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ABSTRACT – Aims. Ambulatory video-EEG monitoring has been utilized
as a cost-effective alternative to inpatient video-EEG monitoring for
non-surgical diagnostic evaluation of symptoms suggestive of epileptic
seizures. We aimed to assess incidence of epileptiform discharges in
ambulatory video-EEG recordings according to seizure symptom history
obtained during clinical evaluation.
Methods. This was a retrospective cohort study. We queried seizure
symptoms from 9,221 consecutive ambulatory video-EEG studies in 35
states over one calendar year. We assessed incidence of epileptiform
discharges for each symptom, including symptoms that conformed to a
category heading, even if not included in the ILAE 2017 symptom list. We
report incidences, odds ratios, and corresponding p values using Fisher’s
exact test and univariate logistic regression. We applied multivariable
logistic regression to generate odds ratios for the six symptom categories
that are controlled for the presence of other symptoms.
Results. History that included motor symptoms (OR=1.53) or automa-
tisms (OR=1.42) was associated with increased occurrence of epileptiform
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discharges, whereas history of sensory symptoms (OR=0.76) predicted lack
of epileptiform discharges. Patient-reported symptoms that were asso-
ciated with increased occurrence of epileptiform discharges included
lip-smacking, moaning, verbal automatism, aggression, eye-blinking, déjà
vu, muscle pain, urinary incontinence, choking and jerking. On the other
hand, auditory hallucination memory deficits, lightheadedness, syncope,
giddiness, fibromyalgia and chronic pain predicted absence of epileptiform
discharges. The majority of epileptiform discharges consisted only of inter-
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mbulatory video-EEG monitoring (AVEM) is an outpa-
ient procedure and substantially less expensive than
npatient continuous EEG monitoring. AVEM is also less
esource-demanding and more accessible to patients,
ompared to studies in the epilepsy monitoring unit.
ommonly, AVEM is used for non-urgent diagnostic
valuation of events, such as differentiation between
pileptic and non-epileptic events. Very rarely, AVEM

s used for pre-surgical evaluation which may require
apering of medication.
eizures provoke a variety of potential sensations and
ehaviors, and an ILAE Task Force summarized com-
on descriptors of those behaviors during a seizure in
recent publication (Fisher et al., 2017). While individ-
al symptoms do not define seizure types, they can be
dded to the seizure classification to clarify the mani-
estations of individual seizures (Fisher et al., 2017). In
ddition, seizure semiology provides crucial informa-
ion for lateralization and localization of seizures.

verall, epileptiform activity is reported in 18.0%
f AVEM recordings based on a recent study (Syed
t al., 2019). EEG focal slowing is a positive predic-
or of epileptiform abnormalities in AVEM, whereas
ther features, such as age, MRI findings, and
uration of monitoring fail to predict epileptiform dis-
harges (Tolchin et al., 2017). Currently, it is unclear
hether semiology description correlates with the

ncidence of epileptiform discharges. In this study,
e utilized a national AVEM cohort to address this
uestion.

aterials and methods
pileptic Disord, Vol. 22, No. 6, December 2020

his was a retrospective cohort study. We obtained
VEM outcome and utility data from a single inde-
endent diagnostic ambulatory-EEG testing facility

Alliance Family of Companies, Irving, TX) that sets up
VEM in the patient’s home. We assessed outcome of
VEM in adult and pediatric cohorts.

t
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pikes.
udy shows that the use of ILAE 2017 symptom cate-
e ambulatory video-EEG studies.

eizure symptoms, ambulatory EEG, epileptiform

mbulatory video-EEG monitoring

he collaborating ambulatory-EEG testing facility per-
orms AVEM according to a protocol that incorporates,
or each patient, 25 electrodes (23 standard 10-20
EG, two EKG), a 200-sample-per-second EEG recording
evice worn on the waist with built-in patient-activated
ushbutton event monitor and two portable video
ameras that are synchronized with EEG recording, and
luetooth radio hardware for remote real-time moni-

oring of video and EEG tracings (Lifelines Trackit MK3).
or each patient undergoing AVEM, the facility assigns
EG technologists to each carry out one of three roles:
VEM ‘setup’, ‘remote-monitoring’, and ‘reading’. The

setup’ technologist is responsible for setting up AVEM
quipment as well as interviewing patient and care-
iver(s) to generate an updated written clinical history
elevant to AVEM (e.g., description of events, past med-
cal history, medication list). To maintain quality of
VEM, the ‘monitoring’ technologist remotely logs in

o the AVEM live recording, in real-time, for three min-
tes every two hours via Bluetooth radio connection

n order to identify any technical issue. Once a techni-
al issue is identified and with the patient’s permission,
he ‘setup’ technologist is notified and visits the patient
t his/her residence to resolve any technical issue. The
ethod has been described in detail in our recent

ublication (Syed et al., 2019).

