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Electroencephalography in the 
Intensive Care Unit
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8.1. Introduction

In intensive care units (ICUs), the evaluation of ﻿brain function in critically ill 
patients is of great diagnostic and prognostic importance. However, neurological 
examination in these patients is often unreliable; sedative drugs, neuromuscular 
blockers, and metabolic or hemodynamic disturbances limit the accuracy of 
clinical assessment.

Electroencephalography (EEG), as a noninvasive and bedside-accessible 
tool, plays a crucial role in the early detection of altered states of consciousness, 
﻿nonconvulsive ﻿seizures, and secondary brain injury. Continuous EEG (cEEG), 
in particular, enhances patient safety by providing long-term monitoring—over 
hours or even days—thereby capturing neurological complications that might 
otherwise go unnoticed [1,2].

The use of EEG in the ICU is not limited to ﻿seizure detection. It also provides 
valuable information for prognostication after cardiac arrest, monitoring 
of secondary ﻿ischemia following ﻿traumatic brain injury or ﻿subarachnoid 
hemorrhage, assessment of sepsis-associated or ﻿metabolic encephalopathy, 
﻿sedation management, and the diagnosis of ﻿delirium.

Processed EEG (﻿quantitative EEG; ﻿qEEG) methods further assist clinicians 
by summarizing long-term recordings into compact and interpretable visual 
outputs, enabling faster and more practical bedside decision-making [3,4].

8.2. Continuous EEG 

In intensive care units, routine EEG typically provides short recordings 
of 20–40 minutes, which carry a high risk of missing ﻿nonconvulsive ﻿seizures. 
cEEG, on the other hand, allows monitoring over hours or even days, enabling 
much more reliable detection of ﻿nonconvulsive ﻿seizures, ﻿status epilepticus, 
﻿cerebral ﻿ischemia, and fluctuations in the level of consciousness.
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Through cEEG, ﻿seizures that are not clinically observable can be identified, 
secondary brain injuries can be detected at an early stage, and antiepileptic or 
sedative treatments can be guided objectively.

Current guidelines (ACNS, ESICM) strongly recommend the use of cEEG 
particularly in:

•	 ﻿status epilepticus,
•	 unexplained ﻿coma,
•	 ﻿subarachnoid hemorrhage,
•	 ﻿traumatic brain injury,
•	 post–cardiac arrest ﻿coma. [4,5]

8.3. Quantitative EEG 

Quantitative EEG refers to the computer-based processing of ﻿raw EEG 
signals to generate summarized, visually interpretable trends. Using parameters 
such as spectral power analysis, alpha/delta ratio (ADR), spectral entropy, brain 
﻿asymmetry index, and spectrograms, changes in EEG activity can be evaluated 
rapidly and over long time periods.

This method is particularly valuable in ICUs, where large amounts of EEG 
data must often be reviewed by clinicians who may not be EEG specialists. 
﻿qEEG facilitates screening for seizure trends, monitoring burst-suppression 
duration, identifying slowing patterns suggestive of ﻿cerebral ﻿ischemia, and 
assessing ﻿sedation depth in an objective manner.

In recent years, advances in ﻿artificial intelligence and automated ﻿seizure 
detection algorithms have further enhanced the utility of ﻿qEEG. Additionally, 
the development of rapidly applied headband-style ﻿EEG devices has improved 
EEG accessibility in intensive care settings.

In summary, cEEG remains the gold standard diagnostic tool, while ﻿qEEG 
serves as a practical, efficient interpretation aid. Together, they play an increasingly 
important role in ensuring patient safety and guiding prognostication in the ICU.

8.4. Detection of Seizures and Status Epilepticus

The majority of ﻿seizures occurring in intensive care units are nonconvulsive 
and can only be detected by EEG. ﻿EEG monitoring is critically important in 
patients who fail to awaken after ﻿status epilepticus, as well as in those with 
﻿traumatic brain injury, stroke, ﻿subarachnoid hemorrhage, sepsis, or post–cardiac 
arrest ﻿coma. cEEG is considered the gold standard for ﻿seizure detection and 
holds significant value for both diagnosis and treatment guidance. Processed 
EEG techniques help summarize large amounts of data, aiding in the early 
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detection of ﻿nonconvulsive ﻿seizures, ﻿status epilepticus, and secondary brain 
injury in critically ill patients.

