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Abstract

In this issue of Critical Care, Dr Haenggi and co-workers present a
study evaluating bispectral index (BIS), state entropy (SE) and
response entropy in 44 patients sedated in the intensive care unit
(ICU). As in recent studies attempting to correlate frontal electro-
encephalogram (EEG) measurements with clinical evaluations of
sedative efficacy, there is considerable overlap in numerical EEG
values and different clinical levels of sedation. This precludes the
use of these monitors for monitoring or titrating sedation in the
critically ill. Despite many attempts, no study has yet presented
data showing improved outcome with the use of EEG monitors in
ICU sedation. Meanwhile, clinical sedation protocols have emerged,
improving important endpoints in critically ill patients needing
sedation. A major underlying problem in applying EEG monitors in
the ICU is that they have been developed for measuring anesthetic
depth and the related risk of recall, rather than the acknowledged
endpoints of sedation, namely reduction of anxiety and discomfort.
Until an ‘objective’ monitor is developed to measure the degree of
such symptoms, physicians should continue treating patients and
not numbers.

In this issue of Critical Care, Dr Haenggi and co-workers
from Bern University Hospital present a study evaluating
bispectral index (BIS), state entropy (SE) and response
entropy (RE) during sedation in 44 patients in the intensive
care unit (ICU) [1]. The authors used a meticulous protocol -
with parallel SE, RE and BIS measurements, web camera
monitoring and a computer program for noting sedative
administration and interventions - to find a clinical indication
for the use of entropy or BIS during ICU Ramsay Sedation
Scale-targeted sedation.

Statistically significant but poor correlation was found between
the electroencephalogram (EEG) measurements and clinical
assessment; correlation coefficients for RE and SE were
-0.372 and -0.360, respectively. For BIS and clinical assess-
ment the correlation coefficient was -0.426. These results,
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together with an overlap of entropy and BIS values between
clinical sedation levels, led the authors to conclude that “BIS-
Index or Entropy do not add information which can be used to
guide sedation in the general ICU population.”

Other investigators have attempted to find correlation between
EEG measurements of sedation and clinical parameters,
similarly finding considerable overlap of displayed values
between clinically different sedation levels and also close
correlation with facial electromyographic activity [2-4]. The
conclusions of these studies are identical to those of Dr
Haenggi and co-workers, namely that BIS [2,3] and entropy
[4] are not reliable in describing the level of sedation or
guiding sedative administration in ICU patients.

After more than a decade of use, the role of EEG parameters
for sedation monitoring in the ICU is yet to be defined. For
BIS - probably the most studied EEG parameter for ICU
sedation - no study has yet shown clear benefit when used
for sedation monitoring of ICU patients [5]. In contrast, new
methods for clinical monitoring and titration of sedatives and
analgesics have led to significant improvements in patient
outcomes [6-8]. A daily wake-up test during sedation and
mechanical ventilation has been shown to reduce time for
mechanical ventilation and may also reduce ICU and hospital
length of stay [7] and reduce complications of critical illness
[9]. In a recent study, combining daily awakenings with spon-
taneous breathing tests additionally improved one-year
survival, the effect probably depending on a lesser likelihood
of oversedation [8]. Modifying sedation regimens may also
modify patients memory panorama from the ICU and long-
term psychological status [10,11].

It may be tempting to introduce plug-and-play EEG monitors
for measuring anesthetic depth - such as BIS - in the ICU.

BIS = bispectral index; EEG = electroencephalogram; ICU = intensive care unit; RE = response entropy; SE = state entropy.
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The concept of a number on a monitor informing clinicians
how to titrate drug doses for adequate sedation is appealing.
The problem with applying BIS for ICU sedation is that it was
not originally designed to detect the main indications for
sedative administration, namely discomfort and anxiety [12].
The anesthesia end-point that BIS primarily was developed to
target and is marketed for [13] - amnesia - may not be a valid
end-point for ICU sedation. Amnesia from the ICU is not
necessarily a good thing [14]. Furthermore, given the data
from the study and previous studies of BIS in ICU sedation,
aiming for a target BlS-interval in ICU patients would likely
lead to clinical problems of under- or oversedation in
individual patients [1-4]. Acknowledged endpoints of ICU
sedation are rather optimal patient comfort and safety [12].
EEG measures may not reflect the efficacy of sedation or
analgesia with regard to these endpoints.

The previously prevailing idea of sleep being necessary for
comfort in ICU patients may have emanated from transferring
the anesthesia endpoint - hypnosis - from the operating room
into the ICU, at a time when mechanical ventilation was less
refined than it is today. New ventilators with more patient-
friendly modes of ventilation may cause less patient-ventilator
dysynchrony during light to moderate sedation, thereby
potentially reducing sedative requirements. The development
of new analgosedation concepts highlight this quandary of
old and new sedation end-points in ICU patients [15,16].

While EEG monitoring in patients receiving neuromuscular
blocking treatment may be of some value given the lack of
other methods for monitoring sedation depth [5], there is
presently no evidence or rationale for the use of BIS or
entropy in monitoring or titrating sedation of ICU patients. A
number on a monitor indicating ‘adequate sedation’ can not
replace the common sense of sedating a patient with clinical
signs of discomfort or agitation, or reducing sedation in a
unresponsive patient, unless patient outcome studies prove
such an approach to be successful. The reasonable current
sedation end-point should not, therefore, be deep sedation, a
certain BIS or entropy value, but rather patient comfort and
safety. Before considering new monitors for ICU sedation, we
need to be confident that they make a difference in these
end-points.

For now, let’s treat patients and not numbers.
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