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Routine vs extended outpatient EEG for

the detection of interictal epileptiform

discharges

(A

ABSTRACT

Objective: To compare the yield of epileptiform abnormalities on 30-minute recordings with those
greater than 45 minutes.

Methods: We performed a prospective observational cross-sectional study of all outpatient
routine EEGs comparing the rate of interictal epileptiform discharges (IEDs) and clinical events
during the initial 30 minutes (routine) with those occurring in the remaining 30-60 minutes
(extended). A relative increase of 10% was considered clinically significant.

Results: EEGs from 1,803 patients were included; overall EEG duration was 59.4 minutes (SD
+6.5). Of 426 patients with IEDs at any time during the EEG, 81 (19.1%, 95% confidence
interval 15.6-23) occurred only after the initial 30 minutes. The rate of late IEDs was not asso-
ciated with age, indication, IED type, or sleep deprivation. Longer recording times also increased
event capture rate by approximately 30%.

Conclusions: The yield of IED and event detection is increased in extended outpatient EEGs
compared to 30-minute studies. Neurology® 2016;86:1524-1530

GLOSSARY

AED = antiepileptic drug; Cl = confidence interval; CMS = Centers for Medicare and Medicaid Services; DI-EEG = temaz-
epam EEG protocol; IED = interictal epileptiform discharge; NES = nonepileptic spell; r-EEG = routine EEG protocol; SD-
EEG = sleep-deprived EEG protocol.

EEG is a cornerstone in diagnosing epilepsy and other paroxysmal events. Routine outpatient
EEGs in epilepsy are frequently nondiagnostic. Only 29%—55% of epilepsy patients have epi-
leptiform abnormalities on a single routine outpatient EEG. This yield may be increased by
performing serial recordings.' ™ Prolonged ambulatory EEGs are also sometimes used to identify
interictal epileptiform discharges (IEDs) in patients with normal or nonepileptiform routine
EEGs.’

The duration of standard outpatient EEG varies across practices. The American Clinical Neu-
rophysiology Society recommends a minimum of 20 minutes of artifact-free recording to eval-
uate baseline wakefulness, but concedes that longer studies may be needed for activation
procedures and sleep.® The International League Against Epilepsy recommends recording for
at least 30 minutes.” Based on these recommendations, many routine outpatient EEGs last 20—
30 minutes.

While longer EEGs likely render a higher yield of IEDs, this has not been extensively studied
in a comparative manner. This is an important consideration as repeated, prolonged, and take-
home ambulatory recordings may be intrusive for the patient, and may impact laboratory
efficiency. Additionally, the Centers for Medicare and Medicaid Services (CMS) continue to
evaluate the value of neurologic procedures in an effort to control costs. Therefore, it is impor-
tant to quantify the value of extended outpatient EEG studies with respect to diagnostic yield. In
this study, performed by neurophysiology and epilepsy fellows as a quality improvement project,
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our aim was to prospectively determine the
diagnostic yield of extending the duration of
outpatient EEG recordings beyond 30 minutes
in adults and children.

METHODS Standard protocol approvals, registrations,
and patient consents. Approval was obtained through the insti-
tutional review board for this prospective observational cross-
sectional study. As it assessed the quality of a practice already
instituted in our EEG laboratory (extended EEG) and did not
change the course or interpretation of testing, informed consent

was not required.

Patients. All consecutive adult and pediatric outpatient EEGs
performed between October 15, 2013, and May 15, 2014, at
the Mayo Clinic in Rochester, Minnesota, were prospectively re-
viewed and included for analysis. Inpatient EEGs were excluded
from analysis since this group often has distinctly different EEG
indications and seizure etiologies compared to outpatients. Other
exclusionary criteria included studies lasting less than 45 minutes,
as these studies may not offer a meaningful extended duration
compared to a 30-minute EEG, and incomplete data collection
at the time of EEG. If a patient had more than 1 EEG during
the study period, only the first EEG was included.

EEG. All EEGs were performed using the international 1020
system for electrode placement, including Fpz and Oz electrodes.
EEG protocols include photic stimulation, hyperventilation for
3 minutes in patients who are not excluded for health-related
reasons, and a period of sleep or attempted sleep. Outpatient
EEGs at our institution are typically recorded for 60 minutes.
EEG technologists noted the 30-minute mark within the study to
trigger the initial review by the electroencephalographer before

reviewing the rest of the study.

