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Electroencephalographic changes have been documented 
in patients with psychiatric illness. Baseline EEG in 
patients with dementia has been reported to show 
an increase in slow‑wave activity and this has been 
demonstrated as low awake BIS values.[7] Most studies 
of BIS in psychiatric illness have been in the context 
of electroconvulsive therapy (ECT).[8,9] These studies 
used BIS to titrate the depth of anaesthesia with the 
intention of achieving adequate hypnosis as well as 
an adequate duration of seizure. In these studies, low 
BIS values have been noted in psychiatric patients in 
the awake state (baseline). We also observed in few 
patients that the baseline BIS values were lower in 
patients scheduled for ECT. It is not clear if the disease 
per se causes a decrease in BIS or it is due to the effect 
of ECT. Also, it would be of interest to see if BIS values 
are different across various psychiatric illnesses. 
We designed the current investigation to assess the 
baseline BIS values in varied psychiatric patients in a 

INTRODUCTION

The Bispectral index (BIS) monitoring was initially 
developed to assess the depth of hypnosis during 
general anaesthesia and to prevent awareness under 
anaesthesia.[1] Later, it was used in various other conditions 
like assessment of adequacy of sedation in various clinical 
situations, monitoring the depth of coma, titration of 
barbiturate coma and detection of cerebral ischaemia.[2‑6] 
Several other potential applications are under exploration.
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prospective, observational study. The aim of the study 
was to record the BIS values in patients diagnosed with 
psychosis (comprising schizophrenia, acute psychosis, 
unspecified psychoses, schizo affective disorders), 
bipolar disorder (manic, depressive or mixed states) 
and major depression (including recurrent depressive 
disorder) and compare with the normal controls. Our 
secondary aim was to compare the BIS values in different 
psychiatric illness groups.

MATERIALS AND METHODS
The study was undertaken in a tertiary care university 
hospital for psychiatric and neurological illness. 
Institutional ethics committee approval was obtained 
and after a written informed consent, subjects were 
enrolled into the study over a period of one year. In 
such cases where the subject was not in a position 
to give informed consent because of the severity of 
illness (such as catatonia), consent was obtained from 
the caretaker.

Subjects
The study included two groups – patients with 
psychiatric illnesses admitted to the hospital (group P) 
and a control group (group C). Group P included 
consecutive patients admitted to hospital with 
ICD‑10 diagnoses[10] of schizophrenia (F20.0‑F20.9), 
a c u t e  p s y c h o s i s  ( F 2 3 . 0 ‑ F 2 3 . 9 ) ,  u n s p e c i f i e d 
psychosis (F29), schizoaffective disorder (F25), 
b i p o l a r  d i s o r d e r  ( F 3 0 . 0 ‑ F 3 1 . 9 )  a n d  m a j o r 
depression (F32.0‑F33.9). Patients with clinically 
identifiable central nervous system (CNS) illness and 
mental retardation were excluded from the study. 
Patients who have received ECT in the past 2 months 
were also excluded. The control group comprised 
preoperative neurosurgical patients scheduled for 
spinal surgeries. These patients did not have any 
intracranial pathology and did not receive any form of 
sedation/anaesthesia in the previous 4 days.

Assessments
The demographic and clinical details of the patients 
were recorded. Medication history was noted in all 
patients. The BIS values were recorded by using a BIS 
monitor (A‑2000, Aspect Medical Systems, Newton, 
USA) before breakfast and before the morning dose of 
antipsychotic/benzodiazepine medications with the 
subjects lying in supine position. The BIS sensor strip was 
applied on to the right side of the forehead after cleaning 
the skin with alcohol. The patients were instructed to 
relax with the eyes closed lightly. This was done to 
decrease the artifacts due to blinking of eyelids. A signal 
quality index of 50 was considered as a minimum 
requirement to record the BIS values. Two minutes after 
application of the electrodes, two consecutive BIS values 

were recorded at an interval of 1 minute. The two BIS 
values were averaged for analysis.

