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Opinion statement

Continuous electroencephalographic (EEG) monitoring has become an invaluable tool for
the assessment of brain function in critically ill patients. However, interpretation of EEG
waveforms, especially in the intensive care unit (ICU) setting is fraught with ambiguity.
The term ictal-interictal continuum encompasses EEG patterns that are potentially harmful
and can cause neuronal injury. There are no clear guidelines on how to treat EEG patterns
that lie on this continuum. We advocate the following approaches in a step wise manner:
(1) identify and exclude clear electrographic seizures and status epilepticus (SE), i.e.,
generalized spike-wave discharges at 3/s or faster; and clearly evolving discharges of any
type (rhythmic, periodic, fast activity), whether focal or generalized; (2) exclude clear
interictal patterns, i.e., spike-wave discharges, periodic discharges, and rhythmic patterns
at 1/s or slower with no evolution, unless accompanied by a clear clinical correlate, which
would make them ictal regardless of the frequency; (3) consider any EEG patterns that lie
in between the above two categories as being on the ictal-interictal continuum; (4)
compare the electrographic pattern of the ictal-incterictal continuum to the normal
background and unequivocal seizures (if present) from the same patient; (5) when
available, correlate ictal-interictal continuum pattern with other markers of neuronal
injury such as neuronal specific enolase (NSE) levels, brain imaging findings, depth
electrode recordings, data from microdialysis, intracranial pressure fluctuations, and brain
oxygen measurement; and (6) perform a diagnostic trial with preferably a nonsedating
antiepileptic drug with the endpoint being both clinical and electrographic improvement.
Minimize the use of anesthetics or multiple AEDs unless there is clear supporting evidence
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from ancillary tests or worsening of the EEG patterns over time, which could indicate

possible neuronal injury.

Introduction

In the absence of a reliable biomarker to assess neuronal
damage, clinicians rely on several surrogate markers
such as scalp electroencephalogram (EEG), depth EEG,
cerebral microdialysis (CMD), brain oxygen measure-
ment (PbtO2), neuron specific enolase (NSE) levels,
magnetic resonance imaging (MRI), evoked potentials,
single photon emission computerized tomography
(SPECT) scans, and positron emission tomography
(PET) scans; often in combination to assess brain func-
tion or therein neuronal injury. Several of these methods
are still experimental, some invasive in nature and most
only provide snapshots of cerebral activity. Scalp EEG is
the only noninvasive method that facilitates continuous
monitoring of brain function. However, interpretation
of EEG waveforms is fraught with ambiguity and carries
a great deal of subjectivity. While the American Clinical
Neurophysiological Society (ACNS) Critical Care EEG
terminology has helped improve this ambiguity to a
large extent [1ee], some questions remains unanswered.
With advent of this new nomenclature, academic centers
are beginning to adopt a standardized way of reporting
EEG findings, thus facilitating improved communica-
tion and scope for multicenter research projects. How-
ever, the biggest challenge still remains: which of these

Treatment paradigm

EEG patterns warrant aggressive treatment?

The most important questions for the primary
ICU team treating the patient are the following: (1)
is there ongoing seizure activity on the EEG? (2)
how long should we continue the EEG? and (3)
how aggressive should the treatment be? The term
ictal-interictal continuum (IIC) has no standard
definition, includes EEG patterns that may in fact
be harmful and the interpretation of what consti-
tutes this ‘continuum’ varies among neurophysiol-
ogists. In our opinion, being able to effectively
communicate the nature of these findings is the
centerpiece of management. Even though any kind
of abnormal EEG activity can be suppressed with
aggressive measures, the ultimate goal is to preserve
as much brain function as possible, while mini-
mizing the side effects from treatment. The goal of
this paper is to try and discuss the various EEG
patterns that could potentially be included in the
umbrella term of ‘ictal-interictal continuum’, how
to communicate these findings and more impor-
tantly, develop a rational treatment approach while
dealing with patients whose EEG patterns lie on
the ictal-interictal continuum.

Figure 1 illustrates a stepwise approach in the most simplistic manner when
dealing with patients whose EEG patterns lie on the ictal-interictal continuum.
We shall now discuss each step in detail.

