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Effect of bispectral index monitoring on desflurane consumption, extubation
and recovery times in anesthesia management for arthroscopic surgery
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Abstract

Aim: The bispectral index (BIS) assesses the hypnotic effects of anesthetic agents. It has been reported that the incidence of postoperative cognitive
dysfunction is reduced, and wake-up and recovery times are shortened with the use of BIS monitoring. The aim was to evaluate the effect of BIS monitoring
on hemodynamic parameters, recovery times, and desflurane consumption in patients who underwent arthroscopic surgery.

Material and Methods: The patients were classified into two groups: the control group, which received standard anesthesia monitoring, and the BIS group,
which received both standard and BIS monitoring. The two groups were compared in terms of hemodynamic parameters, desflurane consumption, spontaneous
eye-opening time, recovery time, and side effects.

Results: There were no significant differences between the groups in terms of the course of perioperative hemodynamic parameters over time. The groups were
comparable regarding side effects, including hypotension, nausea, vomiting, bradycardia, and laryngospasm. Spontaneous eye-opening time and recovery time
were shorter in the BIS group. The amount of desflurane consumed per unit time was found to be lower in the BIS group.

Discussion: BIS monitoring shortened desflurane consumption, spontaneous eye-opening, and recovery times, indicating that BIS monitoring can be safely used
to monitor the depth of anesthesia by providing ideal inhalation anesthetic titration.
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Introduction

Balanced anesthesia, in other words, appropriate depth of
anesthesia, has three main components: adequate analgesia,
hypnosis, and muscle relaxation. As known, very deep anesthesia
can cause unwanted hemodynamic changes, while very light
anesthesia carries a high risk of awareness [1]. Therefore,
monitoring the depth of anesthesia is of great importance
during any surgical procedure, particularly for preventing
awareness. In this context, the bispectral index (BIS), based on
the analysis of the electroencephalogram (EEG) of patients, is
the first FDA-approved method to assess the hypnotic effects
of anesthetic agents [2]. BIS is a parameter that measures the
level of sedation, loss of consciousness, and recall, ranging from
0, an indicator of complete brain inactivity, to 100, an indicator
of alertness. BIS values between 40 and 60 represent adequate
general anesthesia for surgery and prevent awareness. In
addition, the amount of anesthetic drug is reduced, and
postoperative alertness becomes better with the use of BIS
monitoring. Moreover, it has been reported that wake-up and
recovery times are shortened, the incidence of postoperative
cognitive dysfunction and delirium is reduced, and hospital
costs are decreased without an increase in undesirable clinical
responses [3-7].

In this study, the effect of BIS monitoring on hemodynamic
parameters, desflurane consumption, wake-up, and recovery
times was aimed to be evaluated in patients who underwent
elective arthroscopic surgery.

Material and Methods

Patient selection

After obtaining approval from the local ethics committee,
adult patients who were scheduled for elective arthroscopic
meniscopathy surgery in Ankara Numune Training and Research
Hospital were included in the study. All patients were informed
about the operation and anesthesia methods preoperatively.
The patients were randomly and equally assigned to two
groups: the control group, which received standard anesthesia
monitoring (non-invasive blood pressure, ECG, SpO2, and
EtCO2), and the BIS group, which received both standard and
BIS monitoring. The two groups were compared in terms of
perioperative hemodynamic parameters, anesthetic inhalation
agent (desflurane) consumption, spontaneous eye-opening, and
recovery times.

The patients less than 18 years old, who had =3 ASA status,
and drug
sensitivity that may affect the neurological response, chronic
drug (opioid, benzodiazepine, etc.) and alcohol use, and those
with mean arterial pressure (MAP) above 60 mmHg and heart
rate (HR) below 50 beats/minute were excluded from the study.
If the operation lasted less than 20 minutes or more than 60
minutes, data from those patients were also excluded from the
statistical analysis.

Anesthesia management

All patients fasted for at least 8 hours before the operation. In
order not to affect the BIS value, sedative premedication was not
applied. In all patients, 0.9% NacCl infusion was started through
the back of the hand, and 0.5 mg atropine was administered.
The patients were randomly divided into two groups: the control

central neurological disease, (anticonvulsant)

group, who received standard routine anesthesia, and the BIS
group. Standard monitoring included electrocardiogram (ECG),
HR, MAP, peripheral oxygen saturation (Sp0O2), and end-tidal
carbon dioxide (EtCO2) values. In addition, BIS values were
measured with Aspect Medical system A-2000 and BIS sensor
in the BIS group.

