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Abstract
We conducted a retrospective study to investigate the anesthesia-controlled time and factors that contribute to prolonged extubation in open colorectal surgery. Using our hospital
database, demographic data, various time intervals (waiting for anesthesia time, anesthesia time, surgical time, emergence time, exit from operating room after extubation, total
operating room time, and post-anesthesia care unit stay time), and incidence of prolonged
extubation ( 15 mins), were compared between patients who received desflurane/fentanyl-based anesthesia and total intravenous anesthesia via target-controlled infusion with
fentanyl/propofol. Logistic regression analyses were performed to assess the association
between variables that contributed to prolonged extubation. In conclusion, the anesthesiacontrolled time was similar in desflurane anesthesia and propofol-based total intravenous
anesthesia for open colorectal surgery in our hospital. Surgical time greater than 210 minutes, as well as age, contributed to prolonged extubation.

Introduction
Anesthesia-controlled time (ACT) and turnover time (TT) are two of the most important factors that regulate operating room (OR) efficiency [1]. The time required from the end of surgery to extubation is of special interest to surgeons and anesthesiologists because it could be
affected by different anesthetic agents or techniques [2–4]. When surgeons scored anesthesiologists’ attributes on a scale from 0 = “no importance” to 4 = “a factor that would make me
switch groups/ hospitals”, their average score was 3.9 for “patient quick to awaken” [5].

PLOS ONE | DOI:10.1371/journal.pone.0165407 October 25, 2016

1 / 11

Anesthesia-Controlled Time in Colorectal Cancer Surgery

Competing Interests: The authors have declared
that no competing interests exist.

Accordingly, choosing appropriate anesthetic agents or techniques to avoid prolonged extubation is essential for anesthesiologists in order to improve the efficiency of the OR, even though
a small reduction in extubation time may not be sufficient to schedule additional operations,
and might reasonably have no economic benefit [6]. Dexter and Epstein (2013) recommended
that recording extubation time and monitoring the incidence of prolonged extubation are very
important, especially at facilities that have at least eight hours of cases and turnovers [7]. The
ACT for total intravenous anesthesia (TIVA) compared with propofol and desflurane (DES)
anesthesia was investigated, with controversial results [4,8–16]. After reviewing previous studies comparing extubation times in TIVA with propofol and inhaled anesthesia with DES
(Appendix), we found no studies comparing different anesthetic techniques for the improvement of ACT in open colorectal surgery under general anesthesia [8,10–15,17–30]. The majority of previous studies comparing the effects of different anesthesia regimens on OR efficiency
have focused on ambulatory or short-duration surgery. Moreover, various propofol delivery
techniques, such as target-controlled infusion (TCI) and syringe pump infusion, were used in
these studies and may have led to different results. The aim of our present study was to determine whether the use of TIVA with a TCI system is more effective than DES anesthesia in
reducing ACT in patients undergoing open colorectal surgery.

Materials and Methods
This retrospective study was approved by the Ethics Committee (TSGHIRB No: 100-05-168)
of the Tri-Service General Hospital, Taipei, Taiwan (Chairperson, Professor Pauling Chu) on
the 29th of August, 2011. The information was retrieved from medical records and the electronic database of the Tri-Service General Hospital (TSGH; Taipei, Taiwan, Republic of
China). We enrolled 395 patients (American Society of Anesthesiologists [ASA] class I–III)
who received elective open colorectal surgery under TIVA with TCI (TIVA group, n = 176) or
desflurane anesthesia (DES group, n = 219) from January 2010 to December 2011. One-hundred and forty-eight patients were excluded from the analysis. Exclusion criteria were: combined TIVA with inhalation anesthesia or epidural anesthesia (n = 95), other inhalation
anesthesia besides desflurane (n = 26), patient not sent to the post-anesthetic care unit (PACU)
(n = 15), or incomplete data (n = 12) (Fig 1). We also recorded the patients’ demographic data
and American Society of Anesthesiologists (ASA) physical status.

Anesthetic techniques
There was no premedication before induction of anesthesia. Regular monitoring, such as noninvasive blood pressure, electrocardiography (lead II), pulse oximetry, and end-tidal carbon
dioxide pressure (EtCO2), was performed for each patient. Anesthesia was induced with fentanyl, propofol, and rocuronium in all patients. The patients were then intubated and maintained
with the anesthetics propofol or DES, and the analgesic fentanyl. All time intervals (duration of
waiting for anesthesia, duration of anesthesia, surgical time, emergence time, exit from OR
after extubation, total OR time, and PACU stay time) were documented as electrical medical
records by an perioperative nurse and were confirmed with the operator and the presiding
anesthesiologist.
In the TIVA group, anesthesia was induced with intravenous (i.v.) fentanyl (2 μg/kg) and
2% lidocaine (1.5 mg/kg). Continuous infusion of propofol (Fresfol 1%) was delivered subsequently using Schneider’s kinetic model of TCI (Fresenius Orchestra Primea; Fresenius Kabi
AG, Bad Homburg, Germany) with an effect-site concentration (Ce) of 4.0 μg/mL. Rocuronium (0.6 mg/ kg) was administered when patients lost consciousness, followed by tracheal
intubation. Anesthesia was maintained by using TCI with propofol Ce 3–4 μg/mL and an
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Fig 1. The flow diagram. TIVA = total intravenous anesthesia; DES = desflurane anesthesia.
doi:10.1371/journal.pone.0165407.g001

