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PREFACE

In contrast with generalized convulsive status
epilepticus, nonconvulsive status epilepticus
(NCSE) usually has a subtle presentation and is
often misdiagnosed and improperly treated.
Like generalized convulsive status, however,
NCSE can be a medical and neurologic emer-
gency that warrants prompt and effective man-
agement as soon as it is detected. NCSE is
rapidly gaining attention because of its many
etiologic bases, varied clinical settings and pro-
tean manifestations. Management is still con-
troversial, as are the varied prognoses.

After long experience and fascination with
this field, and unresolved questions about the
nature and management of NCSE, we have
assembled a comprehensive monograph, Non-
convulsive Status Epilepticus. A panel of inter-
national authorities and colleagues have
provided diagnostic and management insights
for this mysterious, clinically challenging, and
surprisingly common condition.

The purpose of this volume is to cover the
full range of information on NCSE from animal
models to the bedside, from neonates to the eld-
erly, from the pleomorphic clinical features
through the diagnostic dilemmas, ending with
treatment options and prognosis.

The book is organized to cover multiple
perspectives on age-related, genetic, syndromic,
clinical, diagnostic, therapeutic, and prognostic
considerations. It starts with chapters reviewing
the history and a new classification of NCSE,
reflecting a contemporary understanding of
developmental, syndromic, and clinical aspects.
Chapters follow on relevant epidemiology, elec-
trophysiology, imaging, and pathophysiology.
The next 2 sections cover the clinical features of
focal NCSE arranged by the cerebral lobe
involved and those of absence (generalized) sta-
tus and electrographic status epilepticus in
coma. Subsequent chapters are devoted to psy-
chiatric and behavioral aspects of NCSE and to
differential diagnostic considerations of its fre-
quently unusual behavioral presentations.

An entire section is devoted to the different
seizure types and NCSE syndromes according
to age (from infancy to the elderly) and to spe-
cial considerations pertinent to the manage-
ment of NCSE in patients with specific risks,
eg, mental retardation, and NCSE in patients in
the intensive care unit—who are often coma-
tose. The final section covers treatment princi-
ples and guidelines, along with individual
chapters addressing prognosis in infants, chil-
dren, adults, and the elderly.

We hope this volume will be helpful to neu-
rologists, intensive care specialists, emergency
room staff, mental health workers, fellows, res-
idents, and students and that it will facilitate a
comprehensive understanding and better treat-
ment of the many forms of NCSE. We have
enjoyed learning from the widely varied expert-
ise of the many esteemed colleagues whom we
were delighted to recruit and hope that this
multidisciplinary contribution will provide
physicians with a comprehensive source of
information and opinion on nonconvulsive sta-
tus epilepticus.

Peter W. Kaplan, MB, FRCP
Frank W. Drislane, MD
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PART I

GENERAL CONSIDERATIONS IN
NONCONVULSIVE STATUS
EPILEPTICUS






CHAPTER 1

THE HISTORY OF NONCONVULSIVE
STATUS EPILEPTICUS

PeETER W. KAPLAN

The frightening aspect of convulsive seizures
has, since ancient times, attracted the attention
of observers, who have recorded their impres-
sions on clay tablets, in ancient manuscripts,
and in print. Throughout the ages, there have
been many references to the appearance,
causes, and treatment of seizures, as will be
provided in further detail later in this chapter;
withal, however, there has been surprisingly lit-
tle mention of events that would seem to repre-
sent status epilepticus.

The striking aspects of seizures and
epilepsy have been carried across time through
the writings of early observers. Early on, sev-
eral writers speculated as to the origin of
seizures and epilepsy; for example, in the fol-
lowing quote, Hippocrates recognized that
epilepsy is a disease of the brain:

... the man loses his speech and intel-
lect, and his hands become powerless,
and are contracted ... the eyes are dis-
torted ... and they palpitate; and froth
from the lungs issues by the mouth.
HiPPOCRATES (1)

Five hundred years later, Galen categorized
seizures into those referred to as idiopathic,
which he speculated induced a dyscrasia of the
humors of the brain brought on by cold; those
arising from irritating substances brought to
the brain, ie, sympathetic; and a third group
that he attributed to a migrating humor from
the limb to the brain. His description strongly
resembles Hughlings Jackson’s proximal ictal
march.

In the Middle Ages, several writers, such as
Georgius Zecchius in Basel (1586) and Vincen-
tius Alsarius from Genoa (1617), wrote

extended treatises on the subject of epilepsy
and seizures. Many authors, including John of
Gaddesden (circa 1280-1361), Bernard of Gor-
don (1305), Thomas Willis (1684), and Ger-
hard van Swieten (1744) (2), attributed
epilepsy to supernatural forces.

Finding commentary on prolonged or
repeated seizures is more difficult. An early ref-
erence to extended seizures can be found in the
25th and 26th Sakikku cuneiform tablets
(obverse), housed in the British Museum, dat-
ing from 718-612 BC, and translated by JV Kin-
nier-Wilson (Figure 1.1).

If the possessing demon possesses him
many times during the middle watch of
the night, and at the time of bis posses-
sion bis bhands and feet are cold, he is
much darkened, keeps opening and
shutting his mouth, is brown and vyel-
low as to the eyes ... It may go on for
some time, but he will die (3).

Biblical references to Saul, when he was
offering a prophesy at Ramah, were alleged by
subsequent scholars to indicate that Saul was in
status epilepticus (4). Somewhat later, a Latin
scholar, Caelius Aurelianus wrote that “fits can
recur ... even in the same day” “The attack
(may) extend(s) into the second day.”(5).

A particularly interesting account involves
the ancestor of a colleague of Professor Ger-
hard of the Medical University of Innsbruck,
Austria (personal communication). The col-
league has childhood absence epilepsy with rare
tonic-clonic seizures and 3-per-second spikes
and waves on electroencephalography (EEG).
As translated, the ancestor’s condition (Figure
1.2) is described as follows:



Figure 1.1 Epilepsy tablet in the British museum. ©
The Trustees of the British Museum. Reproduced
with permission.

Oswalt (family name crossed out) citizen
of Gmiind was in Altotting (a site for pil-
grimage) a year ago ... his falling sick-
ness (“hinfallerte  Gichtern”) has
improved a little bit ... In the year 1501
be felt greatly sick. He lies down eyes
open ... for as long as three days and
many people came to him ... be did not
see or recognize anyone . .. a priest came
and ordered a cap of wax
(“Wachshaubn”—a remedy to treat
epilepsy during this time) and he recov-
ered. He praises and says many thanks to
the Holy Mary in eternity ... June 1501.

Is this the first documented example of
familial/genetic epilepsy with nonconvulsive
expression? And more recently, again referring

NONCONVULSIVE STATUS EPILEPTICUS

Figure 1.2 Votif illustration from a Medieval Ger-

man text of a patient who is possibly in a state of
nonconvulsive status epilepticus (Courtesy of Bauer
G. Innsbruck, Austria).

to sequential seizures, Thomas Willis in Eng-
land wrote:

... when as fits are often repeated, and
every time grow more cruel, the animal
function is quickly debilitated; and
from thence, but the taint, by degrees
brought on the spirits, and the Nerves
serving the Praecordia, the vital func-
tion is by little and little enervated, till
at length, the whole body languishing,
and the pulse loosened, and at length
ceasing, at last the vital flame is extin-
guished (6).

Even in the late 18th and early 19th cen-
turies, descriptions of status epilepticus were
scant and few. For example, in England, with
burgeoning medical observation, only occa-
sional comment was made by Heberden,
Lysons, and Good (cited by Hunter [7]).
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The elaboration of the concept of status
epilepticus as a manifestation of disease, how-
ever, was promulgated in France, with the coin-
ing of the expression état de mal appearing in
written form in the university dissertation of
Calmeil (8,9). In the excellent book on epilepsy,
The Falling Sickness, Temkin quotes from
Delasiauve’s, Traité de [’épilepsie, “At the
Salpétriere we usually referred to them as
[being] in an éfat de mal” Trousseau notes,
“You, however, have heard of circumstances
where fits have lasted two or three days, and
ended in death. It is in these cases that one
spoke of, at the Salpétriere or at Bicétre, of an
état de mal (status epilepticus).” Calmeil claims
that this usage goes back to the patients’ use of
the term: “It’s what the patients among them-
selves called ‘état de mal’ (status epilepticus)”;
he distinguished between status epilepticus
itself and the severity of seizures, delineating a
sequence of seizures without pause that fore-
bode a poor outcome (8,9). In English, status
epilepticus was used when Bazire translated the
clinical medicine lectures of Trousseau (10-12).
Shorvon notes that 2 was largely unrecognized
when Calmeil coined the term and that status
epilepticus had not been distinguished from
epilepsy proper (10). Prior opinion and writing
reflected that status epilepticus had been seen
as a distinct entity and not a state of repeated
seizures, whereas Calmeil viewed it as the
“maximum expression of epilepsy” (10),
largely restricted to a convulsive state. Temkin’s
footnote on Hunter remarked that, “Hunter
has shown that reports of this condition were
very rare before epilepsy was studied in hospi-
tals and remained rare until the introduction of
potassium of bromide into the therapy of
epilepsy” (9).

In 19th century Britain, cases of status
epilepticus were described by Bright, Gowers,
Hughlings Jackson, Horsley, Ferrier, Turner,
Sieveking, and Coleman (10). Across the chan-
nel in Paris, there was also an increasing inter-
est in patients with epilepsy, who often resided
together in an asylum. The largest asylum in
Europe was the Salpétriere hospital in Paris,
with 8000 patients. Physicians practicing at the
Salpétriere and Bicétre included Calmeil, Pinel,

Esquirol, Charcot, and Bourneville; along with
Trousseau, working at Hotel Dieu, they made
many observations on their patients with
epilepsy. Trousseau distinguished individual
seizures from those “which are repeated in
rapid succession and end in the death of the
patient” and stated that petit mal seizures
might recur in a fashion “that one seizure
would become confused with the next, simulat-
ing a continuous seizure which might persist for
two or three days,” thus predating the EEG
confirmation of absence status (see later in this
chapter) (10-12). With the appearance in the
same patient of petit mal and grand mal
seizures, he suggested that this congruence was
indicative of an epileptic proclivity, anticipating
the syndromic approach to classification of
epilepsy (10-12).

The physicians at Bicétre and the Salpétriére
provided detailed clinical descriptions of status
epilepticus. Bourneville, a pupil of Charcot,
defined status epilepticus as a “serious compli-
cation” of epilepsy, with 5 stages. In Shorvon’s
summary, these are (1) the repetition, more or
less incessant, of seizures that in consequence
often become subintrant; (2) collapsus, which
varies in degree of severity from transitory loss
of consciousness to complete and irreversible
coma; (3) hemiplegia, more or less complete,
but transitory; (4) characteristic rates of pulse
and respirations; and (5) marked rise in temper-
ature, persisting in intervals between seizures
and intensifying after the seizures cease (10).

In 1903, Clark and Prout reported on 38
patients with presentations that corresponded
with status epilepticus ... composed of delir-
ium, stupor or coma, cough or hiccough, and a
variety of psychic states, which have for their
basis cortical discharges ... status comprising
only psychic seizures, absences or vertigo” (13).
They described the merging of individual con-
vulsions into a state of coma, along with
changes in respiration, temperature, and pulse,
with seizure or status epilepticus durations from
2 to 9 days. There were alterations in pupil reac-
tions, pulse, and eye movement and the eventual
appearance of wasting and pressure sores. Final
phases involved slowing of respiration and
death. One patient is described as having more



than 750 seizures in 12 hours, followed several
days later by 500 psychic seizures, “a most
unexplainable and interesting freak in the psy-
chic phenomena of epilepsy”(13).

A historic reference to NCSE is harder to
prove, as the diagnosis depends on the simulta-
neous appearance of seizure activity on EEG, a
device that had yet to be invented when these
observations occurred. It would be insufficient
to prove NCSE based on only historic descrip-
tions of confusional states even with clinical
signs of NCSE, such as twitching of muscles of
the face or limbs, cataplexy, or mutism, because
several clinical states (such as encephalopathy,
psychogenic unresponsiveness, or postictal
behavior) may simulate NCSE. In early
accounts of wandering confused persons, some-
times with visions or hallucinations (some of
religious and zealous nature), the states were
attributed, on occasion, to demonic or divine
possession of the patient. Some patients were
institutionalized in asylums built in France and
England, with the increasing recognition that
insanity and some forms of behavioral abnor-
mality represented disease states (14). Accounts
refer to a furor epilepticus for bouts of mad-
ness, often accompanied by violence. Terms
used included epileptic delirium, epileptic
mania, and fureur épileptique, which might
appear after an ictal coma (14).

... the face is flushed, and the aspect of
the patient is like that of a man under
intoxication: he attempts to start from
bed and run about, and on being with-
beld, vociferates and endeavors to
overcome resistance. It continues com-
monly one, two, or three days, during
which the patient requires confinement
in a strait jacket, and then gradually
subsides, and the patient returns to his
previous state.

Prichard (14) noted a state of epileptic
ecstasy and somnambulism, as a patient was
seen to wander in a confused state:

A more unusual circumstance in the
history of epilepsy is the appearance of

NONCONVULSIVE STATUS EPILEPTICUS

a species of somnambulism, or a kind
of ecstasis during which the patient is
in an undisturbed reverie, and walks
about, fancying himself occupied in
some of his customary amusements or
avocations.

An early user of the antiepileptic bromide
cocktail was Sir Samuel Wilks (15), who wrote:

[I]n the condition which is popularly
called “lost”; he is scarcely conscious
of acts and conversation going on
around him, yet he may continue walk-
ing in a given direction, showing that
bis movements must still, in a measure,
be guided by bhis senses. He is in a
dreamland, and is indeed in much the
same state as a somnambulist. This
condition under many varieties of form
is called the status epilepticus,
although the term is more usually
applied to the case where the patient
lies for a lengthened period in a kind of
trance or stupor, as, for example, in the
case of a man lately in the hospital,
who after a succession of fits, lay for
hours in a state of lethargy. In the
milder forms it is one of great interest
from a physiology point-of-view and
seems to point to the possibility of a
subconscious state, in which the brain
is sufficiently active to control the
spinal system and yet not awake
enough to excite the feeling of con-
sciousness. In reference to the influence
of the brain on the muscles and neces-
sity of consciousness to preserve their
tone, the condition is one full of inter-
est.

Automatic behavior attracted the attention
of Jules Falret (1824-1902) (16), who wrote
about the petit mal intellectuel:

Such a patient might leave home or
work, with clouded mind, dull in
thought, subject to unprovoked anger
and fits of despair . . .; be was forgetful,



had complete lapses of memory,
headaches and étourdisement’ (giddi-
ness), noted luminous sparks, frighten-
ing objects and visions.

In Germany, Horinger (17), in a thesis,
noted:

(He) suddenly falls into a state of deep
dreaming and stretches his hands in
front of him. These together with bis
head and the upper part of his trunk
begin to tremble. At other times he
runs away during the attack and talks
gibberish or he searches, as in a dream,
in all of his pockets as if he were miss-
ing something, or he makes scrubbing
or rubbing motions on his trousers;
sometimes he answers if addressed dur-
ing this dream state, but wusually
wrongly, and at its end he usually
closes his eyes, seems to sleep for a few
minutes, and then bas no idea what

happened.

The History of Nonconvulsive Status Epilepticus — Peter W. Kaplan 7

(Figure 1.3) of a patient who exhibited such
wandering behavior (18). The patient was a 37-
year-old deliveryman who had found his way
about Paris, wandering to Brest, where he was
arrested on suspicion of theft, and it was only
the intercession of Charcot that led to his
release. The patient’s wandering episodes
responded to bromides, recurring when he
stopped treatment. In London in 1901, Gowers
(19) proposed that similar wandering states
were postictal in nature, rather than an expres-
sion of the seizure itself.

After epileptic fits of moderate severity,
the patient may pass into a condition
of mental automatism, in which vari-
ous acts are performed in an appar-
ently conscious manner, but of which
no recollection is afterwards retained.

In his book Epilepsy, Gowers acknowl-
edges Bourneville(19). He also describes a

patient, in whose clinical course

the intervals between the fits become

In Paris, toward the end of the 19th cen-
tury, Charcot postulated that a state of som-
nambulism arose from seizures and, in his
Lecons du Mardi at the Saltpétriere Hospital in
Paris, presented a case on several occasions

E Pt e & S =]

Figure 1.2 Map of Paris in the 1880s. This shows the
wanderings of a delivery man who may well have
had bromide-responsive nonconvulsive status epilep-
ticus. Reprinted with permission from Cambridge
University Press (10).

shorter, the coma deepens, the pulse
and respiration become very frequent,
and the temperature rises, it may be of
104°, 105°, or even 107°. Sometimes
hemiplegia comes on after the condi-
tion has existed for several days. The
patient may die in a state of collapse,
death being apparently due to the vio-
lent and almost continuous convul-
sions, ot, the fits ceasing, he may
become delirious and present symp-
toms of meningitis, with rapid forma-
tion of bedsores, and may die in this
stage. At any period, the symptoms
may lessen, and the patient recover. A
large proportion of the cases, however,
end fatally.

Fortunately, this severe degree of
the status epilepticus is very rare, at
any rate out of asylums for the insane.
No instance in which death occurred
has come under my own observation,
although I have seen many examples of



a slighter degree of the condition, from
which the patients have recovered.

Treating these episodes was unsatisfactory.
Gowers notes:

[I]n the “status epilepticus,” in which
attacks recur with great frequency for
several days, and in which bromide
often fails entirely, I have known hypo-
dermic injections of morphia, in doses
of 1/16th of a grain to be of great serv-
ice, and Sieveking has found it useful,
given by the mouth, in the same state.
But morphia is a remedy which can
only be employed bypodermically in
epileptics with extreme caution. If an
attack occurs, and the post-epileptic
coma coincides with the sleep induced
by morphia, the patient’s life is in great
danger (21pp193-194).

He states further:

In the status epilepticus, bromide often
fails. Inhalations of nitrite of amyl
have been found useful by Crichton
Browne. Chloroform inhalations
rarely have a permanent effect. The
remedies from which I have seen most
good are repeated dosages of chloral,
the subcutaneous injection of morphia,
and the application of ice to the spine
(21pp290-291).

The historic descriptions of what might
well have constituted NCSE were finally thrust
into a provable domain when Berger put
together a machine that could be used to record
what had theretofore been theoretical: electrical
impulses from the brain. In inventing the EEG,
he enabled the measurement of brain dysfunc-
tion and its temporal correlation with clinical
behavior.

The modern era of description and delin-
eation of all types of seizures began with the
Marseille colloquia of 1962 and 1964. The
advent of EEG proved that NCSE derived from
an epileptic brain and not from hysterical or

NONCONVULSIVE STATUS EPILEPTICUS

nonepileptic fugue states. In 1945, Lennox (23)
diagnosed absence status epilepticus with EEG
correlate, and, in 1954, Penfield and Jasper
delineated simple partial status epilepticus or
aura continua in the form of recurrent sensory
phenomena, commenting that they were “at
least as common as continuing circumscribed
movements”(24). This was followed by Gas-
taut and Roger in 1956, who described a nurse
with complex partial status epilepticus that had
lasted, possibly, several months (25).

In Germany, literature dealing with complex
partial status epilepticus was focused on the phe-
nomenologic description of this condition. A
review by Wolf of his two cases and 7 others dis-
tinguished (as had Janz) a discontinuous form,
consisting of multiple sequential seizures occur-
ring at brief intervals (2 to 10 minutes), and a
continuous form (26),categorized into (a) long-
lasting sensory, somatosensory, or “psychic ”
seizures and (b) epileptic twilight states with psy-
chotic signs and symptoms. Karbowski reviewed
clinical and EEG features of 44 aggregate cases
of his own and of others in the burgeoning liter-
ature of the time (27-34). (This summary of Ger-
man contributions is courtesy of Profs. Wieser,
Bauer, and Wolf.)

In the Marseille colloquia, better defini-
tions for seizures and status epilepticus were
produced, and, since then, increasing scientific
and clinical attention have been directed at the
physiologic underpinnings, neurochemistry,
and pharmacology of status epilepticus. Newer
techniques using blood flow, magnetic
moments, and molecular spectra have provided
functional imaging correlates of epileptic states
(22), further enhancing our understanding of
these conditions.
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CHAPTER 2

THE CLASSIFICATION OF
NONCONVULSIVE STATUS EPILEPTICUS

SIMON SHORVON

There has been an interesting evolution of
thought in this subject area, and any considera-
tion of classification would best be embedded
in this historical context; this is discussed in
more detail elsewhere (1). When status epilepti-
cus was first defined as a form of continuing
epilepsy by Bourneville in 1856 (2), he confined
the term to convulsive status. Although non-
convulsive forms of epilepsy and prolonged
epileptic states had been well described by that
time, their recognition as prolonged seizures
had not been made explicit. This remained the
position until at least the late 1930s when, with
the advent of electroencephalography (EEG), it
became clear that there were situations in
which prolonged or continuous electrographic
activity existed without convulsive seizures. In
1945, Lennox (3) first recorded absence (petit
mal) status in his cousin, who had petit mal
epilepsy, and coined the term petit mal status.
Initially, all cases of nonconvulsive status were
subsumed into this category, but it soon became
apparent that not all patients with “nonconvul-
sive” status epilepticus (NCSE) had continuous
generalized spike-wave on their EEGs, and not
all patients with prolonged spike-wave exhib-
ited petit mal status. A profusion of individual
cases and small series were reported, each with
different terminology (Table 2.1), and classifi-
cation became labyrinthine and contradictory.
In 1956, Gastaut described the first case of
complex partial status epilepticus with EEG
correlation (4).

A landmark in the conceptualization of sta-
tus, and, in particular, in its classification and
clinical definition, was the 10th Marseilles Col-
loquium, held in 1962. This meeting, convened
by Gastaut, was the first devoted to the topic of
status epilepticus. At the conference, 103 partic-

ipants presented 267 cases of status, and a defi-
nition and classification were formulated (35).
This was at about the time that the classification
of epileptic seizure type was also being devised
(again driven by Gastaut) and, in 1964, at the
13th Marseilles Colloquium, the first draft of
the International Classification of Epileptic
Seizures was presented, an approved version of
which was finally published in 1970 (6). The
classification of status epilepticus from the 1962
colloquium was eventually published in 1967
and mirrored exactly the newly evolved Interna-
tional Classification of Seizure Type. Implicit in
this was, as Gastaut wrote later (7), the concept
that there were as many types of status as there
were types of epileptic seizure, and the classifi-
cation of status epilepticus was then irrevocably
yoked to the classification of seizure type.

The notion that “every seizure type had a
status equivalent” persists to this day. This
important statement cleared the way for an
appreciation of nonconvulsive forms of status
epilepticus and rapidly put order into the noso-
logic chaos that had developed; it provided a
good superstructure for the consideration of
status forms. However, a classification based
on seizure type is essentially an artifact. Just as
a seizure-type classification cannot account for
epilepsy syndromes, so will a classification sta-
tus-epilepticus based on seizure type perforce
ignore the broader aspects of nonconvulsive
forms, and this a very major drawback.
According to the seizure-type formula, noncon-
vulsive status was divided into generalized
(absence)—typical and atypical—and partial
(simple and complex) status. This simply does
not do justice to the variety of forms that actu-
ally occur nor to their widely varying patho-
physiologic bases, etiologies, prognoses, or
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TABLE 2.1 PUBLISHED SYNONYMS OF ABSENCE STATUS EPILEPTICUS, 1950-1990

Petit mal status

Typical absence status epilepticus
Atypical absence status epilepticus
Spike and wave stupor

Etat confusionnel simple

Epilepsia minoris continua

Minor epileptic status

Epileptic twilight state

Prolonged epileptic twilight state with almost continuous spike-wave

Epileptic twilight state with spike-waves
Absence continua

Prolonged petit mal automatism

Status pyknolepticus

Centroencephalitc condition of prolonged disturbance of consciousness

Etat de mal generalise a ’expression confusionelle
Status psychomotoricus

Borderline petit mal status

Transitional petit mal status

Etat de mal frontal polaire

Temporal lobe status epilepticus

Complex partial status epilepticus

Psychomotor status epilepticus

These are just some of the terms used in the published literature between 1950 and 1990 used to describe
prolonged generalized or partial nonconvulsive seizures. Derived from Shorvon (1).

clinical settings. Indeed, a classification based
on seizure type is a straitjacket that impedes
intellectual development in this area and should
be abandoned.

The limitations of the International League
Against Epilepsy seizure-type classification
were recognized quickly and resulted eventu-
ally in the second classification scheme—the
International League Against Epilepsy’s Classi-
fication of Epilepsies and Epileptic Syndromes,
published in 1989 (7). No second International
League Against Epilepsy Classification of Sta-
tus Epilepticus has been proposed, but, in
recent years, a number of alternative classifica-
tions have been suggested, which have loosened
the classification from the constraints of a
purely seizure-type schema; an example is the
more extended classification proposed in this
chapter. These classifications take into account
the age, cerebral maturity, presence of an
encephalopathy, epilepsy syndrome, and

anatomical location—all of which are impor-
tant considerations in devising a classification
that can be useful clinically and for research
purposes. These issues were widely debated at a
workshop conference devoted to NCSE in
Oxford in 2004 (9) and at the 1%t London Col-
loquium on Status Epilepticus in April 2007.

DEFINITION

It is the view of this author that, to a large
extent, NCSE can be viewed primarily as a
form of epileptic cerebral response that is
largely dependent on the level of cerebral devel-
opment and integrity, the presence or absence
of encephalopathy, the type of epilepsy syn-
drome, and the anatomical location of the
epileptic activity.

An unambiguous definition is of course
vital for consideration of any condition, and,
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yet, because of both individual variation (for
instance in brain development) and the issue of
“boundary syndromes”(discussed later in this
chapter), a clear definition of NCSE has
remained elusive. The definition favored by this
author, and one proposed and accepted during
the Oxford conference on NCSE in 2004 (9), is
as follows: Nonconvulsive status epilepticus is
a term used to denote a range of conditions in
which electrographic seizure activity is pro-
longed and results in nonconvulsive clinical
symptoms. This derives from an earlier defini-
tion (1), and the wording is carefully chosen.
Several points are worth emphasizing:

1. The definition is primarily dependent
on the presence of electrographic
seizure activity. This allows the inclu-
sion, within the rubric of NCSE, of a
range of “boundary conditions” in
which such activity occurs but in which
there are no obvious clinical “seizures.”
This is contentious—see below.

2. Electrographic seizure activity can take
various forms. The inclusion of some
patterns of electrographic activity
within the rubric of NCSE is controver-
sial. This is not discussed further here
but is covered in Chapters 4 and 5.

CLASSIFICATION OF NCSE

NCSE can be viewed primarily as a form of
epileptic cerebral response that is dependent
largely on the level of cerebral development,
presence of encephalopathy, epilepsy syn-
drome, and anatomical location of the epileptic
activity. Because of this, the classification of
NCSE is best primarily subdivided by age. This
primary subdivision is justified because many
forms of NCSE at different ages are utterly dis-
tinctive (this is true of many aspects of epilepsy,
but is perhaps nowhere so true as in NCSE) and
also because many of the forms of NCSE
described in subsequent sections of this chapter
occur only at certain ages.

The form of NCSE also depends on the
level of cerebral development or integrity, the

.

presence of an “epileptic encephalopathy,” eti-

ology, and syndrome. These factors are all
interrelated and combine to determine the final
form of the status. In patients with profound or
diffuse cerebral damage, the NCSE form is
strikingly different from that of patients with
integrated cerebral function, taking, in some
cases, a distinctive form that depends on etiol-
ogy (particularly genetic etiologies). The pres-
ence of a so-called “epileptic encephalopathy”
also has an overriding influence on the form of
status. The interaction of these factors is clearly
seen, for example, in the strange forms of the
condition that occur in hypoxic brain damage
or in the Lennox-Gastaut syndrome.

Finally, the form of NCSE depends on the
anatomical location of the epileptic activity—
this is particularly important in relation to focal
status, such as complex partial status epilepti-
cus, in which relatively distinctive frontal and
temporal forms exist, and in aura continua, in
which the form depends almost entirely on the
area of the brain that is activated.

In Table 2.2, a classification scheme is pro-
posed in which the primary distinctions are by
age. In Table 2.3 is given a summary of some
features of each of these subcategories.

NONCONVULSIVE STATUS
EPILEPTICUS IN THE NEONATAL
PERIOD AND INFANCY

There are a number of types of serious epileptic
encephalopathy occurring in the neonatal and
infant periods, which take the form of continu-
ous or near-continuous episodes of NCSE.
These are best subdivided by syndrome and eti-
ology or by the presence or absence of
encephalopathy.

e In West syndrome (10), with EEG
changes of hypsarrhythmia, and other
malignant epilepsies of childhood, such
as Ohtahara syndrome (11) and severe
myoclonic epilepsy of infancy (Dravet
syndrome—a defect usually of the
SCN1A gene [12]).

e Other cases are less specific, and the
encephalopathy can be due to a wide
range of etiologies, including infection,
anoxia, and metabolic and developmen-
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TABLE 2.2 CLASSIFICATION OF NONCONVULSIVE STATUS EPILEPTICUS

1. NCSE occurring in the neonatal and infantile epilepsy syndromes

la
1b

. West syndrome

. Ohtahara syndrome

1c. Severe myoclonic encephalopathy of infancy (Dravet syndrome)

1d. NCSE in other forms of neonatal or infantile epilepsy

2. NCSE occurring only in childhood

2a.
2b.

2c.
2d.

NCSE in early-onset benign childhood occipital epilepsy (Panayiotopoulos syndrome)
NCSE in other forms of childhood epileptic encephalopathies, syndromes, and etiologies, eg, ring

chromosome 20, Angelman syndrome, Rett syndrome, myoclonic-astatic epilepsy, other childhood

myoclonic encephalopathies

Electrical status epilepticus in slow-wave sleep

Landau-Kleffner syndrome

3. NCSE occurring in both childhood and adult life
With epileptic encephalopathy

3a

. NCSE in the Lennox-Gastaut syndrome

i. Atypical absence status epilepticus
ii. Tonic status epilepticus

3b. Other forms of NCSE in patients with learning disability or disturbed cerebral development (crypto-

genic or symptomatic)

Without epileptic encephalopathy
Typical absence status epilepticus in idiopathic generalized epilepsy

3c.

3d

3e.

3f.

3g.

. Complex partial status epilepticus
i. Limbic
ii. Nonlimbic

NCSE in the postictal phase of tonic-clonic seizures

Subtle status epilepticus (myoclonic status epilepticus occurring in the late stage of convulsive status

epilepticus)

Aura continua with

i. Sensory symptoms

ii. Special sensory symptoms
ill. Autonomic symptoms

iv. Cognitive symptoms

4. NCSE occurring in late adult life

4a. De novo absence status epilepticus of late onset

5. Boundary syndromes?

Sa.

5b

Sc.

5d

Some cases of epileptic encephalopathy

. Some cases of coma due to acute brain injury with epileptiform EEG changes

Some cases of epileptic behavior disturbance or psychosis
. Some cases of drug-induced or metabolic confusion state with epileptiform EEG changes

“Derived from Shorvon (37).
Abbreviations: NCSE refers to nonconvulsive status epilepticus; EEG, EEG electroencephalographic.

tal cases. The form of NCSE in these
conditions can be rather nonspecific,
subtle, or fragmentary and does not con-
form easily to categorization by conven-
tional seizure type. In severe myoclonic

epilepsy of infancy, as an example, the
periods of NCSE can persist for hours or
days and can take the form of obtunda-
tion, sometimes with erratic small
myoclonic movements. In Ohtahara syn-
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TABLE 2.3 NCSE—ETIOLOGY OR CLINICAL CONTEXT, FORMS, AND RESPONSE TO TREATMENT

West syndrome

Ohtahara syndrome

Severe myoclonic epilepsy of infancy
(Dravet syndrome)

NCSE in other forms of neonatal or
infantile epilepsy

Early-onset benign childhood occipital
epilepsy (Panayiotopoulos syndrome)
NCSE in other forms of childhood

epileptic encephalopathies, syndromes,
and etiologies, eg, ring chromosome 20,
Angelman syndrome, myoclonic-astatic

epilepsy, other childhood myoclonic
encephalopathies.

