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Abstract

patients.

Background: Delirium is common during sepsis, although under-recognized. We aimed to assess the value of con-
tinuous electroencephalography (cEEG) to aid in the diagnosis of delirium in septic patients.

Methods: We prospectively evaluated 102 consecutive patients in a medical intensive care unit (ICU), who had
sepsis or septic shock, without evidence of acute primary central nervous system disease. We initiated cEEG recording
immediately after identification. The median cEEG time per patient was 44 h (interquartile range 21-99 h). A total of
6723 h of cEEG recordings were examined. The Confusion Assessment Method for the ICU (CAM-ICU) was adminis-
tered six times daily to identify delirium. We analyzed the correlation between cEEG and delirium using 1252 two-
minute EEG sequences recorded simultaneously with the CAM-ICU scorings.

Results: Of the 102 included patients, 66 (65%) had at least one delirium episode during their ICU stay, 30 (29%)
remained delirium-free, and 6 (6%) were not assessable due to deep sedation or coma. The absence of delirium
was independently associated with preserved high-frequency beta activity (> 13 Hz) (P< 10~7) and cEEG reactiv-
ity (P<0.001). Delirium was associated with preponderance of low-frequency cEEG activity and absence of high-
frequency cEEG activity. Sporadic periodic cEEG discharges occurred in 15 patients, 13 of whom were delirious. No
patient showed clinical or electrographic evidence of non-convulsive status epilepticus.

Conclusions: Our findings indicate that cEEG can help distinguish septic patients with delirium from non-delirious

Keywords: Critical care, Delirium, Sepsis, Electroencephalography, Epilepsy, Brain diseases

Introduction

Delirium and sepsis are serious complications of critical
illness. Within intensive care units (ICUs), delirium and
sepsis affect an estimated 60-80% of mechanically ven-
tilated patients and 20-50% of patients receiving nonin-
vasive mechanical ventilation [1]. Delirium is associated
with increased 6-month mortality, longer duration of
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ICU and hospital stay, and severe persisting cognitive
decline [2-6]. Bedside clinical screening tests for delir-
ium, such as the Confusion Assessment Method for the
ICU (CAM-ICU) [7, 8], do not reliably assess the fluctu-
ating course of delirium [9].

In delirious patients, routine electroencephalography
(EEG) commonly show increased slow-wave activity and
a slowed and disrupted alpha rhythm [10-14]. However,
it remains unclear whether delirium affects continuous
EEG (cEEG) activity in the high-frequency range that
reflects information processing [15, 16].

Here, we used cEEG to assess time-variant brain func-
tion among septic patients and examined the hypothesis
that cEEG results could distinguish patients with delirium
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from non-delirious patients. We report data from power
spectral cEEG analysis, simultaneously acquired CAM-
ICU scores [11, 13], and data from manual cEEG analysis
[17]. Our results revealed that delirious episodes in sep-
tic patients were associated with disappearance of high-
frequency electrographic cEEG activity and increased
power of low-frequency activity. Seizure-like activity was
not observed in any septic patient in this cohort.

Methods

Patients

This single-center prospective observational study
included critically ill patients, without known acute cen-
tral nervous system affliction, who were admitted to a
medical ICU with sepsis or septic shock (defined by the
2012 sepsis guidelines) [18] and mono- or multi-organ
failure. Respiratory insufficiency, circulatory shock, and
hepatic or renal failure, respectively, were indicated by
the need for invasive or noninvasive mechanical ven-
tilation, vasoactive drugs, or continuous renal replace-
ment therapies (i.e., dialysis). Inclusion criteria were
age>18 years and expected stay in the ICU of>24 h.
Exclusion criteria were expected death within 24 h, psy-
chiatric illness, preexisting delirium, severe dementia,
cerebrovascular event within 6 months, major surgery
within 2 months, and not speaking Danish or English.

We screened 726 patients who were admitted between
July 2013 and September 2015. A total of 117 patients
were included, of whom 15 were subsequently excluded
(Fig. 1), leaving 102 patients for analysis. Of the 15
excluded patients, 8 had a medical history of cerebrovas-
cular events, 2 suffered clinical and computed tomogra-
phy-verified cerebrovascular events after inclusion, and 7
withdrew consent or died within the first few hours after
inclusion.

