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ABSTRACT
Objective. To study the yield of prolonged ambulatory electroencephalogram (aEEG).
Methods. A retrospective chart review of all patients who underwent aEEG studies be-
tween 2013 and 2017 was performed. Reasons for aEEG were classified into five cate-
gories: detection of  interictal epileptiform discharges (IEDs), capturing clinical events, 
detection of unrecognized seizures, monitoring IEDs during treatment, and unclassifia-
ble. Ambulatory EEG reports were reviewed to evaluate whether the study answered the 
clinical question.
Results. A total of 1,264 patients were included. Forty studies were excluded for incom-
plete data and 234 for being a repeat study. The average number of recording days was 
1.57 ± 0.73. Based on initial clinical evaluation, patients carried the following presump-
tive diagnosis: 61% epilepsy, 11% single unprovoked or acute symptomatic seizure and 
28% non-epileptic paroxysmal events (PEs). Overall, focal IEDs were seen in 16.1% of 
studies, generalized IEDs in 10.8%, focal seizures in 4.1%, and generalized seizures in 
1.9%. The most frequent reason for ordering aEEG was to detect IEDs for diagnostic 
purposes (48.1%). For this indication, additional information was provided by the aEEG 
in 19.1% of cases (58.6% focal IEDs, 33.5% generalized IEDs, 7.9% seizures without IEDs). 
Ambulatory EEG was ordered with the intent to capture and characterize clinical events 
in 18.9%, mostly in patients who reported daily or weekly events. In these, aEEG cap-
tured either epileptic seizures or PEs in 102 (42.7%) of the studies (83.3% PEs, 16.7% 
epileptic seizures). Ambulatory EEG was ordered to evaluate unrecognized seizures in 
17.8% of patients, and electrographic seizures were identified in 13.3% of these studies.
Significance. The yield of aEEG varies based on the indication for the study. Ambu-
latory EEG can be a useful tool for recording IEDs in the outpatient setting and in a 
select group of patients to capture clinical events or unrecognized seizures.
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Electroencephalogram (EEG) is an impor-
tant diagnostic tool for epilepsy evalua-
tion, assessment of treatment response, 
and characterization of habitual 
events. The diagnostic yield of routine

EEG to capture IEDs is only 12-44% and 
improved by the presence of sleep [1, 2]. 
Prolonged EEGs are an alternative to 
serial EEGs to increase diagnostic yield 
[3]. Inpatient long-term video-EEG in the 

Some of the data in this manuscript was presented virtually as a poster presentation 
at the 2020 American Academy of Neurology Science Highlights. The manuscript and 
the data have not been previously published in another journal and are not under 
consideration elsewhere.
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epilepsy monitoring unit (EMU) has been the diagnos-
tic gold standard for characterization of patients’ events 
and for a definite diagnosis, facilitated by medication 
taper and proper staffing to assure safety and allow 
seizure testing. However, the EMU has many disadvan-
tages including the need for inpatient admission which 
can disrupt patients’ lives, high cost, long waiting times, 
and is typically reserved for patients with longstanding 
intractable seizures [4, 5].
In recent years, the use of prolonged ambulatory EEG 
(aEEG) monitoring has increased given the advance-
ments in technology. Ambulatory EEG can be helpful in 
the diagnosis of an epilepsy syndrome after an incon-
clusive routine EEG and can be used to characterize 
frequent events, which do not require medication 
taper [6]. Additionally, aEEG can be helpful in evaluat-
ing patients’ response to treatment and support man-
agement decisions prior to medication taper [6, 7].
There is scarce knowledge on the different indica-
tions and diagnostic yield of aEEG as a complementary 
diagnostic tool in a tertiary epilepsy center. Thus, we 
aimed to describe the different reasons for ordering 
aEEGs and the diagnostic yield for each indication.

Methods

Participants

This was a single-center, retrospective cohort study per-
formed at Northwestern Memorial Hospital, a tertiary 
care center in Chicago, IL.  All participants were >18 years 
old; no children were included in this study. All pro-
longed (> 24 hours) aEEGs read at our center between 
January 1, 2013 and December 31, 2017 were included 
in the study. Ambulatory EEG studies were either per-
formed at our outpatient laboratory or through outside 
agencies. If a patient had multiple aEEGs during the 
study period, only the first aEEG was included in the 
study in order to minimize any sampling bias. Addition-
ally, studies with incomplete clinical data were excluded. 
The Northwestern University Institutional Review Board 
approved this study. The need for consent was waived 
due to the retrospective nature of the project.