Electrical status epilepticus in
slow-wave sleep

Landau-Kleffner syndrome

NCSE in Lennox-Gastaut syndrome

NCSE in other forms of disrupted
cerebral development (cryptogenic
or symptomatic)

Typical absence status epilepticus

Complex partial status epilepticus

NCSE in the postictal phase of TCSE
Subtle status epilepticus

Aura continua

De novo absence status epilepticus

Etiology or
clinical context

Various

Various

Genetic

Various
Idiopathic

Various, usually
genetic or
cryptogenic

Various, usually
cryptogenic

Various, usually
cryptogenic

Various, often
cryptogenic
Various, often
cryptogenic

Idiopathic
generalized
epilepsy
Various—
symptomatic or
cryptogenic
Various

Various

Various—
symptomatic or
cryptogenic

Psychotropic drug Generalized absence

withdrawal or
idiopathic

generalized epilepsy

Clinical form Response to

treatment or

prognosis
Infantile spasms with periods Poor
of NCSE with no clinical signs
of ongoing epileptic activity
Tonic spasms Poor
Nonspecific Poor
Nonspecific Various
Autonomic status epilepticus Excellent

Atypical absence
and other nonspecific forms

Generally poor

No clinical signs but ongoing
electrographic activity
in sleep

NCSE usually
remits but may
leave intellectual
deficits

NCSE usually
remits but may
leave intellectual

Clinical correlate of electro-
graphic activity is severe
speech disturbance

deficits

Atypical absence status Poor
epilepticus (see text)

Various Variable
Generalized absence Excellent
Complex partial Good
Confusion state with Good
psychiatric features

Coma with small irregular ~ Variable

myoclonic jerks

Simple partial (sensory, special Good
sensory, cognitive)

Excellent

NCSE refers to nonconvulsive status epilepticus; TCSE, tonic-clonic status epilepticus.
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drome, the EEG shows suppression-
burst patterns, which can be almost con-
tinuous in both the waking and sleeping
state (11).

NONCONVULSIVE STATUS
EPILEPTICUS IN CHILDHOOD

The cases of childhood NCSE are best classified
according to syndrome or etiology, and the clin-
ical form of the status often does not conform
to a seizure-type categorization.

e The benign familial childhood epilepsies

rarely result in status epilepticus, either
convulsive or nonconvulsive. Occasional
cases of NCSE in benign rolandic
epilepsy are described, which take the
form of tonic deviation or weakness of
the face, speech arrest, sialorrhea, swal-
lowing difficulties, oromotor apraxia,
and partial loss of awareness (13). This
state resembles the defects in the anterior
operculumanterior culum syndrome
(Foix-Chavany-Marie syndrome). The
only benign syndrome in which NCSE is
common is the Panayiotopoulos syn-
drome (14-16). In this syndrome, the
seizures are often prolonged and classi-
cally take the form of “autonomic status
epilepticus” The seizures are dominated
by autonomic features and include nau-
sea, retching, and color and pupil
changes, and there is often associated
forced deviation of the eyes. The median
duration of seizures is two hours.

A number of specific illnesses—usually
those due to mendelian genetic defects,
with onset in early childhood and due to
a well-defined genetic defect—have
prominent episodes of NCSE (17). Some
of these syndromes exhibit NCSE with
rather characteristic and distinctive pat-
terns. For instance, in the recently iden-
tified ring chromosome 20 syndrome
(18), the seizures often occur with only
minor clinical or with a prolonged con-
fusional state, with or without addi-
tional motor seizures. The ictal EEG
pattern is of long-lasting, bilateral,

NONCONVULSIVE STATUS EPILEPTICUS

paroxysmal, high-voltage, slow waves
with occasional spikes. In Angelman
syndrome (with the defect usually in the
UBE3A gene), prolonged episodes of
NCSE are common in which the child
exhibits decreased alertness, hypotonia,
and erratic myoclonia (19). The EEG
shows high-voltage slow-wave bursts
with diffuse spike-waves. In Rett syn-
drome, with the defect usually in the
MECP2 gene (20, 21), NCSE is also
common and may not be recognized.
Seizures consist of behavioral arrest,
diminished movements, episodes of
hyperventilation, or hand stereotypies.
The EEG can show continuous partial
or generalized activity.

Electrical status epilepticus in slow-wave
sleep. This term (synonym: continuous
spike-waves of slow sleep)(22-25) refers
to an epileptic encephalopathy charac-
terized by the presence of generalized, 1-
to 3-Hz, spike-wave discharges occupy-
ing 85% or more of the EEG of non-
rapid eye movement sleep. There are no
specific clinical signs during sleep. Overt
seizures develop between the ages of one
and 14 years, occur in daytime and at
night, and can take various forms, both
focal and generalized. Episodes of forms
of status are common. The EEG pattern
usually occurs in children with severe
epilepsy and learning difficulty. Many of
the children exhibit the symptoms of the
Landau-Kleffner syndrome, and electri-
cal status epilepticus in slow-wave sleep
is also seen in some children with
Lennox-Gastaut syndrome or benign
rolandic epilepsy. There may be syn-
drome overlap or transitional cases.
Landau-Kleffner syndrome. In this con-
dition, almost continuous focal EEG
activity is associated with a progressive
aphasia, developing gradually over
months or subacutely over weeks (24-
26). This activity is associated with
severe deterioration of verbal compre-
hension and expressive speech, and the
children can become almost mute. Overt
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epileptic seizures occur in about 75% of
cases, and are usually mild, but 15% of
cases have episodes of overt status
epilepticus. Other features are hyperki-
netic behavior disorders and learning
disability. The speech defect is associ-
ated with repetitive high-voltage spikes
or spike-wave discharges in the domi-
nant hemisphere (or generalized dis-
charges). Its inclusion as a form of
NCSE is based on the postulate that the
speech disturbance is directly due to the
virtually continuous electrographic
activity disrupting speech function.
Alternatively, it could be considered that
the speech and electrographic distur-
bance are both the result of an underly-
ing pathologic process (not yet
identified) and, thus, are not causally
related. Whichever explanation is
accepted, aggressive treatment of the
electrographic disturbance is usually
undertaken to improve speech function.

NONCONVULSIVE STATUS
EPILEPTICUS IN CHILDHOOD AND
ADULT LIFE

The forms of NCSE in patients with childhood
epileptic encephalopathies are very different
from those without encephalopathy.

With epileptic encephalopathy

e Episodes of NCSE are common in the
Lennox-Gastaut syndrome (27). Two
rather characteristic forms are atypical
absence status epilepticus (ASE) and
tonic status epilepticus. Atypical ASE is
often “subcontinuous,” with periods of
hours, days, or even weeks in which the
child is obtunded and slowed up, and
exhibits variable behavior, motor, and
tone changes. These episodes can be
interrupted by tonic seizures and
episodes of tonic status. These were first
described by Gastaut (5). The tonic
seizure can be precipitated by benzodi-
azepine therapy. Periods of normality

merge into periods of NCSE, and the
boundary between the two can be
extremely unclear. The EEG in ictal and
interictal states shows characteristically
slow spike-waves, sometimes almost
continuously, and the ictal and interictal
EEG can be very similar.

NCSE can also take atypical forms in
other syndromes with prominent learn-
ing disability or disrupted cerebral
development (either cryptogenic or
symptomatic). There is no clearer exam-
ple of the inappropriate nature of trying
to fit all forms of status epilepticus into
rigid seizure-type classifications than
NCSE in people with learning disabili-
ties of various degrees, forms, and eti-
ologies. Episodes of NCSE are common,
but their form and symptomatology are
extremely variable, showing forms that
are largely influenced by the level of
cerebral development.

Without epileptic encephalopathy

e Typical ASE. This is another classic

form, first described by Lennox in 1945,
and one of the early triumphs of EEG. It
occurs only in the syndrome of idio-
pathic generalized epilepsy (28) and is
described elsewhere in this volume
(Chapter 12). Alteration of conscious-
ness can be variable, although alter-
ations are generally greater than in
atypical ASE. The child appears out of
contact, with delayed responses, altered
speech, regressive behavior, drooling,
gait disturbances, and episodic atonia,
jerks of the face, head nodding, and eye-
lid myoclonia. The episodes are often
terminated by a tonic-clonic seizure.

Complex partial status epilepticus. This
is a classic form of NCSE, first clearly
delineated by Gastaut in 1956 (4),
although perhaps first described by
Hughlings Jackson. It is common, a fact
recognized only in recent years, and has
been extensively reported and studied. It
can be divided anatomically into two
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forms: limbic and nonlimbic. Anatomi-
cally, the seizures are as likely to arise
from frontal as from temporal cortex
and, in this sense, reflect a similar
propensity for tonic-clonic status, but
differ from complex partial seizures,
which are more likely to be temporal
than frontal in origin. Also characteristi-
cally, this form of NCSE “cycles” with
fluctuating symptoms and alternating
consciousness and impairment of con-
sciousness. The typical forms of complex
partial status epilepticus are described
elsewhere in this volume (Chapters 8 and
10). Some cases of epileptic behavior dis-
orders or psychosis are probably due to
limbic status epilepticus, and this is dis-
cussed further in this chapter.

NCSE in the postictal phase of tonic-
clonic seizures (1). A particular form of
NCSE seems to develop in the aftermath
of some tonic-clonic seizures. It presents
as a prolonged confusion state and can
be differentiated from “postictal” confu-
sion by the presence of on-going epilep-
tic discharges. This is probably a
not-uncommon event, although the
exact frequency is not known. The clin-
ical form is of a confusion state, often
with some degree of obtundation and
additional psychiatric symptoms, and
that occurs in the immediate aftermath
of a tonic-clonic seizure. This is quite
distinct from the epileptic psychosis,
which occurs without obtundation (and
indeed is usually characterized by
excited behavior), and that tends to
develop after a lucid interval (see later in
this chapter).

Subtle status epilepticus. This is a form
of status epilepticus that clinically and
electrographically resembles myoclonic
status epilepticus in coma, but the term
is best confined to use in describing the
similar clinical symptoms that some-
times occur in the late stages of tonic-
clonic status epilepticus. The EEG
shows periodic lateralized epileptiform
discharges (PLEDs) or periodic epilepti-
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form discharges (PEDs). The clinical and
EEG progression from tonic-clonic to
subtle status was first proposed by
Treiman and colleagues (29, 30).

e Aura continua. This is a term used to
describe simple partial status epilepticus
without visible motor phenomena (31). It
can be classified into 4 types depending on
the region of cerebral cortex involved: (1)
somatosensory (ie, simple partial status
epilepticus arising in the central or parietal
cortex); (2) aura continua that involve
visual, auditory, gustatory, or olfactory
symptoms (arising in the temporal or
occipital lobe); (3) aura continua with pre-
dominantly autonomic symptoms (tempo-
ral lobe); and (4) aura continua with
psychic or cognitive symptoms.

NONCONVULSIVE STATUS
EPILEPTICUS CONFINED TO LATE
ADULT LIFE

There is one syndrome of NCSE that is confined
to late adult life, de novo ASE of late onset
(1,32). This syndrome occurs in patients with-
out a history of absence epilepsy or with a his-
tory of seizures in long remission. It presents, as
does ordinary ASE, as an acute confusion state
with variable alteration of consciousness, rang-
ing from profound stupor with catatonia and
loss of sphincter control at one extreme through
mental dullness and abulia to mild motor retar-
dation. Moderate confusion is common, as are
changes of affect or behavior. Commonly, the
condition is misdiagnosed as dementia or acute
psychosis. The EEG is diagnostic, showing con-
tinuous spike-wave discharges. The condition is
often precipitated by psychotropic drug with-
drawal (usually benzodiazepines) or abuse, and,
when this is not the case, there is often a history
of idiopathic generalized epilepsy.

BOUNDARY SYNDROMES

Boundary syndromes are conditions in which it
is not clear to what extent the symptoms are
due to NCSE. This is a most interesting and
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controversial aspect of the subject area of
NCSE. There are a number of conditions in
which there is good evidence of ongoing elec-
trographic epileptiform activity and, yet, in
which the clinical symptoms are not conven-
tionally considered to be “epileptic.”There are
4 areas in which this is a particularly promi-
nent issue.

A. Myoclonic status epilepticus in coma in

the context of acute severe brain injury

B. Epileptic encephalopathies of childhood

C. Epileptic psychosis and behavior distur-

bance

D. Confusion states with epileptiform EEG

changes (drug-induced or metabolic)

In each of these clinical situations,
patients exhibit clinical symptoms associated
with ongoing activity on the EEG (in some
cases at least) that could be interpreted as
NCSE. The question arises as to what extent
the symptoms are therefore the consequence
of this electrographic disturbance (and there-
fore due to NCSE). This is a difficult question
for which there is no clear answer. The alter-
native explanation is that the EEG disturbance
is an independent aspect, perhaps reflecting
physiologic events that are not primarily
epileptic (in other words the EEG findings are
simply an epiphenomenon).

Myoclonic status epilepticus in coma

This term is used to describe the clinical situa-
tion that can follow a severe acute cerebral
injury (eg, hypoxic damage after cardiac
arrest) in which a deeply unconscious patient
exhibits EEG abnormalities such as PLEDs or
PEDs, sometimes accompanied by clinically
evident subtle myoclonic jerks. There are some
who consider this state to be an example of
NCSE and, conversely, others who hold that
the occurrence of PLEDs or PEDs in this situa-
tion reflects “sick brain™’ rather than some pri-
mary epileptic process. The distinction is
important because it will greatly affect
approach to treatment. Claims are made for
improvement in the latter situation after inten-
sive antiepileptic therapy, but prognosis is, in
the experience of most, uniformly poor. In

some cases, there seems to be good evidence
that the primary process is “epileptic,” but, in
most, the evidence is equivocal. It is the per-
sonal view of the author, though, that the
majority of cases are not epileptic (ie, a form of
NCSE) but that the clinical picture reflects an
agonal event (“sick brain”) without truly
epileptic features, and, thus, antiepileptic ther-
apy is not indicated, but this remains a contro-
versial area.

Epileptic encephalopathies of childhood

Interpretation of the clinical and EEG changes
in the epileptic encephalopathies of childhood
is also complex. In a normal child, the occur-
rence of NCSE is usually very obvious and can
be confirmed by EEG, but, in children with
epileptic encephalopathies in whom cerebral
development or integrity is disturbed and in
whom the EEG is already severely abnormal,
the distinction between the “interictal” and
“ictal” state can be problematic. In the Lennox-
Gastaut syndrome, for instance, there are
episodes that may last hours or days during
which the patient’s mentation is slightly slowed
but consciousness is preserved. There may or
may not be additional signs, such as obtunda-
tion, altered mood and affect, irritability, loss
of social interaction, loss of cognitive abilities,
alteration of muscle tone, ataxia, delayed
motor signs, dystonia, subtle myoclonic jerks,
or increased sialorrhea. If these signs are
marked, then there is no doubt that the patient
is in an episode of NCSE, but, if these addi-
tional signs are mild, the periods may be
referred to by caregivers as “off days,” and the
question of NCSE may be overlooked. The
EEG in these periods, even if the additional
clinical signs are marked, is not really much dif-
ferent from the EEG at other times and shows
continuous and severe epileptiform changes,
such as the presence of long bursts of diffuse
slow (1- to 2.5-Hz) spike-wave activity, wide-
spread in both hemispheres, roughly bilaterally
synchronous but often asymmetrical. There
seems to be a gradation between clear episodes
of NCSE and normal behavior, and where the
line is drawn between the two can be extremely
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unclear. In my view, these “off days” are likely
to represent NCSE in the sense that the symp-
toms are likely to be due to nonconvulsive
seizure activity in spite of the fact that the EEG
does not show this. However, definition and
diagnosis are difficult when symptoms and
signs are simply a matter of degree.

Epileptic behavior disturbance or psychosis

This is in some ways the most interesting, and
certainly the most contentious, and probably
the most common boundary syndrome. The
question of NCSE arises in those patients with
epilepsy—usually limbic epilepsy—and in
whom behavior disturbances, including psy-
chosis, occur and are associated with
increased EEG activity recorded in limbic
structures. There are two situations in which
this is possible: (a) the postictal psychosis that
occurs typically after a cluster of tonic-clonic
seizures and (b) true “interictal” psychosis.
There is a good prima facie case for believing
that the behavior changes are often driven by
epileptic activity and amount therefore to
NCSE. This is indisputable in relation to pos-
tictal psychosis and an intriguing possibility in
relation to interictal psychosis. Wieser and
colleagues also reported stereotactic EEG
observations in patients with drug-resistant
epilepsy during evaluation for surgery (33,34).
A variety of behavior changes (particularly
irritability and aggression), affective changes
(particularly depression and anxiety), and psy-
chotic symptoms (such as hallucinations and
paranoia) occurred at times when ictal dis-
charges were recorded from limbic structures
by stereotactic EEG, often without a scalp
EEG correlate. Others have reported similar
findings. For instance, Takeda and colleagues
provide an interesting report of a 25-year-old
woman with intractable temporal lobe
epilepsy who developed a postictal psychosis
following a cluster of 18 seizures while under-
going intracranial EEG monitoring (35). The
EEG during the psychosis showed continuous,
and then improving, rhythmic spike-and-slow-
wave discharges in the amygdala and other
mesial temporal regions. When the psychosis
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resolved, the EEG returned to the baseline
state. There seems little doubt in all such cases
that the epileptic behavior change or psychosis
is due to ongoing limbic seizure activity. These
patients are obviously highly selected (those
undergoing stereotactic EEG as part of evalu-
ation for epilepsy surgery), and the intriguing
question arises to what extent “interictal”
behavior change or psychosis in all patients
with epilepsy is due to NCSE. Heath per-
formed one of the earliest studies correlating
stereotactic EEG findings with psychotic
symptoms in patients with epilepsy and found
paroxysms of abnormal activity in the hip-
pocampus, amygdale, and septal region occur-
ring interictally and that were more
pronounced during periods of psychosis (36).
It is the view of the author that many such
cases of epileptic behavior change and psy-
chosis are indeed likely to be due to limbic
NCSE and that NCSE in these cases is under-
diagnosed.

Drug-induced or metabolic encephalopathy

In some confusional states due to drug intoxi-
cation or metabolic derangement, there may be
myoclonus or “epileptiform” changes on the
EEG or both. This is more common in patients
with epilepsy, although it can also occur also
without a history of epilepsy. There are many
drugs that have been occasionally reported to
precipitate nonconvulsive status, and, among
the most commonly implicated, are tiagabine,
valproate, and intravenously administered
contrast media. Whether these are truly epilep-
tic (a form of ASE) or some nonspecific form
of encephalopathy is unclear. Certainly, clear-
cut epileptic seizure activity is uncommon, in
spite of the epileptiform EEG patterns. When
the offending cause is removed, the state
reverses, and the risk of subsequent ongoing
epilepsy is small.
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CHAPTER 3

THE EPIDEMIOLOGY OF
NONCONVULSIVE STATUS EPILEPTICUS

ELIZABETH ]J. WATERHOUSE

Although the epidemiology of convulsive status
epilepticus has been the subject of several large-
scale studies, documentation of nonconvulsive
status epilepticus (NCSE) has been more chal-
lenging (1-6). There have been no systematic
large-scale population-based studies that have
focused solely on NCSE. There are several rea-
sons for this discrepancy. NCSE is much more
challenging to identify than is convulsive status
epilepticus because the signs are much less
obvious. It presents with a variety of subtle
clinical manifestations and requires electroen-
cephalographic (EEG) recording during the
event for diagnosis. The definition and classifi-
cation of NCSE have been subject to various
interpretations, and no single system has been
agreed upon (7-11).

Over the past decade, NCSE has been
increasingly recognized. The use of evolving
EEG technology has allowed increasing length
of digital EEG recording, speedier methods for
EEG review, and more widely available EEG
monitoring. This increased capacity for NCSE
surveillance, coupled with increased awareness
of NCSE, and heightened diagnostic suspicion,
allow NCSE to be diagnosed more frequently
and more accurately than in the past, requiring
reconsideration of historical low estimates of
NCSE incidence.

METHODOLOGIC CHALLENGES IN
THE STUDY OF NONCONVULSIVE
STATUS EPILEPTICUS

At present, the challenges inherent in NCSE
diagnosis are overshadowed by the lack of con-
formity in its definition and classification.
NCSE is not easy to study because it is not a

single entity. A reasonable definition, “Non-
convulsive status epilepticus is a term used to
denote a range of conditions in which electro-
graphic seizure activity is prolonged and results
in nonconvulsive clinical symptoms,” has been
proposed by Shorvon (9). This definition could
be appropriately applied to a prolonged non-
convulsive ictal event in a person with a history
of partial or absence epilepsy, as well as to
coma in a patient with acute medical problems,
no history of epilepsy, and an ictal EEG. Some
would label both scenarios as NCSE, but others
argue that the context and outcomes are dis-
tinct and that only the first depicts true NCSE
(10). There is no standard for minimal duration
of NCSE nor is there consensus on optimal
classification, and both are necessary for large-
scale data collection and analysis.

Attempts to apply traditional seizure labels
such as “complex partial” or “absence” to
NCSE in some comatose individuals have been
unsuccessful because it is not always possible to
determine the relative contributions of ictal
activity and other etiologies of encephalopathy.
Investigators have also objected to the terms
“electrographic” and “subclinical” status
epilepticus because such terms fail to acknowl-
edge that the altered awareness is a clinical
manifestation of ictal activity (12). Proposed
NCSE classifications have been based on age,
EEG pattern, and type of epilepsy (7,9,11). See
Chapter 2 for further discussion of definitions
and classification.

Case ascertainment of NCSE presents sev-
eral challenges. Clinical symptoms may be sub-
tle and may be mistaken for other medical or
psychological conditions. Delay in diagnosis of
NCSE makes it difficult to determine actual
onset time, and, if time at diagnosis is used as
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onset time, duration is likely to be underesti-
mated. NCSE must be confirmed by EEG, and,
although EEG criteria have been proposed to
distinguish NCSE from other encephalopathic
patterns (12-135), there may be variability and
subjectivity in EEG interpretation (16-17). An
EEG pattern may be interpreted as triphasic
waves by one electroencephalographer and as
NCSE by another. Thus, EEG confirmation
may lead to underdiagnosis or overdiagnosis of
NCSE.

A variety of biases may affect the composi-
tion of the study population and NCSE inci-
dence figures in population-based studies. One
challenge that is inherent in studying NCSE is
that EEG is required for diagnosis, creating the
potential for referral bias. If the physicians who
request EEGs have a higher index of suspicion
for NCSE in a particular subset of patients
(epilepsy patients, for example), that subset may
be overrepresented, and the study sample will
not accurately reflect the population at large.
Another bias, one that is unavoidable, is that
patients whose seizures are successfully treated
within 30 minutes cannot, by standard defini-
tion, be included in status epilepticus studies,
even if their seizures would have continued
without treatment. Thus, the seizure episodes of
patients included in status epilepticus studies
may be skewed toward longer durations or
toward refractoriness to initial treatment, and
this has implications for outcome (18).

Shorvon has identified additional potential
reasons why the incidence of NCSE may be
underestimated in epidemiologic studies (9). The
presence or absence of tertiary neurologic cen-
ters can lead to variation in incidence estimates
due to ascertainment bias. Accurate diagnosis
and characterization of NCSE require the avail-
ability of prolonged EEG monitoring. Around-
the-clock availability of this technology is not
the norm for all hospitals. If EEG is not available
when the patient is symptomatic, NCSE cannot
be documented, and NCSE incidence will be
underestimated. Likewise, if a routine EEG
shows electrographic ictal activity, but if the
activity is not recorded for at least 30 minutes,
the case is excluded, leading to underestimation
of NCSE incidence (9). Recent population-based
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studies have been primarily hospital based and
have not included patients with NCSE who were
not evaluated in a medical care setting. Thus,
some patients with epileptic encephalopathies
and those treated in nursing homes, ambulatory
settings, or at home were not counted, whereas
those hospitalized with acute symptomatic ill-
nesses or severe injuries were likely to be well
ascertained (9). Finally, investigators have
elected to exclude subsets of the population
(neonates from the Richmond study, children in
the Hessen study, and patients with postanoxic
encephalopathy from the Swiss study), resulting
in underestimation of cases (9).

NONCONVULSIVE STATUS
EPILEPTICUS AS A PROPORTION OF
ALL STATUS EPILEPTICUS

An early study by Dunne and colleagues (19)
estimated that NCSE comprises 20% of all sta-
tus epilepticus in adults. More recent popula-
tion-based studies of status epilepticus have
found that 30% to 63% of all status epilepticus
is nonconvulsive (Table 3.1). Differences in
population characteristics and, possibly, differ-
ences in NCSE definition and classification
likely contribute to this wide range. The highest
proportion of NCSE occurs in the study from
Hessen, Germany, which included only adults,
with a mean age of 65 years (4). The frequent
history of remote stroke, present in 36% of the
population, likely contributed to the high pro-
portion of NCSE. Remote focal ischemic
lesions are associated with localization-related
epilepsy, itself a risk factor for NCSE. Thus, an
older population and the higher prevalence of
both remote stroke and epilepsy are associated
variables that may have contributed to the high
proportion of NCSE in this study.

ESTIMATES OF THE INCIDENCE
OF NONCONVULSIVE STATUS
EPILEPTICUS

Historically, NCSE was considered uncommon,
and was described in case reports and small
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series of patients with epilepsy. In the early
1990s, annual incidences of absence status
epilepticus (ASE) and complex partial status
epilepticus (CPSE) were estimated at one per
million and 35 per million, respectively (8).
These figures were based on estimates of the
prevalence of absence and complex partial
epilepsy in the general population and the
assumption that 1% per year of those with
absence and 1.5% per year of those with com-
plex partial epilepsy have an episode of NCSE.
Since then, several population-based studies of
status epilepticus have allowed updated inci-
dence figures to be calculated. Shorvon has esti-
mated that the overall population incidence of
NCSE based on published studies is 5.6 to 18.3
per 100,000 per year (9). An indirect estimate
based on extrapolation from nonepidemiologi-
cally based data is 32 to 85 per 100,000 per
year (9).

Population-based studies that included all
types of status epilepticus are summarized in
Table 3.2. Where available, the proportion of
nonconvulsive status epilepticus types is
expressed as a percentage of all status epilepticus
cases. Data specifically pertinent to NCSE were
extracted, and an annual incidence per 100,000
population was calculated for NCSE as a whole
and by status epilepticus type (Table 3.3).

POPULATION-BASED STUDIES OF
NONCONVULSIVE STATUS
EPILEPTICUS

RICHMOND, VIRGINIA

In the study of status epilepticus in the Rich-
mond, Virginia, metropolitan area, data were
collected prospectively from local community
hospitals as well as from an urban academic
tertiary care medical center (2,20). There were
204 status epilepticus cases in 166 individuals,
and the combined incidence of all types of sta-
tus epilepticus was calculated at 41 per
100,000 individuals per year. When the data-
base was validated and correction was made
for underreporting, the revised incidence was
61 per 100,000 per year. Among all ages com-
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bined, generalized convulsive seizures occurred
most frequently, with generalized tonic-clonic
status epilepticus comprising 29% of the cases,
partial onset with secondary generalization
comprising 42%, and myoclonic status epilep-
ticus (MSE), 2%. Overall, 30% of cases were
NCSE; 23% had simple partial status epilepti-
cus (SPSE), 3% CPSE, 2% MSE, 1% ASE, and
1% electrographic status epilepticus in coma.

In the Richmond study, a history of
epilepsy was present in 38% of children (aged
one month to 16 years), 42% of adults
(between ages 16 and 60 years), and 30% in
the elderly (older than 60 years) (2). The crude
annual incidence of NCSE per 100,000 was
approximately 11.8 (SPSE, 9.4; CPSE, 1.2;
MSE, 0.7; ASE, 0.5).

ROCHESTER, MINNESOTA

A retrospective study of status epilepticus in
Rochester, Minnesota, over two decades (1965-
1984) identified 199 first episodes of status
epilepticus and reported an incidence of 18.3
per 100,000(3). The numeric discrepancy
between status epilepticus incidence in Rich-
mond and in Rochester is attributable to
methodologic differences (prospective vs retro-
spective) and population differences (21). Over-
all, 42.2% of the status epilepticus in the
Rochester study was nonconvulsive. The age-
adjusted annual incidence of the various types
of status epilepticus, per 100,000 population
based on the 1980 US population, was primary
generalized, 4.6; secondary generalized, 2.9;
partial only, 7.1; absence, 0.6; and MSE, 1.9 (3).

HESSEN, GERMANY

This prospective study of status epilepticus in
adults was based on reports from neurologists
and other clinicians in the emergency depart-
ment and intensive care unit (ICU) (4). Over a
2-year period, 150 patients with status epilepti-
cus were identified, half of whom had a history
of epilepsy. The age-adjusted status epilepticus
incidence was 17.1 per 100,000, higher in the
elderly and in men, and half of the patients had
a history of epilepsy. The majority of patients
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(74%) had acute or remote brain injury as the
etiology of status epilepticus. Remote cere-
brovascular disease was the most frequent eti-
ology, likely contributing to the increased
incidence in men and in the elderly.

FRENCH-SPEAKING SWITZERLAND

A 1-year prospective study of status epilepticus
in 6 French-speaking Swiss cantons identified
172 cases (1). Cases were referred by physicians
in emergency departments, ICUs, and EEG lab-
oratories and by local pediatricians and neurol-
ogists. The standardized annual status
epilepticus incidence was 10.3 per 100,000,
higher in the elderly and in children younger
than one year of age. Overall, 48.2% of the
cases were nonconvulsive, 18.1% SPSE, 26.7%
CPSE, and 3.5% ASE. “Confusional” status
epilepticus comprised 30% of the sample, and,
of this group, 11.5% were absence, 19% were
of temporal lobe origin, and 52% were of
frontal lobe origin. The initial ictal focus could
not be localized by EEG in the remaining cases.

RURAL AND URBAN ITALY

Vignatelli and colleagues studied the incidence
and short-term prognosis of status epilepticus
in adults in the urban area of Bologna, Italy,
and also in a rural area of northern Italy (5,22).
The authors identified patients by prospective
observation of the neurology ward, neurology
consultation service, EEG recordings, emer-
gency department admissions, and hospital
admissions and by review of all epilepsy dis-
charge codes. In the urban setting, the annual
age-adjusted incidence of status epilepticus (all
types) was 10.7 per 100,000. ASE occurred in
2% of the study population, SPSE in 9%, and
CPSE in 16%. Overall, NCSE was more com-
mon in the rural setting, where it comprised
44% of status epilepticus, compared with
urban Bologna, where 27% of status epilepti-
cus was nonconvulsive. In the rural setting, the
annual age-adjusted incidence of all status
epilepticus was 11.6 per 100,000, with 22%
SPSE and 22% CPSE, and no ASE documented.
In both studies, approximately 40% of the

study populations had a history of previous
seizures.

NONCONVULSIVE STATUS
EPILEPTICUS AND AGE

When all types of status epilepticus are consid-
ered together, there is a bimodal distribution of
incidence, with the highest incidence occurring
in children less than one year of age and in the
elderly (2). Age is associated with status epilep-
ticus type, with partial onset status epilepticus
the most common status epilepticus type in
adults, and generalized convulsive status
epilepticus the most common type in children
under the age of one year (2, 3). The age-spe-
cific incidence of partial status epilepticus in
those aged 80 to 85 years is 44.3 per 100,000
and is far lower in younger age groups, ranging
from O for several age intervals in young adult-
hood and middle age (20-25, 35-40, and 40-45
years) to 10.9 per 100,000 for children between
the ages of one and § years. After age 60 years,
the incidence of partial status epilepticus con-
tinues to rise steadily (3).

AGE AND NONCONVULSIVE STATUS
EPILEPTICUS TYPE

In both adults and children, SPSE is the most
common NCSE type, comprising 29% of all
pediatric status epilepticus and 22 % of all adult
status epilepticus (20). CPSE is less common,
comprising 0% of pediatric status epilepticus
and 4% of adult status epilepticus. Partial onset
with secondary generalization occurs in 36 % of
pediatric status epilepticus and 43% of adult
status epilepticus. Partial status epilepticus fre-
quently secondarily generalizes, and the final
seizure type is generalized convulsive in
approximately three fourths of all pediatric and
adult status epilepticus cases (20).

