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Summary: Visual displays of quantitative EEG, consisting of
mathematical processing of EEG signals for graphical display, are
powerful tools to enhance review of raw EEG. Quantitative EEG
is widely used for seizure detection and for delayed cerebral
ischemia detection, and it improves efficiency of long-term
monitoring review. Here, we review the signature “footprints” of
periodic and rhythmic patterns on quantitative EEG. While

changes in the frequency and rhythmicity shown on quantitative
EEG can highlight these patterns, review of raw EEG to evaluate
and confirm the pattern is vital.
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Advances in computing power have put spectral analysis tool at
the fingertips of electroencephalographers, with quantita-

tive EEG (QEEG) displays available within EEG software or in
integrated add-on software such as Persyst (Prescott, AZ).
Persyst is currently the most widely used software in this realm
and is the focus of this review. QEEG, which is “the
mathematical processing of digitally recorded EEG in order
to highlight specific waveform components, transform the
EEG into a format or domain that elucidates relevant
information, or associate numerical results with the EEG data
for subsequent review or comparison,”1 has been performed
since the 1940s.2 Examples of QEEG tools include the
spectral power analysis, measures of rhythmicity, measures of
peak power, and measures of coherence. Another advantage of
QEEG is that it enables the reader to compress the EEG in the
time domain, thus allowing for easier identification of both
sudden changes from background and slowly developing
trends.

USES OF QEEG
QEEG has primarily been used clinically for the review of

long-term EEG monitoring and seizure detection and monitoring
for delayed cerebral ischemia (DCI).

QEEG can be used to enhance the accuracy and efficiency
of raw EEG review; Moura et al.3 found that spectrogram-
guided screening of EEG had a sensitivity of 88% to 100% for
seizure and other ictal–interictal pattern detection compared
with raw EEG reading, and it reduced EEG review time by
78%. Swisher et al.4 found that review of QEEG alone yielded
a sensitivity of 87% and specificity of 61% for seizure
detection among neurophysiologists and intensive care unit
nurses, and they concluded that QEEG is a tool that may be
used for screening by nonneurologists and specialists. Haider
et al.5 found a somewhat lower sensitivity for seizure

detection of 51% to 67% in QEEG-only review, and higher
sensitivity of 63% to 68% when QEEG was combined with
raw EEG.

DCI is a major cause of morbidity and mortality of
patients who survive ruptured aneurysm leading to subarach-
noid hemorrhage. Vasospasm occurring 3 to 14 days after
hemorrhage can lead to ischemia and infarction. In 1997,
Vespa et al.6 described that the relative alpha variability, that
is, the “excursions from baseline occurring . of greater than
15% of the median value” in the alpha-range frequency band is
reduced in patients with DCI. In most cases, the reduction in
relative alpha variability preceded the clinical diagnosis of
vasospasm, by a mean of 2.9 days. Claassen et al.7 found that
in patients with poor-grade subarachnoid hemorrhage, the
alpha/delta ratiodthe ratio of total power in the alpha and
delta frequency bandsdwas reduced (as measured after an
alerting stimulus) in patients with DCI. A single reduction of
.50% or consecutive reductions in 6 hours of .10% were
predictive of DCI. A systematic review in 2013 of 6 studies
found that changes in QEEG parameters had a specificity of up
to 90% and specificity of up to 75%, with reported positive
predictive value of up to 76% and negative predictive value of
up to 100%.8 Some centers now perform continuous EEG
monitoring on poor-grade subarachnoid hemorrhage patients
for up to 10 days after hemorrhage to identify trends and
detect seizures.

TYPES OF PANELS

Fast Fourier Transform
One commonly used display of QEEG information is the

spectrogram produced with a fast Fourier transform (FFT),
a type of compressed spectral array (CSA). Raw EEG signals
can be broken down and approximated by a combination of
sine waves of different frequencies.9 Each frequency has
a corresponding power (squared average of the amplitude) for
each point in time that, when added, produces the raw EEG
(generally, the phase information is ignored). This can be
displayed visually using color or signal intensity to corre-
spond to the power in each frequency, which can be plotted
along the y-axis, with time epochs plotted along the x-axis
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(Fig. 1A). This display allows efficient compressed visuali-
zation of many minutes or hours of EEG data and allows for
comparison of the relative power in different frequency bands
(alpha, delta). Changes over time in power related to state
changes or seizures can be identified and the corresponding

raw EEG reviewed.10 The FFT CSA can be displayed for all
electrodes, for left and right hemispheres separately, or for
chosen subsets of electrodes. The utility of FFT for periodic
discharges comes from the fact that they often dominate
the raw EEG. The strength of the FFT panel lies in

FIG. 1. Example panels of fast Fourier transform (A)
and rhythmicity spectrogram (B).