linical utility variables

eizure-related symptoms were extracted from patient
istory and then summarized by an ABPN board-
ertified neurologist, according to ILAE 2017 descrip-
753

ors (Fisher et al., 2017). Three neurologists, including
wo epileptologists, reviewed EEG reports, which
ncluded paraphrased clinical history taken from the
eferring physician, and conformed the historical ter-

inology according to ILAE terms. For those symptoms
ot found in the ILAE published study, descriptors

hat were deemed to most precisely reflect patient-
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eported symptoms were created by the reviewing
pileptologist. Abstracted data, such as symptoms as
ell as other clinical information pertaining to each
VEM that the facility performed between July 1, 2016
nd June 30, 2017 was coded into a priori and sup-
lemental variables. Three epileptologists (TUS, MTK,
ZK), as a group, reviewed AVEM documentation to

etermine clinical rationale for each AVEM referral and
he outcome. This study only included AVEM record-
ngs that were referred for diagnostic evaluation of
vents by at least two of these three epileptologists (as
pposed to AED adjustment, epileptiform discharge
uantification, etc.).

tatistical analysis

he incidence of epileptiform discharges in AVTM
ere reported. We also calculated the percentage
f positive findings (epileptifom discharges) in the
ohort. Using non-parametric statistical tests (Fisher’s
xact test and univariate logistic regression), we gen-
rated the odds ratio and p values that were two-tailed,
ith probability of Type I error (alpha) of less than

.05 considered as statistically significant. We also
pplied multivariable logistic regression to generate
dds ratios for the six symptom categories that were
ontrolled for the presence of other symptoms. All
tatistical analyses were performed using Stata 15.1
StataCorp. 2017. Stata Statistical Software: Release 15.
ollege Station, TX: StataCorp LLC).

esults
54

e screened a total of 9,965 recordings, of which
,221 were analyzed in this study. A breakdown of
he 744 excluded recordings is described in our previ-
us publication (Syed et al., 2019). Among those 9,221
ecordings, 5,802 were women (62.9%), the median age
t the time of study being 53 years (range: 35-67 years).
he average duration for monitoring was three days.

s
4
1
i
h
r
t

Table 1. Incidence of common descriptors

Common descriptor Incidence Epileptiform dischar

Cognition 2189 373

Emotion 779 137

Autonomic 802 157

Automatism 679 161

Motor 531 134

Sensory 2447 371
ncidence of commonly described symptoms

eizure-related symptoms were summarized under
ix categories: automatism, autonomic, cognition,
motion, motor, and sensory, as described previ-
usly (Fisher, 2017). In this cohort (n=9,221), the
ost commonly reported symptoms were categorized

s sensory (n=2447; 26.5%) and cognition (n=2189;
3.7%). These were followed by autonomic symp-
oms (n=802; 8.7%), emotional symptoms (n=779;
.4%), automatism (n=679; 7.4%), and motor mani-
estations (n=531; 5.8%) (table 1). The incidence of
ndividual symptoms varied significantly. For exam-
le, under the cognition category (n=2,189; 23.7%),
,992 patients reported memory impairment. How-
ver, none of them had reported neglect or forced
hinking (supplementary table 1). Similarly, anxiety was
he most commonly reported symptom among the
emotion” category (48.3%; 376/779), whereas gelas-
ic behavior was not reported (supplementary table 1).
ausea was the most commonly reported autonomic

ymptom (56.6%; 454/802). However, several other
ymptoms were not reported, such as asystole, erec-
ion, hyper/hypoventilation, palpitation, piloerection
supplementary table 1). Speech automatism (52.6%;
57/679) was the most commonly described automa-
ism (supplementary table 1). Jerking movements
69.3%; 368/531) and headache (71.6%; 1751/2447) were
he most commonly described symptoms in the motor
nd sensory categories, respectively (supplementary
able 1).
n addition, our study also revealed a number
f symptoms that were not included in the
urrent ILAE-published symptom list [1]. These
Epileptic Disord, Vol. 22, No. 6, December 2020

ymptoms included lightheadedness (n=411;
.5%), giddiness (n=120; 1.3%), syncope (n=1,209;
3.1%), urinary incontinence (n=159; 1.7%), jerk-
ng (n=368; 4.0%), fibromyalgia (n=412; 4.5%) and
eadache (n=1,751; 19.0%). A complete list of patient-
eported symptoms is summarized in supplementary
able 1.