Electroencephalogram

Ambulatory EEGs were obtained by using 19 scalp 
electrodes placed according to the international 10-20 
system as well as an EKG channel. Patients were given 
a push button and instructed to use it if they expe-
rienced their habitual events. Additionally, patients 
were given a log to document the time and nature of 
their events. Ambulatory EEGs were obtained using 

either Nihon Kohden (Tokyo, Japan), Lifelines iEEG 
(Hants, UK), or Digi Cloud Viewer version 4.0 (Digi, 
Hopkins, MN) acquisition systems. All studies were 
reviewed by a clinical neurophysiology and/or epi-
lepsy board-certified physician at our institution. EEGs 
were completely reviewed at 10 seconds per page, on 
bipolar montage, with other montages available for 
review and verification, and studies were classified as 
normal or abnormal. Abnormal studies were separated 
into non-epileptiform findings (regional, lateralized 
or generalized slowing and asymmetry), epileptiform 
findings (regional or generalized discharges), electro-
graphic seizure activity (focal or generalized), and par-
oxysmal events (PEs) with no EEG change.

Data analysis

The majority of patients were seen by a board-certified
epilepsy specialist at our tertiary epilepsy center. 
Patients’ charts were reviewed and the following infor-
mation was extracted for each patient: sex, age at time 
of seizure onset, age at time of the study, clinical diag-
nosis prior to aEEG, frequency of events, number of 
anti-seizure medications, results of previous EEGs and 
MRI, and duration of aEEG. Charts were reviewed and 
the reason for ordering the aEEG was classified into five 
categories:

− interictal epileptiform discharges (IEDs) to diag-
nose the epilepsy syndrome;

− capturing clinical events;
− detection of unrecognized seizures (to bet-

ter understand seizure burden in uncontrolled 
patients or to detect unrecognized seizures in 
patients reporting to be seizure-free);

− monitoring IEDs during treatment (quantification of 
known IEDs or prior to medication discontinuation);

− and unclassifiable reason for the study. Ambulatory 
EEG reports were reviewed to evaluate whether the 
study answered the clinical question.

Statistical analyses

Continuous variables were summarized using means 
and standard deviations and categorical variables as 
frequencies and percentages. Student’s t-test esti-
mated associations between continuous variables of 
equal variances, and Welch’s t-test estimated asso-
ciations between continuous variables of unequal 
variances. Chi square test estimated associations 
between categorical variables, and Fisher’s exact test 
was used to estimate associations between categori-
cal variables with expected frequencies of less than 5. 
Stata version 16 (College Station, TX) was used for all 
statistical analyses.
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Data availability

Anonymized data is available on request from a 
qualified investigator.

Results

Patient selection and demographics

A  total of 1,538 studies were performed during the 
study period. Forty studies were excluded for incom-
plete data and 234 for being a repeat study (sup-
plementary figure 1). A total of 1,264 patients (1,983 
recording days) were included. The number of aver-
age recording days was 1.57 ± 0.73. Table 1 shows 
patient demographics, as well as clinical diagnosis 

prior to obtaining the aEEG, seizure frequency, and 
number of anti-seizure medications (ASMs). The 
number of patients who were on ASMs did not differ 
significantly according to indication (table 1).

Indications and diagnostic yield based on study 
indication

The most frequent indication for aEEG was evaluat-
ing for IEDs for diagnostic purposes (n=608, 48.1%) 
(supplementary figure 1). Of those 608 patients, 
339 (55.8%) had a normal routine EEG prior to their 
aEEG. The second most common indication was 
characterization of frequent clinical events (n=239; 
18.9%), followed by detection of unrecognized 
seizures (n=225; 17.8%), and lastly quantification 
of epileptiform discharges (n= 183; 14.5%). Nine 

 Table 1. Demographics and clinical diagnosis of the entire cohort (n=1,264 patients).

