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Since its introduction in 1996, the Bispectral Index (BIS)
has gained increasing popularity in daily anesthesia
practice. However, numerous reports have been ap-
pearing in the literature of paradoxical BIS changes and
inaccurate readings. The purpose of this review is to
assess the utility of BIS monitoring through examining
the various published reports of all BIS values not coin-
ciding with a clinically judged sedative-hypnotic state,
whether arising from an underlying pathophysiology
of electroencephalographic (EEG) cerebral function or

because of shortcomings in the performance and design
of the BIS monitor. High electromyographic activity
and electric device interference could create subtle arti-
fact signal pollution without their necessarily being dis-
played as artifacts. This would be misinterpreted by the
BIS algorithm as EEG activity and assigned a spuri-
ously increased BIS value. Numerous clinical condi-
tions that have a direct effect on EEG cerebral function
could also directly influence the BIS value.

(Anesth Analg 2005;101:765–73)

Awareness during general anesthesia can be a
very unpleasant experience or could even result
in tragic consequences. In October 1996, the

Food and Drug Administration (Rockville, MD) ap-
proved the Bispectral Index (BIS) monitor (Aspect
Medical Systems, Newton, MA) as an accepted mea-
sure of the hypnotic effect of anesthetics and sedative
drugs. Since its introduction, BIS monitoring has
gained increasing popularity in daily anesthesia prac-
tice. However, a series of reports have been appearing
in the literature of various instances of paradoxical BIS
changes and inaccurate readings.

The complete details of the BIS algorithm’s core
technology have not been published. All we know is
that the BIS monitor is a “black box” headset and that
the BIS value is merely a reflection of a “head-related”
biosignal that correlates with changes in certain hyp-
notic drug effects. Thus, the BIS cannot be considered
a true reflection of the depth of anesthesia nor an
independent measure of electroencephalographic
(EEG) cerebral function.

The purpose of this review is to assess the utility of
BIS monitoring by examining the various published
reports of all BIS values not coinciding with a clini-
cally judged sedative-hypnotic state, whether arising

from an underlying pathophysiology of EEG cerebral
function or because of shortcomings in the perfor-
mance and design of the BIS monitor.

Several models of the BIS are still being used,
namely, the A-1000, A-1050, A-2000, and, lately, the
BIS-XP. Among these models there are numerous soft-
ware algorithm revisions and iterations. We must em-
phasize that the reported performance of a certain BIS
model might not necessarily apply to other models.
Furthermore, we emphasize that, obviously, the elec-
trophysiological changes in extreme situations, such
as hypoglycemic coma or hypovolemic cardiac arrest,
cannot be rigorously tested in controlled studies as
being a definitive cause of accompanying BIS changes.
Thus, the explanations we present for these particular
situations are speculations based on electrophysiolog-
ical changes in similar studies.

Basic Structure
To understand the BIS as an EEG-derived variable, we
have to first understand the fundamental EEG
changes that occur with the deepening of propofol
target-controlled infusion (TCI) or sevoflurane anes-
thesia (Fig. 1). During relaxation with the eyes closed,
there is an � (7.5–12.5 Hz) wave predominance. Light
anesthesia is accompanied by a decrease in the � and
an increase in � (12.5–30 Hz) power. With deepening
of anesthesia, slow wave activity—namely � (1.5–3.5
Hz) and � (3.5–7.5 Hz) waves—increase and become
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more prominent, with a simultaneous decrease in the
� and � activities in all regions. This represents a
decrease in the cortical generator of � and � activities,
with a shift toward control by the thalamo-
hippocampal-septal generators of � and � activities.
All these changes are reversed in the same order with
the return of consciousness (1).

The BIS is a dimensionless number ranging from
100 (fully awake) to 0 (isoelectric EEG). The BIS is the
weighted sum of three descriptors (Fig. 2): Relative
BetaRatio, a frequency-domain feature, is the EEG
spectral power log (P30–47 Hz/P11–20 Hz), Synch-
FastSlow, a bispectral-domain feature, is the bispectral
power wave band log (B0.5–47 Hz/B40–47 Hz), and Burst
Suppression is a time-domain feature that quantifies
the extent of isoelectrical silence. None of these dis-
parate descriptors is particular per se because each has
a specific range of effect at which they perform best.
BetaRatio is the most influential during light hypnotic

states; SynchFastSlow predominates during surgical
levels of anesthesia; and Burst Suppression detects
very deep anesthesia. The BIS analysis uses a propri-
etary algorithm that allows the different descriptors to
sequentially dominate as the EEG changes character
with increasing depth of anesthesia (2).

