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Abstract 

Objective 
To examine the added value of the Bispectral index (BIS) in predicting the wake-
up time after sedation of intensive care patients used in conjunction with the 
Ramsay scale or an alternative new simple clinical sedation scale, the Sedic 
scale. 

Design 

A prospective cohort study. 

Setting 
A thirty-bed intensive care unit in a university hospital. 
Patients: Forty-six consecutive adult patients requiring continuous intravenous 
sedation for at least 12 hours. 

Measurements and results 

Before cessation of sedatives (morphine and midazolam) a 15-minute sample of 
(blinded) BIS and the two clinical sedation scores were obtained. Subsequently, 
the time required to recover to full consciousness was assessed. Mean (Sd) BIS 
at TO was 56 (16), median (IQ range) Sedic score was 7 (4/9) and median (IQ 
range) Ramsay score was 6 (4/6). Mean (Sd) wake-up time was 11 (5/19) 
hours. Multiple regression analysis revealed that wake-up time was predicted 
the best by the combined BIS and Sedic scores (R2 0.66). The predictive value of 
the Ramsay or Sedic score alone revealed an R2 of 0.26 and 0.40 explained 
variance, respectively. 

Conclusions 
The combination of the BIS and Sedic score yields the highest explained variance 
of the wake-up t ime. The use of wake-up time as a dependent variable provides 
an objective external criterion, which may prove to be a valuable asset in clinical 
practice. 
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Introduction 

Sedation is one of the cornerstones in the management of critically ill patients in 
the intensive care unit (ICU). Sedation is ideally targeted at sleepy, yet 
arousable patients.1, 2 However, certain ventilation strategies used in the 
management of patients with severe pneumonia or acute respiratory distress 
syndrome often require deep levels of sedation, including inversed ratio 
ventilation or pressure controlled ventilation in prone position.3 

The administration of sedative agents is usually titrated and guided by the 
clinical assessment of a patient's level of sedation. However, it becomes difficult 
to differentiate between deep levels of sedation and oversedation by the mere 
use of clinical assessment. In addition, ICU patients may have an impaired 
hepatic and/or renal function altering the metabolism and excretion of sedative 
agents and resulting in unpredictable drug response.4 Furthermore, oversedation 
mostly goes unnoticed until a markedly prolonged recovery time (roughly more 
than one day) delays weaning from the ventilator and hence prolongs the ICU 
stay. 

A case in point about the occurrence of oversedation was made by the study of 
Kress et al. who demonstrated that a daily interruption of continuous infusions of 
sedatives decreased the duration of mechanical ventilation by 33% and the 
length of stay in the ICU by 35% among medical ICU patients.5 However, despite 
the effectiveness of this daily wake-up call concerns have been raised with 
respect to the incidence of adverse events. For instance the incidence of 
undesirable cardiovascular effects in patients with an impaired myocardial 
oxygen balance.6 The study of Kress was not powered to reveal the incidence of 
these adverse events. In addition, during the aforementioned study one of the 
researchers remained in the vicinity of the patient during the wake up period. As 
such, the study cannot be implemented into daily clinical practice easily. 
Therefore, other objective methods to manage sedation still need to be explored. 
Attempts have been made to assess the level of sedation with an EEG. I t has 
been known for decades that the EEG changes in response to the effects of 
anesthetics and sedative/hypnotic drugs. However, clinical use for the monitoring 
of the depth of sedation is difficult, as the EEG changes cannot be calibrated to 
behavioral endpoints easily. In addition, different drugs demonstrate a different 
sensitivity towards EEG patterns.7,8 

Still, one of the EEG derivates, the Bispectral index (BIS), appears to be a 
promising measure of the effects of anesthesia and sedation on the brain. The 
BIS score is the weighted sum of different EEG parameters.7 I t is obtained by 
multivariate analysis of a two-channel EEG (a sensor is placed on the patient's 
forehead) and ranges from 100 (awake) to 0 (complete electrical silence) - for 
example, 85 represents light sedation, 60 represents heavier sedation.7 The BIS 
provides a direct measure of the level of consciousness, not of the concentration 
of a particular drug.9 The primary indication for its use during anesthesia is to 
avoid awareness during the (surgical) procedure. However, questions have been 
raised concerning the reliability and validity of the BIS when used in the ICU. For 
example it is not clear, although suggested, whether a specific BIS value predicts 
an acceptable wake-up time, or whether the avoidance of low BIS values will 
help to prevent prolonged wake-up times. 
The objective of this study is to determine the ability of the BIS to predict wake-
up time when used in conjunction with clinical sedation scores following cessation 
of sedative drugs. 
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Patients and methods 

Setting 
The study was conducted in a thirty-bed intensive care unit admitting adult 
patients of all surgical and medical specialties of the Academic Medical Center in 
Amsterdam, a tertiary care university teaching hospital with 1000 beds. 

