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Abstract Early and clear recovery from anesthesia is the crux
for preventing perioperative complications in the obese under-
going bariatric surgery. Volatile inhalation agents by virtue of
high lipid solubility are expected to produce residual anesthet-
ic effects. Prospective randomized trials comparing desflurane
and sevoflurane used for anesthesia maintenance (electroen-
cephalograph guided) during bariatric surgery published till
1st of July 2017 were searched in the medical database.
Comparisons were made for surrogate markers of recovery
from anesthesia that included time to eye-opening (TEo), time
to tracheal-extubation (TEx), and Aldrete scores on immedi-
ately shifting to recovery (Ald-I). Five trials were included in
the final analysis. Patients receiving desflurane began to re-
spond faster by opening eyes on command (five trials) by

3.80 min (95%CI being 1.83–5.76) (random effects,
P < 0.01, I2 = 78.61%), and tracheal extubation was also
performed earlier (four trials) by 4.97 min (95%CI being
1.34–8.59). This meant a reduction of 37% in TEo and
33.60% in TEx over sevoflurane. Ald-I scores were higher/
better with desflurane by 0.52 (95%CI being 0.19–0.84)
(Fixed-effects, P < 0.01, I2 = 6.67%). Publication bias is likely
for TEo (Egger’s Test, X-intercept = − 8.57, P = 0.02). No
airway-related complications were reported with desflurane’s
expedited recovery. Use of desflurane compared to
sevoflurane for maintenance of anesthesia in morbidly obese
patients allows attaining verbal contact faster, and tracheal
extubating can be performed earlier without compromising
safety. The benefits of better recovery extend into the imme-
diate postoperative phase with patients being more awake up-
on shifting to the recovery.
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Background

Anesthesia for bariatric surgery and obese patients poses
many unique challenges for the anesthesiologist. The periop-
erative plan needs to be tailored with utmost care to avoid
anesthesia-related complications. A well-established fact that
can help avoid airway and pulmonary complications in obese
is to have the patient as awake as possible in the operating
room prior to tracheal extubation [1]. Although one cannot
directly control the wearing off of the anesthetic effects. the
type of drugs used are the prime modifiable factors that have
attracted significant research. Avoiding opioids or using short-
acting opioids along with adjuvants has already shown to
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improve outcomes by decreasing residual effects of anesthesia
exposure [2, 3]. Research has also established that avoiding or
minimizing the need of neuromuscular blocking agents can
directly cut down the number of postoperative pulmonary
complications in obese [4] The relatively less explored yet
potential modifiable factor is the type of maintenance anes-
thetic used. Emergence profile comparisons have been made
between total intravenous anesthesia (TIVA) and gas-based
general anesthesia. No clear superiority of one over the other
(gas vs TIVA) has been established, rather the expertise of the
anesthesiologist in using these techniques seems to guide
emergence profile more strongly [5, 6]. Further, the search
for the best anesthetic vapor during gas anesthesia has eluded
many researchers. Although many clinical studies have tried
to address this, results for obese patients are not entirely clear.

Intuitively based solely upon the blood gas partition coef-
ficients, one may be inclined to choose desflurane as the best
agent. This however may not be appropriate especially in
obese patients considering the role of oil/gas partition coeffi-
cient in residual effects of anesthesia. Desflurane’s blood gas
coefficient being 0.42 to 0.57 (lowest) might seem like a clear
winner [7]. However, in obese patients, increased body fat
percentage could play a vital role in prolonging the residual
effects of anesthesia. So, what may be true in the lean popu-
lation cannot be extrapolated to the obese population without
strong clinical evidence. In this meta-analysis, we consolidate
and evaluate the evidence comparing the two preferred anes-
thetic vapors (desflurane versus sevoflurane) used in obese
patients. We attempt to compare and quantify the benefits (if
any) during the immediate recovery phase from anesthesia for
obese patients undergoing bariatric surgery.

