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Abstract

Purpose The clinical sedation scores available for

assessing sedation in the intensive care unit (ICU) have

drawbacks and limit their usefulness in paralyzed and

deeply sedated patients. An objective tool, the bispectral

index (BIS), could prove beneficial in such circumstances.

We evaluated the ability of BIS to assess the level of

sedation and its correlation with the Richmond agitation

sedation scale (RASS) in ICU.

Methods Twenty-four, mechanically ventilated, critically

ill patients of either sex, 15–65 years of age, were studied

over a period of 24 h. They received a standard sedation

regimen consisting of a bolus dose of propofol 0.5 mg/kg

and fentanyl 1 lg/kg followed by infusions of propofol and

fentanyl ranging from 1.5 to 5 mg/kg/h and 0.5 to 2.0 lg/

kg/h, respectively. Hemodynamic parameters, temperature,

end-tidal carbon dioxide, BIS and RASS values were

recorded. The correlation of BIS and RASS was expressed

as Kendall correlation coefficients (s). A p value of \0.05

was considered statistically significant.

Results A total of 414 readings was obtained. On com-

paring BIS values for all patients with the corresponding

RASS values, there was a statistically highly significant

correlation between the two. (s = 0.56, p \ 0.0001). For

adequate sedation as judged by a RASS value of 0 to -3,

the median BIS value was found to be 56 (range 42–89).

A BIS value of 70 had a high sensitivity (85%) and

specificity (80%) to differentiate adequate from inadequate

sedation.

Conclusion Our results illustrate that BIS correlates well

with RASS when assessing the level of sedation in

mechanically ventilated critically ill patients. BIS reliably

differentiates inadequate from adequate sedation.

Keywords Sedation � Intensive care unit � Monitoring �
Bispectral index � Richmond agitation sedation scale

Introduction

Sedation and analgesia is an important part of therapy for

patients in intensive care units (ICU). It reduces anxiety

and stress, facilitates sleep, prevents injuries and accidental

removal of catheters, and reduces resistance to mechanical

ventilation [1]. It has been demonstrated that optimizing

sedation in intensive care patients reduces the period of

mechanical ventilation, ICU stay, and hospital stay [2].

Adequate sedation can be ensured by monitoring the level

of sedation using various clinical sedation scores [3].

However, the inter-rater variability, difficulty to obtain

reproducibility, and discomfort caused by these methods

are major hindrances in their use [4, 5]. In addition, these

cannot be applied to patients receiving neuromuscular

blocking agents and those under deep sedation, necessi-

tating the need for objective tools of assessing sedation [6].

A newer sedation score called the Richmond agitation

sedation scale (RASS) [7] has been introduced into practice

that has a distinct advantage in discretely separating verbal
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from physical stimulation and is one of the few sedation

scores that has been appropriately tested for reliability and

validity [4, 8]. Bispectral index (BIS) monitoring provides

a continuous and observer-independent digital value rep-

resenting cerebral activity and is one of the few available

objective tools to monitor the level of sedation. Several

studies have examined the utility of BIS to guide sedation

in mechanically ventilated patients in the medical and

surgical ICU but have shown varying results [9]. Previous

studies attempted to evaluate the correlation of BIS and

RASS in ICU patients but either did not use a standard

protocol of sedation [8] or included neurologically

impaired patients [10]. In this study, we evaluated both the

utility of BIS to assess the level of sedation and its corre-

lation with the RASS in critically ill patients using a

standard protocol of sedation with propofol and fentanyl.

We hypothesized that BIS monitoring would allow differ-

entiation among clinically relevant levels of sedation and,

hence, be of potential benefit when clinical examination

was not possible.

Materials and methods

This prospective, comparative, single-blinded observer

study was conducted in the ICU, Department of Anaes-

thesiology and Intensive Care, All India Institute of Med-

ical Sciences, after approval by the tnstitute ethics

committee. A written, informed consent was obtained from

patients’ relatives. Twenty-four critically ill patients of

either sex, 16–60 years of age, admitted to the ICU were

included. Patients with neurological impairment, hemody-

namic instability, hypothermia (core temperature \36�C),

or receiving neuromuscular blockade or sedative drugs

other than the prescribed regimen were excluded from the

study. All patients were monitored with continuous elec-

trocardiogram (ECG), invasive/noninvasive blood pres-

sure, pulse oximetry, capnography, temperature, and BIS.

After inclusion in the study, they received a standard

sedation regimen consisting of a bolus dose of propofol

0.5 mg/kg and fentanyl 1 lg/kg followed by infusions of

propofol and fentanyl ranging from 1.5 to 5 mg/kg/h and

0.5 to 2.0 lg/kg/h, respectively. The infusions were titrated

with the aim of keeping the RASS score between 0 and -3.

Adequate sedation was achieved by administration of a

bolus of propofol 0.5 mg/kg followed by an increase in the

infusion rate by 0.5 mg/kg per hour. Similarly, a bolus of

fentanyl 0.5 lg/kg was followed by an increase in the

infusion rate by 0.5 lg/kg/h every half hour till the patient

achieved an RASS score between 0 and -3.