IEDs and events of interest. IEDs were defined as spikes,
sharp waves, temporal intermittent rhythmic delta activity, and
generalized spike and wave discharges, including hypsarrhythmia
patterns. IEDs were classified as multifocal if they appeared
within both cerebral hemispheres independently over at least 3
head regions.®

Events of interest were defined as any clinical or electro-
graphic event that occurred during the EEG that were potentially
of diagnostic value. When identified, the authors retrieved data
about the event through the formal EEG report. IEDs or events
were considered early if occurring within the first 30 minutes of

EEG and late if they occurred only after 30 minutes.

Review process. All studies were reviewed prospectively by a
board-certified electroencephalographer or clinical neurophysiology
EEG fellow under the direct supervision of a board-certified
electroencephalographer. The first 30 minutes of each study was
first reviewed, and the reviewer’s impressions recorded. The
remaining portion of the study was then reviewed, and the final

impression recorded.

Statistical analysis. Age, sex, previous diagnosis of epilepsy, use
of antiepileptic drugs (AEDs), indication for EEG, EEG dura-
tion, whether sleep was recorded (and if so, whether this occurred
within or after the first 30 minutes of the recording), timing of
first detected or new independent IED, and type of IEDs were
all collected. If a diagnosis of epilepsy was unknown at the time
of the study, use of AEDs was not sufficient to imply a diagnosis
as they may be started by non-neurologists based solely on
suspicion of a diagnosis even when clinical history is suggestive

of other paroxysmal events. When known, the number of

hours the patient slept the night before was also recorded to
assign sleep deprivation status. Adult patients were considered
sleep-deprived if they had 4 hours of sleep or less and children
if they had 6 hours or less.

EEG data recorded included IEDs seen within 30 minutes
and IEDs seen after 30 minutes. IEDs seen after 30 minutes were
considered unique if they were not seen in the first 30 minutes, or
if a new IED was seen at a new focality or carried a new syndromic
implication (e.g., new generalized discharge with previous frag-
ments that may be interpreted as focal, or the emergence of a hyp-
sarrhythmia pattern).

Data were evaluated for nonequivalence between 30 minutes
and extended outpatient studies. In order to calculate the number
of EEGs needed for statistical power purposes, extended outpa-
dent EEGs were predicted to be clinically superior to 30-
minute EEGs if a relative difference of 10% in IEDs was detected.
We estimate that in our own laboratory, this difference would
result in approximately 100 new patients with IEDs over a 1-
year period. Based on this, 1,644 EEGs (455 children, 1,189
adults) were calculated as necessary to provide 80% power in
the detection of a significant difference between 30 minutes
and extended EEGs. Variables potentially affecting the timing
of IEDs, including sleep deprivation, sleep during the EEG,
and type of IED, were evaluated using x> analysis. Continuous
variables are displayed as means with SDs. Categorical variables
are displayed as percentages with 95% confidence interval (Cls).
Statistical analysis was performed by D.B.B. using JMP version
9.0.1 statistical software.

RESULTS Overall, 1,965 patients underwent outpa-
tient EEG during the study timeframe. A total of 162
patients were excluded (43 children, 119 adults), with
130 having incomplete data collection at the time of
their EEG, and the remainder due to having studies
shorter than 45 minutes. A total of 1,803 patients
were included in the analysis, comprising 517 chil-
dren and 1,286 adults.

Table 1 outlines the group demographics. The
most common indication for EEG referral was
“spells” in both the child and adult groups, followed
by focal and generalized seizures. A seizure-specific
indication for EEG comprised 44% of the group.
Approximately half of the patients were not taking
an AED. The average duration of EEG was approx-
imately 60 minutes in either group.