Sex (female) 58.7% (742)

Age at seizure onset * Average 34.4 years ± 20.9 (0-90)

Age at time of aEEG study Average 43.7 years ± 17.8 (15-93)

Epilepsy classification prior to aEEG study

 Focal epilepsy 34.1% (431)

 Generalized epilepsy 11.4% (144)

  Multifocal, symptomatic generalized 2.2% (28)

 Epilepsy, unclassifiable 13.3% (168)

 Paroxysmal events, syncope 28.0% (354)

 Single (likely epileptic) unprovoked seizure 5.2% (66)

 Acute symptomatic seizures or status 5.8% (73)

Seizure frequency

 Seizure-free/single seizure 38.0% (481)

 Daily 7.7% (97)

 Weekly 11.1% (140)

 Monthly 18.8% (238)

 Yearly 11.4% (144)

 Less than yearly 4.2% (53)

 Unclear 8.8% (111)

Number ASMs Average: 1.1 ± 1.0 (0-6)

ASM by indication

 ED detection

 Characterization of clinical events

  Detection of unrecognized seizures

 IED monitoring 

On ASM; total: 726 (62%)

382 (63%)

145 (60.7%)

217 (96%)

172 (94%)

p <0.001

ASM: antiseizure medication; IED: interictal epileptiform discharge. * if stated “childhood’’, estimated to be age 8; if stated “infancy’’, estimated to be 0; 
the age of eight patients was unknown.
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(0.7%) of the studies had no clear indication noted 
in the chart.
In all the studies ordered (1,264), IEDs were seen in 340 
studies (26.9%; focal IEDs in 203 [16.1%]) and general-
ized IEDs in 137 (10.8%)). Electrographic seizures were 
seen in 76 studies (6%; focal seizures in 52 [4.1%]), gen-
eralized seizures in 24 [1.9%]) and paroxysmal events 
without EEG correlate were captured in 155 patients 
(12.3%). Overall, of the 1,264 studies, 476 (37.7%) stud-
ies were positive, i.e. the study revealed IEDs, epilep-
tic seizures, or PE, alone or in combination. We found 
that our overall yield for aEEG, to answer the specific 
clinical question, i.e. detecting IEDs, capturing clinical 
events, and evaluating for unrecognized seizures, was 
23.1%.

In terictal epileptiform discharges for diagnosis

In the 608 studies ordered to detect IEDs for diagnosis, 
116 (19.1%) yielded positive results, defined as a study 
showing IEDs and/or EEG seizures.  In  45 patients, 
habitual paroxysmal events were recorded without 
interictal or ictal EEG changes. Figure 1A depicts the 
breakdown of all abnormal findings noted on aEEG 

ordered for this indication. Table 2 shows characteris-
tics of patients who had diagnostic studies and those 
who did not. Patients with a positive study tended 
to be younger at onset of spells (27.8 vs. 37.9 years 
of age) and at the time of study (36.3 vs. 44.2 years of 
age). The yield for capturing IEDs varied based on the 
provisional diagnosis prior to aEEG: 39 out of 133 
patients (29.3%) with suspected focal epilepsy had 
IEDs, 19 out of 30 (63.3%) with suspected generalized 
epilepsy, 33 out of 135 with unclassifiable epilepsy 
(24.4%), and 15 out of 87 with a single unprovoked, 
provoked or acute symptomatic seizure (17.2%).

 Ch ange in diagnosis after aEEG
Fi gure 2A indicates the change in diagnosis after aEEG 
was performed to capture IED. In 133 patients with a 
presumed diagnosis of focal epilepsy prior to aEEG, 
diagnosis was confirmed in 38 (28.6%) and changed 
to generalized epilepsy in one patient (0.75%). Of 
30 patients with presumed generalized epilepsy, the 
diagnosis was confirmed in 16 patients (53.3 %) and 
changed to focal epilepsy in three patients (10%). Of 
the 135 patients with unclassifiable epilepsy, aEEG 
aided in the diagnosis in 33 patients (24.4 %): 19 were 
diagnosed with focal epilepsy and 14 with generalized 
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 Figure 1. Breakdown of abnormal ambulatory EEG results by indication. Each graph depicts the breakdown of all 
abnormal results noted on aEEG for each indication. (A) IED detection; (B) characterization of clinical events; (C) 
detection of unrecognized seizures; (D) IED monitoring. The red box in each graph shows the diagnostic findings 
(i.e. the number of studies that answered the clinical question). (Gen: generalized; IED: interictal epileptiform 
discharges; PE: paroxysmal events).
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 Table 2. Demographics and clinical information for patients referred for aEEG for the evaluation 
of IEDs (n=608; 48.1%).