Paradoxical BIS Changes with Anesthetics
Nitrous Oxide (N2O)

The first report of paradoxical BIS changes was that
of the BIS (A-1000) paradoxically declining, 6 min
after N2O discontinuation, from a mean value of
95– 81 (3), and from �90 to 30 –50 in another report
(4) (Table 1). The simultaneously recorded real time
EEG showed an increase in the � and � activities (3).
This could be attributed to N2O’s peculiar
withdrawal-suppression EEG phenomenon, in

Figure 1. Electroencephalographic changes with deepening of anesthesia.
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which 7–10 min from N2O’s sudden discontinua-
tion, an “overswing” of paroxysmal bursts of low-
frequency � and � waves was shown to diffusely
occur throughout the EEG recording, a pattern very
similar to that of deep anesthesia (5).

However, N2O has a weak cortical action, because it
acts mainly through activating the descending inhibi-
tory noradrenergic pathway in the brainstem and spi-
nal cord (6). This effect is completely undetectable by
the algorithm that computes the BIS. That is why N2O,
both as a sole anesthetic and as an adjunct to IV
anesthesia, was shown, in several studies, to result in
loss of consciousness without a noticeable change in
the BIS A-1000 values (7–9).

Ketamine

Ketamine does not follow the basic EEG pattern of
general anesthesia, as it was shown to cause an
opposite effect of an increase in the � range activity
accompanied by a reduction in the � power (10).
This odd EEG pattern would be reflected by BIS
monitoring, as the BIS A-1050 (7) and the BIS A-2000
version 3.4 (11) were reported to paradoxically in-
crease after ketamine administration.

Inhaled Anesthetics

An increase in isoflurane concentrations from 0.79% to
1.26% was shown to cause a “paradoxical arousal
reaction” as it results in an increase in the � and the �
waves in a pattern similar to that of light anesthesia
(12). A similar paradoxical arousal in the mean BIS
(A-1000 version 3.12) value from 35 to 46 was reported
with the increase of isoflurane concentrations from
0.8% to 1.6%. BIS returned to baseline values with the
return to 0.8% (13).

Different inhaled anesthetics have different EEG
“signatures.” For instance, clinical concentrations of
halothane produce slow waves and fast “spindle”
EEG rhythms, whereas sevoflurane produces sharp,
slow EEG waves with relatively few fast rhythms (14).
Consequently, BIS values are not the same for equi-
potent concentrations of different inhaled anesthetics.
With the BIS-XP version 4.0 (15), and BIS A-2000 ver-
sion 3.21 (16), the mean BIS value of 57 with halothane
was significantly higher than a mean BIS value of
32–33 for equipotent sevoflurane (15) or isoflurane
concentrations (16). This indicates that the BIS algo-
rithm, which was not written or validated for halo-
thane, does not accurately reflect the hypnotic effect of

Table 1. Effect of Anesthetic Agents, Electric Devices, Different Clinical Conditions, Abnormal EEG Patterns, EMG
Activity, and NMBD

Effect (references) BIS model BIS change Explanation

Paradoxical BIS changes with anesthetics
N2O termination (3, 4) A-1000 (3.22), A-1000 Paradoxical BIS 2 �, � waves 1
Ketamine (7, 11) A-1050, A-2000 (3.4) Paradoxical BIS 1 � waves 1, � waves 2
Isoflurane (13) A-1000 (3.12) Paradoxical BIS 1 �, � waves 1
Halothane (15, 16) BIS-XP (4.0), A-1000 (3.21) High BIS Different cortical effect