This study was approved by the National Committee
on Health Research Ethics (file number 1300778) and the
Danish Data Protection Agency (file number 2007-58-
0015). We performed cEEG at the earliest opportunity
after admission, in accordance with Danish legislation
permitting deferred consent for emergency research.
Informed consent was obtained as soon as possible from
the patient’s next of kin and general practitioner, or from
patients who were able to make decisions.

Methods

cEEG

We initiated cEEG as soon as clinically feasible after
admission (median 9 h, interquartile range [IQR]
6-31 h). Depending on sedation level and patient com-
pliance, cEEG was continued until ICU discharge or
for 7 days, whichever occurred first. CEEG recordings
were obtained using 19 silver/silver chloride electrodes

positioned according to the international 10-20 system
with full scalp coverage. Cap electrodes were applied
when tolerated by patients, and when the expected length
of ICU stay was<48 h. For patients expected to stay in
the ICU for>48 h, we used subdermal wire electrodes
(SWE) or conductive plastic electrodes (CPE) [19]. Bilat-
eral electro-oculograms and electromyography electrodes
were applied in sedated patients. Electrode—skin imped-
ance was kept<10 kQ for cap electrodes, and <5 kQ for
SWE and CPE. We recorded cEEG data using the Nicol-
etOne™ EEG system, version 5.71 (Nicolet®, Natus Medi-
cal Incorporated) with a sampling rate of 1 kHz, online
band-pass filtering from 1 to 120 Hz, 12 dB/octave, and
referenced to an fronto-central sagittal electrode. EEG
technicians and trained ICU nurses ensured the quality
of cEEG recordings.

EEG Reactivity Tests

Eye-opening and eye-closing were performed three times
daily in all patients. ICU nurses used the CAM-ICU to
perform delirium screening six times daily at fixed inter-
vals from 8 a.m. until 10 p.m. Suction was applied in
deeply sedated, mechanically ventilated patients. These
maneuvers provided a fair assessment of cEEG reactivity.
The reactivity was defined as change of amplitude, fre-
quency of the EEG, including attenuation [17]. The cEEG
reactivity protocol and results are included as Supple-
mental Digital Content.

EEG and Epilepsy

An epileptic seizure is defined as “a transient occurrence
of signs and/or symptoms due to abnormal excessive or
synchronous neuronal activity in the brain” [20, 21]. Elec-
trographically, we defined a seizure based on the revised
terminology for rhythmic and periodic patterns in criti-
cally ill patients with coma/stupor [17].

Protocol for Managing Pain, Agitation, and Delirium

Pain, agitation, and delirium were managed following the
department’s protocol, in accordance with recommenda-
tions of the Society of Critical Care Medicine, the PAD
(pain, agitation, and delirium) guidelines, and the ABC-
DEF bundle [7]. Spontaneous Awakening and Breathing
Trials were performed daily at morning rounds. Pain was
assessed using the Numeric Rating Scale and treated with
intravenous opioids as the first-line drug of choice. Seda-
tion was assessed using the Richmond Agitation—Seda-
tion Scale (RASS). Light sedation levels (RASS 0 to —2)
were primarily maintained with opioids, a, agonists, and
propofol, supplemented with benzodiazepines only when
this strategy proved insufficient. Delirium was assessed
using the CAM-ICU and treated with a, receptor ago-
nists and, when needed, antipsychotics (haloperidol
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Critically ill patients, without acute central nervous system affliction, admitted to a
medical ICU with sepsis or septic shock, or mono- or multi organ-failure
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Inclusion criteria: age > 18 years; expected admission time > 24 hours
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Fig. 1 Inclusion process

or olanzapine) to overcome motor agitation. Mobility
and daily exercise with a physical therapist were estab-
lished early. This protocol was not changed due to study
participation.