All patients were preoxygenated with 100% oxygen for 3
minutes, and initial monitoring values were recorded. During
anesthesia induction, a bolus of 2 pg/kg fentanyl and 2 mg/kg
propofol was administered. After ensuring sufficient depth of
anesthesia, the appropriate laryngeal mask was placed.

For anesthesia maintenance, 4 L/min oxygen-nitrous oxide
mixture (40% 02-60% N20) and 2-6% desflurane were given
in the first 5 minutes. Meanwhile, hemodynamic parameters
and BIS values were recorded. Then, the 02-N20 mixture was
reduced to 2 L/min in both groups. Hemodynamic parameters
and BIS values were also noted every 10 minutes from the
incision to the end of the surgery. The depth of anesthesia
was evaluated according to the changes in hemodynamic
parameters in the control group and BIS values (keeping
between 40 and 60) in the BIS group. In both groups, 0.5 pg/
kg fentanyl was administered 3 minutes before the incision to
suppress the sensation related to the surgical incision, and the
desflurane flow percentage was increased by an average of 2%
(range 2-6%).

In the presence of findings indicating superficial anesthesia
(20% increase in systolic pressure compared to the initial value,
20% increase in heart rate in one minute, sweating, tears,
significant movement, swallowing, eye-opening, grimacing) or if
the BIS value is 60 and above, the anesthetic gas concentration
Increased by 25%. If the findings persisted, 0.5-1 pg/kg fentanyl
was given.

If the changes in hemodynamic parameters were high or low
but the depth of anesthesia was sufficient (that is, the BIS
value was between 40 and 60 in the BIS group, and there
was no movement in the control group), auxiliary anesthesia
drugs were used. If systolic artery pressure was 20% above
the baseline value, 0.1 mg IV permanganate was administered.
When a 20% decrease in systolic artery pressure compared
to the initial value was observed, 10 mg IV ephedrine was
administered, and if HR was below 50/min, 0.01-0.02 mg/kg IV
atropine was administered.

At the end of the operation, the time for spontaneous eye
opening was recorded. In the BIS group, patients were taken
to the recovery room when their BIS scores at the end of
surgery were above 90 and close to the initial BIS score. Before
removing the laryngeal mask, 10 mg IV metoclopramide was
administered to prevent postoperative nausea and vomiting,
and 100 mg IV tramadol was given to prevent postoperative
pain.

In the postoperative period, patients were evaluated every 5
minutes with the Modified Alderete Postanesthetic Recovery
Scoring. The patients who reached 13 or higher scores were
sent to their clinics.

Statistical analysis

Data analysis was done using the SPSS package program.
Continuous variables were shown as mean and standard
deviation, while categorical variables were presented as
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frequency and percentage. The Repeated Measures Analysis of
Variance was used to evaluate whether the changes in HR, MAP,
SP0O2, and ETCO?2 levels during the follow-ups, the differences
between the groups, and whether the effect of the group on
the changes occurring over time was statistically significant.
Mann Whitney U test was used to compare the groups in terms
of age, spontaneous eye-opening time, and recovery time.
Differences in terms of anesthesia duration and amount of
desflurane consumed per unit time (ml/min) were examined
using Student’s t-test. A value of p<0.05 was considered
statistically significant.

Ethical Approval

This study was approved by the Ethics Committee of Ankara
Numune Trainig and Research Hospital (Date: 2005-09-14, No:
1).

Results

A total of 40 patients with a mean age of 38.2 years old were
randomly and equally assigned to two groups: a control group
and the BIS group. The groups were statistically similar in terms
of age, gender, ASA status, body mass index, and anesthesia
time (p> 0.05).

In both groups, HR, MAP, Sp0O2, and EtCO2 values were recorded
at those times: before induction (baseline), during induction,
just after LMA insertion, 10 minutes after LMA insertion, during
incision, 10 minutes after incision, after LMA removal, and
during recovery (Figure 1A).

