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Abstract

Post-traumatic stress disorder (PTSD) can be severe enough to interfere with patients’ daily life and can be associated with co-
occurring psychiatric disorders such as depression, anxiety, and substance abuse. PTSD diagnosis is still difficult because many
patients may not be willing to disclose their traumatic event, or the symptoms get confused with depression and/or substance
abuse. Current methods for diagnosis rely heavily on psychiatrist-patient subjective clinical examinations using standardized
questionnaire system. More recently, objective evaluation using electroencephalography (EEG) has been suggested as a better
method with higher consistency and accuracy. EEG-based findings can potentially better differentiate PTSD from its overlap with
other mental disorders. In this review, we will summarize the evolution of PTSD diagnosis, and how EEG and Brain View can

potentially improve the diagnostic field.
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Introduction

Posttraumatic stress disorder (PTSD) is no longer considered
an anxiety related disorder but has been reclassified as a trauma
and stress-related disorder. Diagnosing PTSD is difficult because
many patients may not recognize their symptoms, are not willing
to disclose the traumatic event experienced, or the symptoms that
present may be confused with other symptoms that co-occur with
PTSD such as depression and substance abuse. Subjective clinical
examination of PTSD using standard questionnaires has been the
primary method to diagnosis PTSD. More recently, objective asses-
sments such as electroencephalography (EEG) have emerged as a
new approach to diagnose PTSD.

EEG-based findings could greatly help in the diagnosis and tre

atment of PTSD patients because it would be more objective and
less symptom-based especially because PTSD symptoms overlap
with other mental disorders. Currently, Brainview by Medeia is
a new and novel EEG computer-based technology that has been
FDA-approved [1,2]. This improved technology is easy to use, uni-
versal, and can help aid in the management of brain health and dia-
gnostics of PTSD patients. In this review, we summarize the current
subjective and objective methods used to diagnose and evaluate
PTSD, discuss how these assessments are used to help manage
PTSD symptoms, summarize the changes that occur in electrical
activity in the brain of PTSD patients, and review Brainview as a
better EEG technology to diagnose and help treat PTSD.

@ @ This work is licensed under Creative Commons Attribution 4.0 License|A]BSR.MS.ID.002671


WWW.biomedgrid.com
WWW.biomedgrid.com
http://dx.doi.org/10.34297/AJBSR.2023.20.002671

Am ] Biomed Sci & Res

Posttraumatic Stress Disorder

PTSD was first recognized as the term “shell shock” during Wor-
Id War I and “combat fatigue” after World War II. In 1980, the term
PTSD was first introduced in the 3rd edition of the Diagnostic and
Statistical Manual (DSM) of the American Psychiatric Association
[3]. PTSD was originally recognized as ‘stress reactions’ and ‘anxiety
neurosis/transient situational disturbances.” After the Korean War,
DSM-I characterized PTSD as severe physical or emotional stress
that could turn into a chronic neurotic reaction. In 1968 DSM-II eli-
minated the idea of ‘stress reactions’ because this era was experien-
cing a time of global peace. However, when DSM-III was published
in 1980 the term PTSD emerged as a distinct clinical diagnosis whi-
ch resulted from the psychological trauma experienced by soldiers
during and after the Vietnam War [4]. Later DSM editions between
1987 and 2000 have refined and improved the diagnosis of PTSD.
The most current version of DSM is DSM-5 which was released in
March 2022 by the American Psychiatric Association. As of 2018,
the World Health Organization (WHO) published the 11th version
of the International Classifications of Diseases (ICD-11) which also
provides public health perspectives of PTSD and aids in the clinical
diagnosis of PTSD [5,6]. Both the criteria described in DSM and ICD-
11 are used by clinicians to aid in the diagnosis of PTSD.