1. Identify and treat clear seizures/nonconvulsive status epilepticus (NCSE)

Nonconvulsive seizure (NCS)
In general, there must be clear and unequivocal evolution in frequency,
morphology, or location of an ongoing EEG pattern to be classified as a
seizure [2]. The presence of a clinical correlate makes it easier to identify
an ongoing pattern as seizure activity, however, approximately 90 % of
critically ill patients in an intensive care unit setting have purely
nonconvulsive seizures, which are unrecognized at bedside and can
only be diagnosed by continuous EEG (cEEG) monitoring [3, 4]. Subtle
clinical manifestations may include myoclonic limb, facial, or ocular
movements, psychosis, nausea/vomiting, etc.... among several others
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Fig. 1. NCSE: nonconvulsive status epilepticus, IIC: interictal ictal continuum, AED: antiepileptic drug, cEEG: continuous electro-
encephalographic monitoring.

[5]. American clinical neurophysiological society (ACNS) defines un-
equivocal electrographic seizures as “generalized spike-wave discharges
at 3/s or faster; and clearly evolving discharges of any type that reach a
frequency >4 s, whether focal or generalized [1ee].”

While the criteria for defining nonconvulsive seizures (NCS) are
evolving towards uniformity, most electroencephalographers agree with
the original criteria of Young et al. [2], which were later modified by
Chong and Hirsch [6] as shown in Table 1.

Nonconvulsive status epilepticus (NCSE)
As with nonconvulsive seizures, clinical signs are subtle or even absent
in NCSE and EEG is indispensable in the diagnosis and management of
these patients. While brief nonconvulsive seizures are easier to identify,
prolonged nonconvulsive seizures leading to NCSE can be more diffi-
cult to recognize due to subtle or even lack of evolution of EEG patterns
and the absence of interictal background for contrast. Most
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Table 1. Criteria for nonconclusive seizure

Any pattern lasting at least 10 s satisfying any one of the following three primary criteria

Primary criteria:

1 Repetitive generalized or focal spikes, sharp-waves, spike-and-wave, or sharp-and-slow wave complexes at 23/s.

2 Repetitive generalized or focal spikes, sharp-waves, spike-and-wave or sharp-and-slow wave complexes at 23/s and the
secondary criterion.

3 Sequential rhythmic, periodic, or quasi-periodic waves at 21/s and unequivocal evolution in frequency (gradually
increasing or decreasing by at least 1/s, e.g., from 2 to 3/s), morphology, or location (gradual spread into or out of
a region involving at least two electrodes). Evolution in amplitude alone is not sufficient. Change in sharpness without
other change in morphology is not adequate to satisfy evolution in morphology.
Secondary criterion:

Significant improvement in clinical state or appearance of previously absent normal EEG patterns (such as a posterior
dominant rhythm) temporally coupled to acute administration of a rapidly acting AED.

Resolution of the “epileptiform™ discharges leaving diffuse slowing without clinical improvement and without appearance of
previously absent normal EEG patterns would not satisfy the secondary criterion.

Reproduced with permission from Chong and Hirch, 2005 [6]

electroencephalographers agree that NCSE typically includes patients
with >30 min of ictal EEG activity in any given hour of recording (i.e.,
>50 % of the record) [7-9, 10ee], at least one society has recommended
shortening this to 5 min [11]. What constitutes ictal activity, especially
in the critically ill with prolonged nonconvulsive seizures, is anything
but straightforward, often depends on many variables and is best sum-
marized in Table 2, which is an effort towards the development of a
unified terminology and classification system for NCSE [10ee].

2. Exclude clear interictal patterns
With the advent of new ICU EEG nomenclature [1ee], most academic
centers have now adopted a standardized method of quantifying
interictal discharges—see Fig. 2. Despite this, most electroencephalog-
raphers agree that the division between interictal and ictal patterns,
especially in the critically ill population is ambiguous.

We propose the following arbitrary criteria for a pattern to be con-
sidered interictal: (a) frequency <1.5 Hz; (b) static (NON-evolving and
NON-fluctuating); and (c) absence of a clinical correlate. When EEG
patterns start extending beyond this conceptual divide, we enter the zone
where we struggle to define “which patterns are possibly ictal?” i.e., the
ictal-interictal continuum.