Electric device interference with BIS monitoring
Atrial pacer (28) A-1050 BIS 1 Electric interference
Warming blanket (29, 30) A-1000 (3.12), A-2000 BIS 1 Air vibrations
Endoscopic shaver (31) A-2000 BIS 1 Shaver oscillations
Electromagnetic system (32) A-2000 BIS 1 Electromagnetic interference

Effect of different clinical conditions
Hypoglycemia (35, 36) A-2000, BIS-XP BIS 2 �, � waves 1, � waves 2
Cardiac arrest (38, 39) BIS 2 Cerebral perfusion 2
Hypovolemia (40) BIS 2 Cerebral perfusion 2
Cerebral ischemia (41, 42) A-2000 (2.1) BIS 2 Cerebral perfusion 2
Hypothermia (43) A-1050 BIS 2 Isoflurane enhancement
Hypothermia (45) A-1000 BIS 2 Propofol enhancement

BIS values modified by abnormal EEG patterns
Post-ictal (49, 50, 51) A-1000 (3.31), BIS-XP Low BIS � waves 1
Alzheimer dementia (53) A-2000 (4.0) Low BIS � waves 2
Cerebral palsy (54) A-2000 (3.21) Low BIS Abnormal mental function
Severe brain injury (55) A-2000 (3.4) Low BIS Neurological damage
Brain death (56) A-2000 BIS 0 Isoelectricity
Low-voltage EEG (61) A-1000 (3.11) Low BIS Genetically determined

Effect of EMG and NMBD
NMBD (73, 74, 75) A-1000 (3.22), A-2000

(3.12), A-2000 (2.1)
BIS 2 Alleviating EMG artifact

Succinylcholine (78) A-1000 (3.31) BIS 2 Artifact

EEG � electroencephalographic; EMG � electromyographic; NMBD � meuromuscular blocking drugs; BIS � Bispectral Index.
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halothane anesthesia and may lead to inadvertent
halothane overdose.

Propofol

In 2 volunteers, the BIS (A-1000 version 3.22) was
reported to remain unchanged at 35–40 with escalat-
ing propofol TCI, despite the simultaneously recorded
raw EEG indicating burst suppression (17). The au-
thors of the report speculated that BIS 35–40 could be
the “range of uncertainty” or a “blind spot” between
the BetaRatio and the Burst Suppression descriptors,
where the BIS algorithm could be less sensitive to
propofol effect.

The Opioid Effect

Opioid doses of almost 5 times the analgesic concen-
trations would be required for the appearance of a
noticeable EEG depression (18). Unlike IV or inhaled
anesthetics, opioids in analgesic concentrations pro-
duce minimal or no electrophysiological alterations on
the cerebral cortex. This is because “noncortical” struc-
tures that are undetectable by the EEG, such as the
locus coeruleus-noradrenergic system, are involved in
the mechanism of opioid drug effect (19). At constant
propofol TCI, remifentanil in escalating concentra-
tions did not change BIS (A-1000 version 3.12) values
(20), nor did remifentanil step-by-step reductions
change the BIS (A-1000 version 2.0) values (21). This
clearly indicates that the BIS monitor is not capable of
detecting a direct opioid cortical EEG effect.

However, opioids could still influence BIS monitoring
by another peculiar effect, as the addition of fentanyl,

sufentanil, remifentanil or alfentanil to TCI propofol re-
sulted in loss of consciousness at smaller propofol effect
site concentrations and consequently at higher BIS
A-1000 version 3.12 (22), A-2000 version 3.4 (23), and
A-1050 (22–25) values. This clearly shows that the hyp-
notic effect of propofol is enhanced by � agonist opioids.
However, BIS does not show this increased hypnotic
effect and would only reflect the lower propofol require-
ments and hence higher BIS values, which may lead to
an inadvertent anesthetic overdose.

Opioids could still directly influence BIS monitoring
in a totally different manner, namely, through the
attenuation of responses to noxious stimuli. Under
constant propofol TCI, � agonist opioids attenuated
increases in BIS (A-1000) in response to tracheal intu-
bation (20), to the pinning of the Mayfield head holder
fixator (26), and to endotracheal suction (27). This
means that BIS values under a constant level of an
anesthetic regimen not only indicate a certain level of
hypnosis but also reflect the degree of opioid-induced
inhibition of response to noxious stimuli. If BIS sud-
denly increases in response to a noxious stimulus, this
could be a cortical arousal reaction reflecting a deficit
in the analgesic component of anesthesia that would
require increasing the analgesic doses.