BIS electrodes were placed above the bridge of the nose,

over the temple area, and between the medial corner of the

eye and the hairline after the areas had been adequately

cleaned with spirit as per the manufacturer’s instructions.

Electrodes were repositioned when impedance increased

significantly enough to impair the electroencephalogram

(EEG) evaluation. BIS values were measured using the BIS

monitor (model A-2000, software version 3.21; Aspect

Medical Systems Inc, Newton, MA, USA). Before mea-

suring BIS values, signal quality index (SQI) [80% was

ensured. Electromyography (EMG) values were also

recorded for assessing their influence on BIS scores. BIS

values were recorded every 5 s for 15 s, and the mean

value of the three readings was taken as the final value. The

coinvestigator took the RASS reading (Table 1) after BIS

values had been recorded and the BIS monitor covered.

Simultaneous recording of RASS and BIS values, along

with the other variables, were performed first on admission

to ICU, every 15 min for the first 2 h, and then every 2 h

for 24 h. Care was taken to avoid taking readings within

half an hour of any stimulation; endotracheal tube suc-

tioning, physiotherapy or any other ICU procedures. To

evaluate whether BIS could distinguish among more clin-

ically relevant levels of sedation, RASS was divided into

three groups: inadequate (RASS ?4 to ?1), adequate

(RASS 0 to -3), and excessive (RASS -4 and -5).

Data analysis

Data were analyzed using SPSS version 11.0 software

(SPSS Inc., Chicago, IL, USA). Central tendencies were

described with the mean and median values. Dispersion

was described with the standard deviation (SD) and inter-

quartile range, whichever was applicable. Correlation of

BIS and the ordinal-scaled RASS was expressed as Kendall

correlation coefficient (s). A p value of \0.05 was con-

sidered statistically significant. Sensitivity and specificity

of various BIS values were calculated using receiver

operating characteristic (ROC) curves to determine the

ability of BIS to differentiate between adequate and inad-

equate sedation.

Results

Twenty-four patients were included in the study, and 414

observations were obtained. Fourteen patients were men

and the rest were women. Mean age was 39 ± 14 years and

mean weight 58.3 ± 10.6 kg. The majority (19 patients)

were postoperative patients, whereas the rest suffered from

a medical disorder. Four patients had to be excluded from

the study after a few hours: two patients required paralysis

for institution of inverse ratio ventilation, and the other two

developed dysrhythmias and hypotension, necessitating

discontinuation of propofol. The readings of these patients
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to the time they were paralyzed or sedation was discontin-

ued were included for statistical analysis.

With increasing levels of sedation as measured by

RASS, a decrease in BIS values was seen (Fig. 1). On

comparing BIS values for all patients at all times with the

corresponding RASS values, there was a statistically highly

significant correlation between the two (s = 0.56,

p \ 0.0001). Of the 414 BIS readings, 29 were associated

with excessive EMG interference ([50%). A subset anal-

ysis of the remainder of the filtered data yielded only a

slightly better correlation between BIS and RASS (s: 0.57

vs. 0.56). Median and interquartile range of BIS values

observed for each level of RASS is depicted in Fig. 1. For

adequate sedation as judged by an RASS value of 0 to -3,

the median BIS value was 56 (range 42–89). A BIS value

of 70 was had a sensitivity of 85% and specificity of 80%

for differentiating adequate (RASS 0 to -3) from inade-

quate (RASS ?4 to ?1) sedation.

Discussion

Intensive care therapy often requires patient sedation to

avoid stress caused by underlying disease processes, pain, or

altered perception of the environment [11]. However, opti-

mizing sedation is crucial, as both over- and under-sedation

are fraught with serious consequences. The use of subjective

scoring systems to assess sedation in this patient population

is strongly recommended because it promotes optimal

patient-focused sedation management [12]. RASS was

found in a recent survey with excellent inter-rater reliability

and validity to be one of the most frequently used sedation

scales [13]. However, it may be found wanting in cases of

very deep sedation and patients with neuromuscular block-

ade [6]. Use of an objective method to monitor sedation,

such as BIS, in such situations can lead to a more appropriate

and judicious use of sedative medications. We performed

this study to evaluate the usefulness of BIS in assessing

sedation in the ICU and its correlation with the RASS.

We found a highly significant (p \ 0.001) correlation

between BIS and RASS values (s = 0.562) using a stan-

dardized protocol of sedation. Deogaonkar and colleagues

[10] reported a statistically significant correlation between

RASS and BIS (R2 = 0.471, p \ 0.001) in ICU patients.

