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than sevoflurane in combined general/epidural anesthesia:
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Abstract

Purpose A classic general anesthesia is performed by

induction with an intravenous hypnotic (such as propofol)

and maintenance with a volatile anesthetic (such as sevo-

flurane). The aim of the present study was to compare the

effects of a propofol/sevoflurane maintenance regimen

with that of a sevoflurane regimen on recovery profiles.

Methods One hundred and sixty patients, who were ASA

1 or 2, 45–65 years of age, and scheduled for elective

gastrointestinal surgery under combined general/epidural

anesthesia, were allocated randomly to receive the sevo-

flurane maintenance regimen (group S, n = 80) or sevo-

flurane/propofol regimen (group SP, n = 80). After

induction, anesthesia was maintained with sevoflurane in

group S and sevoflurane with propofol (1.2 lg/ml target

plasma concentration) in group SP. Bispectral index (BIS)

values were maintained within 40–60 during the mainte-

nance. Time to extubation, incidence of serious coughing

and agitation, and other recovery characteristics were

evaluated during emergence.

Results The time to awakening and extubation in group

SP were 7.2 ± 2 min and 8.0 ± 1.8 min, respectively,

which were shorter than those results in group S

(12.3 ± 1.5 and 12.8 ± 1.6 min, respectively) (P \ 0.05).

The incidence of serious coughing and agitation in SP

(30 % and 25 %) was lower than that of group S (68 % and

53 %) (P \ 0.05). BIS value, pain score, requirements of

analgesics and antiemetics in the PACU, and length of stay

in the PACU were similar in the two groups.

Conclusions Compared to sevoflurane maintenance,

coadministration of propofol and sevoflurane provides

faster awakening and extubation with a low incidence of

emergence coughing and agitation.
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Introduction

A classic general anesthesia is performed by induction with

an intravenous hypnotic (such as propofol) and mainte-

nance with a volatile anesthetic (such as sevoflurane), with

intermittent or continuous opioids and muscle relaxants.

Coadministration of propofol and sevoflurane for mainte-

nance has been suggested recently [1, 2] because of the

antiemetic effect of propofol [3], the myocardial protective

effects of sevoflurane [4, 5], and possible smooth emer-

gence resulting from low administered amounts of each

anesthetic. Moreover, it has been frequently reported that

propofol can reduce the incidence of emergence agitation

in children undergoing sevoflurane anesthesia [6–8].

However, the effects of coadministration of propofol and

sevoflurane on the recovery profiles from general anes-

thesia in adults have not been fully investigated.

For a proper coadministration of propofol and sevoflu-

rane, the type and extent of their interaction has been

described in recent studies [2, 9], in which an additive

approach was demonstrated. The additive effect of these

two drugs was partly attributed to their separate binding

sites and converging pathways of action on the GABAA

receptor [9]. Furthermore, Schumacher et al. [1] reported

the ratios between effect-site concentrations with 50 % of
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effect (Ce50) of sevoflurane and propofol at different

clinical endpoints (tolerance of shaking and shouting,

tetanic stimulation, laryngeal mask airway insertion, and

laryngoscopy) are identical, averaging 0.43 vol%/ml/lg,

which gave us a reference to calculate the combined drug

potency in steady state.

We hypothesized that the propofol/sevoflurane mainte-

nance regimen may provide a faster and smoother emergence

than sevoflurane alone. This prospective, randomized, dou-

ble-blinded study was conducted to verify this hypothesis in

patients undergoing elective abdominal surgery.

Materials and methods

The study was registered at http://www.chictr.org/cn/

(ChiCTR-TRC-13003577) and was approved by the Ethics

Committee of Zhongshan Hospital, Fudan University,

China. Between August 2013 and November 2013, we

enrolled 160 consecutive patients, 45–65 years of age and

ASA I–II, who were scheduled for elective gastrointestinal

surgery under combined general/epidural anesthesia.

Written informed consent was obtained from all patients

before randomization. Exclusion criteria were cognitive

impairment; history of uncontrolled hypertension; a recent

respiratory tract infection; history of respiratory disease

such as asthma or chronic obstructive lung disease; heart

block greater than first degree; kidney or liver disease;

chronic use of antipsychotic medications; and body mass

index C30 kg/m2.

Patients were randomly assigned into two groups by the

program of SPSS16.0 software. No preoperative sedatives

or analgesics were administered. The sevoflurane group

(group S, n = 80) received sevoflurane for anesthesia

maintenance, and sevoflurane/propofol group (group SP,

n = 80) received sevoflurane and propofol (1.2 lg/ml

target plasma concentration) for maintenance. After epi-

dural and central vein catheter placement, electrocardio-

gram, pulse oximetry, invasive arterial pressure, and end-

tidal CO2 (EtCO2) were applied. Before induction, 3 ml

2 % lidocaine was given through the epidural catheter as a

test dose, then 10 ml 0.375 % bupivacaine was given as the

first dose and followed by 5 ml 0.375 % bupivacaine

supply per hour. Patients were excluded from the study if

the epidural anesthesia could not be successfully

performed.