Delirium Screening
The CAM-ICU flowsheet tests the following features in
a standardized fashion: (1) acute onset or fluctuating

course of a change from mental status baseline, (2)
inattention, (3) altered level of consciousness, and (4)
disorganized thinking [22]. Patients were scored as
CAM-ICU positive (delirious) or CAM-ICU nega-
tive (non-delirious). Heavily sedated or unconscious
patients (RASS —3 to —5) were rated as non-assessable.
All nurses were experienced with the CAM-ICU, as this
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test was implemented as daily routine in this ICU in
2008.

Data Collection

We recorded baseline demographic data, including age,
gender, medical history, neurologic and cognitive sta-
tus, medication, smoking, and alcohol and/or substance
abuse. Predicted mortality and disease severity were
assessed using the Simplified Acute Physiology Score
and Acute Physiology and Chronic Health Evaluation
(APACHE II).

Visual Analysis of cEEG Data (Fig. 2)

The cEEG data were described using American Clinical
Neurophysiology Society terminology [17] with appro-
priate adaption for a medical study population. Predictor
variables were predominant EEG background frequencies
categorized as follows: high (beta 13-30 Hz), low (delta

0.5-3.9 Hz; theta 4-7.9 Hz), normal (posterior domi-
nant alpha 8-12.9 Hz), reactivity (defined as a change in
background activity upon eye-opening or stimulation),
suppression (<10 pV), burst suppression, frontally pre-
dominant generalized rhythmic delta activity (GRDA),
and periodic discharges.

We performed visual analysis of the entire recording
from all patients for two purposes: to qualitatively assess
the entire recording for the occurrence and localization
of predictor variables, including seizure activity; and to
analyze 2-min epochs correlating in time with CAM-
ICU scores to represent time covariation of the predic-
tor variables in statistical analysis. The cEEG recordings
were manually screened by three experienced EEG tech-
nicians. Sequences with severe artifact contamination
were excluded. We allowed minor artifacts (e.g., electro-
cardiogram, eye blinking, or pulse/sweat artifacts) in a
maximum of 10% of the 2-min epochs. Subsequently, the

Full scalp cEEG was recorded continuously after

admission

In total, 6723 hours of EEG-recordings
were visually analyzed.

J

2-minute epochs correlating with the CAM-ICU
scoring (8am, 11am, 3am, 6pm, 8pm and 10pm)

U

1252 two-minute EEG sequences recorded
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Assess for the predictor variables:

Background activity (high, low and normal),
reactivity, suppression, burst suppression, GRDA,
and PLDs.

generalized rhythmic delta activity

Assess for the occurrence and
localization of seizure activity and LPDs

Fig. 2 EEG assessment. LPDs Lateralized Periodic Discharge, CAM-ICU Confusion Assessment Method for the ICU, GRDA frontally predominant
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recordings were described according to the protocol by
two clinical neurophysiologists blinded to delirium and
sedation scores (K Benedek and O Urdanibia-Centelles).
These two readers reached a consensus on predictor vari-
ables as described.

We assessed the prevalence of the predictor variables
per 24-h period focusing in periodic discharges, seizures
and status epilepticus, and all predictor variables men-
tioned above during the hour of CAM-ICU scoring for
the qualitative analysis. For the quantitative analysis, we
isolated the 2-min sequences from the exact times of the
six daily CAM-ICU scores (8 a.m., 11 a.m., 3 a.m., 6 p.m.,
8 p.m., and 10 p.m.), totaling 1252 two-minute sequences
for statistical analysis.

EEG and Delirium

Due to deaths during the observation period, the data
were right censored and unsuitable for standard regres-
sion analysis. Furthermore, the presence of delirium was
non-assessable in some observations because of sedation,
which makes the data interval censored when analyzing
for predictors of delirium. Multi-state Markov models
are used to model state occupancy- and state transition
probabilities and can handle interval censored data.
In addition, they can be used to estimate the effects of
covariates on the state transition hazard rate.