Objective

Our aim was to perform this meta-analysis in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) scheme (Fig. 1) and The Cochrane
handbook for systematic reviews of interventions [8, 9]. Our
primary aim was to compare desflurane with sevoflurane used
duringmaintenance of anesthesia in obese patients. Both these
agents were compared in terms of immediate post-anesthesia
recovery profiles. The parameters documented consistently
across trials were planned to be pooled together and used to
quantify recovery efficiency.

Methods

The systematic review was conducted based upon the recom-
mendations of The Cochrane Collaboration.

For identification of the potential studies that could be in-
cluded in our analysis, we used the PICOS (Population,

Intervention, control and outcome study) design. After litera-
ture search, trials were abstracted into a standardized PICOS
format and relevance to our present study question was
assessed by two independent reviewers.

Published trials were evaluated in the perspective of the
three dimensions of possible risks of errors: design errors (that
could lead to systematic errors indirectly via errors in out-
comes, comparators, etc.), bias or systematic error, and ran-
dom errors (Bthe play of chance^ in the reported outcomes).
These evaluations were also performed based upon the direc-
tions of The Cochrane collaboration [10, 11].

Eligibility Criterion

Randomized controlled trials involving adult patients
(age > 18 years) with body mass index > 35 kg/m2 comparing
the use of desflurane to sevoflurane for anesthesia mainte-
nance during bariatric surgery were included. Trials that made
comparisons with TIVA or any other anesthetic volatile agent
were excluded. Studies were also excluded if they did not
report immediate recovery-related outcomes [12, 13]. There
were no restrictions on the nature of the bariatric procedure
being performed during the study. We did not place any lim-
itation on trials being included based upon the language they
were published in. We also planned to include conference
abstracts and research letters if they met the above criterion
and were peer reviewed prior to publication. The following
study types were planned to be excluded: quasi-randomized
trials, observational trials, cross-over trials, and studies com-
paring non-bariatric procedures. The trial evaluating inhala-
tion agents in obese use electroencephalogram (EEG) or clin-
ical criterion-based titration of anesthesia; we restricted our-
selves to trials using objective titration of anesthetic depth.We
planned to exclude trials maintaining anesthesia based solely
upon clinical criteria to avoid performance bias across studies.

Search Strategy

We searched the Cochrane Central Register of Controlled
Trials (CENTRAL) in the Cochrane library, Embase,
PubMed/Medline, Cinahl, Google Scholar, and Web of
Science. The reference lists of the included trials and system-
atic reviews were manually searched for possible trials missed
by electronic search. We also explored for ongoing trials on
the topic of interest on the following websites: www.
controlled-trials.com, www.centerwatch.com and www.
clincaltrials.gov. We placed no restrictions on the time of
publication and included all published trials until the 30th of
June 2017. The following medical subject heading (MeSH)
terms were searched for in the above said database:
sevoflurane Vs desflurane, bariatric surgery, wakeup time,
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time to extubation, recovery profile inhalation agents, Aldrete
score bariatric surgery. We excluded the following terms
from the search string: isoflurane, general surgery, hemody-
namic comparison, TIVA.

Study Selection and Data Extraction

Two authors independently reviewed all the identified titles
and abstracts. Initial screening was done by them to exclude
clearly irrelevant search hits. The decision to include a trial
into final analysis was based upon the independent assessment
of these two independent authors. Any disagreements between
the two were harmonized by consensus and arbitration by a
third neutral author.

