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ABSTRACT – Aims. To evaluate the sensitivity and specificity of quanti-
tative EEG (QEEG) spectrograms in order to distinguish epileptic from
non-epileptic events.
Methods. Seventeen patients with paroxysmal non-epileptic events, cap-
tured during EEG monitoring, were retrospectively assessed using QEEG
spectrograms. These patients were compared to a control group of 13
consecutive patients (ages 25-60 years) with epileptic seizures of similar
semiology. Assessment of raw EEG was employed as the gold standard
against which epileptic and non-epileptic events were validated. QEEG
spectrograms, available using Persyst 12 EEG system integration software,
were each assessed with respect to their usefulness to distinguish epilep-
tic from non-epileptic seizures. The given spectrogram was interpreted as
indicating a seizure if, at the time of the clinically identified event, it showed
a visually significant change from baseline.
Results. Eighty-two clinically identified paroxysmal events were analysed
(46 non-epileptic and 36 epileptic). The “seizure detector trend analy-
sis” spectrogram correctly classified 33/46 (71%) non-epileptic events (no
seizure indicated during a clinically identified event) vs. 29/36 (81%) epilep-
tic seizures (seizure indicated during a clinically identified event) (p=0.013).
Similarly, “rhythmicity spectrogram”, FFT spectrogram, “asymmetry rela-
tive spectrogram”, and integrated-amplitude EEG spectrogram detected
28/46 (61%), 30/46 (65%), 22/46 (48%) and 27/46 (59%) non-epileptic events
vs. 27/36 (75%), 25/36 (69%), 25/36 (69%) and 27/36 (75%) epileptic events,
respectively.
Conclusions. High sensitivities and specificities for QEEG seizure detec-
tion analyses suggest that QEEG may have a role at the bedside to facilitate
early differentiation between epileptic seizures and non-epileptic events
in order to avoid unnecessary administration of antiepileptic drugs and
possible iatrogenic consequences.

Key words: quantitative EEG, psychogenic non-epileptic seizures, seizure
detection trend, PNES, jerking, shaking
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sychogenic non-epileptic seizures (PNES) commonly
imic clinically as epileptic seizures. They frequently

resent as episodes of atypical motor activity with
lterations of behaviour and sensation. However,
nlike epileptic seizures, PNES do not reflect exces-
ive or abnormal synchronous neuronal activity in the
rain. Instead, PNES have been defined as physical
anifestations of psychological disturbances and/or

motional responses (Benbadis, 2005). It has been
eported that PNES may be diagnosed in 20-30% of
atients evaluated for intractable seizures at epilepsy
entres (Benbadis, 2005). Consequently, failure to
etect PNES may lead to significant public health con-
equences by exposing individuals to unnecessary
ntiepileptic drug (AED) treatment, as well as unneces-
ary intubation, etc. According to one study, 54-69% of
eemingly epileptic patients diagnosed with PNES had
een unnecessarily treated with AEDs (Benbadis, 1999).
ideo-EEG is considered to be the gold standard for

he diagnosis of PNES. Nevertheless, clinically dis-
inguishing non-epileptic from epileptic events can
e difficult (Bodde et al., 2009). Indeed, nearly one

hird of patients with PNES presenting as episodes
f prolonged hypermotor activity may be incorrectly
iagnosed with status epilepticus. Not only does such
isdiagnosis increase unnecessary administration of
EDs and sedative medications, it heightens the risk
f iatrogenic harm and increases other medication-

nduced complications (e.g. cardiorespiratory arrest
rom excessive medication and other invasive proce-
ures) (Walker et al., 1996; Reuber et al., 2004).
EEG is a visual representation of compressed mathe-
atically raw EEG. It processes digitally recorded EEG

nd highlights the specific waveform into a format that
lucidates relevant information (Nuwer, 1997). It is a
uantitative measurement of specific EEG properties

frequency, amplitude, rhythmicity, and power) and is
transformation of the raw EEG signal into numeri-

