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Early postoperative recovery in operating
room after desflurane anesthesia combined
with Bispectral index (BIS) monitoring and
warming in lengthy abdominal surgery: a
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Abstract

Background: This study aimed to determine whether the use of desflurane (DES) anesthesia combined with
bispectral index (BIS) monitoring and warming is effective in reducing anesthesia-controlled operating room time
(ACT) in patients undergoing lengthy abdominal surgery.

Methods: Seventy patients, 40 years of age or older, undergoing abdominal surgery expected to last three to five
hours were randomly assigned to the DES group (n = 35) or the control group (n = 35). Patients in the DES group
were maintained with desflurane anesthesia and received BIS monitoring and warming. Patients in the control
group were given non-desflurane anesthesia for maintenance, and the usage of BIS monitoring and warming were
not mandatory and determined by anesthesia care providers. Early postoperative recovery times were recorded.

Results: The times to extubation (8.8 ± 8.5 vs 14.7 ± 13.7 min, P = 0.035), eye opening (8.4 ± 8.6 vs 14.4 ± 13.4 min,
P = 0.028), responds on command (8.2 ± 8.5 vs 14.4 ± 13.0 min, P = 0.022), and the ACT (23.8 ± 11.4 vs 32.7 ±
15.4 min, P = 0.009) were significantly less in the DES group than that in the control group. The
postanesthesia care unit (PACU) length of stay, incidence of prolonged extubation, and surgeon and
anesthesiologist satisfaction were similar in two groups. Also, the result of multivariable linear regressions
showed that patients who were younger, female, lower BMI and non-DES anesthesia regimen resulted in
prolonged extubation.

Conclusions: Desflurane anesthesia combined with BIS monitoring and warming is associated with early
postoperative recovery in lengthy abdominal surgery.

Trial registration: ChiCTR-INR-17013333. Date of registration: November 11, 2017.
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Background
Anesthesia-controlled time (ACT) and turnover time are
two of the most important factors that regulate operat-
ing room (OR) efficiency [1]. Prolonged extubation is an
important factor affecting operating room efficiency,
which is a concern of surgeons and anesthesia care pro-
viders [2, 3]. Prolonged extubation slows work flow and
requires OR staff to monitor while waiting for the next
operation. Choosing appropriate anesthetic agents or
techniques is essential for anesthesia care providers to
reduce time of extubation and post-anesthesia recovery.
Desflurane, with the lowest blood-gas partition coeffi-

cient of the available halogenated agents, has been sug-
gested be a potential for rapid recovery after
discontinuation [4]. Previous meta-analysis found that
desflurane reduced the extubation time by 34% relative to
isoflurane and by 25% relative to sevoflurane [3, 5]. Com-
pared to propofol, desflurane reduced the mean time to
extubation and time to follow commands by 21% and
23%, respectively [2]. However, the time of emergence and
extubation between propofol-based total intravenous
anesthesia (TIVA) via target-controlled infusion (TCI) sys-
tem and desflurane are controversial [6].
Besides the use of anesthesia agents, many factors con-

tribute to faster post-anesthesia recovery and extubation.
Studies have suggested that intraoperative bispectral
index (BIS) monitoring can reduce anesthetic use and
recovery times [7, 8]. In addition, inadvertent periopera-
tive hypothermia also impacted recovery quality of gen-
eral anesthesia by influencing the kinetics and action of
various anesthetic and paralyzing agents [9]. The longer
anesthesia time, the higher the likelihood the patient
would experience hypothermia [10]. Actively warming
patients has been demonstrated to offer good conditions
for early tracheal extubation [11].
Considering the multiple factors affecting the early

extubation, the aim of this study was to explore whether
desflurane-based anesthesia combined with BIS monitor-
ing and active warming in lengthy abdominal surgery
could reduce the extubation time, improve the quality of
post-anesthesia recovery, and satisfaction of surgeons
and OR members.

Methods
Study design
This study was a prospective randomized controlled trial
with two parallel arms undertaken in West China Hospital
of Sichuan University, China. The ethics committee of our
institution approved the study protocol. All patients pro-
vided written informed consent before inclusion.
Randomization was performed using a computer-generated
randomization sequence and allocation concealment was
maintained until the time of anesthesia induction by
using opaque, numbered and sealed envelopes. The

trial was prospectively registered at Chictr.org.cn (ID
ChiCTR-INR-17013333).