Study design 
A prospective cohort study of mechanically ventilated and sedated ICU patients 
to determine the predictive value of the BIS in conjunction with two clinical 
sedation scores, the Sedic and the Ramsay, with respect to wake-up time 
following cessation of sedative agents (Appendix). 
The BIS and the clinical sedation scores were measured just before the 
continuous infusion of sedatives was terminated. Subsequently, the time 
required to recover to full consciousness was assessed. 

Inclusion 
Forty-six consecutive mechanically ventilated ICU patients who had been sedated 
for at least 12 hours were included into the study. 
Exclusion criteria were: patients younger than eighteen years of age; patients in 
a terminal phase of their illness; patients with diminished consciousness due to 
reasons other than the administration of sedative medication, i.e. reasons of 
neurological origin; patients receiving additional sedative agents (other than 
described in the protocol), and patients receiving renal replacement therapy or 
patients with severe liver failure. 

Sedation policy 
Patients were sedated by a continuous infusion of a combination of midazolam 
and morphine in a one-mg-to-one-mg relation. Sedation was titrated in order to 
obtain the desired level of sedation as assessed by a clinical sedation score, the 
Sedic score. The sedation policy did not include the use of a neuromuscular 
blocking agent. 

BIS measurement 
The BIS signal was recorded using a frontotemporal montage with disposable 
sensors that were connected to the stand-alone BIS monitor (XP model, Aspect 
medical systems, Newton, MA; software version 3.2). Before recording was 
started, the BIS monitor automatically checked electrode impedance. In order to 
obtain a reliable BIS value, two related parameters, meeting the following 
criteria, were checked: 1) an electromyogram (EMG) of less than 50%, and 2) a 
Signal Quality Index (SQI) of more than 80%. BIS data exceeding the quality 
signal index or EMG threshold were excluded from the analysis. 
A 15-minute sample of BIS values was obtained with a sample rate of five 
seconds prior to the termination of the continuous infusion of sedatives. The 15-
minute BIS recording (180 samples) had to contain at least 75% valid values, 
otherwise the sample time was extended until the desired objective was 
obtained. BIS values were recorded directly via a computer interface and stored 
for off-line analysis. The BIS display was blinded for all involved in patient care. 

Clinical sedation scores 
The Sedic score is a very simple sedation score, used and developed locally. 
Sedation depth is assessed by applying a stimulus and rating the response 
separately (appendix). The stimuli are applied in a denoted order, starting with 
the weakest stimulus and followed by firmer stimuli until the patient shows a 
reaction, i.e. a defined minimal response. The sum of stimulus rating and 
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response at that point expresses the sedation level. These sum scores are 
interpreted as follows: 2, not sedated; 3-4, lightly sedated; 5-7, moderately 
sedated; 8-9, deeply sedated and 10, anesthetized. A patient is considered 
awake if he or she is responding adequately towards a normally spoken call, i.e. 
positive response to the lowest stimulus (score 2). The main purpose of this 
score is to prevent oversedation. The Sedic is the standard sedation score in our 
ICU and was assessed by the attending nurse before the BIS values were 
measured. 

The Ramsay scale 
The Ramsay scale is a well-known and commonly used sedation scale in the ICU 
and measures sedation on a scale from 1 to 6. The score involves one level for 
agitation (level 1), one level for calm and awake (level 2) and four levels for 
increasing sedation (levels 3 to 6) (appendix). 10, " One of the authors (JMB) 
assessed the Ramsay shortly after the BIS was measured. 

Patient and sedation characteristics 
Data were collected on gender, age, and length of stay in the ICU and referral 
specialty. Upon admission (within 24 hours), the severity of illness was obtained 
using the Acute Physiology And Chronic Health Evaluation score (APACHE II) .1 2 

The duration of mechanical ventilation, duration of sedative drug administration, 
and the cumulative dose of sedatives administered were recorded. Before 
termination of the sedatives, infusion rate, BIS values and, clinical sedation 
scores were recorded. After termination of sedatives the wake-up time was 
recorded. 

