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Abstract Purpose: It is difficult
to substantiate the clinical diagnosis
of postoperative delirium with objec-
tive parameters in intensive care units
(ICU). The purpose of this study was
to analyze (1) whether the bilateral
bispectral (BIS) index, (2) cortisol as
a stress marker, and (3) interleukin-6
as a marker of inflammation were
different in delirious patients as
compared to nondelirious ones after
cardiac surgery. Methods: On the
first postoperative day, delirium was
analyzed in 114 patients by using the
confusion assessment method for ICU
(CAM-ICU). Bilateral BIS data were
determined; immediately thereafter
plasma samples were drawn to ana-
lyze patients’ blood characteristics.
The current ICU medication, hemo-
dynamic characteristics, SOFA and
APACHE II scores, and artificial
ventilation were noted.
Results: Delirium was detected at
19.1 ± 4.8 h after the end of surgery
in 32 of 114 patients (28%). Delirious
patients were significantly older than
nondelirious ones and were artifi-
cially ventilated 4.7-fold more often

during the testing. In delirious
patients, plasma cortisol and inter-
leukin-6 levels were higher
(p = 0.01). The mean BIS index was
significantly lower in delirious
patients (72.6 (69.6–89.1); median
[interquartile range (IQR), 25th–75th
percentiles] than in nondelirious
patients, 84.8 (76.8–89.9). BIS EEG
raw data analysis detected significant
lower relative alpha and higher theta
power. A significant correlation was
found between plasma cortisol levels
and BIS index. Conclusions: Early
postoperative delirium after cardiac
surgery was characterized by
increased stress levels and inflamma-
tory reaction. BIS index
measurements showed lower cortical
activity in delirious patients with a
low sensitivity (27%) and high spec-
ificity (96%).

Keywords Delirium � Open-heart
cardiac surgery � Cortisol �
Interleukin-6 � Bispectral (BIS) EEG

Introduction

Early postoperative delirium is a common complication
of cardiac surgery, occurring on average in 20–40% of
patients and showing a notable peak in the elderly [1].
Postoperative delirium was associated with increased
mortality and postoperative complications, functional

decline, and increased cost [2]. Despite the high preva-
lence and negative sequelae of postoperative delirium, its
pathophysiology is not known in detail and seems to be
multifactorial [1, 3]. Nevertheless, it was proposed that
systemic inflammation may actually contribute to the
pathogenesis of delirium by compromising blood–brain
barrier (BBB) integrity [4]. Inflammatory markers peaked
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6–24 h postoperatively and returned to baseline levels
over 2–4 days [5]. In a recent study, a possible relation-
ship between interleukin-6 and impaired cognition,
including delirium, was suggested [6].

In parallel to inflammation, steroid hormones such as
glucocorticoids can influence nervous system function
[7]. Thus, a pronounced stress response characterized by
sustained high glucocorticoid levels was thought to be
associated with the progression of CNS diseases such as
Alzheimer’s disease [8]. For ICU delirium, however, the
role of serum biomarkers including glucocorticoids in the
pathogenesis of delirium is controversial [9] and the role
of increased cortisol in ICU delirium after cardiac surgery
is the subject of debate [10] and has not been clarified yet.

Decreased cortical brain activity is one characteristic
of delirious patients as has been shown in elderly
individuals who have not undergone surgery [11]. Our
previous study on the surgical ICU [12] detected decreased
cerebral cortical activity in patients during delirium,
measured by a time-consuming 16-channel EEG system.
Furthermore, investigating the role of monolateral BIS
EEG (ASPECT Medical System) in detecting dementia or
delirium produced controversial results [13, 14]. Up to
now, no studies have used the newly available bilateral
BIS EEG VISTA� to investigate postoperative ICU
delirium.

Therefore, we hypothesized that bilateral four-channel
BIS EEG would be able to detect significant differences
between delirious and nondelirious patients after cardiac
surgery in whom consciousness, arousal, and delirium are
assessed with CAM-ICU, including Richmond agitation
and sedation scale (RASS). Furthermore, the relationship
between BIS EEG and plasma markers such as cortisol
and interleukin-6 will be studied in these patients, too.
Until now, to our knowledge no studies were undertaken
examining the previously addressed questions.