The CERTA randomized controlled trial, conducted in 364 critically ill 
patients with impaired consciousness, demonstrated that ﻿continuous EEG 
significantly increased ﻿seizure detection and led to more frequent adjustments 
in antiepileptic treatment, although it did not reduce mortality [2]. In a large 
multicenter cohort study published in JAMA Neurology including more than 
4,700 patients, the presence of lateralized periodic discharges and rhythmic ﻿delta 
activity was shown to be strongly associated with an increased risk of ﻿seizures 
[6]. Another study proposed the 2HELPS2B score, which uses the first hour of 
EEG findings to predict which patients require long-term cEEG monitoring, 
providing guidance for optimized resource utilization [7]. Collectively, these 
findings strongly support the diagnostic value of EEG in the management of 
﻿seizures and ﻿status epilepticus in the ICU, although its impact on long-term 
patient outcomes remains an area of ongoing debate.

8.5. Coma After Cardiac Arrest

In patients treated in the ICU following cardiac arrest, hypoxic–ischemic 
brain injury is one of the leading causes of mortality and morbidity. In this 
population, neurological examination is often unreliable due to sedative 
medications, therapeutic ﻿hypothermia, and systemic instability. EEG provides a 
noninvasive, bedside method to monitor ﻿brain function. cEEG plays a particularly 
critical role in detecting ﻿seizures and ﻿nonconvulsive ﻿status epilepticus, assessing 
consciousness ﻿reactivity, and supporting prognostication.

Several EEG patterns—such as ﻿burst suppression, nonreactive background, 
and epileptiform discharges—have been strongly associated with early 
neurological outcomes in post–cardiac arrest patients. The TELSTAR randomized 
controlled trial demonstrated that aggressive suppression of rhythmic or periodic 
EEG patterns detected by cEEG in comatose post–cardiac arrest patients did 
not improve neurological outcomes at 3 months [8]. The CERTA trial similarly 
showed that ﻿continuous EEG increased ﻿seizure detection and prompted more 
frequent antiepileptic treatment adjustments in critically ill patients with 
impaired consciousness, but did not reduce mortality [2]. Together, these studies 
indicate that ﻿EEG ﻿reactivity, voltage patterns, and ﻿epileptiform activity serve as 
strong predictors of prognosis in post-anoxic ﻿coma. However, despite its value 
in early ﻿seizure detection and prognostic classification, current evidence does 
not support routine aggressive suppression of EEG patterns in these patients.
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8.6. Traumatic Brain Injury 

Secondary brain injury that develops in the ICU following ﻿traumatic brain 
injury (TBI) significantly increases mortality and morbidity if not recognized 
early and managed appropriately. Neurological examination is often limited in 
these patients due to ﻿sedation, intubation, and overall clinical instability. EEG is 
an important monitoring tool in this population, particularly for the detection 
of ﻿nonconvulsive ﻿seizures and ﻿status epilepticus, the objective assessment of 
consciousness level, and prognostication.

cEEG captures ﻿seizures at a much higher rate compared with routine 
EEG. Quantitative EEG techniques, such as spectral analyses, can reveal 
early electrical changes suggestive of ﻿cerebral ﻿ischemia or elevated intracranial 
pressure. Large multicenter cohorts have demonstrated the importance of EEG 
in ICU management of TBI patients. In the study by Vespa et al., ﻿nonconvulsive 
﻿seizures were detected in approximately 22% of patients with moderate-to-severe 
TBI, and these ﻿seizures were associated with worse outcomes [9]. Subsequent 
studies reported ﻿nonconvulsive ﻿status epilepticus rates ranging between 18–
33% following TBI [1]. In a large multicenter analysis by Rodriguez Ruiz et 
al., lateralized periodic discharges and lateralized rhythmic ﻿delta activity were 
found to be strongly associated with a high risk of ﻿seizures in TBI patients [6]. 
Additionally, reduced ﻿EEG ﻿reactivity and decreased alpha variability have been 
shown to correlate strongly with poor neurological outcomes in severe TBI. 
These findings collectively support the diagnostic and prognostic value of EEG 
in the management of TBI patients in the intensive care setting.