Propofol was administered via a target-controlled infu-

sion (TCI) device (Cardinal Health, Basingstoke, UK),

which used a three-compartment population pharmacoki-

netic model defined by Schnider et al. [10]. Induction was

performed with propofol TCI (target plasma concentration

was set at 4.0 lg/ml), remifentanil (0.15 lg/kg/min) fenta-

nyl 1 lg/kg, and rocuronium bromide 0.6–0.8 mg/kg. After

tracheal intubation, ventilation was controlled artificially

and the ventilatory parameters were adjusted for EtCO2

between 35 and 45 mmHg in 50 % O2/air and a flow rate of

1 l/min. After induction, remifentanil infusion was stopped

in the two groups; propofol TCI was turned off in group S. In

group SP, the target plasma concentration of propofol was

decreased to 1.2 lg/ml, which would give an equivalent of

0.52 vol% sevoflurane or approximately 0.3 MAC (the Ce50

ratio of sevoflurane to propofol equals 0.43 vol%/ml/lg [1]).

During the operation, sevoflurane concentration in the

two groups was regulated to maintain the bispectral index

value (BIS; A-2000TM SP, Aspect Medical System, Nor-

wood, MA, USA) between 40 and 60. The MAC and BIS

values of each patient from the time of propofol at 1.2 lg/

ml to the time of ‘‘time zero’’ were recorded every half

hour. Intermittent intravenous fentanyl (50 lg) and rocu-

ronium (10 mg) were given to the patients as needed, and

antiemetic drugs or nonsteroidal antiinflammatory drugs

were avoided. Tachycardia (heart rate [100 beats/min)

was treated with i.v. esmolol in 10-mg increments. Bra-

dycardia (heart rate \40 beats/min) was treated with i.v.

atropine 0.5 mg. Hypotension (MAP \60 mmHg) was

treated with i.v. phenylephrine at 0.1-mg increments or

continuous i.v. norepinephrine infusion and i.v. fluid

administration.

Oral suction was performed when the surgery was

complete, and reversal agents (neostigmine 0.04 mg/kg and

atropine 20 mg/kg) were given after the return of neuro-

muscular function. Following these steps, sevoflurane and/

or propofol were turned off in the two groups. The ‘turn

off’ was defined as ‘time zero’ of the emergence process,

and the ventilation flow rate was then increased to 8 l/min.

The emergence period is defined from ‘time zero’ to 2 min

after tracheal extubation. All patients were awakened by

continual verbal commands to open their eyes. Tracheal

extubation was performed when patients began breathing

spontaneously and were able to follow verbal commands

with a BIS value [70. All investigators and patients were

blinded to group assignment. During emergence, recovery

profiles were observed at different time points by the same

anesthesiologist blinded to the study protocol. The patient

monitor screen and syringes were hidden before the

observer entered the operating room at the time of ‘time

zero.’

During emergence, the widely used Ricker sedation–

agitation [11] scale was used to evaluate the level of agi-

tation: 1 = minimal or no response to noxious stimuli;

2 = arouses to physical stimuli but does not communicate;

3 = difficult to arouse but awakens to verbal stimuli or

gentle shaking; 4 = calm and follows commands;

5 = anxious or physically agitated and calms to verbal

instructions; 6 = requiring restraint and frequent verbal

reminding of limits; and 7 = pulling at tracheal tube,
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trying to remove catheters, or striking at staff. Any score on

the sedation–agitation scale C5 was defined as emergence

agitation.

The grade of coughing during emergence was assessed

by a four-point scale [12]: grade 0 = no cough, grade

1 = light (single) cough, grade 2 = moderate cough (more

than one episode of nonsustained coughing), and grade

3 = sustained and repetitive cough movements with head

lift. Grade 3 was defined as serious coughing. The time to

verbal response and extubation, BIS value at the time of

extubation, and the intraoperative hemodynamic events

(hypotension, tachycardia, and bradycardia) were assessed

and recorded in all patients. Nausea and vomiting score

(0 = no nausea; 1 = mild nausea; 2 = severe nausea

requiring antiemetics; and 3 = retching, vomiting, or both),

and numerical rating scale (NRS) for pain (0 = no pain and

10 = worst pain imaginable) were evaluated in the pos-

tanesthesia care unit (PACU). When NRS was C5, addi-

tional i.v. fentanyl 1 lg/kg was given, and i.v. tropisetron

6 mg was given if the nausea and vomiting score was C2.