Absence status epilepticus is rare in all age
groups, accounting for 6.7% of status epilepti-
cus cases younger than 20 years of age, and
1.5% of cases aged 20 years or older (3). Of the
184 nonfebrile status epilepticus patients iden-
tified in a study by Hesdorffer and colleagues,
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6 patients, of various ages, had ASE. One
patient was younger than one year of age, one
was in the 5- to 10-year-old age range, two
were between 15 and 20 years of age, and two
were in the 35- to 50-year-old age group (3).

NONCONVULSIVE STATUS
EPILEPTICUS TYPE

The determination of status epilepticus type is
based on clinical semiology, EEG findings, and,
sometimes, response to treatment. Interpreta-
tion of descriptions of NCSE seizure types is
complicated by changes in terminology over
time. Initially, the term NCSE included only
CPSE or ASE (23-25). The term ASE was
applied to all cases of electrographically gener-
alized NCSE that lacked focal features, leading
to the impression that ASE occurred more fre-
quently than did other types of NCSE (23).
Long-term EEG monitoring has led to the
recognition that generalized EEG ictal activity
frequently demonstrates focal onset, or waxing
and waning focal features, and thus would
more appropriately be termed CPSE (26-28).
There is no standard definition of NCSE, but
today investigators tend to include SPSE, CPSE,
ASE, unspecified electrographic status epilepti-
cus, and MSE under the umbrella of NCSE,
excluding primary or secondary generalized
convulsive status epilepticus. See Chapter 2 for
information on the classification of NCSE.
Hospital-based series have described the
varying distributions of NCSE types. A 1987
study identified 113 patients with status epilep-
ticus over a 28-month period. Status epilepticus
occurred in 0.2% of all admissions to the Royal
Perth Hospital and 7% of the seizure admis-
sions. Almost 20% of status epilepticus was
nonconvulsive, and the majority (82%) was
labeled ASE, including 6 de novo cases and 12
with a history of epilepsy. The remaining
patients, all elderly, had CPSE (19). More
recent series have found a significantly lower
proportion of ASE, if any. A study of patients
referred for EEG to evaluate alteration of con-
sciousness or possible NCSE did not identify
any ASE. Probable or definite NCSE occurred
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in 37%, and, of these, 57% of were CPSE,
39% were subtle generalized status epilepticus,
and the remainder were myoclonic (29).

In population-based studies, NCSE types
comprise 30% to 63% of all status epilepticus
(Table 3.1). Data from epidemiologic studies
of status epilepticus are presented in Tables
3.1 and 3.2. Table 3.1 lists the proportion of
NCSE accounted for by each type of status
epilepticus. Partial status epilepticus accounts
for 50% to 92% of all NCSE. In the Rich-
mond study, SPSE was the most common type,
but, in Germany, Switzerland, and urban Italy,
CPSE was the most common NCSE type. In
rural Italy, SPSE and CPSE occurred equally,
whereas, in the Minnesota study, both types of
partial status epilepticus were combined into a
single category.

Table 3.3 lists annual incidence of convul-
sive status epilepticus and NCSE types. Most
studies have demonstrated a higher incidence
of convulsive status epilepticus compared
with NCSE, although the studies from rural
Italy and Switzerland had a higher incidence
of NCSE. Annual incidence for all NCSE
ranged from 4.7 to 11.8 per 100,000. SPSE
incidence ranged from 1.2 to 9.4 per 100,000,
whereas CPSE incidence tended to be lower,
ranging from 1.2 to 3.7 per 100,000. The
incidence of MSE ranged from 0.7 to 2.1 per
100,000. ASE had the lowest incidence of all
NCSE types in all studies, ranging from 0 to
0.6 per 100,000.

NONCONVULSIVE STATUS
EPILEPTICUS AND SEX

Age-adjusted annual incidence of status epilep-
ticus (of all types) in males was almost double
that of females (23.2-26.1 vs 13.1-13.7 per
100,000) in two population-based studies (3,4).
In rural and urban Italy, however, the age-
adjusted status epilepticus incidence was higher
in women than in men. The authors attributed
this finding to a more severe baseline neurologic
condition of elderly women compared with
men, due to a higher risk of dementia or worse
clinical condition following stroke (22).
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There are few data regarding incidence of
NCSE by sex. In rural Italy, 74% of the 27 sta-
tus epilepticus patients studied were women.
Of the 14 patients with NCSE, 86% were
women. Women comprised 80% of the SPSE (4
of 5 cases), 80% of the CPSE (also 4 of 5 cases),
and 100% of the MSE (2 cases) (22). Whether
or not sex is a risk factor for poor NCSE out-
come is unknown. The relative risk of death
within 30 days was significantly lower for
women (RR = 0.4), compared with the risk of
death for men. To avoid the potential con-
founding influences of age and etiology, the
authors analyzed a subset of subjects over age
65 years, with etiologies limited to hypoxia or
stroke, and found that the short-term risk for
women remained lower than that for men, but
statistical significance was not reached due to
the small number of cases (30).

NONCONVULSIVE STATUS
EPILEPTICUS ETIOLOGIES

Considering all types of status epilepticus, the
most common etiology is low antiepileptic drug
levels, present in one third of cases (20). Acute
symptomatic causes account for one third to
one half of all status epilepticus (1,3,5).
Approximately 40% to 50 % of patients in
population-based studies including all types of
status epilepticus have a history of epilepsy
(Table 3.2). A series of 45 patients with NCSE
also found that approximately half had a his-
tory of epilepsy (31). NCSE in this clinical con-
text may be a manifestation of incompletely
controlled epilepsy, low antiepileptic drug lev-
els, or other provoking factor.

Status epilepticus etiologies vary according
to age. More than half of childhood status
epilepticus occurs in the setting of fever or
infection. In adults, the majority of partial sta-
tus epilepticus is due to acute or remote focal
brain lesion, especially stroke. Other common
etiologies include remote symptomatic causes,
metabolic disturbance, hypoxia, and low
antiepileptic drug levels (4,20).The few popula-
tion-based studies that report etiology data
specifically for NCSE indicate that acute symp-

tomatic causes are the most common. In the
Minnesota study, partial status epilepticus
included both SPSE and CPSE, and 48% were
due to acute symptomatic causes, 21% were
idiopathic, 21% remote symptomatic causes,
and 9% progressive symptomatic causes. Four
of the 6 ASE cases were idiopathic, whereas
two were classified as acute symptomatic (30).
In a series of 100 cases of NCSE identified in an
EEG database, the majority (52%) were due to
acute medical causes, 31% were attributable to
epilepsy, and 17% were cryptogenic (32).

MORTALITY DUE TO NONCONVUL-
SIVE STATUS EPILEPTICUS

A major controversy in the study of status
epilepticus concerns the influence of etiology
on outcomes following status epilepticus. Using
multivariate analysis, the independent predic-
tors of mortality for status epilepticus (includ-
ing all types) are etiology, age, and duration
(33). Mortality is independently associated
with anoxia as an etiology, with advancing age,
and with status epilepticus duration exceeding
1 hour. In addition to the effect of etiology on
outcome, there is evidence that status epilepti-
cus itself can contribute to mortality. A study of
acute stroke patients with and without status
epilepticus found that those patients with both
disorders had 3 times the short-term mortality
of those with stroke alone (34).

MORTALITY AND ETIOLOGY

Although population-based studies of status
epilepticus have not included multivariate
analyses of determinants of mortality that are
specific to NCSE, case series suggest that etiol-
ogy is an important contributor to NCSE out-
come. In general, NCSE in the setting of
epilepsy has a relatively benign prognosis,
whereas acute symptomatic etiologies are asso-
ciated with a higher mortality rate (32,35-38).
The former patients are often ambulatory and
confused, whereas the latter tend to have more
severe changes in mental status, including
coma, requiring an ICU setting.
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In a study of 100 consecutive cases of
NCSE from an EEG database, mortality dur-
ing hospital admission was 18% and morbid-
ity was 39% (32). The majority of cases had
an acute medical etiology of NCSE, and mor-
tality was 27% in this group. Complications
were significantly more frequent in the acute
medical group than in the other two groups:
epilepsy and cryptogenic. Epilepsy was the eti-
ology of 31% of the cases, with a mortality of
3%. Etiology was classified as cryptogenic in
17% of the sample, and this group had an
18% mortality rate. Compared with patients
with mild impairment of mental status, those
with severe changes in mental status were
more likely to have complications and more
likely to die (32).

MORTALITY AND STATUS
EPILEPTICUS TYPE

In studies combining all types of status epilepti-
cus, seizure type is not an independent risk fac-
tor for short-term mortality (30,34). It is
unclear whether NCSE type is independently
associated with NCSE outcome, but it is recog-
nized that some NCSE types have more-benign
outcomes than others. For example, ASE is not
associated with significant short-term mortal-
ity, whereas MSE, often occurring in the setting
of anoxic encephalopathy, usually has a high
short-term mortality rate of 50% to 86%
(5,22,30). In these subsets of patients, etiology
is a strong confounding variable that probably
has a greater influence on outcome than does
status epilepticus type.
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Table 3.4 lists the proportion of each status
epilepticus type that died within 30 days. The
mortality rate for SPSE ranged from 16% to
25%, whereas CPSE was not associated with
death in the Italian studies (5, 22). The Min-
nesota study combined SPSE and CPSE and
found that a greater percentage of this group
died than in either the generalized tonic-clonic
or the secondarily generalized convulsive status
epilepticus groups. When confounding influ-
ences were accounted for with multivariate
analysis, the unconfounded relative risk for
short-term mortality was 0.8 for partial status
epilepticus, 2.3 for secondarily generalized con-
vulsive status epilepticus, and 1 for generalized
tonic-clonic status epilepticus (30).

The mortality rate for partial status epilep-
ticus was 30.5%, whereas, for those with gen-
eralized tonic-clonic seizures, including
secondarily generalized, the mortality rate was
20.7% (20). ASE was not associated with any
significant mortality (5, 30). See also Chapters
21 and 22 for a review of prognosis in NCSE.

NONCONVULSIVE STATUS
EPILEPTICUS IN SELECTED
POPULATIONS

Prospective studies of patients referred for EEG
or retrospective analyses of EEG studies have
selection bias because EEGs are requested when
there is a clinical suspicion of seizures. Simi-
larly, studies of NCSE in preselected cohorts of
patients with epilepsy, altered mental status,
coma, or ICU location may convey a falsely

TABLE 3.4 PERCENT MORTALITY BY SE TYPE

NCSE
% mortality by SE type

Convulsive SE
% Mortality

Case Fatality —

SP CP Absence  Myoclonic GTC 2° Gen All Types SE
Minnesota, USA 242 See 0 68 15 22 19%
footnote?
Bologna, Italy 25 0 0 86 0 44 39%
Rural Italy 16.7 0 N/A 50 0 0 7%

924% mortality for simple partial and complex partial SE combined
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high impression of the prevalence of NCSE in
the general population.

EPILEPSY

Several early case series found that the majority
of patients with NCSE had a history of seizures
(26,37,39,40). It was also recognized, however,
that NCSE can be the initial manifestations of
epilepsy and that it may be precipitated by a
variety of metabolic, drug-related, and other
factors (7,38,41). Population-based studies
demonstrate a history of epilepsy in 18% to
50% of all status epilepticus cases (Table 3.2),
but this parameter has not been reported for
NCSE alone.

NCSE has been studied in various types of
primary generalized epilepsy. A retrospective
study of 69 patients with JME identified 3
patients with typical ASE, all women, with
recurrence in 1. The authors estimated the
prevalence of NCSE in JME at 5.8% and an
incidence in JME patients of 1.2% annually
(42). Another study identified 136 consecutive
adult patients with idiopathic generalized
epilepsies and found that 15.4% had experi-
enced typical ASE. Typical ASE occurred only
among those adults who continued to have typ-
ical absence seizures as one of their seizure
types and included 6.7% of the patients with
JME (43). The mean age of onset of ASE was
29 years, whereas the mean age of onset for
absence seizures was 9 years. ASE was the first
clinical manifestation of epilepsy in up to one
third of patients and recurred, often numerous
times, in up to 85% of patients (44). Based on
these studies, ASE appears to occur more often
in adults than in children and more often in
women than in men.

CHILDREN

The epidemiology of NCSE in children has not
been fully described. In infants younger than
one year of age, convulsive status epilepticus
occurs far more frequently than does NCSE
(3,20). SPSE is the most common type of NCSE
in children (2). The age-specific incidence of
partial status epilepticus (per 100,000 popula-

tion) varies during childhood. In one study, it
was shown to be 4.8 in babies younger than
one year of age, 10.9 in children between ages
1 and 5 years, 5.1 between ages 5 and 10 years,
and 1.1 between ages 10 and 15 years (3). In
addition to the common types of partial and
generalized status epilepticus, there are a num-
ber of severe childhood epileptic
encephalopathies associated with continuous
spike-wave on EEG, including Landau-Kleffner
syndrome and electrical status epilepticus dur-
ing slow sleep. These are rare forms of status
epilepticus and are estimated to occur with a
frequency less than 1 per 100,000 persons
annually (9).

NCSE is a relatively common occurrence in
children who are monitored with continuous
EEG in an ICU. Of 117 children monitored
during a 4-year period, NCSE occurred in
23%, and was purely nonconvulsive in 89% of
these cases. The remainder had a combination
of nonconvulsive and convulsive manifestations
(45). The most common admitting diagnoses
were epilepsy (26%), altered mental status
(15%), congenital malformation (11%), and
hypoxia or anoxia (11%) (435).

Few data are available regarding outcomes
of NCSE in children, although the short-term
mortality rate of all status epilepticus in chil-
dren is very low, 3%, all occurring only with
infectious etiologies (2,20).

THE ELDERLY

Status epilepticus has a higher incidence in the
elderly than in any other age group. In the
Richmond study, the incidence of status epilep-
ticus (all types) in the elderly was 86 per
100,000 annually, and localization-related
NCSE occurred in 29% of the elderly cases
(2,20). A review of all EEGs performed on eld-
erly patients at an Irish hospital found that
EEG abnormalities were common, but NCSE
was identified on two of 300 records (0.65%)
(47). Among the elderly, the age-specific annual
incidence of partial status epilepticus per
100,000 increases with advancing age, ranging
from 21.8 in those between 65 and 70 years of
age to 64.1 in those between 85 and 90 years of
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age (3). Almost 0.4% of people surviving to age
75 will have experienced an episode of status
epilepticus (3).

The mortality rate of status epilepticus in
the elderly is 38% (2). It is likely that the
increased occurrence of stroke, metabolic
abnormalities, and degenerative disorders in
the elderly increase their risk of status epilep-
ticus and contribute to its high mortality rate.
Although diverse etiologies contribute to sta-
tus epilepticus in the elderly, cerebrovascular
disease, either acute or remote, is the most
common etiology (46). Among a series of 30
stroke patients with status epilepticus, NCSE
was more common than convulsive status
epilepticus, occurring in 73%. Onset of NCSE
usually occurred within two weeks of stroke
and was associated with a delay in time to
treatment (48).

The prognosis in elderly patients with
NCSE is poor, with reported short-term mortal-
ity rates ranging from 30% to 52% (49, 50).
Given the high mortality rate among elderly
patients with NCSE, the question arises as to
whether NCSE contributes to mortality or is a
manifestation of severe comorbid illnesses that
lead to death. Several studies have demonstrated
the dominant influence of etiology and comor-
bidities on outcome. A prospective series of 10
elderly NCSE patients with etiologies including
epilepsy, electroconvulsive therapy, hypona-
tremia, tumor, head trauma, and hypoxia con-
cluded that NCSE has a worse prognosis in the
elderly than in younger patients, attributable to
severity of underlying etiologies in the elderly
(51). Hospital-acquired infection was frequent,
occurring in 7 patients and leading to death in
3. Another series of 25 critically ill elderly
patients with NCSE excluded cases with anoxic
encephalopathy. Death was associated with the
number of severe acute medical problems at
presentation and occurred in more than half of
the cases (49). In another series of 15 elderly
patients with NCSE, 20% were alive 6 months
after diagnosis, with most deaths occurring as
the result of aspiration pneumonia or acute
heart failure (52).

Elderly patients with NCSE have a higher
morbidity rate and worse prognosis than those
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with altered mental status due to other causes
(50). A case-control study investigated patients
at least 75 years old who underwent EEG. Both
groups had a variety of acute medical condi-
tions, and many patients in each group had a
history of dementia, stroke, or both. A history
of epilepsy and tramadol use were significantly
more frequent in the NCSE group, compared
with controls. Compared with controls, those
in the NCSE group were hospitalized longer
and were more likely to have unfavorable out-
comes. Mortality rate was 30% in the NCSE
group and 5.9% in the control group. Within
the NCSE group, unfavorable outcome was
associated with a higher number of comorbidi-
ties and severely altered mental status at pres-
entation (50).

Treatment of NCSE in the critically ill eld-
erly is frequently ineffective and may contribute
to death (49). Subtle status epilepticus in the
elderly is also more refractory to treatment
than is convulsive status epilepticus. The Veter-
ans’ Affairs Cooperative Study compared 4
treatments for generalized convulsive status
epilepticus (53). Of the enrolled study patients
older than 65 years of age, 71% had overt gen-
eralized convulsive status epilepticus, whereas
29% had subtle convulsive generalized status
epilepticus, described as “the stage of general-
ized convulsive status when the patient is in
continuous coma but only subtle motor convul-
sions are seen” (53). Although the groups did
not differ in terms of recurrence rate, 30-day
outcome, or adverse events, there was an
important difference in response to treatment.
Only 14.5% of the elderly patients with subtle
status epilepticus responded to the first treat-
ment, whereas 56.9% of those with overt con-
vulsive status epilepticus responded to the first
treatment (54).

Not all NCSE in the elderly has a dire prog-
nosis. De novo ASE has been described in the
elderly, presenting as ictal confusion, and asso-
ciated with generalized spike-waves on EEG
(19,38). Etiologies include drug toxicity and
benzodiazepine withdrawal. The incidence of
this entity is not known, but it is recognized to
have a benign outcome.
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NONCONVULSIVE STATUS
EPILEPTICUS IN SELECTED
SETTINGS

COMA

Early reports of NCSE tended to focus on sta-
tus epilepticus in ambulatory patients. With the
availability of continuous EEG monitoring in
ICUs, it has become clear that patients with
critical illnesses and acute brain injuries have a
high incidence of NCSE. Because these clinical
settings often cause altered level of conscious-
ness, an additional causative diagnosis such as
NCSE is not suspected and diagnosis does not
occur until hours or days have passed
(12,55,56).

Several studies have examined the occur-
rence of NCSE in comatose patients. NCSE is
a frequent occurrence in patients with acute
brain injuries who are in the neuro-ICU. In a
series of 124 patients with admitting diagnoses
including stroke, intracranial hemorrhage,
metabolic coma, brain tumor, acute traumatic
brain injury, and convulsive status epilepticus,
27% had NCSE, and an even higher propor-
tion (34%) had nonconvulsive seizures that
were not classifiable as status epilepticus (56).
NCSE occurred with the highest incidence in
those with metabolic derangements or follow-
ing treated generalized convulsive status
epilepticus (56).

In a study of patients evaluated with EEG
for coma, NCSE was present in 8% of patients
(28). The investigators studied 236 patients
with unselected coma, aged one month to 87
years, specifically excluding those with overt
seizures or clinical status epilepticus. Elderly
patients (aged 60 or older) comprised 38% of
the study group, and 51% of the patients were
adults (aged 16-59 years). The most common
precipitating etiology was hypoxia or anoxia,
accounting for 42% of NCSE, followed by
stroke (22%). See also Chapter 13 on NCSE in
the ICU.

FOLLOWING CONVULSIVE STATUS
EPILEPTICUS

NCSE frequently occurs in the wake of convul-
sive status epilepticus and can be challenging to
diagnose. When a patient has generalized con-
vulsions that stop spontaneously or after treat-
ment, it is frequently assumed that
electrographic seizures have also ended, and a
depressed level of consciousness is attributed to
a postictal state. However, studies have docu-
mented that 12% to 53 % of convulsive status
epilepticus “converts” to electrographic status
epilepticus without clinical signs (46,53,57,58).
This dissociation between obvious clinical signs
and electrographic manifestations of status
epilepticus has been termed “subtle status
epilepticus” (53).

Several studies have investigated postcon-
vulsive NCSE by investigating patients referred
for EEG. Although this is a practical approach,
selection bias is unavoidably present because a
major reason for EEG referral is the suspicion of
possible status epilepticus. Thus, these studies
probably underestimate the actual frequency of
postconvulsive NCSE. One study reviewed 198
prospectively identified patients in whom EEGs
were ordered to evaluate altered consciousness
or possible status epilepticus (29). Of the 48
patients who had altered consciousness pre-
ceded by tonic-clonic seizure, almost one third
had NCSE on EEG (29). In a series of 19 pedi-
atric patients with NCSE, 17 had convulsive
seizures in the acute setting prior to diagnosis of
NCSE (59). Convulsions were brief and isolated
in 12 of these patients, and convulsive status
epilepticus preceded NCSE in § (59).

In the Richmond, Virginia, study, 164
patients were prospectively evaluated with con-
tinuous EEG monitoring after clinical control
of convulsive status epilepticus (60). Almost
half, 48%, demonstrated ictal discharges after
clinical status epilepticus had ended, and 14%
had NCSE beginning within 30 minutes of con-
vulsive status epilepticus. EEG patterns were
heterogenous, but most patients had secondar-
ily generalized or partial status epilepticus.
Those with NCSE had the worst outcome, with
a 51% mortality rate, compared with a 32%
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mortality rate for those with delayed ictal dis-
charges, and 13% for those without ictal dis-
charges following convulsive status epilepticus.
In addition to NCSE, advanced age and etiol-
ogy were independent risk factors for poor out-
come.

In the Veterans Affairs Status Epilepticus
Cooperative Study, patients were treated with a
series of intravenously administered antiepilep-
tic medications until clinical seizure activity
stopped (53). Of 518 convulsive patients, 26 %
demonstrated subtle status epilepticus, and this
group of patients had a significantly higher 30-
day mortality rate (65%), compared with those
who had overt status epilepticus only (27%).
Subtle status epilepticus in this study was also
more refractory to treatment. Although 55% of
patients with generalized convulsive status
epilepticus responded to the first treatment, ini-
tial treatment succeeded in only 15% of
patients with NCSE.

IN THE INTENSIVE CARE UNIT

Two categories of patients with status epilepti-
cus are found in the ICU: those who are admit-
ted there because of status epilepticus and those
who are being treated for severe surgical or
medical illness and develop status epilepticus
while in the ICU (61). The latter group presents
the diagnostic challenge. The majority of these
patients are not recognized as having NCSE
prior to diagnostic EEG (55). Much of the ICU
literature has focused on the importance of
detecting nonconvulsive seizures in these criti-
cally ill patients, using continuous EEG. Non-
convulsive seizures and NCSE have been
documented to occur frequently in severely
affected neurologic populations, including
those with traumatic brain injury, subarach-
noid hemorrhage, and intracerebral hemor-
rhage (12,56,62-67). Continuous EEG
monitoring significantly improves the detection
of nonconvulsive seizures (68,69).

Mortality in the intensive care unit

Although the incidence of NCSE in ICU popu-
lations with severe brain injury is unclear, there

NONCONVULSIVE STATUS EPILEPTICUS

is evidence that outcomes differ between those
with nonconvulsive seizures and those with
NCSE (69).

In the ICU setting, NCSE is associated with
a higher mortality rate than are nonconvulsive
seizures alone, and the longer NCSE persists,
the higher the mortality rate (12). In one study,
continuous EEG monitoring in the ICU identi-
fied 49 cases of nonconvulsive seizures in 43
adult patients out of a total of 127 patients
monitored over a 28-month interval (12).
NCSE occurred in 47% of the cases, and non-
convulsive seizures without NCSE in the
remainder. Although approximately one quar-
ter of both groups became disabled, more than
half (57%) of those with NCSE died, compared
with 9% of those with nonconvulsive seizures
(12). Those with acute symptomatic causes of
seizures or NCSE had higher mortality rates,
compared with the remote symptomatic group,
but etiology was not an independent predictor
of mortality because acute symptomatic
seizures were associated with longer duration.
With multivariate logistic regression, the only
independent predictors of mortality associated
with nonconvulsive seizures were delay to diag-
nosis and seizure duration (12).

NCSE in critically ill elderly patients has a
high mortality rate. In a series of 25 cases of
NCSE in elderly patients with critical illness
due to multiple organ dysfunction syndrome or
cancer, the mortality rate was 52% (49). Death
was associated with the number of acute life-
threatening medical problems on presentation,
averaging 1.8 in survivors and 2.8 in those who
died. Being treated with intravenously adminis-
tered benzodiazepine increased the risk of
death, and aggressive treatment of NCSE did
not improve outcome. In this study, it was
unclear whether NCSE independently affected
patient outcome or was a manifestation of dis-
ease severity in predisposed patients (49).

SUMMARY

NCSE comprises close to half of all status
epilepticus, demonstrating subtle clinical signs
and occurring in a variety of settings, including
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de novo, in patients with epilepsy, or in the set-
ting of acute or remote symptomatic condi-
tions. It is not uncommon for NCSE to be
present after clinical manifestations of convul-
sive status epilepticus have stopped. Although
the unadjusted annual incidence of NCSE per
100,000 ranges from 5 to 11, challenges in
diagnosing and categorizing NCSE, particularly
the need for EEG, make it likely that these inci-
dences are underestimates. Epilepsy and acute
symptomatic illnesses are common etiologies
for NCSE. NCSE is associated with a signifi-
cant mortality. In general, NCSE that occurs in
patients with epilepsy has a relatively good
prognosis, whereas NCSE that occurs in the
setting of coma has a high mortality rate, which
has been attributed to underlying etiology and
comorbidities. A classification system that
takes into account the heterogeneous clinical
settings and manifestations of NCSE would
allow more accurate epidemiologic assessment.
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CHAPTER 4

THE ELECTROENCEPHALOGRAM OF
NONCONVULSIVE STATUS EPILEPTICUS

SusaN T. HERMAN

Nonconvulsive status epilepticus (NCSE) com-
prises a range of conditions in which prolonged
(> 30 minutes) or recurrent electrographic
seizure activity results in nonconvulsive clinical
symptoms (1). There are as many types of NCSE
as there are nonconvulsive epileptic seizures
(Table 4.1) (2). NCSE has subtle and pleomor-
phic clinical manifestations—including impair-
ment of consciousness (mild confusion to coma),
automatisms, eye deviation or nystagmoid jerk-
ing, and subtle limb or facial twitching—and
therefore may be difficult to distinguish from
other disorders. To confirm NCSE, an electroen-
cephalogram (EEG) must show electrographic
seizure activity. This chapter will describe EEG
criteria for the diagnosis of NCSE, common
EEG patterns in the different types of NCSE, and
the utility of EEG for the management of NCSE.
The chapter will focus on the more “classic”
examples of NCSE, as well as on the borderline
areas of controversy; controversial patterns are
fully discussed in Chapter 5.

ELECTROENCEPHALOGRAPHIC
CRITERIA FOR NONCONVULSIVE
STATUS EPILEPTICUS AND
COMMON PITFALLS IN DIAGNOSIS

There is no universally accepted classification
of NCSE, and significant controversy exists
regarding which EEG patterns are consistent
with a diagnosis of NCSE. In addition to EEG
findings, the patient’s medical history, clinical
state, and response to antiepileptic drugs
(AEDs) may be required for accurate diagnosis.
Several groups have proposed EEG criteria for
NCSE (1,3-5), but the diagnosis remains sub-
jective and somewhat arbitrary. A recent

Epilepsy Research Foundation workshop
report (1) proposed several “clear-cut patterns”
of NCSE, but even these criteria engender some
debate. The following findings, compared to
those from a baseline EEG in patients with an
epileptic encephalopathy, are usually consid-
ered to represent NCSE: frequent or continuous
focal electrographic seizures that evolve in
amplitude, frequency, and/or spatial distribu-
tion; frequent or continuous generalized spike-
wave discharges at frequencies greater than 3
Hz; and more rapid generalized spike-wave dis-
charges. Slower patterns are more controver-
sial; repetitive discharges slower than 2.5 Hz
are more likely to be ictal (ie, indicative of an
epileptic seizure) if they evolve in frequency or
follow the occurrence of clinical status epilepti-
cus. Patterns that are generally agreed not to
represent NCSE include periodic discharges in
patients without prior seizures but with acute
cerebral injuries and patients with epileptic
encephalopathies in which the periodic general-
ized discharges are similar to those of the base-
line EEG (1).

Figure 4.1 provides an algorithm for the
EEG diagnosis of NCSE, focusing on several
main features adapted from prior published
criteria (3,5): (1) repetitive focal or generalized
epileptiform activity (spikes, sharp waves, spike-
and-wave, sharp-and-slow-wave complexes) or
rhythmic waveforms faster than 2.5 Hz lasting
longer than 10 seconds or (2) similar discharges
slower than 2.5 Hz with any of the following
features: (a) unequivocal evolution in frequency,
morphology, or field; (b) focal clinical motor
manifestations (eg, focal limb or face twitching);
or (c) clear clinical and EEG improvement after
intravenous administration of rapid-acting
AEDs, typically benzodiazepines. To meet
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TABLE 4.1 CLASSIFICATION OF NCSE

NCSE Type

Clinical Characteristics

EEG characteristics

Generalized NCSE

Typical ASE

Atypical ASE

Late-onset ASE

Impaired consciousness (usually mild),
disorientation, staring, rhythmic
blinking, in patients with primary
generalized epilepsy

Increased confusion compared to
baseline in patients with epileptic
encephalopathy

Impaired consciousness, disorientation
to stupor, staring, rhythmic blinking,
in elderly patients with no history

of epilepsy

Continuous or recurrent generalized
spike-and-wave or polyspike-and-wave
at > 3 Hz; normal interictal background

Continuous or recurrent generalized
spike-and-wave or polyspike-and-wave
at < 3 Hz; diffuse slowing on interictal
background

Continuous or recurrent generalized
spike-and-wave or polyspike-and-wave
at 0.5-4 Hz; diffuse slowing on
interictal background

SGCSE Coma or obtundation; may show Generalized spike-and-wave or poly
subtle limb jerking or nystagmoid eye spike-and-wave 1-4 Hz, often on flat
movements background

Partial NCSE

SPSE Persistent sensory or autonomic Localized epileptiform activity (repeti-
phenomena which remain confined to tive spikes or rhythmic waveforms) that
one area of the body, no impairment remains confined; > 60% of foci may
of consciousness not be visible on surface EEG

CPSE Impaired consciousness with confusion,  Focal rhythmic activity (usually involv-

Electrographic partial
status epilepticus

bizarre behavior, automatisms

Coma or obtundation; may show subtle
limb jerking or nystagmoid eye
movements

ing temporal or frontal regions) with
evolution in frequency, morphology, or
field; may show diffuse pattern late in
status epilepticus

Focal rhythmic activity with evolution
in frequency, morphology, or field;
interictal EEG often shows PLEDs

Age-related NCSE

Neonatal status
epilepticus

ESES

Landau-Kleffner
syndrome

Nonepileptic NCSE?

Clonic, tonic, myoclonic seizures

Progressive cognitive decline

Progressive receptive aphasia and
behavioral disturbance

Unresponsiveness, staring, eyelid
fluttering

Focal activity in alpha, theta, delta
band, sometimes with little evolution in
frequency, morphology, or field

Generalized spike-wave at 1.5-3.5 Hz
occupying more than 85% of NREM
sleep

Unilateral or bilateral temporal spike-
wave at 1.5-3.5 Hz during NREM
sleep (< 85%)

Normal background

NCSE refers to nonconvulsive status epilepticus; EEG, electroencephalographic; ASE, absence status epilepti-
cus; ESES, Electrical status epilepticus during slow-wave sleep; Hz, Hertz, cycles per second; SGCSE, subtle
or electrographic generalized convulsive status epilepticus; PLEDs, periodic lateralized epileptiform dis-
charges; NREM, non-rapid eye movement sleep; SPSE, simple partial status epilepticus; CPSE, complex par-

tial status epilepticus.

aPsychogenic or pseudo-status epilepticus
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Significant
evolution in field,
morphology, or
frequency?,

Clinical focal
motor
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Frequency
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NCSE NCSE

generalized or focal spikes, sharp
, spike-and-wave, sharp-and-
slow-wave complexes, or rhythmic

NCSE
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Clinical
manifestations Consider
consistent » Obtain EEG Yes——| prolonged [«
with NCSE EEG recording
> 30 min
No
No

Repetitive or rhythmic

Prolonged
EEG normal?,

waveforms lasting
> 10 seconds?

