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ABSTRACT. This study evaluated the feasibility and effectiveness of 
using the bispectral index (BIS) to monitor anesthetic depth in patients 
with severe burns receiving intravenous target-controlled infusion 
(TCI) of remifentanil and propofol. We randomly assigned 80 patients 
undergoing elective escharectomy (<1 week) to BIS (A) and control (B) 
groups. All patients received remifentanil and propofol as intravenous 
TCI anesthesia. Clinical data were recorded at different time points. The 
time from drug withdrawal to eye opening upon the patient hearing his/
her name called and upon reaching an Aldrete score of 9 points was also 
recorded. During anesthesia maintenance, the target concentrations of 
remifentanil and propofol in group A were significantly lower than that 
in group B (2.12 ± 0.35 vs 2.50 ± 0.21 ng/mL and 2.54 ± 0.22 vs 2.86 ± 
0.31 μg/mL, respectively; P < 0.01). The time from drug withdrawal to 
eye opening upon the patient hearing his/her name called and reaching 
an Aldrete score of 9 points in group A was considerably shorter than 
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that in group B (7.90 ± 0.58 vs 8.35 ± 0.66 min and 9.15 ± 0.69 vs 11.13 
± 0.96 min, respectively; P < 0.01). In both groups, mean arterial pressure 
and heart rate values at each time point after loss of consciousness were 
significantly lower than the baseline values (P < 0.05), with the exception 
of 2 min after intubation. The use of BIS to monitor anesthetic depth in 
patients with severe burns receiving TCI of remifentanil and propofol 
during the perioperative period reduces propofol consumption and shortens 
the consciousness recovery time in patients.
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INTRODUCTION

Post-burn pathophysiological responses can lead to changes in pharmacokinetic pa-
rameters, and the extent of these pharmacokinetic changes is dependent on the severity and 
course of the burn. After the acute phase of a severe burn, the blood flow volumes in the liver 
and kidneys increase with the presence of hypermetabolism and increasing cardiac output, 
which leads to enhanced drug clearance. The recovery of hepatic and renal functions varies 
according to the individual (Han et al., 2009; Kaneda and Han, 2009; Yamashita et al., 2010; 
Brunette et al., 2011). The combination of remifentanil and propofol for intravenous target-
controlled infusion (TCI) has been extensively used for various types of surgical anesthesia. 
Numerous studies have proven that intravenous TCI enables more precise control over in-
travenous anesthesia, which reduces hemodynamic fluctuation and maintains the ideal depth 
of anesthesia during the operation (Witkowska et al., 2012; Koo et al., 2012; Yeganeh et al., 
2013; Dussaussoy et al., 2014). The availability of TCI of propofol and remifentanil hydro-
chloride in burn patients was confirmed in our pre-application study (Guo et al., 2012).

The clinical application of the bispectral index (BIS) was approved by the U.S. Food 
and Drug Administration in 1996. BIS reflects the sedation depth of patients receiving surgery, 
increases the safety of anesthesia, and reduces the dosage of intravenous anesthetics (López 
Navarro et al., 2004; Han et al., 2005). However, currently, anesthetic depth in patients with 
severe burns is still primarily evaluated based on clinical signs, which lacks objective and 
valid judgment indices. Thus, this study aimed to explore the feasibility and effectiveness of 
the use of BIS for monitoring the intraoperative depth of anesthesia with propofol and remi-
fentanil TCI in patients with severe burns.

MATERIAL AND METHODS

We recruited 80 patients with severe burns who underwent elective escharectomy (<1 
week) at the First Affiliated Hospital of People’s Liberation Army General Hospital between 
December 2011 and December 2012. 

Patients

All patients [classes II to III of the American Society of Anesthesiologists (ASA) clas-
sification] had total burn surface areas ranging from 31 to 50% or third-degree burn injuries 
ranging from 11 to 20%. The ages of the patients ranged from 18 to 65 years, and their weights 
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ranged from 40 to 90 kg. The patients were randomly assigned to BIS (A) and control (B) 
groups (20 cases in each group) according to the random-number table method. Patients were 
excluded if they had drug allergies, apparent heart, lung, liver or kidney dysfunction before the 
operation; and who were seriously overweight [body mass index (BMI) > 30 kg/m2]. No sig-
nificant differences were found between the 2 groups regarding gender, age, BMI, height, total 
body surface area, full-thickness burn surface area, days from injury to surgery, and operation 
time (P > 0.05, Table 1). This study was conducted in accordance with the Declaration of Hel-
sinki and approved by the Ethics Committee of First Affiliated Hospital of General Hospital 
of PLA. Written informed consent was obtained from the participants. If patients exhibited a 
language communication or written language problem before the operation, we consulted with 
the patients while they were conscious, and simultaneously obtained informed consent from 
them or from a legal representative. 

