
Electroencephalogram 
(EEG): Changing How We 
Optimize Patient Safety 
and Comfort in Real-time

INTRODUCTION 
Brain function monitoring systems, such as the 
electroencephalogram (EEG), are vital tools for anesthesia 
providers to track brain activity and assess the depth of 
general anesthesia. By capturing real-time data, innovative 
EEG systems produce waveforms that reflect the brain’s 
electrical activity during both awake and deep anesthetic 
stages. These waveforms can be interpreted by analyzing 
their amplitude and frequency, with different colors used 
to visually represent varying levels of activity. The four 
most common waveforms measured are alpha, beta, theta, 
and delta waves. These monitoring systems involve placing 
electrodes on both sides of the patient’s forehead to capture 
bilateral brain electrical activity (EEG) signals. As an adjunct 
to vital signs and clinical assessment, the sophisticated 
monitor provides a quantitative value to determine the depth 
of general anesthesia and prevent intraoperative awareness. 
(Niedermeyer & da Silva, 2004) 

TYPES OF ELECTROENCEPHALOGRAM 
(EEG) WAVE FORMS
The four primary EEG waveforms—alpha, beta, theta, and 
delta—represent different brain activity states and are 
categorized based on frequency and associated mental 
states (See Figure 1). The waveforms are measured in Hertz 
(Hz), which is defined as the unit of frequency, representing 
the number of cycles per second of a wave. For example, 
Alpha waves, representing 8- 12 Hz, indicate that the brain’s 
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electrical activity cycles 8-12 times per second. Each person’s 
brain functions differently, with brain waves operating at 
varying frequencies, so knowing the frequency at which 
a patient’s brain is operating matters. Each frequency 
is associated with various states of brain function and 
consciousness. (NHA Health, n.d.) 

Alpha waves are associated with a calm, relaxed, and 
meditative state of mind. They primarily originate from 
the occipital and parietal regions of the brain, which 
are responsible for sensory processing and perception 
(Niedermeyer & da Silva, 2004). The occipital lobe, located 
at the back of the brain, is responsible for visual processing. 
It interprets depth, distance, and position, and recognizes 
observed objects. Alpha waves are often strongest in this 
region, particularly when a person is awake but relaxed. The 
parietal lobe, situated behind the frontal lobes near the top 
and back of the brain, processes sensory information related 
to touch and spatial awareness. Alpha waves are also present 
in this region.

Beta Waves (12-30 Hz) have a higher frequency and are linked 
to increased alertness, anxiety, or heightened excitement 
(Teplan, 2002). Beta waves are primarily found in the frontal 
and parietal lobes of the brain. 

Theta Waves (4-8 Hz) are most observed during light sleep 
and deep relaxation, and they are often associated with 
creativity and subconscious processing (Klimesch, 1999). In 
the early stages of sleep (Stage 1 & 2 non-REM sleep), theta 
waves are primarily found in the following brain regions: the 
hippocampus, frontal lobe, anterior cingulate cortex, temporal 
lobes, and thalamus. 

Delta Waves (0.5-4 Hz) are the slowest brain waves, typically 
occurring during deep sleep, playing a 
critical role in physical restoration and 
brain recovery (Steriade & McCarley, 
2005). Delta waves are found in 
the following brain regions: The 
hippocampus, frontal lobe, anterior 
cingulate cortex, temporal lobes, and 
thalamus. 

Clear identification of EEG waveforms 
enables specialists to understand brain 
function more effectively and is widely 
utilized in both clinical and academic 
settings to evaluate neurological 
and psychological conditions. The 
brain regions observed are known as 
the occipital and parietal regions of 
the cerebral cortex. They play a crucial role in 
interpreting sensory information. 

PATIENT STATE INDEX
A patient state index (PSI) is generated from an algorithm 
that processes waveform signals, providing a numerical value 

between 0 and 100 (See Figure 2). A PSI of zero indicates 
no brain activity, while a PSI of one hundred indicates full 
consciousness. The PSI is continuously calculated throughout 
the surgical procedure, providing anesthesia providers with 
a constant stream of information to maintain the appropriate 
level of sedation and ensure patient safety (Sukumar & Wright, 
2020).
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Figure 1. An illustration of the four EEG waveforms: 

alpha, beta, theta, and delta waves, with labeled graphs 

showing their unique frequencies and amplitudes.

Figure 2: Image of Patient State Index (PSI) numerical value and 

its relationship to EEG waveforms indicating brain activity levels.
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CLINICAL IMPLICATIONS
EEG monitoring can differ based on age and medical conditions, providing 
different clinical implications (Kurtz et al., 2014). However, it benefits both 
pediatric and adult populations, providing valuable information about brain 
activity in various clinical settings (Ching et al., 2013). EEG monitoring has 
been used to diagnose and manage neurological conditions such as epilepsy, 
developmental disorders, and some sleep abnormalities in children outside 
of the operating room (Smith, 2015). This underscores the empowering role of 
EEG monitoring in clinical anesthesiology (Brown et al., 2010). Due to ongoing 
brain development and differences in body size, pediatric readings can differ 
from those of mature adults (Cornelissen et al., 2015). 

