (44) Isoflurane vs Desflurane 50 Arthroscopy Yes NR No differences No difference
Rieker (46) Isoflurane vs Desflurane 33 Elective surgery Yes No differences‡ No differences Similar
Smith (47) Isoflurane vs Sevoflurane 62 Elective surgery Yes NR No differences No differences
Sloan (48) Isoflurane vs Sevoflurane 50 Amb Surg

procedures
Yes No differences No differences Sevoflurane better

recovery profile
O’Hara (49) Isoflurane vs Sevoflurane 47 Gynecological

surgery
Yes Favours sevoflurane No differences Sevoflurane better

Eriksson (50) Isoflurane vs Sevoflurane 49 Gynecological
Laparoscopy

Yes No differences† No differences† Early recovery better
in sevoflurane

Philip (51) Isoflurane vs Sevoflurane 246 Amb Surg
procedures

Yes Favours sevoflurane No differences Sevoflurane better

Elcock (52) Isoflurane vs Sevoflurane 180 Arthroscopy Yes NR NR No differences
Ashworth (8)* Desflurane vs isoflurane 90 Ambulatory

Surgery
Yes No difference No difference No difference

NR � Not reported.
* Studies with more than two arms; † data reported as median (range) or ‡ mean.

636 AMBULATORY ANESTHESIA GUPTA ET AL. ANESTH ANALG
SYSTEMATIC ANALYSIS OF RECOVERY AFTER AMBULATORY SURGERY 2004;98:632–41



Isoflurane Versus Sevoflurane

Six studies could be included with relevant data ex-
amining a total of 634 patients undergoing a variety of
ambulatory surgical procedures (47–52) (Table 4). Sta-
tistically significant differences were found in the
“time to opening eyes,” “time to obeying commands,”
“time to transfer from Phase 1 to Phase II recovery,”
“home readiness” (P � 0.00001), and “home dis-
charge” (P � 0.05). The results of the latter are, how-
ever, based on only two studies. The WMD in all the
recovery indices (early and intermediate recovery) be-
tween sevoflurane and isoflurane were small and in
favor of sevoflurane (Table 6). Drowsiness was signif-
icantly more frequent with isoflurane compared with
sevoflurane in the postoperative period (P � 0.03) but
no other significant differences were found in the
incidence of postoperative complications.

Sevoflurane Versus Desflurane

Six studies compared sevoflurane with desflurane
with a total of 246 patients (2,33,34,53–55) (Table 4).
The recovery variables “time to open eyes” (P � 0.005)
and “time to obey commands” (P � 0.00001) were
statistically significant, both in favor of desflurane.
The WMD in early recovery between anesthetics were
small (�1 min) and in favor of desflurane. The “time
to transfer from Phase 1 to Phase II,” however, was
earlier with sevoflurane compared with desflurane (P
� 0.00001) (WMD, 6 min) (Table 6). No other signifi-
cant differences were found between the two anes-
thetic anesthetics in recovery indices.

IV Versus Inhaled Anesthetics

When data were combined into an inhaled group
(isoflurane, desflurane, and sevoflurane) and com-
pared with an IV group (propofol), the incidence of
PON was 25.8% and 14.1% respectively (NNT, 8.6),
POV was 14.1% and 5.2% respectively (NNT, 11.2),
and the need for antiemetics was 16.6% and 5.1%
respectively (NNT, 8.7). Similarly, the incidence of
postdischarge nausea in the inhaled versus IV groups
was 21.5% versus 13.5% (NNT, 12.5), and the inci-
dence of postdischarge vomiting was 15.6% versus
5.9% (NNT, 10.3) respectively.

Discussion
In this systematic analysis of the literature, we found
that early recovery, characterized by opening eyes and
obeying commands, was statistically significantly dif-
ferent, but only marginally quicker, in desflurane and
sevoflurane compared with isoflurane or propofol
groups. Intermediate recovery characterized by home
readiness was slightly earlier in the sevoflurane group
compared with isoflurane group alone. Postoperative
complications, specifically PON and POV, were sig-
nificantly less frequent in the propofol group com-
pared with isoflurane, sevoflurane, and desflurane
groups.