Data were extracted from the full-text article of each includ-
ed study, using a standardized data-extraction form prepared in
Microsoft Excel (Microsoft inc, USA). The following data was
extracted from each of the included trial—year and country of
publication, study design, patient demographic profile, inhala-
tion agent used during anesthesia maintenance, type of bariatric
surgery, method used to titrate anesthesia depth, amount of
opioid and neuromuscular blocker consumed (wherever report-
ed), time to eye opening after surgery, time to tracheal
extubation, Aldrete scores (upon shifting and at various time
intervals in the recovery), post-anesthesia care unit (PACU)
stay, and specific immediate adverse events directly related to
anesthesia. We attempted to extract frequency data of individ-
ual complications for detailed analysis; however, reporting was
very inconsistent among trials with most trials just grouping
complications and thus an analysis was not possible. If in any

Fig. 1 PRISMA flow diagram
illustrating flow chart outlining
retrieved, excluded, and included
studies
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study the relevant data was found to be missing, attempts were
made to contact the corresponding author via e-mail for the
required data. In the studies, if data of interest was expressed
in terms of median and interquartile range, authors were
contacted for the mean and SD values. In case no response
was obtained, we estimated the mean and standard deviation
using the validated Hozo’s formula [14, 15]. In few of the
studies, if variance associated with means for some variables
were not available, authors were contacted for the same. If no
response was received, we imputed these variances as per
Cochrane collaboration recommendations using mean from
available variances from other included studies [16, 17].

Outcomes

Primary outcome was the analysis of recovery profile imme-
diately after weaning off from anesthesia. The parameters that
were consistently documented across trials were as follows:

1. Time to eye opening—This was defined in all the studies
as the time duration between switching off of the anesthetic
vapor and patient’s opening of eyes on verbal command

2. Time to extubation of trachea—This was defined in the
included studies as the time duration between switching
off the anesthetic vapor and extubation of the trachea,
once the anesthesiologist was satisfied with the recovery
and was confident that the patient would be able to main-
tain the airway unassisted.

As an explorative objective, we were able to meaningfully
analyze/compare mean Aldrete scores in patients shifted to
recovery upon immediate arrival. All trials that reported the
patient recovery state in the recovery room used Aldrete score
to report the same. For reader’s reference, it is provided as the
supplementary Table 1. We also attempted to pool the results
for Aldrete score at 10 min and immediately prior to discharge
from recovery. However, only two studies reported these vari-
ables and pooling less than three groups is statistically not very
useful. For the same reason, our attempts to pool values for
total length of hospital stay and PACU stay were not successful.

Risk of Bias Assessment

All publications found during the search were manually and
independently reviewed by two independent reviewers. Criteria
that were used for assessing the risk of bias were based upon
the recommendations of the Cochrane Collaboration [18] and
included method of randomization; concealed treatment alloca-
tion; blinding during pre-, peri-, and postoperative care; blinded
data collection and analysis; blinded adjudication of study end-
points; and completeness of data. The graphical synopsis of the

above assessment was constructed using the software Review
Manager 5 (Cochrane Collaboration).

Studies were also assessed for a possible publication bias
initially using a funnel plot and later quantified using the
Egger’s test.

Statistical Analysis

The statistical analysis of the pooled data was performed using
Comprehensive Meta-analysis-Version 3 (Biostat Inc., USA).
Meta-analysis was performed using fixed-effect modeling and
subsequently random-effect modeling if heterogeneity was
found to be higher than > 40%. Heterogeneity among trials
was explored using the Chi-squared test with significance set
at P value of 0.10. The heterogeneity was quantified using the
inconsistency factor BI2.^ Values of I2 < 40% were considered
non-significant, 40–60% were considered to represent moder-
ate heterogeneity, and 60–90% was reported as high hetero-
geneity. Wherever, heterogeneity was found to be higher than
40% and results from random-effect modeling were reported.
Results were expressed as pooled means/pooled mean differ-
ence for continuous variables with 95% CI. P value of less
than 0.05 was considered statistically significant.