Electric Device Interference with BIS
Monitoring
In addition to electrocautery, interference from several
electric devices could directly affect BIS monitoring
(Table 1). During cardiac surgery under fentanyl-
isoflurane anesthesia, BIS (A-1050) increased from 50

Figure 2. Bispectral Index depth of anesthesia
monitoring.
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to 90 each time atrial pacing was started and de-
creased when pacing was discontinued. During pac-
ing, the BIS signal quality bar showed poor signal
quality indicating that electric interference was re-
sponsible for the observed artifact (28).

However, the BIS signal quality bar might not al-
ways be helpful, as in numerous occasions when the
subtle signal pollution was not detected by the signal
quality bar nor displayed as artifacts. For instance, BIS
A-1000 version 3.12 (29) and BIS A-2000 (30) were
reported to falsely increase from �56 to 70–90 when a
forced-air-warming blanket, placed directly on a pa-
tient’s forehead, was switched on. BIS returned to
35–60 when it was switched off (29,30). Similarly, BIS
(A-2000) suddenly increased from 40 to 62 with the
start of endoscopic shoulder shaver oscillations and
decreased after the shaver device was switched off
(31). Furthermore, an otorhinolaryngology positioning
system, which created a 20-cm electromagnetic field
around the patient’s head, was reported to increase
the BIS (A-2000) from 40–45 to 60–90 when switched
on. BIS immediately decreased to 28–32 with switch-
ing the system off (32).

In all the above-mentioned reports, the BIS signal
quality indicator displayed “optimal signal quality” in
all patients (29–32), whereas, in some cases, the simul-
taneously displayed raw EEG showed fast moving
waves of high amplitudes resembling those of the
awake state (30). This clearly indicates that the air-
warming-blanket vibrations (30), the shoulder shaver
oscillations (31), and the electromagnetic field (32)
could have all created minimal vibrations or frequen-
cies in the BIS electrodes simulating the EEG waves of
light anesthesia or an awake state. None of these sub-
tle signal pollutions was detected by the BIS monitor
and hence were not displayed as artifacts, thus open-
ing the potential for inadvertent anesthetic overdose.

Effect of Different Clinical Conditions on
BIS Monitoring
Hypoglycemia

Hypoglycemia of 72 mg/dL causes a small increase in
the low-frequency � and � waves (Table 1). This pro-
ceeds to a widespread increase in the � and � waves at
54 mg/dL blood glucose level (33). With a further
decrease to 32 mg/dL, the increase in the � and �
waves is associated with a significant decrease in �
waves, a pattern very much similar to that of general
anesthesia (34). It comes as no surprise that BIS could
reflect these EEG changes, as in 2 separate reports
with BIS A-2000 (35) and BIS-XP (36), 2 hypoglycemic
coma patients with 35 mg/dL (35) and 21 mg/dL
blood glucose levels (36) were reported to manifest
BIS values as low as 45. BIS rapidly increased to 80

along with the increase of blood glucose levels and the
return of consciousness (35,36). Thus, blood glucose
levels should be considered as a contributing factor
during interpretation of the BIS values.

Hypovolemic Cardiac Arrest

Real time EEG monitoring is not a part of routine
anesthesia monitoring. Thus, there are very few doc-
umented cases of EEG changes during the pericardiac
arrest period. In one rare, recorded case, real time EEG
showed generalized isoelectricity 10 s after the onset
of asystole. Low-voltage, high-frequency EEG activity
began to return 15–20 s after manual chest compres-
sion restored cerebral perfusion and oxygenation with
the essentially “standing by” well-oxygenated arterial
blood. Return of cardiac rhythm was associated with
the return of normal EEG signal (37). Unlike real time
EEG, with the increasing use of BIS monitoring in
routine anesthesia, we are encountering more cases of
documented BIS “witnessed cardiac arrests.” In two
reported cases, hypovolemic cardiac arrest evoked a
parallel decrease in the BIS values to zero with an
isoelectric EEG. As arterial blood pressure was re-
stored by volume replenishment, BIS score increased
to premorbid levels (38,39). A major difference be-
tween BIS monitoring in the first case and real time
EEG was that the decrease and increase in BIS lagged
2 min behind the arterial blood pressure, because of
the 60-s delay of the “smoothing algorithm” used to
calculate the BIS value (38). However, this was not
observed in the second case as the gradual decrease of
arterial blood pressure over 20 min minimized the lag
between the decrease in arterial blood pressure and
the decrease in BIS score (39).

