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Operating room efficiency is regulated by several 
factors; the 2 most important factors are anesthesia-
controlled time and turnover time.13 The interval 

between the end of surgery and extubation is of particular 
interest to surgeons and anesthesia care providers because 
it is affected by anesthetic agents.1,4,19,20 Anesthesiologists 
associate prolonged tracheal extubation time with poor re-

covery from anesthesia.1 When surgeons score anesthesi-
ologists’ attributes on a scale from 0 (“not important”) to 4 
(“a factor that would make me switch groups/hospitals”), 
the average score for “patient quick to awaken” is 3.9.19

The majority of studies comparing the effects of differ-
ent anesthesia regimens on operating room efficiency have 
tended to focus on relatively short and painless surgery 

Abbreviations  DES = desflurane; LOS = length of stay; MBP = mean blood pressure; PACU = postanesthesia care unit; TCI = target-controlled infusion; TIVA = total 
intravenous anesthesia.
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Objective  Anesthesia techniques can contribute to the reduction of anesthesia-controlled time and may therefore 
improve operating room efficiency. However, little is known about the difference in anesthesia-controlled time between 
propofol-based total intravenous anesthesia (TIVA) and desflurane (DES) anesthesia techniques for prolonged lumbar 
spine surgery under general anesthesia.
Methods  A retrospective analysis was conducted using hospital databases to compare the anesthesia-controlled time 
of lengthy (surgical time > 180 minutes) lumbar spine surgery in patients receiving either TIVA via target-controlled infu-
sion (TCI) with propofol/fentanyl or DES/fentanyl-based anesthesia, between January 2009 and December 2011. A vari-
ety of time intervals (surgical time, anesthesia time, extubation time, time in the operating room, postanesthesia care unit 
[PACU] length of stay, and total surgical suite time) comprising perioperative hemodynamic variables were compared 
between the 2 anesthesia techniques.
Results  Data from 581 patients were included in the analysis; 307 patients received TIVA and 274 received DES an-
esthesia. The extubation time was faster (12.4 ± 5.3 vs 7.0 ± 4.5 minutes, p < 0.001), and the time in operating room and 
total surgical suite time was shorter in the TIVA group than in the DES group (326.5 ± 57.2 vs 338.4 ± 69.4 minutes, p = 
0.025; and 402.6 ± 60.2 vs 414.4 ± 71.7 minutes, p = 0.033, respectively). However, there was no statistically significant 
difference in PACU length of stay between the groups. Heart rate and mean arterial blood pressure were more stable 
during extubation in the TIVA group than in the DES group.
Conclusions  Utilization of TIVA reduced the mean time to extubation and total surgical suite time by 5.4 minutes 
and 11.8 minutes, respectively, and produced more stable hemodynamics during extubation compared with the use of 
DES anesthesia in lengthy lumbar spine surgery.
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(e.g., day-case surgery). Recently, a meta-analysis compar-
ing operating room recovery times for desflurane (DES) 
and propofol reported that, relative to propofol, DES pro-
portionally reduced the mean time to extubation and time 
to follow commands (21% and 23%, respectively).20 How-
ever, only 2 studies9,14 of prolonged anesthesia or surgery 
duration were included in this meta-analysis. In our previ-
ous prospective study, patients undergoing lengthy proce-
dures were found to recover more quickly after total intra-
venous anesthesia (TIVA) via a target-controlled infusion 
(TCI) system, than with volatile anesthesia.2 The present 
study aimed to determine whether the use of TIVA with 
TCI is more effective than DES anesthesia in reducing 
anesthesia-controlled operating room time in patients un-
dergoing lengthy lumbar spine surgery.