8.7. Subarachnoid Hemorrhage 

Aneurysmal ﻿subarachnoid hemorrhage (SAH) is a critical condition 
associated with high mortality and morbidity in the ICU. Beyond the primary 
hemorrhage, one of the most significant secondary complications is ﻿delayed 
﻿cerebral ﻿ischemia. Neurological examination is often unreliable due to sedative 
medications and issues related to intracranial pressure.

EEG is a valuable tool in this patient population for the early detection 
of ﻿nonconvulsive ﻿seizures and ﻿status epilepticus, as well as for predicting the 
development of ﻿delayed ﻿cerebral ﻿ischemia. cEEG and ﻿processed EEG trends 
can demonstrate changes in cortical electrical activity hours before clinical signs 
emerge. In particular, a reduction in the alpha/delta ratio and loss of ﻿EEG 
﻿reactivity have been identified as early markers of impending ﻿ischemia.

Studies utilizing cEEG have shown that patients who develop ﻿delayed 
﻿cerebral ﻿ischemia exhibit a significant decline in the alpha/delta ratio, beginning 
hours before clinical deterioration. The presence of rhythmic or periodic EEG 
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patterns and reductions in ADR have been strongly associated with both 
﻿delayed ﻿cerebral ﻿ischemia and poor functional outcomes [9,10]. These findings 
highlight the role of EEG as a sensitive, early-warning modality for neurological 
deterioration in SAH patients.

8.8. Sepsis and ﻿Sepsis-Associated Encephalopathy

Sepsis is one of the most common critical conditions encountered in ICUs 
and is associated not only with high mortality but also with long-term cognitive 
impairment and neurological sequelae. Sepsis-associated encephalopathy (SAE) 
may present clinically with ﻿delirium, altered consciousness, or ﻿coma. Diagnosis 
is largely based on exclusion, as neurological examination is often unreliable due 
to ﻿sedation, metabolic disturbances, or multiorgan failure.

EEG provides an objective assessment of ﻿brain function in SAE, facilitating 
early diagnosis and prognostication. Typical EEG findings include theta slowing 
in mild cases, generalized ﻿delta activity and triphasic waves in more advanced 
stages, and low-voltage or isoelectric patterns in severe cases. Large observational 
studies examining EEG in sepsis and SAE have shown a strong association 
between EEG abnormalities, disease severity, and mortality. Young et al., in a 
cohort of 200 sepsis patients, reported that the prevalence of EEG abnormalities 
reached 70%, and these abnormalities correlated with mortality [11]. In a 
prospective cohort study by Azabou et al., severe EEG abnormalities—such as 
loss of ﻿reactivity and generalized suppression—were strongly associated with 
high mortality [12]. Recent reviews emphasize that EEG in SAE is valuable 
not only for diagnosis but also for prognostication, highlighting that loss of 
﻿EEG ﻿reactivity is among the most reliable predictors of poor outcome [4]. 
Collectively, these findings support the routine use of EEG for early diagnosis 
and risk stratification in septic critically ill patients.

8.9. Disorders of Consciousness and Delirium

Delirium is the most common form of acute brain dysfunction in intensive 
care units and is strongly associated with increased mortality, prolonged 
mechanical ventilation, extended hospital stay, and long-term cognitive sequelae. 
Diagnosis is primarily clinical; however, the presence of sedatives, intubation, 
and features of ﻿critical illness can complicate bedside evaluation.

EEG serves as a complementary tool for understanding the pathophysiology 
of ﻿delirium and facilitating early diagnosis. Typical EEG findings in ﻿delirium 
include reduced ﻿alpha activity, increased theta and delta power, and in severe 
cases, generalized slowing and loss of ﻿reactivity. Processed EEG techniques—
especially ﻿spectral analysis and entropy measurements—can provide additional 
diagnostic insight beyond clinical assessment tools.
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Several studies have demonstrated a strong association between EEG 
abnormalities and ﻿delirium. In a study involving 150 ICU patients, Van der 
Kooi et al. reported that increased low-﻿frequency power and reduced alpha 
power showed a high correlation with ﻿delirium diagnosis [13]. Azabou et al. 
similarly found that in septic patients, loss of ﻿EEG ﻿reactivity and generalized 
﻿delta activity were associated with poor prognosis and increased mortality [12]. 
Prospective studies in larger populations have emphasized that incorporating 
EEG into ﻿delirium assessment significantly enhances diagnostic sensitivity, 
often exceeding 80%, when used alongside standard clinical scales [4].

