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The integration of continuous electroencephalography (cEEG) into the intensive care unit (ICU) has revolutionized 

the management of critically ill patients with primary or secondary neurological insults. As highlighted in the 

seminal work by Lawrence J. Hirsch and Richard P. Brenner, The Atlas of EEG in Critical Care, the transition

from episodic routine EEG to continuous monitoring has bridged a critical gap in neuro-diagnostics. This evolution

allows for the real-time detection of non-convulsive seizures (NCS), non-convulsive status epilepticus (NCSE), and

subtle shifts in cerebral metabolism that precede irreversible tissue damage. To understand the technical depth of

this field, one must examine the intersection of neurophysiology, signal processing, and clinical semiology.

The Theoretical Framework of ICU EEG Monitoring

Electroencephalography in the critical care setting serves as a functional neuroimaging tool. Unlike anatomical 

imaging (CT or MRI), EEG provides a continuous assessment of cerebral cortical activity with millisecond temporal 

resolution. In the context of the critically ill brain, neurophysiological signals are often distorted by metabolic 

derangements, sedative medications, and the presence of structural lesions. The core mechanism of EEG involves 

the recording of excitatory and inhibitory postsynaptic potentials generated by pyramidal cells in the cerebral cortex. 

In the ICU, these signals are leveraged to monitor the Ictal-Interictal Continuum (IIC), a diagnostic gray zone

where patterns are neither clearly ictal nor clearly interictal but may nonetheless contribute to neuronal injury.

Neurophysiological Signal Acquisition and Engineering

Signal acquisition in the ICU faces significant engineering challenges. Unlike a controlled laboratory environment,

the ICU is electrically "noisy." Technical writers and clinicians must account for the following parameters in signal

processing:

•  Input Impedance: Maintaining low and balanced electrode impedances (typically &lt; 5 k:’’�—2��� amount to 

minimizing common-mode interference.

•  Sampling Rate: Modern systems utilize sampling rates of 256 Hz to 512 Hz or higher to ensure high-fidelity 

capture of rapid oscillations.

•  Common Mode Rejection Ratio (CMRR): High CMRR values (often &gt; 100 dB) are required to filter out 

environmental electrical noise from ventilators, infusion pumps, and dialysis machines.

ACNS Standardized Nomenclature: A Technical Breakdown

The American Clinical Neurophysiology Society (ACNS) developed a standardized nomenclature to reduce 

inter-rater variability in the interpretation of ICU EEG. This system is heavily emphasized in the Hirsch and Brenner 

Atlas and relies on a hierarchical classification of patterns based on morphology, distribution, and periodicity.

Core Descriptive Terms

The technical assessment of a pattern follows a specific logic: [Main Term 1] + [Main Term 2] + [Modifiers] .

•  Term 1: Localization. This refers to the spatial distribution of the pattern. Examples include Generalized (G), 

Lateralized (L), Bilateral Independent (BI), and Multifocal (Mf).

•  Term 2: Pattern Morphology. This describes the wave shape and recurrence. Key terms include Periodic 



Discharges (PDs), Rhythmic Delta Activity (RDA), and Spike-and-Wave/Sharp-and-Wave (SW).

•  Modifiers: These include frequency (Hz), amplitude, and prevalence (e.g., "continuous" vs. "abundant").

Comparison Matrix of Common ICU EEG Patterns



Pattern Type ACNS Terminology Clinical Correlation Risk of Seizure

Generalized Periodic 
Discharges

GPDs Toxic-metabolic 
encephalopathy, hypoxia, 
post-anoxia.

Low to Moderate

Lateralized Periodic 
Discharges

LPDs Acute focal injury (stroke, 
tumor, encephalitis).

High (50-90%)

Lateralized Rhythmic Delta 
Activity

LRDA Focal cortical dysfunction, 
often associated with 
structural lesions.

Moderate

Bilateral Independent 
Periodic Discharges

BIPDs Multifocal injury, severe 
encephalopathy.

Very High

Technical Analysis of the Ictal-Interictal Continuum (IIC)

The Ictal-Interictal Continuumrepresents one of the most complex areas of critical care EEG. Patterns on the IIC

do not meet formal criteria for seizures but are sufficiently concerning that they may warrant aggressive anti-seizure

medication (ASM) therapy. The technical criteria for "potentially ictal" patterns include frequencies &gt; 2.5 Hz or

patterns with evolving morphology or spatial distribution.

Mathematical Models of Periodicity

Periodicity in EEG is defined by the regular recurrence of a waveform with a consistent inter-discharge interval. 

Mathematically, this can be analyzed via Autocorrelation Functions or Fast Fourier Transforms (FFT) . In the

ICU, a discharge is considered periodic if the variation in the inter-discharge interval is less than 50%.

Understanding this mathematical precision allows clinicians to differentiate between random background slowing

and organized, potentially pathogenic discharges.

Quantitative EEG (qEEG) and Trend Analysis

A significant advancement in neurocritical care is the use of Quantitative EEG (qEEG). Manual review of 24 hours

of raw EEG data is labor-intensive and impractical for real-time monitoring. qEEG transforms the raw signal into

visual trends using digital signal processing algorithms.

Key qEEG Tools

1.  Color Spectrograms: Utilize FFT to display power at various frequencies over time. An "ictal flame" or a 

sudden increase in high-frequency power often signals the onset of a non-convulsive seizure.