and epileptiform discharges on EEG.

ges Percentage Odds ratio p value

17% 0.92 (0.81 – 1.05) 0.204

17.6% 0.96 (0.79 – 1.17) 0.706

19.6 % 1.13 (0.94 – 1.37) 0.184

23.7% 1.42 (1.18 – 1.72) <0.001

25.2% 1.53 (1.25 – 1.88) <0.001

15.2% 0.76 (0.67 – 0.87) <0.001
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ssociation of EEG findings and specific seizure
ymptoms

pileptiform discharges were reported in 18.0%
1,657/9,221) of the recordings. The majority (88.9%) of
VEM with epileptiform discharges showed only inter-

ctal discharges, i.e. sharp waves or spikes. A detailed
escription of EEG findings is reported in our previous
ublication (Syed et al., 2019).
able 1 summarizes the incidence of epileptiform
ischarges according to the six major symptom cate-
ories. Motor and automatism were independent risk
actors for increased occurrence of epileptiform dis-
harges with an odds ratio of 1.53 and 1.42, respectively.
n the other hand, the sensory category predicted
lack of epileptiform discharges with an odds ratio

f 0.76. For the rest of the categories, cognition
nd autonomic, the p value did not reach statistical
pileptic Disord, Vol. 22, No. 6, December 2020

ignificance.
ultiple symptoms were associated with increased

ccurrence of AVEM epileptiform discharges. These
ymptoms included lip-smacking (OR=11.56), moaning
OR=5.23), verbal (OR=4.58), déjà vu (OR=2.82), mus-
le pain (OR=2.75), eye-blinking (OR=2.61), aggression

W
o
v
a
d
i

Table 2. Symptoms and ep

Incidence

COGNITION CATEGORY
Déjà vu
Auditory hallucinations
Memory issues
Lightheadedness
Syncope

42 (0.5%)
30 (0.3%)
1992 (21.6%)
411 (4.5%)
1209 (13.1%)

EMOTION CATEGORY
Giddiness 120 (1.3%)

AUTONOMIC CATEGORY
Urinary incontinence
Choking

159 (1.7%)
11 (0.1%)

AUTOMATISM CATEGORY
Aggression
Eye blinking
Verbal
Moaning
Lip Smacking

37 (0.4%)
22 (0.2%)
14 (0.2%)
15 (0.2%)
35 (0.4%)

MOTOR CATEGORY
Jerking 368 (4%)

SENSORY CATEGORY
Chronic pain
Muscle pain
Fibromyalgia

50 (0.5%)
24 (0.3%)
412 (4.5%)
Seizure symptoms and ambulatory EEG findings

OR=2.48), urinary incontinence (OR=1.82), choking
OR=5.49) and jerking (OR=1.67) (table 2). On the
ther hand, auditory hallucinations (OR=0.16), mem-
ry issues (OR=0.88), lightheadedness (OR= 0.73),
yncope (OR=0.71), giddiness (OR=0.55), chronic pain
OR=0.29) and fibromyalgia (OR=0.75) predicted the
ack of AVEM epileptiform discharges (table 2). Sta-
istical significance and odds ratios for symptom
ategories did not significantly change when con-
rolled for one another in multivariable logistic
egression modelling. The complete list of symptoms
s well as the corresponding incidence of epileptic
ischarges, odds ratios and p values are described in
upplementary table 1.

iscussion
755

e have recently demonstrated a relatively low yield
f epileptiform activity in AVEM compared to pre-
iously published studies (18% vs 36%) (Faulkner et
l., 2012; Syed et al., 2019). This discrepancy is likely
ue to the difference in sample size and heterogene-

ty in patient population. Previous data were from a

ileptiform discharges.