BIS changes could even precede hemodynamic
changes. In an interesting report, BIS was shown to
decrease from a steady value of 35 to 20, 10 min before
the decrease of arterial blood pressure from 120/70 to
65/30 in a patient with fatal major bleeding in an
aortic graft (40). This BIS “prodromal” change was
attributed to the BIS early detection of propofol phar-
macokinetics alteration before the actual decrease of
arterial blood pressure (40).

Cerebral Ischemia

BIS was shown to successfully reflect the global cere-
bral ischemia of asystole (38,39) as well as other forms
of localized cerebral ischemia and brain injuries. In 2
case reports, BIS decreased from 40–60 to �10 with
carotid artery clamping (41,42). The fact that the BIS
did not subsequently increase revealed an intracere-
bral hemorrhage in the first case (41) and severe cere-
bral ischemia in the second case (42). The BIS (A-2000
version 2.1) later returned to normal values with the
restoration of normal cerebral circulation (42).
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Hypothermic Cardiopulmonary Bypass (CPB)

In a large group of patients (n � 100), during hypo-
thermic CPB under constant isoflurane anesthesia, BIS
(A-1050 version 3.3) was estimated to decrease by 1.12
BIS units for each degree Celsius decrease in body
temperature (43). Hypothermia produces a linear de-
crease in inhaled anesthetic requirements. In fact, hy-
pothermia itself serves as a complete anesthetic at
20°C (44). This is attributed to the increase in the
solubility of inhaled anesthetics in the lipid membrane
with lower temperature, resulting in larger concentra-
tions of anesthetics being available at a cellular level
(44), which would result in a BIS decrease.

Similarly, under constant propofol-alfentanil anes-
thesia, a mean BIS (A-1000) value of 41 was signifi-
cantly lower during hypothermic CPB than a mean
BIS value of 49 during normothermic CPB (45). Hypo-
thermia (25°–27°C) was shown to significantly in-
crease serum propofol concentrations through a de-
crease in hepatic microsomal enzyme activity and a
decrease in propofol biotransformation (46), which
would consequently result in a BIS decline.

However, this effect was not consistent among dif-
ferent reports, as during hypothermic CPB (n � 12),
BIS (A-1000 version 3.12) slightly decreased with de-
creasing temperature. A possible reason for not find-
ing a consistent association between BIS and temper-
ature could be that the sample size was too small to
demonstrate such an effect (47).

BIS Values Modified by Abnormal EEG
Patterns
Post-Ictal EEG Patterns

After fully regaining consciousness after electrocon-
vulsive therapy, patients in the post-ictal state display
a peculiar EEG pattern in the form of very slow �
waves, a pattern very much resembling deep anesthesia
(48) (Table 1). The BIS monitor reflected this “post-ictal
suppression state” as patients awakened from propofol
anesthesia at drastically low mean BIS (A-1000 version
3.31) values of 45–57 (49,50). Some patients could even
open their eyes at a BIS value as low as 7 (50). This
post-ictal suppression does not depend on the hypnotic
used, as in patients regaining consciousness after elec-
troconvulsive therapy under methohexital anesthesia,
the BIS-XP (A-2000) values were still �60 in 75% of the
patients at eye opening (51).