In the statistical analysis of HR, The change in HR over time
was found to be statistically significant (p< 0.001). In both the
control group and BIS group, HR values measured after LMA
insertion, at the 10th minute of LMA insertion, and during the
incision were significant compared to the baseline values (p<
0.01). There was no statistically significant difference between
the groups in terms of the course of HR over time (p= 0.653).
In the statistical analysis of MAP, The change in MAP over time
was found to be statistically significant (p< 0.001). In both
groups, MAP values measured after LMA insertion, at the 10th
minute of LMA insertion, and during the incision were lower
and significant compared to the baseline values (p< 0.01). MAP
values measured after the incision were found to be similar
to the baseline values in both groups (p> 0.05). There was no
statistically significant difference between the groups in terms
of the course of MAP over time (p= 0.899) (Figure 1B).

In statistical analysis of SpO2, The change in SpO2 over time
was found to be borderline statistically significant (p= 0.003).
In both groups, there was an increase in SpO2 values during
induction and after LMA compared to the initial SpO2 values,
but it was not statistically significant (p> 0.01). There was no
statistically significant difference between the groups in terms
of the course of SpO2 over time (p= 0.604) (Figure 1C).

In statistical analysis of ETCO2 measurements, The change in
ETCO2 over time was found to be statistically significant (p<
0.001). In the control group, there was a significant decrease at
the 10th minute of LMA insertion, during and after the incision,
compared to the baseline ETCO2 values (p< 0.01). The change
in ETCO2 values measured in the BIS group was not significant
in comparison to the baseline ETCO2 values (p> 0.01). There
was no statistically significant difference between the groups

in terms of the course of ETCO2 over time (p= 0.675) (Figure
1D).

Both groups were compared with each other in terms of
side effects (Table 1). The most frequent side effect was
hypotension. Six patients in the control group and four patients
in the BIS monitoring group developed hypotension, all of
whom were easily treated with adequate fluid support and
vasoactive drugs (ephedrine) when necessary. The second most
common side effect was nausea/vomiting. Although antiemetic
prophylaxis (10 mg IV metoclopramide before LMA removal)
was routinely administered, postoperative nausea and vomiting
were observed in five patients in the control group and three
patients in the BIS group. All of those patients were successfully
treated with additional antiemetic medication. Laryngospasm,
which developed during LMA removal in one patient in each
group, was corrected with pressurized 02.

Finally, the groups were compared in terms of spontaneous
eye-opening time, recovery time, and amount of desflurane
consumed per unit time (mL/min). Spontaneous eye-opening
time and recovery time were shorter in the BIS group (p=
0.041 and p= 0.014, respectively). The amount of desflurane
consumed per unit time was found to be lower in the BIS group
(p= 0.008) (Table 2).

Table 1. Comparison of the two groups in terms of side effects

Control group

BIS group

Hypotension 6 (30%) 4 (20%) 0.490
Nause and vomiting 5 (25%) 3 (15%) 0.695
Bradycardia 2 (10%) 3(15%) 1.000
Larygospasm 1 (%5) 1 (%5) 1.000

Table 2. Comparison of the two groups in terms of spontaneous
eye-opening time, recovery time, and amount of desflurane
consumed per unit time (mL/min)

Control group BIS group p
Spontaneous eye opening time (min) 6.15+1.03 5.05+1.14 0.041
Recovery time (min) 20.324.1 17325 0.014
Desflurane consumption* 28.5+5.6 22.5+6.5 0.008

Desflurane consumption was defined as the amount of desflurane consumed per unit of
time min: minute, mL: mililiter
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Figure 1. The courses of (A) HR, (B) MAP, (C) SpO2, and (D)
EtCO2 during the anesthesia period