Trial of rapid-
onset IV AED

Not NCSE

Yes

No

Clinical & EEG
response to IV

EG response
to IV AED?

Yes

4

Yes
h 4
Possible NCSE; monitor for
( NCSE ) (Iong-lerm clinical response)

Figure 4.1 Algorithm for electroencephalographic diagnosis of nonconvulsive status epilepticus (NCSE). See

text for details.

criteria for evolution 2a, the electrographic dis-
charges should show an increase or decrease in
frequency by more than 1 Hz, significant
change in waveform morphology, or spread
to at least two adjacent EEG electrodes (5). A
response to intravenously administered AEDs
must include improvement in both the clinical
state of the patient and the EEG or complete
cessation of electrographic ictal activity with
return of normal EEG background activity (6)
(Figure 4.2). Figure 4.1 is merely a guide to
diagnosis; many patterns cannot be definitely
classified as ictal or nonictal even when all cri-
teria are fulfilled.

PARTIAL VERSUS GENERALIZED
NONCONVULSIVE STATUS
EPILEPTICUS

Classification of NCSE by the predominant
EEG pattern yields 3 main groups: (1) patterns
that are generalized at onset (Figure 4.2A); (2)
patterns that begin focally, with or without sec-

ondary generalization (Figure 4.3); and (3) pat-
terns that have both focal and generalized fea-
tures or are otherwise poorly classified (7).
Bihemispheric NCSE has features of both focal
and generalized status epilepticus (8) and may
show either a widespread field with focal pre-
dominance over one hemisphere (Figure 4.4) or
shifting predominance between hemispheres. In
a series of 85 episodes of NCSE in 78 patients,
69% showed a generalized pattern, 13% a
focal pattern, and 18% a generalized pattern
with focal predominance (7). In a study of
NCSE in pediatric patients in the intensive care
unit, focal or multifocal status epilepticus
(65%) was shown to be more common than
generalized status epilepticus (35%), often
reflecting underlying focal acute structural
brain lesions (9). It is important to remember
that ictal activity may spread from focal areas
to widespread brain regions, so an EEG
recorded in established NCSE may not allow
for a distinction to be made between focal and
generalized status epilepticus.
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Figure 4.2 (A) Generalized
status epilepticus in a 75-
year-old woman with a his-
tory of recent generalized
tonic-clonic seizures, now
confused and lethargic. The
electroencephalogram (EEG)
shows rhythmic, high-volt-
age, 3-Hz, sharp-and-slow-
wave discharges, alternating
with periods of diffuse delta
activity and blunter epilepti-
form discharges. (B) Same
patient as A. The EEG fol-
lowing intravenous adminis-
tration of lorazepam shows
complete cessation of ictal
activity, with mild diffuse

slowing and excess beta
activity.

ELECTROENCEPHALOGRAPHIC
STAGES IN NONCONVULSIVE STATUS
EPILEPTICUS

Treiman (10) proposed a stereotyped sequence
of EEG changes in generalized convulsive status
epilepticus: (1) discrete seizures, (2) merging
seizures, (3) continuous ictal activity, (4) ictal
activity with “flat” periods of background dis-
continuity, and finally (5) periodic epileptiform
discharges (PEDs) on a flat background. These
EEG changes are thought to represent progres-
sive neuronal dysfunction secondary to meta-
bolic exhaustion and parallel the diminution of
clinical manifestations in generalized convul-

sive status epilepticus from convulsive motor
movements to subtle limb twitching and eye
movements. Stage 4 has subtle or no motor
manifestations and is usually considered to rep-
resent NCSE. Stage 5, PEDs, is not accepted as
ictal by most electroencephalographers.

This orderly temporal progression of EEG
patterns does not often occur in NCSE (11,12).
In a study of 40 patients (12), 53% had only
discrete seizures without any other ictal pat-
terns, 28% had discrete seizures with PEDs
between seizures, and 8% had continuous ictal
activity. Occurrence of continuous seizures, dis-
crete seizures, or PEDs could occur at any time
after SE, and no predictable pattern of evolu-
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tion was identified. The evolution of the EEG
depends on multiple factors: type of status
epilepticus, baseline condition of the patient,
etiology, duration of ictal activity, and type and
duration of treatment. The variability in evolu-
tion adds to the controversy regarding which
patterns are ictal.

ICTAL PATTERNS VERSUS
INTERICTAL PERIODIC PATTERNS

The borderland of NCSE is populated by a
variety of PEDs with various morphologies and

! Uy
ww

Figure 4.3 Focal nonconvul-

LIV ! sive
VAN

status  epilepticus
(NCSE) in a 45-year-old man
with a left frontal brain
metastasis from testicular
cancer. Clinically, he was
confused and intermittently
aphasic. The
cephalogram shows rhyth-
mic, 3- to 5-Hz, sharply
contoured waveforms over

electroen-

the left hemisphere, maximal
over the left frontal region.

Figure 4.4 Asymmetric non-
convulsive status epilepticus
(NCSE). Broadly distributed,
2.5-Hz, spike-and-wave dis-
charges, more prominent and
higher amplitude over the left
hemisphere, in a 62-year-old
woman with a remote ante-
rior cerebral artery infarct.

repetition rates, including periodic lateralized
epileptiform discharges (PLEDs), bilateral inde-
pendent periodic lateralized epileptiform dis-
charges (BIPLEDs), generalized (GPEDs), and
triphasic waves (TWs). These are fully dis-
cussed in Chapter 5. PEDs are seen in several
clinical scenarios, including acute focal struc-
tural lesions and following convulsive seizures
or status epilepticus. More than 75% of
patients with periodic patterns may have clini-
cal or electrographic seizures at some point in
their course (13) (Figure 4.5). Periodic dis-
charges are more likely to be “ictal” when they
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Figure 4.5 Nonconvulsive sta-
tus epilepticus (NCSE) evolv-
ing from left-hemisphere,
periodic, lateralized, epilepti-
form discharges (PLEDs) in a
66-year-old man with a left
frontal intracerebral hemor-
rhage. The electroencephalo-

gram initially shows periodic

utes, then gradually increase
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occur at rapid repetition rates (> 2 Hz) or show
clear evolution in frequency (increase or
decrease > 1 Hz), morphology, or field (14).
Discharges with intervening fast components
(PLEDs-plus) are more likely to be “ictal” than
are bland isolated discharges (15) (Figure 4.6).
Additional research will be needed to determine
whether periodic discharges cause neuronal
injury and whether aggressive treatment
improves outcome (5). At the very least, the
presence of PEDs should prompt consideration
of continuous EEG monitoring for 24 hours to
rule out frequent subclinical seizures. An Amer-
ican Clinical Neurophysiology Society subcom-
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over the entire left hemi-
sphere. The pattern repeated
every 5 to 10 minutes for sev-
=4 eral hours.

Figure 4.6 Periodic, lateral-
ized, epileptiform discharges
(PLEDs)-plus in a 64-year-old
woman with a right frontal
astrocytoma. The electroen-
cephalogram shows PLEDs at
1.5 Hz with intervening fast
frequencies. PLEDs-plus is
extremely likely to evolve into
electrographic seizures;
whether this pattern itself
represents nonconvulsive sta-
tus epilepticus is debated.

mittee has proposed standardized terminology
to describe rhythmic and periodic EEG patterns
for research studies (16).

A particularly problematic area is the distinc-
tion between TWs and generalized NCSE (17).
Although there are no absolute EEG criteria for
diagnosis, epileptiform discharges in generalized
NCSE typically show higher frequency (mean 2.4
versus 1.8 Hz), polyspikes, and sharper morphol-
ogy than do TWs (18). A phase lag from anterior
to posterior channels is often seen with TWs
but not with NCSE. TWs are commonly state
responsive and may be abolished by intravenous
administration of AEDs (19).
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STIMULUS-INDUCED RHYTHMIC,
PERIODIC, OR ICTAL DISCHARGES
(SIRPIDS)

Focal or generalized periodic and quasi-peri-
odic discharges can be elicited in stuporous or
comatose patients by stimulation or occur with
spontaneous arousal. Hirsch et al (20) termed
these “stimulus-induced rhythmic, periodic, or
ictal discharges” (Figure 4.7). The discharges
abate when the patient lapses back into unre-
sponsiveness. Whether these discharges repre-
sent seizures or an abnormal arousal process is
debated; in general, discharges with repetition
rates greater than 3 Hz or with clear evolution
may be considered ictal, whereas invariant pat-
terns slower than 3 Hz are less likely to be ictal.

EFFECTS OF ANTIEPILEPTIC DRUGS
ON THE ELECTROENCEPHALO-
GRAM IN NONCONVULSIVE STATUS
EPILEPTICUS

A prompt clinical and EEG response to intra-
venous administration of AEDs is commonly
used to determine if a particular EEG pattern
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represents NCSE. Lorazepam or midazolam
may be given in small sequential doses while
personnel monitor blood pressure, respiratory
rate, and oxygenation. A “diagnostic response”
is defined as marked improvement in both clin-
ical status and EEG. EEG response alone is less
helpful. Some nonictal EEG patterns, such as
TWs of metabolic encephalopathy, may also
improve after intravenous administration of
benzodiazepines, likely because of state changes
(19). Unfortunately, a rapid clinical response is
uncommon in obtunded or comatose patients
in NCSE (21); improvement in mental status
after successful treatment of NCSE may take
days (22,23). High doses of sedating benzodi-
azepines may also blunt the clinical response. In
patients whose EEG improves but in whom no
clinical change is evident, continuous EEG
monitoring should be considered to look for
recurrence of the ictal pattern.

SPECIFIC ELECTROENCEPHALO-
GRAPHIC PATTERNS IN NONCON-
VULSIVE STATUS EPILEPTICUS

GENERALIZED
NONCONVULSIVE
STATUS EPILEPTICUS

Typical absence status
epilepticus

Typical absence status epilep-
ticus (ASE) occurs most com-
monly in individuals who have
primary generalized epilepsies
and is characterized by
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Figure 4.7 Stimulus-induced, rhythmic, periodic, or ictal discharges (SIR-
PIDs). Repetitive right-hemisphere spikes at 2 Hz were provoked by sternal
rub in a patient with subarachnoid hemorrhage. There is simultaneous semi-
rhythmic delta activity over the left hemisphere, and electromyographic arti-
fact indicates a probable change in the patient’s state of alertness.

impairment of consciousness,
sometimes described as a
“twilight state,” with confu-
sion, slowed thinking, repeti-
tive blinking, or myoclonus
(24). The EEG shows general-
ized 3-Hz spike-and-wave dis-
charges or polyspike-and-
wave discharges in frequent
recurrent seizures (Figure 4.8)
or prolonged seizures (Figure
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4.9) lasting more than 30 minutes (25,26). The  Atypical absence status epilepticus
epileptiform discharges are bilaterally synchro-
nous and usually maximal over frontal or cen-
tral head regions. Other EEG patterns include
spike-and-wave activity at frequencies greater
than 3 Hz, polyspike-and-wave discharges (Fig-
ure 4.10), generalized rhythmic slowing with

intermixed spike-and-slow-wave complexes, X trsed than th
irregular sharp-and-slow-wave discharges, or ~ Patients are more confused than they were at

diffuse background slowing with superimposed baseline and sometimes have subtle myoclonic,
bursts of fast activity (Figure 411) (24) If tonic, or atonic motor manifestations. The EEG

shows either (1) generalized or asymmetric
spike-wave activity at frequencies ranging from

(27). Typical ASE usually shows a prompt clin- 1 to 2.5 Hz, which is more frequent or intense
ical and EEG response to intravenously admin- than baseline epileptiform activity and is super-
istered AEDs. imposed on a diffusely slow background (Fig-

ure 4.12), or (2) low-voltage, generalized,

Atypical ASE is a rare type of status epilepticus
seen in patients with epileptic encephalopathies
such as the Lennox-Gastaut syndrome (28). To
qualify as status epilepticus, there must be a
clear change from baseline both clinically and
electrographically (1). With atypical ASE,

seizures are very prolonged, the spike-and-
wave discharges may slow to less than 3 Hz
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Figure 4.9 Absence status epilepti-
cus in a 42-year-old woman with
juvenile myoclonic epilepsy, now
with confusion, slowed responses,
and “pauses in speech.” The elec-
troencephalogram shows a 3-Hz,
generalized, spike-and- wave pat-
tern.

Figure 4.10 Typical absence sta-
tus epilepticus in a 35-year-old
man presenting with mild confu-
sion for 3 days. The electroen-
cephalogram showed
continuous polyspike-and-
waves at 3 Hz.

Figure 4.11 Typical absence sta-
tus epilepticus in a 54-year-old
woman with juvenile myoclonic
epilepsy. The electroencephalo-
gram shows bursts of general-
ized, frontally = maximal,
irregular, polyspike-and-waves
at 4-7 Hz, superimposed on a
diffusely slow background.
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| M\/
LN woman with mild mental retar-
%% \ dation and intractable epilepsy,

Qt presenting with lethargy and
'l\

Figure 4.12 Atypical absence sta-
tus epilepticus in a 30-year-old

slurred speech after abrupt dis-
continuation of her antiepileptic
drugs. The electroencephalogram
shows generalized, frontally max-
imal, slow-spike-and-wave dis-
charges at 2.5 Hz.

paroxysmal, fast activity (alpha or beta fre-
quencies) (2,29).

Late de novo absence status epilepticus

Patterns of generalized NCSE can also be seen
in older adults with no prior history of
epilepsy, often in the setting of withdrawal
from benzodiazepines, medication intoxica-
tion, systemic infection, or metabolic dysfunc-
tion (30). The EEG is highly variable, showing
generalized spike-and-wave activity at frequen-
cies from 0.5 to 4 Hz (31). The spike-and-wave
component is often less prominent and more
irregular than in typical ASE (Figure 4.2) but
does show a similar frontally or centrally max-
imal distribution (7).
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Subtle or electrographic generalized convulsive
status epilepticus

Subtle or electrographic generalized convulsive
status epilepticus occurs as the late stages of
generalized convulsive status epilepticus (ie,
stages 4 and 5, as described by Treiman) (10).
Patients are typically comatose, with minimal or
no motor manifestations. The EEG shows repet-
itive, generalized, periodic, epileptiform dis-
charges or bursts of polyspikes, with frequencies
from 0.5 to 4 Hz (Figure 4.13) (10,32). Similar
discharges can be seen in patients with severe
encephalopathy (eg, uremic or postanoxic) but
no history of seizures (33).

Figure 4.13 Subtle generalized con-
vulsive status epilepticus (SGCSE).
A 68-year-old man with renal fail-
ure remained unresponsive follow-
ing treatment for generalized
convulsive status epilepticus with
lorazepam, phenytoin, and pheno-
barbital. Exam showed nystag-
moid eye movements and fine
twitching of fingers. The electroen-
cephalogram shows a discontinu-
ous pattern of spikes and
polyspikes at 2-3 Hz with brief
periods of diffuse background

i

°°°°° ... Aattenuation.
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FOCAL NONCONVULSIVE STATUS
EPILEPTICUS

Simple partial status epilepticus

Clinical manifestations of simple partial status
epilepticus reflect ictal involvement of discrete
brain regions, such as motor, sensory, special sen-
sory, psychic, or autonomic symptoms, without
impairment of consciousness (34,35). Because
only a small volume of brain tissue is involved,
only 20% to 35% of simple partial seizures have
an ictal correlate detectable with scalp EEG (36);
the EEG is often normal or shows nonspecific
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changes such as focal slowing (37). A variety of
ictal patterns may occur, such as focal fast-fre-
quency discharges, rhythmic waveforms with
evolving morphology, and repetitive epileptiform
discharges (37-39). Ictal activity may be either
continuous or discontinuous, with discrete
seizures showing evolving frequencies of 3 to 6 Hz
lasting 30 to 60 seconds (39). Epilepsia partialis
continua is a specific form of simple partial status
epilepticus characterized by continuous clonic or
myoclonic motor seizures involving part or all of
one side of the body. Focal epileptiform discharges
such as irregular spikes and sharp waves or
PLEDs may be seen in 22% to 71% of patients
with epilepsia partialis continua
(40,41).

Complex partial status
epilepticus

EEG findings are essential to dis-
tinguish complex partial status
epilepticus (CPSE) from other
causes of altered mental status.
CPSE nearly always shows dis-
cernable ictal patterns on scalp
EEG, but EEG during frontal or
parietal CPSE may be normal or
obscured by artifact (42,43).
CPSE may arise from any brain
region, most commonly frontal
or temporal (44). The EEG pat-
terns of CPSE are highly vari-
able, reflecting differences in ictal
onset zones and propagation
pathways (45). Morphologies
include repetitive spikes, spike-
and-slow-wave discharges, and
rhythmic waveforms in the theta,
delta, or alpha frequency range.
Early EEG manifestations are
usually focal or lateralized, but
spread of ictal activity results in
diffuse or generalized patterns

Figure 4.14 Progression of focal nonconvulsive status epilepticus (NCSE) difficult to distinguish from ASE
in a 21-year year-old with intractable temporal lobe epilepsy. A. Initial (Figure 4.14) (7,46,47). CPSE
well-localized, 7-Hz, sharply contoured, ictal activity over the left tempo- may show recurrent seizures,
ral region, with some spread to the left. B. Later epoch from same patient each showing focal onset with
as A. Ictal activity has now spread to right frontal region, with some evolution in field, morphology,

spread to the left parasagittal region.
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amplitude, or frequency (Figure 4.15) or contin-
uous ictal discharges (Figure 4.16) (2,48-50).
Background activity between discrete seizures
shows focal slowing, focal epileptiform dis-
charges, or periodic lateralized epileptiform
discharges. As CPSE progresses, seizures may
become fragmentary, with periods of background
attenuation between seizures (Figure 4.17).

Focal nonconvulsive status epilepticus in
critically ill obtunded or comatose patients

The diagnosis of NCSE in coma is problematic.
EEG patterns are not pathognomonic; similar
changes can be seen in NCSE, acute focal struc-
tural lesions, and encephalopathies. NCSE has
been reported to occur in 8% of patients with
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coma but no other clinical signs of seizures (51)
and 16% of pediatric patients in the intensive
care unit with unexplained alteration in con-
sciousness (52). Some authors consider subtle
or electrographic status to be present only if the
patient has previously experienced clinical
seizures or status epilepticus (11).
Electrographic partial status epilepticus is
seen in stuporous or comatose patients with no
clear clinical signs of seizure activity (35).
Seizures may be either continuous or repetitive,
and EEG patterns are similar to those in simple
partial status epilepticus and CPSE (Figure
4.18). Such partial status epilepticus is fre-
quently seen after strokes or other acute brain
injuries and should be suspected when condi-
tions do not stabilize or improve as expected

Figure 4.15 Focal nonconvulsive
status epilepticus (NCSE). Fre-
quent recurrent seizures in a
patient with parietal epilepsy and
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the 4 channels above sequentially.

Figure 4.16 Focal nonconvulsive
status epilepticus (NCSE). Con-
tinuous focal ictal activity in the
left hemisphere in a 54-year-old
man with central nervous system
vasculitis.



The Electroencephalogram of Nonconvulsive Status Epilepticus — Susan T. Herman

Faus MWW\WWWW\M\N
L N B e T e a4 A A I I I e T N e

FiF

[ I O T e el e B N T ) e N Y N N A N A A W
49 P AN AP ANA Ao e AN NS o NS e S AP A o [N N P N A S S NP

[ MMWWWWNVWWWWM
e WWWWWWN
Frs MMMAWM/W«WNW/WWMWWWA

- WWVMWMWWWWWHMW\WWWWM«WWWW
- WWWWWWM

FaTa

Fi2Fg

FoTa

- e v e iy & ] A

53

Figure 4.17 A. Continuous focal
ictal activity (rhythmic theta and
delta with intermixed spikes) in a
68-year-old woman with herpes
encephalitis. B. Later electroen-
cephalogram (EEG)
patient as A. At the time of this
EEG, she was comatose. EEG
shows discontinuous ictal activity

in same

independently from the right and
left hemispheres.

Figure 4.18 Electrographic status
epilepticus in a 54 year old woman
with reversible posterior leukoen-
EEG
showed recurrent electrographic

cephalopathy syndrome.
seizures arising from the right
occipital region, with clinical corre-
late of eye deviation and nystag-
moid jerking to the right. The EEG
tracing on the lower half of the fig-
ure is a continuation of that above.
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(45). In some NCSE in critically ill patients,
seizures occur cyclically, with brief electro-
graphic seizures occurring every 5 to 10 min-
utes over several hours, possibly representing a
“wearing off” of the factor responsible for
stopping the electrographic seizure (53).

AGE-RELATED NONCONVULSIVE
STATUS EPILEPTICUS

Neonatal status epilepticus

Continuous video-EEG monitoring is an essen-
tial tool for optimal diagnosis and management
of neonatal status epilepticus (54). As in criti-
cally ill adults, neonates with severe brain
injury, prior treatment with AEDs, and phar-
macologic paralysis may have few or no clinical
manifestations of seizure (55), resulting in
underdiagnosis of status epilepticus if EEG is
not monitored (56). EEG can also avoid inap-
propriately aggressive treatment of nonepileptic
abnormal movements, such as swimming, ped-
aling, rowing, myoclonic jerks, jitteriness, and
stimulus-sensitive clonus or myoclonus.

Ictal discharges in neonates are usually focal
and localized to relatively small brain areas,
likely secondary to incomplete myelination and
neuronal migration (57). Seizures arise most fre-
quently in midtemporal areas of one hemisphere,
followed by the central and occipital regions
(54). Multifocal seizures (more than 3 foci in
both hemispheres) are common. Some seizures
show evolution in frequency, amplitude, mor-

NONCONVULSIVE STATUS EPILEPTICUS

phology, or spatial distribution, but many show
little or no evolution (Figure 4.19) (57). Mor-
phologies include sharply contoured, sinusoidal,
or rounded waveforms in the alpha, theta, and
delta frequency range. Because of the unusual
patterns in neonatal SE, particular attention
must be paid to exclude artifact mimicking elec-
trographic seizures. Most neonatal seizures last 2
to 3 minutes but recur frequently; prolonged
continuous seizures are less frequently seen (58).
Brief ictal rhythmic discharges (BIRDS) have
characteristics similar to those of seizures but
last less than 10 seconds (59).

Electrical status epilepticus during slow-wave
sleep (ESES) or continuous spikes and waves
during sleep (CSWS)

Electrical status epilepticus during slow-wave
sleep is a childhood-onset disorder character-
ized by seizures, continuous generalized spike-
and-wave discharges during slow-wave sleep,
and progressive cognitive decline (60). EEG
during wakefulness and rapid eye movement
sleep shows only rare focal or generalized
epileptiform discharges. As soon as patients fall
asleep, non-rapid eye movement sleep demon-
strates continuous generalized or bilaterally
synchronous spike-and-wave complexes at 1.5
to 3.5 Hz, occupying at least 85% of slow-
wave sleep (Figure 4.20) (61,62). The spike
component is most prominent. The typical EEG
pattern is usually first seen between ages 5 and
15 years and then often disappears.

Figure 4.19 Neonatal status

epilepticus in a 36-week-concep-
tional- age neonate with left

periventricular hemorrhage. The
electroencephalogram shows

onset with intermixed alpha and

delta activity in the left occipital

region, which shifts to the left

central parasagittal region and
continues as monomorphic, low-

amplitude, delta activity for 15

minutes. Seizures recurred fre-

quently but were multifocal.
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Landau-Kleffner syndrome

The Landau-Kleffner syndrome is an epileptic
encephalopathy characterized by an acquired
receptive aphasia, seizures, and a behavior dis-
order (63). EEG findings are variable. As in
electrical status epilepticus during slow-wave
sleep, waking EEG may be normal or may
show unilateral or bilateral temporal spike-
and-wave discharges. Bursts of focal or bilat-
eral spike-and-wave discharges at 1.5 to 3.5 Hz
are present in less than 85% of slow-wave sleep
(64). Epileptiform discharges are usually seen
over the anterior or midtemporal regions, but
also in the temporo-parieto-occipital regions,
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and may have a very broad, nearly generalized
field (Figure 4.21) (62,65). A vertical dipole is
often present in the intraperisylvian region
(66). The EEG manifestations usually appear
between the ages of 3 and 5 years and resolve
after approximately 15 years of age.

NONEPILEPTIC NONCONVULSIVE
STATUS EPILEPTICUS

Misdiagnosis of nonepileptic NCSE (psy-
chogenic or pseudo-status epilepticus) can
result in inappropriately aggressive treatment
(67,68), so EEG should be performed for
any patient with suspected status epilepticus

Figure 4.20 Electrical status
epilepticus in sleep (ESES) in a
12-year-old girl. She presented
| with a single generalized tonic-
clonic seizure, several falls, and
deterioration in school perform-
ance. The electroencephalogram
in sleep showed continuous,
high-voltage, bilaterally symmet-
ric, sharp-and-slow-wave dis-
charges at 1-3 Hz.

Figure 4.21 Landau-Kleffner

M syndrome in a 4-year-old boy

with a history of language regres-

sion. The electroencephalogram

.‘N” shows high-voltage, sharp-and-

slow-wave discharges over the

right centrotemporal region,

with less prominent synchronous

spikes over the left centrotempo-
ral region.
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who does not respond to initial treatment.
Nonepileptic psychogenic seizures can mimic
NCSE, with prolonged staring, eye blinking,
and unresponsiveness. The EEG shows normal
background activity or artifact from muscle or
eye movements (69). Alpha rhythm can be
elicited by passive eye opening and closure.

USE OF EEG IN DIAGNOSIS AND
MANAGEMENT OF NCSE

Indicators for electroencephalography for
diagnosis

The diagnosis of NCSE is often delayed for more
than 24 hours or missed entirely if EEG is not
performed (3,23,39). An EEG should therefore
be obtained in all patients with (1) unexplained
acute changes in mental status or personality,
especially in patients with a history of epilepsy or
remote neurologic injuries (70); (2) alterations in
consciousness out of proportion to an acute neu-
rologic injury (71); (3) persistent unresponsive-
ness following convulsive status epilepticus or
clinically evident seizures (72); or (4) subtle limb
twitching or nystagmoid eye movements (70,73).
Critically ill patients in the intensive care unit
have high rates of nonconvulsive seizures (18%)
and NCSE (10%) (74), including those with
intracerebral hemorrhage (18%-28%) (75,76),
severe traumatic brain injury (28%) (77), central
nervous system infection (26%) (78), brain
tumor (23%) (78), and subarachnoid hemor-
rhage (8%) (79). In obtunded or comatose
patients, continuous EEG monitoring for 24 to
48 hours may be necessary to detect NCSE (78).
Unfortunately, emergency EEG is not available
in all hospitals and may take 1 to 24 hours to
obtain and interpret (80). Additional research is
necessary to determine the utility and cost effec-
tiveness of providing continuous availability for
emergency EEG (81).

Monitoring of treatment efficacy

Because clinical signs of NCSE are nonspecific,
subtle, or nonexistent, continuous EEG moni-
toring is often necessary to assess the response
to therapy and to exclude recurrent seizures.

NONCONVULSIVE STATUS EPILEPTICUS

Once NCSE is diagnosed, EEG should be
reviewed continuously until seizures are
stopped or a burst-suppression pattern is
induced with continuous intravenous adminis-
tration of AEDs. Continuous EEG should be
maintained until the patient returns to normal
consciousness or electrographic seizures are
controlled for 24 hours after initial therapy or
after continuous intravenous administration of
AEDs is withdrawn.

NCSE persists in 14% to 20% of patients
after medical treatment and cessation of clini-
cally evident motor activity (21,72). Patients
requiring continuous intravenous administra-
tion of AEDs for the management of NCSE
should have continuous EEG monitoring or, at
a minimum, periodic EEGs during therapy.
Typical endpoints are suppression of all electro-
graphic seizures (82,83), a burst-suppression
EEG pattern with interburst intervals of 2 to 30
seconds (84-86), or complete suppression pat-
tern (87), but there are no controlled trials of
outcome of status epilepticus based on depth
and duration of EEG suppression. Break-
through seizures during continuous intravenous
administration of AED treatment are common
(56%) and often subclinical (89%) (88), and
relapse rates are high (18%-68%) (83).

Technical aspects of electroencephalography in
nonconvulsive status epilepticus

The emergency room and intensive care unit
environments in which NCSE is usually diag-
nosed present significant technical challenges to
obtaining good-quality EEGs; these challenges
may include artifacts from patient movement,
nursing care, 60-Hz line noise, and equipment,
such as respirators and vibrating beds. Simulta-
neous video recording can help to determine
the etiology of some artifacts (20).

Large quantities of continuous EEG data
must be reviewed to ensure that breakthrough
or recurrent seizures have not occurred. Com-
puter analysis can aid in data compression but,
at this point, cannot replace expert electroen-
cephalographer review. Automatic spike-and-
seizure-detection algorithms developed for
patients in the epilepsy monitoring unit (89,90)
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Figure 4.22 Cyclic seizures over a 2-hour period in a 29-year-old woman with focal status epilepticus causing
confusion and aphasia. Spectrogram shows recurrent increases in delta power (white color in row 1) over the
left hemisphere. Power in the 6- to 14-Hz band (row 3) shows the same cyclic increases.

are inadequate for detection of ictal patterns in
NCSE, especially in patients with acute brain
injuries. Quantitative analysis techniques dis-
play EEG activity as a graph versus time. Color
spectrograms, compressed spectral arrays, dis-
plays of total power in certain EEG frequency
bins, ratios of power in certain bands to total
EEG power, amplitude integrated EEG, and

spectral edge displays can be displayed for sin-
gle-channel or groups of channels to detect
electrographic seizures (Figures 4.22 and 4.23)
(91). The sensitivity and specificity of these
techniques for NCSE has not been explored.
Raw EEG traces must be immediately available
to exclude artifacts (Figure 4.24) and state
changes causing changes in quantitative EEG

Figure 4.23 Quantitative elec-
troencephalogram (EEG) can dis-
tinguish between left and right

hemisphere  seizures.  Single

arrowheads show increases in
beta power corresponding to

electrographic seizures from the
right hemisphere, as shown in the
first EEG trace. The double

arrowheads show increases in
theta power in the left hemi-
sphere, corresponding to the elec-
trographic seizures in the lower
EEG trace.
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Figure 4.24 Quantitative electroen-

P _ _' - IR WA | S -H_ cephalogram (EEG) shows increases
' ; 1;. ._';h.m.{'] m‘li-'m in power in the right hemisphere

(line at arrowhead), corresponding

to right occipital electrographic

seizures. Assessment of activity in
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the left hemisphere is limited by con-

and to confirm that electrographic seizures are
not missed.
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CHAPTER 5

CONTROVERSIAL
ELECTROENCEPHALOGRAPHIC PATTERNS
AND NONCONVULSIVE STATUS EPILEPTICUS

RICHARD P. BRENNER

Because of the spectrum of electroencephalo-
gram (EEG)-ictal patterns and the diversity of
clinical presentations, “Is it nonconvulsive sta-
tus epilepticus (NCSE)?” is often a difficult
question for an electroencephalographer to
answer, particularly in an intensive care unit
setting. Diagnostic criteria for NCSE are con-
troversial, and there are no agreed-upon crite-
ria to diagnose NCSE in obtunded or comatose
patients. Young and colleagues proposed pri-
mary and secondary criteria (1), subsequently
modified (2), for an electrographic or noncon-
vulsive seizure, which, in turn, help define
NCSE.