Methods
This study was approved by the ethics committee of 

Tri-Service General Hospital, Taipei, Taiwan. Medical re-
cords and electronic databases were collected from this 
hospital and were reviewed for all patients undergoing 
elective lengthy lumbar spine surgery (surgical time > 
180 minutes), including posterolateral fusion and pedicle 
screw fixation (excluding patients with a deformity diag-
nosis), between January 2010 and December 2011. A to-
tal of 581 patients who received TIVA or DES anesthesia 
were included in this study. Exclusion criteria were pa-
tients younger than 18 years, emergency surgeries, com-
bined propofol and DES anesthesia, non-DES inhalation 
anesthesia, failure to extubate, no postanesthesia care unit 
(PACU) stay, and incomplete data. Other parameters ex-
tracted from the electronic databases and medical records 
included demographic data, American Society of Anes-
thesiology physical status class, intraoperative fentanyl 
dosage, and perioperative hemodynamic parameters.

For the purposes of this study, the following times (in 
minutes) were calculated: 1) surgical time (incision to sur-
gical completion and application of dressings), 2) anesthe-
sia time (initiation of anesthesia to extubation), 3) extuba-
tion time (completion of surgery and dressing application 
to extubation), 4) time in the operating room (arrival in the 
operating room to departure from the operating room), 5) 
length of stay (LOS) in the PACU (time from arrival in the 
PACU to discharge from the PACU to the general ward), 
and 6) total surgical suite time (arrival in the operating 
room to discharge from the PACU to the general ward).

Patient Groups
There was no administration of medication prior to in-

duction of anesthesia; however, regular monitoring, such as 
electrocardiography (lead II) and measurements of pulse 
oximetry, noninvasive blood pressure, respiratory rate, 
and end-tidal carbon dioxide pressure, were performed. 
The selection of anesthesia was based on the attending 
anesthesiologist’s preference, and anesthesia management 
was performed by the same anesthesiologist according to 
clinical practice demands. In all patients, anesthesia was 
induced with propofol and fentanyl. The patients were 
then intubated and maintained with the anesthetics DES 
or propofol and the analgesic fentanyl.

Anesthesia
TIVA was induced with fentanyl (2 μg/kg) and lido-

caine (2%, 1.5 mg/kg). Following this, continuous infu-
sion of propofol (Fresenius 1%) was initiated using a TCI 
system programmed with the Schneider model (Fresenius 
Orchestra Primea, Fresenius Kabi AG) at an effective tar-
get concentration of 4 mg/ml. Rocuronium (0.6 mg kg-1) 
was administered when patients lost consciousness, fol-
lowed by tracheal intubation. Anesthesia was maintained 
using TCI with propofol effective concentration 3–4 mg/
ml and an oxygen flow of 0.3 L/min. Repetitive bolus in-
jections of rocuronium and fentanyl were prescribed as 
required throughout the procedure.

In the DES group, anesthesia was induced with fentanyl 
(2 mg/kg), lidocaine (2%, 1.5 mg/kg), and propofol (2 mg/
kg). After loss of consciousness, rocuronium (0.6 mg/kg) 
was administered, and tracheal intubation was performed. 
Anesthesia was maintained with 8%–12% DES in an oxy-
gen flow of 300 ml/min under a closed system without ni-
trous oxide, and repetitive bolus injections of rocuronium 
and fentanyl were prescribed as required throughout the 
procedure.

Maintenance of the effective concentration for the TCI 
propofol and DES concentrations was adjusted at a range 
of 0.2 mg/ml and 0.5%, respectively, according to the he-
modynamics. If 2 increments or decrements were unsuc-
cessful in stabilizing the hemodynamics, the effective 
concentration ranges for the TCI propofol and DES con-
centrations were increased to 0.5 μg/ml and 2%, respec-
tively. The ventilation rate and maximum airway pressure 
were adjusted to maintain end-tidal carbon dioxide pres-
sure at 35–45 mm Hg. Either cisatracurium (2 mg intrave-
nously) or rocuronium (10 mg intravenously) was adminis-
tered as required by the return of neuromuscular function.

At the end of the operation, DES or propofol was dis-
continued, and the lungs were ventilated with 100% oxygen 
at a fresh gas flow of 6 L/min. When the patient regained 
consciousness, with spontaneous and smooth respiration, 
the endotracheal tube was removed.

