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ABSTRACT. Objective. ENTROPY™ is a new anesthetic
depth monitor based on the analysis of the EEG signal. Our
aim has been to evaluate sedation of intubated surgical critically
ill patients by means of the Ramsay sedation score, the Bispectral
index and ENTROPY™, and to analyse the correlation
between these variables. Methods. Sedation was evaluated
every 15 min fora 1 h period in 50 non-paralysed postoperative
critically ill, intubated patients, enrolled over a 6 month period.
A5 min steady-state period was allowed before each assessment.
Both the Bispectral index and the Entropy parameters Response
Entropy (RE) and State Entropy (SE), were collected before
assessing the Ramsay scale. Results. Mean values for SE, RE
and BIS were 53127, 60+ 30, and 62 £ 24 respectively. The
median value for the Ramsay was 6 (range 1-0). Significant
correlation was found between the four variables (SE-BIS:
r=0.79, p<0.001; RE-BIS: r = 0.80, p<0.001; SE-Ramsay:
= —=0.71, p<0.001, RE-Ramsay: p = —0.72, p <0.001; BIS-
Ramsay: p = —0.78, p<0.001; RE-SE: r = 0.98, p<0.001).
An overlap of BIS and Entropy values for every Ramsay score
value between 4—6 was found. Conclusions. ENTROPY™,
BIS and Ramsay score values correlate significantly in sedated
postoperative ICU patients. ENTROPY™ does not appear
superior to BIS for the assessment of sedation in this context.
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INTRODUCTION

Sedation is frequently required by critically ill patients [1].
Appropriate sedation allows the attenuation of physiologic
stress responses and contributes to better outcome. By
contrast, inadequate administration of sedative agents may
delay ICU discharge with the consequent increase in
morbidity and cost [2].

Sedation techniques are evolving and the importance of
early arousal of patients has been emphasized in the last
years [3]. Excessive sedation may cause cardiovascular
instability, respiratory depression, decreased gastrointesti-
nal motility and immunosupression. Insufficient sedation,
on the other hand, may result in hypertension, tachycar-
dia, severe discomfort and accidental extubation [2].
Unfortunately, methods of monitoring the depth of
sedation are scarce and not routinely included in the
management of critically ill patients [4]. The bispectral
index (BIS) has been proposed for this use. The BIS is an
empirical variable derived from a large electroencepha-
logram (EEG) database, initially employed to quantify
the hypnotic effects of anesthetic agents in the operating
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room [5], and several studies have considered its use in the
ICU [6]. Simmons et al. [7] and Nasraway et al. [8] have
not found a good correlation between various sedation
scales and BIS scores in ICU patients, as opposed to other
authors [9-12]. We have recently shown that the BIS
appears more useful than subjective scales in those post-
operative patients who require deep sedation, whenever
the EMG signal and the quality signal index are consid-
ered [13].

ENTROPY™ is a new monitor based on the analysis
of the EEG signal [14], and has been developed as a
monitor of the anaesthetic state [15]. It calculates the
spectral entropy of the EEG and measures the hypnotic
component of anaesthesia. Entropy, as a physical con-
cept, is a measure of irregularity, complexity, or amount
of disorder. When entropy is measured from the EEG,
disorder equals the irregularity of the EEG signal. With
an awake subject, the EEG is highly irregular, and the
amount of entropy is high. With increasing depth of
anesthesia, the EEG turns towards more regular patterns,
decreasing entropy. Datex-Ohmeda ENTROPY™ cal-
culates spectral entropy, which has the particular
advantage of being able to explicitly separate contribu-
tions to entropy from any particular frequency range.
For optimal response time, the computations can be
constructed in such a way that the length of the time
window for each particular frequency is individually
chosen. This leads to a concept known as time-fre-
quency balanced spectral entropy [14]. The EEG is
collected from the fronto-temporal region of the head.
State Entropy (SE) is computed over the frequency range
from 0.8 to 32 Hz and primarily reflects the state of the
cortical activity of the patient. The Response Entropy
(RE) is computed over a frequency range from 0.8
to 47 Hz, and includes both the EEG-dominant and
EMG-dominant part of the spectrum. The RE reflects
the patient’s immediate response to a stimulus. A situa-
tion in which the different roles of these parameters are
well demonstrated occurs during awakening, when RE
rises first accompanied by the recovery of muscular
activity, and seconds later is followed by a rise in the SE.
In theory Entropy should prove more useful than the
BIS, as the exclusion of the EMG signal in the SE
prevents interferences from muscular activity and, as
stated above, the RE promptly detects awakening. Both
BIS and Entropy are adimensional parameters with a
range of 0—100 for BIS and RE and a range of 0-90 for
SE. The closer to 0, the deeper the level of sedation.
Our aim has been to evaluate the depth of sedation in
intubated critically ill patients by means of the Ramsay
sedation score, BIS™M and ENTROPY™ (RE and SE),
to analyze the correlation between these variables and to

see whether Entropy is more reliable than the BIS in the
ICU setting.