oxygen flow of 0.3 L/min with FiO2 100%. Repetitive bolus injections of cisatracurium and fentanyl were administered as required throughout the procedure [31].
In the DES group, patients were induced with i.v. fentanyl (2 μg/kg), 2% lidocaine (1.5 mg/
kg), and propofol (1.5–2 mg/kg). When patients lost consciousness, 0.6 mg/kg of rocuronium
was administered, followed by endotracheal intubation. Anesthesia was maintained by providing 8%–12% desflurane (inhaled concentration) in a 100% oxygen flow of 300 mL/min under a
closed system. Repetitive bolus injections of cisatracurium and fentanyl were administered as
required throughout the procedure.
Maintenance of Ce for TCI with propofol and DES concentration was adjusted at the range
of 0.2 μg/mL and 0.5%, respectively, according to the hemodynamics. If two increments or decrements were unsuccessful, the range of Ce for TCI propofol and desflurane was increased to
0.5 μg/mL or 2%, respectively. The EtCO2 pressure was maintained at 35–45 mmHg by adjusting the ventilation rate and maximum airway pressure. Once neuromuscular function was
restored, cisatracurium (2 mg) was administered intravenously as required.
The Ce of propofol or DES concentration was tapered to 2.0 μg/mL or 5%, respectively, at
the beginning of skin closure. At the last five stitches of surgery, propofol or DES was discontinued, but the oxygen flow was kept at 300 mL/min. At the end of the skin closure, the lungs were
ventilated with 100% oxygen at a fresh gas flow of 6 L/min. Reversal of neuromuscular function
was achieved by administrating neostigmine (0.03–0.04 mg/kg) with glycopyrrolate (0.006–
0.008 mg/kg) once spontaneous breathing returned, to prevent residual paralysis. When the
patient regained consciousness (assessed by an anesthesiologist with voice and gentle prodding)
with spontaneous and smooth respiration, the endotracheal tube was removed. Then the patient
was sent to the PACU for further care. An extubation time (from the end of skin closure until
extubation) of 15 minutes or longer was considered prolonged extubation [3].

Statistical Analysis
Data are presented as the mean and standard deviation (SD), number of patients, or percentage.
Demographic and perioperative variables were compared using Student’s t-tests. Categorical
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variables were compared using chi-square tests. Univariate and multivariate logistic regression
analyses were performed to assess the association between variables that contributed to prolonged extubation. Linear trend was tested by treating the quintile grouping as a continuous variable, which was 1 to 5 for quintile 1 to quintile 5, respectively, in the logistic regression model.
We classified age and BMI into five equal groups (quintiles) to explore the relationships between
the variables and prolonged extubation. To ensure there were enough cases of prolonged extubation in each group, surgical time was classified into three groups:  210 minutes, 211–240
minutes, > 240 minutes. The level of statistical significance was determined as P < 0.05.

Results
Our study included 395 patients, of which 219 received DES and 176 received TIVA anesthesia.
In order to guarantee unbiased results, the confounding effects of patient characteristics (ASA,
gender, age, height, and weight), and various time intervals were investigated. In addition, the
amounts of opioids, non-depolarizing muscle relaxants (NDMRs) and reversal agents administered during the surgical period were compared. There were no significant differences in
patient demographics (Table 1). The amount of opioids and NDMRs were significantly higher
in the TIVA group than in the DES group, while there were no significant differences in reversal agents between the groups (Table 2). There were no significant differences between groups
in time waiting for anesthesia, surgical time, anesthesia time, extubation time, exit from OR
after extubation, total OR time, PACU time, or the incidence of prolonged extubation
(Table 3). The incidence of prolonged extubation showed no significant differences between
groups (DES: 14.2%; TIVA: 9.7%; P = 0.17).
The results of univariate and multivariate logistic regression analyses comparing prolonged
extubation time with several variants in all patients are shown in Table 4. After adjustment for
potential covariates (gender and body mass index (BMI)), surgical time (P for trend < 0.001)
and age (P for trend = 0.033) were found to independently predict prolonged extubation in a
dose-response manner. Surgical times > 210 minutes and age contributed to prolonged extubation, while gender and BMI of the patients had no significant influence.