Materials and methods

Patients

The study was set in a 16-bed cardiac surgical intensive
care unit (ICU) of a 1,400-bed university teaching hos-
pital (University of Heidelberg, Germany). Patients or
their legal representatives were provided with information
regarding informed consent by the study tutor on the first
postoperative day. Verbal and written informed consent
was obtained first from their legal representatives and
after recovery by the patients themselves. This human
study was approved by the appropriate local Ethics
Committee of the University of Heidelberg and was
performed in accordance with the ethical standards of the
Declaration of Helsinki. The present study was registered
at http://www.clinicaltrials.gov.

Inclusion criteria were: age greater than 18 years,
elective coronary artery bypass grafting (CABG) with or
without aortic valve replacement, and the signed informed
consent. These patients represented a relatively homo-
genous group with a standardized postoperative medication
protocol. We did not include patients suffering from psy-
chiatric or neurological disorders such as dementia,
depression, or schizophrenia and stroke patients or those
with a history of alcohol abuse. Furthermore, patients with
early (less than 24 h) postoperative complications in ICU
such as drastic hypotension or arterial fibrillation were not
included in the study. We excluded patients with pro-
nounced hearing and/or visual impairment problems and
non-German-speaking people because the neuropsycho-
logical test was in German. In all, four patients were
excluded from the present study. All tests were performed
on the first postoperative day (about 19 h after the end of
the surgery) in ICU to analyze early changes in patients’
cognitive function. Up to 24 h after surgery, the effect of
narcotics/sedatives and artificial ventilation is greater than
at 48 h. However, our patients receive a standardized
medication regime on our cardiac ICU (see below).
Therefore the effect of medication is minimized. Further-
more, at later time points after surgery some of the included
patients were still in the ICU, whereas some had already
been transported to another station; therefore, to exclude
different conditions and places of investigation, the post-
surgical time of about 19 h was chosen for this study.

Characterization of the patients

For patient evaluation, a structural preoperative study tool
was employed that included the patients’ age, gender,
body weight and height, and American Society of Anes-
thesiologists (ASA) classification. Additionally, the
lengths of hospital stay, the time of cardiac surgery, and
hospital mortality were recorded. On the first postopera-
tive day, blood analysis was performed. Furthermore,
delirium testing scores, including the RASS score, acute
physiology and chronic health evaluation (APACHE II),
and sequential organ failure assessment (SOFA) scores,
and body temperature were determined. Artificial venti-
lation and ICU medications (over the last 12 h until
analysis) were noted.

Delirium assessment

The investigator involved in delirium testing (P.F.) was
trained by a psychologist in scoring procedures and a
further detailed briefing from a psychiatrist. Postoperative
delirium was assessed in ICU patients every time by the
same investigator (P.F.), once on the first postoperative
day from 8 to 9 a.m. using the German translation of the
confusion assessment method for intensive care unit
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(CAM-ICU) [15, 16]. In the CAM-ICU tests, patients’
levels of agitation or sedation were also determined by
using RASS.

Bilateral bispectral (BIS) index

For monitoring patients’ cortical function, the BIS VISTA
monitoring system (BISx4TM) with bihemispheric capa-
bilities (bilateral BIS Quattro�) was used (ASPECT
Medical Systems, Norwood, MA, USA). Bilateral BIS
EEG measurements were done immediately after CAM-
ICU testing. Therefore, after briefly preparing the skin
with dry gauze and isopropyl alcohol, the BIS Quattro
sensors were applied on the right and left sides of the
forehead according to the manufacturer’s instruction to
give a four-channel bilateral reference frontotemporal
montage. The sensors were connected to a digital signal
converter and then to the portable BIS VISTA monitor,
which displays both a raw EEG waveform and a numer-
ical BIS value ranging from 0 (deeply unconscious with
isoelectric EEG) to 100 (alert). Impedances were mea-
sured to ensure they were 5 kX or less. Raw EEG data
were sampled at 128 samples/s and recorded continuously
for 15–20 min in real time; this prolonged data recording
interval was used to establish a standardized and stable
period of EEG recording that is most free of artifacts.
Processed variables were downloaded live and recorded
to the computer every 5 s. All BIS data were reviewed
and analyzed offline. Thirty-seven raw EEG datasets were
additionally analyzed in relation to alpha and theta fre-
quencies by an investigator without knowledge of the
patients’ characteristics and clinical diagnosis.

All drugs, including sedative and analgesic medica-
tions and medication for pain treatment that were given
on the first postoperative day were noted. The following
hemodynamic parameters were analyzed: mean arterial
blood pressure, heart frequency to characterize cardiac
function, and Horowitz quotient (paO2/FiO2) to charac-
terize lung function.