al parameters. It can also be described as a signal
nalysis of the input from the various EEG electrodes
hat is displayed in power spectral properties. Multiple
ools, including the rhythmicity spectrogram, FFT spec-
rogram, and computerized analysis algorithm (e.g.
eizure detection), not only reduce the time associated
ith analysis of the complete continuous EEG data but
elp in the focused review of EEG epochs of potential

nterest. QEEG also helps by visualizing background
bnormalities and aids in detecting interictal epilepti-
orm transients and seizures (Haider et al., 2016). QEEG
00

an also be helpful for bedside personnel and physi-
ians not trained in electrophysiology to potentially
ecognize significant EEG changes and seizure detec-
ion (Scheuer and Wilson, 2004).

novel technique is presented to rapidly assess
atients with PNES, while on continuous EEG

P
a
w
–
–
–

onitoring, by employing QEEG analysis seizure
etection trend and four spectrograms (alone and in
ombination).

aterials and methods

ecorded data

he study was approved by the Institutional Review
oard of Montefiore Medical Center, and a waiver of

nformed consent was granted. A clinical database was
earched to identify 17 successive adult patients (aged
5-60 years) who were diagnosed with non-epileptic
vents captured during continuous EEG monitoring
etween September 2016 and January 2017. Amongst

he 17 patients in the non-epileptic cohort, almost half,
/17 (47%), presented with “new onset seizure”, and
/17 (53%) previously carried a diagnosis of epilepsy.
linical diagnostic pointers to suspect non-epileptic
vents, including multiple emergency room visits,
cute stress in life, switching between multiple physi-
ians, and suspicious clinical events, were suspected
n 8/17 (47%) of the patients. None of these patients
ad continuous EEG monitoring in the past. A con-

rol group, consisting of 13 consecutively monitored
atients with clinically overt epileptic events was also

dentified.

EG review

EG records of clinical events for all 30 patients were
eviewed. Raw EEG tracings were analysed using the
onventional 10-20 international placement system
nd digital recordings were evaluated by Board-
ertified neurologists trained in evaluating Persyst 12
EG System Integration QEEG software. The given
pectrogram was interpreted as indicating a seizure if,
t the time of the clinically identified event, it showed
visually significant change from baseline.
he clinically identified events were classified as
pileptic seizures (ES) when associated with EEG
hanges lasting >10 seconds and showing evolution in
requency, spatial distribution, or morphology (Hirsch
t al., 2005). Diagnoses of non-epileptic seizures
equired the recording of at least one typical clinical
vent during the EEG monitoring. Final diagnoses of
Epileptic Disord, Vol. 19, No. 3, September 2017

NES were defined by the absence of electrographic
ctivity immediately prior to or during a typical event
ith observed clinical manifestations and absence of:
neurological disorder;
incapacitating or progressive physical illness;
cardiorespiratory difficulty (Betts and Boden, 1992).
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e compared this classification with the following
ersyst 12 EEG System Integration QEEG software
easures:
“Seizure detector trend” spectrogram. The seizure

etector algorithm combines multiple inputs into a
robability on a second-by-second basis. It provides
discrete value of zero or one depending on whether
seizure has been detected.
“Rhythmicity spectrogram”. This displays a density

pectral array of frequency and power as a function
f time. The x axis displays time, y axis represents

requency, and the z axis demonstrates power cha-
acterized as a colour scale.

FFT spectrogram. This is a visual representation of
he evolution of the frequency domain of the EEG over
ime derived from a fast Fourier transform. Amplitude
s represented by colour, frequency by position on the
axis, and time by position on the x axis.
Asymmetry relative spectrogram. This displays visual

epresentation of power differences between two
emispheres at discrete frequencies as a function of

ime. Time is displayed on the x axis and percent abso-
ute asymmetry on the y axis.