3. Recognize patterns that may lie on the ictal-interictal continuum
Jirsch and Hirsch in 2007 [12] probably provided the best definition of
‘continuum”: “large centers that review abundant EEG monitoring re-
cords in the critically ill recognize that a clear division of EEG patterns as
eitherictal or interictal is elusive or nonexistent, and interpretation varies
considerably among different electroencephalographers.” Indeed, 8
years later, this line of thought still holds value. Prior to the advent of the
standardized ACNS Ciritical Care EEG nomenclature [1ee], the ‘3 Hz'
criteria were used to differentiate interictal and ictal patterns. This was
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Table 2. Working criteria for nonconvulsive status epilepticus

Patients without known epileptic encephalopathy
EDs>2.5 Hz, or (EDs include GSW, GPD, LPD, BiPD, LRDA, polyspikes)
EDs or rhymic delta/theta activity at 0.5-2.5 Hz AND one of the following
EEG and clinical improvement after IV AED?, or
Subtle clinical ictal phenomena during the EEG patterns mentioned above, or
Typical spatiotemporal evolution®
Patients with known epileptic encephalopathy
Increase in prominence of frequency of the features mentioned above, when compared to baseline with observable
clinical change
Improvement of clinical and EEG® features with IV AEDs

EDs epileptiform discharges, GSW generalized spike waves, GPD generalized periodic discharges, LPD lateralized periodic discharges, BiPD
bilaterally independent periodic discharges, LRDA lateralized rhythmic delta activity

°If EEG improvement occurs without clinical improvement, or if fluctuation without definite evolution, this should be considered possible NCSE
®Incrementing onset (increase in voltage and change in frequency), or evolution in pattern (change in frequency> 1 Hz or change in location),
or decrementing termination (voltage or frequency)

Modified with permission from Beniczky et al. [10e®] who modified the criteria by Kaplan [7]

arbitrary and left a gaping hole that comprised of patterns of uncertain
clinical significance. This ‘gap’ over time evolved into what is now
considered the ‘ictal-interictal continuum.’

First and foremost, the most important challenge in understanding
the clinical significance of this ‘continuum’ was to develop a common
language to define the patterns, and thus facilitate communication
across academic centers utilizing a high volume of continuous EEG
monitoring in the critically ill. There have been some prior attempts to
subclassify EEG patterns that may constitute the continuum but these
were limited by moderate interrater agreement and lack of generaliz-
ability across different centers [13]. Great strides have been made in this
direction with the introduction of the standardized Critical Care EEG
terminology [1ee]. The interrater agreement (IRA) for this terminology
has been recently validated by Gaspard et al. [14ee], and they found
nearly perfect (90-100 %) IRA values for identification of seizures,
pattern location (generalized/lateralized/bilaterally independent/multi-
focal), pattern type (thythmic/periodic/spike wave), sharpness, ampli-
tude, frequency, and numbers of phases. However, IRA dropped to 21 %
for identifying ‘evolution” of EEG patterns. Our experience has been
similar with regard to reaching a consensus on ‘evolution” of EEG
patterns.

To this date, there is no standard definition for the ‘ictal-interictal
continuum’, and this is not part of the most current version of the ACNS
Critical Care EEG terminology. However, this is a work in progress and
has been limited by the paucity of large studies demonstrating that one
particular EEG pattern is unequivocally more harmful than others. This
is starting to change with emerging evidence from recent studies, such as
the one by Gaspard et al. 2013 [15¢] who found that lateralized
rhythmic delta activity (LRDA) has a similar clinical significance as
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@ Rhythmic = repetition of a waveform with relatively uniform morphology and duration, and without
an interval in between consecutive waveforms.

b Periodic = repetition of a waveform with relatively uniform morphology and duration with a quantifiable
inter-discharge interval between consecutive waveforms and recurrence of the waveform at nearly
regular intervals.