Analysis 
Patient and clinical sedation characteristics were summarized using descriptive 
statistics. If suitable statistical uncertainties are expressed by 95% confidence 
limits (95% CL). 
Univariate correlations between BIS and sedation scores were analyzed with 
Spearman's rank-order correlation. With regard to patient and sedation 
characteristics, potential explanatory factors for wake-up time were identified at 
a univariate level with the Spearman's rank-order correlation coefficient 
(p<.0.20). Significant patient and sedation characteristics, the clinical sedation 
scores, and the BIS were consecutively added as four separate blocks into the 
multiple regression model using the enter method. The predictive ability of the 
variables concerned was expressed as variances explained (R2). 

Results 

Forty-six patients were included into the study (Table 1). The indication for 
sedation in all patients was the need to maintain or improve ventilator synchrony 
during the initial phase of their ICU treatment. 
On average, patients received mechanical ventilation during 87% (95% CL 
83/91) of their total length of ICU stay. Patients were awake during the majority 
of t ime on the ventilator. 
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The med ian ( IQ range) du ra t i on of sedat ive d rug admin is t ra t ion was 35 (22 / 84) 
hou rs . Fol lowing cessat ion of sedat ives the pat ients needed 3 6 % ( 9 5 % CL 26 / 
4 7 ) o f t he preced ing sedat ion period (hours) to wake up. 
The cor re la t ion be tween BIS values and Sedic scores was r - 0 . 6 2 , p < 0 . 0 0 1 , 
be tween BIS and the Ramsay scores r - 0 . 6 0 , p < 0 . 0 0 1 , and be tween Sedic and 
Ramsay scores r 0 .78 , p < 0 . 0 0 1 . 

Table 1) Patient characteristics (n = 46) 

Male * 

Age f 

Length of stay ICU (days) ' 

Referral specialty: medical * 

Referral specialty: surgery * 

Referral specialty: cardiosurgery * 

Apache I I score ; 

Duration of mechanical ventilation (hours) ' 

Duration of sedative drug administration (hours) * 

Total number of dose sedatives administered 

Infusion of sedatives per hour (ml) * 

Infusion rate of sedatives before termination ( 

BIS values before termination of sedatives ' 

Sedic score before termination of sedatives : 

Ramsay score before termination of sedatives 

Wake-up t ime following cessation of sedatives 

!; 

ml)! 

* 

(hours) * 

76% (35/46) 

58.3 (20.3) 

11 (7/20.5) 

37% (17/46) 

4 3 % (20/46) 

20% (9/46) 

1 8 ( 6 ) 

212 (112/431) 

35 (22/84) 

167 (93/393) 

5 .3(2 .6) 

3 .5 (2 ) 

5 6 ( 1 6 ) 

7 (4/9) 

6 (4/6) 

U (5/19) 

* %(n /N ) ; 'mean (standard deviation); ' median (IQ range); § sedatives 
continuous infusion of 1 ml = 1 mg midazolam and 1 mg morphine 

Based on the un iva r ia te analys is the fo l lowing six var iab les (s igni f icance at p <. 
0 .20 ) were en te red in to the model : male , age, Apache I I score, hours of being 
s e d a t e d , per iod of sedat ion as propor t ion of ven t i l a t i on , and mean a m o u n t of 
sedat ives admin i s te red (in ml_). 
Resul ts of t he mu l t i p le l inear regression analysis are shown in table 2. The 
pa t i en t and sedat ion character is t ics alone exp la ined 4 1 % of the var iance in 
w a k e - u p t i m e . Add ing the Sedic score improved the pred ic t ive abi l i ty of t he 
mode l w i th 1 1 % , th is in cont ras t to the Ramsay scale, wh ich added 1 % to t h e 
va r iance exp la ined in w a k e - u p t ime. 
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Finally, after entering the BIS in both models 14% (Sedic score) and 20% 
(Ramsay scale) of the variance explained improved. 

Table 2) Predictive ability of patients, clinical sedation scales and BIS. Model 1 
adds the BIS to the use of the Sedic score, model 2 adds the BIS to the Ramsay 
scale. 