“Amplitude EEG (aEEG) spectrogram”. Amplitude
haracteristics of a filtered, rectified representation of
he EEG signal are displayed as a function of time. The

axis represents time, and the y-axis displays aEEG
mplitude.

tatistical analysis

he sensitivity and specificity of detection of the non-
pileptic events were calculated by comparing the
eizures detected by individual spectrograms using
EEG amongst the study group and the control group.
true positive was defined as a non-epileptic seizure

etected as artefact by the QEEG (correctly classified
s PNES). A false positive (type I error) was assigned
o non-epileptic events highlighted as seizure by the

EEG. False negatives (type II error) were true epilep-
ic seizures, not detected by the QEEG. True negatives
ere epileptic seizures identified as seizures by the
EEG. A two-tailed p value using the McNemer test
as calculated to determine statistical significance.

esults

orty-six non-epileptic paroxysmal events from 17
pileptic Disord, Vol. 19, No. 3, September 2017

atients and 36 epileptic seizures amongst 13 patients
ere captured and categorized based on continuous

EG monitoring. The clinical events and QEEG fin-
ings amongst the non-epileptic and epileptic seizure
ohort are presented in table 1. The sensitivities,
pecificities, and p values for different spectrograms
egarding the differentiation between PNES from ES

t
a
F
f
s
T
Q

Quantitative EEG for non-epileptic events

re presented in table 2. QEEG seizure detection
rend analysis correctly classified 33/46 (71%) non-
pileptic events (no seizure highlighted during a
linically identified event) vs. 29/36 (81%) epileptic
eizures (seizure highlighted during a clinically iden-
ified event) (p=0.013).
he asymmetry relative spectrogram demonstrated a
isually distinct departure from the baseline in 22/46
48%) non-epileptic events vs. 25/36 (69%) epileptic
eizures (p=0.47). Similarly, rhythmicity spectrogram,
FT spectrogram, and amplitude EEG spectrogram cor-
ectly classified 28/46 (61%), 30/46 (65%), and 27/46
59%) non-epileptic events vs. 27/36 (75%) (p=0.096),
5/36 (69%) (p=0.87), and 27/36 (75%) (p=0.14) epileptic
vents, respectively (figure 1).
he QEEG seizure detection trend evidenced great-
st discriminative power for 31/36 (86%) when clinical
anifestations during events were non-rhythmic body

erking (figure 2B), whole-body stiffening with some
erking (figure 2C), and whole-body tonic posturing
figure 2D). Poor discriminative power (detecting non-
pileptic events as seizures) for 2/10 (20%) was evident
or events with prolonged duration (>5 minutes) and
hythmic body jerking (figure 2A). The false posi-
ive rate (non-epileptic events highlighted as seizure
ccording to QEEG) was 28% (i.e. 13 of 46 non-epileptic
vents were incorrectly identified as seizures).
n contrast, the asymmetry relative spectrogram
emonstrated poorest discriminative power with a

alse positive rate (non-epileptic events highlighted as
eizure according to QEEG) of 24/46 (52%). The fac-
or most responsible for decreasing its sensitivity was

isattribution of generalized rhythmic body shaking
s seizures (figure 2A).
EEG seizure detection trend correctly classified 29/36

81%) epileptic events in the control group as seizures
correctly identifying 29 of 36 events as epileptic).

iscussion

vidence of high sensitivity and specificity for QEEG
nalyses, discriminating non-epileptic events from
eizures, suggests greater utility for its clinical appli-
ation. QEEG may be employed at the bedside to
acilitate early differentiation of PNES from ES in order
o avoid unnecessary administration of AEDs. Forty-
ne percent of the 17 patients in this cohort were
etermined to have non-epileptic events and were
301

reated with abortive antiepileptic medications during
clinical event while on continuous EEG monitoring.

urthermore, facilitating early discrimination of PNES
rom epileptic seizures avoids possible iatrogenic con-
equences.
here are multiple reported studies using various
EEG techniques, including aEEG displays performed
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Table 1. Quantitative EEG analysis of patients with non-epileptic and epileptic events.

