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Introduction
Maintenance of anesthesia during surgery can be done using 
inhaled or intravenous drugs. Intraoperative doses of these 
drugs are often increased or decreased based on hemody-
namic symptoms, such as blood pressure and heart rate. This 
is due to the relatively direct relationship between the depth 
of anesthesia and the amount of blood pressure, so blood 
pressure can be used as a reliable monitoring of the depth of 
anesthesia.1 Maintaining blood pressure within the standard 
range is one of the most important tasks of an anesthesiolo-
gist during surgery. Bispectral Index (BIS) is a parameter 
derived from electroencephalography, which is a number 
between 0 and 100 based on the brain waves recorded from the 
frontal lobe of the brain and their frequency and the preva-
lence of EEG flat time. The best depth of anesthesia indicated 
by BIS when using propofol is between 40 and 60.2–4 Propofol 
is the most common drug for inducing intravenous anes-
thesia and one of the most widely used drugs for maintaining 
anesthesia in the operating room. In animal and human 
studies, hypotension during anesthesia has several complica-
tions such as risk of heart attack, stroke, cognitive or memory 
impairment, kidney damage, etc.,5–8 Propofol is classically 
administered on an mg/kg basis and one of the most common 
side effects of propofol is hypotension.9 The use of BIS may 

prevent over-administration of propofol while achieving 
sufficient depth of anesthesia and thus prevent complica-
tions such as hypotension.9 

Propofol is a first-line drug in intravenous anesthesia. In 
complete intravenous anesthesia, a combination of propofol 
and a drug is used to induce and maintain anesthesia.10 It is a 
hypothetical drug with an unknown mechanism, but it is 
capable of activating chlorine channels and inhibiting synaptic 
inhibition by stimulating the beta component of a GABA 
system. Its ED50‌ is 1–1.5 mg/kg following a bolus injection. 
The amount of anesthesia is dose dependent and it is able to 
convert the alpha rhythm of awakening to the dominant beta 
rhythm in case of infusion with a dose of 100 mcg/kg/min.11,12 
The EEG spectral analysis shows an almost good correlation 
with movement during surgical stimulation.13,14 This method 
does not monitor the depth of anesthesia, but it can predict the 
patient’s movement if the level of anesthesia is insufficient. BIS 
is the best predictor of motion relative to plasma propofol con-
centration or other EEG criteria such as spectral margin or 
median frequency.15 Therefore, according to the above, this 
study was conducted to investigate the role of BIS in reducing 
propofol consumption during induction of anesthesia while 
maintaining sufficient depth of anesthesia.
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Materials and Methods
This double-blind clinical trial was performed on patients 
who were candidates for elective surgery and underwent gen-
eral anesthesia in hospitals affiliated to Zahedan-Iran Univer-
sity of Medical Sciences in 1397-98. Patients entered the study 
after obtaining informed consent and having inclusion and 
exclusion criteria. Inclusion criteria include: having informed 
consent, ASA Class I & II, age between 18 and 65 years. Exclu-
sion criteria include: intubation history, decreased level of 
consciousness for any reason before surgery, brain surgery, 
cardiovascular disease, esophageal reflux, hiatal hernia, liver 
or kidney failure, allergy to propofol, taking sedatives or drugs 
24 hours before surgery, history of any neurological disorders 
and use of psychiatric drugs, patient history of addiction, 
anemia with hemoglobin less than 10 mg/dl, patient dissatis-
faction with participation in the study.

Sample Size
The sample size was calculated using the formula and,16 at least 
40 people in each group.
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Propofol intake in BIS group: (397.8 ± 98.6)
Propofol consumption in non-BIS group: (534.4 ± 206.5)

Procedure
Patients were randomly selected and then divided into case 
groups (BIS) and control using random blocking method. 
After being transferred to the operating room, the patient 
underwent monitoring including ECG 3 or 5 leads, Noninva-
sive Blood Pressure (NIBP) and pulse oximetry. The initial 
information of the patient was recorded and then the venous 
cannula No. 20 was implanted in one of the patient’s hands and 
Ringer serum was infused at 4 cc/kg within 10 to 15 minutes. 
In the study group, the leads of the BIS device (Iran Electronics 
Industries) were connected to the foreheads of the patients. 
Induction of anesthesia was performed with 1–2 mg/kg fen-
tanyl and 1% propofol (Fresenius-Kabi, Germany) at a dose of 
2 mg/kg at a rate of 130 mg/min. In the case group (BIS), after 
20 seconds, propofol was injected at the rate of 0.2 mg/kg if the 
BIS does not reach less than 60%, and this cycle continued 
until the BIS decreased to less than 60%. In the control group, 
20 seconds after propofol injection, in case of no apnea or loss 
of eyelash reflex, propofol was injected at the rate of 0.2 mg/kg 
and this cycle was continued until complete anesthesia, then 
Cisatracurium with dose 0.15 mg/kg was injected and endotra-
cheal intubation was performed after 3 minutes. Maintenance 
of anesthesia was continued with propofol at a dose of 4–8  
mg/kg/h. Estimation of anesthesia in the patient in the clinical 
method included loss of oral response, loss of sense of gentle 
touch and loss of eyelash reflex.