Statistical analysis

The sample size calculation was based on the main end-

point of recovery profiles, the time to extubation. The

reported time to extubation of sevoflurane maintenance is

13 min [13]. Based on our preliminary study, with the

assumption that propofol/sevoflurane would shorten the

time to extubation by 40 % (a of 0.05 and a power of

80 %) compared to sevoflurane regimen, 77 subjects were

required in each group, respectively. Therefore, we inclu-

ded 80 patients per group to compensate for dropouts.

The values were expressed as mean (SD), median

(range), or the number of patients (%). Statistical analyses

were performed using SPSS16.0 (SPSS, Chicago, IL, USA).

The independent t test was used to analyze parametric data,

and nonparametric data were analyzed by Mann–Whitney

U test. Repeated-measure variables were analyzed using

linear mixed models with a Bonferroni correction. Cate-

gorical variables were evaluated by the Fisher’s exact test.

P \ 0.05 was considered statistically significant.

Results

There were no differences among two groups with respect

to age, gender, height, weight, smoking history, or type and

duration of surgery (Table 1).

The time to verbal response of group SP (7.2 ± 2 min)

was shorter than that of group S (12.3 ± 1.5 min)

(P \ 0.05). The time to extubation in group SP was

8.0 ± 1.8 min, which was shorter than that of group S

(12.8 ± 1.6 min) (P \ 0.05) (Table 2). Incidences of

agitation and serious coughing in SP (25 % and 30 %)

were lower than these of group S (53 and 68 %) (P \ 0.05)

(Fig. 1). The requirements of fentanyl and rocuronium

were comparable in group S (170.6 ± 22.5 and

45.6 ± 7.5 mg) and group SP (175.6 ± 15.8 and

48.3 ± 6.4 mg). The average MAC/BIS values during

maintenance in group S and group SP was 0.98/48 and 0.6/

47, respectively.

Table 1 Demographic data

Group S Group SP

N 80 80

Age (years) 52 ± 9 51 ± 7

Sex (M/F) 39/41 37/43

Weight (kg) 68 ± 5 70 ± 4

Height (cm) 166 ± 8 169 ± 5

Smokers/nonsmokers 13/67 11/69

Surgery (stomach/colon) 37/43 38/42

Surgery duration (min) 155 ± 33 160 ± 40

Table 2 Recovery profiles during emergence period and doses

of fentanyl and rocuronium

Group S Group SP

Time to verbal response (min) 12.3 ± 1.5 7.2 ± 2*

Time to extubation (min) 12.8 ± 1.6 8.0 ± 1.8*

Average dose of fentanyl (lg) 170.6 ± 22.5 175.6 ± 15.8

Average dose of rocuronium (mg) 45.6 ± 7.5 48.3 ± 6.4

BIS at extubation 81.6 ± 3.2 80.6 ± 4.2

Average MAC/BIS values 0.98/48 0.6/47

* P \ 0.05 vs. group S

Fig. 1 Incidence of serious coughing and agitation during emer-

gence. Time from end of surgery to 2 min after extubation is defined

as the emergence period. Agitation is defined as a sedation–agitation

scale score C5. Serious coughing is defined as sustained and

repetitive cough movements with head lift. mdP \ 0.05 vs. group S
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BIS value, pain score, intraoperative MAP and HR, the

requirements of analgesics and antiemetics in PACU, and

the length of stay in PACU were similar in the two groups

(Table 3). The number of patients who required interven-

tion for intraoperative hypotension in groups S and SP was

28 and 31, respectively. Four patients in group SP and 6

patients in group S complained of nausea and vomiting; all

were successfully treated with tropisetron (6 mg). No other

severe adverse effects were observed.

Discussion

In patients undergoing abdominal surgery, combined gen-

eral/epidural anesthesia is usually performed. Given the

analgesic and muscle relaxant effects of epidural anesthe-

sia, only a few opioids and muscle relaxants were given

during the maintenance period [14]. In addition to hypno-

sis, the main function of maintenance drugs is to inhibit the

cough reflex elicited by the tracheal tube on patient’s lar-

ynx and trachea. Therefore, it seems reasonable to perform

and investigate the sevoflurane/propofol maintenance reg-

imen in these patients. The results from the present study

suggest that the coadministration regimen seems applicable

in combined general/epidural anesthesia. The time to

awakening and extubation in the coadministration group

was shorter than that in the sevoflurane group. Further-

more, continuous propofol infusion with sevoflurane

reduced the incidence of emergence coughing and agitation

induced by sevoflurane without increasing the incidence of

other complications.