Epileptiform
discharges

Odds ratio p value

16 (38.1%)
1 (3.3%)
328 (16.5%)
57 (13.9%)
168 (13.9%)

2.82 (1.51 – 5.28)
0.16 (0.02 – 1.15)
0.88 (0.77 – 1.00)
0.73 (0.55 – 0.96)
0.71 (0.59 – 0.84)

0.002
0.032
0.048
0.025
<0.001

13 (10.8%) 0.55 (0.31 – 0.98) 0.041

45 (28.3%)
6 (54.5%)

1.82 (1.29 – 2.58)
5.49 (1.67 – 18.0)

0.001
0.007

13 (35.1%)
8 (36.4%)
7 (50%)
8 (53.3%)
25 (71.4%)

2.48 (1.26 – 4.89)
2.61 (1.09 – 6.24)
4.58 (1.60 – 13.07)
5.23 (1.90 – 14.45)
11.56 (5.54 – 24.12)

0.015
0.044
0.006
0.002
<0.001

97 (26.4%) 1.67 (1.32 – 2.12) <0.001

3 (6%)
9 (37.5%)
59 (14.3%)

0.29 (0.09 – 0.93)
2.75 (1.20 – 6.29)
0.75 (0.05 – 2.68)

0.025
0.027
0.049
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ingle-center population and the sample size was rel-
tively small (∼300). Our samples were extracted from
ata from 35 states with the total number of more

han 9,000 recordings, and therefore our study may
ead to more accurate nation-wide results. The majority
f epileptiform discharges were only interictal spikes
r sharp waves, and seizures were only found in 125
ecordings (1.35% of total recordings). Due to patient
afety concerns, seizure provocation procedures, such
s medication tapering or sleep deprivation, are not
sed in the outpatient AVEM. This could explain

he low likelihood of capturing a seizure in AVEM
rocedures.

ymptoms associated with increased occurrence
f epileptiform discharges

ur study demonstrated that automatism is associated
ith increased occurrence of epileptiform discharges
ith an OR of 1.53. Under this category, lip-smacking,
oaning, verbal automatism, blinking or aggression

ndependently predicted increased occurrence of
pileptiform discharges.
utomatisms are described as “more or less coor-
inated adapted involuntary motor activity”, often
ccurring with altered awareness and amnesia (Blume
t al., 2001). Oroalimentary automatisms, such as
hewing or lip-smacking movements, are the most
ommonly seen automatisms. Both electrical stim-
lation and semiological studies suggest that the
ccurrence of oroalimentary automatisms may result

rom broad dysfunction of the medial and neocor-
ical temporal structures (Fish et al., 1993; Maillard
t al., 2004). The broad involvement of the tempo-
al region may explain the high yield of epileptiform
ischarges, when oroalimentary automatisms are
eported. Vocal automatism is a single or repetitive
tterance consisting of sounds such as grunts, whereas
erbal automatism consists of words, phrases or brief
entences (Blume et al., 2001). Vocal and speech
utomatisms are common ictal findings in temporal
obe seizures with an incidence of 50% reported in one
tudy (Gabr et al., 1989). Ictal blinking is smooth blink-
ng of the eyes, not associated with other facial spasms,
nd secondary to a paroxysmal epileptic discharge.
hythmical eye blinking, often at a rate of 3 Hz, is

requently observed in focal unaware seizures (Lüders
t al., 1998).
56

otor movements are further characterized as tonic,
lonic, or myoclonic movements in the ILAE 2017
eizure classification (Fisher et al., 2017). Jerking move-
ents were the most commonly reported symptoms

n the motor category (69.3%; 368/531). Patients likely
ave clonic or myoclonic seizures when jerking move-
ents are reported. Therefore, jerking could predict

w
w
i
a
c
(
r

he high likelihood of epileptiform discharges in EEG
onitoring.
ther symptoms associated with increased incidence

f epileptiform discharges include déjà vu, urinary
ncontinence, choking, aggression and muscle pain.

éjà vu is a relatively common psychic aura, reg-
larly seen in temporal epilepsy (Bancaud et al.,
994). Although déjà vu can also be seen in the
ealthy population, the patients in this cohort study
ostly likely experienced epileptic déjà vu. This is

ifferent from physiological déjà vu due to a longer
uration and increased frequency (Warren-Gash &
eman, 2014). Urinary incontinence is a relatively
ommon observed symptom and highly specific for
onvulsive seizures (Oliva et al., 2008). The post-ictal
tate can present with agitative behavior, explain-
ng aggression as a positive predictor of epileptiform
ischarges. Post-ictal muscle pain can be attributed

o the jerking movements that were previously
tated.