A total of 426 patients (23.6%) had IEDs at any
time during their EEG. Eighty-one patients (4.5%)
had IEDs occur late. This corresponds to a relative
increase of 19% (95% CI 15.6-23) in new IEDs,
and remained similar in both children (absolute
increase 7.5%, relative 18.1%, 95% CI 13.5-23.8)
and adults (absolute increase 3.2%, relative 20%,
15.1-36). The relative increase in IED yield re-
mained true regardless of discharge type (table e-1
on the Neurology® Web site at Neurology.org). Pre-
test probability was an important factor in the overall
likelihood of any IEDs occurring (table 2). Patients
with seizure-specific indications were more likely to
have IEDs at any time than patients with nonspecific
indications (43.9% vs 6.6%, respectively). Despite
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Abbreviation: AED = antiepileptic drug.
2Some patients with more than 1 indication.

the absolute difference in IED occurrence between
the seizure-specific and nonspecific groups, the rela-
tive increase in late IED yield remained high, with

[ Table 1 Patient characteristics
Al Children Adults
No. (%) 1,803 (100) 517 (28.7) 1,286 (71.3)
Age, y, mean = SD 36.5 + 24 84 54 478 + 18.6
Female, n (%) 952 (53) 236 (46) 716 (55.7)
Indication, n (%)*
Seizure-specific
Focal seizures 474 (26.3) 135 (26.1) 339 (26.4)
Generalized seizures 288 (16) 147 (28.4) 141 (11)
New seizures 66 (3.7) 25 (4.8) 41 (3.2)
Spasm 6 (0.3) 6(1.2)
Nonspecific
Spells 845 (46.9) 181 (35) 664 (51.6)
Dementia 67 (3.7) 67 (5.2)
Syncope 49 (2.7) 6(1.2) 43 (3.3)
Encephalopathy 24 (1.3) 3(0.6) 21 (1.6)
Myoclonus 9 (0.5) 1(0.2) 8 (0.6)
Developmental delay 13(0.7) 13 (2.5)
Behavior problems 7 (0.4) 7 (1.4)
Febrile seizures 7 (0.4) 7 (1.4)
Other 25 (1.4) 11 (2.1) 14 (1.1)
AEDs, n (%)
None 905 (50.2) 259 (50) 646 (50.2)
One 535 (29.7) 154 (29.8) 381 (29.6)
2 or more 281 (15.6) 99 (19.1) 182 (14.2)
Nonseizure therapy 82 (4.5) 5(1) 77 (6)
EEG
EEG duration, average (SD) minutes 59.4 (6.5) 59.5 (6.8) 59.4 (6.3)

17.5% occurring after 30 minutes in the seizure-
specific group and 27.7% in the nonspecific group.
This effect held true regardless of age.

Events of interest were recorded in 214 patients
(table 3), of which clinical data were available in
200. Of 54 recorded seizures, 16 (29.6%, 95% CI
19.1-42.9) were detected beyond the initial 30 mi-
nutes (late) in the recording. Nonepileptic spells
(NES) were the most common event type, with late
NES accounting for 20% all events and 29% of all
recorded NES. Nonepileptic physiologic events were
rare. A similar rate of late events was seen in both
seizure-specific and nonspecific EEG indications
(table 4). Overall, nonseizure events of any kind were
more likely in the nonspecific EEG indication group,
while seizures were much more likely in patients with
a seizure indication (p = 0.0001) (table e-2).

Sleep deprivation and sleep during EEG also did
not affect IED occurrence. Sleep timing, however,
was important. Late IEDs were significantly more
likely when patients slept only after the first 30 mi-
nutes of the study in the entire group (p = 0.03),
but not in either the adult or child groups individually
(figure).

Among the entire group, 530 (30.4%) previously
had an EEG at our institution, with 391 demonstrat-
ing IEDs in at least one prior recording. Similar to pa-
tients with a seizure-specific indication, 193 (49.3%)
patients with a previous IED had an IED on their
current EEG, with 36 (18.7%, 95% CI 13.8-24.8)
occurring late. Of 139 patients with previously nor-
mal EEGs, 14 (10.1%) showed an IED on their cur-
rent EEG, with only 1 (7.1%, 95% CI 0-33.5)

occurring late.