Discussion
In this retrospective study, ACT between propofol-based TIVA by TCI and DES anesthesia
were similar in patients undergoing open colorectal surgery. Importantly, this study found that
prolonged extubation was associated with surgical times longer than 210 minutes, as well as
age, in open colorectal surgery under TIVA or DES anesthesia.
Table 1. Comparison of patient characteristics.
Group DES (n = 219)

Group TIVA (n = 176)

P value

ASA II/III

148/71

125/51

0.13

Gender (Male/Female)

123/96

98/78

1.00

Age (y/o)

63.5 ± 11.5

65.0 ± 10.0

0.16

Height (cm)

163.1 ± 8.0

162.8 ± 8.3

0.70

Weight (kg)

63.7 ± 12.5

63.6 ± 12.3

0.94

23.8 ± 3.7

23.9 ± 3.8

0.84

2

BMI (kg/m )

DES, desflurane anesthesia; TIVA, total intravenous anesthesia; ASA, American Society of
Anesthesiologists; BMI, body mass index.
Data are shown as mean ± standard deviation or number.
doi:10.1371/journal.pone.0165407.t001
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Table 2. Comparison of the amount of opioid, non-depolarizing muscle relaxants, and reversal agents used during surgical periods between the
DES and TIVA groups.
Group DES (n = 219)

Group TIVA (n = 176)

P value

Fentanyl (μg/kg)

2.9 ± 0.7

4.5 ± 1.0

<0.001

Cisatracurium (mg/kg)

0.2 ± 0.1

0.3 ± 0.1

<0.001

Neostigmine (μg/kg)

32.2 ± 4.4

33.0 ± 4.4

0.08

Glycopyrrolate (μg/kg)

6.4 ± 0.9

06.5 ± 0.9

0.08

DES, desflurane anesthesia; TIVA, total intravenous anesthesia.
Data are shown as mean ± SD or number.
doi:10.1371/journal.pone.0165407.t002

Previous studies demonstrated that ACT, including exit from the OR after extubation, total
OR time, and PACU time, may be affected by extubation time [7, 13, 14]. In other words, similar extubation time may contribute to equivalent PACU time, exit from OR after extubation,
and total OR time in the same type of surgery. The results in our study, which showed no difference in extubation time and other ACTs between these two anesthetic techniques, are consistent with the above viewpoints.
Prolonged extubation is also an important factor that can decrease OR efficiency. Prolonged
extubation time can slow work flow, with OR members idly waiting for extubation, and the surgeon having to wait longer for the next operation. Therefore, monitoring the incidence of prolonged extubation has been recommended as an economic measure [7]. Epstein and Dexter
(2013) investigated the relationship between prolonged extubation and OR cost, and concluded
that prolonged extubation time should be treated as resulting in proportionally increased variable costs [32]. In addition, 55.6% of the cases with prolonged extubation occurred during
cases on regular workdays and in an OR with more than eight hours of cases and turnover
[32,33]. Another study conducted by the same group demonstrated that the mean time from
end of surgery to exit from the OR was at least 12.6 minutes longer in cases with prolonged
extubation, and that the percentage of cases for which the extubation was prolonged (among
anesthesia for intraperitoneal procedures in the lower abdomen) was 13.3% ± 0.5% [7]. In our
present study, the percentage of prolonged extubation in the DES group was 14.2%, which is
comparable to the above-mentioned study, while the percentage of prolonged extubation in the
TIVA group was 9.7% (Table 3). There was no significant difference in the incidence of prolonged extubation between the TIVA and DES groups, which might be due to the groups’ similar BMI, gender, surgical times, and anesthesia times.
Table 3. Comparison of operating room time between the DES and TIVA groups.
Group DES (n = 219)

Group TIVA (n = 176)

P value

7.8 ± 3.5

7.7 ± 3.7

0.81

Surgical time (min)

178.7 ± 45.7

180.1 ± 42.7

0.77

Anesthesia time (min)

214.6 ± 46.7

214.1 ± 45.1

0.90

Extubation time (min)

9.8 ± 4.4

9.5 ± 3.8

0.39

Exit from operating room after extubation (min)

9.4 ± 2.7

9.2 ± 2.7

0.63

Total operating room time (min)

231.8 ± 47.0

230.8 ± 46.1

0.84

PACU time (min)

49.8 ± 12.3

49.9 ± 11.7

0.94

Waiting for anesthesia time (min)

DES, desflurane anesthesia; TIVA, total intravenous anesthesia; PACU, post-anesthesia care unit.
Data are shown as mean ± SD or number.
doi:10.1371/journal.pone.0165407.t003
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Table 4. Univariate and multivariate logistic regression analyses of variables associated with prolonged extubation in all patients (n = 395).
Variables

n1/n2

Crude Model
Odds ratio

Multivariable Model

95% CI

p value

3.22–16.0

<0.001

17.9–126

<0.001

Odds ratio

95% CI

p value

Surgical time (min)
 210 (ref.)

