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Abstract
An association between animals and volatile anaesthetic requirements has been shown; however, evidence related to the
postoperative outcome of human patients is lacking. Our aim was to investigate whether there is a difference in the requirement for
sevoflurane among people undergoing gastrointestinal surgery.
We observed 390 adult patients who underwent gastrointestinal surgery with an American Society of Anesthesiologists physical

status of I or II with an expected surgery duration of> 2hours. We used the bispectral index (BIS) to guide the regulation of end-tidal
sevoflurane concentration (ETsevo). The mean ETsevo from 20 minutes after endotracheal intubation to 2hours after the start of
surgery was calculated for all patients. Differential sevoflurane requirements were identified according to ETsevo. The BIS, ETsevo,
heart rate, mean arterial pressure, dose of sufentanil and cisatracurium, tracheal extubation time, incidence of intraoperative
awareness, and incidence of postoperative nausea and vomiting were compared between patients with a low requirement for
sevoflurane (groupL) and patients with a high requirement for sevoflurane (group H).
ThemeanETsevoof the390patientswas1.55%±0.26%.Basedonourdefinition,patientswithanETsevoof<1.29%wereallocated to

the low requirement group (groupL; n=69),while patientswith anETsevoof> 1.81%were allocated to the high requirement group (group
H; n=78). The ETsevo of group L was significantly lower than the ETsevo of group H (1.29%±0.014% vs 1.82%±0.017%, P< .001).
There was no significant difference in the ETsevo, BIS, heart rate, mean arterial pressure, dose of sufentanil and cisatracurium, tracheal
extubation time, incidence of intraoperative awareness, and incidence of postoperative nausea and vomiting. The tracheal extubation time
in the L group was significantly shorter than that in the H group. No intraoperative awareness occurred.
There was a significant difference in the requirement for sevoflurane in adult patients. The tracheal extubation time in group L was

significantly shorter than that in group H.

Abbreviations: BIS = bispectral index, ETsevo = end-tidal sevoflurane concentration, group H = high requirement for
sevoflurane, group L = low requirement for sevoflurane, HR = heart rate, MAP = mean arterial pressure, PETCO2 = end-tidal partial
pressure of carbon dioxide.

Keywords: anesthetic requirement, bispectral index, end-tidal anesthetic gas concentration, sevoflurane
Editor: Ibtesam Hilmi.

This work was supported by the grants 2018SZ0211 (to L.Z.) from Science &
Technology Department of Sichuan Province and 1, 3, 5 Project of West China
Hospital.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
publicly available.
a Department of Anesthesiology, West China Hospital of Sichuan University,
Chengdu, Sichuan, China, b Department of Anesthesiology, Affiliated Hospital of
Zunyi Medical University, Zunyi, China.
∗
Correspondence: Dong Hang Zhang, Department of Anesthesiology, West

China Hospital of Sichuan University, Chengdu 610041, China
(e-mail: zhangdhscu@163.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Li J, Wei YY, Zhang DH. Postoperative recovery of
patients with differential requirements for sevoflurane after abdominal surgery: A
prospective observational clinical study. Medicine 2021;100:8(e24842).

Received: 11 August 2020 / Received in final form: 24 October 2020 /
Accepted: 26 January 2021

http://dx.doi.org/10.1097/MD.0000000000024842

1

1. Introduction

The depth of general anaesthesia during surgery is closely
associated with the postoperative recovery of patients. Previous
studies have shown that a 21% increase in mortality, a delayed
early postoperative recovery, a prolonged hospital stay, wasted
anaesthetic, and an increased cost of hospitalization are
associated with deep anaesthesia.[1–3] Low anaesthesia increases
the risk of intraoperative awareness and adverse cardiovascular
events, cerebrovascular events, and stress responses.[4,5] There-
fore, it is crucial to identify a means to guide individually
anaesthetized patients to improve postoperative recovery and
avoid anaesthesia-related complications.
Clinical signs, such as heart rate (HR) and blood pressure, are