NCSE consists of EEG-ictal episodes,
which are continuous or recurrent for 30 min-
utes or greater without improvement in clinical
state or return to the pre-ictal EEG pattern
between seizures. It is relatively easy to diag-
nose NCSE when there are frequent focal elec-
trographic seizures in which there is a change in
frequency, field, voltage, and morphology of
the discharge. The problem is greater with peri-
odic generalized or lateralized spikes, sharp
waves, spike-and-wave, and sharp-and-slow-
wave complexes (SSWC) that occur less fre-
quently than 3 per second. The latter should
not be invariant; that is, they should show evo-
lution. If not, then a secondary criterion is
required. This involves response to anticonvul-
sant medications such as benzodiazepines.
Clearly marked clinical improvement following
administration is the preferred response.
Although this often occurs in absence status
(also referred to as petit mal status or spike-
wave stupor [3]) in ambulatory but confused
patients (“the walking wounded”), it is rare in
obtunded or comatose patients in NCSE (the

ictally comatose) (4,5). Improvement of the
EEG alone, without clinical improvement,
requires resolution of the discharges and the
appearance of previously normal EEG patterns
to satisfy secondary criteria for NCSE when
discharges are fewer than 3 per second (2).

A test dose of lorazepam may complicate
matters because many EEG patterns, including
triphasic waves (TWs) due to a metabolic
encephalopathy, may resolve if the patient is
given an adequate dose (6). Sometimes this can
be shown to be due to a state change, as the
pattern recurs after painful stimulation. After
treatment, the presence of diffuse slowing on
the EEG only, without clinical improvement,
does not prove that the discharges were ictal
and were responsible for the patient’s decreased
responsiveness. Furthermore, if the patient is in
a coma following a subarachnoid hemorrhage
or due to a central nervous system infection and
is also in NCSE, treatment with anticonvulsant
medications might improve the EEG, but the
patient might not awaken due to the underlying
brain disorder.

There are a number of EEG patterns
described as being associated with NCSE that
are controversial, particularly as to whether or
not they are ictal. These include periodic pat-
terns, such as periodic lateralized epileptiform
discharges (PLEDs); bilateral independent
PLEDs (BIPLEDs); and periodic epileptiform
discharges (PEDs), which can be either lateral-
ized (PLEDs) or generalized (GPEDs); and gen-
eralized TWs. All may become prominent
following stimulation and, as such, can be con-
sidered stimulus-induced, rhythmic, periodic,
or ictal discharges (SIRPIDs) (7).
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PERIODIC LATERALIZED
EPILEPTIFORM DISCHARGES

A pattern often seen with acute or subacute
unilateral lesions is PLEDs. Chatrian and col-
leagues (8) described PLEDs as consisting of
lateralized complexes usually recurring every
one to two seconds (Figure 5.1A). The com-
plexes often consist of sharp waves or spikes
that may be followed by a slow wave. Reiher
and colleagues (9) proposed a classification of
PLEDs that included PLEDs-plus and PLEDs-
proper. PLEDs-plus consist of brief, low-ampli-
tude, focal, rhythmic, activity that occurs in
association with PLEDs, whereas PLEDs-

e,

T e

e A A e
....wL.:Ju»vu.r‘r,l'J;'Tq'.-:-.w.. ;

i b

FETET iyttt
E1Tn arohinbet i

TETE  depbem

TEOY

FP2F4

— e

NONCONVULSIVE STATUS EPILEPTICUS

proper consist of repetitive and stereotyped
PLEDs without the low-amplitude, focal,
rhythmic discharges. PLEDs-plus is more likely
to be associated with clinical seizures and
seizure discharges than is PLEDs-proper.
PLEDs occur in a variety of disorders, most
often infarcts or tumors. They may also be seen
in patients with chronic seizure disorders or old
static lesions, especially when associated with
recent seizures, alcohol withdrawal, or a toxic-
metabolic disorder (10). In a literature review
of 586 cases (11), etiologies were found to be
stroke (35%), mass lesion (26%), infection
(6%), hypoxia (2%), and other (22%). The
clinical picture associated with PLEDs is usu-
ally  obtundation, focal
seizures, and focal neurologic
LS i, signs.
R Regardless of etiology,
~————  PLEDs are usually a transient
phenomenon. With time, the
discharges usually decrease
in amplitude, the repetition
rate decreases, and ultimately

oonkr o g g Y b A
iy the discharges cease. An
amaridelels €Xception to this is the report
by Westmoreland and col-
moeoeeeie Jeagues of 6 patients with

epilepsy who had persistent
PLEDs, ranging from 30
months to 20.5 years, in their
interictal EEGs (12). These
they termed chronic PLEDs.

The majority of patients
with PLEDs will have
seizures during the acute
stage of illness. During the
recording of the EEG, PLEDs
usually will be transiently
replaced by a new pattern if a
seizure occurs, often consist-
ing of faster rhythmic activ-
ity (Figure 5.1B). For this
reason, PLEDs are usually
considered an interictal pat-
tern, although not all agree

W

Figure 5.1 (A) Periodic lateralized epileptiform discharges (PLEDs) in an
87-year-old-woman with herpes simplex encephalitis. (B) Right-sided elec-
trographic seizure in the same patient.

(13-15). In several studies of
NCSE, PLEDs alone were
not considered an ictal pat-
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suffered from recurrent and

prolonged episodes of a con-

fusional state associated with

psychic and neurologic man-

ifestations. All episodes were
'\ accompanied by PLEDs on
: | the EEG, which became nor-
mal when the ictal episodes
subsided, either sponta-
neously or following the
intravenous administration
of diazepam.
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INDEPENDENT PLEDS

Figure 5.2 Ictal periodic lateralized epileptiform discharges (PLEDs) in a

79-year-old man. There is left-sided facial twitching associated with right-

sided PLEDs.

tern (16-18). Pohlmann-Eden and colleagues
(19) viewed PLEDs as an electrographic signa-
ture of a dynamic pathophysiologic state in
which unstable neurobiologic processes create
an ictal-interictal continuum.

Clearly there are times when PLEDs are
ictal. For example, they may be associated with
repetitive jerks of the contralateral extremity,
ie, epilepsia partialis continua (Figure 5.2). In
addition, Terzano and colleagues (20) reported
data from 7 patients over the age of 60 who
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Figure 5.3 Bilateral independent periodic lateralized epileptiform dis-

charges (BIPLEDs) in an 82-year-old man.

PLEDs are lateralized, but

they are often reflected syn-

chronously to a lesser degree

over homologous areas in the contralateral

hemisphere. In contrast, in patients with

BIPLEDs, the complexes are asynchronous,

usually differing in morphology, amplitude,

rate of repetition, and site of maximal involve-

ment (Figure 5.3). De la Paz and Brenner (21)

reported clinical findings in 18 patients whose

EEGs showed this pattern. The most common

causes of BIPLEDs were hypoxic encephalopa-

thy (5), central nervous system infection

(encephalitis or meningitis)

(5), and chronic seizure dis-

orders (4). When compared

with patients with PLEDs,

those with BIPLEDs were

more likely to be comatose

- (72% vs 24%) and had a

. higher mortality rate (61%

vs 29%), but focal neuro-

; logic deficits and focal

~—. — seizures were less common.

“———_/.—  BIPLEDs are much less com-

> “~  mon than PLEDs, with few

other patient series having

been reported. Like PLEDs,

the complexes are often

replaced by a lateralized

rhythmic pattern during a
seizure.
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PERIODIC EPILEPTIFORM
DISCHARGES

Treiman and colleagues (22) described 5 identi-
fiable EEG patterns that they felt occurred in a
predictable sequence during the course of sec-
ondarily generalized convulsive status epilepti-
cus. These were

1. EEG changes of discrete seizures with

interictal slowing

2. Merging seizures with waxing and wan-

ing ictal discharge

3. Continuous ictal discharges

4. Continuous ictal discharges with “flat”

periods

5. PEDs on a “flat” background. When

these complexes are lateralized, the
term PLEDs is used; when generalized,
then GPEDs is employed.

Others, however, have not found this
sequence of EEG changes (14,23-25). Whether
the final pattern of this proposed sequence, par-
ticularly GPEDs with a “flat” background (Fig-
ure 5.4), should be considered ictal is debatable
(14,25-27). Some feel that GPEDs may represent
NCSE; others view it as an epileptic
encephalopathy in which spikes and sharp waves
may not impair clinical function but, rather
reflect damage from severe brain injury (28,29).

As in patients with PLEDs or BIPLEDs, a
longer recording (1 hour instead of 25 minutes)
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Figure 5.4 Generalized periodic epileptiform discharges (GPEDs) in a 45-

year-old-man.

NONCONVULSIVE STATUS EPILEPTICUS

may demonstrate discrete seizures. How to
define GPEDs with continuous EEG monitor-
ing, however, has become more difficult; in pro-
longed recordings, patients with GPEDs may
also have periods of PLEDs and BIPLEDs.

TRIPHASIC WAVES

Foley and colleagues (30) have described blunt
spike-and-slow-wave complexes in patients
with hepatic coma and have felt that, at times,
these could not be distinguished from the elec-
trical activity frequently associated with petit
mal epilepsy. Distinguishing these complexes
from epileptiform abnormalities has remained a
problem (31). Recommendations to differenti-
ate these entities have been provided by several
investigators (32-34).

These waveforms were subsequently
termed TWs (35) and consist of bursts of mod-
erate-to high-amplitude (100- to-300-uV) activ-
ity, usually of 1.5 to 2.5 Hz, often occurring in
clusters (Figure 5.5). Although frequently pre-
dominant in the frontal regions, they are occa-
sionally maximal posteriorly. A fronto-occipital
lag may be present. The initial negative compo-
nent is the sharpest, whereas the following pos-
itive portion of the complex is the largest and is
subsequently followed by another negative
wave. TWs may increase with stimulation (31).

They are bisynchronous but
can show shifting asymme-
tries. A persistent asymmetry
(not related to technical fac-
tors or a skull defect) sug-
gests an underlying structural
lesion on the side of the
lower amplitude.
TWs  were initially
believed to be highly specific
for hepatic dysfunction. In a
study of 50 patients whose
EEGs showed TWs (36),
however, etiologies were
~— hepatic (28), azotemia (10),
B hypoxia (9), hyperosmolarity
(2), and hypoglycemia (1).
Bahamon-Dussan and col-
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Figure 5.5 Triphasic waves in a 51-year-old man with hepatic failure.

leagues (37) found multiple metabolic derange-
ments to be the most common cause of TWs,
present in 12 of 30 patients. Patients were either
very lethargic or comatose, and the mortality
rate was 77%. Sundaram and Blume (38) found
that the etiology of TWs was more closely
related to the level of consciousness at the time
of recording than they were to any morphologic
or distribution features or nature of EEG back-
ground activity. Awake but confused patients all
had nonmetabolic encephalopathies, particu-
larly Alzheimer disease, whereas all unarousable

Figure 5.6 Generalized periodic complexes in a 62-year-old-woman with

Creutzfeldt-Jakob disease.
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patients had  metabolic
encephalopathies. In general,
patients with absence status,
however, are confused but
arousable, whereas those
with NCSE are obtunded or
comatose, particularly if
patients in the intensive care
unit are included. Periodic
sharp complexes, most often
triphasic or biphasic and
occurring  approximately
every second, can also be seen

-~ ,~_~_ in patients with degenerative
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disorders, such as
Creutzfeldt-Jakob  disease
(39) (Figure 5.6). Clearly, the
causes of TWs depend on the
patient population at the
institution where the study is performed.

Rae-Grant and colleagues (40) found TWs
in 15 of 268 EEG studies (6%) done in patients
with Alzheimer disease but did not comment on
the distribution of the TWs. TWs were always
associated with other severe EEG disturbances,
such as excessive delta activity. Sundaram and
Blume (38) found that TWs were maximal
anteriorly in the majority of patients with
Alzheimer disease. Others (41,42) have found
the discharges usually maximal posteriorly.

In a study of the diagnostic specificity of
TWs, those occurring in
hepatic encephalopathy were
more likely to be associated
with severe EEG background
slowing than in other
encephalopathies with these
waveforms (43). None of the
morphologic features of TWs
(longitudinal  topography,
phase lag, symmetry, or lon-
gitudinal, bipolar, phase-
reversal  sites)  reliably
distinguished hepatic
encephalopathy from other
forms of metabolic
encephalopathy. Our con-
cern, however, is not distin-
guishing between the various
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metabolic encephalopathies associated with
TWs but, rather, whether these waveforms are
more consistent with a metabolic encephalopa-
thy or with NCSE.

When electroencephalographers use the
term TWs, they are usually implying a pattern
seen with a variety of encephalopathies, partic-
ularly hepatic or renal dysfunction, or follow-
ing hypoxia. The term triphasic, however, can
also be used to describe the morphology of the
waveform because SSWC or spike-and-wave
discharges usually have 3 phases; hence they
are TWs. Difficulties in distinguishing TWs
from generalized epileptiform abnormalities
were initially noted by Foley and colleagues
(30) and subsequently by others (44-46). Sun-
daram and Blume (38) indicated that TWs and
SSWC, also often called slow-spike-and-wave,
share many morphologic features. They also
searched for TWs in another 100 EEGs in
which the main finding was SSWC to compare
the morphology with that of the TWs present in
the 63 consecutive patients in whom TWs were
the major finding. They found similarities,
including 3 components (spike, trough and
slow wave), bilaterally synchronous complexes
with frontal predominance, and occurrence in
groups or runs on a slow background. The rel-
ative durations of the 3 components of some
TWs were similar to those of SSWC (ie, first
component shortest and the third component
longest). Of 100 EEGs containing SSWC, 40
had sporadic TWs. The major differences were
the relative amplitudes of the waveforms of
TWs occurring in EEGs with SSWC compared
with most TWs seen in other conditions,
including toxic-metabolic disorders. Waves 2
and 3 were the largest waveforms, or all 3 were
equally large, in 37 of 40 EEGs with SSWC and
sporadic TWs. In contrast, in the patients with
and without metabolic disorders, wave 2 was
usually the largest, followed in incidence by
equally prominent waves 1 and 2. Equal promi-
nence of components 2 and 3 was infrequent,
whereas equal amplitude of all 3 waves rarely
occurred. The authors used a referential mon-
tage to ipsilateral ears for these measurements,
as have others (31).

NONCONVULSIVE STATUS EPILEPTICUS

TWs and generalized spike-wave discharges
in generalized nonconvulsive status epilepticus
(GNCSE) or absence status can also closely
resemble one another. Kaplan (47) felt that TWs
may straddle the border between epilepsy and
encephalopathy and that the distinction
between GNCSE and encephalopathy can be
difficult to identify, whereas Litt and colleague
(48) felt that monorhythmic TWs could be dis-
tinguished from ictal patterns. Clearly, there are
times when this distinction can be difficult to
make; hence the terms triphasic-like waves and
nonepileptiform true TWs (27).

EEG features that help differentiate TWs
from epileptiform discharges seen in GNCSE
include wave 1 is of shorter duration and the
frequency of the complexes is higher in GNCSE
(mean = 2.4 Hz vs 1.8 Hz); in addition, there
are often extra spikes preceding wave 1 and less
background slowing in patients with NCSE
(31). In patients with TWs due to metabolic
encephalopathies, phase 2 is maximal, exceed-
ing all other wave forms by at least 50%. In the
study by Boulanger and colleagues (31), this
did not occur in the group with GNCSE. There
was usually a lag of phase 2 in the
encephalopathy group only, which more com-
monly was anterior to posterior but could be
posterior to anterior. TWs increased in a large
percentage of cases following stimulation,
whereas stimulation had no effect on the dis-
charges in GNCSE. The morphologic features
and response to stimulation, however, although
helpful in distinguishing TWs from GNCSE,
were not always present. As noted by Young
(49), the study had limitations. It was retro-
spective and used traditional differentiating
EEG criteria that have never been subjected to
pathophysiologic investigations for confirma-
tion. Thus, the study was almost tautologic in
its approach.

Generalized, bisynchronous sharp com-
plexes, at times periodic and often with a
triphasic configuration, can occur following
hypoxia-ischemia (26,50), in metabolic
encephalopathies (51), in Creutzfeldt-Jakob
disease (39), during or following status epilep-
ticus (22), and in a variety of drug-related dis-
orders. One such example is with cefepime, a
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Figure 5.7 (A) The initial electroencephalogram (EEG) in a 61-year-old-man
in renal failure receiving cefepime. (B) Although the EEG improved follow-
ing the administration of lorazepam, the patient remained unresponsive. (C)
Cefepime was stopped, and the patient was treated with intravenously
administered phenytoin. Both the EEG and the patient’s condition improved
the following day.

fourth-generation
cephalosporin. Patients with
renal failure receiving this
antibiotic have become unre-
sponsive, and the EEG often
shows triphasic activity (52-
56) (Figure 5.7A- C). Whether
this is due to renal failure
(although it has recently been
reported in a patient with nor-
mal renal function (57)), an
encephalopathy due to the
drug, or NCSE (an epileptic
mechanism caused by the
drug) is uncertain. As has been
emphasized, the diagnosis is
often difficult to make. Should
it require strict morphologic
EEG criteria or should the
clinical and EEG response be
required? Finally, there are
cases in which the morpho-
logic EEG criteria are more
suggestive of an encephalopa-
thy, but treatment results in
both a good clinical and EEG
response.

Other drugs associated
with generalized periodic pat-
terns include baclofen
(46,58,59), levodopa (60),
lithium (61,62), ifosfamide
(63-65), metrizamide (66-70),
and tiagabine (71,72). Some
have felt that these patterns
represent NCSE, whereas oth-
ers view them as
encephalopathies that resolve
when the offending agent is
discontinued. As noted previ-
ously, the use of medications
such as benzodiazepines may
not resolve the issue, and a test
dose of lorazepam may com-
plicate matters because TWs
due to a  metabolic
encephalopathy can regress
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without clinical improvement if the patient is
given an adequate dose (6).

TWs may increase with stimulation (31).
This is also true of PLEDs, BIPLEDs, GPEDs,
and frontal rhythmic delta activity (7) (Figure
5.8A and B). One of the reasons that SIRPIDs
have been recognized with greater frequency is
that, due to recent technologic advances, it is
now feasible and practical to record 24-hour,
continuous, digital EEG with simultaneous dig-
ital video. Using these techniques, Hirsch and
colleagues (7) noted striking EEG changes
when stuporous or comatose patients were
stimulated. In their study of 150 critically ill
patients undergoing continuous EEG monitor-
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ing (with or without video), 33 patients exhib-
ited SIRPIDs. No significant difference was
found in the incidence of clinical seizures in
patients with SIRPIDs (30%), compared with
those without (45%), nor did the authors find
any particular correlation between subtypes of
SIRPIDs and clinical findings. The authors con-
cluded that further research was necessary to
determine the pathophysiologic, prognostic,
and therapeutic significance of SIRPIDs. As
with the other patterns described in this chap-
ter, there are no easy answers.
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Figure 5.8 (A) The electroencephalogram in a comatose 71-year-old man.
(B) Following stimulation, stimulus-induced, rhythmic, periodic, or ictal
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CHAPTER 6

IMAGING IN NONCONVULSIVE
STATUS EPILEPTICUS

JONATHAN C. EDWARDS AND DIANA GOMEZ-HASSAN

Tremendous progress has been made in the field
of epileptology over the last few decades, and
this has been true nowhere more so than in the
neuroimaging of epilepsy. Modern neuroimag-
ing has made it possible to demonstrate gross
and subtle structural etiologies for seizures that
would previously have been considered “crypto-
genic,” while nuclear imaging can demonstrate
metabolic and functional changes that occur
ictally, interictally, or postictally.

The imaging of status epilepticus has cer-
tain practical limitations. Status epilepticus is
typically an emergency, and detailed imaging
takes considerable time. A second challenge
arises from the availability of several different
types of imaging and many potential imaging
sequences for each modality. Practical, finan-
cial, and safety constraints make it necessary to
choose the most appropriate imaging modality
for a particular clinical situation.

PRACTICAL ASPECTS OF IMAGING
IN NONCONVULSIVE STATUS
EPILEPTICUS

Often, the only imaging that has been obtained
at the time of diagnosis of status epilepticus is a
screening computed tomography (CT) scan.
Once a diagnosis of status epilepticus has been
established by clinical or electrocephalographic
(EEG) means or both, the focus of care turns to
the termination of seizures as quickly as possi-
ble. Further imaging with other modalities
often becomes a secondary concern that must
wait until the status epilepticus has been con-
trolled successfully.

Additionally, because of seizure activity or
because of the medications used to suppress

seizures, intubation and mechanical ventilation
are often necessary. Patients undergoing treat-
ment for status epilepticus may also have
hemodynamic instability and require close
monitoring, creating further challenges in
obtaining detailed or multimodal imaging. For
a variety of reasons, the medical literature on
imaging during nonconvulsive status epilepti-
cus (NCSE) is limited, and large controlled
series are not available. Nevertheless, modern
imaging facilities include protocols for CT
scanning, magnetic resonance imaging (MRI),
positron emission tomography (PET), and sin-
gle-photon emission computerized tomography
(SPECT) in critically ill patients, including
those who require mechanical ventilation.

Most patients in the intensive care unit
who have external monitors, lines, and devices,
including ventilatory equipment, can safely
undergo CT or SPECT studies. Depending on
the location of these devices, certain metallic
equipment on or near the head may cause
streak artifacts on CT images or appear as
defects on SPECT images and may have to be
moved or repositioned to avoid these artifacts.
If contrast-enhanced CT imaging is needed,
patients must be evaluated for potential reac-
tions to intravenously administered contrast
agents. Although uncommon, a severe reaction
can be life threatening. Such studies should be
performed when physicians are present and
available to treat any untoward reaction that
might occur.

For MRI studies, it must be determined
whether the patient can safely undergo the
study. Metallic implants, stimulators, and other
devices are absolute contraindications to MRI
scanning. Patients with some invasive blood
pressure-measuring devices, pacer wires, and
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infusion pumps are also unable to undergo MRI
studies. For critically ill patients, nonferromag-
netic supportive equipment, including dedicated
MRI-compatible ventilators, are necessary. In
addition to the MRI technologist, adequately
trained critical care personnel must accompany
the patient from the intensive care unit, and
anesthesia personnel are needed to prepare a
patient for imaging. Preparation is time con-
suming but essential for patient safety. Although
most university or tertiary care centers have the
trained staff and compatible equipment and
accessories, some may not be able to perform
these studies in critically ill patients.

COMPUTED TOMOGRAPHY

CT is an important diagnostic tool in screening
for intracranial injury such as hemorrhage or
mass lesions, especially acutely, but CT is of
limited value in evaluating the brain
parenchyma. It is easy to screen patients pre-
senting in status epilepticus using a noncontrast
or even contrast-enhanced head CT, but the
diagnostic yield is low in patients with a history
of long-standing epilepsy.

The advantages of CT include its availabil-
ity in most institutions and the short time
needed to scan. Currently, a state-of-the-art,
64-slice, helical CT scanner can perform a head
CT in less than 10 seconds in a cooperative
nonmoving patient. Additional time is needed
to position the patient and obtain the appropri-
ate scout images prior to full imaging. This can
take up to 10 or 15 minutes. Contrast-
enhanced CT imaging generally adds another
10 to 15 minutes for the administration of con-
trast material. Contrary to the case with MRI,
osseous structures, surgical clips, and hemor-
rhages are seen better on CT. Epilepsy patients
with intracranial and extracranial electrodes
are often imaged to assess the position of the
leads. A CT scan of the head is much less
expensive than MRIL.

A disadvantage of CT is the use of radia-
tion, but multidector, multislice, high-speed
scanners have been optimized to reduce the
amount of radiation exposure. The greatest
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disadvantage of CT as an imaging tool, how-
ever, is its low sensitivity in the detection of
abnormalities in patients with refractory
epilepsy, as compared with MRI. Although CT
has a role in identifying acute abnormalities or
large structural lesions in patients presenting in
status epilepticus, it has no diagnostic role
in evaluating more subtle cortical malforma-
tions or parenchymal signal abnormalities in
these patients.

CT findings reported in patients presenting
with NCSE are usually nonspecific. In a case
report, transient CT changes included focal
cortical swelling in the acute phase, with the
results confirmed with MRI (1). These changes,
including narrow sulci and a hypodensity in the
right frontal lobe, resolved after cessation of
the seizures. In another report, a CT study per-
formed on a patient with a known left frontal
abscess (previously treated, both medically and
surgically) did not have any new changes when
presenting in NCSE; the subtle parenchymal
distortion in the left frontal region (from the
earlier abscess) was seen again (Figure 6-1).
Kutluay and colleagues showed localizing CT
changes in 1 of 3 patients presenting with
NCSE (2). Subtle ischemic changes were
detected in this patient and confirmed on MRI.
Overall, the sensitivity for detecting any CT
abnormality in epilepsy patients ranges from
30% to 40%, and the specificity is much lower.

MAGNETIC RESONANCE IMAGING

MRI is an essential tool for the evaluation of
patients with epilepsy. It provides far greater
resolution of brain structures than do other
imaging methods. MRI technology (including
equipment, field strength, and software) is con-
tinuously being improved for better resolution.
Rather than radiation, MRI uses radiofrequency
pulses and magnetic fields to temporarily
change atomic spins to generate images.
Although the lack of ionizing radiation is bene-
ficial, the magnetic fields of MRI scanners can
be dangerous in patients with internal pacer
wires, stimulators, or ferromagnetic foreign
bodies or devices. Although 1- to 1.5-Tesla unit
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Figure 6.1 A 16-year-old girl with a history of surgi-

cally treated pansinusitis and a left frontal cerebritis
and abscess, who had nonconvulsive status epilepti-
cus 4 months later.

MRIs have become available at many imaging
centers and hospitals, higher field-strength
equipment and the latest software and technol-
ogy are generally available only in tertiary care
facilities. Dedicated high-resolution protocols
for epilepsy imaging may be available only in
multidisciplinary epilepsy centers. The excellent
resolution of detail in these images and the mul-
tiplanar capabilities of MRI provide a signifi-
cant advantage in evaluating patients with
epilepsy. With these technologies, tumors, infec-
tion, and inflammatory lesions are often readily
seen, as are the extent of surrounding edema
and mass effect. Developmental or structural
disorders are best detected with MRI. Structural
deformities such as schizencephaly and
lissencephaly can be seen, as can more subtle
heterotopias or cortical malformations.

A disadvantage of MRI is that a routine
screening study of the brain may take from 30
to 60 minutes—and 60 to 90 minutes for a high-
resolution epilepsy-focused MRI. Immobilizing
the patient is essential to provide adequate reso-

lution. Even subtle movement such as swallow-
ing or eye blinking can compromise the quality
of the images. Because multiple sequences in dif-
ferent planes are needed, the procedure lasts a
long time. The sequences used in more focused
epilepsy protocols can take as long as 9 to 11
minutes each; those used in screening studies
range from 2 to 4 minutes each. MRI-compati-
ble surgical clips, coils, shunts, and other hard-
ware can also distort images. Patients with
epilepsy who need ventilatory support require
MRI-compatible ventilators and monitors. MRI
studies are considerably more costly than CT,
and many patients with epilepsy require multi-
ple studies during their evaluations. Patients in
NCSE may have an initial MRI to evaluate
acute changes, followed by a separate study to
assess resolution of abnormalities.

To evaluate more subtle pathology in
patients with epilepsy, high-resolution MRI
with 3-D thin-section spoiled gradient T1-
weighted images in the coronal plane are often
helpful. This sequence is ideal in evaluating the
cortical morphology and gray-white matter
interface and provides the anatomic detail nec-
essary to calculate the volume of individual
structures. Atrophy of mesial temporal struc-
tures associated with hippocampal sclerosis is
now easily detected with this sequence.

Many epileptic lesions are detected by
changes in signal intensities. Fluid-attenuated
inversion recovery (FLAIR) and T2-weighted
images improve detection of the hyperintensi-
ties associated with hippocampal sclerosis or
cortical malformations. At least 1 post—
contrast-imaging sequence is obtained to detect
contrast-enhancing lesions. Diffusion-weighted
imaging provides information regarding the
microstructure of the brain and diffusion of
water in the local environment. Acute changes
in the brain can be detected best with diffusion-
weighted-imaging sequences.

Many patients in NCSE require EEG moni-
toring, and imaging is typically performed prior
to or after monitoring. Occasionally, patients
with surface electrodes may require urgent
imaging, and the MRI compatibility of the elec-
trodes must be confirmed prior to imaging.
Patients requiring invasive monitoring often
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undergo imaging; their electrodes are typically
made of titanium and are MRI compatible.

As with CT, MRI changes in patients with
NCSE are often nonspecific. Bauer and col-
leagues reported T1-weighted changes and
edema in the right frontal lobe of a patient who
had been in NCSE for 5 days (1). Reversible dif-
fusion and FLAIR-weighted cortical changes
have been noted in several other NCSE patients
(3). Patients with hippocampal sclerosis can also
present with NCSE (Figure 6-2A and B). In a
patient who presented in hypoglycemic coma
with persistent seizures despite metabolic correc-
tion, NCSE was confirmed by EEG, and MRI
demonstrated multiple areas of signal hyperinten-
sities throughout the supratentorial and infraten-
torial compartments (4). After seizures resolved,
only atrophy was noted in some of those areas.

POSITRON EMISSION
TOMOGRAPHY

PET, typically using 2-deoxy-2-("F) fluoro-D-
glucose (FDG), is usually performed in the inter-
ictal state to demonstrate hypometabolic areas in
the epileptogenic regions. Although PET lacks
the anatomic resolution of MRI, it can be more
sensitive in detecting potential epileptogenic foci.
Still, the availability of PET is limited, and it is
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costly. It is possible, and often helpful, to record
an EEG throughout a PET scan. The PET scan
takes approximately an hour to complete,
including the time for the administration and
uptake of a contrast agent. PET scanning is ven-
tilator compatible. Although the study itself does
not pose a risk to patients in NCSE, trained per-
sonnel must be present to monitor the patient’s
vital signs during the procedure.

Extensive published data on PET scanning
during NCSE are not available. Most reports
on PET during status epilepticus have been
with convulsive status and have shown regional
hypermetabolism (5,6). FDG-PET changes in
case reports during NCSE have been inconsis-
tent. One report demonstrated focal, regional,
or multiregional hypermetabolism, which may
correspond to the localization of EEG ictal
activity (7). In other reports, however, focal
hypometabolism seen during NCSE has been
attributed to a destructive process (8). The role
of PET in the diagnosis and treatment of NCSE
has not been defined.

SINGLE-PHOTON EMISSION
COMPUTERIZED TOMOGRAPHY

SPECT shows blood flow to the brain. A
radioactive tracer, typically 99Tc, is injected

Figure 6.2 (A) An 18-year-old woman with a history of seizures presented with nonconvulsive status epilepti-

cus. Coronal FLAIR (fluid-attenuated inversion recovery)-weighted images show an increased signal in the

right hippocampus (left side of image). (B). Coronal spoiled gradient recall acquisition and steady state

(SPGR)-weighted images show atrophy of the right anterior hippocampus (left side of image).
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intravenously and then detected using a dual-
headed scintillation camera and high-resolution
collimator. Ictal and interictal images are often
obtained, and the images are then subtracted
from one another to identify areas of hyperper-
fusion. Imaging can usually be obtained within
15 to 30 minutes of injection, but it can be
delayed for several hours if necessary. Scan time
is 15 to 25 minutes, and SPECT is ventilator
compatible. EEG may be obtained concomi-
tantly, but there is a risk for attenuation artifact
on the SPECT images, depending on the proto-
col used. As is the case for PET, ictal SPECT
imaging itself does not pose a particular risk to
the patient, but trained medical personnel must
monitor the patient’s medical and neurologic
stability in cases of status epilepticus.

There are several published reports of the
utility of ictal SPECT in status epilepticus.
Most are isolated case reports (5,9,10), and
almost all describe changes during convulsive
status. In 3 studies with multiple patients, how-
ever, SPECT imaging has shown increased focal
or regional ictal perfusion during NCSE
(2,11,12).

Tatum and colleagues reported 7 cases of
patients with status epilepticus who underwent
SPECT scans reviewed by an experienced
nuclear medicine physician (11). Six were
obtained during NCSE and demonstrated areas
of definite focal hyperperfusion. One had
stopped having seizures 24 hours before the
SPECT, and the scan showed focal hypoperfu-
sion. In contrast, there were 6 patients in whom
a clinical suspicion of status was considered ini-
tially but later disproved, and none showed
focal changes on SPECT.