Diagnostic (n=116) Non-diagnostic (n=492) p value

Sex (female) 56.9% (66) 58.1% (286) 0.809

Age at onset 27.8±18.1* 37.9±20.1 <0.001

Age at study 36.3±16.8 44.2±17.7 <0.001

Duration of epilepsy * 8.5±11.6 6.4±10.7 0.079

Frequency of events 0.060

 Seizure-free/single seizure

 Daily

 Weekly

 Monthly

 Yearly

 Less than yearly

 Unclear

36.2% (42)

1.7% (2)

6.9% (8)

29.3% (34)

14.7% (17)

6.0% (7)

5.2% (6)

40.4% (199)

5.9% (29)

5.7% (28)

18.1% (89)

13.4% (66)

6.7% (33)

9.8% (48)

Epilepsy classification <0.001

 Focal

 IGE

 Multifocal/SGE

 Unclassifiable

 PE/syncope

 Single unprovoked

 Acute symptomatic

33.6% (39)

16.4% (19)

0% (0)

28.5% (33)

8.6% (10)

9.5% (11)

3.4% (4)

19.1% (94)

2.3% (11)

0.4% (2)

20.7% (102)

42.9% (211)

7.7% (38)

6.9% (34)

Number of AEDs 1.1±0.76 0.75±0.78 <0.001

* age at onset unknown in four patients.
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0 %
Focal
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 Figure 2. Change in diagnosis after aEEG was performed to capture IEDs (A), and for event capture (B). The 
x-axis shows the presumed diagnosis prior to aEEG, and the y-axis depicts % of confirmatory and non-confirmatory 
findings (Gen: generalized; IED: interictal epileptiform discharge; MF: multifocal epilepsy; PE: paroxysmal event; 
SGE: symptomatic generalized epilepsy; Sz: seizure; Unc: unclassified epilepsy). 
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epilepsy. Of the 49 patients with a single unprovoked 
seizure, aEEG aided in making an epilepsy diagnosis 
in 11 patients (22.4%): six were diagnosed with focal 
epilepsy, and five with generalized epilepsy. Of the 
38 patients with acute symptomatic or provoked sei-
zures, four (10.5%) of the aEEGs showed a predisposi-
tion for epilepsy: two studies showed focal IEDs and 
two studies showed generalized IEDs.
In 221 patients with presumed paroxysmal events, 10 
(4.5%) had EEG findings supportive of epilepsy after the 
aEEG study. Of these, six had focal IEDs, two had focal 
IEDs and focal seizures, one had a focal seizure but 
no IEDs, and one had generalized IEDs. In nine out of 
those 10 patients, additional information was available 
during follow-up visits to confirm a diagnosis of epi-
lepsy. Only one patient was suspected to have non-epi-
leptic events despite the presence of IEDs on aEEG.

Ch aracterization of clinical events

In 239 patients (18.9%), aEEG was ordered to character-
ize the patients’ frequent clinical events. Ambulatory 
EEG recorded a clinical event of interest in 102 studies 
(42.7%) (supplementary table 1). The most common 
finding was paroxysmal events without EEG change 
seen in 86 studies (36%). Fi gure 1B depicts the break-
down of all abnormal findings noted on aEEG ordered 
for this indication.
We found a statistically significant difference in the 
seizure frequency overall between those who had 
diagnostic tests and those who did not (supplemen-
tary table 1). In patients who had diagnostic studies, 
65 patients (63.7%) reported daily or weekly seizures, 
compared to 60 (43.8%) of those who had a non-diag-
nostic test. Overall, in patients who had aEEG ordered 
to capture events, 52.3% of patients reported daily or 
weekly events. In contrast, only 18.8% of the whole 
cohort of patients and 11.0% of patients who had an 
aEEG to evaluate IEDs reported daily or weekly events.