Neurological Disorders

The BIS algorithm was developed from volunteers
with normal EEG, thus neurological disorders that
manifest abnormal EEG patterns would probably af-
fect the BIS monitoring. In patients with Alzheimer’s

type dementia, who show reduced power in the �
band (52), the mean awake BIS (A-2000 version 4.0)
was 89 compared with a mean BIS value of 95 in
control elderly patients (53). Whereas the mean BIS
(A-2000 version 3.21) values both at sevoflurane 1%
and after emergence from anesthesia were signifi-
cantly lower in cerebral palsy mentally retarded chil-
dren compared with normal children (54). Further-
more, 24 h after all sedative drugs were withdrawn,
the mean BIS (A-2000 version 3.4) value was 43 in
comatose state intensive care unit (ICU) patients who
did not later recover from severe brain injury, whereas
the mean BIS value was 63 in those comatose state
patients who did later recover from severe brain in-
jury (55).

A BIS (A-2000) value of 0 was shown to accurately
indicate brain death (56). However, unlike brain
death, cortical cognition of painful stimuli could per-
sist in some permanent vegetative state subjects (57).
In a permanent vegetative state patient undergoing
dental surgery, BIS (A-1000 version 3.2) values before
anesthetic induction were 74–85, indicating neurolog-
ical damage. BIS decreased to 40–42 with sevoflurane
administration and later increased to 98–100 after ter-
mination of anesthesia, resembling that of a normal
subject (58). This clearly indicates that the BIS is not
robust enough to distinguish between integrated and
nonintegrated cortical neuron activity. In other words,
a high BIS score indicates that the overall level of
cortical activity is high, which in a normal subject
implies wakefulness, but in a subject with chronic
brain disease does not necessarily indicate integrated
or meaningful cortical activity.

Low-Voltage EEG

Genetically determined low-voltage EEG variant is
defined as EEG amplitude of �20 mV over all head
regions. This is a normal variant that occurs in 5%–
10% of the population and is not associated with any
brain dysfunction (59). The gene responsible for this
variant is localized on the distal part of chromosome
20q (60). In an interesting case of a fully conscious
volunteer exhibiting an unreasonably low awake BIS
(A-1000 version 3.11) value of 40 on 2 separate ses-
sions 3 days apart, a 16-lead EEG showed a genetically
determined low-voltage EEG (61). Because the BIS
algorithm was developed from volunteers with nor-
mal EEG, it is therefore expected that the BIS be misled
by this abnormal EEG pattern. Thus, it is essential to
confirm a normal BIS value in all patients before in-
duction of anesthesia.

The low-voltage EEG is not restricted to the genet-
ically determined variant, as it could also be drug-
induced. The mean BIS (A-1000 version 3.31) value
plummeted paradoxically during the remifentanil
washout phase in 6 patients (62). The same effect was
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reported with 2 different inhaled anesthetics as BIS
(A-1050 version 3.4) values decreased from 40–50 to
27–28 during the washout phase of 1.5%–1.6% sevoflu-
rane and the washout phase of 0.9% isoflurane (63). In
all of the above-mentioned patients, the simulta-
neously recorded raw EEG showed a very low-voltage
EEG (�15 �V) that was misinterpreted by the BIS
monitor as burst suppression (62,63). Unfortunately, a
normal BIS value before induction of anesthesia can-
not guarantee a normal BIS performance with this
form of drug-induced low-voltage EEG.

Artifact Signals During Isoelectricity

BIS electrodes are intended to detect cortical EEG sig-
nals. However, in the absence of EEG signals, as in
brain dead subjects, or extreme EEG suppression of
deep hypothermia, the BIS algorithm is very vulnera-
ble to a wide range of artifact signals. This was shown
in 2 confirmed brain dead subjects (56,64), in whom
the BIS score increased from 0–5 to 38. The BIS being
exactly synchronized with the subjects’ electrocardi-
ography (ECG) signals indicated that the BIS algo-
rithm misinterpreted their ECG signal as EEG activity
(56,64).

A similar effect was demonstrated in a 2-mo-old
patient undergoing cardiac surgery. During complete
isoelectric EEG suppression of deep hypothermic
(18°C) circulatory arrest, BIS (A-2000) abruptly in-
creased from 0 to 98–100, indicating radiofrequency
pollution. After 10 min of rewarming, BIS returned to
40, indicating that rewarming resulted in resumption
of EEG activity that enabled the BIS to discount the
radiofrequency noise in the algorithm and appropri-
ately reinterpret the EEG signal (65).

