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Abstract Bispectral index (BIS) monitor is a neuro-
physiological monitoring device which continually
analyses a patient’s electroencephalogram during sedation
and general anaesthesia to assess the level of consciousness
and depth of anaesthesia. BIS monitoring, whilst per-
forming sleep nasendoscopy (using midazolam and pro-
pofol), has helped validate depth of sedation and allowed
comparison with levels of sedation of control patients
during natural sleep. A prospective study of 30 patients
with snoring undergoing sleep nasendoscopy with BIS
monitoring was conducted. BIS monitoring was recorded
throughout the procedure and assessment of snoring was
made at the appropriate level of sedation and snoring. BIS
values were compared with control patients. The 30
patients undergoing sleep nasendoscopy had average BIS
values ranging from 50.72 to 61.2. Similar results were
seen with BIS and oxygen saturation in the control group.
BIS monitoring provides an adjunct to the assessment of
sleep nasendoscopy in determining the level of sedation
required for snoring assessment. Comparable BIS values
and oxygen saturation levels were obtained between con-
trols and patients during sedation-induced sleep, thus
validating the role of sleep nasendoscopy.
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Introduction

A recent review article by Georgalas et al. [1] addressing
an evidence-based approach for the assessment of upper-
airway obstruction and patient selection for surgery
concluded that sleep nasendoscopy (SNE) could provide
useful information in determining the management plan for
patients with snoring and obstructive sleep apnoea (OSA).
SNE was conceived at our Institute in 1991 and is used as
an adjunct for the evaluation of upper airway in sleep
disordered breathing with respect to surgical and non-
surgical treatment options [2, 3]. However, the role of SNE
remains controversial and may also pose concerns with the
critics claiming that the drug-induced sleep may be dif-
ferent from the natural physiological sleep and uncertainty
around how deeply a patient should be sedated before
evaluation. Assessment is subjective and requires appro-
priate sedative agents and the evaluation at the right time
during sedation such that the patient is not too deep or too
light is important, as anatomical behaviour and muscle tone
variation would possibly correlate with depth of sedation.
With the latter issue in mind, this study was designed
utilising the bispectral index (BIS) monitor system in order
to validate the role of SNE.

BIS monitor is a neurophysiological monitoring device
which continually analyses a patient’s electroencephalogram
during general anaesthesia to assess the level of con-
sciousness and depth of anaesthesia. Its popularity has
arisen due to increasing litigation cases involving intraop-
erative anaesthesia awareness, predominantly in the
USA [4, 5]. A prospective study was undertaken to com-
pare BIS monitoring in patients undergoing SNE for the
assessment of snoring with those of control patients
with snoring undergoing natural sleep during overnight
polysomnography.
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Methods

A prospective study of 30 patients (M 22, F 8) with snoring
was done as they underwent SNE with BIS monitoring.
Patients had a mean age of 46.3 years and body mass index
of 29.3 kg m~2. All patients had undergone a sleep study
and only patients who did not have moderate or severe
OSA were included in this study to proceed with SNE.
SNE was performed in our day surgery unit with
midazolam (0.05 mg kg™') and propofol (1.5 mg kg™ ).
This combination enabled midazolam to provide the
background sedation, while the rapid action of propofol
allowed for gradual titration and fine-tuning of sedation.
BIS monitoring involved a lead of four sensor electrodes
attached to the forehead (Fig. 1) which recorded values
from 0 (no EEG brain activity) to 100 (patient fully
awake). Light sleep occurs at BIS values of 75-90, slow-
wave sleep occurs at 20-70 and rapid eye movement sleep
occurs at 75-90. Standard cardiovascular monitoring was
carried out. Upper airway evaluation and sedation were
performed by the two senior authors for all 30 cases.

An assessment of snoring was made at the appropriate
level of sedation and snoring. Values of oxygen desaturation
levels occurring during natural sleep, whilst having the sleep
study were used to indicate appropriate timing of when to
introduce the endoscope. Assessment is not made on
immediate onset of snoring but delayed until one cycle of
apnoea followed by breakthrough and then repeated snoring
occurs. Initial sedation tends to be deeper than natural sleep
but is helpful in allowing the passage of the nasendoscope
without nasal irritation. This is then held in place until one
cycle of sleep disordered breathing has passed. Assessment
occurs on the second and even third cycle of sleep.

BIS values were noted during the procedure (Fig. 2) and
compared with control patients who snored and were
admitted undergoing natural sleep during an overnight
polysomnography for sleep apnoea assessment.

Results

Snoring was demonstrated in all 30 patients undergoing
SNE with BIS monitoring. Assessment was made with
decreasing BIS values as the patients sleep deepened, and
reassessed as sleep lightened and BIS values increased,
thus allowing visualisation of the upper-airway obstruction
twice at similar depth of sedation. Comparison was made
with the oxygen desaturation levels observed in the
patients’ natural sleep during previous sleep study, and
used as a guide with the BIS value for assessment at the
appropriate time of sedation to best mimic natural sleep.

Average BIS values ranged from 50.66 to 63.1 during
SNE snoring evaluation (Fig. 3). Similar results were seen
with BIS monitoring in control patients having natural
sleep during polysomnography (48.7-61.2). On analysis of
variance there was no significant difference in BIS
recorded ranges in both the SNE group and the control
group, P value of 0.72.

Discussion

SNE assessment of snoring is useful as it provides evalu-
ation of the upper airway in the dynamic mode during
sleep. However, numerous controversies and debates have
arisen and attempts have been made to address some of

Fig. 1 Four sensor BIS electrode attached on patient’s forehead
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Fig. 2 BIS monitor reading during sleep nasendoscopy
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Fig. 3 Range of patient BIS values during sleep nasendoscopy

these by various authors. For instance, criticisms made by
Marais [6], whilst comparing snorers and non-snorers, it
was claimed that snoring was produced during SNE in a
large number of the non-snorers and was not produced
in many of the snorers. This was challenged by Berry
et al. [7], demonstrating in their study using target-
controlled infusion of propofol during SNE that all their
snorers and non-snorers responded as expected. Similarly,
questions and concerns that arose about test-retest
reliability and of inter-rater reliability of SNE have been
elegantly addressed by studies conducted by Rodriguez-
Bruno et al. [8] and Kezirian et al. [9], respectively. The
issue of assessing the patient at the correct moment has not
previously been addressed, and this indeed is an important
point as one has to bear in mind the pharmacology and the
pharmacokinetics of the different drugs used during seda-
tion. With this in mind our present study with BIS was
designed. If the patient is assessed too early, the muscle
relaxation effect of the drug may be over emphasised and if
the patient is assessed too late then important anatomical
aspect of the obstructive episodes may be missed. Thus the
depth of sedation during which the assessment is conducted
should be as close to the levels of depth of natural sleep.
Evaluation only occurs as a snapshot of a patient’s whole
sleep cycle. However, combining it with BIS values of
patients undergoing natural sleep has allowed a more
accurate assessment of sleep disordered breathing.

BIS monitoring has provided an adjunct to the assess-
ment of SNE in determining the level of sedation required

for snoring assessment. Previous studies have shown how
SNE can be used for the assessment of snoring level [2, 3].
Combining this with BIS monitoring allows more accurate
assessment of sedation induced snoring. Others have
disputed a lower incidence of anaesthesia awareness with
BIS monitoring [10]; however, our results are comparable
with BIS values obtained for control patients with snoring
undergoing natural sleep. BIS monitoring, while perform-
ing SNE, has helped validate depth of sedation and mimics
those levels of sedation of control patients with snoring
undergoing overnight polysomnography.
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