Another report evaluated the diagnostic
and localizing value of ictal SPECT in 3
patients with NCSE (2). All had ictal scans that
were later subtracted digitally from interictal
scans. The 3 patients each displayed different
EEG patterns associated with NCSE, as well as
different localizations. All demonstrated a
well-localized increase in cerebral perfusion on
ictal SPECT.

Another 5 patients with NCSE of frontal
origin underwent ictal SPECT (12). NCSE was
caused by a wide range of etiologies. Injection

was performed 10 seconds after ictal onset, and
status epilepticus was treated with benzodi-
azepines 10 minutes later. SPECT scans obtained
45 to 60 minutes after the termination of status
epilepticus showed regional hyperperfusion.

Through these 3 series and 2 other single-
patient case reports, 17 cases have shown con-
sistent results for SPECT scanning during
NCSE(13). Sixteen scans were obtained with
injection during NCSE, and all 16 showed
EEG-congruent focal or regional hyperperfu-
sion; 1 injection performed postictally showed
focal hypoperfusion. Because of the variability
of clinical features and EEG patterns that are
associated with NCSE, ictal SPECT may be a
useful adjunctive tool for the diagnosis of
NCSE. In several cases, the use of ictal SPECT
assisted with localization, surgical planning,
or both.
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CHAPTER 7

PATHOPHYSIOLOGY OF NONCONVULSIVE
STATUS EPILEPTICUS

JAIDEEP KAPUR

Broadly, nonconvulsive status epilepticus
(NCSE) refers to prolonged electrographic
seizure activity that results in nonconvulsive clin-
ical symptoms. There are several clinical condi-
tions associated with NCSE. Among these are
prolonged complex partial seizures of temporal
lobe or extratemporal lobe origin and prolonged
typical or atypical absence seizures. There are
other types of NCSE in which it is not possible
to classify the seizures into complex partial or
absence, such as NCSE in comatose patients,
electrical status epilepticus of sleep, etc. This
chapter discusses the extant literature on various
types of status epilepticus, specifically focusing
on gaps in our knowledge that need to be
addressed in carefully designed studies.

COMPLEX PARTIAL STATUS
EPILEPTICUS ORIGINATING IN
EXTRATEMPORAL NEOCORTEX

Nonconvulsive, complex, partial status epilep-
ticus can arise from limbic structures (including
in the temporal lobe) or from extratemporal
neocortical structures. Status epilepticus of neo-
cortical onset has not been studied extensively,
except for epilepsia partialis continua (EPC), a
form of partial status epilepticus with simple
motor manifestations, typically clonic activity
of a group of muscles, lasting hours to months.
Although EPC is not strictly “nonconvulsive,”
this entity is instructive when trying to under-
stand the pathophysiology of simple and com-
plex partial status epilepticus arising from the
extratemporal neocortex. A large body of evi-
dence suggests that seizures in EPC arise from
the neocortex and remain confined to it with-
out involving limbic circuits. Injury to the neo-

cortex caused by neoplasms, stroke, inflamma-
tion (especially Rasmussen encephalitis), and
cortical malformations result in EPC. Positron
emission tomography (PET) imaging studies
demonstrate cortical hypermetabolism in
patients with EPC (1-3). Resection of neocorti-
cal foci, especially in patients with Rasmussen
encephalitis, leads to resolution of EPC. There
are few reports detailing the site of origin of
seizures of nonmotor complex partial status
epilepticus.

The pathophysiology of status epilepticus
of extratemporal neocortical origin remains
poorly understood for several reasons. There is
a paucity of animal models of neocortical
extratemporal status epilepticus. Also, inher-
ited and acquired cortical malformations in
experimental animals lead to isolated seizures
or interictal spikes. Similarly, vascular lesions
of the cortex in experimental animals lead to
discrete seizures.

In contrast to these models, focal applica-
tion of tetanus toxin to neocortex causes pro-
longed neocortical seizures that may persist as
EPC (4), and, following infusion of tetanus
toxin into cat cerebral cortex, prolonged
seizures occur (5). Seizures begin shortly after
intracortical infusion of the toxin and may con-
tinue for at least 6 hours (4-6). There are few
detailed descriptions of seizures that follow the
toxin infusion.

Electroencephalographic (EEG) findings
during toxin-induced status epilepticus have
not been described in detail. Previous studies
have focused on chronic, recurrent, sponta-
neous seizures (4,6). A detailed study of
tetanus—toxin-induced neocortical  status
epilepticus would be useful for comparing it
with well-described changes in electrographic
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seizures during temporal lobe (or limbic)-onset
status epilepticus (see subsequent text).

The functional anatomy of tetanus—toxin-
induced neocortical status epilepticus has not
been described well, but there were early stud-
ies describing the functional anatomy of neo-
cortical-onset focal motor seizures using
2-deoxyglucose techniques (7). Within the
focus, a columnar pattern of activation is pres-
ent, and activation of lamina V is particularly
evident. The cortical focus is surrounded by an
area of hypometabolism. Seizures spread later-
ally, activating columns. There is transcallosal
spread of activity to the contralateral cortex.
Finally, activity spreads to the thalamus, thus
engaging thalamocortical circuits. These studies
refer to brief seizures caused by acute applica-
tion of penicillin, but the circuits sustaining
neocortical status epilepticus have not been
delineated. Furthermore, it is unclear whether
there are specific circuits or structures that are
necessary for sustaining neocortical status
epilepticus. Recent advances in small-animal
imaging, such as high-strength magnetic reso-
nance imaging and positron emission tomogra-
phy scanning could address these questions.

Once microcircuits and large-scale circuits
within the neocortex that can generate and sus-
tain status epilepticus have been defined, cellu-
lar, molecular, and synaptic dysfunction
associated with status epilepticus originating in
a small neocortical island can be studied. The
tetanus-toxin model offers an opportunity to
approach these problems. Current evidence
indicates that tetanus toxin blocks the release
of the inhibitory neurotransmitter -amino
butyric acid (GABA) from presynaptic termi-
nals (8). Cellular, synaptic, and molecular
mechanisms sustaining extratemporal neocorti-
cal status epilepticus, however, remain
unknown.

COMPLEX PARTIAL STATUS
EPILEPTICUS OF TEMPORAL LOBE
OR LIMBIC ORIGIN

Perhaps the best understood form of status
epilepticus is complex partial status epilepticus
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of the temporal lobe, or status epilepticus of
limbic origin. It is important to note that, in
animal models, status epilepticus of limbic ori-
gin is associated with both convulsive and non-
convulsive seizures, and published reviews on
generalized convulsive status epilepticus and
NCSE refer to these animal models (9-13). The
pathophysiology of limbic-onset status epilepti-
cus has been described extensively in primary
literature and in reviews.

ANIMALS MODELS OF LIMBIC
STATUS EPILEPTICUS

Several animal models have been developed to
study various facets of status epilepticus. They
can be divided into 2 major categories: chemi-
cal convulsant-induced and electrogenic mod-
els. A progression of behavior and EEG
changes similar to those described in humans
has also been demonstrated in both the chemi-
cal convulsant model and the electrogenic
model of status epilepticus in experimental ani-
mals, thus validating their use in understanding
the pathophysiology of status epilepticus (10).
The chemical convulsant-induced models can
be classified into antagonism of GABAergic
inhibition (14), excitatory amino-acid activa-
tion (15), cholinergic stimulation (16), and
other models (17).

Chemical convulsant models of status
epilepticus have been useful in determining the
systemic effects of generalized convulsive status
epilepticus, elucidating the functional anatomy
of status epilepticus, and comparing the effi-
cacy of antiepileptic drugs in treatment. In
addition, they are very convenient to use.
Experimental studies of status epilepticus based
on chemical convulsant-induced seizures have
the inherent difficulty that the effects of the
convulsant drug must be separated from the
effects of seizures.

Electrical stimulation models of status
epilepticus are useful to study the effect of pro-
longed and recurrent seizures in a controlled
fashion. Electrogenic models are derived from
kindling protocols and involve prolonged elec-
trical stimulation of limbic structures (9,18).
Prolonged electrographic seizures have been
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induced by electrical stimulation of hippocam-
pal slices from young animals with a combina-
tion of electrical stimulation and manipulation
of extracellular magnesium concentrations
(19,20).

Key anatomic structures involved in sus-
taining limbic status epilepticus have been
delineated by means of 2-deoxyglucose map-
ping studies performed on the electrical stimu-
lation and lithium-pilocarpine models. Limbic
status epilepticus is maintained by an intercon-
nected circuit consisting of entorhinal cortex,
dentate gyrus, areas CA1 and CA3, subiculum,
and parasubiculum (21-26). Combined
entrorhinal cortex and hippocampal slices from
young animals can maintain prolonged electro-
graphic discharges (19,27).

GABA-MEDIATED INHIBITION
DURING STATUS EPILEPTICUS

GABA-mediated inhibition in the CA1 region
of hippocampus has been studied by the
paired-pulse method in several models of sta-
tus epilepticus (28,29). CA1 pyramidal neu-
rons are inhibited by interneurons activated by
both feedforward and feedback inhibition.
Feedforward inhibition results from Schaffer
collaterals from CA3 pyramidal neurons
simultaneously activating inhibitory basket
cells and CA1 pyramidal neurons. The acti-
vated basket cells inhibit the CA1 pyramidal
neurons activated by Schaffer collaterals. Feed-
back inhibition consists of 2 steps: (a) a pyram-
idal cell excites a local GABAergic interneuron
and (b) the inhibitory interneuron in turn
inhibits the same pyramidal cell. The connec-
tion between pyramidal and inhibitory cells is
strong. The inhibitory postsynaptic potentials
(IPSP) generated in pyramidal cells prevent
recruitment of intrinsic bursts in individual
pyramidal cells. Extensive divergence of pro-
jections of interneurons onto pyramidal neu-
rons reduces the spread of bursts of action
potentials downstream from an Iinitially
excited pyramidal neuron (30). Epileptiform
discharges can be experimentally produced in
the hippocampal CA1 pyramidal layer with
GABA, receptor antagonists such as penicillin,

bicuculline, and picrotoxin. The paired-pulse
method primarily measures feedback inhibi-
tion of CA1 pyramidal neurons. Briefly, it
involves placement of a stimulating electrode
in the CA1/CA3 region of 1 hippocampus and
a recording electrode in the homotopic con-
tralateral CA1 hippocampus to record extra-
cellular field potentials in response to the
stimuli. When 2 pulses are delivered close to
each other at low stimulus intensities, the inhi-
bition of the response to the second stimulus
depends both on the interpulse interval and on
the stimulus intensity. At higher stimulus inten-
sity, the inhibition is dependent on the inter-
pulse interval alone. Paired-pulse inhibition in
the 20- to 70-millisecond interpulse interval
range is enhanced by benzodiazepines and
diminished by bicuculline.

The relationship of GABA-mediated
paired-pulse inhibition in the CA1 region of
the hippocampus and evolution of status
epilepticus has been studied. The evolution of
seizures is closely correlated to the loss of
paired-pulse inhibition. All 3 cholinergic-
based models of status epilepticus have been
studied using the paired-pulse inhibition tech-
nique. Pilocarpine reduces GABA, receptor-
mediated paired-pulse inhibition in the CAl
region of the hippocampus in a dose-depend-
ent fashion (31). Amygdala kindling results in
reduction of GABA-mediated inhibition in
CA1 hippocampus, which is further reduced
by pilocarpine. Kainic acid, an analogue of the
excitatory neurotransmitter glutamic acid,
induces status epilepticus in experimental ani-
mals. Convulsant concentrations of kainic
acid cause fading of IPSP in the CA1 region of
the hippocampus (32).

Although studies using the paired-pulse
inhibition method have shown the critical role
of reduction of GABA-mediated inhibition in
the pathogenesis of status epilepticus, they have
not revealed the mechanisms underlying the
disinhibition. Paired-pulse inhibition in the
CA1 region of the hippocampus could be
reduced by diminished release of GABA or by
diminished postsynaptic GABA, receptor
responsiveness. These possibilities are discussed
in subsequent sections of this chapter.
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GABA LEVELS IN HIPPOCAMPUS RISE
DURING STATUS EPILEPTICUS

Although the release of GABA from neurons
during status epilepticus has not been studied,
amino-acid neurotransmitter levels during status
epilepticus have been measured. In status epilep-
ticus induced by kainic acid, there are decreases
in glutamate, aspartate, and glutamine concen-
trations and increases in GABA concentration in
the hippocampus (33). Walton and colleagues
have studied amino-acid neurotransmitter levels
in status epilepticus induced by lithium and pilo-
carpine during various electrographic stages
(34). Both aspartate and glutamate levels decline
in the hippocampus, pyriform cortex, motor cor-
tex, and entorhinal cortex during the early phase
of status epilepticus and continue to do so in the
late phase. GABA levels, on the other hand, rise
in early status epilepticus and continue to do so
in the late stages. It is difficult to interpret these
observations because increased GABA levels
could represent increased synthesis, diminished
release, or diminished breakdown of this neuro-
transmitter. Similar considerations pertain to
glutamate and aspartate. More recent electro-
physiologic studies have further suggested that
extracellular GABA levels may be increased (35).

GABA, RECEPTOR FUNCTION IN
THE HIPPOCAMPUS DIMINISHES
DURING STATUS EPILEPTICUS

Recently, the possibility that the reduction of
GABA-mediated inhibition seen in status
epilepticus is a consequence of changes in CA1
pyramidal neurons has been investigated. Sev-
eral possible changes in CA1 pyramidal neu-
rons could reduce the efficacy of GABA in
producing chloride currents. The number of
GABA , receptors could be reduced; the efficacy
of GABA in opening the ion channel after bind-
ing could be reduced, or the chloride reversal
potential or the driving force for chloride cur-
rent could be reduced. In one study, status
epilepticus was induced in 18- to 28-day-old
rats with an injection of 3 meg/kg lithium chlo-
ride, followed 20 hours later with an injection
of 25 mg/kg pilocarpine. Age-matched naive lit-
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termates were used as controls. The animals
were allowed to have seizures for 45 minutes
and then were anesthetized. CA1 pyramidal
neurons were acutely isolated by a method
modified from that described originally (36).
Whole-cell, perforated patch recordings of
GABA, currents were made from acutely iso-
lated CA1 pyramidal neurons from rats having
status epilepticus or from naive control rats.
The “perforated patch” method was employed,
and the electrode solution (except for the tip)
contained the pore-forming antibiotic, ampho-
tericin. Recordings of GABA , receptor currents
were conducted in whole-cell voltage-clamp
mode. These experiments showed that marked
reductions of GABA, receptor currents in CA1
pyramidal neuron occurred during status
epilepticus that produced loss of GABA-medi-
ated inhibition. A third of all CA1 pyramidal
neurons isolated from animals undergoing sta-
tus epilepticus showed no response to GABA,
in contrast to 7% of neurons isolated from
naive animals. These experiments also indi-
cated that, during status epilepticus, GABA,
receptor currents were reduced by reduction of
both conductance and the chloride reversal
potential.

These findings suggest that the GABA,
receptor is modified during an episode of status
epilepticus. GABA, receptors are regulated by
numerous positive (barbiturates, benzodi-
azepines, and neurosteroids) and negative
(picrotoxin, bicuculline, and Zn++) allosteric
modulators. The sensitivity of GABA, recep-
tors to GABA and to allosteric modulators
changes gradually during normal development,
during development of chronic epilepsy, and
following prolonged exposure to GABA,
receptor agonists. Here we report the develop-
ment of rapid functional plasticity of GABA,
receptors occurring over 45 minutes of contin-
uous seizures (status epilepticus) in rats.
Seizures induced in rats by administration of
lithium followed by pilocarpine were readily
terminated by diazepam when administered
early during the seizures. During status epilep-
ticus, however, there was a substantial reduc-
tion of diazepam potency for termination of the
seizures. To determine if the loss of sensitivity



Pathophysiology of Nonconvulsive Status Epilepticus — Jaideep Kapur 85

to diazepam was due to an alteration of
GABA,, receptor functional properties, whole-
cell GABA, receptor currents were recorded
from hippocampal dentate granule cells iso-
lated acutely from control rats and from rats
undergoing status epilepticus. GABA receptor
properties were characterized by determining
GABA sensitivity and the sensitivity of GABA ,
receptors to regulation by benzodiazepines,
barbiturates, and Zn++. When compared with
those from naive littermates, GABA, receptor
currents from rats undergoing status epilepticus
were less sensitive to diazepam and Zn++ but
retained their sensitivity to GABA and pento-
barbital. These studies suggest that the pro-
longed seizures of status epilepticus rapidly
alter the functional properties of hippocampal
dentate granule cell GABA, receptors (37).

The mechanism of reduction of GABA,
receptor-mediated inhibition is being explored.
GABA, receptors undergo a cycle of internaliza-
tion and insertion into the cell membrane via a
clathrin-dependent endocytic process (38).
Internalization of the surface GABA, receptor
correlates with a reduced response to GABA,
whereas inhibition of internalization results in
an increase in the amplitude of synaptic GABA
receptor currents (39). An activity-induced
acceleration of the internalization of GABA,
receptors from the cell surface could partially
explain the reduction in GABA-mediated inhibi-
tion observed during the prolonged seizures of
status epilepticus. The number of receptors at a
synapse is an important determinant of synaptic
strength (40), so a reduction in the total number
of postsynaptic GABA, receptor could result in
a decline in GABAergic inhibition.

This rapid loss of GABA ,-receptor benzo-
diazepine sensitivity during seizures has been
difficult to explain. Recent studies have sug-
gested that benzodiazepine-insensitive recep-
tors are expressed in hippocampal neurons on
extrasynaptic membranes. Furthermore, these
receptors appear to mediate a novel form of
inhibition called tonic inhibition. We tested
whether, during status epilepticus, there is
increased internalization of synaptic, diazepam-
sensitive  GABA, receptors, which leaves
extrasynaptic diazepam-insensitive receptors

on the neuronal surface. A combination of
immunocytochemical and electrophysiologic
studies has suggested that cultured hippocam-
pal neurons express 2 types of GABA, recep-
tors. One type containing o, O, Py, and y,
receptor subunits form clusters present at
GABAergic synapses and in extrasynaptic
membrane. The second type of receptor, con-
taining the oy, By, and d subunits, is diffusely
distributed in the extrasynaptic membrane
(41,42). Using an in vitro model of status
epilepticus combined with electrophysiologic
and cellular imaging techniques, we found that
prolonged epileptiform bursting results in a
reduction in GABA-mediated synaptic inhibi-
tion. Furthermore, we found that the constitu-
tive internalization of GABA, receptors is rapid
and is accelerated by increased activity associ-
ated with seizures. Reduction of activity
reduced the rate of internalization. These find-
ings suggest that the rate of GABA,-receptor
internalization is regulated by neuronal activity,
and its acceleration contributes to the reduction
in inhibitory transmission observed during sta-
tus epilepticus (43).

NMDA RECEPTOR FUNCTION IS
ENHANCED DURING LIMBIC STATUS
EPILEPTICUS

Although abnormal GABAergic mechanisms
are involved in the pathogenesis of status
epilepticus, excitatory transmission mediated
by glutamate is essential for spread of epilepti-
form activity. Glutamate activates multiple sub-
types of postsynaptic excitatory amino-acid
receptors during status epilepticus, but studies
have focused on the N-methyl D-aspartate
(NMDA) receptor. The role of non-NMDA
receptors in status epilepticus is uncertain. Cur-
rent evidence suggests NMDA activation sus-
tains status epilepticus and may, in part, cause
the characteristic neuropathologic changes in
status epilepticus.

The NMDA-receptor channel is a nonselec-
tive cation channel, which is permeable to
monovalent cations Na* and K* and the diva-
lent cation Ca**, and is blocked by physiologic
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concentrations of the divalent cation Mg*+(44).
At negative membrane potentials, NMDA cur-
rent is reduced due to a voltage-dependent open
channel block produced by Mg (44). The
block is relieved by membrane depolarization,
and, thus, NMDA-receptor current only flows
through depolarized channels. Also unique to
NMDA-receptor channels, a coagonist, glycine,
must be bound to the receptor channel for acti-
vation. NMDA-receptor channels are also reg-
ulated by both oxidation and reduction and by
pH, being active only at higher pH. The diva-
lent cation Zn** also produces a fast open chan-
nel block that is similar to that produced by
Mg**, but that also produces a voltage-inde-
pendent change in gating properties of NMDA-
receptor channels, reducing the open duration
and frequency of channel opening. Dissociative
anesthetics, such as dizocilpine (MK-801), ket-
amine, and phencyclidine, also reduce NMDA-
receptor currents by an open channel block
mechanism, but the block is long lasting due to
high affinity of the dissociative anesthetics for
the NMDA-receptor channel (44).

NMDA-receptor antagonists fail to block
initiation of status epilepticus. The NMDA-
receptor antagonist MK-801 administered
prior to or shortly after the onset of kainate-
induced status epilepticus or lithium pilo-
carpine-induced status epilepticus do not
control seizures (45-49). Although some
authors have reported that seizures are less
intense after NMDA-receptor antagonist
administration (50), others have reported wors-
ening of electrographic seizures by NMDA-
receptor antagonists (45).

In an insightful study, Williamson and
Lothman demonstrated that NMDA-receptor
antagonists have a “use-dependent” action, ie,
repeated seizures must occur before NMDA-
receptor antagonists can act as anticonvulsants.
Fully kindled rats with stable grade 5 behav-
ioral seizures and a 50- to 60-second afterdis-
charge duration were given 5 kindling stimuli,
30 minutes apart, after MK-801 administra-
tion. The behavioral and electrographic
seizures resulting from the first 2 stimuli did
not change from baseline. In contrast, electro-
graphic and behavioral seizures declined in a
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dose-dependent fashion in response to the third
and fourth stimuli. The authors suggested that
NMDA-receptor antagonists are effective anti-
convulsants in a use-dependent fashion. They
predicted that NMDA-receptor antagonists
would be useful in prolonged, persistent, or
recurrent seizures. The use-dependent action of
MK-801 as an anticonvulsant is in keeping
with the known properties of NMDA. During
normal, low-frequency, excitatory neurotrans-
mission, NMDA receptors are not activated,
but the prolonged high-frequency neuronal
activity of sustained status epilepticus is likely
to create a suitable environment for greater
NMDA activation and, thus, seizure perpetua-
tion (51).

More recent studies have demonstrated
that prolonged status epilepticus can be treated
with ketamine, a clinically available NMDA-
receptor antagonist, and ketamine is more
effective in the treatment of prolonged status
epilepticus, compared with early status epilepti-
cus (52). NMDA-receptor function can be
inhibited by multiple mechanisms, including
competitive block by drugs such as 3-((R,S)-2-
carboxypiperazin-4-yl)-propyl-1-phosphonic
acid (CPP); by open channel block at the phen-
cyclidine site by MK-801 or ketamine (53); and
by action at the pH-sensitive site by ifenprodil
(54). NMDA-receptor antagonists CPP, MK-
801, and ifenprodil have been compared for
their ability to terminate prolonged status
epilepticus. These studies have suggested that
noncompetitive NMDA-receptor antagonists
are superior to competitive and allosteric
inhibitors of NMDA-receptors in terminating
prolonged status epilepticus induced by electri-
cal stimulation (55).

The ability of NMDA-receptor antagonists
to suppress status epilepticus varies from model
to model. For example, the NMDA-receptor
antagonist ketamine terminates diazepam-
refractory status epilepticus generated by elec-
trical stimulation (see previous information in
this chapter), but it is ineffective when used
alone in status epilepticus induced by choliner-
gic stimulation. Multiple doses of ketamine,
ranging from ineffective to toxic, have been
examined for their efficacy in terminating
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diazepam-refractory status epilepticus. The
same range of ketamine doses has also been
used in combination with 2 doses of diazepam.
The principal finding of one study was that a
combination of diazepam and ketamine rapidly
terminates prolonged cholinergic stimulation-
induced status epilepticus in a synergistic fash-
ion. Diazepam  shifts the ketamine
dose-response (status epilepticus termination)
relationship to the left and increases the maxi-
mal effect of ketamine. In summary, a combina-
tion of ketamine and diazepam might be a
clinically useful treatment for NCSE (56).

LONG-TERM CONSEQUENCES OF
NONCONVULSIVE STATUS
EPILEPTICUS

Current experimental studies on the conse-
quences of prolonged NCSE focus on its poten-
tial to cause neuronal loss and on the late
development of epilepsy.

NEURONAL LOSS

Activation of NMDA-receptors and excitotoxic
mechanisms are believed to be involved in the
production of the neuropathologic changes of
status epilepticus. Neuropathologic studies per-
formed on patients dying during or shortly
after an episode of status epilepticus show loss
of CA1 pyramidal neurons, Purkinje cells in the
cerebellum, and cortical neurons (57). There is
growing evidence from serial magnetic reso-
nance imaging studies in patients demonstrat-
ing that the hippocampus is injured during
prolonged status epilepticus (58-60). A
prospective study seeking to evaluate the effect
of prolonged febrile seizures in children on hip-
pocampal volume and other imaging character-
istics is in progress.

Neuropathologic changes similar to those
observed in humans can be replicated in exper-
imental animals, including mammals, by pro-
longed seizures. Key areas of neuropathologic
changes in experimental animals are the hip-
pocampus, middle layers of the cerebral cortex,
and the cerebellum. Cerebellar damage relates

to hyperthermia, but neuronal loss in the hip-
pocampus and the cortex is caused by the
seizures themselves and is not related to
hypoxia, ischemia, hyperthermia, or metabolic
injuries during status epilepticus (61-63).

In rodents, neuronal loss occurs in experi-
mental status epilepticus, whether the status
epilepticus is induced by electrical stimulation,
lithium-pilocarpine, or kainate (10). The non-
competitive NMDA-receptor antagonists keta-
mine, phencyclidine, and MK-801 protect
against neuronal damage associated with elec-
trical stimulation-induced, kainic acid-induced,
and lithium/pilocarpine-induced status epilepti-
cus (64). The competitive NMDA-receptor
antagonist, CGP-40116 protects against neu-
ronal damage produced during status epilepti-
cus induced by lithium-pilocarpine (48). This
neuroprotection cannot be completely attrib-
uted to anticonvulsant effects of these com-
pounds because electrographic seizures often
continue after their administration.

PROLONGED SEIZURES AND
EPILEPTOGENESIS: IS CELL LOSS
NECESSARY?

A key consequence of status epilepticus in
experimental animals is development of recur-
rent spontaneous seizures and epilepsy (65).
Recurrent spontaneous seizures develop follow-
ing status epilepticus induced by electrical stim-
ulation, lithium-pilocarpine, and kainate
(66-68). Neuronal loss and recurrent sponta-
neous seizures occur concurrently in many
models of epilepsy, and this association has led
to the hypothesis that neuronal loss is necessary
for recurrent spontaneous seizures. This associ-
ation, however, is weak. In several animal mod-
els, recurrent spontaneous limbic seizures have
developed without characteristic neuropatho-
logic findings of mesial temporal sclerosis. In 1
model, 20-day-old rat pups were subjected to
prolonged seizures induced by lithium and pilo-
carpine, and the animals were examined as
adults (69). Two thirds of the animals that were
subjected to early-life status epilepticus devel-
oped recurrent spontaneous limbic seizures,
which in some cases progressed to stage V



88

(Racine scale) seizures (70). The authors found
no evidence of mesial temporal sclerosis or
mossy fiber sprouting in two thirds of the ani-
mals with recurrent spontaneous seizures. In
the remaining animals, CA1 and CA3 cell loss
or mossy fiber sprouting or both were found. In
another study, 10-day-old pups were subjected
to prolonged febrile seizures and allowed to
grow to adulthood, at which point video-EEG
recordings were taken using a pair of hip-
pocampal and cortical electrodes, and behavior
was monitored for 5 hours each night (71).
Recurrent spontaneous hippocampal seizures
associated with behavioral manifestations of
freezing and automatisms were recorded from
one third of all animals studied. There was no
evidence of neuronal loss or sprouting in any
epileptic animal. Additionally, previous studies
have raised questions about the relationship of
cell loss and mossy fiber sprouting to the patho-
genesis of recurrent spontaneous seizures (71).
In kainate and electrical stimulation models of
epilepsy, the extent of cell loss varies signifi-
cantly from animal to animal, including exam-
ples of temporal lobe epilepsy without cell loss.
Dissociation between epileptogenesis and
mossy fiber sprouting has been described in
these models.

The emerging evidence, therefore, suggests
that cell loss and mossy fiber sprouting are not
absolutely necessary for the generation of
recurrent spontaneous limbic seizures, but these
neuropathologic findings may indicate a more
refractory or progressive form of temporal lobe
epilepsy. Cell loss and sprouting are commonly
seen in surgical specimens because patients
refractory to medical therapies are selected for
surgery.

LONG-TERM CONSEQUENCES OF
NONCONVULSIVE STATUS
EPILEPTICUS AND ITS TREATMENT:
A ROLE FOR HOMEOSTATIC
PLASTICITY?

Emerging literature in cortical plasticity sug-
gests that clinicians need to pay attention to
another consequence of prolonged changes in
neuronal activity that results in a set of neu-
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ronal changes collectively referred to as home-
ostatic plasticity (72). The homeostatic plastic-
ity hypothesis proposes that neurons and
neuronal circuits maintain a stable function in
the face of perturbations such as changing neu-
ronal activity, synaptic inputs, synapse forma-
tion, and proliferation. In order to maintain a
stable function, neurons in the circuit adapt by
changing synaptic strength and altering intrin-
sic conductances. The hypothesis has been
tested in vitro and in vivo, in which global
changes in neuronal activity induce changes in
the strength of excitatory and inhibitory
synapses and in intrinsic conductances.

The concept of homeostatic plasticity
might have implications for NCSE and its treat-
ment. A prolonged increase in neuronal activity
occurring during NCSE may reset intrinsic con-
ductances and synaptic transmission in homeo-
static response to increased activity. Conversely,
profound suppression of neuronal activity
induced by anesthetics could activate compen-
satory mechanisms that would contribute to
the refractoriness of seizures.

ABSENCE STATUS EPILEPTICUS

Absence status epilepticus occurs in patients
with generalized epilepsies. Absence status
epilepticus in patients with primary generalized
epilepsy is usually easy to control with benzodi-
azepines. Major advances have been made in
understanding the pathophysiology of absence
seizures, which might have some bearing upon
the mechanisms of absence status epilepticus.
Seminal studies of Penfield and Jasper sug-
gested that the neurobiologic mechanisms
underlying generalized spike-wave and focal
spikes were distinct. Although the neurobiol-
ogy of focal spikes has been studied intensively
for the past 30 years, major advances in under-
standing generalized spikes and waves are more
recent (73,74). Current thinking about the
pathogenesis of absence seizures dates to the
landmark experiments of Jasper and
Droogleever-Fortuyn, who demonstrated that
electrical stimulation of the midline and
intralaminar nuclei of the thalamus in cats at a
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stimulus frequency of 3 cycles per second could
produce bilateral, synchronous, spike-wave dis-
charges on the cortical EEG. The relevance of
this finding to human epilepsy was demon-
strated by Williams, who, utilizing depth elec-
trode recordings from the thalamus of a child
with absence seizures, observed that bilaterally
synchronous 3-cycle-per-second, spike-wave
discharges were present in that structure (75).
More recent functional magnetic resonance
imaging studies of typical absence seizures con-
firm the role of the thalamus in generating
absence seizures (76).

Both human and animal data strongly sug-
gest that generalized absence seizures arise
from aberrant thalamocortical rhythms. To
understand the proposed hypotheses of the
pathogenesis of this disorder, it is necessary to
review first the synaptic circuitry of the thala-
mus and cortex, the unique oscillatory thalam-
ocortical rhythms generated by that circuitry,
the cellular mechanisms underlying these neu-
ronal oscillations, and the neurotransmitters
involved in intrinsic thalamic, thalamocortical,
and corticothalamic pathways.