DISCUSSION This large, prospective study shows
that increasing the duration of outpatient EEG from
30 to 45 minutes or longer increases the relative yield
of new IEDs by approximately 20%, exceeding our a
priori cutoff for clinical significance. This equates to a

[ Table 2 Interictal epileptiform discharge (IED) timing by EEG indications ]

Seizure-specific, n (%)
Early IEDs, n (%, 95% CI)

Late IEDs, n (%, 95% CI)

Late/total IEDs, n (%, 95% Cl)

Nonspecific, n (%)
Early IEDs, n (%, 95% CI)

Late IEDs, n (%, 95% ClI)

Late/total IEDs, n (%, 95% Cl)

p

Abbreviation: Cl = confidence interval.
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All (n = 1,803)
822 (45.6)
298 (36.3, 33-39.6)
63 (7.7,6-9.7)
63/361 (17.5, 13.9-21.7)
981 (54.4)

47 (4.8, 3.6-6.3)
18(1.8,1.1-2.9)
18/65 (27.7, 18.2-39.7)

Children (n = 517) Adults (n = 1,286)

304 (58.8) 518 (40.3)
156 (51.3, 45.7-56.9) 142 (27.4, 23.7-31.4)
31(10.2, 7.2-14.2) 32 (6.2, 4.4-8.6)

31/187 (16.6, 11.9-22.6) 32/174 (18.4, 13.3-24.9)

213 (41.2) 768 (59.7)
21 (9.9, 6.5-14.7) 26 (3.4, 2.3-4.9)
8(3.8,1.8-7.4) 10 (1.3, 0.7-2.4)

8/29 (27.6, 14.5-45.9) 10/36 (27.8, 15.7-44.1)

0.17 0.22



[ Table 3 Events of interest timing by event type

Total, n (%)
Details available, n (%)
Seizures
Focal, n (95% Cl)
Early events
Late events

Late/total events

Generalized, n (%, 95% CI)

Early events
Late events

Late/total events

Infantile spasm, n (%, 95% CI)

Early events

Late events

Late/total events

Nonseizure events

NES, n (%, 95% Cl)

Early events

Late events

Late/total events
NPE, n (%, 95% Cl)

Early events

Late events

Late/total events

All
214 (11.9)
200 (11.1)

5(2.5,0.9-5.9)
9 (4.5, 2.3-8.5)
9/14 (64.3, 38.6-83.8)

31(15.5,11.1-21.2)
6 (3, 1.2-6.5)
6/37 (16.2, 7.3-31.5)

98 (49, 42.2-55.9)
40 (20, 15-26.1)
40/138 (29, 22.1-37.1)

6(3,1.2-6.5)
3 (1.5, 0.3-4.5)
3/9 (33.3, 11.7-64.9)

Children
63 (12.2)
59 (11.4)

2(3.4,03-12.2¢°
5(8.5, 3.3-18.8)
5/7 (71.4, 35.2-92.4)

22(37.3,26.1-50.1)*
5 (8.5, 3.3-18.8)
5/27 (22.7, 9.7-43.9)

2(3.4,03-12.2)
1 (1.7, 0.01-10.9)
1/3 (33.3, 5.6-79.8)

18(30.5, 20.2-43.2)
10 (17, 9.3-28.7)
10/28 (35.7, 20.6-54.3)

2(3.4,0.3-12.2)
3(5.1, 1.2-14.5)
3/5 (60, 22.9-88.4)

Adults
141 (11)

131 (10.2)

3(2.3,0.5-6.8)
4(3.1,0.9-7.9)

4/7 (57.1, 25-84.3)

9 (6.9, 4.5-12.7)
1 (0.8, 0.01-4.6)

1/10 (10, 0.01-42.6)

80 (61.1, 52.5-69)
30 (22.9, 16.5-30.9)
30/110 (27.3, 19.8-36.3)

4(3.1,0.9-7.9)
0 (0, 0-3.4)
0/4 (0, 0-54.6)

Abbreviations: Cl = confidence interval; NES = nonepileptic spells; NPE = nonepileptic physiologic events.

20One patient with both generalized and focal seizures recorded early.

4.5% absolute increase in IEDs across all patients.
This relative increase was irrespective of age, EEG
indication, or IED type. This is particularly relevant
for patients with seizure-specific indications, where
the relative increase was 17.5% with an absolute

increase of 7.7%. Put in more practical terms,
extended EEGs result in a newly seen IED
approximately every 22 studies regardless of
indication, and once in every 13 studies when the

pretest probability is high.