unreliable when evaluating an anaesthetic depth and preventing
intraoperative awareness.[6–8] Moreover, early attempts were
made to monitor the depth of anaesthesia using electroencepha-
lography,[9] the entropy index,[10] cerebral oxygen saturation,[11]

and end-tidal concentrations of inhaled anaesthetics.[12] Howev-
er, these indicators have limitations. Fortunately, the bispectral
index (BIS) derived from electroencephalography was the first
approach introduced into clinical practice to measure the depth
of sedation, which was approved by the Food and Drug
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Administration in the USA.[13,14] BIS values between 40 and 60
indicate an adequate depth of general anaesthesia.[4] Previous
studies have shown that the target BIS value range of between 40
and 60 is advocated to prevent anaesthetic awareness while
allowing a reduction in the administration of anaesthetic
agents.[15,16] Additionally, the BIS correlates with behavioural
measures of sedation and anaesthesia in adult clinical utility
studies and is recommended as an indicator of consciousness
during anaesthesia.[14,17,18] With the development of the
processed BIS, it is now possible to individualize the depth of
anaesthesia.[2] A previous study identified that the mean end-tidal
sevoflurane concentration (ETsevo) is significantly lower in
patients with major depressive disorder than in healthy patients
undergoing laparoscopic cholecystectomy below the target BIS
range of 40 to 60.[19] However, it remains unclear whether there
is a difference in the requirement for sevoflurane among different
populations, which may affect postoperative outcomes.
Therefore, the present study aimed to screen patients with

differential requirements for sevoflurane to further evaluate their
early postoperative outcomes and complications, to analyse the
differences in ETsevo based on sex, and to investigate the
correlation between ETsevo, tracheal extubation time, and HR.
2. Methods

2.1. Participants

The observational study protocol was approved by the Ethics
Committee of West China Hospital of Sichuan University
(Chengdu, China; No. 78, approved on May 19, 2017) and
registered in the Chinese Clinical Trial Registry (ChiCTR-
1800014327) on Jan 6, 2018. We observed 390 subjects with an
American Society of Anesthesiologists (ASA) physical status of I –
II and an age of 18 to 65years. All subjects provided written
informed consent. These subjects underwent elective gastrointes-
tinal surgery with an expected duration of > 2hours between
January 2018 and September 2018 at West China Hospital,
Sichuan University. The exclusion criteria were cerebrovascular
disease, psychiatric and opioid abuse, known allergy to volatile
anaesthetics, severe cardiovascular disease, abnormal liver or
kidney function, and a family history of malignant hyperthermia.
2.2. Management of general anaesthesia

No premedication was given to patients. Standard clinical
anaesthetic monitoring was performed, including pulse oximetry,
3-lead electrocardiogram, non-invasive arterial blood pressure
monitoring, end-tidal partial pressure of carbon dioxide
(PETCO2) monitoring, temperature monitoring, and BIS mea-
surement. After preoxygenation with 8L/min oxygen for
approximately 3 minutes, anaesthesia was induced with inhaled
sevoflurane, a bolus of sufentanil (0.2 - 0.4mg/kg), and
cisatracurium (0.2 - 0.3mg/kg). After endotracheal intubation,
general anaesthesia was maintained with 50% oxygen balanced
with air, the oxygen/air flow was maintained at 2L/min and
PETCO2 was maintained between 35 and 45mmHg. According
to the up and down method,[20] ETsevo was adjusted by turning
the volatile tank concentration up or down (0.2%) to maintain
the BIS value at 40 - 60, while continuous infusion of sufentanil at
a rate of 0.1 - 0.2mg/kg/h was adjusted according to vital signs.
Patients received a bolus of cisatracurium and additional
sufentanil according to their clinical requirements during
2