Today, PTSD is recognized as a mental health disorder and is as-
sociated with significant distress, social anxiety, and emotional im-
pairment [7]. To be diagnosed with PTSD a person must experience
PTSD symptoms for longer than 1 month and the symptoms must
be severe enough to interfere with an individual’s daily life such as
their relationships or work. Symptoms of PTSD include avoidance,
reactivity, and mood swings. Co-current symptoms that can arise
with PTSD also include depression, anxiety, and substance abuse.
PTSD can last for several months or in more severe cases, it may
last for years. In some cases, PTSD can be triggered by memories of
a trauma that cause intense emotional and physical reactions. An
individual that experiences PTSD is at a higher risk of suicide and
intentional self-harm. The symptoms of PTSD in children and teens,
however, may be different than the symptoms experienced by adul-
ts. Children under the age of 6 may show signs of bed wetting, the
inability to talk, acting out the scary event experienced, or being
unusually clingy with a parent or another adult. Older children may
have guilt or act out in revenge. In most cases, PTSD is treated by
psychotherapy (counseling) and medications to manage symptoms.

PTSD is most common in Veterans because they are often expo-
sed to different traumas and the risk of PTSD varies depending on
the war zone, accidents, sexual assault, deployment, and training
accidents experienced. Although PTSD was first recognized in ve-
terans, it can occur in all people regardless of their ethnicity, natio-
nality, culture, or age. According to the National Center for PTSD,
about 12 million adults in the U.S have PTSD within a given year. Ap-
proximately 6 out of 100 people will experience PTSD at some point
in their lives. Women (8%) are at a greater risk for developing PTSD
compared to men (4%) and this is because women are more likely
to experience sexual assault and child abuse. Men are more likely
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to experience accidents, physical assault, combat, disaster, and
witness death compared to women. The National Center for PTSD
has found that approximately 5.5 million children and teens are
affected by PTSD. Most PTSD trauma in children and teens arises
from neglect (65%), sexual abuse (10%), psychological abuse (7%),
and physical abuse (18%). According to the American Psychiatric
Association, three ethnic groups in the U.S: Latinos, African Ame-
ricans, and American Indians have higher rates of PTSD compared
to other ethnic groups [8]. As of 2020, the National Center for PTSD
has recently recognized the effects of the Coronavirus Pandemic on
PTSD which led to increased fear of getting sick, concern over loved
ones, isolation, job loss, and family demands.

Diagnosing PTSD

PTSD can be diagnosed using two methods; subjective asses-
sments that rely on responses from patients during interview que-
stionnaires or objective assessments that rely on electrical signals
identified using electroencephalography (EEG).

Subjective Assessments

Subjective assessments are unstructured or structured inter-
views administered by a trained mental health professional. Some
subjective assessments can be used for self-diagnosing before se-
eking out a professional for a proper PTSD diagnosis. There are
several structured diagnostic interviews used for the subjective
assessment of PTSD including: the Clinician Administered PTSD
Scale (CAPS), the Structured Clinical Interview for DSM-IV (SCID),
PTSD symptom scale-interview (PSS-I), the composite internatio-
nal diagnostic interview (CIDI), the Generalized Anxiety Disorder
scale (GAD-7), and PTSD checklist (PCL) for civilians. The latter
two subjective assessments are often used for the self-diagnosis of
PTSD.

Since the 1990s, CAPS has been used to assess PTSD [9,10].
In 2017 CAPS was revised to CAPS-5 (the latest version of CAPS)
to correspond to the up-to-date PTSD criteria described in DSM-5
[11]. Weathers et. al., 2017 was the first study to use CAPS-5 to both
revise CAPS and use it to evaluate PTSD in two different samples of
military veterans. CAPS-5 is a structured 30 question interview that
takes approximately 30-60 minutes. There are three versions of
CAPS-5 that correspond to different time periods: past week, past
month, and worst month over a lifetime. There is also a CAPS-CA-5
version for children ages 7 and above. The CAPS-5 interview asses-
ses the 20 PTSD symptoms listed out in DSM-5 which are grouped
into several criteria to score PTSD symptoms of each patient: Crite-
rion (items 1-5), Criterion C (items 6-7), Criterion D (items 8-14),
and Criterion E (items 15-20). There is also a Criterion F and G
where F is met when a disturbance has lasted for one month and G
is met when the disturbance causes distress or functional impair-
ment. The questions asked during the interview target the onset
and duration of PTSD symptoms experienced by the patient and
evaluates the distress displayed by the subject while the patient is
answering each question. A few examples of the questions asked
during the interview includes: “In the past month, have you had
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any unwanted memories while you were awake?” or “How much do
these memories bother you?” If a patient is diagnosed with PTSD,
the CAPS test will be administered over periods of time to assess
whether symptoms since their previous CAPS test have improved.