FIG. 2. Example of generalized rhythmic delta
activity on raw EEG (top) and QEEG (bottom).
Dashed line indicates the location of raw EEG
epoch on QEEG. Note that the delta band is
most prominent in the fast Fourier transform
panel even before the onset of generalized
rhythmicity. While there is an increase in the
delta power as generalized rhythmic delta
activity begins to dominate the record, the
change is also dramatic in the rhythmicity
spectrum.
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highlighting the dominant frequencies and thus highlighting
the periodic pattern. FFT will draw attention to frequency
bands that show more or less rhythmicity, and it is therefore
not a specific tool for the evaluation of rhythmic or periodic
runs.

Rhythmicity Spectrogram
Persyst, Inc, provides a proprietary QEEG tool displaying

a measure of the power of the rhythmic EEG component at each
frequency for a given time point.11 Here, rhythmicity is an
invariance of frequency in the peak power of the EEG (i.e.,
repetition of patterns12). As with FFT, the frequency is most
commonly displayed along the y-axis, with time along the x-axis
(Fig. 1B). Because rhythmicity is a variable influencing the
appearance of the panel, the rhythmicity spectrogram can become
a very useful tool for the evaluation of rhythmicity and
periodicity. Rhythmicity is also increased in seizures but may
have a characteristic increasing or decreasing pattern as the
seizure accelerates or decelerates.

Other Panels
Persyst is capable of displaying EEG data in other panels

that focus on asymmetry, ratios and trends, or deviations from
background. Examples of indications for which this may be
useful include evaluation of perfusion (asymmetries and
frequency ratio changes displayed as trends), burst suppres-
sion (burst suppression ratio trends), and neonatal EEG after
hypoxic ischemic injury (sleep cycle and seizure detection
using amplitude integrated EEG). Typically, these types of
panels do not lend themselves to the evaluation of rhythmic
and periodic discharges, and they are therefore not a focus of
this review.

THE “SPECTRAL FOOTPRINTS” OF RHYTHMIC AND
PERIODIC PATTERNS

The increasing use of continuous video EEG in the
intensive care unit has led to an awareness of patterns on the

FIG. 3. Example of left-sided lateralized
rhythmic delta activity on raw EEG (top) and
QEEG (bottom). Dashed line indicates the
location of raw EEG epoch on QEEG. Note
that the fast Fourier transform shows less
asymmetry at that time point than the
rhythmicity spectrogram in a recording
where the most prominent background
frequency is delta, albeit with a more
rhythmic component over the left
hemisphere. The lateralized rhythmic delta
activity subsequently resolves, and the
increased left-sided rhythmicity disappears in
the latter two-thirds of the panel.
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ictal–interictal spectrum (Hirsch et al., 2004). To describe and
distinguish these patterns in a meaningful way, the American
Clinical Neurophysiology Society first proposed a standard-
ized terminology for rhythmic and periodic EEG patterns in
critically ill patients in 2005 and published a comprehensive
update in 2013.13,14 While the use of QEEG for the analysis
of the increasing amount of data generated from continuous
video EEG monitoring became essential (Moura et al., 2014),
little information is available to date about the
distinct QEEG signatures of patterns on the ictal–interictal
continuum.

Generalized Rhythmic Delta Activity
Generalized rhythmic delta activity produces power spec-

trograms with high power in the delta (0–4 Hz) range
bilaterally and with high rhythmicity in the delta range
bilaterally as well. Moura et al.3 found that CSA-guided EEG
review was 97.1% sensitive for identifying rhythmic delta
activity. Figure 2 shows an example of generalized rhythmic
delta activity in a 14-year-old boy with encephalitis and prior
seizures.

Lateralized Rhythmic Delta Activity
Lateralized rhythmic delta activity produces high power and

rhythmicity in the delta range unilaterally. Figure 3 shows an
example of intermittent lateralized rhythmic delta activity in
a 36-year-old woman with cerebrospinal fluid leak and subdural
hygroma.

Generalized Periodic Discharges
Generalized periodic discharges (GPDs) may show high

power in the delta range bilaterally, with somewhat elevated
rhythmicity in the delta range bilaterally as well (if the
interdischarge interval remains fairly constant). Moura et al.3

found that CSA-guided EEG review was 100% sensitive for
identifying periodic epileptiform discharges. This finding is
interesting in that GPDs should possess less of rhythmic
component compared with generalized rhythmic delta activity
and should therefore perhaps be harder to distinguish from
a semirhythmic, diffusely slow background. The signature of
GPDs may be however be their monotony as demonstrated in
Figure 4, which shows GPDs in a 58-year-old woman with
hypoxemic cardiac arrest.