Model 1 

Patient and sedation characteristics + 

Sedic score added 

Sedic score and BIS added 

R2* 

4 1 % 

5 2 % 

66% 

R2Change 

4 1 % 

1 1 % 

14% 

P (F change) 

< 0.001 

0.003 

<0.001 

Model 2 

Patient and sedation characteristics " 

Ramsay score added 

Ramsay score and BIS added 

4 1 % 

4 2 % 

6 2 % 

4 1 % 

1 % 

20% 

<0.001 

0.164§ 

<0.001 

* Adjusted R2. § Non-significant. r (3 factors of basic clinical characteristics: 1) sex 
p - 0 . 2 1 § ; 2) age p 0.42; 3) Apache I I score p 0.29; 4) hours being sedated p -
0.34; 5) hours being sedated as the proportion of hours ventilated p -0 .38 ; 6) 
mean ml sedatives administered p - 0 . 1 1 § 

Assumptions in terms of linearity, equality of variance and normality were met. 

Discussion 

The a im of th is s tudy was to invest igate t he add i t iona l va lue of the Bispectral 
index to predict the wake-up time of mechanically ventilated intensive care 
patients in conjunction with two clinical sedation scales (the Sedic scale and the 
Ramsay scale). 
The BIS in conjunction with the Sedic scale were found to be the best predictor 
of the time needed to wake up after sedative drug administration with a variance 
explained of 66%. Interestingly, the Ramsay score had no predictive ability, only 
after the BIS was added the predictive ability proved to be significant. 
In our attempt to avoid confounding, we excluded patients likely to have an 
impaired clearance of sedatives. Patients with altered renal function may have 
influenced pharmacokinetics in our study.13, 14 Unfortunately, no gold standard 
exists to quantify altered renal function in critical care patients.15 As a result, we 
excluded patients on renal replacement therapy. 
Demonstrating the validity of the BIS as a diagnostic tool is complicated by the 
absence of a gold standard for sedation depth. The use of wake-up t ime as an 
external predictive criterion is an improvement compared to the data obtained 
from correlation studies between BIS level and simultaneously measured levels 
of clinical sedation scores that were used until now.8 , 1 6"2 1 

Correlations reported between the BIS and the Sedation Assessment Scale (SAS) 
vary from a very low r 0.21 to an r 0,69.16 ,21 Literature regarding the use of BIS 
in the ICU is limited and includes both sedated and unsedated patients - for 
instance, to predict outcome from neurological conditions22,23, or to discriminate 
between qualities in the assessment of a delirium.24 
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The biological plausibility of the BIS was demonstrated in healthy volunteers by 
its correlation with the cerebral metabolic rate (imaged by positron emission 
tomography) and sedation.25 In that study changes in BIS during different 
levels of sedation and light anesthesia paralleled the reduction in global cerebral 
metabolism. Reduction of whole-brain metabolic activity was dose-dependent 
and decreased in a linear fashion. 
The main purpose of the use of the BIS in the ICU is to prevent oversedation 
especially in patients receiving prolonged sedation and/or in patients with 
multiple organ failure resulting in unpredictable pharmacokinetic or 
pharmacodynamic response. This in contrast to its use on the operating theatre 
where the primary indication is to detect underdosage resulting in awareness. 
The fear for awareness in situations when sedation depth is not monitored may 
on the other hand also result in relative overdosage of agents. 
For instance in a randomized-controlled, blinded multicenter trial it was 
demonstrated that BIS guided titration of hypnotic agents during anesthetic 
maintenance speeded the emergence and recovery from anesthesia while the 
use of hypnotics was reduced.26 

A possible drawback of the BIS technique in the ICU was revealed by Vivien and 
coworkers. They demonstrated a possible inaccuracy of BIS measures by 
showing that BIS values lowered after the use of a neuromuscular blocking agent 
in mechanically ventilated ICU patients.27 The extent of overestimation by the 
BIS was correlated with both BIS and EMG activity prior to the administration of 
the neuromuscular blocking agent. The largest decrease in BIS values occurred 
in the higher BIS regions, meaning when patients were relatively awake. In our 
study, the patients were more deeply sedated when the BIS value was obtained, 
with less interference of spontaneous muscle activity. In addition, BIS values 
were only recorded when EMG activity was below the threshold of 50%. 
In this study we demonstrated the added value of using the BIS as an indicator 
of sedation depth in combination with clinical sedation scores. Subsequent 
studies will have to reveal whether BIS monitoring combined with the use of a 
clinical scale will be able to reduce the incidence of oversedation and their clinical 
implications. 
Future research may indicate monitoring techniques tailored towards selected 
groups of patients. For instance, the use of sedation scales in patients requiring 
light levels of sedation. The use of daily wake up calls in patients able to cope 
with the challenge of being on mechanical ventilation without sedation. And 
finally the use of both clinical sedation scales and the BIS in those patients in 
which a wake-up test may be accompanied by an unacceptable risk of an 
adverse event. 
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