SCID was first released in the 1980s as a semi-structured inter-
view for diagnosing mental disorders including PTSD [12]. SCID is
based around the criteria in DSM and SCID-5 has been refined and
available since 2013 to fit the current version of DSM-5 [13]. During
the interview process the patient is asked to describe the history of
their illness, past episodes of disturbances, treatment history, and
their current day to day function [14]. Diagnostic modules are used
to ask yes/no questions related to the diagnosis. Scoring of SCID
proceeds in stages and uses a decision tree approach to evaluate
a specific diagnosis and skip unrelated questions or entire diagno-
stic sections. Since the questions evaluate a broad range of mental
disorders, SCID can diagnosis symptoms that are co-current with
PTSD such as depression, anxiety, or substance abuse [15].

PTSD symptom Scale-Interview (PSS-1) is a 17-item interview
with the goal of assessing PTSD symptoms in the past month and
the frequency and intensity of those symptoms based on the 20-
DSM-5 PTSD symptoms. Patients are supposed to rate their symp-
toms on a scale of 0 to 4 where 0 indicates no symptoms experien-
ced and 4 is extreme symptoms experienced. The sum of the PTSD
symptoms for all 20 questions will yield a total PTSD severity score
that will range between 0-80 (80 being the most severe) [16].

The composite international diagnostic interview (CIDI)
was developed by WHO and has been used primarily for bipolar
spectrum disorders but has also been used for the diagnosis of
PTSD [17]. Using algorithms, CIDI provides both lifetime and cur-
rent diagnosis that is defined by DSM-IV. CIDI focuses on modules
during the interview process. Patients are asked questions regar-
ding sadness/depression, feelings of discouragement, and loss of
interest. If a patient answers yes to any of those questions they are
given a particular module focused on a particular topic [18]. The
Generalized Anxiety Disorder scale (GAD-7) is a frequent subjective
assessment used for the initial screening, diagnosing, and assessing
anxiety disorders including PTSD [19-22]. The assessment consists
of seven questions ranked on a scale of 0 to 3. A choice of 0 states
that the patient is not experiencing the symptom in the question
and a choice of 3 states that the patient is experiencing the symp-
tom nearly every day. A GAD-7 score is obtained by adding the sco-
re for each question. A higher score indicates more severe anxiety.
GAD-7 scores can range from 0 to 21 and cut-off scores for mild,
moderate, and severe anxiety are 5, 10, and 15 respectively.

The PTSD checklist has two versions, the civilian version
(PCL-C) and the military version (PCL-M). PCL-C is generally ap-
plied to a traumatic event experienced by an individual. The latest
version of PCL-C corresponds to DSM-5 [23]. This questionnaire is
a self-reporting scale for PTSD and contains 17 questions that cor-
respond to key symptoms of PTSD. Questions are often phrased if
the said symptom has bothered the patient in the past month, week,
or year etc. Patients indicate how much they have been bothered by
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a symptom using a 5-point scale (1 is not at all and 5 is extremely
bothered).

Objective Assessments using Electroencephalography

Standard interviews and questionnaires have been long establi-
shed and administered by clinicians for decades. Although they
are useful in a wide range of clinical settings, there are several
disadvantages of using a questionnaire-based approach because
words can be misinterpreted, objective and subjective biases can
arise, and there could be difficulties in assessing the severity of
symptoms [24]. The evaluation of symptoms that are gathered by
interviews and questionnaires can however provide a guide for
employing both neurocognitive tests and electroencephalography
(EEG) based methods.