Statistical Analysis
Categorical and continuous variables were presented as 

proportions and means ± SD, respectively. The differences 
in study variables between DES and TIVA were tested us-
ing the Student t-test or chi-square test where appropri-
ate. In the multivariable analysis, patient characteristics 
(sex, age, height, and weight) were adjusted using linear 
regression analysis to obtain estimates of differences in 
all of the study variables. Since some study variables were 
the linear combination of each other, further analyses of 
individual variables were separated into 2 parts: 1) total 
surgical suite time, levels of fusion, and fentanyl dosage; 
and 2) anesthesia time, extubation time, PACU LOS, lev-
els of fusion, and fentanyl dosage. These analyses were 
also adjusted according to the physiological state. The 
differences in heart rate and mean blood pressure (MBP) 
between the groups were also estimated. This study as-
sumed that there were no interaction effects between any 
variables on any dependent variables. Statistical analyses 
were performed with R 3.0.1 software, and the level of 
statistical significance was determined as p < 0.05.
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Results
A total of 270 patients were excluded from the analy-

sis, of whom 85 received combined inhalation anesthesia 
with propofol, 126 received sevoflurane anesthesia, and 59 
had incomplete data (Fig. 1). Of the 581 patients included 
in this study, 307 received TIVA and 274 received DES 
anesthesia. There was no statistically significant differ-
ence in patient demographics between the groups, and the 
frequency of more than 2 levels of fusion was similar be-
tween them (Table 1).

Surgical and anesthesia time, and LOS in the PACU 
were not statistically significantly different between 
groups (Table 1). The extubation time was faster (12.4 ± 
5.3 vs 7.0 ± 4.5 minutes, p < 0.001), and the time in the 
operating room and surgical suites was shorter (326.5 ± 
57.2 vs 338.4 ± 69.4 minutes, p = 0.025; and 402.6 ± 60.2 
vs. 414.4 ± 71.7 minutes, p = 0.033, respectively) in the 
TIVA group than in the DES group (Table 1). The dose 
of intraoperative fentanyl was significantly larger in the 
TIVA group than in the DES group (268.2 ± 61.4 vs 228.5 
± 63.1 μg, p < 0.001; Table 1). Comparisons of surgical sta-
tus by multiple variable analyses also demonstrated simi-
lar results between the groups (Table 2). Model 3 (Table 
2) presents these results adjusted by other operating room 
times. Out of all the operating room times analyzed, the 
largest significant difference between the DES and TIVA 
groups was extubation time. Therefore, the differences in 
time in operating room and total surgical suite time be-
tween groups were mainly due to extubation time.

The heart rate and MBP during extubation in the TIVA 
group were lower than those in the DES group (91.7 ± 20.0 
vs 102.8 ± 18.5 bpm, p < 0.001 and 108 ± 17.3 vs 115.9 ± 
13.9 mm Hg, p < 0.001, respectively; Table 1). Changes in 
heart rate and MBP in the TIVA group were also lower 
than those in the DES group (17.1 ± 20.1 vs 29.5 ± 18.5 
bpm, p < 0.001 and 5.7 ± 19.0 vs 14.4 ± 13.8 mm Hg, p 
< 0.001, respectively; Table 1). Multivariable analyses 

revealed similar effects of physiological status between 
groups (Table 3).

To ensure unbiased results, the confounding effect of 
patient characteristics (sex, age, height, and weight), vari-
ous time intervals, levels of fusion, and fentanyl dosage 
were investigated. The results revealed a similar frequen-
cy of more than 2 levels of fusion and no statistically sig-
nificant difference in patient demographics between the 
DES and TIVA groups (Table 1). This indicated that the 
selection of anesthesia techniques was unaffected by lev-
els of fusion. Furthermore, there were no intergroup in-
teractive effects between any variables on any dependent 
variables for each time, and clinical characteristics were 
similar compared with the unadjusted results (Tables 2 
and 3). These analyses adjusted for the physiological state 
and therefore guaranteed robust and unbiased results.