The dose of propofol in each group was calculated. MAP 
blood pressure and heart rate of patients were measured before 
induction, after induction, immediately after intubation and  

5 minutes after intubation. In case of any unusual event such 
as laryngeal spasm or arrhythmia that required treatment out-
side the above protocol, the patient was excluded from the 
study while recording the event.

Data Analysis
The information was displayed in the form of tables and 
graphs. Data analysis was performed according to the type of 
variable and the required conditions by appropriate statistical 
tests (including Chi-square, Mixed ANOVA, Independent 
samples t-test). Statistical analysis was performed using SPSS 
software version 20 and a statistically significant level of 0.05 
was considered.

Ethical Considerations
After receiving a written letter of introduction and written 
consent from the selected researcher centers, initial measures 
were taken to carry out the project. All patients’ information 
was kept confidential. All ethics statements were included in 
the study by regarding the declarations of Helsinki and Ethics 
Research Committees of the University of Medical Sciences. 
The project was carried out after approval by the Research 
Council of the Medical School and receiving the code of ethic 
(IR.ZAUMS.REC.1398.199 and IRCT20190813044521N1).

Results
In this study, 90 patients were included in the study. The mean 
age in the case group was 28.11 ± 7.24 years and in the control 
group was 29.16 ± 8.45 years. Statistically, the two groups did 
not differ significantly (P = 0.53). Also, no statistically signifi-
cant difference was found between the two groups in terms of 
gender frequency (P = 0.82), (Table 1).

The mean propofol consumption was 2.86 ± 0.25 mg/kg in 
the case group and 3.01 ± 0.4 mg/kg in the control group. The 
amount of propofol consumed in the case group was signifi-
cantly lower than the control group (P = 0.039). The amount of 
propofol consumed by sex in the study groups was also calcu-
lated. As shown in Table 2, the amount of propofol consumed 
in men and women was not statistically significant (P < 0.05).

Table 3 and Figure 1 compare the amount of MAP changes 
at the time before and after induction, immediately and 5 min-
utes after intubation in the two groups. Mean arterial blood 
pressure before induction was not found to be statistically sig-
nificant between the two groups (P = 0.83). Statistical analysis 
of data by ANOVA test did not show a significant interaction 
between time and group (P = 0.217 and P = 0.86), but a statis-
tically significant difference was found in mean arterial blood 
pressure of patients during the 4 time points (F = 7.59 and  
P = 0.001). Furthermore, a significant increase was found in 

Table 1.  Gender frequency of patients

Sex
Total

Male Female

Group
Case 28 (62.2%)  17 (37.8%) 45 (100%) 

Control 29 (64.4%) 16 (35.6%)  45 (100%)    

P-value 0.82
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Table 2.  Propofol intake by sex

Group Sex Propofol dose (mg/kg) P-value*

Case
Male 2.86 ± 0.29

0.94
Female 2.85 ± 0.19

Control
Male 3.02 ± 0.45

0.73
Female 2.98 ± 0.3

Total
Male 2.94 ± 0.38

0.68
Female 2.91 ± 0.25

*Independent samples t-test.

Table 3.  MAP rate at different times

Evaluation time
Group

P-value*

Case Control

Before induction 9.78 ± 1.3 9.27 ± 1.3

0.86

After induction 9.28 ± 1.03 9.09 ± 1.11

Immediately after 
intubation

9.03 ± 1.34 8.74 ± 1.28

5 minutes after 
intubation

9.94 ± 1.43** 9.54 ± 1.3**

*Mixed ANOVA test. **P < 0.05.

Fig. 1  Changes in mean arterial pressure at different times.

mean arterial pressure after intubation in both groups (case 
group: P = 0.011; control group: P = 0.034).

The comparisons of heart rate changes at times before and 
after induction, immediately and 5 minutes after intubation in 
the two groups are shown in Table 4 and Figure 2. There was 
no statistically significant difference in heart rate between 
patients before induction (P = 0.48). Statistical analysis of data 
by ANOVA test did not show a significant interaction between 
time and group (P = 0.418 and P = 0.74). However, a statisti-
cally significant difference was found in patients’ heart rate 
during the 4 time points (F = 7.59 and P = 0.001). A significant 
increase was found in heart rate after intubation in both 
groups (P = 0.001).