15/300

1.00

211–240

14/39

7.18

> 240

19/8

47.5

1.00

-

-

8.10

3.51–18.7

<0.001

21.8–192

<0.001

64.7

<0.001

p for trend
Women (ref: Men)

0.66

0.35–1.24

8/80

1.00

-

Q2: 56–60

7/65

1.08

Q3: 61–68

14/69

2.03

Q4: 69–75

11/68

Q5: 76–86

8/65

<0.001
0.68

0.31–1.46

0.32

-

1.00

-

-

0.37–3.13

0.89

1.44

0.40–5.21

0.58

0.80–5.12

0.13

2.05

0.62–6.73

0.24

1.62

0.62–4.25

0.33

2.37

0.67–8.24

0.17

1.23

0.44–3.46

0.69

3.19

0.90–11.3

0.07

Age, y/o
Q1: 29–55 (ref.)

p for trend

0.46

0.03

BMI (kg/m2)
Q1: 9.91–20.86 (ref.)

6/72

1.00

1.00

-

-

Q2: 20.87–22.83

12/67

2.15

0.76–6.05

0.15

2.35

0.65–8.43

0.19

Q3: 22.84–24.49

8/71

1.35

0.45–4.10

0.59

1.47

0.38–5.60

0.58

Q4: 24.50–26.67

13/68

2.29

0.83–6.38

0.11

2.50

0.72–8.75

0.15

Q5: 26.68–39.14

9/69

1.57

0.53–4.63

0.42

3.32

0.93–11.9

0.07

p for trend

0.46

0.09

CI: confidence interval; P value < 0.05 were considered significant. Q: quintile.
n1: number of patients with prolonged extubation in each group; n2: number of patients without prolonged extubation in each group.
doi:10.1371/journal.pone.0165407.t004

