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	1.	 What is the monitoring modality seen in Fig. 13.1? Describe the numeric data 
fields and waveforms displayed on the screen.

	2.	 What are the clinical states that correspond to different BIS ranges?
	3.	 What is an acceptable BIS range for general anesthesia?
	4.	 Which anesthetic drugs are suitable for BIS to be used?
	5.	 List common indications for this monitoring modality in anesthesia practice.
	6.	 Besides anesthetic agents, what are some other conditions that can affect BIS?
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Answers

	1.	 This is a bispectral index (BIS) monitor. BIS is a form of processed EEG that aims to 
monitor the effect of certain anesthetic medications in an objective fashion. Typically, 
a single channel of EEG obtained through a strip of skin electrodes over the forehead 
is acquired by the monitor and analyzed. The process that is used to compute the BIS 
involves several steps including artifact detection, power spectrum analysis, suppres-
sion detection, and fast Fourier transformation [1]. The end result is the “BIS,” a 
unitless number between 0 and 99 (Fig. 13.2). Other information available on the 
monitor are signal quality index (SQI), a semiquantitative EMG display, and the real-
time EEG graph. Suppression ratio (the percentage of isoelectric EEG over a unit 
time) can also be displayed by turning that variable “on” in the menu. In the lower 
part of the screen in the picture, a moving trend of BIS is displayed for an overview. 
Although the algorithm aims to filter the EMG signal from analysis, the presence of 
EMG can introduce artifact and lead to falsely elevated BIS values.

Fig. 13.2
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	2.	 The range of BIS (0–99) can be divided into several zones in terms of clinical 
state of alertness and sedation [2]. The highest end of the BIS range (i.e., 92–99) 
corresponds to the EEG waveform of an awake individual. BIS in the high 80s to 
low 90s is consistent with light sedation. An individual with BIS in mid-80s is 
likely to fit in a state of “conscious sedation” (i.e., responds after name is called 
loudly). BIS in the high 70s to low 80s is a state of deep sedation (i.e., responds 
to shaking) with a potential for airway obstruction. Values lower than mid-70s 
are usually consistent with an anesthetized state. It is important to note that there 
is interindividual overlap between BIS ranges and degrees of sedation.

	3.	 BIS range of 45–60 corresponds to a state of general anesthesia. To be more 
precise, BIS is specifically an index of the hypnotic component of the general 
anesthetic state, measured through cerebral cortical electrical activity. Since 
movement to surgical stimulus is mediated largely by the spinal cord, immobility 
will not be ensured even in the lower end of this range. Equally important is the 
combination of anesthetics that is producing a certain BIS value: an individual 
with a BIS value of 50 with propofol alone is more likely to move with noxious 
stimulus, compared to the same individual with the same BIS value with a com-
bination of propofol and remifentanil. However, explicit recall is highly unlikely 
with BIS values less than 60 [3], regardless of the anesthetic regimen employed. 
BIS values below 45 refer to a deep hypnotic state where side effects of anesthet-
ics (e.g., hypotension, prolonged recovery) could be evident without a clear ben-
efit. There have also been reports of increased long-term mortality associated 
with prolonged periods of BIS values below 45 [4]. Finally, burst suppression 
pattern starts around BIS of 30, with burst-suppression ratio gradually increasing 
to 100% as the BIS decreases to 0. In cases where cerebral protection is aimed 
by inducing burst suppression, BIS can be a useful tool [5].

	4.	 BIS is useful to monitor the hypnotic effect of volatile anesthetics (isoflurane, 
sevoflurane, desflurane), propofol, and etomidate. The addition of dexmedetomi-
dine to a general anesthetic is also reflected on the BIS [6]. The effects of nitrous 
oxide or opioids on the hypnotic effect of an anesthetic agent are not reliably 
reflected on BIS monitoring [7, 8]. Finally, ketamine may lead to a paradoxical 
increase in BIS, while lower doses of it may not have any effect [9].

	5.	 BIS is not routinely indicated for all patients undergoing general anesthesia [10]. 
However, it is a useful tool in monitoring the hypnotic component of general anesthe-
sia with volatile anesthetics as well as total intravenous anesthesia (TIVA) with propo-
fol [11]. Compared to standard anesthesia practice, using BIS may decrease the risk of 
awareness, decrease anesthetic consumption, and modestly improve certain recovery 
profiles such as time to eye opening, time to extubation, and time to orientation [12].

	6.	 The spectrum of electromyographic (EMG) activity (30–200 Hz) is faster than 
that of EEG (0.5–30 Hz). The presence of EMG activity of the facial muscles 
often creates an artifact that results in an erroneously higher BIS value. 
Therefore, if the BIS readings are higher than what the clinical assessment sug-
gests, reviewing the EMG display is helpful to rule this out. If NMBs are indi-
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cated, their administration will easily get rid of this artifact and enable an 
accurate BIS measurement. Electrocautery unit (ECU) is another common 
source of artifact. ECU, especially when a unipolar device is used for periods 
longer than 5 s, usually renders any meaningful measurement impossible. This 
would be evident in a decreased SQI value, and any interpretation of BIS should 
be postponed until SQI improves. Drugs that are beta-receptor agonists (e.g., 
isoproterenol) or antagonists (e.g., esmolol) have also been shown to increase or 
decrease BIS values, respectively [13, 14]. Clinical implications of these effects 
have not been established. Hypotension and hypothermia both result in decreases 
in BIS, probably related to decreased cerebral metabolic rate. Finally, baseline 
BIS values are often significantly lower (i.e., ranging from 75 to 90) in children 
with cerebral palsy as well as elderly with dementia. Although administration of 
anesthetics results in further decreases in BIS values from those baselines, inter-
pretation of absolute values becomes more difficult in these populations since 
the algorithms have only been validated in individuals without underlying brain 
pathology.
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