Results

During our preliminary search, we found 128 studies
matching our search criterion in the above-said database.
The search results from independent authors were combined,
and duplicates were removed automatically using Endnote
(Thompson Reuters, USA). During our search, we did not find
any non-English trials suitable meeting our search criterion.
No conference/proceeding abstract or research letter was
found to match the inclusion criterion. The study by Arain
et al. [19] did include some bariatric procedures, but the au-
thors included any abdominal surgery that lasted for more than
2 h. Thus, due to other abdominal surgeries also being includ-
ed in their data, we excluded this study from our analysis.
Trials by Ozdogan et al. [13] and De Baerdemaeker [12] com-
pared desflurane and sevoflurane in morbidly obese patients
undergoing bariatric surgery but did not report any parameter
relevant to immediate recovery profile and thus had to be
excluded from our analysis.

We could include five trials in our pooled analysis of the
primary parameters. All the included trials titrated the in-
traoperative anesthetic agents based upon an EEG parame-
ter. Four of these five trials used Bispectral (BIS) index to
adjust inhalation anesthetic concentration and one use
Patient State Index (PSI) for the same (Table 1). Time to
eye opening was reported by all the five trials and time to
tracheal extubation was reported in four trials. Three trials
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reported the Aldrete scores immediately on arrival in recov-
ery and thus we could generate pooled results for this pa-
rameter as an exploratory objective.

The results were analyzed under the following subheadings:

1. Time to eye opening
All the available times from the study were converted

and reported in Bminutes.^ Values were available from
five trials that included 118 and 114 patients in desflurane
and sevoflurane groups, respectively. The pooled mean
duration of time to eye opening was shorter in desflurane
group by 3.80min (95%CI being 1.83 to 5.76) (P < 0.01).
The heterogeneity for the above pooled comparison was
78.61% (Fig. 2). The pooled mean eye-opening time with
desflurane was 6.04 min and that with sevoflurane was
10.26. The use of desflurane lowered the eye-opening
time by nearly 37%.

We performed a sensitivity analysis to explore for the
high heterogeneity in the above pooled result. Using the
Bsingle study removal sensitivity analysis,^ we found that
almost all studies contributed equally to the reported het-
erogeneity. The study by Strum et al. had the highest
contribution (9.42%) in the heterogeneity, and all other
studies had contribution that varied between 6 and 8%.

2. Time to tracheal extubation
Reported duration in all the trials was converted into

minutes. Four trials included 98 and 94 patients in the
desflurane and sevoflurane group, respectively. The
pooled mean tracheal extubation time in desflurane was
9.32 min and that in sevoflurane group was 14.80 min.
Patients who got desflurane as the maintenance anesthetic
had tracheal extubation time lowered by 4.97 min (95%
being 1.34 to 8.59) (P = 0.01). This meant a reduction of
33.60%. The heterogeneity for the above comparison was
92.64% (Fig. 3).

For the exploration of heterogeneity, the sensitivity
analysis with single study removal method showed that
the trial by La Colla et al. contributed the most to hetero-
geneity. Its removal led to drop in heterogeneity to 78.22%
without significant alteration in the net effect size variable.

3. Aldrete score immediately on shifting to the PACU
Three trials reported the values on immediate shifting

to the PACU that included 79 patients in desflurane
groups and 75 patients in sevoflurane group. Patients in
the desflurane group had better recovery with pooled
mean Aldrete scores being higher by 0.52 (95% CI being
0.19 to 0.84) units, P < 0.01. (Fig. 4) This pooled result
had heterogeneity of 6.67%.
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Assessment of Publication Bias

Publication bias was evaluated for the primary variables. The
possibility of publication bias in time to eye opening was
likely. Funnel plot for this variable is shown in Fig. 5.
Egger’s regression test showed an X-axis intercept at − 8.57
with P value (two-tailed) being 0.017. The publication bias in
Btime to tracheal extubation variable^ was unlikely as Egger’s
regression test showed a value of intercept on X-axis at − 8.39
with a P value (two-tailed) of 0.11.

Study Quality Assessment

Quality assessment for bias in the included studies was carried
out as per other published meta-analysis and the guidelines
laid by the Cochrane Collaboration. These results are shown
in Fig. 6. We used Revman version 5 (Cochrane
Collaboration) for this evaluation and image generation.