Originally, EEGs were developed to understand rapid eye mo-
vement (REM) during sleep, but it can also be used to detect men-
tal illnesses that affect brain activity such as PTSD. Neuroscientists
have taken advantage of EEG methods for the diagnosis, prevention,
and treatment of PTSD [25]. EEG is a neuroimaging tool that uses
electrodes placed on the scalp to measure electrical activity from
the brain over time while the individual is in an uncontrolled resting
state or an active task session. The brain processes information by
electrical activity in the form of action potentials-nerve impulses
that are transmitted from neuron to neuron. EEG scanners measure
changes in electrical activity that are graphed over a period of time
to indicate the level or degree of activity in the brain.

EEG signals can be extracted and analyzed by either the fre-
quency domain or the time domain. The frequency domain records
continuous EEG signals as a function of frequency bands while the
patient is in an uncontrolled resting state-eyes closed or open, fo-
cusing their attention on a cross in the center of a computer screen
[25]. The four types of EEG patterns include: delta, theta, alpha, and
beta waves. Clinicians examine two wave patterns: amplitude (in-
tensity or size of an activity) and frequency (speed or quantity of an
activity). In the frequency domain analysis, Fast Fourier Transform
(FFT) is used to evaluate the range of frequencies occurring and
changes in the EEG patterns mentioned earlier. Alpha power is re-
corded in the left and right hemisphere to evaluate changes in cor-
tical activity. Frontal cortical activity is computed as F7, F3, F4, and
F8 while temporal/parietal activity is computed as T5, P3, P4, and
T6. These cortical activities are measured based on the placement
of the EEG electrodes along the scalp.

The time domain uses continuous EEG data that is segmented
into trials that are time locked to a particular response. Patients are
provided a stimulus such as visual or auditory that are either neu-
tral, elicit an emotional response, or induce trauma to study the at-
tention, stimulus evaluation, conflict processing, and memory. Each
trial is averaged together to evaluate the response toward the event
based on what is called event related potentials (ERPs). ERPs are
defined as the brain’s response to specific stimuli such as sensory,
cognitive, or motor. In patients with PTSD, studies often use ERPs
to focus on emotional processing abnormalities that are used to
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respond to the various stimuli presented. Additionally, ERPs have
been used to try to correct ways in which PTSD patients respond
to events presented to them that worsen their PTSD [25]. ERPs are
analyzed by looking at the differences in the amplitude and laten-
cy between stimulus conditions. ERP amplitude is the difference
between pre-stimulus (baseline) and the largest waveform peak
observed within a particular time frame to the stimulus onset.

EEGs have become a powerful tool in both diagnosing and tre-
ating PTSD. EEG recordings of the brain’s frontal asymmetry has
been considered a useful way to diagnose PTSD. Frontal asymmetry
is considered a biomarker of PTSD because changes in the emotions
and behaviors of those exposed to stressful situations can be de-
tected in this region of the brain [26]. Changes in frontal asymmetry
is the difference between the mean alpha band power between the
left and right frontal cortex over several minutes which is measu-
red by EEG. In the literature, there is debate about the degree to
which PTSD is associated with frontal asymmetry because changes
exhibited by PTSD patients are similar to those with depression or
other anxiety disorders. These similarities may make it increasin-
gly difficult to differentiate between PTSD or other psychological
illnesses. Second, the EEG data collected by the frontal asymmetry
region in PTSD patients is inconsistent. These inconsistencies could
be due to differences in the method used across studies [26]. For in-
stance, frontal asymmetry EEG results can differ when patients are
at a resting-state versus stimulated by visual cues. At resting-state,
EEG measurements failed to show any differences in frontal asym-
metry when PTSD patients were compared to controls. However,
in another study when patients were subject to emotional inter-
ventions such as showing patients pictures which aroused fear or
trauma, there were differences demonstrated in frontal asymmetry
[27]. The link between EEG frontal asymmetry and PTSD appears to
be promising at linking the neuropsychological abnormalities seen
in PTSD, however, frontal asymmetry by itself is not sufficient.