Additive interactions occur when the effect of coad-

ministration of two drugs equals the effect of either alone

in an amount equal to the sum of the two drugs [15]. The

additive effect of propofol and sevoflurane has been

reported in many studies [2, 9], and the Ce50 ratio(0.43 -

vol%/ml/lg) of sevoflurane to propofol at different clinical

endpoints reported by Schumacher et al. [1] can be used to

calculate the combined drug potency in steady state. Based

on these findings, our study used the same pharmacokinetic

variables for propofol and TCI software as Schnider et al.

[10], a propofol target plasma concentration of 1.2 lg/ml

would give an equivalent of 0.52 vol% sevoflurane or

approximately sevoflurane 0.3 MAC.

Sevoflurane has a rapid emergence time after discon-

tinuation, which is the result of its low blood gas partition

coefficient [16]. By metabolic elimination and redistribu-

tion, propofol also has shown a rapid recovery from

anesthesia [17]. In anesthesia maintained with propofol/

remifentanil or sevoflurane/remifentanil, the time to tra-

cheal extubation in the propofol group was shorter than that

of the sevoflurane group [12, 18]. Importantly, because the

recovery profiles of coadministration of sevoflurane and

propofol have not been reported in recent literature, our

study may be the first to report that the time to awakening

and extubation in the combined group is shorter than that of

the sevoflurane group, possibly because the low adminis-

tered amounts of each anesthetic provide a relatively fast

drug elimination. In outpatient anesthesia, it has been

reported that the time to verbal commands and extubation

in the sevoflurane maintenance group are 7.8 ± 3.8 and

8.2 ± 4.2 min, respectively, both of which are shorter than

that of our study of sevoflurane alone. The discrepancy

may be attributed to the type and short duration of opera-

tion in their study, and the flow rate, which was adjusted to

10 l/min (8 l/min in our group) at the end of surgery, may

also accelerate the sevoflurane washout [19].

The airway protective effects of propofol have been

reported in many studies [20–22]. In our study, the inci-

dence of serious coughing in group SP (30 %) was lower

than that of group S (68 %), which indicates the anti-

coughing effect of propofol is better than that of sevoflu-

rane. The deeper residual anesthetic effect of propofol at

the time of extubation could be responsible for the low

incidence of coughing in group SP, because the anti-

coughing effect of propofol is related to its high residual

concentration [13]. In other words, during emergence, a

certain residual concentration of propofol effectively

retrieves the poor anti-coughing effects of sevoflurane,

resulting in a low coughing rate in group SP. Furthermore,

by using the Ricker sedation–agitation scale, our study also

demonstrated the combination of propofol and sevoflurane

decreased the agitation induced by sevoflurane, which is

consistent with the results in children [6–8]. Another con-

sideration for coughing is the patient’s smoking habit,

because the incidence of serious coughing during emer-

gence is significantly higher in smokers than in nonsmokers

[19]. However, the ratio of smokers to nonsmokers was

comparable among the two groups in the present study.

For the purpose of investigating the pure effects of

combined sevoflurane/propofol maintenance on the patient

recovery profiles, we did not use lidocaine [24], short-

acting opioids [23], or dexmedetomidine [25] to prevent

emergence coughing or agitation. On the other hand, these

drugs may also delay the emergence from general anes-

thesia. BIS seems to perform quite well in deep, steady-

state anesthesia with propofol [26] and sevoflurane [27].

Table 3 Recovery profiles in PACU

Group S Group SP

NRS for pain in PACU (C3) 1 2

Analgesics in PACU 4 3

Antiemetics in PACU 2 4

Length of PACU stay (min) 62 ± 6 65 ± 6
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However, it has been reported that BIS values at the time of

loss of consciousness in patients anesthetized with sevo-

flurane were significantly higher than those in patients

anesthetized with propofol [28]. Consistently, the average

MAC/BIS values during maintenance in group S and group

SP were 0.98/48 and 0.57/47, respectively, which indicates

that the influence of propofol on BIS values is greater than

that of sevoflurane.

There are several limitations to this study. First, we only

used one constant concentration of propofol (1.2 lg/ml)

and controlled the depth of anesthesia by adjusting the

concentration of sevoflurane, so it is unclear what is the

best combination regimen of these two drugs, and whether

the different ‘‘turn off’’ regimen of these two drugs can also

influence patient recovery profiles. Second, as the results

from our study are mainly related to patients undergoing

combined epidural/general anesthesia, the effects of coad-

ministration on the recovery profiles in patients undergoing

common general anesthesia still need to be studied. Third,

as sample size calculation was based on the incidence of

emergence coughing and the time to extubation, the sample

size may not be sufficient to check the comprehensive

quality of recovery.

In conclusion, compared to the sevoflurane maintenance

regimen, the coadministration of propofol/sevoflurane pro-

vides faster recovery with a low incidence of emergence

coughing and agitation. These results may support the

coadministration of propofol/sevoflurane for anesthesia

maintenance in patients under combined general/epidural

anesthesia.
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