 Ch ange in diagnosis after aEEG
Fi gure 2B indicates the change in diagnosis after 
aEEG was performed for event capture. Patients with 
presumed PEs represented the largest cohort (123 
patients out of 239 patients). Out of 123 patients with 
suspected PEs, 51 (41.5%) had the diagnosis confirmed 
after recording their events and six (4.9%) had the 
diagnosis changed to focal epilepsy (four had focal 
IEDs and two had focal IEDs and focal seizures). One 
hundred patients with presumed epilepsy were sent 
for event capture. Of the 73 patients with suspected 
focal epilepsy, 13 (17.8%) had their diagnosis con-
firmed (eight had focal IEDs and focal seizures, one 
had focal seizures only, and four had focal IEDs only), 
one (1.4%) had the diagnosis changed to generalized 
epilepsy after seeing generalized IEDs, and 11 (15.1%) 

changed from focal epilepsy to PEs after recording 
their events on aEEG with no EEG correlate. Of 27 
patients with presumed generalized or multifocal epi-
lepsy, 11 (40.7%) had their diagnosis confirmed (three 
had seizures and generalized IEDs, seven had gener-
alized IEDs only, and one had seizures only). Of the 
11 patients with unclassifiable epilepsy, three (27.3%) 
were diagnosed with focal epilepsy (one had focal sei-
zures and IEDs and two had focal IEDs only) and two 
(18.2%) had their diagnosis changed from epilepsy 
to non-epileptic events after capturing their habitual 
spells.

De tection of unrecognized seizures

Out of 225 patients who underwent aEEG to evaluate 
unrecognized seizures, EEG seizures were seen in 30 
studies (13.3%) (table 3). Fi  gure 1C depicts the break-
down of all abnormal findings noted on aEEG ordered 
for this indication. The yield was higher in patients 
with suspected generalized or multifocal epilepsy: of 
34 patients, nine (26.5%) studies recorded seizures. 
Of the 166 patients with presumed focal epilepsy, sei-
zures were seen in 20 (12.0%) studies. Only four elec-
trographic seizures were seen in the 99 patients who 
were reportedly seizure-free (4%).

Mo nitoring IEDs during treatment

Ambulatory EEG was ordered to assess IEDs during 
treatment with ASMs in 183 patients. This included 
patients prior to medication discontinuation with sei-
zures in remission or after an acute symptomatic sei-
zure, or to assess response of treatment on IEDs (e.g. 
clearance for driving in patients with generalized epi-
lepsy). Self-reported seizure freedom was common in 
this group (112 patients; 61.2%). Ambulatory EEG did 
not show IEDs in 103 patients (56.3%); in the remaining 
80 patients (43.7%), IEDs were captured, and in 10 of 
those patients, seizures were also recorded. Figure 1D 
depicts the breakdown of all abnormal findings noted 
on aEEG ordered for this indication.
Seventy-five patients (41%) had a confirmed diagnosis 
of generalized epilepsy; of those, 50 (66.7%) had IEDs 
captured on aEEG. Fifty-seven (31.1%) patients were 
diagnosed with focal epilepsy; of those, 19 (33.3%) 
had IEDs on aEEG. Twenty-four (13.1%) patients had 
an acute symptomatic seizure; of those, IEDs were 
captured in four (16.7%).

Unclassifiable reason for the study

Of the nine studies that had no clear indication noted 
in the chart, one study recorded a PE, one study 
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recorded a PE and IEDs, and the remaining seven 
studies were normal.

Discussion

Prolonged aEEG provides a cost effective and con-
venient alternative to repeat outpatient EEGs and 
prolonged inpatient EEG monitoring, particularly for 
patients with a new diagnosis of epilepsy or with a his-
tory of frequent events. This is a large-scale study that 
describes the various indications for ordering aEEG 
and their yield.
We  found that our overall yield for aEEG, to answer the 
clinical question, i.e. detecting IEDs, capturing clinical 
events, and evaluating for unrecognized seizures, was 
23.1%. This yield is lower than that reported in previ-
ously published studies, at 68-72% [5, 8]. This could be 
due to multiple factors, including the smaller sample 
size in these studies compared to our large sample 
size of 1,264 patients. Additionally, the average record-
ing time was shorter in our study (average: 37.7 hours) 
compared to 72-96 hours in one study [8]. Further-
more, we reported yield by indication, rather than the 
overall positive results reported in some studies [8]. 
Dash et al. demonstrated a yield of 72%; in their study, 
however, 57% of their patients were on ASMs at the 
time of the study compared to 72.9% of our patient 
population, which could have contributed to the 
lower yield [8]. In addition, their patient population 
reported frequent events, occurring at least monthly, 
with an average of 14.8 events per month [8]. In our 
study, 53.6% of the patients reported either a single 
event, seizure freedom, yearly seizures, or less than 
yearly events. It is important to note that given the 
retrospective nature of the study, the detection rates 
in our cohort do not reflect true specificity and sen-
sitivity and should not be interpreted as such. Addi-
tionally, our patient cohort was diverse, with some 
patients being on ASMs, and many having single or 
infrequent events. Evaluating for true specificity and 
sensitivity of aEEG by indication is best achieved by a 
prospective trial in a uniform population.
In our cohort, the most common indication for order-
ing aEEG was for diagnostic purposes, to evaluate 
IEDs. For this indication, aEEG showed IEDs in 19.1% 
of the studies ordered, similar to a recently published 
study showing a yield of 18% [9]. The likelihood of 
capturing IEDs varied based on the suspected epi-
lepsy diagnosis prior to aEEG, with the highest yield 
found for generalized epilepsy. We also noted that a 
large percentage (42.9%) of patients who had non-di-
agnostic studies had a clinically low suspicion for hav-
ing epileptic events prior to aEEG, compared to only 
8.6% in the group with a diagnostic study.