Table 1. Comparisons of general information of patients in the two groups (mean ± standard deviation).

Group	              Gender (cases)	 Age (year)	 Weight (kg)	 Height (cm)	 ST (min)	 TBSA	 FTBSA	 Days

	 Male	 Female	 						    

Group A	 26	 14	 42.50 ± 13.33	 63.65 ± 9.29	 167.75 ± 6.11	 178.00 ± 36.40	 0.39 ± 0.08	 0.15 ± 0.03	 2.78 ± 0.64
Group B	 28	 12	 39.95 ± 14.70	   64.80 ± 10.80	 166.55 ± 6.50	 183.00 ± 33.97	 0.42 ± 0.07	 0.15 ± 0.02	 2.83 ± 0.69

Group A = BIS group; Group B = Control group; “-” = no statistical value; ST = surgery time; TBSA = total burn 
surface area; FTBSA = full thickness burn surface area; Days = days from injury to surgery.

Anesthesia

All patients were anesthetized by a the same anesthesiologist. Upon the arrival of the 
patients at the operating theater, an intravenous line was placed and Ringer’s solution (10 mL/
kg) was administered until measurements were initiated. Non-invasive blood pressure and inva-
sive arterial pressure were measured, and ECG and pulse oximeter monitors were attached. Vital 
signs were monitored routinely by using a BIS monitor (A-2000 type; Aspect Medical Systems 
Inc., USA). The TCI system is consisted of a Minto remifentanil pharmacokinetic model (Alaris 
@ PK, ALARIS Medical, UK) and a Marsh propofol pharmacokinetic model (Graseby3500, 
Smith Medical, U.S.A) (Witkowska et al., 2012). The initial target effect-site concentration of 
remifentanil was 2.5 ng/mL. At 2 min after infusion, propofol was administered via TCI. Both 
groups received propofol at an initial target plasma concentration of 2.0 μg/mL. The plasma con-
centration was increased by 0.5 μg/mL per minute until the patients lost consciousness. During 
anesthesia induction, 2 mg of dopamine was administered if the mean arterial pressure (MAP) 
decreased by more than 20%. The patients received 0.15 mg/kg cisatracurium besylate and un-
derwent transoral tracheal intubation for mechanical ventilation. The oxygen flow rate was 2 L/
min, and the tidal volume was 10 mL/kg. The respiratory rate was adjusted to maintain the end-
tidal pressure of carbon dioxide between 35 and 45 mmHg (1 mmHg = 0.133 kPa). We adminis-
tered cisatracurium besylate to the patients to maintain muscle relaxation.

At the preparation stage of surgery, the target effect-site concentration of remifentanil 
was decreased by 0.5 to 1 ng/mL in both groups. Before the operation, the remifentanil con-
centration was returned to the induction level. In the BIS group, the plasma concentration of 
propofol was adjusted according to the BIS, and was maintained between 40 and 60. In the 
control group, the plasma concentration of propofol was adjusted according to blood pressure, 
heart rate (HR), and body movement. The plasma concentrations of propofol were adjusted 
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in 0.5 μg/mL increments, separated by intervals of more than 1 min. According to HR and 
blood pressure, the target effect-site concentration and infusion rate of remifentanil were also 
adjusted (0.5 ng/mL per adjustment). Cardiovascular agents such as ephedrine, dopamine, 
atropine, esmolol, and urapidil were administered when necessary. 

After skin suturing, propofol and remifentanil were withdrawn. Tramadol at 1 mg/kg 
was administered 30 min before the end of the operation. The patients recovered conscious-
ness after the operation. Sputum suction and extubation were performed when the indications 
for extubation were satisfied. 

Data collection

MAP, HR, and BIS of the patients were monitored during the entire course of the 
operation. MAP and HR were recorded at the following time points: upon entering the operat-
ing room; at the time of unconsciousness; 2 min after intubation; before the operation; 2, 15, 
and 30 min from the start of the operation; after the operation; at the time of eye opening after 
the patient heard his/her name called; and the time to reach an Aldrete score of 9 points. The 
target concentrations of remifentanil and propofol during anesthesia maintenance, the time to 
eye opening, the time to reach an Aldrete score of 9 points from drug withdrawal, and the BIS 
values at the aforementioned time points were also recorded. All patients were queried about 
intraoperative awareness after the operation.