maintenance of anaesthesia. ETsevo was automatically recorded
using an anaesthetic gas monitor (M1026B; Philips MedizinSys-
teme, Boblingen, Germany). Sevoflurane and sufentanil were
discontinued approximately 10 - 20 minutes before the end of
surgery. The dose of vasoactive drugs, sufentanil and cis-
atracurium, the surgical method (open surgery vs. laparoscopic
surgery), the duration of anaesthesia, the duration of surgery, the
tracheal extubation time, and the incidence of postoperative
nausea and vomiting were recorded.
All patients were followed up for intraoperative awareness to

investigate whether the patient recalled the event during
anaesthesia on 3 occasions: before they left the postanaesthesia
care unit after surgery; 24hours after surgery; and 72hours after
surgery. The following questions were asked:
(1)
 Before you fell asleep, what was the last thing you remember?

(2)
 What was the first thing you remember after you woke up?

(3)
 Between these 2 time points, can you remember anything?

(4)
 Did you dream during the operation?

2.3. Screening cases with differential requirements for
sevoflurane

To screen cases with differential requirements for sevoflurane,
patients were divided into the high requirement group and the
low requirement group. The ETsevo from 20 minutes after
endotracheal intubation to 2hours after the start of surgery
(steady state achieved by sevoflurane anaesthesia) was calculated.
In all patients, the normal distribution was expressed as the mean
± standard deviation (SD). The high requirement group was
defined by an ETsevo of 1 SD higher than the mean. The low
requirement group was defined by an ETsevo of 1 SD lower than
the mean.
2.4Differences in the sevoflurane concentration betweenmales

and females. The difference and dispersion of ETsevo between
males and females (n=390 in total) were analysed.
2.4. Statistical analysis

Data analysis was performed using SPSS (version 22.0, IBM
Corp., Armonk, NY). Normally distributed data are presented as
the mean±SD and were compared using Student’s t-test.
Categorical data are expressed as numbers and were compared
using the chi-squared test. Linear regression analysis was used to
determine the relationship between ETsevo and the BIS, mean
arterial pressure (MAP), HR, BMI, age, dose of sufentanil and
cisatracurium, and tracheal extubation time. In all analyses,
statistical significance was accepted as P � .05.
3. Results

3.1. Screening high requirement and low requirement
cases

This study included 390 patients (Fig. 1). The ETsevo values of
the 390 patients were normally distributed. The mean ETsevo of
the 390 patients was 1.55%±0.26%. Based on our definition,
patients with an ETsevo of < 1.29% were allocated to the low
requirement group (groupL; n=69), while patients with an
ETsevo of> 1.81%were allocated to the high requirement group
(groupH; n=78). The ETsevo of low requirement for sevoflurane
(group L) was significantly lower than the ETsevo of group H



Figure 1. Study enrolment.
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(1.29%±0.014% vs. 1.82%±0.017%, P< .001; Fig. 3A).
Among the 69 patients in group L, 5 patients had an ETsevo
of 0.46 - 0.5MAC, 12 patients had an ETsevo of 0.51–0.6MAC,
and 26 patients had an ETsevo of 0.61 - 0.7MAC. Among the 78
patients in group H, 11 patients had an ETsevo > 1.3 MAC
(Fig. 2A and B).

3.2. Patient characteristics

The characteristics of group L and group H are shown in Table 1.
The tracheal extubation time in group L was significantly lower
than that in group H (6.62min±0.60min vs. 9.85min±0.71
min, P< .001; Fig. 3B). There was no difference in the BIS in L
group and H group (51.52±0.38 vs. 50.66±0.33, P= .087),
MAP (P= .071), HR (P= .189), age (51.32±1.10 vs 49.46±
1.11) or the open surgery/laparoscopic surgery ratio (69.6% vs
80.8%, P= .115) in L group and H group. Moreover, no
significant differences were observed in sex, BMI, ASA grade,
dose of sufentanil and cisatracurium, duration of surgery and
anaesthesia, usage of nicardipine and esmolol, usage of aramine
and ephedrine, and PETCO2 between group L and group H (P >
.05). Additionally, no significant difference was observed in the
incidence of postoperative nausea and vomiting between group L
and group H (P> .296). The follow-up results of 390 patients
showed that no intraoperative awareness occurred.
Figure 2. Scatter plot of ETsevo in 390 patients a
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3.3. Differences in ETsevo between males and females