ICU blood collection and analysis

The venous blood samples (1 ml) were taken immediately
after BIS measurement for determination of ICU blood
parameters (leukocytes, C-reactive protein, hemoglobin,
hematocrit, erythrocytes, urea, creatinine, glucose, lactate).
The blood was analyzed directly by using standard labo-
ratory techniques. In addition, 2-ml samples were taken and
centrifuged at 7,000 rpm for 10 min to determine plasma
levels of cortisol and interleukin-6. Thereafter, the super-
natant was taken and stored for a maximum of 1 month at
-80�C until biochemical parameters were determined. An
investigator blinded to all clinical data conducted these
tests. The plasma samples were analyzed by applying a

commercial cortisol EIA kit, which operates on the basis
of competition between a horseradish peroxidase
(HRP)–cortisol conjugate and the cortisol in the sample
(Oxford Biomedical Research, Oxford, MI, USA). Inter-
leukin-6 was assayed by a quantitative sandwich ELISA
technique (Quantikine Human IL-6, R&D Systems,
Abingdon, UK). Respective intra-assay and inter-assay
coefficients of variation were 7.1 and 3.4% and 7.3 and
3.1% for cortisol and interleukin-6, respectively.

Data analysis and statistics

Power analysis, assuming a clinically important differ-
ence of 4 mean BIS levels [13] between the two groups
(nondelirious and delirious), suggested that 114 patients
were required for the study (alpha = 0.05; 1-beta = 0.8).

All data were analyzed by a person who was not
familiar with the results of CAM-ICU testing. The data
for descriptive variables were analyzed by chi-squared
test. The Mann–Whitney U test or Fisher’s exact tests
were used as appropriate to determine whether baseline
features and postoperative data, including BIS EEG
results, differed between those with and without delirium
if data were not normally distributed. The results of blood
analyses were normally distributed and compared for
statistical significance using ANOVA followed by the
post Tukey test. Bivariate correlation analysis was done
according to Pearson or Spearman.

Statistical analyses were performed on SPSS 16.0
version (SPSS Inc., Chicago, IL, USA). Logistic regres-
sion analysis was used to assess BIS EEG as a predictor of
delirium. A p value of less than 0.05 was considered to be
statistically significant.

Results

Patient characteristics and hemodynamic
and blood ICU data

ICU delirium was identified on the first postoperative day
in 32 of the 114 patients (28%). The ratio of male to
female patients was 89:25. All patients were classified
as ASA III or IV. Concerning preoperative risk factors
(diabetes mellitus, hypertension, peripheral occlusive
vascular disease) no significant differences between
delirious and nondelirious patients were observed. Fur-
thermore, although patients with an additional aortic valve
replacement have a greater risk of developing postopera-
tive delirium because of air embolism and longer surgery
time, the results of the present study showed that CABG
patients with aortic replacement surgery developed more
often early postoperative delirium as compared to patients
without aortic replacement surgery (31 vs. 25%); however,
this difference failed to reach the significance level.
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Patient characteristics are presented in Table 1. No
significant differences between delirious and nondelirious
patients were observed except for patients’ age. Signifi-
cantly more patients with the diagnosis ‘delirium’
required continuous positive airway pressure (CPAP)
ventilation on the first postoperative day. Hemodynamic
and blood ICU data were not significantly different
between the groups (Table 1). In contrast, interleukin-6
and cortisol concentrations were significantly higher in
delirious patients (Fig. 1).

Intraoperative data including time of cardiopulmonary
arrest or type of surgery (aortocoronary venous bypass
without or with aortic valve replacement) were not sig-
nificantly different between delirious and nondelirious
patients (data not shown).

Nearly all (except three) patients received furosemide
(5–20 mg), piritramide (Dipidolor�, 2–9 mg), and pro-
pofol (Disoprivan�,\2 mg/kg/h) on the first postoperative
day as a standardized postoperative intravenous medica-
tion regime on cardiac ICU. The above-mentioned three
patients received metamizole (Novalgin� 500 mg) or
acetaminophen (Benuron� 500 mg) additionally. No other
sedative or analgetic medication was administered. To
exclude any effect of piritramide on delirium, the dosage
of this sedative was compared between the groups. The
mean piritramide dosage was 4.5 ± 2.3 mg on the first

postoperative day. No significant difference was observed
between nondelirious (4.3 ± 2.2 mg) and delirious (4.7 ±
2.5 mg) patients.