(A) Non-epileptic seizure cohort: non-epileptic seizures classified as seizure by various spectrograms

PatientNo. of non-
epileptic
events

Seizure
detection
trend

Rhythmicity
spectrogram

FFT
spectrogram

Asymmetry
spectrogram

aEEG
spectrogram

Clinical
manifestations

1 2 2 2 2 2 2 Whole-body
rhythmic jerking

2 3 0 2 2 3 2 Whole-body
stiffening

3 3 0 0 0 0 0 Shoulder jerk

4 3 2 2 2 2 2 Whole-body
rhythmic jerking

5 2 0 0 0 2 0 Whole-body
non-rhythmic
shaking

6 2 0 0 0 1 1 Leg jerking

7 4 4 4 4 4 4 Whole-body
rhythmic jerking

8 3 0 2 2 2 1 Tonic posturing

9 1 1 1 1 1 1 Whole-body
non-rhythmic
shaking

10 4 1 1 1 1 1 Whole-body
non-rhythmic
shaking

11 3 0 0 0 0 0 Whole-body
non-rhythmic
shaking

12 1 0 1 1 0 0 Minor shaking and
unresponsiveness

13 1 0 1 1 1 1 Head jerking

14 3 0 0 0 1 0 Brief body jerks and
grimacing

15 9 2 2 0 4 4 Whole-body
non-rhythmic
shaking

16 1 0 0 0 0 0 Whole-body
non-rhythmic
shaking
02

17 1 1 0 0 0
Epileptic Disord, Vol. 19, No. 3, September 2017

0 Whole-body
rhythmic jerking
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Table 1. (Continued) Quantitative EEG analysis of patients with non-epileptic and epileptic events.

(B) Epileptic seizure cohort: Epileptic seizures classified as seizure by various spectrograms

PatientNo. of
epileptic
events

Seizure
detection
trend

Rhythmicity
spectrogram

FFT
spectrogram

Asymmetry
spectrogram

aEEG
spectrogram

Clinical
manifestations

1 3 3 3 3 3 3 Whole-body jerking

2 1 1 1 1 1 1 Whole-body jerking

3 5 5 0 0 0 0 Jerking and tonic
posturing

4 1 1 0 0 0 0 Jerking and tonic
posturing

5 1 1 1 1 1 1 Whole-body jerking

6 3 1 1 1 1 1 Whole-body jerking

7 1 1 1 1 1 1 Whole-body
rhythmic jerking

8 1 1 1 1 1 1 Body jerk and tonic
posturing

9 4 3 4 4 3 4 Whole-body jerking

10 1 1 1 1 1 1 Whole-body jerking

11 5 4 5 5 5 5 Whole-body jerking

12 3 2 2 0 1 2 Body jerk and tonic
posturing

13 7 5 7 7 7 7 Body jerk and tonic
posturing

100

80

60

40

20

0
Seizure

Detection
Rhythmicity FFT Asymmetry aEEG

71
81

61

75
65 69

48

69
59

75

Sensitivity Specifity

Figure 1. Specificities and sensitivities of QEEG spectrograms for detecting non-epileptic events.
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Table 2. Relative specificity, sensitivity and p value for quantitative EEG using various spectrogram
to differentiate non-epileptic from epileptic events.

Non-epileptic
group

Control group Sensitivity Specificity p value

Total no. of events 82 46 36

Seizure
probability trend

Classified as seizure 13 (29%)FP 29 (80%)TN

71 81 0.0131
Classified as no seizure 33 (71%)TP 7 (20%)FN

Rhythmicity
spectrogram

Classified as seizure 18 (39%)FP 27 (75%)TN

61 75 0.096
Classified as no seizure 28 (61%)TP 9 (25%)FN

FFT spectrogram
Classified as seizure 16 (34%)FP 25 (69%)TN

65 69 0.0871
Classified as no seizure 30 (65%)TP 11 (31%)FN

Asymmetry
spectrogram

Classified as seizure 24 (52%)FP 25 (69%)TN

48 69 0.4721
Classified as no seizure 22 (48%)TP 11 (31%)FN

FP
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aEEG spectrogram
Classified as seizure 19 (41%)
Classified as no seizure 27 (59%)