Discussion

Our results have many direct and indirect clinical conse-
quences. Desflurane clearly demonstrated a decrease in the
eye-opening time that indirectly points towards the patient’s
ability to comprehend verbal commands and to react to them.
All anesthesiologists would agree that an awake patient is
much less prone to have acute airway-related complications.
This is even truer for bariatric patients where airway collapse
is the most dreaded complication resulting from obesity-
related anatomical alterations. The pooled 37% or 3.80-min
reduction in our results might seem small at first glance. The
benefit this reduction however extends beyond patient safety
alone. Saving of operating room time for each bariatric patient
can have lasting effect on hospital economy. It is estimated
that each minute of operating room is billed at around US$62
[20]. Considering this, the yearly number of bariatric proce-
dures totals to around 500,000 across the globe [21]. The
cumulative savings originating out of this single parameter

Study name Statistics for each study Sample size Difference in means and 95% CI

Upper Lower Difference Relative 
weightSevofluraneDesfluranep-ValuelimitlimitVariancein means

13.3125250.00-4.76-12.443.84-8.60Strum et al 2004

17.9420200.00-2.05-7.451.89-4.75Kaur et al 2013

23.4614140.00-3.01-5.990.58-4.50La Colla et al 2007 

23.6125250.00-0.78-3.690.55-2.23De Baerdemaeker et al 2003

21.6930340.300.89-2.890.93-1.00Vallejo et al 2007 

-3.80 1.00 -5.76 -1.83 0.00 118 114

-12.00 -6.00 0.00 6.00 12.00

Favours Des Favours Sevo

Study name Statistics for each study Sample size Difference in means and 95% CI

Upper Lower Difference Relative 
weightSevofluraneDesfluranep-ValuelimitlimitVariancein means

17.2525250.00-5.65-16.958.32-11.30Strum et al 2004

29.1014140.00-6.06-7.940.23-7.00La Colla et al 2007 

28.1425250.01-0.47-3.590.63-2.03De Baerdemaeker et al 2003

25.5130340.241.09-4.291.89-1.60Vallejo et al 2007 

-4.97 3.43 -8.59 -1.34 0.01 98 94

-20.00 -10.00 0.00 10.00 20.00

Favours Des Favours Sevo
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Fig. 2 Forest plot showing pooled mean difference in Btime to eye-opening^ with desflurane duration–sevoflurane duration. Solid diamond at the
bottom of comparison denotes the final net effect

Fig. 3 Forest plot showing pooled mean difference in Btime to tracheal extubation^with desflurane duration–sevoflurane duration. Solid diamond at the
bottom of comparison denotes the final net effect



even without considering other parameters we analyzed
would amount be enormous.

Time to tracheal extubation also showed a similar decrease
with the use of desflurane. This further substantiates the ability
of desflurane to allow expedited recovery. A similar trend was
reported by meta-analysis in non-obese patients by Macario
et al. [22]. It is however interesting to note that the expected
benefits with the use of desflurane are much more pronounced
in the obese. As per the Macario’s meta-analysis, the mean
patient responsiveness time was better by 1.7 min and the
tracheal extubation could be performed 1.3 min earlier in pa-
tients receiving desflurane. Our corresponding values in obese
were found to be 3.80 and 4.97 min, respectively. This makes
an even stronger point to use desflurane especially in the
obese. The above results are also in coherence with the expec-
tations based upon oil gas solubility coefficient of the volatile
anesthetics. Obese patients have higher body fat percentage

and are likely to show more marked difference among anes-
thetic agents with different fat solubility coefficients. Our
meta-analysis helps to provide clinical evidence for this intu-
itive hypothesis.