Fig. 2. A simplified classification of interictal discharges, modified from Hirsch et al. 2013 [1ee]

lateralized periodic discharges (LPDs, formerly PLEDS) and is associated
with a high risk (80-90 %) of acute seizures, especially nonconvulsive.
At our institution, we arbitrarily classify the ‘ictal-interictal
continuum’ as illustrated in Fig. 3. Given our inability to correlate a
particular EEG pattern with its potential for neuronal injury, we resort to
ancillary testing (when readily available) and response to medications as
surrogate markers. This will be discussed in detail in the next section.

4. Correlate EEG patterns with other markers of neuronal injury when
available
Surrogate markers for neuronal injury broadly include (a) imaging and
(b) serum markers. Of all imaging modalities, the best described is peri-
ictal diffusion weighted MRI (DWI) changes in generalized and more
frequently in complex partial status epilepticus [16-23]. The most
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Fig. 3. This figure demonstrates various EEG patterns, primarily based on frequency depicted along the ictal-interictal continuum.
The frequency of discharges is shown on the x-axis, which has traditionally been the benchmark guiding the aggressiveness of
treatment. This frequency based division between intertical, continuum and ictal is arbitrary, conceptual, and does not take
evolution of patterns into account. From our experience evolution of EEG patterns can be subtle, especially when observing long
epochs in critically ill patients, and if often difficult to reach a consensus. However, the presence of even subtly evolving patterns
increases the possibility of them being ictal. If clinical correlate is present with any of these patterns, it has to be considered ictal by
definition, regardless of the frequency.*At least 1 Hz with clear (unequivocal) evolution in frequency, morphology, or location is
considered to be ictal—see Table 1. GCSE generalized convulsive status epilepticus, NCSE nonconvulsive status epilepticus, NCS
nonconvulsive seizure, SIRPIDs stimulus-induced rythmic periodic or ictal discharges

common reported locations are the hippocampus and pulvinar region
of thalamus. The DWI changes are hypothesized to result from increased
energy metabolism, hyperperfusion, and possible neuronal swelling
secondary to ictal activity [17]. In addition to DWI changes, increased
MR perfusion may be more indicative of ictal activity [19]. Of serum
markers, elevated neuron specific enolase levels are associated with
neuronal injury [24-26]. More invasive and serial assessment of the
several other metabolic biomarkers can be measured through microdi-
alysis and depth electrode recordings, which may prove to be helpful to
clarify the ictal nature of scalp EEG findings [27, 28]. However, to date,
this approach remains investigational.

Despite the above, albeit limited evidence, there is little to no
information on imaging or serum markers in relation to EEG pat-
terns of uncertain significance, i.e., the ictal-interical continuum. It
is important to realize that most studies reporting imaging or serum
biomarker changes were in patients with well-documented convul-
sive status epilepticus and epilepsia partialis continua, this evidence
becomes even less robust for NCS and NCSE.

The most studied and well-described EEG pattern associated with
markers of neuronal injury is periodic lateralized epileptiform dis-
charges (PLEDs; now referred to as LPDs [lateralized periodic dis-
charges]). LPDs most commonly occur in the setting of acute cerebral
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injury (e.g., stroke, tumor, infection) with patients often presenting with
a focal neurological deficit, contralateral to the location of LPDs [29]. It
is well known that LPDs are highly associated with seizures and thus,
should be treated accordingly [29]. In the setting where LPDs exist
without associated seizures, it remains highly controversial as to the
degree to which they should be “treated” as no studies have shown that
treatment impacts outcome. For example, benign clinical courses with
long standing chronic PLEDs have been reported, connoting a non-ictal
state or one that possibly does not cause further neuronal injury [30, 31].
Clinically, the general consensus among electroencephalographers is
that the presence of LPDs warrants prophylactic dosing of antiepileptics
to prevent bona fide seizures. In certain clinical situations, LPDs may
actually represent an ictal phenomenon [32]. Anecdotally, from our
experience, we see confusional states reversed with antiepileptics often
leading us to conclude that their associated EEG patterns could represent
a form of NCSE. Indeed, the literature is peppered with convincing and
significant evidence that LPDs are at times ictal. Terzano et al. (1986)
reported on seven elderly patients with LPDs that were associated with a
reversible confusional state and could possibly represent an ictal state
[33]. Handforth et al. (1994) demonstrated increased local cerebral
glucose metabolism on positron emission tomography during LPDs;
since this is also seen during seizures, the authors surmised that this
supported LPD's ictal nature [34]. Case series and case reports of single
photon emission computerized tomography have shown increased
regional blood flow in the area of the LPDs that disappears with the
resolution of the LPDs, invoking seizure as the most likely explanation
for this transient, focal hyperperfusion [27, 35, 36] and thus may
warrant more aggressive treatment. At our institution, we have found
DWI and perfusion changes to be most helpful in guiding treatment
decisions in selected patients. However, as Claassen noted [27] these
findings need to interpreted cautiously. For example, in traumatic brain
injury, such imaging changes could represent either dynamic blood flow
changes secondary to the underlying injury or a healthy, compensatory
response of increased blood flow in the region generating the LPDs
(e.g., neurovascular coupling). This leads us to the last section;
synthesizing all the ancillary information in relation to EEG patterns
and formulating a treatment approach.