Among the 390 patients enrolled in the study, 230 were male and
160 were female. There was no significant difference in ETsevo
betweenmale and female patients (1.637%±0.266% vs 1.574%
±0.232%, respectively; P= .863), but there was a significant
individual difference in ETsevo for both sexes (coefficient of
variation of 16.25% in males and 14.74% in females; Fig. 4).

3.4. Correlation analysis

There was no correlation between ETsevo and the BIS,MAP, age,
BMI, or dose of sufentanil and cisatracurium in the steady state.
At a significance level of 0.01, ETsevo was positively correlated
with HR (R2=0.026, P< .001) and tracheal extubation time
(R2=0.023, P< .01), but the correlation coefficients were low
(Fig. 5A and B).

4. Discussion

We adjusted ETsevo to maintain the BIS between 40 and 60. By
doing so, we identified different requirements for sevoflurane
among 390 patients. The mean ETsevo of the 390 patients was
1.55%±0.26% (approximately 0.91 MAC). The mean ETsevo
of the 69 patients (17.7%) in group L was 1.079%±0.017%
(approximately 0.63 MAC), and the mean ETsevo of the 78
nd MAC in the H group and L group.
∗
P< .05.
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Figure 3. ETsevo (%) and tracheal extubation time in the H group compared with the L group.
∗
P< .05.
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patients (20%) in group H was 2.086%±0.020% (approxi-
mately 1.22 MAC). Our results show that the ETsevo of group L
was significantly lower than that of group H. Sevoflurane is
mainly eliminated through the lung, while< 5% of sevoflurane is
metabolized through cytochrome P450(CYP)2E1 from the
Table 1

Patient characteristics and intraoperative variables in the L group
and H group.

Characteristics L group
(n=69)

H group
(n=78) P-value

Age (yr) 51.32±1.10 49.46±1.11 .219
Gender (Male/Female) 27/42 30/48 .934
BMI (kg m-2) 22.35±0.35 23.11±0.35 .129
ASA (I-II) 2/67 2/76 .901
Surgery (Open/ Laparoscopic) 48/21 63/15 .115
MAP (mm Hg) 86.69±1.32 83.87±0.88 .071
HR (Beats/min) 73.12±0.82 74.92±1.12 .189
PETCO2 (mm Hg) 34.39±0.41 34.04±0.32 .500
Mean BIS 51.52±0.38 50.66±0.33 .087
Area under BIS-time curve 8276.0±145.2 8478.8±179.4 .182
Sufentanil (Induction) (mg) 20.92±0.47 21.44±0.41 .412
Cis-atracurium (Induction) (mg) 13.59±0.34 13.94±0.24 .409
Sufentanil (Until to surgery

2 hours) (mg)
33.39±0.98 32.73±0.98 .633

Cis-atracurium (Until to
surgery 2 hours) (mg)

11.44±0.47 11.01±0.42 .501

Sufentanil(maintenance)(mg) 46.98±1.70 45.05±1.54 .401
Cis-atracurium(maintenance)(mg) 15.84±0.78 14.94±0.68 .389
Duration of surgery(min) 187.9±8.1 190.9±8.2 .793
Duration of anaesthesia (min) 214.4±9.2 218.5±9.0 .751
Area under ETsevo-time curve

(AUC-ETsevo)
171.6±3.46 361.7±6.40

∗
.001

Nicardipine esmolol 9 6 .285
Aramine ephedrine 18 20 .951
Postoperative nausea/vomiting 10 7 .296
Awareness(number) 0 0 1.000
Mean ETsevo (%) 1.079±0.017 2.086±0.020