No significant difference in early recovery was found
when isoflurane or propofol was used for the mainte-
nance of anesthesia. Although we found significant dif-
ferences in early recovery between sevoflurane/
desflurane compared with propofol/isoflurane in favor
of the former, the magnitude of these differences was

Table 5. Postoperative Recovery Profiles and Minor Complications Associated with Propofol Compared to the Inhaled
Anesthetics

End-point Propofol vs Isoflurane Propofol vs Desflurane Propofol vs Sevoflurane

Time to open eyes (min) 0.2 (�1.6 to 1.3)§ 1.3 (0.4 to 2.2)§† (D) 0.9 (�2.2 to 0.5)§
Time to obey commands (min) 0.5 (�1.0 to 1.9)§ 1.3 (0.4 to 2.3)§† (D) 1.6 (0.3 to 3.0)§* (S)
Time to Transfer from Phase 1

to Phase 2 (min)
4.3 (�5.4 to 14.1)§ NR 3.6 (�13.5 to 6.4)§

Time to home ready (min) 9.3 (�17 to 36)§ 3.1 (�7.7 to 1.5) 5.6 (�3.4 to 14.5)§
Time to home discharge (min) 15 (8 to 23)† (P) 3.9 (�9.3 to 1.5) 10.3 (3.9 to 16.6)† (P)
Postoperative nausea (PON) 2.0 (1.6–2.5)† (P), NNH � 8 2.0 (1.4 to 2.8)† (P), NNH � 7 1.6 (1.2–2.0)† (P), NNH � 11
Postoperative vomiting (POV) 3.2 (1.3–7.5)† (P), NNH � 10 2.6 (1.4 to 4.8)† (P), NNH � 10 2.0 (1.3–3.0)† (P), NNH � 15
Postoperative drowsiness NR NR 0.9 (0.1–5.9)§
Postoperative dizziness NR NR 1.4 (0.8–2.3)
Postoperative shivering 0.8 (0.6–1.3) 1.5 (0.4–5.4)§ 0.8 (0.5–1.3)
Postoperative headache 3.3 (1.1–9.6)* (P), NNH � 22 3.5 (0.6–19.8) 1.0 (0.2–7.1)
Antiemetics given 2.7 (1.7–4.2)† (P), NNH � 8.5 3.3 (1.8–6.0)† (P), NNH � 8 4.5 (1.5–14.0)† (P), NNH � 11
Post-discharge nausea (PDN) 1.8 (1.3–2.5)† (P), NNH � 8 1.2 (0.7–2.1) 1.3 (0.7–2.3)
Post-discharge vomiting (PDV) 2.5‡ (1.6–4.1) (P), NNH � 9 2.6 (0.1–62.7) NR

All results are shown as weighted mean difference (WMD) or relative risk (mean and 95% confidence intervals).
* P � 0.05, † P � 0.01, ‡ P � 0.001.
Significant results are shown in favor of: S � sevoflurane, I � isoflurane, D � desflurane and P � propofol when significant.
§ Significant heterogeneity; NR � not reported (or reported in only one study); NNH � Numbers needed to harm for significant differences.
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small (�5 min) and therefore of doubtful clinical rele-
vance even in a busy ambulatory unit. The small differ-
ences between these anesthetics were seen following
strict protocols and not allowing stepwise reduction in
anesthetic concentration towards the end of surgery,
which is normal clinical practice. Despite the low blood:
gas partition coefficient of desflurane and sevoflurane
with the theoretical advantage of rapid recovery from
anesthesia, these anesthetics have provided only margin-
ally better early recovery characteristics compared with
propofol or isoflurane. One explanation for this could be
that in most studies a combination of drugs is used.
Therefore, residual effects of drugs used for premedica-
tion, opiates, and muscle relaxants may interact with the
anesthetics to delay the onset of early recovery. Another
reason for these minor differences could be that the
depth of anesthesia at the end of the operation was
unknown. Most studies have used clinical assessment of
anesthetic depth based on hemodynamic responses to
pain during anesthesia and therefore it is easy to err on
maintaining patients deeply anesthetized, which in turn
affects recovery. Indeed, recent studies using bispectral
index (BIS) as a guide to anesthetic depth have shown
that a large number of patients can be “fast-tracked”
when anesthetic depth is monitored (4). Consequently,
appropriate depth of anesthesia is an important factor in
quick recovery after ambulatory surgery, a factor that
has not been used to advantage in most published
studies.

Our analysis demonstrated that sevoflurane was
associated with an earlier home readiness (5 min)
compared with isoflurane, with no differences among
the other comparison of inhaled anesthetics or against
propofol. However, propofol was associated with ear-
lier (10–15 min) home discharge compared with
sevoflurane/isoflurane. Similarly, sevoflurane was as-
sociated with a difference of 25 min in home discharge
when compared with isoflurane. However, the latter
findings were based on two studies with wide CI, and
borderline statistical significance.