BIS EEG analysis

The levels of suppressed (isoelectric) EEG were less than
3% at all RASS levels. To acquire high-quality data, only
BIS EEG values with a signal quality index greater than
65 and EMG less than 50 were included in the present
analysis. Therefore and because of technical problems or

Table 1 Patient characteristics, ICU blood analysis, and hemodynamic characteristics

Delirious
(n = 32)

Nondelirious
(n = 82)

Level of
significance (p)

Age (years) 73.3 ± 6.0 67.3 ± 9.3 0.015
Body weight (kg) 80.3 ± 15.7 83.9 ± 13.2 0.59
Height (cm) 170.8 ± 8.7 173.4 ± 8.8 0.78
Hospital mortality 0/32 1/82 0.30
Hospital stay (days) 8.8 ± 2.9 8.4 ± 2.8 0.66
Body temperature (�C) 37.06 ± 0.59 37.14 ± 0.46 0.86
CPAP ventilation 18 (56%) 12 (15%) 0.03
Time of investigation after surgery (h) 20.4 ± 6.5 17.9 ± 3.2 0.23
APACHE II score 28.5 ± 4.3 26.5 ± 5.9 0.74
SOFA score 12.2 ± 2.6 11.7 ± 1.9 0.68
Leukocytes (109 l-1) 10.0 (3.3) 9.9 (3.5) 0.77
CRP (mg l-1) 62.2 (38.2) 72.9 (36.9) 0.6
Hb (g dl-1) 11.1 (0.8) 11.3 (1.0) 0.78
Hct (l l-1) 0.31 (0.02) 0.32 (0.03) 0.86
Erythrocytes (1012 l-1) 3.6 (0.3) 3.7 (0.4) 0.63
Urea (mg dl-1) 41.9 (10.9) 40.6 (21.3) 0.83
Creatinine (mg dl-1) 0.95 (0.22) 1.00 (0.75) 0.74
Glucose (mg dl-1) 103 (11) 105 (12) 0.69
Lactate (mmol l-1) 4.4 (2.0) 3.9 (1.9) 0.80
MAP (mm Hg) 78 (9) 81 (11) 0.66
Heart frequency (1 min-1) 92 (5) 94 (6) 0.84
paO2/FiO2 (Horowitz ratio) 389.5 (59) 359 (64) 0.68

Time of investigation after surgery was determined as hours in
ICU. All data were determined in ICU as mean ±SD or number of
patients and reflect measurements on the first postoperative day
ICU intensive care unit, CPAP continuous positive airway pressure,
APACHE acute physiology and chronic health evaluation, SOFA

sequential organ failure assessment. CRP C-reactive protein, Hb
hemoglobin, Hct hematocrit, MAP mean arterial blood pressure

0
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delirious
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*

Fig. 1 Interleukin-6 and cortisol concentrations. Means ? SD.
ANOVA. *Significant differences between the groups (p = 0.01
for both parameters)
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artifacts (bad signal quality or increased patient muscle
activity) the BIS EEG was analyzed in n = 102 patients;
12 EEGs were excluded.

Five minutes of artifact-free BIS EEG was analyzed in
each patient separately for the right and left sensors.
Because no significant differences were found between
the BIS EEG of the right (80.1 ± 12.8) and left (79.8 ±
12.9) hemispheres and a high correlation coefficient
(r = 0.977, p \ 0.001) was detected, the means were
taken for further analysis.

RASS assessment from all patients and the distribution
of RASS between nondelirious and delirious individuals
are shown in Fig. 2a, b. BIS EEG data including all
RASS are illustrated in Fig. 2c. In delirious patients
[72.6 (69.6–89.1)] the BIS EEG measurements [median
(interquartile range IQR, 25th–75th percentiles)] were
significantly lower than in nondelirious patients [84.8
(76.8–89.9)]. In parallel to BIS, the spectral edge
frequency (SEF), signal quality index (SQI), and elec-
tromyogram (EMG) were determined in the respective
5-min artefact-free processed EEG data. Thus, changes in
BIS index in delirious patients are not associated with
changes in SQI or EMG. The SEF was significantly lower
in delirious than in nondelirious patients in parallel to BIS
EEG data (Table 2).

