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Background: Hypoxia has been shown to change electro-
encephalogram parameters including frequency and am-
plitude, and may thus change bispectral index (BIS) and
spectral entropy values. If hypoxia per se changes BIS and
spectral entropy values, BIS and spectral entropy values
may not correctly reflect the depth of anaesthesia during
hypoxia. The aim of this study was to examine the changes
in BIS and spectral entropy values during hypobaric
hypoxia in volunteers.
Methods: The study was conducted in a high-altitude
chamber with 11 volunteers. After the subjects breathed
100% oxygen for 15 min at the ground level, the simulated
altitude increased gradually to the 7620 m (25,000 ft) level
while the subjects continued to breathe oxygen. Then, the
subjects discontinued to breath oxygen and breathed room
air at the 7620 m level for up to 5 min until they requested

to stop hypoxic exposure. Oxygen saturation (SpO2), heart
rate, 95% spectral edge frequency (SEF), BIS, response
entropy (RE), and state entropy (SE) of spectral entropy
were recorded throughout the study period.
Results: Of the 11 subjects, seven subjects who underwent
hypoxic exposure for 4 min were analysed. SpO2 decreased
to 69% at the 7620 m level without oxygen. However, SEF,
BIS, RE, and SE before and during hypoxic exposure were
almost identical.
Conclusion: These data suggest that hypoxia of oxygen
saturation around 70% does not have a strong effect on BIS
and spectral entropy.
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THE bispectral index (BIS) and Entropy have
been shown to reflect the hypnotic component

of anaesthesia. The values of these monitors are
derived from an electroencephalogram (EEG) with
a certain algorithm.1,2 However, BIS has been
reported to change under certain clinical conditions
such as hypoglycaemia,3 and thus may not cor-
rectly reflect the hypnotic component of anaesthe-
sia under these conditions. Hypoxia is not a rare
complication during anaesthesia. Hypoxia changes
EEG parameters including frequency and amp-
litude,4–6 and thus may change BIS and spectral
entropy values. When patients show hypoxia dur-
ing anaesthesia, clinicians may increase the oxygen
concentration and decrease anaesthetics. In this
scenario, the extent to which hypoxia per se influ-
ences BIS and spectral entropy values represents
useful information, because there is a possibility of
awareness during anaesthesia in this scenario. It is

difficult to examine the influence of hypoxia on BIS
and spectral entropy values in prospective studies
in humans. The Aeromedical Laboratory of the
Japan Air Self-Defense Force routinely trains the
members of the Japan Self-Defense Forces with
the hypobaric chamber, which induces hypobaric
hypoxia. The hypobaric chamber can induce hy-
poxia by decreasing the barometric pressure. The
simulated altitude of 7620 m (25,000 ft) in the hy-
pobaric chamber could decrease oxygen saturation
below 50%.7 The aim of this study was to examine
the changes in BIS and spectral entropy values
during hypobaric hypoxia in volunteers.

Methods

Subjects
This study was approved by the Human Research
Committee of the National Defense Medical Col-
lege, and written informed consent was obtained
from all subjects. The study group comprised 11
healthy volunteers (female: n 5 2, male: n 5 9)
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ranging in age from 20 to 46 years. All volunteers
were members of the Japan Self-Defense Forces.
This study was conducted in conjunction with the
routine hypobaric and hypoxic exposure trainings
for the members of the Japan Self-Defense Forces.
All subjects were free of cardiovascular, pulmon-
ary, or neurologic disease.

Experimental protocol
The study was carried out in a high-altitude cham-
ber (Aeromedical Laboratory, Japan Air Self-
Defense Force, Tachikawa, Japan). The staff of the
Aeromedical Laboratory was in the chamber dur-
ing the trainings and the study periods for the
guidance and the emergency. Other staff and a
physician of the Aeromedical Laboratory were on
standby outside the chamber. The subjects were in
a sitting position. First, they breathed 100% oxygen
via a face mask for 15 min at the ground level. This
procedure was for denitrogenation. Then, the si-
mulated altitude increased gradually to a 7620 m
level by decreasing the barometric pressure, while
the subjects continued to breathe 100% oxygen via
a face mask. The simulated altitude of the 7620 m
was maintained for 3 min with oxygen, and then
the subjects discontinued to breath oxygen and
breathed room air at the 7620 m level for up to
5 min. They were allowed to stop the hypoxic
exposure and breathe 100% oxygen via a face
mask again at any time during the hypoxic expo-
sure period of 5 min when they felt they could not
continue the hypoxic exposure any more. They
performed a simple calculation during the hypoxic
period according to the protocol of the routine
training of the Japan Self-Defense Forces. After
the hypoxic exposure, they breathed 100% oxygen
via a face mask again and the simulated altitude
decreased gradually to the ground level.