Statistical analysis
The averaged BIS values were compared between the 
groups. Student’s t‑test and analysis of variance (ANOVA) 
tests were used for analyzing the parametric data. 
Least significant difference (LSD) was used for post hoc 
multiple comparisons. Chi‑square test/Fisher’s exact 
test were used for analyzing the non‑parametric data. 
The significance for P ‑value was fixed at <0.05. The data 
was analysed using Statistical Package for the Social 
Sciences (SPSS) version 16.0.

RESULTS
The study comprised 237 psychiatric patients in group P 
and 40 patients in the control group. The demographic 
characteristics of the patients were comparable [Table 1]. The 
SQI was > 60 in 85% of the patients (Interquartile 25‑75: 67‑90). 
The BIS values were significantly lower in group P (89.8 ± 7.8) 
compared to group C (95.7 ± 2.4).

An attempt was made to compare the BIS values in 
three major diagnostic categories namely psychosis, 
bipolar disorders and depression. The other diagnoses 
were not included in the analysis as there were very 
few patients under each diagnostic category. When 
BIS values were compared across the three major 
diagnostic categories, the values were significantly 
lower in psychotic and bipolar disorders in comparison 
with patients with depression [Table 2]. This difference 
was significant even after controlling for the sedative 
effects of the medications (both sedation equivalents of 
antipsychotic medications and diazepam equivalents 
of benzodiazepine medications, P < 0.002).[11,12] The 
benzodiazepine group of drugs were used more in 
depressive disorders and antipsychotic medications 
were used more in psychiatric and bipolar disorder 
patients [Table 3].

Table 1: Demographic data
Group P (n=237) Group C

(n=40)
P value

Age (Y)* 31±9.7 36±11.5 0.004
Sex (M:F) 109:128 22:18 0.3
Diagnosis Organic disorders‑16

Psychotic disorders‑110
Bipolar disorders‑72
Depressive disorders‑29
Others‑10

BIS values* 89.8±7.8
(88.8‑90.8)

95.7±2.4
(94.9‑96.3)

0.001

*Values are mean±standard deviation. Values in parentheses are 95% 
confidence intervals. BIS = Bispectral index score
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DISCUSSION
The main findings of our study are: 1) BIS values in 
psychiatric patients are significantly lower in comparison 
with those in the control patients; 2) Patients with 
psychosis and bipolar disorder have lower BIS values 
than patients with depression.

Till date, no study has assessed BIS as the primary 
outcome measure in patients with psychiatric illnesses. 
There are a few studies which have documented low 
BIS values in patients undergoing ECT. Ochai R et al.,[8] 
studied patients with severe depressive illness coming 
for ECT. The recorded baseline BIS was 89 ± 6. All the 
patients were on medications. But this study concerned 
seizure inducibility during ECT and included only 
16 patients, with evaluation of 100 ECT sessions. It is 
not clear from the methodology, whether the baseline 
was calculated only from the first 16 sessions or from 
the baselines of all the sessions. An earlier publication 
has reported that interictal BIS values are decreased by 
ECT.[13] Inclusion of baseline values of all sessions to 
calculate the study baseline will decreases the baseline 
BIS values artificially. Hanss et al.,[14] studied 14 medically 
resistant major depressive patients who underwent 109 
ECT sessions. The baseline BIS was 93 (range 76‑99). 
Here again, all the sessions were included in calculating 
the baseline. To our knowledge, ours is the first major 
study to examine the BIS values in a large population of 
psychiatric patients with all major diagnostic categories, 
independent of the ECT treatment.