In contrast, interpreting the EEG of a pediatric patient can be more challenging 
due to their size and ongoing brain maturation (Johnson et al., 2012). For 
infants and children undergoing general anesthesia, EEG monitoring provides 
trending data to monitor sedation depth and titration of general anesthesia 
medications. With increasing evidence for apoptosis (cell death) of premature 
brain cells and metabolism of general anesthetics in infants and children, 
EEG monitoring can decrease opioid and benzodiazepine administration and 
enhance adequate intravenous titration of hypnotic and inhaled halogenated 
agents to reduce intraoperative awareness and morbidity. (Fink et al., 2017).

INTRAOPERATIVE AWARENESS
The incidence of intraoperative awareness under general anesthesia (GA) is 
reported to be between 1 and 2 per 1,000 patients, or 0.1-0.2% (Bischoff & 
Rundshagen, 2011). EEG monitoring is utilized primarily to assess the depth 
of anesthesia, prevent intraoperative awareness, and manage patients with 
neurological conditions. One of the primary uses of EEG in adult anesthesia 
is to monitor the depth of sedation. EEG-derived indices, such as the PSI, 
Bispectral Index (BIS), and Entropy, help anesthesia providers maintain 
adequate anesthesia, reducing the risks of awareness or inadequate sedation. 
These waveforms reflect the brain’s electrical activity and guide the titration 
of continuous intravenous hypnotic infusions (Rampil, 1998).

Intraoperative awareness, or being conscious under general anesthesia, is 
preventable and can cause emotional and psychological distress for patients. 
Ghoneim, M. M., & Block, R. I. (2012). Patients with preexisting neurological 
disorders (epilepsy, traumatic brain injury, and/or stroke) are at increased 
risk for cognitive dysfunction. Therefore, EEG is beneficial for assessing brain 
activity and function. 

CONCLUSION:
In conclusion, EEG monitoring during anesthesia significantly enhances patient 
safety monitoring in the operating room. EEG enables anesthesia providers to 
accurately assess sedation levels by continuously monitoring brain wave activity, 
thereby reducing the risk of intraoperative awareness. The different brain wave 
patterns recorded—alpha, beta, theta, and delta—provide supplemental data 
on levels of consciousness, facilitating patient-focused anesthesia management, 
particularly for pediatric patients. In addition to diagnosing neurological 
conditions, applying EEG monitoring in conjunction with the American Society of 
Anesthesiologists’ standard of care can be a vital step forward in delivering safer 
and evidence-informed clinical management. 
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QUIZ 1

Continuing Education Quiz

1. What is the primary purpose of EEG monitoring in 
anesthesia? 

A)  To monitor heart rate 
B)  To assess the depth of general anesthesia 
C)  To control blood pressure 
D)  To administer medications 

2. Which EEG waveform is associated with deep sleep 
and brain recovery? 

A)  Alpha waves 
B)  Beta waves 
C)  Theta waves 
D)  Delta waves

3. Where are alpha waves most commonly generated 
in the brain? 

A)  Occipital and parietal lobes 
B)  Frontal and temporal lobes 
C)  Hippocampus and amygdala 
D)  Brainstem and cerebellum 

4. What PSI (Patient State Index) value indicates full 
consciousness? 

A)  0 
B)  50 
C)  75 
D)  100 

5. Which EEG waveform is commonly seen during light 
sleep and deep relaxation? 

A)  Alpha 
B)  Theta 
C)  Beta 
D)  Delta 

6. What is the reported incidence rate of intraoperative 
awareness under general anesthesia? 

A)  0.1–0.2% 
B)  1–2% 
C)  3–4% 
D)  Less than 0.01% 

7. What unit is used to measure EEG wave frequencies? 
A)  Watts 
B)  Volts 
C)  Hertz (Hz) 
D)  Joules 

8. Which EEG monitoring index is used to assess 
anesthesia depth and reduce awareness risk? 

A)  ECG 
B)  MRI 
C)  PSI 
D)  CT 

9. Which of the following is a benefit of EEG 
monitoring in pediatric patients? 

A)  Increases medication dosage 
B)  Replaces the need for anesthesia 
C)  Helps adjust sedation levels appropriately 
D)  Prevents brain development 

10. According to the article, what brain areas are 
associated with delta wave generation? 

A)  Occipital lobe and cerebellum 
B)  Temporal lobe and brainstem 
C)  Hippocampus, frontal lobe, anterior cingulate cortex,  

temporal lobes, and thalamus 
D)  Visual cortex and amygdala

To test your knowledge on this issue’s article, provide correct answers to the following  
questions on the form below. Follow the instructions carefully.
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Continuing Education Quiz

ACHIEVE 80% IN THIS QUIZ TO EARN ONE (1) CONTINUING EDUCATION CREDIT.

To apply for Continuing Education/ 
Contact Hours:
1) Provide all the information requested on this form.

2) Provide correct answers to this issue’s quiz in  
     the box to the right

3) Mail this form along with $10 Member or  
     $20 Non-Member 
    (check or money order, payable to ASATT) to:   
    ASATT 
    6737 W Washington St, Ste 4210 
    Milwaukee, WI 53211 

Name:         

ASATT Number:        

Street Address:        

      

Phone Number:    

City:           State:       Zip:    

Signature:           Date:    

1. A   B   C   D

2. A   B   C   D

3. A   B   C   D

4. A   B   C   D

5. A   B   C   D

6. A   B   C   D

7. A   B   C   D

8. A   B   C   D

9. A   B   C   D

10. A   B   C   D

The answers to the Spring 2025 "Electroencephalogram 
(EEG): Changing How We Optimize Patient Safety and 
Comfort in Real-time" Quiz 1 are: (circle answers)
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