Discussion
Propofol is a new intravenous hypnotic drug that is widely 
used in anesthesia. Monitoring the depth of anesthesia with 
BIS is also a parameter derived from electroencephalography 
(EEG), which is associated with sleep deprivation and loss of 
consciousness.15

Therefore, the aim of this study was to evaluate the effect 
of using BIS monitoring during induction of anesthesia on the 
amount of propofol consumed in patient candidates for sur-
gery. In the present study, no significant difference was 
observed between the mean age and gender (P > 0.05). The 
amount of propofol consumed in the case group was signifi-
cantly lower than the control group (P = 0.039) and the 
amount of propofol consumed in men and women was not 
found to be statistically significant (P < 0.05). Mean arterial 
blood pressure before induction was not statistically signifi-
cant between the two groups (P = 0.83). Statistical analysis of 
data by ANOVA test did not show a significant interaction 
between time and group (P = 0.217 and P = 0.86), but a statis-
tically significant difference was observed in mean arterial 
blood pressure of patients during the 4 time points  
(P = 0.0011). In addition, a significant increase was found in 
mean arterial pressure after intubation in both groups  
(P = 0.011 and P = 0.034).

There was no statistically significant difference in heart 
rate between patients before induction (P = 0.48). Statistical 
analysis of data by ANOVA test did not reveal a significant 
correlation between time and group (P = 0.418 and P = 0.74). 
But a statistically significant difference was observed in 

Table 4.  Heart rate at different times

Evaluation time
Group

P-value*

Case Control

Before induction 80.13 ± 4.87 80.17 ± 5.39

0.74

After induction 81.93 ± 4.22 81.46 ± 4.04

Immediately after 
intubation 80.75 ± 6.64 79.84 ± 4.67

5 minutes after 
intubation 86.77 ± 4.14** 87.35 ± 4.14**

*Mixed ANOVA test.

Fig. 2  Heart rate changes at different times.
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patients’ heart rate during the 4 time points (F = 7.59 and P = 
0.001). There was a significant increase in heart rate after intu-
bation in both groups (P = 0.001).

In this regard, various studies have been conducted. For 
instance, Mahori et al., evaluated the effect of BIS index on 
propofol consumption in patients undergoing coronary artery 
bypass graft surgery and stated that although propofol con-
sumption in the intervention group was less than control 
group but this finding was not statistically significant and the 
time of endotracheal tube removal after surgery was not found 
to be statistically significant between the two groups. This 
study stated that the binomial index is a valuable tool for mon-
itoring the depth of anesthesia, but can not be useful as a guide 
for propofol administration.17 Arbabpour et al. Showed that 
the BIS index for as monitoring the depth of anesthesia in 
cesarean section leads to acceleration of the time of removal of 
the endotracheal tube, and time of recovery, as well as acceler-
ation of the mother’s consciousness to care for the baby.18 The 
results of the evaluation are consistent with the present study.

Hasani et al. also evaluated the effect of constant dose and 
variable dose of propofol maintenance on waking time by 
monitoring the BIS index. According to the results, the time of 
the first awakening response in the first group who received 
the variable dose of propofol was 480 seconds on average while 
it was found to be 549 seconds in the second group was 
(P < 0.05). The total amount of drug used during surgery, 
which lasted about 120 ± 30 minutes for all patients, averaged 
980 mg in the first group and 1240 mg in the second group. 
Accordingly, administration of propofol infusion by moni-
toring the depth of anesthesia with BIS index during anes-
thesia accelerates recovery and reduces propofol 
consumption.19 This is also consistent with the results of the 
present study.

Another study by Hasani et al. reported no statistically 
significant difference in the effect of vital signs in the study 

population and the time to general anesthesia with sevoflu-
rane was less than that of isoflurane and halothane, where 
sevoflurane was more suitable for general anesthesia in chil-
dren.20 Kamali et al. also examined the effect of BIS on patients 
undergoing cesarean section and showed that the level of 
awareness during anesthesia was significantly higher in the 
control group than the BIS group (P = 0.0001). Accordingly, 
the incidence of awareness during anesthesia in the group with 
BIS monitor is significantly lower than the control group.21 
This finding was also consistent with and confirming our 
findings. 

Other findings of the present study showed a significant 
increase in mean arterial blood pressure and heart rate in both 
groups after intubation. Ko et al. reported a similar finding 
where an increase in blood pressure and heart rate was found 
after intubation.22 Tabari et al. compared hemodynamic 
changes during anesthesia between tracheal intubation and 
laryngeal mask use. They also reported similar results on 
moderate arterial hypertension in both groups, but no statisti-
cally significant difference was found between the two groups 
in this regard.23 In general, various studies, including the 
present study, have shown that the use of BIS can be effective 
in improving the condition of patients, however, there is a 
need for more studies in this area.

Conclusion
The use of BIS can be effective in reducing the amount of 
propofol intake and its side effects. The condition of patients 
under general anesthesia can be improved by BIS, resulting in 
improvement of the next condition.
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