In interpreting differences in home readiness and
discharge, it is critical to understand the factors influ-
encing the interpretation of each outcome. “Home
readiness” is the time when patients are ready to be
discharged home as assessed by standardized meth-
ods such as the modified postanesthesia discharge
scoring system, whereas “home discharge” is the ac-
tual time when the patient could leave the hospital.
The latter is affected by many non-medical factors
such as absence of an adult to accompany the patient
home or waiting to meet the doctor before going
home. Unfortunately, many authors have not made a
distinction between these variables and it sometimes
remains unclear which variable is actually being mea-
sured. Other factors such as duration and type of
surgery and local hospital practices and routines may
affect home discharge and may sometimes be more

important than the choice of the anesthetic used. For
instance, some hospitals use local anesthetics rou-
tinely into surgical wounds, which may reduce post-
operative narcotic requirements, which in turn may
affect discharge. Other hospitals require patients to
empty their bladders before being considered home
ready, which may also affect discharge times. Rapid
early recovery may also be associated with a greater
appreciation of pain in the early postoperative period,
which increases postoperative analgesic requirement
and thus delays recovery, a finding seen by Robinson
et al. (56) in their meta-analysis of sevoflurane versus
propofol. Recovery profiles can also be influenced by
concomitant analgesics used preoperatively and the
depth of anesthesia attained towards the end of the
operation. For example, differences in recovery and
home discharge have been found when using alfen-
tanil or fentanyl as analgesics (57). Some authors have
suggested that using BIS for depth of anesthesia mon-
itoring may enhance recovery (4). However, using a
standardized anesthetic regimen and strict discharge
criteria, Ahmad et al. (58) showed that BIS monitoring
does not have a significant effect on the ability to fast
track outpatients. In addition, although more patients
may be fast track eligible using desflurane or sevoflu-
rane compared with propofol for maintenance of
anesthesia (2), the number of patients who actually
bypass the PACU is much smaller because of
anesthetic-related factors such as residual sedation
(34). All these confounding factors need to be consid-
ered when making a case for the use of a specific
anesthetic for the maintenance of anesthesia in ambu-
latory surgical patients.

Postoperative nausea and vomiting (PONV) were
significantly more common with inhaled anesthetics
compared with propofol, and the use of antiemetics
was also more common with inhaled anesthetics. The
incidence of PDNV was also less frequent with propo-
fol compared with isoflurane but not desflurane or
sevoflurane. Tramer et al. (59) in a meta-analysis
found that maintenance of anesthesia with propofol is
an advantage compared with other anesthetics when
the incidence of complications is in the range of 20%–
60%, with NNT of �5. The incidence of PON was
25%–38% in our present analysis, which would sup-
port the use of propofol infusion. However, the effi-
cacy of propofol for reducing PONV was small com-
pared with the inhaled anesthetics, which may
question the use of propofol alone without antiemetic
prophylaxis in patients at risk. Other than headache,
which occurred with more frequency with isoflurane
compared with propofol, and drowsiness, which oc-
curred with a significantly more frequency with
isoflurane compared with sevoflurane, no other sig-
nificant differences were found in the incidence of
postoperative complications.
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There are a number of limitations in our meta-
analysis. Although we conducted a thorough review
of work published in the English language, there may
be additional references not identified in our search
strategies. Many authors did not state whether the
patients studied were inpatients or outpatients. When-
ever in doubt, we came to a consensus as to the study
group. When authors had not specifically stated
whether the data pertained to PON or POV, we de-
cided to exclude these data from the analysis. This
limits the number of patients studied, but we chose to
report PDNV as distinct end-points. We included pa-
tients who were administered nitrous oxide was ad-
ministered for maintenance in the IV anesthesia group
because we believe that this is a common practice used
in many studies. Excluding these studies would re-
duce the scope of this systematic review as well as
limiting our findings to a very small and distinct pop-
ulation. Patients induced with inhaled anesthetic (e.g.,
desflurane and sevoflurane) were also excluded from
our review, as this could affect the primary end-
points. Finally, we only analyzed studies published in
the English language, which can also be considered as
a bias. Many authors publish “negative” findings in
local (non-English language) journals (60), which
would suggest that the differences found by us may be
larger than the true differences among these anesthet-
ics, which is further support that the overall differ-
ences between the inhaled anesthetics are probably
very small.

In conclusion, the choice of anesthetic for mainte-
nance of anesthesia should be guided by the training
and experience of the individual physician, as well as
the routines and equipment available in the hospital,

because the specific anesthetic appears to play a minor
role in outcome after ambulatory surgery.
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Memorial Fund for financial support of this project.
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