The thalamocortical circuit is also the sub-
strate of the neurobiology of sleep and was
reviewed by Steriade (77). There are several
reasons to believe that the neurobiologic mech-
anisms underlying sleep spindles and general-
ized spike-and-wave discharge are related (see
later in this section). Thalamocortical oscilla-
tions are generated in the thalamus as the result
of synaptic interactions in a network in which
the main players are the inhibitory GABA-con-
taining neurons of the reticular thalamic
nucleus, thalamocortical cells, and cortical
pyramidal neurons. Different areas of the cere-
bral cortex receive inputs from various dorsal
thalamic nuclei. In turn, cortical neurons of
layer 6 innervate topographically appropriate
regions of both the dorsal thalamus and the
reticular thalamic nucleus. The reticular cells
receive excitatory inputs from axon collaterals
of thalamic neurons that project to the cortex
and of cortical neurons that project to the thal-
amus; they project back to the thalamus (but
not to the cerebral cortex) and also innervate
other cells of the reticular thalamic nucleus. In

this manner, the reticular nucleus is uniquely
positioned to influence the flow of information
between the thalamus and the cerebral cortex.

Intracellular recordings of reticular and
thalamocortical cells in vivo and in vitro, as
well as computational modeling of thalamic
cells, have shown a mirror (inverse) image in
these 2 neuronal classes during oscillations. In
reticular cells, rhythmic (7- to 14-Hz) bursts are
generated by low-threshold Ca++ spikes and
are superimposed on a slowly rising and decay-
ing depolarizing envelope. The bursts of reticu-
lar  cells inhibit large numbers of
thalamocortical cells through their divergent
GABA-containing axons, which leads to the
appearance of rhythmic IPSP in thalamocortical
neurons. Some of these IPSP result in enough
removal of inactivation of the low-threshold
Ca** current to be followed by a rebound low-
threshold Ca** spike and an associated burst of
action potentials. These periodic bursts in thal-
amocortical cells converge onto reticular neu-
rons and facilitate their rhythmic oscillation.
The bursts are also transferred to the cortex,
where they induce excitatory postsynaptic
potentials in cortical pyramidal cells, thereby
generating the EEG spindle waves.

Isolation of the reticular nucleus from the
rest of the thalamus and the cerebral cortex
abolishes oscillations in the dorsal thalamus
and the cortex, but it is important to note that
the deafferented reticular thalamic nucleus can
itself generate oscillations. Indeed, the reticular
thalamic cells possess a unique assortment of
ionic currents that allows them to oscillate indi-
vidually. Axonal, and in some species dendro-
dendritic, interconnections between reticular
cells may allow the coupling and interaction of
these endogenous oscillators, thereby generat-
ing spindle oscillations in an isolated nucleus.
This hypothesis is strengthened by simplified
models of reticular thalamic neurons with
mutual inhibition that exhibit synchronous
oscillatory activity.

The spindle oscillations of natural sleep are
related to the development of a pattern of oscil-
latory activity, the spike-and-wave EEG com-
plexes, which are associated with absence
seizures. Because the reticular thalamic nucleus
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is central to the genesis of spindle oscillations,
decreasing or abolishing the inhibitory efficacy
of reticular neurons upon thalamocortical cells
would also decrease the incidence of epileptic
spike-and-wave discharges. This hypothesis is
supported by recent experiments showing that,
in animal models of genetic absence epilepsy,
thalamic injections of a selective agonist of
GABA, receptors increase the incidence of
spike-and-wave discharges, whereas injections
of a GABAj antagonist decrease these seizures
in a dose-dependent manner. The activation of
GABAjy receptors in thalamocortical cells
enhances the removal of inactivation of the
low-threshold Ca** spike and subsequently
results in larger-than-usual rebound burst dis-
charges in a greater-than-usual proportion of
thalamocortical cells. These facilitated rebound
bursts further excite reticular cells, which
quickly results in the generalization of paroxys-
mal activity.

The other direct evidence linking general-
ized spike-and-wave discharges and thalamo-
cortical oscillations comes from the studies on
the mechanism of action of ethosuximide.
Ethosuximide reduces low-threshold Ca** cur-
rent in thalamic neurons in a dose-dependent
fashion at clinically relevant concentrations
(78). Another specific anti-absence drug,
methadione, shares this property. The drugs
known to suppress 3-Hz, generalized, spike-
and-wave discharge also suppress low-thresh-
old Ca** spikes in thalamic neurons. Thus, the
low-threshold Ca** spike is critical for the gen-
eration of thalamocortical oscillations, so these
oscillations are likely mechanisms for the gen-
eration of 3-Hz spikes and waves. What aber-
ration of normal thalamocortical oscillations
occurs to produce pathologic 3-Hz spike-and-
wave discharges is not yet known.

ATYPICAL ABSENCE SEIZURES

An interesting animal model of atypical
absence seizures has been developed and is
likely to be useful in understanding the mecha-
nisms of atypical absence status epilepticus. A
cholesterol biosynthesis inhibitor, AY-9944,

NONCONVULSIVE STATUS EPILEPTICUS

when administered repeatedly to rat pups
between ages P6 and P33, results in recurrent
spontaneous absence seizures (79). These
seizures are considered atypical because they
exhibit slow spike-wave discharges on EEG,
and ictal behavior manifests and ends slowly.
Furthermore, the functional anatomy of atypi-
cal absence seizures appears to be distinct.
Spike discharges in atypical absence seizures in
experimental animals invade limbic structures
such as the hippocampus, whereas typical
absence seizures do not involve the hippocam-
pus (80). It is unclear whether atypical absence
status epilepticus develops in these animals, but
this model might be adapted to study atypical
absence status epilepticus.

NONCONVULSIVE STATUS
EPILEPTICUS IN CRITICALLY ILL
PATIENTS

There are several studies of critically ill comatose
patients found to be in NCSE. The pathophysi-
ology of these seizures is uncertain. Currently,
there are no well-validated animal models that
can be used to study the pathophysiologic mech-
anisms underlying these phenomena.

CONCLUSION

This chapter focuses on pathophysiologic
mechanisms underlying NCSE and the conse-
quent effects on neurons and neuronal circuits.
It is important to recognize that the pathophys-
iology of NCSE is poorly understood due to
several factors but, primarily, because a large
number of seizure types, diseases, epilepsies,
acute neurologic insults, and even medical ill-
nesses can result in NCSE. These different types
of NCSE result from seizures that involve dif-
ferent parts of the brain, activating different
circuits and cell types. It is possible that all of
these causes of NCSE converge upon a “final
common pathway” of cellular and molecular
changes resulting in neuronal plasticity or
injury. Alternatively, it is possible that each
seizure type elicits a unique cellular and molec-
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ular response in the circuit it activates. There is
currently insufficient evidence to support or
dismiss either possibility.
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CHAPTER 8

FRONTAL LOBE NONCONVULSIVE
STATUS EPILEPTICUS

PIERRE THOMAS AND BENJAMIN ZIFKIN

In patients with nonconvulsive status epilepti-
cus (NCSE), electroencephalography (EEG)
enables diagnosis of an ictal state, as well as
differentiation into the 2 main electroclinical
varieties of NCSE: absence status (AS) and
complex partial status epilepticus (CPSE).

AS (which will be addressed in Chapter 12)
consists of a confusional state of variable inten-
sity, ranging from simple cognitive slowing to
catatonic stupor, that lasts for hours to days
and is associated in half of cases with eyelid
myoclonus (1-4). The literature, however,
describes a type of AS “with focal characteris-
tics” seen in patients with symptomatic or cryp-
togenic partial epilepsy. Patients may exhibit
EEG findings showing asymmetric bilateral
complexes (5-7). As will be discussed later in
this chapter, such cases may represent a type of
frontal lobe nonconvulsive status epilepticus
(FLNCSE).

CPSE consists of a “prolonged epileptic
episode in which fluctuating or frequently
recurring focal electrographic epileptic dis-
charges, arising in temporal or extratemporal
regions, result in a confusional state with vari-
able clinical symptoms” (8). Although temporal
and extratemporal CPSE have classically been
considered separately, such a rigid topographic
distinction is difficult and even inappropriate,
considering the diversity of the epileptogenic
networks involved. Even so, one of the most
characteristic presentations of temporal CPSE
has been linked to disorganization of activity in
the amygdala and hippocampus (9). It is char-
acterized by a cycle of repeated complex partial
seizures with altered awareness and stereotyped
automatisms, interrupted by a more subtle dis-
order of awareness and reactive automatisms.
This is, however, rare. More frequently, there is

a continuous confusional state without any
marked cycling, which has been attributed to
disorganization of extratemporal function,
especially of the frontal lobe (10).

In 1985, Williamson and colleagues
reported depth-electrode studies in 8 patients
with CPSE and found a frontal-lobe origin in 5
(11). These could be unilateral or bilateral and
involve lateral, medial, or orbital frontal areas.
In 1988, Rohr-Le Floch and colleagues found
that 18 of 60 patients with NCSE had frontal
NCSE, described as “frontal status”(12). In
these patients, cognitive disturbances occurred
at the same time as the continuous or recurrent
ictal EEG activity over 1 or both frontopolar
areas. Diagnostic criteria were also the presence
of prolonged cognitive disturbance, at times
with focal ictal signs. The EEG had to include
adequate coverage of the frontal regions. Apart
from the distribution of the EEG abnormalities,
these patients also had some important, but
subtle, clinical features: there was little change
in level of awareness, but there could be mood
changes with some disinhibition. Brain lesions
were found in 11 of 18 patients (61%).

We prospectively studied all cases of CPSE
presenting at our institution from 1991 to 1996
and meeting the following criteria for inclusion
as FLNCSE: (1) alteration of cognitive function
with or without confusion, lasting at least 1
hour; (2) motor seizure manifestations limited
to slight and unforced head and eye deviation
or focal low-amplitude myoclonus or both; (3)
video-EEG confirmation of NCSE with a brief
standardized neuropsychological evaluation
performed during the episode of NCSE; (4)
ictal EEG discharges beginning strictly over
frontopolar, lateral, or medial frontal electrodes
(Fpl, Fp2, F3, F4, Fz); and (5), if the ictal dis-
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charges were more widespread, involving ante-
rior temporal or inferior frontal electrodes F7
or F8, the ictal single-photon computed tomo-
graphic scan (SPECT) showed clear hyperperfu-
sion of 1 frontal region when compared to a
postictal scan (13).

Of 44 patients with NCSE seen over 5
years, 10 (23%) fulfilled these criteria. Their
mean age was 56.4 years (range 32-74 years).
Seven were men, and 6 had no history of
epilepsy. Two major types of FLNCSE, based
on electroclinical presentation, emerged from
this study.

Type 1 FLNCSE occurred in 7 patients. It
was characterized by mild disturbance of cogni-
tive function and by mood disturbances with a
normal level of alertness and with no postictal
amnesia. Four of these patients were emotion-
ally disinhibited, moderately hypomanic,
abnormally talkative, and inappropriately
familiar. The other 3 showed indifference, lack
of facial expression, and reduced speech, moti-
vation, and spontaneous activity. Neurologic
examination showed perseveration, confabula-
tion, and impaired programming of complex
activities such as bimanual tasks, serial subtrac-
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tion, and drawing of alternate patterns (Figure
8-1). At the onset of the ictal EEG discharge, 4
subjects had additional findings: forced think-
ing, ipsilateral or contralateral head turning,
slight myoclonia of the corners of the mouth, or
negative motor events with loss of postural
tone. The EEG showed unilateral frontopolar
or frontocentral ictal activity starting with
rapid, low-amplitude, recruiting rhythm, last-
ing from 45 to 230 seconds (average 159 sec-
onds) (Figure 8.2A). These events were
restricted to 1 frontal or frontotemporal area,
with no contralateral epileptiform activity (Fig-
ure 8.2B). Normal background rhythm was
recorded in 5 of 7 cases. Because of the rela-
tively subtle clinical findings, we thought that
this type 1, also reported by others (14-16), was
better described as a simple partial status
epilepticus with affective or cognitive features
than as a CPSE. Table 8.1 shows the diagnoses
initially made in the emergency department
prior to the EEG.

FLNCSE type 2 occurred in 3 patients with
cyclic spatiotemporal disorientation, behavior
disturbance, and motor and verbal persevera-
tions. This led to marked alteration of aware-

Start again
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Figure 8.1 Neuropsychologic testing during an episode of type 1 frontal nonconvulsive status epilepticus. Note
the suspension of activity at seizure onset, then the motor perseverations. Performance improves after intra-
venous administration of diazepam.
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Figure 8.2 Type 1 frontal nonconvulsive status epilepticus in a 36-year-old patient with a left frontal low-grade
astrocytoma. At onset of seizure (A), note the prolonged, left frontal, 12-Hz, rhythmic spike activity. At the
end of seizure, there is strict ipsilateral unihemispheric spread of ictal activity (B). The patient showed affec-

tive disinhibition without change in awareness.
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TABLE 8.1 DIFFERENTIAL DIAGNOSES OF
TYPE 1 FRONTAL LOBE NONCONVULSIVE
STATUS EPILEPTICUS

¢ Transient global amnesia

¢ Prolonged postictal state

¢ Interictal psychosis

¢ Malingering

¢ Psychogenic nonepileptic seizure
e Depression

e Hysteria

¢ Antiepileptic drug overdose

¢ Psychotropic drug overdose

¢ Psychotropic drug withdrawal

¢ The amnesia-and-automatism syndrome after
use of a short half-life benzodiazepine

e Akinetic mutism after a frontal-lobe stroke

ness with postictal catatonic stupor and amne-
sia. The EEG showed abnormal background
activity and prolonged ictal activity averaging
255 seconds. This involved both frontotempo-
ral or frontocentral regions simultaneously
(Figure 8.3). Some patients showed progression
over several minutes from an initial unilateral

NONCONVULSIVE STATUS EPILEPTICUS

frontopolar focus to bilateral asymmetric dis-
charges or even to bilateral synchronous spike-
and-wave or polyspike-and-wave discharges
similar to those seen in AS with focal character-
istics.

In 6 of the 10 patients, ictal SPECT showed
unilateral frontopolar hyperperfusion (2 cases)
associated with medial or lateral frontal hyper-
perfusion (3 cases). One patient with an appar-
ent bilateral anterior medial frontal
hyperperfusion had only unilateral hyperperfu-
sion over the right anteromedial and orbital
frontal regions after subtraction of ictal and
interictal SPECT and 3-dimensional modeling
using his magnetic resonance imaging results
(Figure 8.4).

In this series, 6 of the 10 patients had
frontal lobe lesions. Three had tumors: 2 oligo-
dendrogliomas and 1 ethmoidal lymphoma.
The other 3 had previous frontal lobe surgery,
2 for meningiomas and 1 for a brain abscess.
Contributing factors in the other patients
included neurosyphilis, nonketotic hyper-
glycemia, high doses of psychotropic drugs,
and hyponatremia in an alcoholic patient.

Benzodiazepines
were ineffective as sole
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Figure 8.3 Type 2 frontal nonconvulsive status epilepticus in a 56-year-old
patient with cryptogenic partial epilepsy and severe confusion. Recurring
bifrontal seizures start with a 5-Hz spike-wave pattern, a rapid decrease in fre-
quency, and then merging of discharges.

treatment in 8 of 10
patients. Six were con-
trolled by intravenous
administration of pheny-
toin, and 1 received 600
mg of carbamazepine
orally as further treat-
ment. One patient was
not controlled by wval-
proate and then intra-
venously administered
phenobarbital and re-
quired barbiturate gen-
eral  anesthesia. All
patients received mainte-
nance antiepileptic drug
treatment. There were no
recurrences, and no
short-, medium-, or long-
term cognitive sequelae
could be found. Two
patients died within a
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Figure 8.4 Three-dimensional analysis of ictal and
postictal single-photon emission computed tomogra-
phy subtraction in a patient with type 2 nonconvul-
sive status epilepticus of frontal origin, showing a
50% increase in perfusion with prominent involve-
ment of the right antero-mesial and orbito-frontal
structures. Reprinted with permission (13).

year, 1 from the cause of the NCSE, an eth-
moidal lymphoma. Six had karyotypes that
ruled out ring chromosome 20.

LITERATURE REVIEW

Apart from the studies cited in the previous sec-
tion of the chapter (11-13), others have
described similar events, with bilateral but
clearly asymmetric ictal activity over anterior
head regions or with ictal discharges localized
over the frontal lobe. Because these cases of AS
with focal features were so similar to extratem-
poral CPSE, it was suggested that the degree of
ictal disorganization of frontal lobe functions
could explain both, the first one representing
simply a more developed form of the second.
The similarities between AS and frontal
CPSE led to what Shorvon described as a “noso-
graphic labyrinth” (8), and very similar or even
identical entities have been reported using sev-
eral different terms: borderline cases of petit mal
status (5), transitional petit mal status (2),
absence status with focal characteristics (7),

acute prolonged confusion as a frontal-onset
ictal state (17), nonconvulsive confusional
frontal status (18), CPSE of frontal origin (19),
and acute confusional state with frontal origin
(20). We have chosen to call this frontal NCSE,
using a term that describes localization only and
that intentionally avoids implying any marked
alteration of consciousness.

We reviewed 70 reported cases in 25 stud-
ies in which the inclusion criteria were approx-
imately those that we used (Table 8.2)
(5-7,11-15,17-33). The average age of patients
was 36 years, ranging from 13 to 84 years.
About 60% were women. In more than one
third of cases, NCSE occurred with no history
of epilepsy. A focal frontal lesion was present in
approximately 35%. More recent work reports
a distinct subgroup of patients with a mosaic
state of ring chromosome 20 (30,31,34). Only
2 additional patients had ictal SPECT, showing
similar unilateral frontal hyperperfusion
(26,30).

The change in awareness in FLNCSE is
variable. In type 1, isolated cognitive and
behavior changes without marked changes in
alertness are frequent, found in more than half
of cases in the largest series (12). Many authors
have reported changes in mood with uncon-
cerned and disinhibited behavior or with indif-
ference and perplexity at the same time as the
unilateral frontal EEG discharges
(6,7,11,17,21). Other patients have had more
marked changes in consciousness associated
with  asymmetric  bifrontal  activity
(17,24,29,30). In most cases, these observa-
tions of AS with focal characteristics are no dif-
ferent from those of type 2 FLNCSE except that
there has been no confirmation of focal frontal
origin with metabolic imaging (18,26,29).
Table 8.3 provides an attempt to compare the
main characteristics of FLNCE with AS and
temporal lobe CPSE.

EPILEPTOGENIC NETWORKS AND
FRONT LOBE NONCONVULSIVE
STATUS EPILEPTICUS

The most singular EEG finding in type 1
FLNCSE is low-amplitude rapid activity at the
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onset of the ictal periods (Figure 8.5). This is
usually localized to a frontopolar electrode
(Fp1 or Fp2) or a lateral frontal one (F3 or F4).
We have never documented onset in type 1
FLNCSE with spike-and-wave or polyspike-
and-wave activity in these regions. It is possi-
ble that, given the frequency of frontal lesions
in these patients, the phenomena of secondary
bilateral synchrony often found in frontal-lobe
epilepsies are blocked by a structural lesion. In
both scalp- and depth-electrode recording, the
low-amplitude fast activity is very suggestive
of an underlying disorganization of cortical
function, whereas spike-and-wave activity
indicates some degree of organization of corti-
cal activity (35).

In our experience, the unilateral fast activ-
ity of type 1 FLNCSE is usually asymptomatic,
perhaps because the epileptogenic zone is in a
clinically silent area. Electroclinical correlation
then becomes useful only after the discharges
have spread within the frontal lobe. The clini-
cal pattern then becomes apparent with dys-
function of a striatofrontal network, combining
signs of a relatively mild frontal disturbance
and memory disorder. Cortical functions such
as language and praxic and gnostic functions
are usually preserved. This pattern of cognitive
disturbance resembles that described by the
neuropsychologists of the Salpétriere group as
“loss of psychic self-activation” found in
patients with extrapyramidal vascular lesions
(36). Thus, this clinical pattern, functionally
comparable to that of bipallidal lesions, could
be produced by the recruitment of networks

FP1-F7NW¢MWMWWWWNWNW%
L Fp1-F3 MWWWWWW
FP2-F8 T At b A MM A A et
2 e ANy AN A Y Sy
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Figure 8.5 Low-amplitude fast activity recorded at seizure onset in 4 patients

with type 1 frontal nonconvulsive status epilepticus.

linking the prefrontal association cortex and
the striatum by the unilateral frontopolar dis-
charge, involving disorganization of a pre-
frontal-pallidal-thalamo-cortical loop.

A further argument in favor of basal gan-
glia involvement in frontal NCSE is provided
by an [18F] fluoro-I-DOPA positron emission
tomography study of 14 patients with mosaic
ring chromosome 20 and 10 control subjects
(37). There was a significant bilateral symmet-
ric reduction in ligand binding in the putamen
and caudate regions of the affected group, sug-
gesting that dysfunction of dopaminergic neu-
rotransmission in those regions could result in
the inability of striatal structures to interrupt
the epileptic discharges.

Recent neurophysiologic studies suggest
other hypotheses (38). Niedermeyer and Lopes
da Silva studied the dynamics of intracranial
fast activity of the transition to the ictal state in
frontal and frontotemporal areas (35). There
was a marked reduction in correlation among
the network structures at the seizure onset,
associated with the appearance of 24- to 80-Hz
gamma activity, typical of ictal activity in these
regions. There was a rapid return of spatial
coherence of these signals to preictal values in
the postictal period. These data suggest that the
epileptic discharge can transiently block the
interstructural relations of the network in
which it occurs and, thus, disrupt normal net-
work function. These findings, as the authors
note (38), update the 19th century ideas of
Hughlings Jackson, for whom the loss of func-
tion of highest cortical centers permitted the
“release” of centers
phylogenetically lower
in the central nervous
system (39). In the case
of frontal seizures and
NCSE, the emergence
stereotyped and
rather simple behaviors
would not be due to the
disorganization of one
another network
but, instead, to the acti-
vation of subcortical
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networks freed from the inhibitory influence of
higher centers.

CONCLUSIONS

FLNCSE is a diagnostic challenge. Prompt EEG
and neuropsychologic testing will confirm the
diagnosis. This may be especially difficult in
type 1 frontal NCSE, in which consciousness is
only mildly disturbed, if at all. Type 2 frontal
NCSE can present more dramatically and in the
same manner as an extratemporal CPSE or may
be mistaken for AS with asymmetric anterior
EEG discharges. Although type 1 may develop
into type 2, this is rare in our experience.
FLNCSE most often occurs in patients with no
history of epilepsy and indicates a frontal lesion
in more than one third of cases. If imaging is
noncontributory, it may be important to exclude
a ring chromosome 20 syndrome, especially in
patients with mild mental retardation. Treat-
ment with benzodiazepines alone is often ineffec-
tive, and intravenous administration of
fosphenytoin is often needed. Some patients may
require general anesthesia, with (13) or without
barbiturates (32). The role of other antiepileptic
drugs remains unclear. Further comment on
treatment may be found in Chapter 20.

Many questions remain unanswered: What
is the true incidence of this syndrome? Which
epileptogenic networks are involved? Are there
idiopathic forms in childhood? Does frontal
NCSE without etiologic explanation presage
cognitive decline in the elderly? Only further
prospective studies can resolve these questions,
but such investigations are difficult to organize
and perform because of the difficulties in mak-
ing an early positive diagnosis and the hetero-
geneity of the clinical and EEG presentation.
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CHAPTER 9

PARIETAL LOBE NONCONVULSIVE
STATUS EPILEPTICUS

JENNIFER HOPP AND ALLAN KRUMHOLZ

Prompt diagnosis and aggressive control are
critical for promoting survival and improving
outcomes for patients with convulsive status
epilepticus (1), but, until very recently, a similar
emphasis has not been valid for patients with
nonconvulsive status epilepticus (NCSE) (2).
This, however, appears to be changing. Increas-
ingly, greater attention is being directed to the
rapid diagnosis and vigorous management of
patients with NCSE as this disorder is better
understood, identified more frequently, and
recognized to pose some risks for morbidity
and mortality similar to those of convulsive sta-
tus epilepticus (2,3). Neither our understanding
of the broad clinical spectrum of NCSE nor our
approaches to its treatment, however, are as
well defined and established as they are for con-
vulsive status epilepticus (3,4).

Although partial NCSE was initially con-
sidered to arise solely from the temporal lobes,
it soon became apparent that many patients
had seizures arising from the frontal lobes (2-
7). In this chapter, we consider an unusual vari-
ant of localized or partial NCSE that originates
from parietal regions of cortex and may there-
fore be termed parietal lobe NCSE, focusing on
in its clinical presentations, diagnosis, and
management.

PARIETAL LOBE FUNCTION

To appreciate how parietal seizures or parietal
NCSE may present clinically, an understanding
of the normal anatomy and function of the
parietal lobe is helpful. Essentially, the parietal
lobe is important for functions, including sen-
sation, such as of touch and pain; information
processing; spatial orientation; and language

comprehension. The cortical regions designated
as the parietal lobe appear to integrate informa-
tion from different sensory modalities, as in the
determination of spatial location of objects.
This particular function enables regions of the
parietal cortex to map or incorporate objects
perceived visually into body-coordinate posi-
tions (8-10).

Anatomically, the parietal lobe is located
anterior to the occipital lobe and posterior to
the frontal lobe. The central sulcus separates
the parietal lobe from the frontal lobe, and the
parieto-occipital sulcus separates the parietal
and occipital lobes. The parietal lobe can be
subdivided into the superior parietal lobule
and the inferior parietal lobule, separated by
the intraparietal sulcus. The parietal lobe
includes Brodmann areas 3, 5, 7, 39, and 40
(Figure 9.1) (10).
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Figure 9.1 Normal anatomy and structure of the pari-
etal lobe showing its relation to other brain regions
and organization, including Brodmann areas.

These areas of the parietal lobe appear to
serve special functions. The postcentral gyrus
is the primary sensory area involved in body
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sensation, which is somatotopically organized
in the sensory homunculus. Stimulation of this
area typically results in sensations of tingling
and numbness, whereas lesions of this area
cause loss of contralateral sensation. The supe-
rior parietal lobule is involved with the interac-
tion and perception of the individual in
surrounding space, and a lesion in this area
may result in contralateral neglect. The supra-
marginal and angular gyri of the inferior pari-
etal lobule are involved with the integration
of information for speech and perception.
Lesions in these areas can result in difficulty
with object recognition and language compre-
hension (8-10).

What we understand about the parietal
lobe and its functions derives, in large measure,
from meticulous clinical observations. Many
functions that we now reliably attribute to the
parietal lobes were first suspected based on
physicians’ observations of individual patients
with lesions in this region. For example, in
1924, Josef Gerstmann described an unusual
pattern of clinical dysfunction that initiated a
new understanding and appreciation of parietal
function and impairment (Figure 9.2). In par-
ticular, what is now termed Gerstmann syn-
drome is characterized by (1) finger agnosia, (2)
right-left disorientation, (3) agraphia or dys-
graphia, and (4) dyscalculia (8).

Figure 9.2 Josef Gerstmann

NONCONVULSIVE STATUS EPILEPTICUS

Gerstmann syndrome is characterized by
various global disturbances in function caused
by a focal or lateralized parietal lesion. In other
instances of parietal lobe dysfunction, the deficit
may lateralize to the contralateral side of the
body, as in a hemisensory deficit, or to contralat-
eral space, as with hemi-inattention or neglect.

Some examples of the specific manifesta-
tions of perceptual and visual-spatial dysfunc-
tion that can be observed with parietal lobe
dysfunction are depicted in Figures 9.3 and 9.4.
These are dysfunctions that lateralize to the
contralateral parietal lobe, as opposed to those
that cause more global or bilateral difficulties,
as in Gerstmann syndrome (8).

Figure 9.3 This drawing of a house shows neglect of
the left side of the image and disorientation in a
patient with a right parietal disorder.

Figure 9.4 Drawings by patients. The figure on the far
left demonstrates incompleteness of the left side of a
daisy head—drawn by a patient with a right parietal
lesion. The drawing in the middle shows distortion of
the left-sided petals of a daisy head; this patient had
a right parietal lesion. The right-most drawing of a
daisy head shows inadequacies on the right side of the
image. This patient had a left parietal deficit.
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PARIETAL LOBE SEIZURES

Clinical manifestations of seizures arising from
parietal lobe vary and may be difficult to recog-
nize. The seizures are characteristically identi-
fied and categorized by the presenting aura or
early symptom because the subsequent spread
of seizure activity may not accurately localize
the site of initial seizure onset (11-15). A fur-
ther confusing factor is that the seizure may
actually start in a clinically subtle or “silent”
area of cortex, with the initial clinical symp-
toms due to the spread of seizure activity to
other areas of cortex that are more likely to
produce observable signs or symptoms, such as
motor convulsions. The incidence of seizures
arising from the parietal lobe is not well estab-
lished, but these seizures are thought to be rel-
atively rare, with some series providing
estimates of 1.4% of seizures in patients with
epilepsy (11,12).

Seizures arising in the postcentral gyrus of
the parietal lobe are most common and are typ-
ically described by patients as manifested by
either positive or negative sensations. Descrip-
tions have included sensations of “pins and
needles, tickling, pricking, sensation of crawl-
ing under the skin”(13). These sensations are
usually contralateral to the ictal onset but may
be ipsilateral or bilateral. More general feelings
of a widespread body “aura” have been attrib-
uted to activation of the supplementary senso-
rimotor area (13). In patients with parietal lobe
epilepsy, it is common for sensory auras to pre-
cede other seizure manifestations, as might be
expected from reports of typical patterns of
spread for seizures. Motor phenomena typi-
cally follow sensory auras in parietal lobe
seizures. In these cases, the descriptions of sen-
sory involvement often correspond to the
known sensory homunculus, with a kind of
sensory “jacksonian march,” often followed by
motor activity. Duration of these seizures is typ-
ically brief, and patients must not be amnestic
of the aura in order to report these parietal
localizing sensations.

Paresthesias have been described as the
most common manifestation of seizures of pari-
etal onset. For example, somatosensory auras

were the most common parietal seizure mani-
festation in one series of 72 patients undergoing
presurgical evaluation for intractable epilepsy
(14). Specifically, “tingling” was the most com-
mon symptom reported by 76% of patients in
that retrospective study, and the upper extrem-
ity was the most common site of involvement in
37 of 72 patients (14).

Reports of pain and perceptions of heat or
cold during a seizure are less common and may
be difficult to distinguish from each other. A
perception of heat has been reported more com-
monly than that of cold (15), and studies by
Penfield and Jasper using electrical stimulation
suggest the onset in the perisylvian region (9).

Another rare presentation of parietal lobe
epilepsy involves seizures with sexual phenom-
ena. They have been reported as originating
primarily in the paracentral lobule near the pri-
mary somatosensory area, but the frontal lobe
and the mesial temporal lobe have also been
linked to these seizures (11). Interestingly, pari-
etal seizures with sexual phenomena appear to
differ from those of temporal origin by semiol-
ogy. Seizures involving sexual phenomena from
the temporal lobe typically consist of sexual
automatisms and are often described by
patients as pleasurable (11), whereas seizures of
parietal onset that include sexual symptoms are
often described as unpleasant or frightening
(11). These seizures often begin with unilateral
paresthesias or numbness in the genitals or
breasts and may be followed by clonic activity,
presumably with spread of the seizure (11).

Psychiatric phenomena have been associ-
ated with temporal and frontal seizures and
also with seizures of parietal lobe onset, includ-
ing anxiety and panic. Alemayehu and col-
leagues have described 2 patients with right
parietal tumors whose seizures consisted of
symptoms of fear; intracranial electroen-
cephalography (EEG) confirmed seizure onset
with parietal cortical discharges (16). Both
patients had been given a diagnosis of panic
attacks before the electrophysiologic or EEG
confirmation of the site of seizure origin.

Omne patient had stereotyped seizures
described as the sudden onset “of
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dizziness, palpitations, and irrational
fear which lasted several minutes. At
times, she felt ‘far away, but there was
no accompanying alteration of aware-
ness.” The authors note that “on one
occasion, she ran out of her home in
her nightgown.”