The patients with psychosis and bipolar disorder 
had significantly lower BIS values than patients with 
depression. This difference may be due to the disease 
itself or it may be due to the difference in the type of 
medications that they were receiving. There are no 

characteristic EEG patterns described for psychiatric 
illness. But slowing of EEG with delta waves has been 
described in the psychiatric patients.[15,16] It is known that 
benzodiazepines cause marked increase in beta‑activity on 
the electroencephalogram.[17] This increased beta‑activity 
in the frontal region could have been reflected as the lower 
BIS values (light sedation).[18] Antipsychotic medications 
can also cause diffuse slowing of the EEG.[19] This might 
have also resulted in lower BIS values. The current study 
is not designed to assess the relative contribution of the 
two classes of drugs to the changes in the EEG and its 
consequent impact on the BIS values. Future studies 
which are specifically aimed at addressing this question 
will be able to clarify this.

The BIS values in normal individuals are around 95‑100. 
It will be in the range of 60‑90 in patients who are 
sedated; the BIS being inversely related to the degree of 
sedation. In clinically anaesthetised patients it will be 
in the range of 40‑60. However, it has been noted that 
in psychiatric patients it can be as low as 60‑70 and the 
patients can be awake without any clinical manifestation 
of sedation.[8,9,14] Anaesthesiologists have to take this into 
consideration while assessing the depth of anaesthesia 
in such patients. This raises an important question as to 
at what level of BIS score, the psychiatric patients are 
adequately anaesthetised. Probably we have to use the 
clinical methods for assessing the depth of anaesthesia in 
these patients instead of the EEG‑based monitors. There 
are a few studies which advocate a BIS of 50‑55 in patients 
undergoing ECT to have adequate depth of anaesthesia 
without a significant effect on the seizure duration.[8] But 
with interictal BIS values being affected by ECT itself, 
BIS values considered adequate at one point may not 
be appropriate for subsequent ECT sessions during the 
later part of the treatment.[13]

The merit of this study is that the age group of the 
patients is relatively low. Also, there were no patients 
with dementia. Therefore, the effects of aging and any 
dementia (subclinical) are automatically eliminated. 
The BIS values are known to be low in the elderly and 
in dementic patients.[9] One limitation of the study is 
that there was a statistically significant difference in the 
age between the two groups. The control group patients 
are older by about a mean of 5 years. This difference of 
5 years between the groups in adult patients is unlikely 
to cause any significant difference in the BIS values, 

Table 2: BIS values in various diagnostic 
categories

Psychotic 
disorders 
(n=110)

Bipolar 
disorders 

(n=72)

Depressive 
disorders 

(n=29)

P value

BIS 
values

89.4±8.7
(87.7‑91.0)

90.0±7.1
(87.3‑90.7)

93.2±5.8
(91.0‑95.4)

0.04

All values are mean±standard deviation. Values in parenthesesare 95% 
confidence intervals. Post hoc multiple comparison (LSD): Depresion Vs 
psychotic P=0.02, depresion Vs bipolar P=0.016. BIS = Bispectral index score

Table 3: The pattern of medication usage in various psychiatric illnesses
Psychotic disorders 

(n=110) (%)
Bipolar disorders 

(n=72) (%)
Depressive 

disorders (n=29) (%)
P value

Benzodiazepines 31 (28.2) 36 (50) 19 (65.5) 0.001
Antipsychotics 101 (93.5) 62 (86.1) 15 (51.7) 0.001
Many patients have received combination of both the groups of medications
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though it cannot be ruled out. Another limitation is that 
the number in the control group was not equal to study 
group. However, our aim was also to compare different 
groups of psychiatric patients and we presumed some 
groups may be lower and some groups will be higher 
than 40 patients. Also, the awake BIS values in the normal 
adult population are a well‑known phenomenon. Thus, 
we kept the control group at a reasonable number of 
40 patients.

CONCLUSIONS
BIS values in psychiatric patients are lower than in 
non‑psychiatric control patients. The BIS values in 
psychosis and bipolar disorder were significantly 
lower than in depression. Future studies should 
address the issue of the causes for these differences. 
Anaesthesiologists have to take the above facts into 
consideration while assessing the depth of anaesthesia 
using the BIS monitor in patients with psychiatric illness.
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