The relative theta power increase determined after
power spectral analysis of raw EEG data was paralleled
by significant decrease in alpha power in delirious

Fig. 2 BIS EEG data. Median
(IQR 25th–75th percentiles).
a Represents the BIS index vs.
patients’ RASS score
(n = 102). Significant
differences (*p \ 0.05) were
found (Mann–Whitney U test).
b The RASS dependency is
illustrated for delirious and
nondelirious patients. As a
result of small patient numbers
in the RASS -2 and RASS ?1
groups of nondelirious patients,
no statistical analysis was
performed. c Represents a
significant (*p = 0.01, Mann–
Whitney U test) reduction in the
median (±IQR) of BIS index in
delirious as compared to
nondelirious patients

Table 2 Further BIS EEG characteristics and analysis of BIS EEG
raw data

CAM-ICU Median IQR

SEF Nondelirious 16.6 15.2–19.3
Delirious 14.2* 10.2–17.5

SQI Nondelirious 84.1 67.9–88.4
Delirious 87.4 81.7–94.6

EMG Nondelirious 44.1 42.6–48.2
Delirious 46.5 42.5–49.8

Relative theta power Nondelirious 0.5 0.43–0.74
Delirious 0.8** 0.55–0 .82

Relative alpha power Nondelirious 0.28 0.14–0.39
Delirious 0.18# 0.11–0.24

Ratio theta/alpha power Nondelirious 1.8 2.05–5.15
Delirious 4.0§ 2.24–7.31

BIS data and raw BIS data were not normally distributed and were
therefore quantified by using median and interquartile ranges (IQR,
25th–75th percentiles)
SEF spectral edge frequency, SQI signal quality index, EMG
electromyography
Significant differences were found * p = 0.01, ** p = 0.02,
# p = 0.04, § p = 0.04
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patients (n = 17, Table 2) as compared to nondelirious
patients (n = 20). Therefore, the theta/alpha ratio was
significantly higher in delirious patients.

Correlation analysis

BIS EEG data showed a linear positive and significant
(p \ 0.001) correlation in relation to RASS (r = 0.36),
SEF (r = 0.51), and BIS EMG (r = 0.58). In relation
to patients’ blood parameters, BIS EEG correlated
negatively (r = -0.36, p = 0.022) with cortisol. No
significant relationship was obtained between BIS EEG
and interleukin-6 nor between cortisol and interleukin-6.
The results of the logistic regression analysis for bilateral
BIS index as a predictor of ICU delirium showed a 27%
sensitivity and 96% specificity with an overall accuracy of
76% (r2 Nagelkerke = 0.137).

Discussion

BIS EEG

The objective monitoring of consciousness and respon-
siveness in sedated and critically ill patients in the ICU is
difficult but important [17, 18]. It is conducted primarily
by using clinical bedside instruments such as sedation
scales [19, 20]. However, these scales are often not rou-
tinely applied, or the routine performance in ICU is time-
consuming [21–23]. In addition, scoring systems provide
only an intermittent assessment of critically ill patients’
brain function [24]. Long-term neuromonitoring such as
continuous full-spectrum EEG is often not a practical
solution in ICU because of extensive technical setup,
expensive equipment, and training required for skilled
interpretation. Processed EEG techniques obtained from
the frontal cerebral cortex may be used instead of full-
spectrum EEG [25]. Therefore, the BIS index represents
an emerging technology that, in addition to scales and
score systems, which might be useful for both intermittent
and continuous monitoring of ICU patients.

The results of the present study show that the BIS
index (as mean of right and left hemispheres) was sig-
nificantly lower in delirious patients than in patients
without delirium. As is well known BIS values depend on
the patients’ sedation score [14]. Indeed, in agreement
with previous studies [14], a lower RASS was associated
with a lower BIS index in this study. The lower BIS EEG
in delirious patients obtained in our present study confirm
previous findings using standard and spectral EEG
[11, 26, 27], our previous results using a 16-channel EEG
[12], and also in part the results of Ely et al. [14] using a
monolateral BIS EEG technique.

A delirious patient’s raw EEG has long been known
to demonstrate classic findings of alpha slowing and

delta/theta activity increasing [28]. These raw EEG find-
ings have also been shown to correlate with clinical
severity of brain dysfunction regardless of the underlying
medical condition [11]. Our present results from a raw
data EEG analysis demonstrate that under analogous
medical conditions isolated alpha frequency bands were
significantly reduced in delirious patients in parallel to
increased theta activity as compared to nondelirious
patients. Thus, this raw BIS EEG data analysis suggests
that the BIS index summarizing patients’ cortical brain
activity into two sensors might adequately reflect patients’
cortical brain activity in the ICU; however, this was not
the question addressed in the present study.