Inclusion and exclusion criteria
Patients were eligible for participation if they met the
following criteria: elective abdominal surgery (surgical
time > 3 h and < 5 h) and older than 40 years of age. Ex-
clusion criteria were as follows: combined propofol and
desflurane anesthesia, combined sevoflurane and desflur-
ane anesthesia, no postanesthesia care unit (PACU) stay,
and failure to extubate. Patients who are participating in
other interventional studies are also ineligible.

Experimental protocol
Patients who met the enrollment criteria were randomized
1:1 to either the desflurane (DES) or the control group.
General anesthesia was induced with midazolam
0.05 mg kg− 1, sufentanil 0.3–0.5 μg·kg− 1, propofol 1.5–
2 mg kg− 1 and cisatracurium 0.15 mg kg− 1. The trachea
was intubated with an appropriately sized tracheal tube
(Mallinckrodt, COVIDIEN, Mexico). Patients were venti-
lated with the Datex Ohmeda ventilator (Aestiva/5 Com-
pact Plus, Datex-Ohmeda, Freiburg, Germany) by using
volume-controlled ventilation and with an inspired oxygen
fraction of 0.6 and a peak inspiratory pressure ≤ 30
cmH2O. The ventilation rate was adjusted to maintain
end-tidal carbon dioxide partial pressure between 35 and
45 mmHg.
In the DES group, anesthesia was maintained with

desflurane, continuous infusion of remifentanil 0.1–
0.2 μg·kg− 1·min− 1, and repetitive bolus injection of
cisatracurium and sufentanil as required throughout
the procedure. Maintenance of the effective desflur-
ane concentrations was adjusted according depth of
anesthesia monitored by BIS (Aspect Medical Sys-
tems, Newton, MA, USA). Patient temperature was
maintained by forced-air warming blanket (setting
temperature 38 °C) or warming infusion (setting
temperature 37 °C) to avoid nasopharyngeal temperature
lower than 36 °C.
In the control group, the only absolute criterion was no

desflurane inhalation during the procedure. Anesthesia
was maintained with propofol, sevoflurane, or both, and
the concentrations were adjusted according BIS or clinical
signs. Repeated dose of cisatracurium, sufentanil and con-
tinuous infusion of remifentanil 0.1–0.2 μg·kg− 1·min− 1

were prescribed throughout the procedure. Unlike the
DES group, the usage of BIS monitoring and warming
were not mandatory and decided by anesthesia care
providers.
At the end of the operation, desflurane, sevoflurane or

propofol and remifentanil were discontinued, and the
lungs were ventilated with 100% oxygen at a fresh gas
flow of 8 L/min. Reversal of neuromuscular block was
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achieved by administrating neostigmine (0.04 mg/kg)
with atropine (0.02 mg/kg) once spontaneous breathing
returned. After the patient regained consciousness, with
spontaneous and smooth respiration, the endotracheal
tube was removed and the patient was transferred to the
PACU for further care.

Outcomes
The following times were calculated: 1) extubation
time: completion of surgery to extubation; 2) eye
opening time: completion of surgery to patients’ eye
opening; 3) time to respond on command: completion
of surgery to the time when patients can respond on
command to squeeze fingers; 4) surgical time: incision
to surgical completion and application of dressing; 5)
anesthesia time: initiation of anesthesia to extubation;
6) exit from OR time: extubation to exit for OR; 7)
total OR time: arrival in the OR to departure from
the OR; 8) ACT: the combination of anesthesia induc-
tion time, extubation time and exit from OR time; 9)
PACU length of stay (LOS): time from arrival in the
PACU to meeting the PACU discharge criteria (post
anesthesia recovery score ≥ 9 according activity, respir-
ation, circulation, consciousness and color) [12]. Also,
the anesthetist and surgeon satisfaction and the inci-
dence of prolonged extubation were recorded. The
anesthetist was asked to express the satisfaction with
the anesthesia type while the surgeon judged the
turnover time of each procedure scored on a scale
from 1 to 5 (1 = poor to 5 = excellent). Prolonged
extubation is defined as an extubation time equal to
or longer than 15 min [5].