It is important to note that epilepsy is a clinical diag-
nosis and should not rely only on normal or “abnor-
mal’’ test results due to the risk of having “over-reads’’ 
of EEGs [10-12]. Over-reading of IEDs on aEEG can 
result in erroneous epilepsy diagnosis which can be 
difficult to reverse, and thus an abnormal EEG read 
should be interpreted within the clinical context 
[11, 13]. In our cohort, only 10 out of 221 patients with 
suspected non-epileptic events had IEDs captured 
on aEEG and epilepsy diagnosis was  corroborated by 
further testing in nine out of these 10 patients, leav-
ing only one patient with a “false positive’’ aEEG. This 
demonstrates the low incidence of over-reading EEGs 
at a tertiary center where readers have extensive EEG 
fellowship training. In addition, it is important to note 
that a very small percentage of patients with IEDs on 
their EEG may not develop epilepsy, which again high-
lights the importance of the clinical history and the 
need for caution interpreting “abnormal’’ aEEG results 
[14, 15]. Our study highlights one of the advantages 
for the diagnostic use of aEEG over repeat outpatient 
EEGs in that it allows capturing seizures, even in the 
absence of interictal abnormalities (as seen in 1.5% of 
our patients), resulting in a definitive diagnosis.
A first unprovoked seizure can result in psychological 
burden to patients. Patients’ and physicians’ decision 
on medical management depends largely on the esti-
mated recurrence risk. Previous studies showed that 
aEEG increases the yield of detecting IEDs after a nor-
mal routine [16]. In our cohort, aEEG captured IEDs in 
22.4% of patients with first unprovoked seizures, aid-
ing in making an epilepsy diagnosis and influencing 
treatment plan. This yield is lower than the previously 
reported yield of 40% [16]. This difference could be 
due to the different patient populations as our cohort 
included adults only [16].
While the most common indication for aEEG is for 
diagnostic purpose, we found the highest yield for 
aEEG in characterizing clinical events in patients with 
frequent spells suspected to be non-epileptic. For this 
indication, aEEG provided crucial clinical information 
in about half the referred cases, similar to recently 
published data [9]. The higher yield for this indica-
tion stems from patient selection where more than 
half of the patients referred for aEEG for this indica-
tion reported daily or weekly events (as compared to 
18.8% of the entire cohort). The majority of our stud-
ies were done without associated video, however, we 
found that a patient diary was sufficient to make the 
diagnosis. For rare clinical events, smart phone videos 
are a useful tool and preferable over event capture 
with aEEG. A recent study demonstrated that inter-
pretation of smart phone videos by experts increases 
the accuracy of final diagnosis for both epileptic and 
non-epileptic events [17]. We noted that the yield to 
capture events was lower in patients with suspected 
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focal epilepsy compared to those with suspected 
non-epileptic events. Thus, in patients with suspected 
focal epilepsy, aEEG can be a useful first step. How-
ever, in many patients, admission to an epilepsy mon-
itoring unit for proper testing and tapering of ASMs 
is warranted, particularly for a pre-surgical evaluation.
Ambulatory EEG was ordered to evaluate unrecog-
nized seizures in two distinct populations:

− in patients who reported improvement in seizure 
frequency or seizure freedom with clinical suspi-
cion that they were not aware of all their seizures 
in the past; and

− patients who reported frequent clinical seizures in 
order to better evaluate seizure burden.