Studies have investigated the confounding risk factors for prolonged extubation in various
surgical procedures. These factors included prone position, prolonged surgical time, significant
blood loss, larger volume of crystalloid and colloid infusion, procedure, and surgeon [7,33].
Lai and Chan (2015) reported that DES anesthesia, longer anesthesia time, higher BMI, and
shorter surgical time contribute to slower emergence in gynecologic laparoscopic surgery [15].
Chan and Lee (2015) demonstrated that the confounding factors that predicted awakening
under TCI with propofol were age, sex, and length of surgery and anesthesia (total consumption dose of propofol and fentanyl) in a variety of surgeries [34].
In the present study, age, gender, BMI, and surgical time were analyzed to identify any association with prolonged extubation [15,34]. Our results illustrated that the odds ratio for prolonged extubation was 8.10 times and 64.7 times when surgical times were longer than 210
minutes and 240 minutes, respectively, compared with surgical times equal to or less than 210
minutes in open colorectal surgery. These findings implied that the best way to dramatically
increase the efficiency of the operation room may be shortening the operation time through
well-experienced operators, and applying new techniques or new operation protocols. Two
studies further implied that longer-than-average anesthesia times strongly affect academic
anesthesiology departments by increasing staffing costs and decreasing hourly productivity
[35,36]. There is evidence that propofol may accumulate and washout slowly after continuous
infusion in adults [37]. During lengthy surgical procedures, higher than necessary propofol
infusion levels may accumulate and be redistributed from the fatty tissue and muscle to the
plasma, which leads to delayed recovery. Inhaled DES is also redistributed in the fatty tissue
and muscle, and may delay emergence in cases where the anesthesia time is increased [38].
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Therefore, monitoring anesthetic depth to keep the hypnotic level within the recommended
range improves anesthetic delivery and postoperative recovery from relatively deep anesthesia
[39].
In the present study, although each age group was not at a significantly higher risk of prolonged extubation, compared to the youngest group, a modest linear trend was found in age
after controlling for other covariates. Several physiological changes occur in elderly patients:
the weight of the human brain decreases by about 10% with age, and the gray matter decreases
more than the white matter [40], which may be more sensitive to anesthetics. Elderly patients
have increased body fat with a greater volume of distribution, which might prolong the clinical
effect of anesthetics. The decrease in renal and hepatic reserve in elderly patients may also prolong drug metabolism.
The anesthetics and techniques used should affect the extubation time. The amount of opioid and NDMRs in the DES group was significantly lower than in the TIVA group during surgical periods. This is reasonable, because volatile anesthetics may increase the potency of
NDMRs [41] and demonstrate synergistic effects with opioids [42]. In addition, the reversal
agents were not administered until spontaneous breathing had returned. Therefore, we believe
the final neuromuscular blockade status and amount of reversal agents given were matched
between groups.
Several studies have presented data that are consistent with our results on emergence time
[20,29,30,43,44]. Dexter and Tinker (1995) demonstrated no significant difference in the time
to following commands after discontinuation of DES versus propofol in orthopedic surgery,
gynecological laparoscopic surgery, and ambulatory surgery [43]. In addition, four other studies showed that there was no significant difference in tracheal extubation time between a DES
group and a propofol group in thyroid surgery under bispectral index (BIS) monitor [29], laparoscopic cholecystectomy (LC) [20], ontological surgery [44], and ear, nose and throat surgery
[30]. However, these studies examined short-duration surgeries.
Wachtel and Dexter (2011) reported a meta-analysis comparing OR recovery times for DES
anesthesia with propofol anesthesia, and the results showed that DES proportionally reduced
the mean time to extubation by 21% relative to propofol [4]. Another recent meta-analysis of
morbidly obese patients showed that patients given DES took less time (3.88 minutes) to be
prepared for tracheal extubation than those given propofol [16]. These two meta-analyses,
however, compared DES anesthesia with propofol under syringe pump instead of using a TCI
machine; in addition, the surgical times were relative short. Both of these factors may have contributed to the different results reported. The TCI machine provides a function to estimate the
effect-site concentration and the elimination time of propofol. In addition, TCI uses averaged
pharmacokinetic models to control the infusion rate to regulate the calculated plasma concentration, rather than indirect control by adjusting the infusion rate [45], so the awakening time
can be predicted [34]. Two studies have demonstrated that DES anesthesia shortened extubation time compared to TCI with propofol [8,46]. However, in these studies, nitrous oxide was
used as an adjuvant to the anesthetics, which reduced the requirement of DES during the maintenance period and facilitated emergence.
Our previous studies showed that general anesthesia using the TCI system with propofol
could achieve faster extubation than using DES anesthesia in various surgeries [10–15,38]. Different anesthetic manipulations before emergence in various types of surgical procedures
might explain the differences in findings. For example, in breast [12] and gynecologic surgery
[15], propofol was adjusted to a Ce of 2.0 ug/mL and the vapor of DES was changed to 5.0% at
the beginning of wound closure. After gauze coverage, propofol and DES were discontinued,
and the lungs were ventilated with 100% oxygen at a gas flow of 6 L/min. In ophthalmic surgery
[13], DES or propofol was discontinued after surgery, and the lungs were ventilated with 100%
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oxygen at a fresh gas flow of 6 L/min. In spine surgery, we discontinued DES or propofol at
the end of the operation or at the last three stitches of surgery. After turning the patients to a
supine position, the lungs were ventilated with 100% oxygen at a fresh gas flow of 6 L/min
[11,14]. In addition, we used closed-circuit anesthesia in the DES patients, which would prolong neuromuscular blockade and contribute to delay emergence [47].
There are several limitations to the present study. First, the proficiency of the anesthesiologist can affect the extubation time. In our study, six supervising anesthesiologists who have
5–15 years’ experience in clinical anesthesia conducted the anesthesia. Therefore, the variability
might increase the risk of bias. Second, the final administration time of muscle relaxant, which
is not mentioned in this study, could affect the extubation time. In our hospital, the final dose
of muscle relaxant was administered before skin closure. Therefore, the efficacy was considered
to be comparable. Third, regarding comparability and standardization of study groups, the retrospective design of this study may increase the risk of bias. Although the choice of anesthetic
management was not randomly allocated, but was determined by the availability of the TCI
devices, we found that there were no significant differences in various patient characteristics
between the two groups. This study, performed under clinical conditions and with a large sample size, reflects more precisely the clinically-relevant benefit that may be expected with the
use of new drugs, techniques, or devices. However, the results should be interpreted carefully.
Patients in this study with lower blood pressure needed inotropes; experienced lengthy surgical
times (> 8 hrs), blood loss > 2000 ml, and lower maintained anesthetic levels during the operation; tended to be ASA  IV, had low BMI (< 16 kg/m2), or high BMI (female > 35 kg/m2 and
male > 42 kg/m2); and were sent to the intensive care unit (ICU) without extubation postoperatively. Therefore, the above factors were not included in our calculations.

Conclusions
In conclusion, our results demonstrate that the mean time to extubation in propofol-based
TIVA by TCI is equivalent to desflurane anesthesia in open colorectal surgery. Prolonged surgical time and age contributed to prolonged extubation in this study.

Supporting Information
S1 Table. Characteristics and times from end of surgery to extubation reported in published studies comparing propofol to desflurane. To identify published manuscripts comparing extubation time after propofol and desflurane in humans, we searched PubMed on Sep 10,
2015 with the following terms in any field: (propofol OR Diprivan) AND desflurane AND
(extubation OR extubate), limited to humans and our previous studies. N: sample size; TCI:
target-controlled infusion; DES: desflurane; SD: standard deviation; LC: laparoscopic cholecystectomy; ENT: ear, nose and throat.
(DOCX)
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Junger A, Klasen J, Hartmann B, Benson M, Röhrig R, Huhn D, et al. Shorter discharge time after
regional or intravenous anaesthesia in combination with laryngeal mask airway compared with balanced anaesthesia with endotracheal intubation. Eur J Anaesthesiol 2002; 19: 119–24. PMID:
11999594

2.