Statistical analysis
We hypothesized that desflurane would cause a 25%
reduction of extubation time compared with that in
the control group. At 90% power and significance at
the two-sided 5% level, this required a sample size of
60 subjects (30 per group), which we increased by
33% to accommodate withdrawal or missing data
points. All analyses were performed by an independ-
ent expert unaware of the allocated treatment groups.
Data are expressed as mean ± standard deviation

(SD) or number (percentage). Comparisons between
the two groups were performed using unequal-variance
student t test for continuous variables. Chi-square or
Fisher exact tests were used as appropriate for cat-
egorical variable comparisons between groups. Multi-
variable linear regression analyses were performed to
assess the association between variables contributed
to prolonged extubation. Results were considered sta-
tistically significant at a P value less than 0.05. Statis-
tical analyses were performed using statistical
software SPSS 17.0.

Results
Characteristics of the study population
A total of 218 patients undergoing abdominal surgery
were recruited. Among them, 80 were included and ran-
domly assigned to the DES group (n = 40) or the control
group (n = 40). After randomization, 10 patients were
excluded and 35 patients (DES) vs. 35 patients (control)
were included for final analysis (Fig. 1). No significant
difference was found between two groups in terms of
baseline characteristics. In the control group, sixteen pa-
tients received warming, nine received BIS monitoring
and two received both (Table 1).

Comparison of postoperative recovery between the DES
group and the control group
Patients from the DES group were found to have shorter
time to extubation, eye opening, and respond on com-
mand than patients from the control group (extubation,
8.8 ± 8.5 vs 14.7 ± 13.7 min, P = 0.035; eye opening, 8.4 ±
8.6 vs 14.4 ± 13.4 min, P = 0.028; responds on command,
8.2 ± 8.5 vs 14.4 ± 13.0 min, P = 0.022). Additionally, the
ACT in the DES group was significantly shorter than
that in the control group (23.8 ± 11.4 vs 32.7 ± 15.4 min,
P = 0.009). There was no significant difference found in
the PACU LOS, incidence of prolonged extubation, and
surgeon and anesthetist satisfaction between two groups
(Table 2).

Multivariable linear regressions
The result of multivariable linear regressions comparing
prolonged extubation time between several variants in
all patients is shown in Table 3. Age, gender, body mass
index (BMI) and group were factors that contribute to
extubation time. The results showed that patients with
younger age, female, lower BMI and non-DES anesthesia
regimen have longer extubation time.

Discussion
The turnover time and ACT are of particular interest to
anesthetists and surgeons, and are affected most by
anesthetic agents and anesthesia care during surgery. In
this randomized trial, we investigated the effects of
desflurane-based anesthesia regimen including BIS mon-
itoring and warming on early postoperative recovery in
lengthy abdominal surgery. It was observed that desflur-
ane anesthesia regimen when combined with BIS moni-
toring and warming is associated with reduced
extubation time, eye opening time, response on com-
mand time, and ACT in lengthy abdominal surgery.
However, the PACU LOS was similar between the two
groups.
The results of previous studies comparing the extuba-

tion time of desflurane with propofol-based TIVA or
sevoflurane have been controversial. For the studies
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comparing the desflurane with sevoflurane, most ob-
served a more rapid recovery from desflurane [4, 13, 14],
whereas others comparing desflurane with TIVA found
no superiority of desflurane [1, 15, 16]. Sevoflurane and
desflurane are both widely used inhalation anesthetics,
while desflurane has been shown to be associated with
shorter emergence time and earlier recovery time in sev-
eral studies [14]. Desflurane is characterized by a lower
solubility coefficient than sevoflurane, particularly after
long–duration surgeries [13, 14, 17]. With regards to the
studies comparing desflurane and propofol, a recent
meta-analysis found desflurane reduced the extubation
time by 21% [2]. However, two observational studies
found the use of TIVA with TCI system is more effective
than desflurane in reducing ACT [1, 18]. In our study,
anesthesia agents for the control group were adminis-
tered as both propofol or sevoflurane according to the
anesthetic care providers, i.e., propofol (9 patients), sevo-
flurane (10 patients), or combined propofol with sevo-
flurane (16 patients). Hence, our findings suggest that
desflurane anesthesia significantly reduces extubation
time (average by 5.9 min or 40%) relative to
non-desflurane anesthesia.
One factor to be addressed was that the faster postop-