METHODS AND MATERIALS

Fifty adult postoperative patients enrolled over a 6-month
period were studied prospectively. The hospital’s Ethics
Committee approved the research protocol and waived
the need for informed consent. Following our routine
practice, different sedation regimes were used depending
on the expected duration of treatment: propofol or
remifentanil were administered for short (less than 48 h)
and midazolam/fentanyl for long-term sedation. No
sedative agents were administered in 6 cases in which early
extubation was expected. Pain control was achieved with
i.v. morphine (1 mg/h, 20 patients in the propofol group)
and/or paracetamol or metamizol, (23 postoperative
patients). Doses of sedative agents were adjusted by the
physician in charge whose objectives were to prevent
patient-ventilator dyssynchrony while preserving hemo-
dynamic stability. Study data were collected by the
principal investigator (experienced in ICU care and
experienced in assessing sedated patients) and not involved
directly in the care of the patient. Patients were excluded
it they presented neurological disorders, neuromuscular
blockade (according to the train-of-four), hypothermia
(Iess than 35°C), history of liver dysfunction, drug and/or
alcohol abuse, chronic psychotropic medication, or if
adrenaline was administered, as it interferes with the
bispectral index [16].

Sedation was evaluated every 15 min for a 1 h period
(4 measurements per patient) after a 5 min steady-state
period (absence of any kind of stimulation) in order to
obtain data from different sedation levels in every patient.
Sedation was assessed 2 h after admission to the ICU from
the operating room in 26 patients. The same protocol was
applied in 24 previously admitted sedated patients, so data
from different postoperative stages could be obtained.
Disposable BIS (BIS™ XP, A-2000, Aspect Medical
System, Newton, Ma, USA), and Entropy (ENTROPY™
Module, Datex—Ohmeda Div., Instrumentarium Corp.,
Helsinki, Finland) electrodes were placed on the same side
of alcohol prepped forehead skin of the patients. The BIS,
RE and SE data were collected before assessing the
Ramsay scale. The BIS value was calculated manually on a
mean average of a minute. The quality signal index was
continuosly monitored, and the BIS values were only
recorded when it was above 75% and the EMG signal was
below 25%. The Ramsay score (Table 1) was compared
with the BIS number, SE and RE.



Table 1. Ramsay’s levels of sedation scale

Level Description

1 Patient anxious and agitated or restless
or both

2 Patient cooperative, oriented and calm

3 Patient responds to commands only

4 A brisk response to a light glabellar tap
or loud auditory stimulus

5 A sluggish response to a light glabellar
or loud auditory stimulus

6 No response to a light glabellar tap or

loud auditory stimulus

Statistical analysis

Statistical analysis was done with the SPSS for Windows
system (Release 9.0). Quantitative data are described by
mean, SD, median (minimum-maximum). The correla-
tion between the Ramsay scale and the Entropy and BIS
data was tested by the Spearman rank correlation coeffi-
cient. The correlation between Entropy and BIS data was
assessed by the Pearson correlation coefficient. A p value
less than 0.05 was considered statistically significant. The
concordance between the Ramsay score and SE, RE and
BIS was performed with the Prediction Probability (Px).
Py was calculated using the Somers’ d [17]. The range for
Py is from 0 to 1. A value of Px = 0.5 means that the
parameter predicts the Ramsay score not better than a
50:50 chance. A Pg value of 1.0 indicates ideal concor-
dance.

RESULTS

Demographic data and mean arterial pressure at the first
measurement are included in Table 2. The patients had
undergone cardiac (n = 7), general (n = 25), maxillofacial
(n = 14), urological (n = 1), or vascular (n = 3) surgery.
The causes for sedation were multiorgan dysfunction
requiring mechanical ventilation (n = 24, included after
24-48 h of admission to the ICU) or the immediate
postoperative period (n = 26). Propofol (2.5% 1.2 mg/

Table 2. Demographic data. IBW: Ideal body weight
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kg/h)  was  used in 27  patients, midazolam
(0.06 +0.03 mg/kg/h) with fentanyl (0.94 £ 0.52 pg/kg/
h) in 12 cases and remifentanil (2.8 £2.2 pg/kg/h) in five
patients. In six postoperative cases no sedative agent was
needed, as early extubation was expected. All patients
were ventilated mechanically and did not require neuro-
muscular blockade. Mortality was 30% (15/50).