Apfelbaum JL, Grasela TH, Hug CC Jr, McLeskey CH, Nahrwold ML, Roizen MF, et al. The initial clinical experience of 1819 physicians in maintaining anesthesia with propofol: characteristics associated
with prolonged time to awakening. Anesth Analg 1993; 77: S10–4. PMID: 8214691

3.

Dexter F, Bayman EO, Epstein RH. Statistical modeling of average and variability of time to extubation
for meta-analysis comparing desflurane to sevoflurane. Anesth Analg 2010; 110: 570–80. doi: 10.
1213/ANE.0b013e3181b5dcb7 PMID: 19820242

4.

Wachtel RE, Dexter F, Epstein RH, Ledolter J. Meta-analysis of desflurane and propofol average
times and variability in times to extubation and following commands. Can J Anaesth 2011; 58: 714–24.
doi: 10.1007/s12630-011-9519-1 PMID: 21630118

5.

Vitez TS, Macario A. Setting performance standards for an anesthesia department. J Clin Anesth
1998; 10: 166–75. PMID: 9524906

6.

Dexter F, Macario A. Decrease in case duration required to complete an additional case during regularly scheduled hours in an operating room suite: a computer simulation study. Anesth Analg 1999; 88:
72–6. PMID: 9895069

7.

Dexter F, Epstein RH. Increased mean time from end of surgery to operating room exit in a historical
cohort of cases with prolonged time to extubation. Anesth Analg 2013; 117: 1453–9. doi: 10.1213/
ANE.0b013e3182a44d86 PMID: 24257395

8.

Juvin P, Servin F, Giraud O, Desmonts JM. Emergence of elderly patients from prolonged desflurane,
isoflurane, or propofol anesthesia. Anesth Analg 1997; 85: 647–51. PMID: 9296424

9.

Gupta A, Stierer T, Zuckerman R, Sakima N, Parker SD, Fleisher LA. Comparison of recovery profile
after ambulatory anesthesia with propofol, isoflurane, sevoflurane and desflurane: a systematic review.
Anesth Analg 2004; 98: 632–41. PMID: 14980911

10.

Horng HC, Kuo CP, Ho CC, Wong CS, Yu MH, Cherng CH, et al. Cost analysis of three anesthetic regimens under auditory evoked potentials monitoring in gynecologic laparoscopic surgery. Acta Anaesthesiol Taiwan 2007; 45: 205–10. PMID: 18251240

11.

Chan SM, Horng HH, Huang ST, Ma HI, Wong CS, Cherng CH, et al. Drug cost analysis of three anesthetic regimens in prolonged lumbar spinal surgery. J Med Sci 2009; 29: 75–80.

12.

Chen JL, Chen YF, Chen YW, Yu JC, Lu CH, Yeh CC, et al. Do anesthetic techniques affect operating
room efficiency? Comparison of target-controlled infusion of propofol and desflurane anesthesia in
breast cancer surgery. J Med Sci 2013; 33: 205–10.

13.

Wu ZF, Jian GS, Lee MS, Lin C, Chen YF, Huang YS, et al. An analysis of anesthesia-controlled operating room time after propofol-based total intravenous anesthesia compared with desflurane anesthesia in ophthalmic surgery: a retrospective study. Anesth Analg 2014; 119: 1393–406. doi: 10.1213/
ANE.0000000000000435 PMID: 25211391

14.

Lu CH, Wu ZF, Lin BF, Lee MS, Lin C, Huang YS, et al. Faster extubation time with more stable hemodynamics during extubation and shorter total surgical suite time after propofol-based total intravenous

PLOS ONE | DOI:10.1371/journal.pone.0165407 October 25, 2016

9 / 11

Anesthesia-Controlled Time in Colorectal Cancer Surgery

anesthesia compared with desflurane anesthesia in long-term lumbar spine surgery. J Neurosurg
Spine 2015; 1–7 [Epub ahead of print]; PMID: 26460755 doi: 10.3171/2015.4.SPINE141143
15.

Lai HC, Chan SM, Lin BF, Lin TC, Huang GS, Wu ZF. Analysis of anesthesia-controlled operating
room time after propofol-based total intravenous anesthesia compared with desflurane anesthesia in
gynecologic laparoscopic surgery: A retrospective study. J Med Sci 2015; 35: 157–61.

16.