We found a low overall yield for detecting seizures 
for this indication, and seizures were only captured in 
13.3% of the studies. In patients who reported being 
seizure-free or having yearly or less than yearly sei-
zures, aEEG captured seizures in 3.9% of the patients. 
This is problematic given that many of these patients 
desire clearance to drive or for occupational safety 
and aEEG might not be the ideal way to confirm true 
seizure freedom. Ultimately, a long-term seizure 
detection device would be the ideal goal [18]. In 
contrast, aEEG aided in evaluating seizure burden and 

capturing seizures in 53.8% of patients who reported 
daily or weekly seizures. In this population, more sei-
zures were captured in patients with generalized or 
multifocal epilepsy.

Limitations

This study has multiple limitations: first, it was a sin-
gle-center study and reflects the ordering practice 
of one cohort of physicians, which can introduce 
selection bias. Second, follow-up data was not col-
lected, and thus we cannot comment on how the 
findings from the aEEG study affected clinical care 
after the study. Deciding whether aEEG resulted in 
change in medical management is best suitable for 
a prospective study. Third, our study only included 
adult patients; inclusion of children could result in 
different detection rates than reported in our adult 
cohort. Fourth, aEEG has an increased susceptibility 
to artifacts (chewing, scratching, tooth brushing) that 
can limit EEG interpretation or result in over-reading 
of EEG [19]. Our studies were all read entirely by 
expert physicians who are board-certified in clinical 

 Table 3. Demographics and clinical information for patients referred for aEEG to evaluate 
for unrecognized seizures (n=225).

Diagnostic (n=30) Non-diagnostic (n=195) p value

Sex (female) 56.7% (17) 54.4% (106) 0.813

Age at onset 23.1±18.3 35.6±22.0 0.001

Age at study 39.5±17.6 47.7±17.9 0.019

Duration of epilepsy 16.4±14.3 12.1±13.7 0.131

Frequency of events <0.001

 Seizure free/Single seizure

 Daily

 Weekly

 Monthly

 Yearly

 Less than yearly

 Unclear

13.3% (4)

13.3% (4)

33.4% (10)

26.7% (8)

3.3% (1)

0% (0)

10.0% (3)

48.7% (95)

0% (0)

6.2% (12)

22.1% (43)

13.8% (27)

1.0% (2)

8.2% (16)

Epilepsy classification 0.238

 Focal

 IGE

 Multifocal/SGE

 PE/syncope

 Single unprovoked

 Acute symptomatic

 Unclassifiable

66.7% (20)

16.7% (5)

13.3% (4)

0% (0)

0% (0)

0% (0)

3.3% (1)

74.9% (146)

8.7% (17)

4.1% (8)

1.5% (3)

1.5% (3)

5.2% (10)

4.1% (8)

Number of AEDs 2.1±1.1 1.7±1.0 0.060



Epileptic Disord, Vol. 23, No. 1, February 2021

Y. Mikhaeil-Demo, et al. 

102 •

neurophysiology/epilepsy. Caution should be taken 
to generalize our findings to studies read by a less 
trained reader.  Fifth, most of our studies were done 
without associated video. While we found that a 
patient diary was sufficient to make the diagnosis, 
there could be added value and detection rate if 
video were included with all aEEG studies. Sixth, 
all our studies were performed with standard 10-20 
electrodes, and the yield could have been differ-
ent with the addition of subtemporal electrodes. 
Finally, we acknowledge that some seizure types do 
not have a clear scalp EEG correlate (for example, 
cingulate and orbitofrontal seizures). Thus, a lack of 
EEG correlate for these patients can be misleading 
and a clinical and/or video correlation is needed for 
a diagnosis.

Conclusion

Ambulatory EEG can be a useful tool for capturing 
IEDs and characterizing frequent clinical events in the 
outpatient setting without medication withdrawal, 
given appropriate patient selection. For patients with 
negative studies or for surgical planning, admission to 
the epilepsy monitoring unit for safe tapering of sei-
zure medication and appropriate ictal clinical testing 
may be preferred. 

Supplementary data.
Supplementary figure and table are available on the www.epi-
lepticdisorders.com website.
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TEST YOURSELF

(1) What are some of the different indications for ambulatory EEG?

(2) What is the most common indication for ambulatory EEG?

(3) Which indication is associated with the highest yield?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the 
website, www.epilepticdisorders.com, under the section “The EpiCentre’’.
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