One of the most promising results of our analysis is the
finding that immediate Aldrete scores in the PACU were
higher in the desflurane group. This further demonstrates the
ability of desflurane-based anesthesia to wear off faster than
other volatile anesthetics. In obese, the incidence of postoper-
ative atelectasis, pneumonia, and aspiration is already higher
than the lean counterpart [4, 23]. Presence of residual anes-
thetic effects can increase these complications, predisposing to
higher perioperative morbidity [24]. A partially sedated obese
patient can develop airway obstruction or can have worsening
of obstructive sleep apnea (OSA) [25]. In a recent trial, Wani
et al. concluded that the higher the Aldrete score immediately
after endoscopy, the lower was the postoperative complication

Study name Statistics for each study Sample size Difference in means and 95% CI

UpperLowerStandardDifference Relative 
weightSevofluraneDesfluranep-ValuelimitlimitVarianceerrorin means

14.4920200.351.25-0.450.190.430.40Kaur et al 2013

66.1930340.030.770.030.040.190.40Vallejo et al 2007

19.3252250.011.730.270.140.371.00Strum et al 2004

0.52 0.17 0.03 0.19 0.84 0.00 79 75

-2.00 -1.00 0.00 1.00 2.00

Favours Sevo Favours Des

Fig. 4 Forest plot showing pooled mean difference in BAldrete scores immediately on shifting to recovery^ with desflurane duration–sevoflurane
duration. Solid diamond at the bottom of comparison denotes the final net effect
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Funnel Plot of Standard Error by Std diff in meansFig. 5 Funnel plot evaluating
publication bias for time to eye-
opening. A positive publication
bias is expected with X-intercept
at − 8.57 With P value being
0.017
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rate in obese patients [26]. We planned to analyze serial
Aldrete scores during the first 6 h of PACU stay. Although
individual trials did demonstrate benefit with desflurane as the
Aldrete scores continued to remain higher, a mathematical
pooling was not possible due to the insufficient number of
trials reporting this variable. Vallejo et al. found that Aldrete
scores reassessed at 10 min and at the time of discharge from
PACU continues to be slightly higher with desflurane [27]. In
the light of the above findings, it is prudent that future clinical
trials would be able to demonstrate sustained benefit with the
use of desflurane (at least during the early PACU stay). Other
benefits reported by isolated trials in obese patients undergo-
ing desflurane-based anesthesia include faster and better re-
covery of muscle strength (hand grip) [28], shorter hospital
length of stay [29], and lower hemodynamic variation and
better pulmonary function profile. [12]

Limitations

Our analysis had many limitations. The heterogeneity across
the pooled primary variables was high. We attempt to explore
this based upon sensitivity analysis yet it continued to remain
high. This is most likely related to the individual methodolog-
ical variations across the studies. Further, the variety of bar-
iatric procedures included could have added to the high

heterogeneity. We planned to perform a meta-regression strat-
ifying based upon the nature of bariatric procedure, but with
the small number of studies meeting the inclusion criterion,
this was not feasible. We also attempted to compute and com-
pare the total amount of opioids and neuromuscular blockers
used during the intra-operative period. Unfortunately, includ-
ed studies used predefined opioid infusions/regimen and poor-
ly documented the total number of blouses used. Thus, we
were not able to get accurate total opioid consumption during
the study and pooling these values was not appropriate. None
of the trials reported any airway-related complication with the
use of desflurane or sevoflurane; thus, faster attempts to wean
off anesthesia were equally safe in both the groups. As no
study documented specific adverse events, an analysis (al-
though planned) was not possible. Due to the small number
of available studies, the possibility of a type I error cannot be
completely negated. Time to eye-opening variable showed a
possible publication bias; this can also be related to the small
number of studies included in the analysis.

Conclusion

Use of desflurane compared to sevoflurane for maintenance of
anesthesia in morbidly obese patients undergoing bariatric
surgery allows the patients to attain verbal contact faster, and
tracheal extubating can be performed earlier without
compromising safety. The benefits of better recovery extend
into the immediate postoperative phase with patients being
more awake upon shifting to the recovery.
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