Awareness and Explicit Recall with
Different BIS Revisions
A case of explicit recall of intraoperative events under
sevoflurane-N2O anesthesia was reported at a BIS (A-
2000) value of 47 (66). Using Tunstall isolated forearm
technique (67), 8 patients were reported to be wakeful
during propofol-alfentanil anesthesia at BIS (A-1000
version 3.1) values of 50–60, as indicated by purpose-
fully squeezing the anesthesiologist’s hand (68). This
indicates that a BIS value of around 50 seems to be
inadequate in preventing an explicit recall or an
awareness reaction. However, when BIS (A-2000 ver-
sion 3.4) was maintained at a lower BIS level of 40–60,
there were only 2 reported cases of awareness among
4945 prospectively examined patients (69) and only 2
cases of awareness in another group of 1225 patients
(70). This implies that with lower BIS values of around
40 there would be far less incidence of awareness or
recall.

According to the manufacturer, the latest algorithm
revision (BIS-XP version 4.0) is a major revision in-
tended to make the BIS more resistant to electrocau-
tery and electromyography (EMG) artifacts. However,
3 volunteers, under propofol-midazolam anesthesia,
were recently reported to remain responsive to verbal
command at a BIS-XP value of as low as 40 (71). This
indicates that the latest algorithm iteration could have
resulted in the new BIS-XP providing lower values
than the previous BIS models for the same hypnotic
level. This may well be the case, as our research group
(72) demonstrated, with 2 simultaneously placed BIS
monitors, that the mean BIS-XP (version 4.0) value of
33 was significantly lower than the mean BIS (A-2000
version 3.4) value of 40. This clearly indicates that, in
addition to all the above-mentioned factors, the choice
of the BIS model is a major factor that would greatly
influence the interpretation of the BIS value.

Effect of EMG Activity and Muscle
Relaxants
High EMG activity and neuromuscular blocking
drugs (NMBD) could significantly influence BIS mon-
itoring (Table 1). BIS A-1000 version 3.22 (73) and
BIS-XP A-2000 version 3.12 (74) increased from 24–54
to 84–90 with high EMG activity, and later decreased
to 30–58 with NMBD administration (73,74). Whereas
in ICU patients with high EMG activity, NMBD
caused a significant decrease in the mean BIS (A-2000
version 2.10) value from 67 to 43 (75). Furthermore, in
5 confirmed brain dead subjects, BIS increased from 0
to �90 with high EMG activity, before decreasing to 0
with NMBD administration (56).

EMG activities are artifact signals that occur within
the frequency “range of interest” of the bispectrum,
because the EMG frequencies overlap the BIS algo-
rithm’s BetaRatio in the 30- to 47-Hz range. The
EMG30–47 Hz portion was estimated to be one-tenth the
magnitude of the EEG30–47 Hz signal (76). Contamina-
tion of BIS by EMG activity is therefore inherent in the
calculation of the BIS because EMG frequencies could
simulate the 30- to 47-Hz component of the BetaRatio
typically associated with awake or light levels of an-
esthesia. This would be misinterpreted by the BIS
algorithm as EEG activity and assigned a spuriously
increased BIS value, making deeply anesthetized pa-
tients appear more awake than they really are. The
administration of NMBD, in that case, would decrease
the BIS value by alleviating the artifact and unveiling
the true calculated BIS. However, in the absence of
EMG activity, the BIS A-1000 version 3.3 (77) and
BIS-XP version 4.0 (72) mean value of 40 was unal-
tered by NMBD administration under propofol TCI
anesthesia.
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NMBD could still influence BIS monitoring in an-
other manner. Messner et al. (78) volunteered to re-
ceive succinylcholine while being fully awake, dem-
onstrating the BIS (A-1000 version 3.31) artifactually
decreasing to 33 and to 9 on repeated administration.

In conclusion, high EMG activity and electric device
interference could create subtle artifact signal pollu-
tion without being necessarily displayed as artifacts.
This would be misinterpreted by the BIS algorithm as
EEG activity and assigned a spuriously increased BIS
value. Numerous clinical conditions that have a direct
effect on EEG cerebral function could also directly
influence the BIS value.
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