EEG recordings are beneficial at diagnosing and evaluating
PTSD during resting-state. In one study, resting state EEGs were
used to evaluate PTSD caused by blast exposure and mild trauma-
tic brain injury (TBI) in 147 veterans during Operation Iraqi Fre-
edom and Operation Enduring Freedom. During their evaluation,
each participant completed the PTSD checklist (PCL) and for 10 mi-
nutes, their resting-state EEG was assessed while their eyes were
closed. EEG recordings predicted some PTSD symptom factors in-
cluding avoidance and numbing when observing changes in patient
brainwave activity [28]. This study also highlighted that TBIs may
increase the risk of PTSD in veterans.

A second study demonstrated that sleep EEGs reveal brain bio-
marker activity in PTSD patients that could be utilized to determine
the presence and severity of PTSD symptoms [29]. EEG data du-
ring sleep and wake states was collected from approximately 76
veterans with and without PTSD. Brain coherence markers (BCM)
were calculated from EEG recordings to produce an index for PTSD
diagnosis as PTSDdx and PTSD severity as PTSDsev. These indexes
were used to compute differences in EEG recordings from PTSD
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versus non-PTSD veterans to determine PTSD markers.

Overall, EEGs are beneficial for diagnosing PTSD in a clinical
setting because it is (1) non-invasive, (2) has excellent temporal
resolution that can facilitate studying cognitive and emotional pro-
cesses, (3) has large-scale spatial resolution to pick up on where si-
gnals occur in the brain, and (4) mobile EEG systems are becoming
more readily available and accessible [25].

Techniques such as real-time EEG neurofeedback or using fun-
ctional magnetic resonance imaging (fMRI) concurrently with EEG
have been used to help patients reduce their PTSD symptoms and
restore brainwave responses. Real-time EEG neurofeedback is a te-
chnique that provides patients with a set of instructions to either
increase or decrease an activity within a certain frequency band at
a particular cortical region [30]. These activities are usually emo-
tional or cognitive strategies performed by the patient such as thin-
king about a positive memory or engaging in a particular task. Re-
al-time EEG protocols often focus on training related to the alpha/
theta brain wave ratio or alpha brain waves only. As the patient per-
forms their activity, EEG data is processed during the recording and
patients will immediately know whether they succeeded to change
their brain wave activity output [31,32].

Another technique is fMRI, an imaging method that detects
changes in the brain metabolism that results from changes asso-
ciated with task-induced cognitive state changes. Using fMRI with
EEG helps to enhance spatial targeting of neurofeedback to lower
hyperarousal symptoms experienced by PTSD patients [33-35].
For example, one study used EEG and fMRI to measure anxiety and
arousal in a group of 21 individuals that have PTSD resulting from
childhood abuse [35]. These individuals underwent 30 minutes of
EEG neurofeedback training followed by a resting-state fMRI scan.
For the first time, this study found a spontaneous EEG ‘rebound’
state after neurofeedback. This result demonstrated that there are
compensatory mechanisms operating in the brain to alleviate PTSD
related symptoms such as increased calmness.