. Consider a treatment trial with a sedating or nonsedating AED

When considering management of EEG patterns felt to lie on the con-
tinuum, we recommend the following triangular approach that includes
investigating the underlying cause, initiating or escalating AEDs and
continuing EEG monitoring not only to assess response to treatment but
also detect the development of NCSE. Figure 1 illustrates this approach
in a simplified stepwise manner.

When treatment is initiated, there are several options. Historically, a
benzodiazepine trial had been the standard approach [12], however
given the potential sedative effect, few centers have moved towards a
nonsedating AED trial, especially in those with hepatic and renal
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dysfunction, to maximize the opportunity to discern quantifiable clini-
cal improvement [37¢]. Currently, there are several IV antiepileptic
medications that can be used; the choice should be weighed against the
concomitant medical comorbidities or pharmacological interactions
inherent to the individual patient. A ‘loading’ dose of an AED can be
administered relatively quickly and correlated with clinical and EEG
changes at the bedside. In some patients, there will be EEG improvement
without clinical improvement and in others, EEG improvement with
clinical improvement, the latter of which is the gold standard for defin-
ing a successful treatment trial. However, it is important to realize that
clinical improvement may not be immediate, though it can be, and can
often take a couple days to emerge [38]. If neither clinical nor EEG
improvement occur, then the options are to continue trialing additional
AEDs or escalate to an IV anesthetic if the EEG pattern can be correlated
with other markers of neuronal injury as discussed above (e.g., DWI or
perfusion changes on MRI, NSE levels etc....). If there is clear EEG
worsening towards an ictal pattern then additional AEDs or IV anes-
thetics should be considered and EEG monitoring should be continued
to assess responsiveness to treatment with clearly defined EEG endpoints
(e.g., decrease in frequency to less than 1 Hz, absence of ‘evolution’,
emergence of background rhythms or sleep architecture and reactivity).
Clinical improvement trumps improvement in EEG patterns at all time
points.

Case

An 84-year-old woman with significant cardiac disease including atrial fibrilla-
tion, congestive heart failure, and a recent right middle cerebral artery stroke for
which she underwent mechanical thrombectomy at an outside hospital. Her
hospital course was complicated by septic shock with multiorgan failure re-
quiring dialysis, tracheostomy and a feeding tube as well as unequivocal
nonconvulsive status epilepticus. She was discharged to rehab, awake and able
to follow simple commands, but bedbound on the ventilator. Soon after
arriving in rehab, she became less interactive and it was felt that AED was the
culprit so it was quickly weaned off. When she did not improve, she was
transferred to Yale University for further evaluation. Immediately, she was
placed back on her prior AED regimen, but her cEEG revealed generalized
periodic discharges fluctuating between 0.5 and 2.5 Hz (see Fig. 4). Given
concern for NCSE and her concomitant medical issues, she was treated with 2
mg [V lorazepam, after which her EEG background immediately improved with
resolution of the periodic pattern. We continued EEG monitoring for the next
24-48 h to ensure that the response was sustained and also introduced a very
low dose long acting benzodiazepine (clobazam 5 mg twice a day). However,
clinically, she did not wake up and begin following commands until 48 h after
the trial with lorazepam. Sustained improvement of EEG patterns despite a lag
in clinical improvement helped prevent escalation to IV anesthetics in this
particular case (see Fig. 4).