Discussion
In this retrospective study, propofol-based TIVA by TCI 

reduced the mean time to extubation (by 5.4 minutes) and 
total surgical suite time (by 11.8 minutes) and produced 
more stable hemodynamics during extubation, relative to 
DES anesthesia in patients undergoing lengthy lumbar 
spine surgery. These findings contradict the limited exist-
ing information obtained from previous randomized tri-
als. However, they importantly reveal that extubation time 
and total surgical suite time significantly differ according 
to duration of surgery and anesthetic drug selection.

Reductions in operating room time reduce direct labor 
costs either when the operating room has overused time 
or when there is more than 8 hours of appropriate staffing 
planned for the operating room and the staffing can be re-
duced to 8 hours.6,17,18 Facilities that consistently use oper-
ating rooms for more than 8 hours daily will benefit from 
the largest direct cost reductions. Among these operating 
rooms, each 1-minute reduction in operating room time 

Fig. 1. Study protocol.
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results in an overall 1.1- to 1.2-minute reduction in regular-
ly scheduled labor costs.6,7 Consequently, small reductions 
in operating room time, achieved through the reduction of 
extubation and total surgical suite time, as reported in this 
study (in which the operating room workday in this study 
exceeded 8 hours), can be reasonably considered to be of 
economic benefit. Additionally, an intangible value of time 
saved may be achieved from more predictable recovery 
(e.g., fewer frustrated surgeons complaining of delays in 
beginning the next case).

Differences in operating room recovery times between 
anesthetic agents have been extensively studied because 
they can limit operating room throughput; this is based on 
data showing that nonanesthesia operating room personnel 
must wait for the patient to be extubated during emergence 
from anesthesia in the majority of cases (> 66%).8,16 Previ-
ously, Masursky et al.17 demonstrated that longer times to 
extubation are associated with an increased risk of at least 
one person waiting or being idle in the operating room 
(slowing the workflow). In addition, cases with prolonged 
tracheal extubation times have longer times from oper-
ating room exit to the start of the surgeon’s next case in 
the operating room.4 Therefore, selection of an anesthetic 
technique associated with faster extubation is associated 
with rapid operating room workflow and reductions in the 
time from operating room exit to the start of the surgeon’s 
next case.4,17 An anesthesia technique with shorter extuba-
tion times would decrease waiting time for the operating 

room staff and reduce the time from the end of surgery to 
operating room exit.5

Extubation times differ significantly among anesthetic 
drugs.4,15,20 Propofol has become popular for general an-
esthesia, especially in the ambulatory setting. It is fre-
quently used in combination with remifentanil since both 
drugs have been reported to enable rapid emergence from 
anesthesia and early return to normal activities.10,15 Until 
recently, remifentanil was unavailable in Taiwan. How-
ever, the duration of emergence from anesthesia has been 
shown to be significantly shorter with TIVA than with 
inhalation anesthesia in breast cancer and gynecological 
laparoscopic surgeries.3,12 In addition, in a previous pro-
spective study, a propofol and fentanyl combination was 
found to be cost-saving and resulted in faster emergence 
and extubation in lengthy spinal surgery when compared 
with DES and sevoflurane anesthesia.2 Furthermore, the 
use of TIVA has been shown to reduce the mean time to 
extubation by at least 9% and duration in PACU by more 
than 1% compared with the use of DES anesthesia in oph-
thalmic surgery.22

In this retrospective study of patients undergoing lengthy 
lumbar spine surgery, propofol-based TIVA by TCI was 
also found to reduce the mean time to extubation and total 
surgical suite time relative to DES. Our findings contradict 
those of a recent meta-analysis20 comparing the operating 
room recovery time of DES with that of propofol. The dis-
crepancy in these findings is most likely due to differences 