Measurements
The bispectral index (BIS XP, Aspect Medical Sys-
tems, Newton, MA) and Entropy (m-ENTROPY
Module, GE Healthcare, Helsinki, Finland) electro-
des were placed on the subjects’ forehead as spe-
cified by the manufacturer and continuously
monitored. The smoothing time of the BIS was set
at 15 s. The BIS value and 95% spectral edge
frequency (SEF) from the BIS monitor and response
entropy (RE) and state entropy (SE) from the
spectral entropy monitor were analysed. Heart
rate (HR) and oxyhaemoglobin saturation (SpO2)

were monitored continuously using pulse oxime-
try. The cables of these monitors were passed
through a small hole, which was tightly sealed to
the outside of the chamber. The monitors of BIS,
spectral entropy, and (SpO2) were placed outside
the chamber.

Statistical analysis
The values of SpO2, HR, SEF, BIS, RE, and SE after
1, 2, 3, and 4 min at the 7620 m level without
oxygen were compared with an average for
15 min at the ground level with oxygen and with
an average for 3 min at 7620 m with oxygen using
repeated measures analysis of variance. Results are
presented as means � SDs; Po0.05 was considered
statistically significant.

Results

Of the 11 subjects investigated, five subjects com-
pleted 5 min of hypoxic exposure at the 7620 m
level. However, BIS could not be recorded during
the study in one of these five subjects because of the
artefact; hence, this subject was excluded from the
analysis. Three subjects breathed without oxygen at
7620 m level for 4 min. Hence, these seven subjects
(female: n 5 1, male: n 5 6) who underwent hy-
poxic exposure for 4 min were analysed. The mor-
phometric characteristics of the seven subjects
included age 33 � 7 years, weight 69 � 12 kg, and
height 170 � 10 cm. Three other subjects stopped
hypoxic exposure at the 7620 m level upon request
at 1.5, 2.5, and 3.5 min, respectively. None of the
subjects lost consciousness throughout the study
period.

Table 1 shows the SpO2, HR, SEF, BIS, RE, and SE
values at the ground level with oxygen, at the
7620 m level with oxygen, and at the 7620 m level
without oxygen in seven subjects. Hypobaric nor-
moxia (7620 m level with oxygen) did not cause
significant changes in SpO2, HR, SEF, BIS, RE, and
SE compared with the values at the ground level
with oxygen. During hypobaric hypoxia (7620 m
level without oxygen), SpO2 gradually decreased
and reached 69% after 4 min of hypoxic exposure,
and HR gradually increased. However, the SEF,
BIS, RE, and SE values at the 7620 m level without
oxygen did not differ from the values at the ground
level with oxygen nor the values at the 7620 m level
with oxygen.
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Discussion

BIS is a processed EEG index derived from a
certain algorithm and has been used for monitoring
the hypnotic component of anaesthesia in clinical
practice, although the algorithm has not been fully
published.1 Spectral entropy has been introduced
recently into clinical practice also for monitoring
the hypnotic component of anaesthesia. Spectral
entropy collects both EEG and EMG, analyses the
time–frequency-balanced spectral entropy content
of EEG and EMG, and provides two numbers: RE,
which analyses both EEG and EMG activities, and
SE, which analyses mainly EEG.2 Because both BIS
and spectral entropy are derived from EEG para-
meters, it is not surprising that certain pathophy-
siological disorders that affect EEG change BIS or
spectral entropy. It has been reported that hypo-
glycaemia decreased BIS.3 Hypoxia is another
pathophysiological disorder that potentially changes
BIS and spectral entropy. To the best of our knowl-
edge, this is the first study to examine the effect of
hypoxia on BIS and spectral entropy in humans.

The influence of hypobaric hypoxia on EEG has
been investigated previously. Kraaier et al.4 exam-
ined the effect of hypobaric hypoxia of simulated
altitude 6096 m (20,000 ft) for 19 min. They found
that hypoxia of simulated altitude 6096 m for
19 min increased HR and decreased SpO2 to 70%,
which is identical to the results in our study. They
also found significant increases in d and y activities
and a significant decrease in the a activity of EEG.
These EEG results were confirmed by Ozaki et al.5,
who examined the effect of hypobaric hypoxia of
simulated altitude 6000 m (19,685 ft) for 25 min on
EEG in humans. They found a significant increase
in y activity and a significant decrease in a activity.
On the other hand, Papadelis et al.6 examined the
effect of hypobaric hypoxia of simulated altitude

7620 m (25,000 ft) for 3 min on EEG. They found
significant increases in y and a activities and a
significant increase in the total power.