P: True positive (non-epileptic seizure detected as artefact by Q
P: False positive (non-epileptic events highlighted as seizure by
N: True negative (epileptic seizures identified as seizures).
N: False negative (epileptic seizures not identified as seizures).

n the Neonatal Intensive Care Unit (NICU). These
tudies have a wide range of reported sensitivities
or seizure identification that range from 26% to 76%
Shellhaas et al., 2007; Shah et al., 2008). A similar
tudy conducted with neonates, using EEG envelope
rend analysis, identified 88% of prolonged seizures,
0% of brief seizures, and 20% of slowly evolving
eizures, with false-positive rates of 0-2 per hour
Abend and Dlugos, 2008). Another study in which

EEG spectrograms were employed to detect seizures
n a paediatric population reported a sensitivity of
3% using a colour density spectral array (CDSA) and
1.5% using aEEG (Stewart et al., 2010). A similar pae-
iatric study assessed the factors affecting seizure
etection using QEEG analysis. The authors used the
nvelop trend (ET) and compressed spectral array
CSA) for seizure identification in critically ill patients
n the ICU. The study concluded that multiple factors
ffected accurate seizure detection including inter-
reter’s experience, display size, and type of QEEG
ethods used (Akman et al., 2011).
part from detecting seizures, QEEG has also been
sed in long-term monitoring of comatose patients.

n all these studies, the sensitivity of specific spectro-
rams has been examined, but none of these studies
ave compared the relative sensitivity amongst the
04

arious spectrograms. These studies revealed high
ensitivities for individual QEEG spectrograms detect-
ng seizures. However, to our knowledge, there have
ot been any studies demonstrating comparable sen-
itivity of QEEG for discriminating paroxysmal clinical
vents as epileptic seizures vs. non-epileptic events.

1
a
m
l
t
o

27 (75%)TN

59 75 0.1407
97 (25%)FN

.
G).

n our study, rhythmicity and amplitude spectrograms
evealed poor sensitivities for detecting non-epileptic
vents. Rhythmicity spectrograms assess amplitude in
our user-defined frequency bands, spanning 1-25 Hz,
hereas amplitude spectrograms do not depict fre-
uency or rhythmicity information. However, both of

hese are based on amplitude of primary rhythmic EEG
omponents. Conceivably, their poor sensitivities and
pecificities for detecting non-epileptic events may
e attributable to high-amplitude artefacts generated
uring paroxysmal clinical events. False positives (non-
pileptic events highlighted as seizure on QEEG) were
ighest for the asymmetry spectrograms. The latter
eflects hemispheric asymmetry between homolo-
ous electrodes and frequencies in the vertical axis.
ocal rhythmic or non-rhythmic shaking, body jerks,
nd asymmetric motor events may produce interhemi-
pheric asymmetry that could explain this high false
ositive outcome.

n a previous study, time-frequency analysis of data
rom a wristband movement monitor was evaluated
s a diagnostic tool to differentiate between epilep-
ic and non-epileptic events. The study concluded that
he coefficient of variation of limb movement fre-
uency was significantly lower for the non-epileptic
vents compared to the epileptic events (median:
Epileptic Disord, Vol. 19, No. 3, September 2017

7.18% vs. 52.23%; p<0.001). Based on the study, the
uthors advised the use of a wristband movement
onitoring device for outpatient monitoring of ambu-

atory patients (Bayly et al., 2013). It is posited that
he high sensitivity of QEEG seizure detector trend
btained in this study, for discriminating non-epileptic
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Seizure
Probability
Trend

Rhythmicity

FFT
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aEEG
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C D
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Seizure
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Trend