However, their patients were neurologically impaired, and

only some received sedative medications, the details of

which are not mentioned. Another study assessing the cor-

relation between RASS and BIS in patients admitted to the

Table 1 Richmond agitation sedation scale (RASS) [4]

Score Term Description

?4 Combative Overtly combative or violent; immediate danger to staff

?3 Very agitated Pulls on or removes tube(s) or catheter(s) or has aggressive behavior toward staff

?2 Agitated Frequent nonpurposeful movement or ventilator dyssynchrony

?1 Restless Anxious or apprehensive but movements not aggressive or vigorous

0 Alert and calm

-1 Drowsy Not fully alert but has sustained (more than 10 s) awakening, with eye contact to voice

-2 Light sedation Briefly (l\10 s) awakens with eye contact to voice

-3 Moderate sedation Any movement (but no eye contact) to voice

-4 Deep sedation No response to voice, but any movement to physical stimulation

-5 Unarousable No response to voice or physical stimulation

Fig. 1 Box plot showing distribution of bispectral index (BIS) for

each level of Richmond agitation sedation scale (RASS). Boxes
represent the interquartile range [25th percentile (lower edge) and

75th percentile (upper edge)]. The median BIS is denoted as the line
across the box. 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). Asterisks represent extremes

(cases with [3 box lengths)
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medical ICU had similar findings, but the sedation regime

was not standardized, and the patients received multiple

drugs such as morphine, fentanyl, midazolam, and loraze-

pam [8]. In a recent study by Turkmen et al. [14], RASS and

BIS were compared in eleven mechanically ventilated crit-

ically ill patients sedated with dexmedetomidine, and a sta-

tistically significant correlation was found between the two

(r = 0.9; p = 0.0001). As the number of patients as well as

observation duration was significantly longer in our study, it

further strengthens the association between the two.

Our results show that BIS monitoring can be easily

applied in the ICU setting, even though the conditions are

less than ideal, with the presence of many possible sources

of artifacts. The problem may be compounded in lightly

sedated patients in whom excessive myogenic activity can

increase the artifacts, causing difficulty in interpretation of

the signal [15, 16]. In our study, only 29 BIS readings had

excessive EMG interference, the reason for which is not

entirely clear. It could be possible that the fentanyl infusion

provided potent analgesia and therefore there was less

EMG interference in our patients [17]. In fact, BIS changes

accompanying neuromuscular blockade have raised issues

about the adequacy of sedation and analgesia administered

to ICU patients [18].

We used a relatively newer clinical sedation score, the

RASS, in our study, which is often confused with Riker’s

sedation agitation scale (SAS). The SAS is a single-item

7-point scale developed by Riker [19], with scores ranging

from a minimum value of 1 (deep sedation) to a maximum

value of 7 (severe agitation). RASS is also a single-item

numerical structure but has 10 levels of response that range

from -4 to ?5, thus avoiding the complexity of summing

multiple subscale scores [4]. Though sedation and agitation

are evaluated in a single scale, the sequential approach helps

establish a single score by first assessing agitation and then

assessing sedation. RASS appears to be a more appropriate

score for mechanically ventilated patients, as they generally

need light to moderate sedation [2, 20], and it offers multiple

levels (0 to -3) within this range. RASS offers broader dis-

crimination in the commonly used mild to moderate sedation

range in the ICU than other commonly used scales [4]. Sim-

ilarly, RASS was also found to have high inter-rater reliability

for virtually all categories of adult ICU patients [8].

Although clinical sedation scales use a varying number

of actual scores, their most clinically relevant function is

differentiation among inadequate, optimal, or excessive

sedation [21].Therefore, comparison of BIS with these

scales is dependent on the criteria used to define these

categories. A RASS score of 0 to -3 was found to be

associated with light to moderate sedation, which is desired

in most of patients admitted to the ICU. A score more than

that would indicate inadequate sedation and a score of -4

or -5 would indicate excessive sedation.

The BIS value of 70 is recommended for ensuring an

adequate level of sedation but may have greater probability

of consciousness and a potential for recall [22]. Therefore,

setting a target value of 70 for sedation in critically ill

patients could possibly avoid the complications associated

with inadequate sedation. To differentiate adequate from

inadequate sedation in our study, a BIS value of 70 had a

sensitivity of 85% and a specificity of 80%. This is con-

sistent with the findings of Berkenbosch et al. [21], who

found BIS value \70 has a sensitivity of 87% to differ-

entiate adequate from inadequate sedation. For adequate

sedation as judged by an RASS value of 0 to -3, the

median BIS value was found to be 56 and values ranged

from 42 to 89. This is in accordance with the study by Ely

et al. in which an RASS score of -1 to -3 was seen to

correspond to a median BIS value of 69.0 (57.6–87.6).

We did not compare BIS with sedation scales other than

RASS, which would have further given credibility to our

findings. We were limited in our ability to assess the utility

of BIS in distinguishing between excessive and adequate

levels of sedation, as we had no patients with RASS scores

of -4 and -5. We found that recording regular BIS

readings is difficult for long durations, especially in criti-

cally ill patients. The presence of edema, sweating, and

excessive movement during suctioning, physiotherapy, or

any other procedure dislodges the electrode. The need for

better electrodes with longer-lasting and resistant adhesives

needs to be emphasized. Further studies focused on the

contributions and impact of BIS on patient outcome are

needed. Despite these limitations, our results illustrate that

BIS monitoring, an objective method of assessing sedation,

could prove useful in continuously assessing the level of

sedation in mechanically ventilated critically ill patients.
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