2.  Amplitude-Integrated EEG (aEEG): Provides a filtered and compressed view of the peak-to-peak amplitude, 

useful for detecting bursts and suppression patterns.

3.  Asymmetry Indices: Calculate the power difference between hemispheres, which is vital for early detection of 

ischemic stroke or evolving intracranial hemorrhage.

Algorithm for Seizure Detection

The technical workflow for automated seizure detection involves:

•  Band-pass Filtering: Removing physiological artifacts (e.g., EKG, EMG).

•  Feature Extraction: Identifying spikes, rhythmicity, and amplitude shifts.

•  Classification: Utilizing machine learning models (e.g., Random Forests or Neural Networks) to compare the 



extracted features against known ictal templates.

Clinical Application: Stroke, Seizures, and Encephalopathy

The application of EEG monitoring, as detailed in the Atlas of EEG in Critical Care, varies significantly depending

on the underlying pathology. Clinicians must tailor their diagnostic approach based on the suspected etiology.

1. Ischemic Stroke and Vasospasm

In patients with subarachnoid hemorrhage (SAH), cEEG is used to monitor for delayed cerebral ischemia (DCI). A 

technical decrease in the Alpha-Delta Ratio (ADR)—the ratio of power in the alpha band (8-13 Hz) to the delta

band (1-4 Hz)—is a highly sensitive marker for reduced cerebral blood flow, often preceding clinical symptoms or

changes on CT perfusion.

2. Non-Convulsive Status Epilepticus (NCSE)

NCSE is a true neurological emergency. The diagnosis relies on the Salzburg Criteria or the Young Criteria,

which integrate EEG patterns with clinical response to fast-acting ASMs (e.g., benzodiazepines). If the EEG shows

rhythmic discharges &gt; 2.5 Hz or a clear response to ASM (improvement in EEG and clinical state), NCSE is

confirmed.

3. Hypoxic-Ischemic Brain Injury (HIBI)

Post-cardiac arrest patients often exhibit specific EEG signatures such as Burst Suppression or Highly 

Epileptiform Patterns. The technical distinction between a "benign" suppression and a "malignant" one (e.g.,

suppression with periodic discharges) is critical for neuroprognostication. Hirsch and Brenner emphasize that a

"flat" EEG is not always terminal if the patient is under heavy sedation, necessitating careful pharmacokinetic

consideration.

Practical Implementation: Establishing an ICU EEG Program

Implementing a high-level EEG monitoring service requires a multidisciplinary approach combining technical

expertise and clinical workflow optimization.

Staffing and Infrastructure Requirements

•  Neurodiagnostic Technologists: Required for electrode application, maintenance, and initial screening of 

records.

•  Remote Monitoring: Secure, high-speed data transmission for real-time review by neurologists.

•  Integrated Video: Synchronized video-EEG is essential for differentiating physiological artifacts (e.g., patient 

movement, nursing care) from genuine cerebral events.

Step-by-Step Procedure for Electrode Placement in the ICU

1.  Skin Preparation: Use of abrasive gel to ensure low impedance, taking care to avoid skin breakdown in long-

term monitoring.

2.  Electrode Selection: Subdermal needles (for rapid application) vs. gold disks (for long-term stability) vs. 

plastic-covered electrodes (MRI compatible).

3.  Montage Selection: Use of the Longitudinal Bipolar (Double Banana) montage for focal detection or 

Referential montages for amplitude assessment.

Troubleshooting and Artifact Mitigation

The ICU environment is rife with artifacts that can mimic ictal activity. Senior technical writers and clinicians must



be adept at identifying these "pseudoseizures" to avoid unnecessary and potentially harmful overtreatment.

Common ICU Artifacts

•  Ventilator Artifact: Rhythmic movements of the head or chest synchronized with the ventilator can appear as 

delta-frequency rhythmic activity.

•  Sweat Artifact: High-amplitude, slow-wave baseline sways caused by changes in electrode-skin potential.

•  Erectile/EKG Artifact: Sharp transients synchronized with the QRS complex on the EKG monitor.

Mitigation Strategies

Technical solutions include the use of Notch Filters (50/60 Hz), High-Pass Filters (typically set to 1 Hz to reduce 

sway), and Independent Component Analysis (ICA)to mathematically isolate and remove non-cerebral signal

sources.

The Future of Critical Care EEG

As we move beyond the foundational principles established in the Atlas of EEG in Critical Care, the field is trending 

toward Artificial Intelligence (AI) and Big Data. Deep learning algorithms are currently being trained on massive 

datasets to provide automated, real-time alerts for IIC patterns. Furthermore, the integration of EEG with other 

neuromonitoring modalities, such as Intracranial Pressure (ICP) and Brain Tissue Oxygenation (PbtO2) , will

allow for a more holistic "multimodal" understanding of the critically ill brain.

The shift toward standardized terminology, advanced signal processing, and integrated clinical workflows has

elevated EEG from a niche laboratory test to a vital sign for the brain. The technical rigor required for interpretation,

as documented by Hirsch and Brenner, ensures that clinicians can make rapid, evidence-based decisions to

improve patient outcomes in the most challenging medical scenarios. By mastering the nuances of signal

acquisition, pattern recognition, and qEEG trends, the modern neurointensivist is equipped to protect the brain

through every stage of critical illness.
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