erative recovery in the DES group was attributed to not
only desflurane but also the BIS monitoring and

warming. A recent meta-analysis has shown that the use
of monitoring with BIS reduced extubation time, orien-
tation time and PACU LOS [19]. Also, warming to pre-
vent perioperative hypothermia has been reported to
reduce the extubation time and improve outcomes in
the elderly during lengthy surgery [20]. However, it is
worth mentioning that the anesthesia care made by the
treating anesthetists in the control group was optional.
Therefore, a crossover of treatment between two groups
concerning the use of warming and BIS monitoring was
observed. In the control group, 66% of patients received
at least one of these two measures (i.e. sixteen patients
received warming, nine received BIS monitoring and
two received both). Consequently, it is rational to as-
sume that the BIS monitoring and warming are widely
accepted measures to improve anesthesia care.
The result of multivariable linear regressions

showed that patients with younger age, female, lower
BMI and non-DES anesthesia regimen resulted in
prolonged extubation time, which contradicted previ-
ous studies [1, 16, 21, 22]. Lai et al. reported that
older age, male, higher BMI, and longer anesthesia
time contribute to slower emergence in open major
upper abdominal surgery [1]. Chan et al demonstrated
that surgical time greater than 210 min and older
age, contributed to prolonged extubation for open

Fig. 1 Flow chart
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colorectal surgery [22]. The difference may be caused
by sufficiently homogeneity in terms of patient popu-
lation. First, the patients of Lai and Chan et al. were
older than those in our study (68 yrs. and 65 yrs. vs.
57 yrs). Also, we excluded the patients with age

younger than 40 years instead of 18 years, and the
mosre narrow yet older age range might weaken the
relevance between older age and prolonged extuba-
tion. Second, the patients’ BMI of Lai and Chan et al.
studies were slightly higher than those in our study

Table 2 Operating room time measurements between DES and control group

Items DES Group (n = 35) Control Group (n = 35) P value

Extubation time, min 8.8 ± 8.5 14.7 ± 13.7 0.035

Eye opening time, min 8.4 ± 8.6 14.4 ± 13.4 0.028

Time to respond on command, min 8.2 ± 8.5 14.4 ± 13.0 0.022

Anesthesia-controlled time, min 23.8 ± 11.4 32.7 ± 15.4 0.009

Exit From OR after extubation, min 10.6 ± 8.0 11.0 ± 7.3 0.835

Anesthesia induction time, min 6.1 ± 2.4 7.5 ± 4.7 0.132

Surgical time, min 216.2 ± 45.8 221.4 ± 60.2 0.69

Anesthesia time, min 261.2 ± 48.7 262.5 ± 63.2 0.92

Total OR time, min 293.6 ± 50.5 315.5 ± 78.1 0.17

PACU LOS, min 84.0 ± 34.0 92.1 ± 33.4 0.34

Prolonged extubation (≥15 min) 6 (17.1%) 9 (25.7%) 0.38

Anesthetist satisfaction 4.71 ± 0.67 4.54 ± 0.82 0.21

surgeon satisfaction 4.86 ± 0.43 4.71 ± 0.52 0.34

Data are shown as mean ± standard deviation or number (percentage). DES desflurane, OR operation room, PACU postanesthesia care unit, LOS length of stay, SD
standard deviation