Rhythmicity

Asymmetry

aEEG

Figure 2. Quantitative EEG and raw EEG representation of various clinical manifestations in the non-epileptic patients.
(A) Raw EEG (left) showing quasi-rhythmic discharge over the central head regions; quantitative EEG (right) showing positive seizure
detection; clinically, rhythmic head jerking is evident.
(B) Raw EEG (left) showing overlying muscle and movement artefacts; quantitative EEG (right) remains normal throughout; clinically,
n
( tive E
s
( EEG
p

e
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p
i
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n

f
d
d
i

on-rhythmic whole-body jerking is evident.
C) Raw EEG (left) showing overlying muscle artefact; quantita
tiffening with some jerking is evident.
D) Raw EEG (left) showing overlying muscle artefact; quantitative
osturing is evident.

vents from seizures, may have reflected the strength
f its algorithm. The latter was constructed to incor-
orate inputs from multiple trends and combine them

nto probability values on a second-by-second basis.
pileptic Disord, Vol. 19, No. 3, September 2017

ne of these trends, artefact intensity, may have partic-
lar value in recognizing hypermotor events as muscle
rtefact.
ur study was limited by the retrospective assess-
ent of a relatively small number of epileptic and

on-epileptic events. Additionally, because seizures

(
d
b
Q
r
c

EG (right) remains normal throughout; clinically, whole-body

(right) remains normal throughout; clinically, whole-body tonic

or the control group patients were not classified by
uration and focality (sensitivity of seizure detection
iffers based on duration and type of seizures), their

nterpretation based on QEEG may have been affected
305

Abend et al., 2008). Furthermore, although the vali-
ity of seizures was based upon raw EEG evaluations
y Board-certified neurologists trained in evaluating
EEG, the possibility that interrater reliability diffe-

ences of interpretation contributed to error was not
ontrolled.
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onclusion

igh sensitivities and specificities for QEEG seizure
etection analyses suggest that QEEG may have a
ole at the bedside to facilitate early differentiation
etween epileptic seizures and non-epileptic events

n order to avoid unnecessary administration of AEDs
nd possible iatrogenic consequences. We will need
ulticentre prospective studies to assess whether it is
ore efficient to teach QEEG or video-EEG to the inex-

erienced bedside observer and whether QEEG adds
o the ability of an experienced clinician to distinguish
S from PNES. �
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http://www.ncbi.nlm.nih.gov/pubmed?term=How many patients with pseudoseizures receive antiepileptic drugs prior to diagnosis?
http://www.ncbi.nlm.nih.gov/pubmed?term=A spell in the epilepsy clinic and a history of chronic painor fibromyalgia independently predict a diagnosis of psychogenic seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Diagnosis, management and prognosis of a group of 128 patients with non-epileptic attack disorder. Part I
http://www.ncbi.nlm.nih.gov/pubmed?term=Psychogenic non-epileptic seizures-diagnostic issues: a critical review
http://www.ncbi.nlm.nih.gov/pubmed?term=Sensitivity of quantitative EEG for seizure identification in the intensive care unit
http://www.ncbi.nlm.nih.gov/pubmed?term=The ACNS subcommittee on research terminology for continuous EEG monitoring: proposed standardized terminology for rhythmic and periodic EEG patterns encountered in critically ill patients
http://www.ncbi.nlm.nih.gov/pubmed?term=Assessment of digital EEG, quantitative EEG, and EEG brain mapping: report of the American Academy of Neurology and the American Clinical Neurophysiology Society
http://www.ncbi.nlm.nih.gov/pubmed?term=Failure to recognize psychogenic nonepileptic seizures may cause death
http://www.ncbi.nlm.nih.gov/pubmed?term=Data analysis for continuous EEG monitoring in the ICU: seeing the forest and the trees
http://www.ncbi.nlm.nih.gov/pubmed?term=Accuracy of bedside electroencephalographic monitoring in comparison with simultaneous continuous conventional electroencephalography for seizure detection in term infants
http://www.ncbi.nlm.nih.gov/pubmed?term=Sensitivity of amplitude-integrated electroencephalography for neonatal seizure detection
http://www.ncbi.nlm.nih.gov/pubmed?term=Seizure identification in the ICU using quantitative EEG displays
http://www.ncbi.nlm.nih.gov/pubmed?term=Diagnosis and treatment of status epilepticus on a neurological intensive care unit
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