Mean and median (25-75th percentiles) values for SE,
RE and BIS (200 measurements) were 53 £ 27 and 50 (28—
83), 60+ 30 and 58 (31-94), and 62 £ 24 and 62 (41-84)
respectively. The median (25-75th percentiles) values for
the Ramsay was 6 (3—6). A significant correlation was
found between the four variables (SE-BIS: r = 0.79,
p<0.001; RE-BIS: r=0.80, p<0.001; SE-Ramsay:
p = —0.71, p<0.001, RE-Ramsay: p = —0.72, p <0.001;
BIS-Ramsay: p = —0.78, p<0.001; RE-SE: r = 0.98,
p<0.001). The correlation between SE, RE and BIS with
the Ramsay score remained independent of the level of
sedation, considering light sedation (patients responding to
stimuli) as Ramsay 2-5 and deep sedation (non respond-
ing) as a Ramsay 6. The Pg (absolute values) were
0.73£0.017 (SE-Ramsay), 0.74%+0.016 (RE-Ramsay)
and 0.77 £0.016 (BIS-Ramsay).

The distribution of the SE, RE and BIS for every
Ramsay score level and the plot of BIS versus Entropy
values is shown in Figures 1-5. As shown in Figures 1-3,
an overlap of BIS and Entropy values was found for every
Ramsay score between 4 and 6. This corresponded with
median values of 65, 72 and 30 in the case of SE, 78, 82,
37 in the case of RE, and 80, 70 and 42 in the case of BIS
for Ramsay scores of 4, 5 and 6 respectively.

DISCUSSION

In this study a significant correlation between the newly
developed technology of ENTROPY™ and the BIS with
respect to the Ramsay score is demonstrated. However,
the interpretation of isolated measurements from both
monitors is difficult due to the dispersion of individual
EEG-based data in every Ramsay score level.

Sedation is an important adjunct therapy for patients in
the intensive care unit (ICU). Inadequate sedation can
have deleterious effects for ICU patients [18], but the level
of sedation is often difficult to assess in this population. In

Age Gender (male)

APACHE II IBW (kg) MAP (mm Hg)

Mean = SD 64=*16 38/50

16+8 69 %10 79 £ 38

MAP: Mean arterial pressure at the first measurement.



298 Journal of Clinical Monitoring and Computing

100 A
IE' —_  — | —T— _
(@]
60 1 ®)
% ¥
40 1
*
20 1 - N
01 rho=-0.71 N
p <0.001
-20 T T T T T T
N = 3 15 32 23 19 108
1 2 3 4 5 6

RAMSAY

Fig. 1. Ramsay versus State Entropy (SE) box-plot. The boxes represent the 25th percentile (lower edge), the median (line across the box) and the 75th
percentile (upper edge). Upper and lower lines extend from the corresponding percentile to the highest and lowest values excluding outliers. Circles represent outliers
(cases with values between 1.5 and 3 box lengths from the upper or lower edge in the box). Crosses represent extremes (cases with more than 3 box lengths).
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Fig. 2. Ramsay versus Response Entropy (RE) box-plot.
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Fig. 3. Ramsay versus Bispectral Index (BIS) box-plot.

SE

BIS

Fig. 4. Scatter plot of Bispectral Index (BIS) versus State Entropy (SE).

the last years, different subjective scoring systems have
been developed, and among the various sedation scales
reported, the Ramsay score is the most widely used
[19-21]. The scales have several limitations such as sig-
nificant interobserver variability and the impossibility of
evaluating patients with neuromuscular blockade [22].
Thus, an objective measurement of the level of sedation is

BIS

Fig. 5. Scatter plot of Bispectral Index (BIS) versus Response Entropy
(RE).

necessary in order to permit increased accuracy of the
assessment of sedation [23]. Various devices which analyse
the EEG signal, such as the BIS and others, have been
proposed for this purpose [24-26]. To our knowledge,
there are no studies addressing the utility of ENTROPY™
in the ICU.