It is not uncommon to encounter cases where the EEG pattern is on the
continuum, but may be attributable to an underlying infectious or metabolic
derangement (e.g., severe sepsis, renal failure, liver failure). In such cases, it may



8 Page 10 of 13

Curr Treat Options Neurol (2016) 18: 8

(a) Interictal

Rhythmicty Spectrogram, Left Hemisphere, 0 - 20 Hz

A A O AR e Wi

(b) Ictal-Interictal Continuum (¢) Resolution with

benzo trial
[T o0-¢ vz

Rhythmicty Spectrogram, Right Hemisphere, 0 - 20 Hz

s . !
ottt O A AR A A A

T -4 Wiz

FFT Spectrogram. Left Hemisphere, 0 - 20 Hz

ol R e e

it e

-:- -50-50 %

1 K 'l W
i X
il A s i

aEEG, Left Hemisphere and Right Hemisphere,

(a)

<

= 1l

)a‘ R e RO 1
ANt i ol s b il Siadisid
N

@

=4

(b) (©

Fig. 4. Illustrates a 6-h epoch of cEEG. The top portion is a snapshot of the quantitative EEG (qEEG) as seen on Persyst 12. The
bottom portion shows three separate raw EEG snap shots, 10 seconds each, with sensitivity: 7 uV; low-frequency filter: 1 Hz; high-
frequency filter: 70 Hz; and notch filter turned off: (a) the interictal portion with poorly demarcated generalized periodic discharges
(GPDs) at approximately 1 Hz; (b) worsening of EEG background with clear increase in frequency (up to 2.5 Hz) and amplitude of the
GPDs. This information can also be obtained from the qEEG, where there is a clear increase in rhythmicity (top 2 rows), power
(on color density spectral array (CSDA); middle 2 rows), and amplitude (on amplitude integrated EEG (aEEG); bottom row); (c)
resolution of GPDs with appearance of rudimentary sleep architecture after administration of lorazepam. qEEG shows a decrease in
the previously seen rhythmicity, power, and amplitude.

be reasonable to initiate conventional AED prophylaxis without escalation to
treatment dosing and continue to monitor the patient with cEEG. If the medical
conditions are being actively treated (e.g., antibiotics, dialysis) and have the
potential to be reversed, then there will be clinical and/or EEG improvement to
help guide further management. Should the pattern worsen or become clearly
ictal, despite medical optimization, then a more aggressive treatment path, as
outlined Fig. 1, may be considered.

Compared to GCSE, evidence supporting an aggressive treatment approach
is less robust in the setting of NCS or NCSE and almost nonexistent when it
comes to ictal-interictal continuum. Adopting an aggressive approach in these
cases should involve a discussion with the patient’s family so as to set realistic
expectations as well as potentially prepare for complications relating to intu-
bation, and the potential for a prolonged hospital course. More importantly,
there should be a clear line of communication between the electroencepha-
lographers interpreting the EEG and the ICU team responsible for making
treatment decisions. Interpreting cEEG reports can be daunting and fraught with
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ambiguity, especially when terms such as ‘ictal-interictal continuum’ are used.
At our institution, we have found it extremely beneficial for teams to have a
visual discussion of the overnight EEG findings, much like reviewing imaging
with a radiologist, rather than just relying on the technical jargon in the report.
For example, a single glance at the quantitative portion of Fig. 4 and concurrent
raw EEG paints a clearer portrait for the ICU team.

With an astronomical increase in cEEG monitoring and the use of ICU EEG
terminology being adopted nationally and internationally, we are now able to
better define the EEG patterns which may lie on the continuum, i.e., potentially
ictal. This is a crucial step, as it facilitates communication across centers, which
in turn will hopefully drive the next decade of research in this field. However,
the true clinical implications of the ictal-interictal continuum may not fully
unravel until we can identify a reliable biomarker for neuronal injury. Until that
point, less may be more, with individualizing care based on clinical context and
ancillary information.
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