Although fMRI is promising in examining PTSD, the procedure
is costly, complex to perform, and has a poor time resolution. EEG
techniques such as quantitative EEG analysis (QEEG) and low-re-
solution electrical tomographic analysis (LORETA) is less complex
and costly. Raw EEG data can be analyzed visually or by computeri-
zed QEEG analysis which is more reliable and valid. However, the is-
sue with QEEG analysis is that there are several studies with confli-
cting results. One study compared 18 unmedicated PTSD veterans
to 20 controls [36]. They found that PTSD patients had an increase
in theta power and beta activity with no significant difference for
delta and alpha activity. On the contrary, a second study measured
the alpha activity in a group of female veterans with and without
PTSD [37]. They found that there was higher alpha activity in the
right parietal lobe. Due to conflicts in existing literature for QEEG,
another possible EEG technique is using low-resolution electrical
tomographic analysis (LORETA). This technique mathematically
analyzes EEG signals over the scalp to determine their source wi-
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thin the brain’s cortex. The LORETA time resolution is considered
3-fold better than that of fMRI. One study used QEEG and LORETA
to compare EEGs differences between PTSD and control patients
[38]. QEEG did not detect any significant difference for the theta
band between PTSD and control groups. LORETA found that the
lower theta band was significantly lower in PTSD patients and that
the higher theta band had lower activity in the right and left frontal
lobes. This study demonstrates that combining QEEG and LORETA
methods may improve the resolution of EEG data analysis. Additio-
nally, LORETA could provide an important brain mapping techni-
que to detect changes in the neural network of patients with PTSD
which may go undetected when looking at QEEG alone.

Posttraumatic Stress and the Electrical Activity
of the Brain

The most reliable and suitable assessment of PTSD is looking
at the P300 (P3) wave because it is well documented and conveys
information about attention and working memory. P3 is an event
related potential associated with cognitive function in decision-ma-
king processes. The signal is measured most strongly by electrodes
covering the parietal lobe and the P300 refers to a spike detected
approximately 300ms following a target stimulus. The target stimu-
lus is then altered to create an ‘oddball’ paradigm which is most
commonly auditory. During the paradigm, the patient responds to
the infrequent target stimulus. The patient’s P300 response is ba-
sed on the devotion they give to the task and the degree of infor-
mation processing required. People with PTSD were found to have
an increase in P3a (involuntary attention) amplitude compared to
those that do not have PTSD when a trauma-related distractor was
used. P3b (voluntary attention) amplitude was also increased in
people with PTSD. When neutral distractions were used, the P3b
amplitude was reduced in people with PTSD compared to those
that did not have PTSD. Additionally, P3wm (working memory) was
reduced in the parietal region of those that have PTSD.

As mentioned previously, alpha, beta, delta, theta, and gamma
frequency bands are measured by objective assessments to as-
sess changes in the electrical activity of the brain in PTSD versus
non-PTSD patients [25]. The most studied frequency band is the Al-
pha band which looks at alpha power, peak frequency, asymmetry,
and connectivity. It has been said that having a higher alpha power
leads to the suppression of task-irrelevant processing. A decrea-
sed alpha power is a release from inhibition or degree of cortical
activation [39,40]. Patients with PTSD are said to have a lower al-
pha power [41,42] and higher alpha peak frequency [42,43] com-
pared to those that do not have PTSD. In one study, 184 EEG stu-
dies were reviewed that reported differences in frequency bands
in the resting state condition (eyes closed versus eyes open) [44].
This study observed these differences across a wide spectrum of
psychiatric disorders including PTSD. When eyes were closed there
was no significant difference detected in the delta, theta, alpha, or
beta bands. However, when eyes were open, PTSD patients showed
a significant decrease in all bands except the beta band. Magnitude
results for PTSD patients were reported to be 21-22% higher with
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eyes open for PTSD patients compared to eyes closed. Alpha brain
asymmetry looks at hemispheric differences of alpha band activity
using an EEG asymmetry score which is scored by subtracting left
from right alpha power. A positive score on the asymmetry metric
indicates increased activity within the left hemisphere. Negati-
ve scores indicate increased activity within the right hemisphere
[45,46]. Greater left activity is said to correspond to heightened
approach-related motivation/emotional response where greater
right activity reflects a more withdrawal response. PTSD patients
associate more with relative right frontal asymmetry [47]. Howe-
ver, EEG asymmetry results can be somewhat inconsistent. In one
study it was shown that boys who experienced increased trauma
had increased left frontal asymmetry rather than right symmetry
[48]. The same result was obtained for mixed gender studies [49].
It is suggested that these differences could be due sex differences,
depression linked with PTSD, recruitment of wrongful controls to
compare PTSD patients to, or differences in the trauma experien-
ced.