TABLE 1. Patient characteristics and various time intervals in both groups*

Variable DES (n = 274) TIVA (n = 307) p Value†

Female sex 45.3% 46.3% 0.875
Mean age, yrs 59.9 ± 10.0 63.8 ± 15.4 0.757
Mean height, cm 164.5 ± 9.0 164.4 ± 8.9 0.919
Mean weight, kg 70.2 ± 12.6 70.3 ± 12.5 0.903
Mean arrival in OR to start of anesthesia, mins 9.0 ± 3.9 7.9 ± 3.9 0.001
Mean surgical time, mins 253.1 ± 64.1 254.5 ± 53.0 0.775
Mean anesthesia time, mins 306.6 ± 68.4 302.3 ± 56.3 0.417
Mean extubation time, mins 12.4 ± 5.3 7.0 ± 4.5 <0.001
Mean extubation to departure from OR, min 10.5 ± 5.4 9.3 ± 4.9 0.004
Mean time in OR, mins 338.4 ± 69.4 326.5 ± 57.2 0.025
Mean PACU LOS, mins 76.0 ± 15.8 76.0 ± 16.8 0.953
Mean total surgical suite time, mins 414.4 ± 71.7 402.6 ± 60.2 0.033
Mean fentanyl, µg 228.5 ± 63.1 268.2 ± 61.4 <0.001
Mean baseline HR, bpm 73.3 ± 14.3 74.6 ± 15.3 0.299
Mean baseline MBP, mm Hg 101.4 ± 11.9 102.4 ± 10.8 0.337
Mean max HR during extubation, bpm 102.8 ± 18.5 91.7 ± 20.0 <0.001
Mean max MBP during extubation, mm Hg 115.9 ± 13.9 108 ± 17.3 <0.001
Mean ΔHR, bpm 29.5 ± 18.5 17.1 ± 20.1 <0.001
Mean ΔMBP, mm Hg 14.4 ± 13.8 5.7 ± 19.0 <0.001
PLF & PSF, >2 levels 32.5% 34.9% 0.546

HR = heart rate; MBP = mean blood pressure; ΔHR = maximal heart rate during extubation − baseline heart rate; ΔMBP = maximal MBP during 
extubation − baseline MBP; OR = operating room; PLF = posterolateral fusion; PSF = pedicle screw fixation.
*  The baseline patient data indicate the measurements before the start of anesthesia. Mean data are shown as mean ± SD. 
†  p values < 0.05 were considered significant.
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in anesthesia drugs and surgical procedure (short-duration 
surgical procedures were predominately investigated in the 
previous meta-analysis).

The hemodynamics investigated in this study were 
more stable during extubation. During extubation, heart 
rate and MBP increased less in the TIVA group than in 
the DES group. This may be explained because of the use 
of propofol and the larger dose of fentanyl administered 
during operations, which reduced stimulation during ex-
tubation. Hohlrieder et al.11 found that TIVA is associated 
with significantly less coughing and reduces hemodynam-
ic response when compared with inhalation anesthesia in 
elective lumbar disc surgery during emergence from anes-
thesia. In addition, Wang et al.21 demonstrated more stable 
hemodynamics in the TCI patient group and significantly 
lower mean arterial pressure and faster recovery profiles 
compared with the fentanyl/DES patient group. Variable 
doses of intraoperative fentanyl administrated between 
groups may explain these differences in findings.

A retrospective study design may lead to bias regarding 
standardization and comparability of study groups. For the 
purpose of this study, retrospective analysis of data provid-
ed a major advantage since anesthesia management was 
performed by the attending anesthesiologist, according to 
clinical demands, as opposed to being determined by a 
study protocol. This study, performed under real clinical 
conditions, more accurately reflects the clinically relevant 
benefits that may be expected with the use of new drugs 
or devices. Finally, comorbidity may play a role in extuba-
tion time; however, this could not be investigated in this 
study owing to lack of patient comorbidity records in the 
hospital databases.

Conclusions
Relative to DES, propofol-based TIVA by TCI reduced 

the mean time to extubation and total surgical time by 5.4 
and 11.8 minutes, respectively, and produced more stable 
hemodynamics during extubation in lengthy lumbar spine 
surgery. The reduction in extubation and total surgical 
suite time will have an economic impact through the asso-
ciated increases in operating room productivity and reduc-
tion in labor costs, especially when operating rooms are 
consistently used for more than 8 hours daily.
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