ymptoms associated with lack of epileptiform
ischarges

n the other hand, some symptoms were associ-
ted with lack of epileptiform discharges in our study.
he sensory category was associated with low likeli-
ood of epileptiform discharges with an OR of 0.76.
mong the sensory symptoms, fibromyalgia was a rel-
tively frequently reported symptom (16.8%; 412/2,447)
nd predicted fewer occurrences of epileptiform dis-
harges (OR=0.75). Also, fibromyalgia was shown to
e a predictor for the diagnosis of psychogenic
on-epileptic seizures (PNES). PNES are paroxysmal
pisodes that resemble epileptic seizures, and are psy-
hological (i.e., emotional, stress-related) in origin.
atients with PNES often have more functional somatic
yndromes (Dixit et al., 2013; Tatum et al., 2016). We sus-
ect that patients with fibromyalgia were more likely

o have PNES instead of epileptic seizure in our cohort,
hich could explain the low likelihood of epileptiform
ischarges in the EEG studies.

n this study, many patients were referred due to loss
f consciousness/syncope (13.1%, 1,209/9,221) or pre-
yncopal symptoms such as lightheadedness (4.5%,
11/9,221). Syncope could be due to underlying car-
iac or neurological disorders, or vasovagal syncope.
ur study showed a low yield of AVEM in patients
Epileptic Disord, Vol. 22, No. 6, December 2020

ith lightheadedness and syncope. This is consistent
ith previous routine EEG findings, which showed the

ncidence of epileptiform discharges in routine EEGs
s low as 1.4-1.8% in patients referred due to syn-
ope, similar to those in the healthy adult population
Abubakr and Wambacq, 2005; Dantas et al., 2012). A
ecent study also suggests that a tilt table EEG test could
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e more cost-effective than prolonged EEG monitoring
Chen et al., 2019). Our findings further indicate that
he etiology of syncope or lightheadedness is likely to
e due to other medical conditions instead of epileptic
eizures.
he lack of epileptiform discharges may be insuf-
cient to exclude the diagnosis of epilepsy. Scalp
EG is insensitive to tangential-orientated or small,
eep electrical dipoles. On average, 8-16% patients
ith proven epilepsy had no epileptiform discharges
uring a prolonged video-EEG study (Friedman and
irsch, 2009; Faulkner et al., 2012; Basiri et al., 2019).
espite the lack of epileptiform discharges, clinical
ifferentiation between a non-epileptic disorder vs
scalp EEG-negative” seizure can often be made based
n clinical history, imaging or supportive laboratory
ata.
apturing an habitual event is invaluable for the diag-
osis. Indeed, AVEM could be effective in providing
diagnosis in two thirds of patients once a habitual

vent is captured in a previous study (Shihabuddin et
l., 1999). Our previous study showed an overall simi-
ar rate for capturing an habitual event among patients

ho underwent AVEM or inpatient video-EEG, and
VTM may be useful to characterize paroxysmal events

Syed et al., 2019).
n summary, patients report various symptoms which
ould be due to either epileptic seizures or non-
pileptic seizure mimics. AVEM is an effective
iagnostic tool in event characterization. Some symp-

oms may be highly specific to epileptic seizures,
hereas others may be more likely to be indicative
f non-epileptic disorders. Our findings could benefit
edical providers in patient consultation and utiliza-

ion of AVEM.
limitation of the current study is its retrospective

esign. Our study included more than 9,000 sam-
les and the conclusions can be further validated in
prospective study with a smaller sample size. We

elied on the description of clinical history provided
y each referral neurologist to conform the terminol-
gy by a group of three neurologists. The inaccuracy
f initial clinical history could be an inherent lim-

tation of the study. Due to the study design (no
ccess to clinical notes after the AVEM study), we are
nable to identify whether patients without epilepti-

orm discharges had scalp EEG-negative seizures or
on-epileptic disorders. Despite the ambulatory find-

ngs, we were not aware of the final clinical diagnosis,
hich often required full evaluation of clinical history,
pileptic Disord, Vol. 22, No. 6, December 2020

maging studies and electrophysiological findings. Fur-
hermore, the management changes after AVEM, such
s AED initiation/discontinuation, which is impor-
ant clinical information, remained unclear in our
tudy. �
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Seizure symptoms and ambulatory EEG findings

upplementary data.
upplementary table is available on the
ww.epilepticdisorders.com website.
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