∗
.001

Tracheal extubation time (min) 6.62±0.60 9.85±0.71
∗

.001

BIS=bispectral index, BMI=body mass index, ETsevo= end-tidal concentration of sevoflurane.,
HR=heart rate, MAP=mean arterial pressure, PETCO2= end-tidal partial pressure of carbon dioxide.
Data are presented as the mean±SD, number (%). Normally distributed data were compared with
Student’s t-test. Categorical data were compared with the chi-squared test. In all analyses, statistical
significance was accepted as P� .05.
∗
P< .05 vs the L group.
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liver.[21] Consequently, at the same level of sedation, differences
in ETsevo may reflect differences in sevoflurane sensitivity and
may not be due to sevoflurane pharmacokinetics.
One of the most fundamental issues is whether the recom-

mended value of 0.7 to 1.3 MAC can be extrapolated to all
patients, which has yet to be investigated. Strikingly, after an
analysis of the differential requirements for ETsevo, some
patients were not in the recommended range of 0.7 to 1.3
MAC. This result was somewhat counterintuitive. In group L, 5
patients were in the range of 0.46 to 0.5MAC, 12 patients were in
the range of 0.5 to 0.6MAC, and 26 patients were in the range of
0.6 to 0.7 MAC. Without BIS monitoring, these patients may
suffer an overdose of sevoflurane and deep anaesthesia, which
may affect postoperative outcomes, prolong extubation time, and
increase medical expenses.[1,22] In group H, 11 patients had an
ETsevo of >1.3 MAC. Without BIS monitoring, these patients
may suffer low anaesthesia, which may lead to intraoperative
awareness, haemodynamic fluctuation, and a stress response.[23]

Our findings are consistent with previous observations. Specifi-
cally, Erden et al. identified that the mean ETsevo was
significantly lower in patients with major depressive disorder
(1.28%±0.15%) than in patients in the control group (1.52%±
0.22%) during laparoscopic cholecystectomy. Thus, there was a
significant difference in the sevoflurane requirement between
Figure 4. ETsevo of males compared with females.



Figure 5. A The correlation between ETsevo and HR (R2=0.026, P< .001). B The correlation between ETsevo and the tracheal extubation time (R2=0.023,
P< .01). The solid lines are linear regression lines.
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patient groups in this study.[19] Another study showed that the
MACawake of sevoflurane (0.8%) was higher in middle-aged
females undergoing breast surgery with sleep disorders than in
middle-aged females undergoing breast surgery with normal
sleep habits (0.6%).[24] Additionally, the MAC awake of
sevoflurane in patients with end-stage renal disease (0.56%)
was significantly lower than that observed in the control group
(0.67%).[25] These studies contributed to our understanding that
patients have different sevoflurane sensitivities, suggesting that
sevoflurane should be individually administered.
We found that there was no difference in the ETsevo

requirement between males and females. Similarly, some studies
have been unable to identify sex-specific differences in the
requirements for sevoflurane and desflurane.[26,27] Some studies,
however, have indicated that the MAC of xenon in elderly
patients was higher in males than in females,[28] and BIS scores of
females were higher than those of in males, despite equivalent
doses of anaesthetic, which suggests that females are less sensitive
to the hypnotic effects of anaesthetics.[29,30] Furthermore, we
found a significant individual difference in ETsevo between males
and females.We do not know exactly what caused this difference,
but different sevoflurane sensitivities may be 1 explanation. The
effects of sex on anaesthetic requirements warrant further
investigation.
There was no significant difference in sex, age, BMI, ASA

grade, MAP, HR, dose of sufentanil and cisatracurium, duration
of surgery and anaesthesia, usage of nicardipine and esmolol,
usage of aramine and ephedrine, and PETCO2 between group L
and group H. However, the tracheal extubation time of group L
was significantly shorter than that of group H. A series of studies
have shown that BIS monitoring reduces the time to tracheal
extubation, eye opening, orientation in time and place, leaving
the operating room and postanaesthesia care unit, and the risk of
nausea and vomiting after surgery, which clearly indicates that
BIS monitoring is associated with early postoperative recov-
ery.[31,32] There is still uncertainty about whether these benefits
are due to a reduction in sevoflurane requirements under BIS
monitoring. Interestingly, as mentioned in a literature review and
meta-analysis, BIS-guided anaesthesia reduced the requirement
5