[ Table 4 Events of interest timing by EEG indication

All (n = 200), n (%, 95% CI)* Children (n = 59), n (%, 95% CI) Adults (n = 131), n (%, 95% CI)

Seizure-specific
Early events 40 (20, 15-26.1)
Late events 19 (9.5, 6.1-14.4)
Late/total events 19/59 (32.2, 21.6-44.9)
Nonspecific
Early events 105 (52.5, 45.6-59.3)
Late events 41 (20.1, 15.5-26.7)

Late/total events 41/146 (28.1, 21.4-35.9)

Abbreviation: Cl = confidence interval.

25 (42.4,30.1-55.1)
11 (18.6, 10.6-30.6)
11/36 (30.6, 17.9-47)

21 (35.6, 24.6-48.4)
13 (22, 13.2-34.3)
13/34 (38.2, 23.9-55)

15 (11.5, 7-18.1)
8(6.1,3-11.8)

8/23 (34.8, 18.7-55.2)

84 (64.1, 55.6-71.8)
28 (21.4,15.2-29.2)
28/112 (25, 17.9-33.8)

2Five patients (1 child, 4 adults) had dual seizure-specific/nonspecific indications.
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Early- and late-occurring interictal epileptiform discharges (IEDs) by

sleep status
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Perhaps just as useful, extending the EEG beyond
45-minute events increased the capture rate of clinical
events. Events of any kind were recorded relatively
frequently, with approximately 30% occurring only
after the first 30 minutes of the study regardless of
indication. This equates to a new captured event
every 31 EEGs in extended recordings compared to
shorter studies. Additionally, pretest probability again
was important as NES were much more common in
patients with nonspecific EEG indications, and seiz-
ures more likely with seizure-specific indications.
Capturing events on EEG is the gold standard of
diagnosis when there is a question of epilepsy, making
it invaluable in decision-making.

These results have many potential implications.
Clinically, an increased yield in IEDs and recorded
events with extended recordings provide improved
diagnostic support for epilepsy (or nonepileptic

Neurology 86 April 19, 2016

entities), which may result in a reduction in the need
for other tests such as prolonged ambulatory or inpa-
tient EEGs. Along similar lines, this also allows for
more timely appropriate management. Improvements
in diagnostic yield may impact laboratory efficiency,
and to that end further evaluation of the potential ef-
fects of extended routine EEG recordings on health
care delivery and use of prolonged EEG monitoring
and ambulatory EEG evaluations merit evaluation.

Past studies have demonstrated that serial EEGs
are useful in increasing the diagnostic yield of epilep-
tiform abnormalities. Single EEGs are positive in
29%-55% of patients with seizures. Serial routine
EEGs may increase that yield up to 59%-82%.'~*
Looking at individual serial EEG studies, a single
repeat recording may increase the rate of overall
IED-positive EEGs by 8%—17%, reflecting a relative
increase of IEDs identified of approximately 18%-—
26%.>* The IED increase on successive EEGs is con-
cordant with the increase seen in a single extended
recording in our study. This is also corroborated by
one study evaluating IED latency in 171 extended
EEG recordings lasting up to 6 hours. In that study,
71% of IED-containing EEGs had the first discharge
within 30 minutes, and another 22% of patients
between 30 and 90 minutes.” Performing a single
study of longer duration may prevent the need for
repeated studies, thereby potentially reducing the
expense of performing multiple EEGs for individual
patients in some cases.

Previous studies have evaluated the effect of
reduced recording times on EEG diagnostic yield in
an effort to increase laboratory efficiency.'®!'" These
have involved taking studies of 20-25 minutes, and
reviewing truncated protocols lasting from 10 to
15 minutes in comparison, which in turn often com-
pare favorably. This may not be surprising as patients
who display IEDs within 20-25 minutes are more
likely to have a shorter IED latency; however, our
data suggest that a meaningful proportion of patients
with longer IED latencies would likely be missed by
this approach.