To assess the association between electrographic pat-
terns and delirium, we applied a multi-state Markov
model, with the states being defined as non-delirious or
delirious, and non-assessable observations as being cen-
sored. All states were defined as reversible. Univariate
regression was performed to identify predictor variables
significantly associated with delirium, with a statistical
threshold of & =0.05. Subsequently, all variables retained
from univariate analysis were subjected to multivari-
ate stepwise regression using backward selection. Pre-
dictor variables included EEG delta, theta, and beta
activity; normal background; burst suppression; suppres-
sion< 10 pV; reactivity; periodic discharges; GRDA; and
illness severity at admission estimated by APACHE. EEG
data were analyzed using R version 3.3.1 [23] with the
msm package [24].

Survival Analysis

The Cox proportional hazards model can be used for
censored data, but can only model time to the first event,
typically death. Thus, variations of the original Cox
model and new types of models [25] have been developed
for analyzing the effects of time-dependent covariates
(predictors that change over time) on the risk of having
an event as outcome. Using time-dependent Cox propor-
tional hazards regression, we assessed the associations
between electrographic patterns and death, and between

delirium and death. We applied backward selection, and
the predictive variables included delta, theta, and beta
activity; normal background; burst suppression; suppres-
sion< 10 pV; reactivity; periodic discharges; GRDA; and
APACHE II and CAM-ICU scores. Descriptive data were
analyzed using IBM SPSS statistics version 22. Continu-
ous variables were presented as median and interquartile
range (IQR), and categorical variables as proportions.
The analysis was done using the survival package [26].
P<0.05 was considered statistically significant.

Results

Patient Demographics, Clinical Characteristics,

and Medication (Table 1)

The median APACHE II score was 22 (IQR 16-28),
and the median length of ICU stay was 5.6 days (IQR
3-9 days). A total of 66 patients (65%) experienced at
least one delirious episode during admission, whereas 30
(29%) remained delirium-free. Six patients (6%) could not
be assessed at any time due to a RASS of < —2. Nineteen
patients (19%) died in the ICU, with a 1-month mortality
rate of 35%, and 6-month mortality rate of 54%.

Qualitative Analysis

We visually analyzed a total of 6723 h (280 days) of EEG
recording. The time elapsed from admission to monitor-
ing was median 9 h (IQR 6-31 h). The median cEEG time
per patient was 44 h (IQR 21-99 h). Continuous, nearly
continuous, or intermittent low-frequency delta and
theta activity were associated with delirium and occurred
only intermittently in non-delirious patients. Normal
CAM-ICU scores were associated with continuous or
nearly continuous high-frequency cEEG beta activity,
preserved cEEG reactivity, and normal cEEG background
activity. Comparatively, 28 patients with delirious CAM-
ICU scores exhibited suppressed background cEEG
activity, which was not observed in any non-delirious
patients. Delirious patients received propofol and ben-
zodiazepines (Table 1), while non-delirious patients did
not and showed preserved beta activity. Thus, in non-
delirious patients, cEEG beta activity reflected the abil-
ity to produce high-frequency electrographic activity, not
sedation.

We found no evidence of non-convulsive status epi-
lepticus (NCSE) in our patient cohort, but we detected
sporadic periodic discharges (PDs) in 15 patients, of
whom 13 (87%) were delirious, 1 was non-delirious,
and 1 was not assessable due to coma. PDs were rare,
with only 22 episodes, each lasting<2 min, in 6723 h
of recording. Thirteen PDs were lateralized, nine were
bilateral, and none were generalized. We observed no
runs of PDs reaching 3—4 per second, no spatiotempo-
ral evolution, no evolving pattern, and no decrementing
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Table 1 Patient demographics and clinical characteristics