Liu FL, Cherng YG, Chen SY, Su YH, Huang SY, Lo PH, et al. Postoperative recovery after anesthesia
in morbidly obese patients: a systematic review and meta-analysis of randomized controlled trials. Can
J Anaesth 2015; 62: 907–17. doi: 10.1007/s12630-015-0405-0 PMID: 26001751

17.

Ashworth J, Smith I. Comparison of desflurane with isoflurane or propofol in spontaneously breathing
ambulatory patients. Anesth Analg 1998; 87: 312–8. PMID: 9706922

18.

Song D, Joshi GP, White PF. Fast-track eligibility after ambulatory anesthesia: a comparison of desflurane, sevoflurane, and propofol. Anesth Analg 1998; 86: 267–73. PMID: 9459231

19.

Juvin P, Vadam C, Malek L, Dupont H, Marmuse JP, Desmonts JM. Postoperative recovery after desflurane, propofol, or isoflurane anesthesia among morbidly obese patients: a prospective, randomized
study. Anesth Analg. 2000; 91: 714–9. PMID: 10960406

20.

Grundmann U, Silomon M, Bach F, Becker S, Bauer M, Larsen B, et al. Recovery profile and side
effects of remifentanil-based anaesthesia with desflurane or propofol for laparoscopic cholecystectomy. Acta Anaesthesiol Scand 2001; 45: 320–6. PMID: 11207468

21.

Pendeville PE, Kabongo F, Veyckemans F. Use of remifentanil in combination with desflurane or propofol for ambulatory oral surgery. Acta Anaesthesiol Belg 2001; 52:181–6. PMID: 11534310

22.

Fredman B, Sheffer O, Zohar E, Paruta I, Richter S, Jedeikin R, et al. Fast-track eligibility of geriatric
patients undergoing short urologic surgery procedures. Anesth Analg 2002; 94: 560–4. PMID:
11867375

23.

Luginbuhl M, Wuthrich S, Petersen-Felix S, Zbinden AM, Schnider TW. Different benefit of bispectal
index (BIS) in desflurane and propofol anesthesia. Acta Anaesthesiol Scand 2003; 47: 165–73. PMID:
12631045

24.

Grottke O, Dietrich PJ, Wiegels S, Wappler F. Intraoperative wake-up test and postoperative emergence in patients undergoing spinal surgery: a comparison of intravenous and inhaled anesthetic techniques using short-acting anesthetics. Anesth Analg 2004; 99: 1521–7. doi: 10.1213/01.ANE.
0000134684.25322.26 PMID: 15502058

25.

Camci E, Koltka K, Celenk Y, Tugrul M, Pembeci K. Bispectral index-guided desflurane and propofol
anesthesia in ambulatory arthroscopy: comparison of recovery and discharge profiles. J Anesth 2006;
20: 149–52. doi: 10.1007/s00540-005-0376-3 PMID: 16633779

26.

Erk G, Erdogan G, Sahin F, Taspinar V, Dikmen B. Anesthesia for laparoscopic cholecystectomy:
comparative evaluation-desflurane/sevoflurane vs. propofol. Middle East J Anesthesiol 2007; 19:
553–62. PMID: 18044283

27.

Gokce BM, Ozkose Z, Tuncer B, Pampal K, Arslan D. Hemodynamic effects, recovery profiles, and
costs of remifentanil-based anesthesia with propofol or desflurane for septorhinoplasty. Saudi Med J
2007; 28: 358–63. PMID: 17334459

28.

Akkurt BC, Temiz M, Inanoglu K, Aslan A, Turhanoglu S, Asfuroglu Z, et al. Comparison of recovery
characteristics, postoperative nausea and vomiting, and gastrointestinal motility with total intravenous
anesthesia with propofol versus inhalation anesthesia with desflurane for laparoscopic cholecystectomy: A randomized controlled study. Curr Ther Res Clin Exp 2009; 70: 94–103. doi: 10.1016/j.
curtheres.2009.04.002 PMID: 24683221

29.

Lee WK, Kim MS, Kang SW, Kim S, Lee JR. Type of anaesthesia and patient quality of recovery: a randomized trial comparing propofol-remifentanil total i.v. anaesthesia with desflurane anaesthesia. Br J
Anaesth 2015; 114: 663–8. doi: 10.1093/bja/aeu405 PMID: 25500679

30.

Mahli A, Coskun D, Karaca GI, Akcali DT, Karabiyik L, Karadenizli Y. Target-controlled infusion of
remifentanil with propofol or desflurane under bispectral index guidance: quality of anesthesia and
recovery profile. J Res Med Sci 2011; 16: 611–20. PMID: 22091283

31.

Lin BF, Ju DT, Cherng CH, Hung NK, Yeh CC, Chan SM, et al. Comparison between intraoperative
fentanyl and tramadol to improve quality of emergence. J Neurosurg Anesthesiol 2012; 24: 127–32.
doi: 10.1097/ANA.0b013e31823c4a24 PMID: 22089326

32.