for sevoflurane by 0.52 MAC and for desflurane by 1.02 MAC,
improving early postoperative recovery.[2] As discussed above,
BIS plays an important role in guiding individual administration
of sevoflurane during surgery. Hence, patients in group H
received more sevoflurane than patients in group L, which
resulted in a longer tracheal extubation time and promoted early
postoperative recovery.
There was no intraoperative awareness among the 390 patients

enrolled in our study. It was reported that the incidence of
intraoperative awareness is approximately 0.1% to 0.2% in the
general surgical population.[8] To understand the correlation
between the BIS and intraoperative awareness, Ekman et al and
Myles et al found that there were 2 cases of awareness in the BIS
monitoring group. Four patients were aware when they had high
BIS values of > 60, while other patients were unaware when they
had BIS values of 40 – 60.[9,33] Moreover, Avidan et al found that
the BIS value was> 60 in 1 case of definite anaesthetic awareness,
and the end-tidal anaesthetic gas concentration was < 0.7 MAC
in 3 cases.[4] Compared with the 3 cases, the most surprising
aspect of our data was that 43 patients whose MACs were < 0.7
suffered no anaesthetic awareness. Therefore, it is now
understood that BIS monitoring is an important monitoring
tool that can reduce the incidence of intraoperative awareness in
patients with different requirements for sevoflurane.
Through linear regression analysis, we found that ETsevo was

positively correlated with tracheal extubation time. This result is
consistent with the observation that the tracheal extubation time
in groupHwas longer than that in group L. In addition, we found
that ETsevo was positively correlated with HR; however, the
correlation was weak, which was probably due to different
requirements for sevoflurane, interindividual variability, and the
fact that the surgical procedure caused large changes in HR.
Similarly, in 1 study, sevoflurane was used in children with an
average age of 3.3years, and Spearman’s correlation analysis
showed that ETsevo was only weakly correlated with MAP and
was not correlated with HR.[34]

The present study has several limitations. First, compared with
laparoscopic surgery, surgical trauma and consumption of
sufentanil may be greater in open surgery. In patients undergoing

http://www.md-journal.com
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open surgery, insufficient sufentanil during surgery will lead to a
higher ETsevo during anaesthesia, which will affect the screening
of patients with different ETsevo requirements. Although there
was no difference in the ratio of open surgery to laparoscopic
surgery between group L and group H, the proportion of open
surgeries in group H (69.6%) was slightly lower than that in
group L (80.8%). Therefore, the dose of sufentanil in group H
may be higher than that in group L to meet the requirements of
surgical analgesia. However, due to the lack of a gold standard to
assess the depth of analgesia, we cannot evaluate whether
sufentanil was sufficient in the 2 groups. Second, there is no gold
standard for monitoring the depth of general anaesthesia. It is
reasonable to use BIS values, which reflect the depth of general
anaesthesia, and to assess whether the patient has a low or a
group H according to ETsevo. With the development of devices
to monitor the depth of general anaesthesia, it is better to evaluate
patients with different sevoflurane requirements and use this
information to individualize anaesthetic regimes.
5. Conclusion

In conclusion, our results show that in adult patients undergoing
gastrointestinal surgery, there is a significant difference in the
requirement for sevoflurane. Patients with a group H accounted
for 17.7% of the 390 patients, while patients with a group L
accounted for 20% of the 390 patients. The tracheal extubation
time in patients with a group L was significantly shorter than that
in patients with a group H. ETsevo was positively correlated with
HR and tracheal extubation time, although this correlation was
weak. Further studies are required to support this standpoint.
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