In our study, SEF, BIS, and RE and SE of spectral
entropy did not change during hypobaric hypoxia
at a simulated altitude of 7620 m for 4 min,
although previous reports have shown that d and
y activities of EEG increased. The reason why BIS
and spectral entropy values did not change
remains unknown. One of the possible reasons
includes the effect of an electromyogram (EMG).
EMG activity can affect BIS and spectral entropy
values, because the algorithm of BIS and spectral
entropy includes the EMG frequency range. The
subjects in the current study were conscious
throughout the study period. Thus, it is possible
that EMG activity elevated BIS in the current study,
although EMG was not measured. However, we
used BIS XP, which is designed to reduce the effect
of EMG on BIS, although the extent to which BIS
XP eliminates EMG activity has not been clarified.
SE of spectral entropy, which is derived from EMG-
unrelated frequency (0–32 Hz), did not decrease
during hypobaric hypoxia. Therefore, it is possible
that hypobaric hypoxia in the current study did not
change SE regardless of the presence or absence of
an EMG artefact. Another possible reason why BIS
did not change during hypobaric hypoxia includes
the BIS algorithm of b ratio, which is the most
influential during light hypnotic states.1 b ratio is
designed to be insensitive to d and y activities,
which may be increased during hypobaric hypoxia,
although raw EEG was not recorded in this study.
Thus, it is possible that BIS did not decrease during
hypobaric hypoxia.

The subjects in our study were in a hypobaric
condition in addition to a hypoxic condition at the
7620 m level without oxygen. The SpO2, HR, SEF,
BIS, RE, and SE values at the 7620 m level with

Table 1

Changes in SpO2 (oxygen saturation), heart rate (HR), 95% spectral edge frequency (SEF), bispectral index (BIS), response entropy
(RE), and state entropy (SE).

Ground level with oxygen 7620 m with oxygen 7620 m without oxygen

1 min 2 min 3 min 4 min
SpO2 (%) 99 � 0 99 � 1 89 � 8*,w 76 � 7*,w 71 � 7*,w 69 � 9*,w
HR (bpm) 79 � 12 82 � 10 95 � 10 96 � 11 100 � 15 106 � 13*,w
SEF (Hz) 19 � 6 21 � 6 26 � 3 23 � 5 25 � 4 23 � 6
BIS 97 � 1 97 � 2 96 � 2 95 � 4 95 � 4 95 � 5
RE 98 � 0 98 � 1 99 � 1 98 � 1 97 � 1 98 � 2
SE 89 � 1 88 � 1 89 � 3 89 � 2 89 � 2 89 � 2

Values are means � SDs.
*Po0.05 vs. values at ground level with oxygen.
wPo0.05 vs. values at 7620 m with oxygen.
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oxygen (hypobaric normoxia) did not differ from
those values at the ground level with oxygen. Thus,
the hypobaric condition per se probably does not
affect SpO2, HR, SEF, BIS, RE, and SE.

Although the clinical condition of cerebral
ischaemia during a carotid endarterectomy (ischae-
mic hypoxia) is different from that during hypoxic
hypoxia as in our study, it has been reported that
BIS monitoring may not reliably indicate cerebral
ischaemia during awake carotid endarterectomy.8

The decrease in cerebral blood flow is associated
with decreases in a and b activities and an increase
in d activity,9 and the changes in EEG are thought
to be useful for detecting cerebral ischaemia. How-
ever, BIS was not affected by the carotid cross
clamping. This suggests that BIS may not be influ-
enced by EEG changes during ischaemic hypoxia
in conscious humans.

There are several limitations in this study. First,
we induced hypobaric hypoxia at the 7620 m level
for 5 min and analysed the data only for 4 min.
Apparently, hypoxia was in progress during the
hypoxic exposure and did not reach the plateau.
The effect of hypobaric hypoxia on EEG may
depend on the time and severity of hypoxia.
Thus, the chronic effect of hypoxia on BIS and
spectral entropy remains unknown. Second, this
study examined conscious humans without anaes-
thesia. Kraaier et al.4 reported that breathing fre-
quency increased 11.5% and EtCO2 decreased 18%
during hypobaric hypoxia of simulated altitude
6096 m (20,000 ft) for 19 min, although the breath-
ing frequency and EtCO2 were not measured in this
study. The effect of hypobaric hypoxia during
anaesthesia on BIS and Spectral entropy might be
different from the results in this study, because of
the anaesthetic effects on EEG and the lack of
hypocapnia. The influence of hypoxia during
anaesthesia on BIS and entropy has not yet been
determined.

In conclusion, BIS and spectral entropy did not
change during hypobaric hypoxia of oxygen sa-
turation around 70%.
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