Beta bands correspond to an individual’s current cognitive or
motor state. An individual who is in an active conversation would
be in beta. Beta waves are high when a person is actively engaged
in a task. Beta waves can be split into three sections: low beta wa-
ves (12.5-16Hz, “Beta 1”), Beta Waves (16.5-20Hz, “Beta 2), and
High Beta Waves (20.5-28Hz, “Beta 3”). The Beta 2 band is useful in
helping diagnose PTSD and it is very common to see patients with
anxiety have an abnormal increase on Beta2 [50]. Excessive beta
activity can cause an individual to become tense, nervous, and swe-
aty. Physical symptoms present as sweaty palms and racing heart.
These symptoms are often associated with PTSD as many patients
with PTSD also experience an increase in anxiety levels. Generally,
a higher beta power is thought to be cognitive or behavioral inflexi-
bility [25]. There are conflicting findings regarding beta band oscil-
lations in those with PTSD. Two studies suggest that beta power is
negatively correlated in those with PTSD [42,51]. A separate study
reported that there are no differences in the beta band when com-
paring those with and without PTSD [52].

Delta band activity is associated with rapid eye movement du-
ring sleep [53]. In one study it was reported that delta band activity
has no differences between PTSD and non-PTSD patients [36]. On
the contrary, a second study demonstrated that there is a decrease
in delta sleep activity and endocrine response to metyrapone chal-
lenge in male subjects with PTSD [54].

Theta bands are neural oscillations that occur in the brain that
have to do with various aspects of cognition and behavior proces-
sing such as learning, memory, and spatial navigation. Again, resul-
ts for changes in the theta band for PTSD patients are mixed. There
are several studies that show higher theta power in PTSD patien-
ts that were exposed to trauma compared to non-PTSD patients
[36,55,56], other studies reported an opposite pattern where the
theta power in PTSD patients was lower [38,42], and other studies
report no differences in theta power [43,52]. Generally, patients
that experience PTSD have a cognitive decline because of alcohol
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abuse, depression, and anxiety. All these sub-related clinical con-
ditions are related to an increase on Theta and a decrease on alpha
brain waves [57,58].

Gamma bands are used for various cognitive processes and
multisensory stimulus. Two separate studies report on two diffe-
rent results, one study demonstrates that PTSD patients have lower
gamma bands [59] and another study shows that PTSD patients
have higher gamma bands [60].

Brainview

Brainview by Medeia is a new and novel EEG computer-based
technology that has been FDA-approved and can help aid in the ma-
nagement of brain health and diagnostics [1,2]. The Brainview sy-
stem is a software that acquires, displays, and stores electrical acti-
vity of the patient’s brain. The built-in software can assess multiple
EEG wave forms including alpha, beta, theta, and gamma frequen-
cy bands during resting state. The patient is required to wear an
electrode cap as they take a cognitive assessment test that obtains
EEG recordings by scoring their brain’s performance on memory,
attention, information processing, and executive function. The test
is approximately 25 minutes and is non-invasive. The output pro-
vided by the system is a neuro-functional physiology report of the
results, data summary, raw data, and images. The purpose of Brain-
view was designed to help both the physician and patient with their
diagnosis. Additionally, Brainview can help measure biomarkers re-
lated to PTSD that can aid in the diagnosis of a patient experiencing
PTSD symptoms. Before Brainview was invented, EEG technology
was not portable, the software was complicated and not practical
to use in a medical practice. Brainview is a more ideal EEG method
because it can be used by primary care physicians rather than spe-
cialty physicians only.