In agreement with Renna et al. [13], we found that the
BIS index could predict delirium with a low sensitivity, a
high specificity, and an overall good accuracy (Fig. 3).
The decreased number of accurate positively detected
delirious patients might possibly be related to artificial
continuous positive pressure (CNAP) ventilation (this
number was significantly higher in delirious than in
nondelirious patients) which can increase the number of
technical artifacts. However, EMG activity did not change
markedly between the two groups. Postoperative medi-
cation as a reason for low sensitivity is not likely because
nearly all patients received the same analgesics and sed-
atives. Medication for the treatment of postoperative
cognitive dysfunctions such as haloperidol or physostig-
mine had no influence on BIS EEG data because it was
given only after the completion of the study investiga-
tions. In addition, the low sensitivity might also be related
to the unequal distribution of RASS between the two
groups; however, we did not investigate this in detail as
this is intended to be a subject for further investigation. In
contrast to the low sensitivity, the specificity of the BIS
index was high. Based on these and Renna et al.’s data
[13], the overall accuracy of bilateral BIS as a screening
tool for postoperative delirium is similar to conventional,
quantitative EEG [29].

Fig. 3 ROC curve represents the ROC analyses. AUC area under
curve
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Cortisol and interleukin-6

We demonstrated that increased plasma cortisol levels are
related to postoperative delirium after open-heart surgery,
which is in line with previous studies [30, 31]. Changes
are not likely related to open-heart bypass surgery
because the intraoperative data such as time for cardio-
pulmonary bypass, time of surgery, and the time between
plasma analysis and the end of surgery were not different
between delirious and nondelirious patients. Therefore,
other mechanisms seem to play a role in the activation of
the hypothalamic–pituitary–adrenal (HPA) axis in deliri-
ous patients under postoperative conditions. We know
that changes in biomarkers such as alterations in the HPA
axis frequently accompany aging [32, 33]. Furthermore,
pronounced aging is one of the preoperative risk factors
for postoperative cognitive dysfunctions [34]. Indeed, our
delirious patients were significantly older than the non-
delirious ones and this might therefore in part affect our
results. However, we cannot exclude the possibility that
additional ICU-related factors might be associated with
increased plasma levels of cortisol, which we did not
investigate in this study.

An interaction between cortisol secretion and cyto-
kines has been reported [35, 36]. Thus, this also could
indicate dysregulation of the immune system in postop-
erative delirium; however, more than one interleukin and
more than one time point should be measured in further
studies to confirm this notion. A transient postoperative
increase in levels of circulating inflammatory markers has
been hypothesized to result from tissue damage, cardio-
pulmonary bypass, and/or anesthesia or from an adrenal
stress response. In recent studies, a possible relationship
between interleukin-6 and impaired cognition, including
delirium, was reported [4–6, 37, 38]. Furthermore, it was
proposed that systemic inflammation may actually con-
tribute to the pathogenesis of delirium by compromising
blood–brain barrier integrity [4–6]. We found an increase
(p = 0.01) in plasma interleukin-6 concentration in
delirious ICU patients. Thus, increased postoperative
interleukin-6 concentration appears to play an important
role in the development of postoperative confusion; the
underlying mechanism, however, remains elusive.

Differences between delirious and nondelirious
patients in cortisol and interleukin-6 levels are not related
to the medication given in the ICU because a similar

medication regimen was administered to nearly all ICU
patients. Interestingly, apart from higher interleukin-6 and
cortisol concentrations, no significant correlation between
cortisol and interleukin-6 was observed on the first post-
operative day. The stimulatory effect of interleukin-6 on
cortisol secretion seems to be time-dependent. Thus, high
endogenous cortisol concentrations may induce a negative
feedback on interleukin-6 secretion following the imme-
diate postoperative period to reduce excessive cytokine
production and to protect the brain postoperatively [39].
However, we only measured interleukin-6 and cortisol at
one particular time point and therefore the time-depen-
dent relationship between cortisol and interleukin-6 was
not studied in detail. Nevertheless, we did not find a
correlation between interleukin-6 and BIS EEG but the
relation between plasma cortisol and BIS index was sta-
tistically significant. Using uni- and multivariate analyses
to define the relationship between BIS index, interleukin-
6, and cortisol is the aim of further studies to assess its
role as a predictor of postoperative delirium.

Conclusion

We conclude from the present study that the bilateral BIS
index was significantly lower in delirious patients com-
pared to nondelirious, and showed a low sensitivity and
high specificity as a predictor for early postoperative
delirium after cardiac surgery. A lower BIS index was
associated with a higher cortisol level. The association of
ICU biomarkers with bilateral BIS EEG and the role of
BIS neuromonitoring on more agitated (greater than
RASS 1) or deeper sedated (less than RASS-2) patients
should be investigated in further prospective studies.
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