300 Journal of Clinical Monitoring and Computing

The BIS is a number derived from the bispectral
analysis of the EEG that provides information about the
interactions between the cortical and the subcortical areas
which change under the influence of sedative and hyp-
notic agents. The BIS has a range of 0 to 100. Conscious
sedation corresponds to a BIS of 70-80, and general
anesthesia is reflected by a BIS in the 40-60 range [27].
Although promising, the role of the BIS in the ICU has
yet to be determined. There are few studies examining its
reliability in critically ill patients and, for many reasons,
their results do not permit definitive recommendations [7,
8, 28-30]. Besides, many interferences common in the
ICU area produce an unfavourable signal to noise ratio,
yielding confounding results [31]. There have been re-
ports of pacemakers [32] and the use of external rew-
arming devices resulting in increases in BIS scores [33]. In
addition, physiologic movements such as eye movement
or muscular activity can produce artefactual increases in
the BIS score. Careful attention to the signal quality and
the level of electromyographic (EMG) activity is impor-
tant when the BIS is used [8, 30, 34, 35]. These param-
eters were taken into consideration in our study.

ENTROPY™ is a new monitor based on the analysis
of the EEG signal [14]. Entropy is independent of
absolute scales such as the amplitude or the frequency of
the signal. In an EEG application, this is an important
characteristic, as it is known that there are interindividual
variations in the absolute frequencies of the EEG
rhythms [15]. ENTROPY™ has been shown to be a
valid indicator of the hypnotic effect of propofol, thio-
pental, sevoflurane and desflurane in anesthetized patients
[15, 36]. However, to our knowledge, it has never been
tested in the ICU. According to our results, Entropy is
similar to the BIS for assessing sedation in critically ill
patients. In the present study a strong correlation
between these two indexes has been found similarly to
the one described in the operating room [37, 38].
Although from the clinical point of view SE should be
superior to the BIS for the assessment of sedation as it
excludes the frequency range involving facial muscular
activity and considers only the EEG signal, it did not
show this theoretical advantage in our study. This finding
may be explained by the fact that most of our patients
were deeply sedated, so muscular activity did not inter-
fere with the results, even though a stronger correlation
between SE and Ramsay was not found in the lightly
sedated patients.

As seen in Figures 1-3, the wide dispersion of BIS and
Entropy data in every Ramsay score level, especially in the
4-6 range, makes the interpretation of isolated data
obtained from both monitors difficult. The dispersion is to
be expected with a Ramsay level of 6, as the subjective
scales are unable to discriminate between deep sedation

and cortical electric silence once the patient becomes
unresponsive to light stimulation, while EEG-derived
parameters go on grading cerebral electrical activity until
its total suppression, beyond the levels of general anes-
thesia. However, a narrower range of Entropy and BIS
data should have been found in both 4 and 5 Ramsay
levels, when the subjective scale is more sensitive. These
results coincide with others studies in which the authors
observed a marked overlap between BIS and difterent
levels of arousal assessed by the Ramsay scale [26] and
RASS (Richmond Agitation—Sedation Scale) [39].

Limitations of the study

Data were not downloaded using a BIS recording soft-
ware, but the BIS value was calculated manually on a
mean average of a minute as previously described by
different authors. This is the reason why only one of the
investigators (accustomed to assessing sedated patients by
means of EEG-derived techniques) was involved in the
collection of the BIS data, in order to optimise this pro-
cess. A careful monitoring of the quality signal index and
the EMG signal also served for this purpose.

The study is observational, therefore, although most of
the measurements found patients with a Ramsay score of 6,
the investigator did not take part in the adjustment of
sedatives and thus a better distribution of data could not be
obtained. Between 15 and 32 measurements were ob-
tained for the rest of the Ramsay scores, (excluding
Ramsay 1), so the results are still valid. There is also some
concern with regard to the use of a sedation scale as a gold
standard for the validation of newly developed EEG-de-
rived technologies. The limitations of these scales have
been discussed earlier. Finally, a heterogeneous group of
patients and sedation regimes has been included. This
represents the common practice in a postoperative ICU.
Further studies investigating different subgroups of patients
and sedation techniques separately will be of interest.

We conclude that ENTROPY™ appears to offer no
benefits compared to the Bispectral index for the assess-
ment of sedation in surgical ICU patients. Although a
significant correlation between both EEG-derived tech-
nologies and the Ramsay score was found, further studies
are required to confirm the utility of ENTROPY™ and
BIS in individual critically ill patients as, according to our
data, no EEG-based number can be clearly adscribed to a
Ramsay level.
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