Data analysis

Data were analyzed by using the SPSS11.0 software (SPSS, Chicago, IL). All 
data measured are reported as means ± standard deviation. The t-tests were used to make 
comparisons between groups. ANOVA was used to compare results within the same group, 
and chi-square tests were used for categorical data. The prediction probability (Pk) was used 
to evaluate the prediction efficacy of BIS, MAP, and HR for the changes in consciousness 
during recovery. Spearman’s correlation analysis was performed to determine the correlations 
between these indices and the changes in consciousness during recovery. Differences with P < 
0.05 were considered to be statistically significant. 

RESULTS

Perianesthesia drug target concentrations and recovery of consciousness

Compared with group B, the patients in group A had significantly lower target concen-
trations of remifentanil and propofol during anesthesia maintenance and significantly shorter 
times to eye opening upon hearing his/her name called and to reaching an Aldrete score of 9 
points from drug withdrawal (P < 0.01; Table 2). 

Perioperative MAP and HR changes

In both groups, the MAP and HR values at different time points after loss of con-
sciousness were significantly lower compared with the baseline values (values upon entering 
the operating room; P < 0.05), with the exception of 2 min after intubation. These values 
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were stably maintained during the operation. During loss of consciousness, group A showed 
a slower decrease in MAP values than group B, which suggests that the hemodynamics were 
more stable under BIS monitoring at this time point. No significant differences in HR were ob-
served. At the other time points, neither group exhibited significant differences in MAP or HR 
(Table 3). According to the postoperative follow-ups, all patients in both groups were unaware 
of the events during the operation.

Table 2. Comparison of the target concentration of drug and awake during anesthetic maintenance (mean ± 
standard deviation).

Group	 Effect-site concentration	 Plasma concentration	 Time for eyes	 Aldrete score
	 of remifentanil (ng/mL)	 of propofol (μg/mL)	 opening (min)	 9 points (min)

Group A	 2.12 ± 0.35	 2.54 ± 0.22	 7.90 ± 0.58	  9.15 ± 0.69
Group B	  2.50 ± 0.211	  2.86 ± 0.311	  8.35 ± 0.661	 11.13 ± 0.961

Group A = BIS group; Group B = Control group. 1P < 0.01 compared with group A.

Table 3. MAP and HR changes during anesthetic maintenance (mean ± standard deviation).

Time	                                               MAP		                                                HR

	 Group A	 Group B	 Group A	 Group B

Enter the operation room	 76.08 ± 7.34	 74.45 ± 7.43	 79.80 ± 7.46	 78.55 ± 5.82
Loss of consciousness	   65.73 ± 7.69 2	    62.20 ± 4.231,2	   64.05 ± 7.052	   65.60 ± 4.172

2 min after intubation	 73.95 ± 6.51	 73.63 ± 7.55	  72.48 ± 6.972	   72.25 ± 6.232

Before surgery	  71.35 ± 6.162	   71.15 ± 6.792	   60.10 ± 6.082	   61.65 ± 4.592

2 min after the start of surgery	  72.20 ± 4.052	   70.83 ± 5.062	   74.38 ± 7.162	   72.40 ± 6.762

15 min after the start of surgery	  72.80 ± 2.762	   70.03 ± 3.832	   73.55 ± 6.942	   73.48 ± 6.052

30 min after the start of surgery	  69.50 ± 3.802	   70.58 ± 3.722	   72.00 ± 5.242	   70.98 ± 4.472

Surgery end	  70.48 ± 4.882	   70.15 ± 4.202	   65.95 ± 6.522	   66.90 ± 6.192

Group A = BIS group; Group B = Control group; Compared with group A 1P < 0.05; compared with the time of 
Enter the operation room 2P < 0.05.

BIS, MAP, HR, and the changes in consciousness during recovery from anesthesia

In group A patients, the Pk values of BIS, in contrast to those of MAP and HR, for the 
times from the end of the operation to eye opening upon hearing his/her name called (T1-T2) and 
to orientation restoration (T1-T3) during consciousness recovery were significantly higher than 
0.5 (P < 0.05; Table 4). The Spearman’s correlation coefficient of BIS with changes in conscious-
ness was 0.647 (P < 0.05), whereas those of MAP and HR were 0.326 and 0.241, respectively.

Table 4. BIS, MAP, HR predicted awareness of changes in the patient recovery period Pk and correlation 
coefficient (Spearman) (mean ± standard deviation).