Epstein RH, Dexter F, Brull SJ. Cohort study of cases with prolonged tracheal extubation times to
examine the relationship with duration of workday. Can J Anaesth 2013; 60: 1070–6. doi: 10.1007/
s12630-013-0025-5 PMID: 24037748

33.

Li F, Gorji R, Tallarico R, Dodds C, Modes K, Mangat S, et al. Risk factors for delayed extubation in thoracic and lumbar spine surgery: a retrospective analysis of 135 patients. J Anesth 2014; 28: 161–6.
doi: 10.1007/s00540-013-1689-2 PMID: 23934263

PLOS ONE | DOI:10.1371/journal.pone.0165407 October 25, 2016

10 / 11

Anesthesia-Controlled Time in Colorectal Cancer Surgery

34.

Chan SM, Lee MS, Lu CH, Cherng CH, Huang YS, Yeh CC, et al. Confounding factors to predict the
awakening effect-site concentration of propofol in target-controlled infusion based on propofol and fentanyl anesthesia. PLoS One 2015; 10: e0124343. doi: 10.1371/journal.pone.0124343 PMID:
25938415

35.

Abouleish AE, Prough DS, Whitten CW, Conlay LA. Increasing the value of time reduces the lost economic opportunity of caring for surgeries of longer-than average times. Anesth Analg 2004; 98: 1737–
42. PMID: 15155338

36.

Abouleish AE, Prough DS, Zornow MH, Hughes J, Whitten CW, Conlay LA, et al. The impact of longerthan-average anesthesia times on the billing of academic anesthesiology departments. Anesth Analg
2001; 93: 1537–43. PMID: 11726438

37.

Levitt DG, Schnider TW. Human physiologically based pharmacokinetic model for propofol. BMC
Anesthesiol 2005; 5: 4. doi: 10.1186/1471-2253-5-4 PMID: 15847680

38.

Lu CH, Yeh CC, Huang YS, Lee MS, Hsieh CB, Cherng CH, et al. Hemodynamic and biochemical
changes in liver transplantation: A retrospective comparison of desflurane and total intravenous anesthesia by target-controlled infusion under auditory evoked potential guide. Acta Anaesthesiol Taiwan
2014; 52: 6–12. doi: 10.1016/j.aat.2014.05.004 PMID: 24999212

39.

Punjasawadwong Y, Phongchiewboon A, Bunchungmongkol N. Bispectral index for improving anaesthetic delivery and postoperative recovery. Cochrane Database Syst Rev 2014; 6: : CD003843. doi:
10.1002/14651858.CD003843.pub3 PMID: 24937564

40.

Brody H. The aging brain. Acta Neurol Scand Suppl 1992; 37: 40–44.

41.

Paul M, Fokt RM, Kindler CH, Dipp NC, Yost CS. Characterization of the Interactions Between Volatile
Anesthetics and Neuromuscular Blockers at the Muscle Nicotinic Acetylcholine Receptor. Anesth
Analg 2002; 95: 362–7. PMID: 12145052

42.

Hendrickx JF, Eger EI, Sonner JM, Shafer SL. Is synergy the rule? A review of anesthetic interactions
producing hypnosis and immobility. Anesth Analg 2008; 107: 494–506. doi: 10.1213/ane.
0b013e31817b859e PMID: 18633028

43.

Dexter F, Tinker JH. Comparisons between desflurane and isoflurane or propofol on time to following
commands and time to discharge. A metaanalysis. Anesthesiology 1995; 83:77–82. PMID: 7605021

44.

Fombeur PO, Tilleul PR, Beaussier MJ, Lorente C, Yazid L, Lienhart AH. Cost-effectiveness of propofol anesthesia using target-controlled infusion compared with a standard regimen using desflurane.
Am J Health Syst Pharm 2002; 59: 1344–50. PMID: 12132561

45.

Gray JM, Kenny GN. Development of the technology for ’Diprifusor’ TCI systems. Anaesthesia 1998;
53 Suppl 1: 22–7. PMID: 9640111

46.

Dolk A, Cannerfelt R, Anderson RE, Jakobsson J. Inhalation anaesthesia is cost-effective for ambulatory surgery: a clinical comparison with propofol during elective knee arthroscopy. Eur J Anaesthesiol
2002; 19: 88–92. PMID: 11999607

47.

Yeh CC, Kong SS, Chang FL, Huang GS, Ho ST, Wu CT, et al. Closed-circuit anesthesia prolongs the
neuromuscular blockade of rocuronium. Acta Anaesthesiol Sin 2003; 41: 55–60. PMID: 12934417

PLOS ONE | DOI:10.1371/journal.pone.0165407 October 25, 2016

11 / 11