Before ICU, days 0(0-2)
ICU, days 6 (3-10)
Total, days 11 (7-20)
Delium
Ever 66 (65)
Never 30 (29)
NA 6 (6)
Admissondiagnosis®
Infection, sepsis, or septic shock 87 (85)
Respiratory failure 19 (19)
Circulatory failure 11(11)
Metabolic dysfunction 17 (17)
Other T(m
TeamentinthelCU
Mechanical ventilation 71 (70)
Vasoactive drugs 69 (68)
CRRT 12(12)
APACHE I (0-71) 22 (16-28)
SAPS 11 (0-163) 42 (32-54)
Medcation”
Propofol (non-delirious n= 13, delirious n=35, delirium NA n=6) 54 (53)
Opioid (remifentanil, sufentanil, morphine, methadone) (non-delirious n= 30, delirious =66, delirium NA n=6) 102 (100)
a2 adrenoceptor agonists (dexmedetomidine, clonidine) (non-delirious n=10, delirious n=26) 36 (35)
Antipsychotics (haloperidol, olanzapine) (delirious n=37) 37 (36)
Benzodiazepines (midazolam, oxazepam, diazepam) (non-delirious n=9, delirious n =29, delirium NAn=5) 43 (41)
Morality
ICU 19 (19)
Hospital 19 (23)
After discharge 17 27)
Total (of 102 patients. Follow-up time 9-34 months) 55 (54)

Values are median (IQR) or number (%)

Infection: Pneumonia or urinary tract infection. Respiratory failure: Acute respiratory distress syndrome (ARDS), non-infectious exacerbation of chronic obstructive
pulmonary disease (COPD), or pulmonary embolism. Circulatory failure: Cardiac arrest or heart failure. Metabolic dysfunction: Renal and/or hepatic failure. Other:
Cocaine intoxication

APACHE Il Acute Physiology and Chronic Health Evaluation, CRRT continuous renal replacement therapy, ICU intensive care unit, NA not assessable (coma, RASS —3 to
—5), SAPS Il Simplified Acute Physiology Score

? Patients may have more than one admission diagnosis

5 More than one sedative may have been used in a given patient

termination. Of the 15 patients with PDs, 9 (60%) died  brain pathology rather than epilepsy. Our dataset could
in the ICU or elsewhere in the hospital. The patients not confirm the notion that NCSE and PDs are com-
with PDs who died had a higher median APACHE II  mon in severe sepsis [27].

score (28; IQR 26-29) than those who survived (23;

IQR 20-24). We suggest that the PDs may represent
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Table 2 EEG patterns associated with delirium—multi-state Markov model

Univariate analysis

HR 95% Cl

Multivariate analysis

95% CI

A. Transition from non-delirium to delirium

APACHE Il (at admission) 1.0 0.9-1.1
Burst suppression 1.7 0.9-35
Suppression < 10 pV 1.7 1.1-26
Beta 0.7 0.5-09
Theta 1.6 1.2-2.0
Delta 1.6 1.2-2.1
Periodic discharges 0.02 0.00-8800
GRDA 1.5 0.9-25
Normal background 03 0.1-0.5
Reactivity 0.22 0.09-0.52
B. Transition from delirium to non-delirium

APACHE Il (at admission) 1.0 1.0-1.1
Burst suppression 0.8 0.3-23
Suppression < 10 pV 09 0.5-1.5
Beta 1.6 1.2-2.1
Theta 1.0 0.7-13
Delta 0.7 0.5-1.0
Periodic discharges 0.6 0.3-45
GRDA 1.1 0.7-1.7
Normal background 1.2 0.6-22
Reactivity 1.8 0.8-4.2

Significant

0.5-0.9 *

1.2-2.1 *

Multi-state Markov model of 1252 two-minute epochs with delirium as outcome. Non-assessable observations are censored

APACHE Il Acute Physiology and Chronic Health Evaluation, C/ confidence interval, EEG electroencephalography, GRDA generalized rhythmic delta activity, HR hazard

ratio

Significant values are marked with *

Quantitative Analysis

Delirium (Table 2)

Transition from non-delirium to delirium revealed by
univariate analysis that delirium was significantly asso-
ciated with the presence of continuous cEEG delta
activity (hazard ratio [HR] 1.6; 95% confidence inter-
val [95% CI] 1.2-2.1; P<107°), cEEG theta activity
(HR 1.6; 95% CI 1.2 —2.0; P<0.05), and suppression of
cEEG background (HR 1.7; 95% CI 1.1-2.6; P< 1079).
On the other hand, the absence of delirium was signifi-
cantly associated with continuous cEEG beta activity
(HR 0.7; 95% CI 0.5-0.9; P<107%), normal cEEG back-
ground activity (HR 0.3; 95% CI 0.1-0.5; P< 107%), and
preserved cEEG reactivity (HR 0.22; 95% CI 0.09-0.52;
P<107°). Delirium was not correlated with APACHE
II, burst suppression, generalized rhythmic delta activ-
ity, or PDs in univariate analysis. Multivariate analysis
included cEEG delta, theta, and beta activity; normal
background; suppression; and reactivity. The absence
of delirium remained significantly associated with