Outcome measures	                                                                 Pk		  Spearman

	 T1-T2	 T1-T3	

BIS	 0.87 ± 0.03	 0.89 ± 0.02	  0.6471

MAP	 0.59 ± 0.08	 0.68 ± 0.02	 0.326
HR	 0.51 ± 0.07	 0.56 ± 0.04	 0.241

BIS = bispectral index; MAP = mean artery pressure; HR = heart rate; T1-T2 = the end of surgery to the call of the eyes 
open; T1-T3 = the end of surgery to the orientation recovery (an Aldrete score of 9 points); BIS indicates the monitoring 
parameter in BIS group; mean arterial pressure and heart rate indicate the monitoring parameter in control group; 
Spearman indicates the correlation of T1-T3 and relevant Pk value in each test item. 1P < 0.05 compared with Pk = 0.5.
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DISCUSSION

In this study, BIS was used to monitor anesthetic depth in patients with severe burns 
who underwent elective escharectomy (<1 week) during general anesthesia via TCI of remifen-
tanil and propofol. Compared to the values at the end of the operation, the BIS, HR, and MAP 
values were significantly changed at the time of eye opening and the time of an Aldrete score 
of 9 points. Of these, the change in BIS in the BIS group was significantly correlated with the 
change in consciousness awakening, and the correlation was significantly higher than that of the 
conventional hemodynamic index in the control group. Therefore, we propose that changes in 
BIS could be used to predict changes in consciousness during recovery from general anesthesia. 
Compared with group B, the patients in group A had significantly lower target concentrations of 
remifentanil and propofol during anesthesia maintenance and considerably shorter times to eye 
opening upon hearing his/her name called and to reaching an Aldrete score of 9 points.

The target-controlled concentrations of remifentanil and propofol are high in burn 
patients during anesthesia (López Navarro et al., 2004; Yamashita et al., 2010). In this study, 
patients with burns of ASA grades II to III were recruited. TCI with fentanyl and propofol has 
been used to anesthetize these patients because they have supplemented blood volumes and 
lack sepsis (Koo et al., 2012). Because patients with severe burns have unstable hemodynam-
ics, their anesthetic depth is unlikely to be evaluated accurately merely on the basis of basic 
vital signs, such as blood pressure and HR. As a frequently used index for monitoring anes-
thetic depth in clinical practice, BIS satisfactorily correlates with cerebral cortex-acting drugs, 
such as propofol, midazolam, and sevoflurane, and can reliably evaluate the anesthetic depth 
and predict the changes in consciousness during and after an operation (Albertin et al., 2005; 
Bottros et al., 2011; Fan et al., 2013). The results of this study showed that BIS was highly 
correlated with the target-controlled concentration of propofol in burn patients during surgery. 
BIS effectively reflected anesthetic depth in these patients. In addition, a negative correlation 
was detected between BIS and the target-controlled concentration of propofol. These findings 
are consistent with the results previously reported by other authors (Klopman and Sebel, 2011; 
Kaskinoro et al., 2011; Orhon et al., 2013).

TCI is a novel, individualized anesthesia method (Sahinovic et al., 2010). The results 
of this study showed that the MAP and HR values were stably maintained in both groups dur-
ing the operation, although the values at the time of loss of consciousness were lower than 
those upon entering the operating room during the perioperative period. Significant differ-
ences in MAP values between the 2 groups at the time of loss of consciousness were observed. 
These differences were presumably due to more precise control under BIS in the experimental 
group. Perioperative hemodynamics was stable in both groups, which indicated that the effects 
of this anesthesia method on MAP and HR of patients are controllable.

Pk, a prediction probability concept, was first proposed to compare the prediction effi-
ciencies of different anesthetic depth indices by Smith et al. (1996). Pk, which ranges from 0 to 
1, is subjected to nonparametric statistical methods and is not influenced by data distribution 
patterns and sample size. A Pk value of 1 indicates that the prediction accuracy of the related 
monitoring index for anesthetic depth is 100%, whereas a value of 0.5 indicates that the pre-
diction accuracy is 50%. Thus, a Pk value of 0.5 indicates that the related index has no predic-
tion value. A larger Pk value denotes higher prediction accuracy. In this study, the prediction 
accuracies of BIS, MAP, and HR for eye opening and consciousness recovery of patients (an 
Aldrete score of 9 points) were evaluated. The results showed that the Pk values of BIS, MAP, 
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and HR were significantly higher than 0.5, which indicated that BIS reliably reflects the changes 
in consciousness of patients during recovery from anesthesia (Ouyang and Zhang, 2006). 

In this study, BIS was used to monitor anesthetic depth in patients with severe burns, 
and it successfully prevented the occurrence of adverse events, such as prolonged recovery 
time. BIS can accurately predict the changes in the consciousness levels of patients during 
recovery from general anesthesia (Haller et al., 2009). This study provides a clinical basis for 
the reasonable application of BIS in monitoring anesthetic depth in patients with severe burns.
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