Annals of Clinical and Analytical Medicine | 306



Bispectral index in arthroscopy

Discussion

Unpredictable and unwanted responses associated with
anesthetic agents carry potential risks for anesthesiologists.
Today, there is no ideal anesthetic agent that provides
appropriate depth of anesthesia, causes early and rapid
recovery, and has a minimal side effect profile. In addition,
the exact dosage of anesthetics to be administered remains
a great challenge. To date, clinical symptoms such as corneal
and eyelash reflexes, pupil size, pupil reaction to light, tearing,
eyeball movements, hemodynamic parameters such as blood
pressure and heart pulse, and motor response to skin incision
have been used to determine the depth of anesthesia. The
hemodynamic changes are not sufficient to determine the depth
of anesthesia because they can affected by many factors. Over
the last two decades, BIS, which shows electrical activity in the
deep cortical brain layers, has become increasingly used in the
evaluation of the depth of anesthesia [8, 9]. However, there are
many studies with conflicting results regarding the benefits of
BIS monitoring. It should be stated here that some of those
conflicting results are related to inappropriate study designs,
including different patient populations and different anesthesia
protocols. In the present study, the BIS and control groups
consisted of patients with similar clinical and surgical features.
The hemodynamic parameters were then compared between
the groups. The fact that basic hemodynamic changes in both
groups were statistically similar also allowed us to provide
more accurate statistical analyses. Burrow et al. also found that
patients who underwent BIS monitoring had better respiratory
functions and were more alert and more active when they came
to the recovery room. Additionally, hemodynamic data in the
BIS group were closer to preoperative values compared to other
patients [3].

The main focus of our study was whether the use of BIS
monitoring was beneficial in three parameters related to
anesthesia management, including spontaneous eye-opening
time, recovery time, and amount of desflurane consumed per
unit time. Besides, side effects related to anesthetics were the
other endpoint in the present study. According to the results
obtained from the study, BIS monitoring provided significant
reductions in spontaneous eye-opening time, recovery time, and
amount of desflurane consumed.

The value of BIS in evaluating the depth of anesthesia has
been proven by many studies [9, 10-13]. In those works, keeping
the BIS values under 60 during anesthesia was reported to be
essential for adequate hypnosis and preventing awareness
[9, 14]. In parallel, BIS values were between 40 and 60 in all
patients, and the course of the BIS values was almost always
consistent with the clinical parameters. In addition, all patients
in both groups stated that they did not remember anything
about the operation when questioned in the postoperative
period.

In previous studies, BIS was found to be a good monitoring
method to evaluate loss of consciousness caused by different
anesthetic agents such as thiopental, propofol, midazolam,
and isoflurane [15-17]. We used propofol for anesthesia
induction and desflurane for maintenance. In our study, time
for spontaneous eye opening was one of the primary endpoints
and was found to be significantly reduced in the BIS group

compared to the non-BIS group. Similarly, BIS monitoring
provided a reduction in time for spontaneous eye-opening in
the majority of clinical studies [15, 18-20].

In our study, recovery time was also found to be decreased in
the BIS group, consistent with the majority of previous studies
[20, 21]. It is well known that recovery time can be affected by
the duration of anesthesia. In our study, there was no significant
difference between the groups in terms of anesthesia time.
Johansen and Sigl reported in their studies that patients’
extubation times were shortened, and hospital costs were
reduced by using BIS monitoring [22].

In the literature, several studies reported that the use of BIS
caused a decrease in the consumption of anesthetic drugs
[21, 23]. Similarly, we found that desflurane consumption was
significantly lower in the BIS monitoring group compared with
the control group. As known, high-dose desflurane is associated
with serious side effects such as airway irritation, cough, and
laryngospasm. In our study, only one patient in each group
developed laryngospasm during laryngeal mask removal and
was treated with pressurized oxygen. Desflurane also causes
postoperative nausea and vomiting due to its irritating smell. A
meta-analysis showed that the use of BIS monitoring in patients
undergoing outpatient anesthesia reduced the likelihood of
nausea and vomiting by 38% [23]. In our study, the patients
in the BIS monitoring group had developed less postoperative
nausea and vomiting, although not statistically significant.

The use of IV fluids and anticholinergics has been recommended
to prevent hypotension and bradycardia that may occur during
the use of opioids and desflurane [24]. In our study, all cases
were given 7 ml/kg of IV fluid and 0.5 mg atropine before the
operation. No statistically significant difference was observed
between the groups in terms of the development of hypotension
and bradycardia. Postoperative pain, nausea, and vomiting
are among the most important reasons for delayed patient
discharge. Therefore, titrating general anesthetics with BIS
monitoring may reduce these side effects and shorten discharge
times [23]. However, discharge time was not evaluated in our
study.

Conclusion

There was no significant difference between the BIS
monitoring group and the standard monitoring group in terms
of perioperative hemodynamic parameters and side effects.
However, BIS monitoring shortened desflurane consumption,
spontaneous eye opening, and recovery times, indicating that
BIS monitoring can be safely used to monitor the depth of
anesthesia by providing ideal inhalation anesthetic titration.
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