Sleep timing was an important factor in the occur-
rence of IEDs, and the duration of the EEG may be a
significant factor in this regard. Patients who did not
sleep until 30 minutes or later into the study were
more likely to have late IEDs. The duration of
EEG may be important in achieving sleep. Only
about half of the total group slept during the first
30 minutes of the study, while another 25% of the
group was able to sleep after 30 minutes.

It is known that sleep modulates activation of
IEDs."> A shorter 20- to 30-minute study is often
insufficient to allow for a complete set of activating
procedures, such as photic stimulation and 3-5 mi-
nutes of hyperventilation, as well as an adequate

© 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



sampling of sleep. One study looking at the maxi-
mum efficiency and shortest duration in which an
adequate EEG could be performed supported that
all appropriate states could be seen within either 15
or 25 minutes; however, this only included time built
in for resting EEG and did not specifically allow for
sleep.’® Another study comparing various EEG pro-
tocols showed that in patients who had 2 or more
generalized tonic-clonic seizures, IEDs were more
likely to be seen using a sleep deprived protocol
(SD-EEG) compared to routine (r-EEG) or temaze-
pam protocols (DI-EEG)." In that study, the median
duration of both SD-EEG and DI-EEG protocols
was more than 40 minutes, while r-EEG was about
21 minutes. The DI-EEG protocol called for admin-
istering temazepam 10 mg orally 30 minutes prior to
recording the EEG. Patients were much more likely
to achieve sleep in either of the longer protocols
(89%-95% in SD or DI-EEG vs 46% in r-EEG).
It may be that the increased sleep and IED yield in
that study was a function of time as much as any
sleep-inducing procedure, and was actually hindered
by the application of a sedative medication. Our
study supports the concept that sampling an adequate
amount of sleep can result in an increased yield of
IEDs, and that longer outpatient EEG times allow for
a higher chance of recording natural sleep.

The review process was limiting as both the first
30 minutes and the complete extended EEG were re-
viewed during a single session rather than blinded and
as separate records. Alternatively, the first 30 minutes
and post-30-minutes recordings could have been pre-
sented as separate studies in a blinded fashion to
reduce bias. However, the need to re-review 1,800
EEGs would have proven impractical for laboratory
throughput. Instead, the 30-minute mark was indi-
cated by EEG technologists as the study was re-
corded, and reviewers were asked to record their
impressions on the first 30 minutes prior to reviewing
the remainder of the recording to help prevent bias.
Reviewers were also not blinded to the clinical cir-
cumstances of the patients, and were able to review
previous EEG results in the medical record. This
was not likely a significant factor as patients with
first-time EEGs displayed late IEDs at the same rate
as the total group, indicating no evidence that re-
viewers were significantly biased by these factors.
All studies included periods of sleep or attempted
sleep and standard activating procedures (hyperventi-
lation and photic stimulation), but these were not
performed at the same time for every patient and
either may have been attempted only after the first
30 minutes. Theoretically, this could create instances
where IEDs were seen only after 30 minutes by using
a provoking maneuver that could have otherwise been
performed earlier.

Differing Current Procedural Terminology codes
are utilized for routine EEG studies, which are based
in large part on recording duration. Codes 95816 and
95819 are used for recordings lasting 20-40 minutes,
95812 for 41-60 minutes, and 95813 for recordings
lasting longer than 60 minutes. Historically, these
codes have been reimbursed at a differential rate, with
codes for longer studies generally reimbursed at rates
greater than shorter studies. CMS recently decreased
the relative value units for 95812 and 95813, making
them nearly equal to 20- to 40-minute recordings.
Our data would support a higher reimbursement rate
for longer duration studies based on higher diagnostic
yield.

Performing extended outpatient EEG of 45 minutes
or more results in a relative increase in the detection of
IEDs and capture of clinical events. This appears most
relevant for patients with a high pretest probability of
having epilepsy as this group may have a new IED
identified in as few as 1 in every 13 studies. This differ-
ence may be less in patients with a low pretest proba-
bility in terms of the detection of IEDs due to low
overall rates of IEDs at baseline; however, the increased
capture of clinical events supports the use of longer re-
cordings in this population as well. The potential
impact on health care economy and delivery as related
to EEG duration warrants further study.
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