Table 1 Baseline patient characteristics

Characteristics DES (n = 35) Control (n = 35) P value

Age (yr) 57.5 ± 10.3 56.2 ± 11.6 0.62

ASA II/III 28/7 27/8 0.77

Gender (M/F) 19/16 24/11 0.22

Body mass index (kg/m2) 21.85 ± 2.55 22.68 ± 3.03 0.23

Surgical procedure

stomach 10 (28.6%) 8 (22.9%) 0.77

liver 11 (31.4%) 15 (42.8%) 0.32

pancreas 3 (8.6%) 5 (14.3%) 0.45

colorectum 11 (31.4%) 7 (20%) 0.27

Anesthesia procedure

warming 35 (100%) 16 (45.7%) 0.0001

depth of anesthesia monitoring 35 (100%) 9 (20%) 0.0001

both 35 (100%) 2 (5.7%) 0.0001

Agents during anesthesia

desflurane 35 (100%) 0 (0%) 0.001

TIVA 0 (0%) 9 (26%) 0.001

sevoflurane 0 (0%) 10(28%) 0.001

sevoflurane+propofol 0 (0%) 16 (46%) 0.001

sufentanil, μg 37.8 ± 7.1 38.8 ± 8.9 0.64

remifentanil, μg 1399 ± 441 1466 ± 494 0.55

cisatracurium, mg 23.7 ± 5.1 24.2 ± 6.0 0.71

Dichotomous data are presented as number (%); continuous data are presented as mean (standard deviation). No significant difference was found between the two groups
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(24.5 kg/m2 and 23.9 kg/m2 vs. 22.3 kg/m2), although
the patients involved were both Asian. In the current
study, the average extubation time of eight under-
weight patients (BMI < 18.5 kg/m2, average 17.33 kg/
m2) were 20 min and that of seven overweight pa-
tients (BMI > 25 kg/m2, average 26.88 kg/m2) were
8 min, and consequently, the multivariable linear re-
gressions showed a negative correlation between BMI
and extubation time. Similarly, Suemitsu et al.. re-
ported a longer extubation time of underweight pa-
tients compared with normal-weight patients
(25.3 min vs. 22.7 min) [23]. Lee et al reported the
“obesity paradox” applies to colorectal cancer, as indi-
cated by decreased hospital LOS of overweight pa-
tients and increased hospital LOS of underweight
patients [24]. Meyerhardt et al. demonstrated that
weight loss after colorectal cancer-diagnosis was asso-
ciated with worse cancer-specific mortality and overall
mortality [25]. In current study, 64 of 70 (91%) pa-
tients were cancer patients and majority of them were
complicated with weight loss after cancer-diagnosis.
Although it is well known that obesity increases the
risk of prolonged extubation, few studies investigated
the relationship between being underweight and early
recovery in the operating room which further studies
are needed. Moreover, we showed that neither surgi-
cal time and anesthesia time contribute to prolonged
extubation, which might be due to the relative small
sample size and restrictive surgery duration of 3 to
5 h.
There are several limitations to the present study.

First, the sample size was relatively small, which may
cause a potential selection bias. Second, although the
data collector and analyzer were blinded, the anesthesia
care providers were not blinded. Also, the anesthesia
providers involved have different clinical experience
levels, which might increase the risk of bias as the profi-
ciency of the anesthesiologist can influence the extuba-
tion time. Third, there is the crossover of treatment
between two groups. Also, BIS and body temperature

were monitored to keep them in the normal range in the
DES group only while the data were not recorded or
compared between two groups. All of them might
underestimate the effect of the desflurane regimen.

Conclusions
In conclusion, desflurane anesthesia combined with BIS
monitoring and warming was shown to be associated
with earlier postoperative recovery in lengthy abdominal
surgery when compared to non-desflurane anesthesia
and standard practice. This can be an alternative used to
contribute to faster turnover time and improved OR effi-
ciency in clinical practice.
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Table 3 Multivariable linear regression analyses of variables
associated with extubation time

β 95% CI P value

Age −0.249 (−0.470, −0.028) 0.001

Gender −6.369 (−11.19, −1.540) 0.028

BMI −1.063 (−1.947, − 0.178) 0.019

Group 8.541 (3.768, 13.31) 0.001

Surgery time 0.06 (−0.106, 0.226) 0.474

Anesthesia time −0.026 (−0.183, 0.131) 0.742

β, difference between each variables using extubation time as dependent
variable. Gender Female 0, Male 1; Group The DES group 0, the control group
1; BMI Body mass index, CI Confidence interval. P value< 0.05 were
considered significant
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