8.10. Sedation Monitoring

Sedation is commonly used in intensive care units to ensure patient comfort, 
improve tolerance to mechanical ventilation, and reduce anxiety. However, both 
inadequate and excessive ﻿sedation can lead to adverse outcomes, including 
﻿delirium, prolonged ventilator dependence, ﻿hemodynamic instability, and 
increased mortality. Clinical scales such as the Richmond Agitation–Sedation 
Scale (RASS) are useful, but they may be insufficient in situations involving 
deep ﻿sedation or the use of neuromuscular blockers.

EEG and ﻿processed EEG modalities (e.g., BIS, ﻿Entropy, ﻿PSI) enable 
objective monitoring of the cerebral effects of sedative medications. By providing 
a direct measure of ﻿brain activity, these tools help prevent oversedation, ensure 
appropriate ﻿sedation depth, and enhance patient safety. Multicenter prospective 
studies have demonstrated that EEG-based indices are more sensitive than 
clinical scales in monitoring ﻿sedation depth. In subanalyses of the SPICE III 
trial, ﻿processed EEG indices during ﻿propofol and midazolam ﻿sedation were 
found to correlate well with RASS scores, while remaining more sensitive during 
deep ﻿sedation [14]. Recent reviews also emphasize that EEG is particularly 
superior to clinical assessment in deep ﻿sedation and has become an essential 
component of multimodal monitoring strategies in the ICU.

8.11. ﻿Brain Death

Brain death is defined as the irreversible loss of all functions of the brain and 
constitutes one of the most critical decision points regarding withdrawal of life-
sustaining treatment in the ﻿intensive care unit. The gold standard for diagnosis 
includes clinical examination, apnea testing, and evaluation of brainstem reflexes. 
However, in certain situations—such as severe drug intoxication, metabolic 
disturbances, or ﻿hypothermia—the clinical examination may be unreliable. In 
these cases, ancillary tests are required.

EEG is one of the oldest and most commonly used ancillary tests to 
demonstrate the absence of cerebral electrical activity in suspected brain death. It 
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is particularly useful in patients in whom ﻿drug effects confound the neurological 
examination or when neuroimaging modalities cannot be applied. Large case 
series and meta-analyses evaluating the role of EEG in brain death diagnosis 
have shown that an isoelectric pattern (activity < 2 μV sustained for at least 30 
minutes) correlates strongly with brain death [15,16]. The American Academy 
of Neurology (AAN) guidelines recognize EEG as an ancillary test, whereas some 
European countries (e.g., France) require EEG under specific circumstances as 
part of the mandatory diagnostic process [17,18]. In a large cohort reported 
by Young et al., the sensitivity of EEG for brain death diagnosis was found 
to be 85–90%, while specificity was nearly 100% [19] More recent studies 
have evaluated the use of ﻿continuous EEG and ﻿processed EEG techniques; 
however, these approaches are not yet widely adopted in routine brain death 
determination [20].

Overall, EEG remains a reliable supportive tool in the diagnosis of brain 
death, but results should always be interpreted in conjunction with clinical 
examination and other confirmatory tests.

8.12. EEG and Prognostication
In intensive care units, predicting the prognosis of critically ill patients is 

essential for guiding treatment strategies and supporting communication with 
the patient’s family. However, neurological examination is often unreliable 
due to the effects of sedative medications, neuromuscular blockers, metabolic 
abnormalities, and systemic instability.

EEG provides valuable information for prognostication, as it allows for 
direct and noninvasive assessment of ﻿brain function. Several EEG features have 
been shown to correlate strongly with neurological ﻿recovery potential, including:

•	 presence of ﻿EEG ﻿reactivity,
•	 burst-suppression patterns,
•	 low-voltage or isoelectric activity, and
•	 epileptiform discharges.
﻿qEEG techniques further enhance prognostic evaluation by simplifying 

the analysis of long-term recordings. These methods can help estimate level of 
consciousness, potential for neurological ﻿recovery, and the risk of secondary 
brain injury. Overall, EEG—both in its raw and processed forms—serves as 
a critical tool for predicting outcomes in critically ill patients and contributes 
significantly to individualized clinical decision-making in the ICU.
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