preserved cEEG beta activity (HR 0.7; 95% CI 0.5-0.9;
P<1077%), and EEG reactivity. On the other hand, the
termination of delirium was significantly associated
with the reoccurrence of beta (HR 1.6; 95% CI 1.2-2.1;
P<10~9 and the decrease in delta (HR 0.7; 95% CI 0.5—
1.0; <107,

Mortality (Table 3)

We analyzed cEEG reactivity in every 2-min epoch dur-
ing the entire cEEG recording from each patient. The
presence or absence of cEEG reactivity was recorded
every 8 h upon manual eye-opening, when talking to the
patient, and during arousal six times daily during CAM-
ICU scoring. All cEEG epochs were used included in data
analysis. Preserved cEEG reactivity during all instances
of arousal was the only statistically significant marker for
reduced mortality (HR 0.4; 95% CI 0.2-0.9; P<0.05), in
accordance with previous studies [27] and recent data
[28].
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Table 3 Mortality and EEG patterns

Univariate analysis

Multivariate analysis

95% ClI
APACHE II 1.05 1.02-1.08
Burst suppression 09 0.6-1.6
Suppression <10 uV 1.1 09-1.5
Beta 0.8 0.6-1.1
Theta 1.1 08-14
Delta 1.2 09-14
Periodic discharges 1.1 06-19
GRDA 09 06-1.6
Normal background 06 03-13
Reactivity 04 0.2-09
CAM-ICU 1.3 0.7-2.3
Delirium
CAM-ICU 1.9 0.9-4.5
Non-delirium

P value 95% Cl
<0.01 1.06 1.02-1.10 <0.01
<0.05 0.5 02-09 <0.05

Time-dependent Cox proportional hazards regression assessing the association between electrographic patterns and death and between delirium and death

APACHE Il Acute Physiology and Chronic Health Evaluation, CAM-ICU Confusion Assessment Method for the intensive care unit, C/ confidence interval, EEG

electroencephalography, GRDA generalized rhythmic delta activity, HR hazard ratio
Nonsignificant values are marked with —

Discussion

Our present results suggest that preserved cEEG power
in the beta band is a simple indicator of non-delirium in
awake or lightly sedated ICU patients with sepsis. With
regard to indicators of delirium, reduced high-frequency
cEEG beta activity was superior to increased cEEG delta
activity [11, 13]. Preserved cEEG reactivity was associ-
ated with reduced mortality and preservation of cognitive
function. Periodic discharges were rare, and treatment-
requiring epileptic activity was not observed in 6723 h of
cEEG recordings from 102 patients.

High-Frequency Activity

Cerebral rhythmic cEEG activity reflects the cortical neu-
rons’ ability to synchronize input from thalamo-cortical
and cortico-cortical neurons. Specifically, cortical beta
activity generation requires fast spiking of highly energy-
demanding somatostatin-positive interneurons [29]. We
posit that sepsis interferes with brain blood flow and,
consequently, with energy supply—thus causing neuronal
desynchronization expressed as loss of power in the beta
band [30]. Further studies are needed to elucidate this
relationship.