Brainview has been used recently to investigate two age groups
with PTSD and compare them to individuals without PTSD. These
age groups include 38 patients in the age group 17-35 years old
and 55 patients in the age group 30-60 years old. In the PTSD age
group from 17-35 years old with eyes closed, we have found that
there is a difference in: the Alpha2 (10-12Hz) Z-Score increasing
with a sensitivity of 62.63 and specificity of 59.81, the Alpha/Beta2
ratio increasing with a sensitivity of 61.07 and specificity of 62.45,
the Betal/Beta2 ratio increasing with a sensitivity of 59.33 and
specificity of 67.86, the BetaZa Z-score increasing with a sensitivi-
ty of 68.83 and specificity of 61.24, the Beta2 /Beta3a ratio increa-
sing with a sensitivity of 61.61 and specificity of 58.32, the Beta2/
Beta3 ratio increasing with a sensitivity of 61.91 and specificity of
57.55, the Beta2 Z-Score increasing with a sensitivity of 61.80 and
specificity of 62.08, and the Theta/Beta3a ratio increasing with a
sensitivity of 51.21 and specificity of 50.78. In the same age group
with eyes open, we have found there is a difference in: Betal/Beta2
ratio increasing with a sensitivity of 59.59 and specificity of 60.87,
Beta2 Z-Score increasing with a sensitivity of 59.79 and specificity
of 59.20, Beta3 relative power increasing with a sensitivity of 60.53
and specificity of 59.64, and Thetal/Beta2 ratio increasing with a
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sensitivity of 59.38 and specificity of 60.10.

In the PTSD age group from 30-60 years old with eyes closed,
we have found that there is a difference in: the Alpha Z-Score incre-
asing with a sensitivity of 62.45 and specificity of 58.45, the Betal/
Beta2 ratio increasing with a sensitivity of 58.75 and specificity
of 58.25, the BetaZa/Beta2b ratio increasing with a sensitivity of
69.03 and specificity of 65.53, the Beta2a Z-score increasing with a
sensitivity of 57.85 and specificity of 57.24, the Beta2 /Beta3a ratio
increasing with a sensitivity of 61.70 and specificity of 61.16, the
Beta2/Beta3 ratio increasing with a sensitivity of 59.95 and specifi-
city of 59.80, the Beta2b relative power increasing with a sensitivity
of 67.10 and specificity of 61.56, the Beta2b Z-score increasing with
a sensitivity of 67.67 and specificity of 63.47, the Beta3a relative
power increasing with a sensitivity of 63.28 and specificity of 60.74,
the Beta3a Z-Score increasing with a sensitivity of 64.65 and spe-
cificity of 63.94, the Beta3 Z-Score increasing with a sensitivity of
63.84 and specificity of 62.67, and the Theta3 relative power incre-
asing with a sensitivity of 60.07 and specificity of 65.06.

Currently, a clinical study is planned to be conducted betwe-
en 2022-2023 using the Brainview QEEG technology, sponsored by
Medeia Inc. This study is aimed at demonstrating both the safety
and efficacy of EEG Normative Database measurement technology.
Data will be collected from 4,000 patients ages 2 to 95 from various
neurology offices using Brainview QEEG as a standard diagnostic
tool over the last 5 years. During this study, patients will be requi-
red to wear an EEG electrode cap to document their brain activity
results and they will answer neuropsychological questions. Medeia
Inc will receive these de-identified questionnaires and BrainView
EEG results to determine whether BrainView results correlates
with clinical diagnosis.

Conclusion

Diagnostic techniques for PTSD have evolved with the develop-
ment of multiple psychometric instruments, including CAPS, SCID,
PSS-1, CIDI, GAD-7, and PCL for civilians. Most of these instruments
required clinician for administration and subjective interpretation,
with the exception of GAD-7 and PCL that can be self-administe-
red and interpreted by the patients. The reliance on subjective tests
however means the possibility of missing diagnosis, especially with
the frequently co-occurring depression, anxiety, or substance use
disorder in these patients. As a more objective instrument, EEG use
has been developed to diagnose and differentiate PTSD from other
psychiatric disorders. BrainView EEG system is the most current
attempt at improving the sensitivity and specificity of EEG for this
use.
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