FIG. 4. Example of generalized periodic discharges on raw EEG (top) and QEEG (bottom). Dashed line indicates the location of raw EEG
epoch on QEEG. Note the steady band of high power in the delta band of the fast Fourier transform panel and the relative invariability of the
delta band in the rhythmicity spectrum in these patient with persistent generalized periodic discharges.
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Lateralized Periodic Discharges
Lateralized periodic discharges may show high power in

the delta range unilaterally or bilaterally, while the delta
power in the rhythmicity panel should be more constant on
the side with the discharges, but more variable on the side
where a diffusely slow semirhythmic background predom-
inates. Figure 5 shows an example of lateralized periodic
discharges in a 78-year-old woman with a new left hemi-
sphere stroke and history of right hemisphere stroke 14 years
previously.

Bilateral Independent Periodic Discharges
Bilateral independent periodic discharges may show high

power in the delta range bilaterally and high rhythmicity, but
unlike GPDs, the increased power and rhythmicity may be
asynchronous or asymmetric (i.e., if the frequencies of
periodic discharges are different over the two hemispheres).
Figure 6 illustrates this phenomenon in a 24-year-old woman
with neurofibromatosis and sepsis. However, because any
QEEG panel compresses the signal in the time domain,
bilateral independent periodic discharges may be difficult to

distinguish from GPDs if the asynchrony is not pronounced or
if the frequency of the periodicity over one hemisphere
compared with the other is very similar.

Stimulus-Induced Rhythmic, Periodic, or
Ictal Discharges

Stimulus-induced rhythmic, periodic, or ictal discharges
(SIRPIDs; commonly known as SIRPIDs, although may be
known as stimulus-induced activity) produce underlying
bilateral or unilateral patterns characteristic of the baseline
SIRPID pattern (i.e., generalized rhythmic delta activity),
with abrupt onsets; the onset of SIRPID pattern may be used
to guide raw EEG review to assess for physical or auditory
stimulation of the patient at the time of SIRPID onset. We
recently showed that some SIRPIDs have a characteristic
“sputtering” or cyclical tapering pattern of termination
(Fig. 7), compared with the abrupt onset of seizures (Fig.
8). This termination pattern differentiated SIRPIDs from
seizures with 84% sensitivity and 88% specificity.15 Figure
7 shows SIRPIDs in a 77-year-old man with intracranial
hemorrhage.

FIG. 5. Example of left-sided lateralized periodic discharges on raw EEG (top) and QEEG (bottom). Dashed line indicates the location of raw
EEG epoch on QEEG. This patient has a new left hemisphere stroke and history of right hemisphere stroke 14 years ago. There is an
asymmetry in both the fast Fourier transform and rhythmicity panels.
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FIG. 6. Example of bilateral independent periodic discharges on raw EEG (top) and QEEG (bottom). Dashed line indicates the location of
raw EEG epoch on QEEG. Bilateral independent periodic discharges may be difficult to distinguish from generalized periodic discharges if the
asynchrony is not pronounced or if the frequency of the periodicity over one hemisphere compared with the other is very similar.

FIG. 7. Example of stimulus-induced rhythmic, periodic, or ictal discharges on raw EEG (top) and QEEG (bottom). Dashed line indicates the
location of stimulated raw EEG epoch on quantitative EEG, and solid line indicates the location of unstimulated raw EEG epoch on QEEG.
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CONCLUSIONS
QEEG in addition to raw EEG is highly useful for efficiently

identifying seizures and patterns on the ictal–interictal contin-
uum. Rhythmic and periodic patterns can be identified by their
high bilateral or unilateral rhythmicity, with high power in the
delta range. Using QEEG-guided review, these patterns can be
located in the prolonged EEG record and identified quickly and
accurately.3 It should be noted that all QEEG patterns should be
verified on the raw EEG. In addition, SIRPIDs, which often
present a challenge because of the need for identifying a stimulus
on the video and/or audio part of the recording, can be accurately
distinguished from electrographic seizures using the termination
patterns visualized on CSA.15 QEEG is a tool to guide the
clinicians’ review of continuous video EEG patterns and to
reduce the EEG review time. It is therefore an essential part of
prolonged EEG monitoring in the intensive care unit.
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