When interpreting the present data, we must con-
sider the patients’ exposure to sedative drugs since both
propofol and benzodiazepines can induce beta activ-
ity [31], interfere with cEEG reactivity testing, or inhibit
PDs [27]. Notably, sedatives may be more frequently pre-
scribed for hyperactive delirious patients—thus induc-
ing suppression-burst, low-voltage, unreactive cEEG, or

beta-enriched patterns. Sedation-induced beta activity is
primarily prefrontal, appearing as spindles with diffuse
polymorph high delta activity, and diffuse spontaneous
beta activity [32]. In our population, sedation with propo-
fol and/or benzodiazepines in delirious patients was not
associated with increased beta activity upon arousal for
confusion assessment method for the intensive care unit
testing. This suggests that even if these drugs may induce
beta activity in normal brains, delirious brains are unable
to produce this type of cEEG activity. Based on the clini-
cal and electrographic correlation between non-delirious
lightly sedated patients and diffuse high-frequency activ-
ity, it seems unlikely that the beta activity was caused by
sedation. We propose that cEEG beta activity was promi-
nent in non-delirious brains because they were able to
produce fast network activity. The data in Table 1 show
that treatment with propofol and benzodiazepines was
not associated with cEEG beta activity; patients with
preserved cEEG beta activity did not receive propofol or
benzodiazepines. Thus, we posit that beta activity in our
patient cohort reflected preserved perception and cogni-
tion rather than an effect of medication [15, 16].

Periodic Discharges

PDs represent cerebral dysfunction and may occur as
ictal, postictal, or peri-ictal phenomena, and as a signa-
ture of septic encephalopathy [27]. PDs were rare in our
population, occurring in only 15% of the patient cohort
with sepsis, primarily in delirious patients [33-35]. EEG
is indispensable for diagnosing NCSE because the clinical
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signs (if any) are often subtle and nonspecific [36]. NCSE
may resemble hypoactive delirium, potentially involving
confused thinking, reduced environmental awareness,
reduced motor activity, sluggishness, or abnormal drows-
iness. Therefore, delirious patients commonly undergo
routine EEGs due to suspicion of NCSE. In the 6723 h
of analyzed EEG recordings, we observed no episodes
of seizures or NCSE. Previous studies show an 8-48%
prevalence of NCSE among medical and neurologic ICU
patients [37-39]. This can partly be explained by selec-
tion bias since prior studies have retrospectively analyzed
EEG data recorded upon clinical suspicion of NCSE.
Nevertheless, one previous study showed results consist-
ent with our findings [40]. One prospective observational
study found PDs associated with NCSE in a mixed neuro-
logic—medical ICU population [27], and PDs and NCSE
are reportedly common among patients in a surgical ICU
[41], while our present study only included patients with-
out signs of neurologic disease. These observations imply
that the cEEG pattern during sepsis and delirium reflects
the disease etiology.

Reactivity

EEG reactivity is a powerful indicator of the overall prog-
nosis in coma, but there is high interrater variability in
the visual detection of reactivity. Previous studies show
that visual analysis of EEG reactivity has an overall sen-
sitivity of 40—-85% and specificity around 20-90%, while
analysis using quantitative computerized methods shows
a sensitivity of around 40% and specificity of 100% [42].
Here, cEEG reactivity was assessed by two certified clini-
cal neurophysiologists, and consensus between them was
considered the basis for identifying a change in back-
ground cEEG activity upon eye-opening or stimulation.
Preserved cEEG activity was associated with reduced
mortality, which is consistent with previous findings [28].

Limitations

The risk of confounders, or that a common cause/reason
to two effects are correlated remains. This could be, for
example, that the severity of the illness drives delirium,
and at the same time the chance of getting treated with a
drug X. If drug X decreases beta activity, then the effect
of the drug and the effect of delirium are confounded
resulting in a false correlation between delirium and
reduced beta cEEG activity. It is not possible based on
the information we had available to correct for this type
of confounding conditions.

Conclusions

We performed a prospective observational study of
cEEG in a cohort of patients with sepsis in a medical
ICU. In 6723 h of analyzed cEEG data, NCSE was not
observed at any time. Preserved cEEG high-frequency
activity was the strongest marker for wakeful absence
of delirium. Delirium was characterized by neuronal
desynchronization and loss of power in high-frequency
EEG activity, as confirmed by bedside clinical screen-
ing with the CAM-ICU test. Early detection of cerebral
deterioration by cEEG [43] may provide a means for
identifying an early window for intervention to prevent
lethargy, coma, or agitated delirium and brain pathol-
ogy in septic patients.
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