Other descriptions of auras involving the
parietal lobe include disturbances of body
image, such as a feeling of floating or of move-
ment, “butterflies,” and “a thought in the stom-
ach”(17). In addition, the feeling of inability to
move has been associated with involvement of
the secondary sensory areas on the suprasylvian
border of the parietal lobe. Occasionally, the
seizure semiology may suggest parietal involve-
ment, but it may also represent spread from the
frontal or temporal lobes, as has been described
by Feinberg and colleagues (18), whose patient
reported symptoms consistent with an alien
hand syndrome but who had EEG abnormali-
ties in the right frontotemporal region.

I can’t control this arm [ber left]...it just
does what it wants to do ... [the left
hand] belonged to someone else ... [left
armis] a buddy ... a nickname I gave to
the figure that was attached to me.

The most commonly reported sites of sen-
sory auras include the whole body, upper limb,
and upper limb and face (15). Many other clin-
ical manifestations are attributed to parietal
lobe onset (11,13). Data from intraoperative
mapping and cortical mapping also further the
understanding of anatomic localization of
seizures of parietal lobe onset. Jackson, Pen-
field, and Jasper delineated sensory seizures
according to localization, describing rolandic,
sensory cortex, and supplementary sensory
area seizures (9).

With regard to the pathology associated
with parietal lobe seizures, there are both lesion
and nonlesion causes, as defined by imaging. In
particular, in a large series of patients from the
Montreal Neurological Institute with parietal
lobe epilepsy, 29% had tumors as the cause of
seizures (9). Gliosis, vascular malformations,

NONCONVULSIVE STATUS EPILEPTICUS

hamartomas and cortical dysplasias, and prior
cerebral infarcts were other common causes of
parietal-onset seizures. Magnetic resonance
imaging may show these focal lesions (16), and
ictal single-photon emission computed tomog-
raphy (SPECT) and interictal positron emission
tomography may provide corroborative evi-
dence of the localization of seizure onset. Inter-
ictal EEG may show just hemispheric
lateralizing findings, rather than more localiz-
ing parietal lobe abnormalities (15,20).

Because of the often subtle clinical findings
and seizure manifestations of parietal seizures,
the lack of consistent imaging correlates, and
the often unconvincing or poorly localizing
EEG abnormalities in many patients with pari-
etal lobe seizures, the differential diagnosis of
sensory auras and seizures suggesting parietal
lobe epilepsy must remain broad. That differen-
tial may include nonepileptic psychogenic
seizures and transient manifestations from cere-
bral ischemia or vascular disease. More lasting
or permanent parietal lobe dysfunction sug-
gests structural lesions such as strokes or
tumors, whereas transient or fluctuating
deficits are more typical of symptomatic local-
ization-related epilepsy.

PARIETAL LOBE NONCONVULSIVE
STATUS EPILEPTICUS

Prolonged ictal sensory changes are rare and
uncommonly reported, so it is not surprising
that there have been few well-documented case
reports of patients in what might reasonably be
regarded as parietal NCSE. Penfield and Jasper
(9) described sensory auras that persisted, sim-
ilar to those of epilepsia partialis continua,
without spread to motor regions and suggested
that this presentation of symptoms could occur
within the context of focal status epilepticus.
Focal parietal status epilepticus has been
reported as occurring with persistence of sen-
sory auras, similar to those described earlier in
this chapter with parietal seizures. Even pro-
longed auras are often followed by spread to
contiguous and distant regions, leading to
impairment or loss of consciousness, motor
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activity, and other clinical phenomena. More-
over, recognition of somatosensory seizures
requires that patients are able to report symp-
toms suspicious for parietal lobe involvement,
and such reporting also requires that patients
are not amnestic for the auras and sensory
symptoms associated with the seizure.

CASE REPORTS

There are several reports of known or sus-
pected cases of patients with reasonably con-
firmed parietal NCSE (20-27) (Table 9.1).
These reports illustrate typical symptoms, as
well as EEG and imaging correlates.

Thomas and colleagues reported ictal aso-
matognosia associated with hemiparesis in a
patient with concurrent right, parieto-tempo-
ral, 4-Hz, continuous spike-wave discharges
(24). She had a history of recurrent “prolonged
confusional states” but, on a routine office visit
at 2:10 in the afternoon, was noted to have new
clinical symptoms: “at the reception desk, she
complained of having lost her handbag, which
she was still holding with her left upper limb.”
A video-EEG study was begun at 2:45 pm and
“showed continuous, high-amplitude, rhythmic
spike-waves localized over the right temporo-
parieto-occipital areas. Her clinical state was
described by the authors (24).

Vigilance was normal, and the patient
was oriented to time and space. She
had no aphasia, subtracted sevens
without a single error, and knew her
name, address, telephone number, and
the names and ages of her grandchil-
dren. Slight head and eye deviation
toward her left was associated with a
left upper limb underutilization with-
out left segmental loss of muscle
strength. She had indifference and a
left spatial neglect when she was asked
to cross circles on paper.

Although most cases of prolonged parietal
seizure activity include descriptions of con-
comitant clinical symptoms, Wright and col-

leagues have reported a case of postictal
prosopagnosia that followed a prolonged
period of NCSE. This presentation was thought
to represent postictal manifestations of parietal
involvement during the seizure activity that was
associated with a left fusiform gyrus malforma-
tion seen on imaging (27).

In some cases, clinical symptoms appear to
involve more than 1 region. A 52-year-old man
in complex partial status epilepticus involving
the parietal lobe was described by Lukovits and
colleagues (21) as presenting with variable
semiology.

[The patient]| presented with headache,
personality changes, a right homony-
mous hemianopia, and mild receptive
aphasia ... [and] ... motor neglect ...
When asked to write, he put the pen in
his mouth like a cigarette.

His EEG, performed 3 hours after “onset
of his change in behavior showed continuous
high-voltage, semirhythmic, sharp-and-slow
waves in the left posterior temporal and pari-
etal regions” (21).

DIAGNOSIS

The diagnosis of parietal lobe NCSE depends
on identification of symptoms or signs of long-
lasting (typically 30 minutes or more) parietal
lobe impairment or dysfunction, which may be
either stable or fluctuating, due to epileptic
seizures. The diagnosis is based on reports or
observations of prolonged, persistent
somatosensory phenomena or cognitive impair-
ments clinically consistent with parietal lobe
dysfunction due to epilepsy. Parietal lobe func-
tions that may be impaired due to NCSE are
varied, as was described earlier in this chapter.
Of particular importance in parietal NCSE, one
should anticipate that the deficits will vary and
fluctuate more over short periods rather than
remain fixed or stable, as they might after a
static lesion such as tumor or stroke.

The EEG is very important for confirming
the epileptic nature of a functional disturbance
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as due to NCSE, particularly in parietal lobe
NCSE (3,28). The diagnosis is most secure
when an EEG obtained during the period of
functional impairment or concern shows some
form of continuous or waxing-and-waning pat-
tern of epileptiform activity. Moreover, this
epileptiform activity characteristically coincides
with the parietal neurologic dysfunction attrib-
uted to NCSE and typically subsides with ces-
sation of the clinical symptoms, as for example
after medication treatment (2,3,28).

The EEG should not be considered the sole
basis for diagnosing parietal lobe NCSE and
must be considered within the presenting clini-
cal context. There are epileptiform disturbances
or encephalopathies of other types associated
with spikes or sharp-waves on the EEG that
should be distinguished from typical NCSE.
Patients with structural lesions such as strokes
or tumors may have associated epileptiform
activity, such as periodic lateralized epilepti-
form discharges, that may be surrogates of the
severity of brain injury, with the epileptiform
discharges themselves not clearly the cause of
the impaired function (3). A diagnosis of NCSE
is most secure when there is good evidence that
the epileptiform activity on the EEG is judged
to be the cause of the impaired function (3).
This is not always easy to determine but should
be a central consideration in establishing a
diagnosis of parietal lobe NCSE. Brain imag-
ing, such as SPECT scanning, may also provide
confirming or corroborative data to help make
the diagnosis of parietal NCSE when the symp-
toms do not provide adequate localization or
convincing evidence (29-31).

In some patients, treatment with
antiepileptic drugs, such as benzodiazepines, in
conjunction with EEG monitoring and clinical
assessment can help demonstrate that epilepti-
form activity is actually causing functional
impairment, thereby confirming a clinical diag-
nosis of NCSE. Indeed, if the epileptic activity
is abolished with antiepileptic therapy and the
patient simultaneously improves clinically and
symptoms resolve, that is compelling evidence
that the process in question is indeed NCSE (3).
For some subtle manifestations of parietal lobe
dysfunction, such as visual-spatial disorienta-
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tion, however, determining the resolution of
clinical symptoms may be difficult, particularly
in situations in which there is substantial pos-
tictal confusion or lethargy.

Ictal SPECT may help to identify an area of
seizure activity in 70% to 90% of patients with
epilepsy (29-31). This is a relatively new tech-
nology for which there is not as much experi-
ence as with EEG, but it can identify active
seizure regions in focal or localized status
epilepticus. In general, there is an area of
increased metabolic activity during the seizure
or status epilepticus and decreased metabolic
activity postictally (29-31).

MANAGEMENT OF PARIETAL NCSE

The medical treatment of patients with parietal
lobe NCSE is similar to that for other localiza-
tion-related or partial NCSE. Imaging studies,
including ictal SPECT and positron emission
tomography, however, may not provide defi-
nitely epileptic or seizure-localizing findings,
and EEG often shows lateralizing, but not nec-
essarily localizing, abnormalities. Therefore,
identification of the area of seizure onset often
depends on the patient’s report of auras and
other clinical symptoms. In addition, because
parietal NCSE may consist of a prolonged aura
without spread to adjacent regions, there may
be no other associated symptoms and limited
imaging or EEG changes, as has been reported
in other cases of simple partial seizures (28).
Therapy should be prompt and appropriate
but need not be overly aggressive because the
morbidity and mortality in most patients with
NCSE is not as severe as for convulsive status
epilepticus (1,3). Antiepileptic drug therapy
should be initiated with continuous video-EEG
monitoring to determine the effects of therapy
in patients who may have subtle or difficult-to-
assess symptoms, such as those of parietal lobe
dysfunction. Outcomes in patients with convul-
sive status epilepticus and NCSE are largely
dependent on the etiology of the status
(2,3,32,33). Still, there is evidence that some
patients with complex partial status epilepticus
(and at least 1 patient with parietal lobe NCSE
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[26]) had status epilepticus associated with
long-lasting or permanent neurologic deficits
(2,3).

Surgical resection of the involved area of
cortex has been reported, but it is not first-line
therapy because of the difficulty in the localiza-
tion of the ictal onset and because of surgical
risks (34,35). Focal cortical resection of the
right mesial parietal region has been performed
on a 4-year-old girl who presented with an aura
of left hand pain followed by tonic activity,
who had failed both medical management and
multiple subpial transection (35). This resulted
in seizure freedom without significant neuro-
logic deficit 2 years postoperatively (35). Other
series have suggested that 20% of nontumor
and 75% of tumor cases of parietal lobe
epilepsy may be rendered seizure-free by resec-
tive surgery (33,34). Because parietal lobe sur-
gery carries a risk of a fixed sensory deficit, the
risk-benefit ratio must be considered, and med-
ical treatment options should be exhausted
before proceeding to surgery.

CONCLUSIONS

Parietal NCSE is not a well-recognized or com-
mon entity. It fits in the general category of par-
tial NCSE and may present as compex partial
status epilepticus. Described above are the clin-
ical features expected in such cases, with docu-
mentation of a number of examples that may
fall under the general rubric of parietal lobe
NCSE. Clinical features that suggest parietal
NCSE include parietal lobe dysfunction, such
as focal hemisensory symptoms, left-right dis-
orientation, dysmorphopsias, and confusion
persisting for longer than 30 minutes. Once
suspected clinically, parietal lobe NCSE is best
confirmed by EEG localization of epileptiform
changes consistent with a focal status epilepti-
cus. Alternatively, SPECT scanning or other
imaging may support a diagnosis of focal pari-
etal status epilepticus. Treatment follows the
principles of management of other forms of
partial NCSE but not necessarily the more
intensive treatment often proposed for convul-
sive status epilepticus (1,2).
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CHAPTER 10

TEMPORAL LOBE NONCONVULSIVE
STATUS EPILEPTICUS

HemNnz GREGOR WIESER AND MICHAEL FISCHER

The term aura usually refers to that portion of
a seizure that is subjectively experienced before
loss of consciousness and for which memory is
retained. In older terminology, a simple partial
seizure without motor phenomena is identical
to an aura, but, when consciousness is lost, the
aura is, in fact, the first symptom of a psy-
chomotor or complex partial seizure (1). The
term isolated aura (or aura in isolation) is
often found in outcome classifications and in
driver’s license regulations. Although an
epileptic aura is always based on an epileptic
seizure discharge, not all electrographic epilep-
tic seizure discharges are accompanied by an
aura, eg, circumscribed hippocampal dis-
charges (or afterdischarges induced by electri-
cal stimulation) might completely escape
subjective and objective clinical detection. To
the best of our knowledge, Scott and Masland
first described somatosensory hallucinations as
a continuous symptom, ie, as an aura continua
(2). The term aura continua can be found in
Karbowski as a synonym for continuous psy-
chomotor status (3,18). Wolf used it as syn-
onym for status epilepticus of focal sensory
seizures or for hallucinosis (4-6).

The question of whether temporal lobe
psychomotor seizures could also occur in a pro-
longed condition, as in status epilepticus, and
whether such activity could be the underlying
cause for prolonged twilight states was, for a
long time, controversial. As late as 1963, Lan-
dolt noted “... finally there remain those cases
that we personally know from the literature
only, for example, the case of Gastaut and that
of Schorsch, in whom obviously the ‘general-
ized state of twilight attacks’ continued for
days resulting in a twilight state. We have to
ask us [sic], however, if these cases have not

been petit mal status.” From Landolt’s state-
ment (7), it becomes very clear that petit mal
status (ie, absence status) was sharply delin-
eated from psychomotor status epilepticus,
which is a distinction that was no longer
respected with the widely used term nonconvul-
stve status epilepticus (NCSE). Trousseau,
Prichard, Bright, Hughlings Jackson, and Char-
cot all provided descriptions of NCSE (8-16). A
fuller historic account of NCSE can be found in
Chapter 1.

The most important early literature dealing
with psychomotor status epilepticus focused on
the phenomenologic description of this condi-
tion, as evidenced by the review of Wolf, who
discussed 7 cases and added 2 of his own (4). In
his description, Wolf followed Janz, who distin-
guished the discontinuous form, characterized
by the occurrence of psychomotor attacks that
follow each other at 2- to 10-minute intervals,
from the continuous form (17). Under the con-
tinuous form, Janz described 2 variants: (1)
long-lasting sensory, somatosensory, or “psy-
chic” seizures and (2) epileptic twilight states
with productive-psychotic signs and symptoms.

In his 1979 symposium on status psy-
chomotoricus, Karbowski referred to 36 pub-
lished cases of psychomotor status in which the
electroencephalogram (EEG) was sufficiently
described and illustrated, and added 8 of his
own cases (18). Seven additional publications
appeared in 1978 (19-25).

CLASSIFICATION

The most recent proposal of the International
League Against Epilepsy Classification Core
Group (26), an attempt to complete the earlier
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work of the Task Force on Classification and
Terminology, differentiates “self-limited epilep-
tic seizure types” from “status epilepticus.”
Under “status epilepticus,” this report lists 9
headings: (1) epilepsia partialis continua of
Kojevnikov; (2) supplementary motor area sta-
tus epilepticus; (3) aura continua; (4) dyscogni-
tive focal (psychomotor, complex partial) status
epilepticus; divided into (A) mesial temporal
and (B) neocortical; (5) tonic-clonic status
epilepticus; (6) absence status epilepticus; (7)
myoclonic status epilepticus; (8) tonic status
epilepticus and (9) subtle status epilepticus.

The explanatory text says that category 3,
aura continua, is a rare but well-described
manifestation of focal epilepsy. The symptoms
depend on the localization. The attacks are
usually without impairment of consciousness.
The symptoms wax and wane, often for hours,
and may be associated with a motor compo-
nent, depending on the spread. Dysesthesia,
painful sensations, and visual changes are
examples. Limbic aura continua is the most
common clinical pattern. Fear, an epigastric
rising sensation, or other features may recur
every few minutes for many hours, or for more
than a day, without going on to seizures with
impairment of awareness. Electrographic cor-
relation is variable. The diagnosis must be
entertained, particularly in patients with well-
established epilepsy.

The explanatory text for the mesial tempo-
ral subtype of the dyscognitive focal (psy-
chomotor, complex partial) status epilepticus is
as follows: “Focal status epilepticus, predomi-
nantly involving mesial limbic structures, con-
sists of serial dyscognitive focal ictal events
without return of clear consciousness in
between. Onset can be limited to one side or
can alternate between hemispheres.”

Dyscognitive focal status epilepticus often
evolves from, or alternates with, aura continua,
so that much overlap between aura continua
and psychomotor status exists in the literature,
and cases are finally categorized according to
their full semiology (ie, as psychomotor status,
although, for a certain period of time, they
would fulfill the criteria of an aura continua
[27,28]).

NONCONVULSIVE STATUS EPILEPTICUS

Therefore, with regard to the new pro-
posed International League Against Epilepsy
classification, temporal NCSE comprises and
overlaps with aura continua, dyscognitive focal
(psychomotor, complex partial) status epilepti-
cus, and subtle status epilepticus. See also
Chapter 2 on the classification of NCSE.

PATHOPHYSIOLOGY

In humans, the underlying pathophysiology of
the various subtypes of NCSE has not been inves-
tigated in detail, so most remain speculation.

An aura continua reflects the intrinsic
epileptogenic properties of a discharging
epileptogenic neuronal network that remains
“well controlled” with regard to spread.
Obviously, in such a condition, there is no fur-
ther propagation of the epileptic discharge
and no further neuronal recruitment (ie, no
relevant increase of the number of epilepti-
cally involved neurons). A hippocampal
epileptic focus causing electrographic focal
status epilepticus may be limited to a volume
of less than 1 cm in diameter (29). Metaphor-
ically, the “critical mass” necessary for the
spread of the discharge is not reached. To a
certain degree, however, waxing and waning
occurs. The aura content is the product of the
“interpretive cortex” (30), which deals with
this discharging “epileptic focus.” Mechanisti-
cally, status epilepticus represents the failure
of the natural seizure-suppressing mechanisms
responsible for seizure termination (31). Pro-
posed operational definitions of status epilep-
ticus do not adequately reflect the underlying
mechanisms involved in status epilepticus. As
Engel rightly pointed out, mechanisms that
prevent active inhibition—desynchronization
of hypersynchronous discharges and depolar-
ization block—have to be considered. In addi-
tion, progressive features that contribute to
subsequent functional and structural brain
disturbances and maturational factors may be
important (26).

Several of our patients who have under-
gone selective amygdalohippocampectomy (32)
because of drug-resistant mesial temporal lobe
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epilepsy, and in whom this operation was suc-
cessful without further explicit seizures, experi-
enced persisting auras in the first postoperative
months. Moreover, a few patients claimed that
the feeling of an impending seizure would, with
some fluctuation of intensity, persist for hours
or even days and, thus, mimic an aura continua.
In such cases, one might assume that the
removal of amygdala and hippocampal forma-
tion suppressed manifest psychomotor seizures,
but the temporal and insular neocortex were
still “epileptically disturbed” and able to pro-
duce prolonged aura phenomena. The so-called
“running down” phenomenon of such postop-
eratively persisting auras lends further support
to the idea that, for the full expression of psy-
chomotor seizures, both the mesial limbic and
neocortical cortexes are necessary. Such a view
differentiates between the epileptogenic zone
and the seizure-onset zone with a further con-
ceptual differentiation of the seizure-onset zone
into an “actual” and “potential” seizure-onset
zone (33).

The clinical pathophysiology of aura con-
tinua remains unclear. A modification of the
electrographic characteristics of focal status
epilepticus by adequately addressed sensory
stimuli has been documented in a long-lasting
musical aura continua with circumscribed dis-
charges in the right Heschl gyrus (27).
Antiepileptic drugs may play a role by chang-
ing seizure threshold and preventing spread.
A de novo right temporal NCSE was reported
during tiagabine adjunctive therapy in a
30-year-old woman with infantile-onset
epilepsy due to a left temporal gliotic area
(34). Similar observations have been described
with the use of levetiracetam (35) and other
antiepileptic drugs.

There are a number of animal models of
temporal lobe complex partial status epilepti-
cus, including kainic acid in the mouse, lithium
and pilocarpine, and electrical stimulation of
the hippocampus or amygdala in the rat (36-
41), that provide insight into the mechanisms
underlying temporal lobe complex partial sta-
tus epilepticus. A fuller treatment of these
issues is given in Chapter 7. These models, cen-
tered in the limbic system, provide a good

experimental basis for suggesting that psy-
chomotor status epilepticus may induce long-
term sequelae (40) and provide possible
mechanisms for neuronal damage and long-
term epileptogenesis (41-52). There is experi-
mental evidence for cerebral reorganization and
possible opportunities for the use of protective
agents (53-58).

Thus, from experimental evidence, it might
be concluded that long-term consequences of
status epilepticus in the limbic system include
alterations in patterns of expression of neuro-
transmitter receptors and in the function of
excitatory and inhibitory synapses, cell loss,
and circuit rearrangements within the limbic
system. This brain damage can contribute to
the development of epilepsy, ie, a condition of
recurrent spontaneous seizures. Conversely,
development of an epileptic condition enhances
the susceptibility of the limbic system to trigger
status epilepticus discharges.

LOCALIZATION

Theoretically, each part of the cortex, and
probably deep nuclei as well, can give rise to
long-lasting localized epileptiform discharges.
According to their functional specialization, the
epileptic dysfunction of a localized ganglionic
structure of the brain may give rise to “posi-
tive” or “negative” symptoms of a particular
quality. The symptoms and signs are often the
result of the interpretation of the not-discharg-
ing “healthy” brain, which is confronted with a
pathologic “bombardment” or an epileptic dys-
functional network. This implies that the local-
ization of the cortex in which symptoms are
produced (the “symptomatogenic zone”) and
the localization in which the epileptiform dis-
charges are generated (the “primary epilepto-
genic zone” or, better, the “seizure-onset zone”)
are not necessarily concordant.

An intriguing question is whether certain
brain regions are more predisposed than others
to such a circumscribed and long-lasting epilep-
tiform discharge behavior. By analogy with
epilepsia partialis continua and dyscognitive
focal (psychomotor) or limbic status, it is rea-
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sonable to assume that certain brain regions
are, in fact, predisposed to this discharge
behavior. From posttraumatic epilepsy, it is well
known that the central and mesiotemporal lobe
cortexes are more seizure prone than are other
cortexes, but it is less clear whether region-spe-
cific differences exist to limit seizure discharges
in time.

It is obvious that limbic aura continua and
mesial temporal dyscognitive focal status
epilepticus involve the limbic system, with the
hippocampal formations and nuclei amygdalae
as their core structures.

The hippocampal formation has been
shown to be able to discharge in a status-like
manner during depth recordings. Discharge
associated signs and symptoms might be subtle
(electrical status epilepticus with minor symp-
toms) but consistent with hemisphere-specific
deficits in tachistoscopic lexical recognition
tasks and face-matching tasks, respectively
(29). (See Case 1 and Figure 10.1). This is in
line with more recent H,'3O positron emission
tomography data attributing associative func-
tions (ie, associative binding) to the hippocam-
pal formation (59-62).

The nuclei amygdalae are candidates for
explaining the rich and multifaceted signs and
symptoms observed in limbic seizures and lim-
bic status epilepticus. This is because nearly all
cortical areas of the temporal lobe, major parts
of the frontal lobe, and the insular cortex proj-
ect to the amygdala (63). Some amygdaloid
nuclei receive several cortical sensory projec-
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tions with substantial convergence of cortical
input. It is well documented that visual, audi-
tory, olfactory, and, to some extent, taste infor-
mation reaches the amygdala. Somatosensory
input is less clear, but there is reason to believe
that all 5 modalities have some convergence in
the dorsomedial part of the lateral nucleus of
the amygdala. For example, the dorsomedial
part of the lateral nucleus receives projections
from the orbitofrontal area, which responds to
olfactory stimulation; this part is also the
major amygdaloid projection zone of the corti-
cal taste area. In addition, there are posterior
insular cortex projections to this area carrying
visceral, and probably other somatic informa-
tion. Moreover, auditory input from the tem-
poral polar cortex projects powerfully to this
region. Visual projections are directed prima-
rily to the dorsolateral part of the lateral
nucleus (64).

Efferent fibers from the amygdala are the
stria terminalis and, to a lesser degree, the ven-
tro-fugal bundle, with overlapping targeting
areas in the medial and rostral hypothalamus
and regio septalis, as well as the posterior part
of the magnocellular Ncl dorso-medialis thal-
ami. The latter connects the amygdala with the
orbitofrontal cortex and constitutes a part of
the second circuit (besides the Papez circuit), ie,
the basolateral limbic circuit, formulated by
Yakovlev and reemphasized by Livingston and
Escobar (65,66).

Except for a few illustrations with pro-
longed discharges in the anterior cingulate

CASE 1

This case is discussed in detail in reference 29. In short, this woman was admitted at age 26 because of med-
ically refractory psychomotor seizures during the previous 3 years, with frequent secondary generalization. She
had experienced isolated epigastric auras since 3 years of age and several episodes of long-lasting (up to 10
days) isolated gustatory aura continua. Ictal semiology was fairly constant and typically consisted of an
unpleasant gustatory or epigastric aura or both, followed by arrest, progressive clouding of consciousness, sali-
vation, and oroalimentary automatisms with marked flushing and then cyanosis. Following a left selective
amygdalohippocampectomy at age 27, the patient was seizure free, and antiepileptic medication could be
withdrawn. Because she had a secondary generalized seizure 3 days after childbirth at age 35 and some iso-
lated gustatory auras, carbamazepine was reintroduced. With this antiepileptic treatment, she is again aura
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Figure 10.1 Illustration of left hippocampal electrical status activity during the lexical decision task. A Com-
bined scalp- and depth-electrode electroencephalogram (EEG) showing the high-frequency spike (“tonic” = EEG
pattern 4) and slow “clonic” (EEG pattern 2) discharge of the left hippocampus (inner contacts of electrode 7).
Note that the left EEG section is a bipolar recording and the right EEG section is a common average reference
recording. The scalp EEG does not pick up the hippocampal activity. There is moderate propagation to the
homolateral amygdala (6/1-2), and this synchronized epileptiform activity also affects the common intracere-
bral average reference, giving rise to some “erroneous” activity with opposite polarity in the scalp EEG.

The test situation during the tachistoscopically presented lexical decision task is shown in panel (B): 50%
of the stimuli consists of 2 matched nonsense words (example: BRIP-NARN); 50% of the stimuli pairs con-
sist of a nonsense word and a matched meaningful high-frequency filler word (example: WERE), either in the
left (25%) or in the right (25%) visual hemifield. (C) Results of lexical decision task during left hippocampal
status activity. Overall result (right, 1-5) and breakdown according to the left hippocampal EEG pattern. 1:
Normal and flat. 2: Slow “clonic” sharp-waves < 1/second. 3: Fast “clonic” sharp-waves > 1/second; 4: High-
frequency “tonic” spike discharge. 5: Tonic-clonic. Note that the number of correct button presses during tonic
discharges drops to chance level (50% correct responses) when stimuli addressed the left hemisphere with its
hippocampus epileptically discharging (ie, right visual hemifield stimuli), whereas the percentage of correct
responses to stimuli addressing the right hemisphere (ie, left visual hemifield) in general was high (87%), indi-
cating a reversed hemispheric language dominance during this left hippocampal status, and even showed a
kind of additional compensatory improvement during left hippocampal tonic discharges (EEG pattern 4).
Measurement of reaction time (mean of both hands) likewise resulted in a marked increase but only for stim-
uli addressing the epileptically disturbed left hemisphere during tonic hippocampal discharges. Reprinted with
permission from Lippincott Williams & Wilkins (Modified from [29] and [159]).

gyrus associated with confusion and emotional  texes, there is little evidence for the existence of
and autonomic signs and symptoms, and a few  isolated limbic status epilepticus in areas other
cases with kakosmia from frontal orbital cor-  than the temporal lobe (32,67,68).
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CLINICAL MANIFESTATION OF THE
LIMBIC AURA CONTINUA

Typically, an aura lasts seconds to minutes, is
stereotypic, and evolves to other ictal clinical
features, including loss of awareness. If an aura
occurs in isolation, ie, is self-limited in time and
without further progression, it is more appro-
priately called a focal-onset seizure without
spread (simple partial seizure in the older termi-
nology). Rarely, such symptoms last hours to
days (and according to a recent report, excep-
tionally even years) and are then called aura
continua, ie, represent a form of focal status.
Psychic seizures were referred to by Jack-
son as so-called dreamy states, including déja-
vu experiences and ictal reminiscences (69-72).
Jackson subsequently referred to such events as
“psychical.” Gowers reported on 25 patients
with “psychical auras,“ with 10 having an
“emotional aura;” all of these patients had fear
(73). Penfield introduced the term “experien-
tial” to describe such mental phe-
nomena and divided the patients’
experiences into illusions and hal-
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tory, rarely vertiginous), mnemonic (déja/
jamais vu/entendu/vécu, memory recall, mem-
ory gaps/amnesia), emotional (fear, sadness,
pleasure, sexual emotion, emotional distress,
anger), and other (change in reality, deperson-
alization, feeling of other presence, doppel-
ganger—heautoscopy (out-of-body experience),
forced thinking, and distortion of body image
(32,76-78) (Case 2 and Figure 10.2). The
epileptogenic (or symptomatogenic?) zone of
these experiential phenomena can be localized
to the amygdala, hippocampus, parahippocam-
pal gyrus, and temporal neocortex (79).

Ictal depression and anxiety in temporal
lobe epilepsy is common (80). Henriksen, as
well as McLachlan and Blume, described status
epilepticus with fear as the outstanding clinical
expression (81,82). A large body of literature
exists on this topic (83-84). Ictal laughter (835)
is usually associated with hypothalamic pathol-
ogy, mainly hamartoma, in which gelastic
seizures are the hallmark.
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ence such as a dream, a flashback,
or a memory without further
description. Lennox referred to 3
categories of “psychic seizures,”
which are (1) dream states, feeling
of unreality, or illusions; (2) hallu-
cinations; and (3) mild confusion
or disorientation, a feeling of
strangeness without loss of mem-
ory or consciousness. Experiential
means that the mental phenomena
have a relevance to the patient’s
past; Gloor specified that they
typically combine elements of per-
ception, memory, and affect (74).
Mesial temporal lobe seizures
may present as anxiety disorders
(75). The principal ictal “psychic
phenomena” may be listed as fol-
lows: perceptual hallucinations
(visual, auditory, olfactory, gusta-
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Figure 10.2 Simultaneous scalp- and depth-electrode electroen-
cephalogram (EEG) during a rage attack of 6 minutes’ duration. The
second and fourth minute are shown. The ictal, rhythmic, and clonic
1/second discharge is restricted to the depth electrodes 1 and 2 (elec-
trode 2 targeting the left amygdala) and is not seen in the scalp EEG.
Note the contrast medium-filled cyst after ventriculography
Reprinted with permission from Georg Thieme Verlag (Modified
from Wieser 1979 [76] and 1983 [67]).
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CASE 2

Since age 9, this 45-year-old man has experienced 2 types of psychomotor seizures: (1) paroxysmal speech
disturbances and (2) fits of rage leading to brawls and consequently to internments. For years he was thought
to be an aggressive “psychopath,” although the episodes were suggestive of epileptic seizures: he abruptly
raised his hands and raved, or suddenly became speechless, or indiscriminately attacked and hit anyone
around. Except for head trauma at age 4, his medical history was unremarkable. Radiographic studies under
stereotactic conditions (répérage as a precondition for stereo-electroencephalography) showed a left tempo-
ral-basal cyst extending to the temporal horn. Histologic examination of the removed brain tissue (parts of the
left anterior basal temporal lobe together with the lesion) revealed a small capillary hemangioblastoma. Fol-
lowing surgical treatment, the patient had no further aggressive outbursts and was seizure free for a period of
4.5 years. Then, after head trauma, seizures recurred, and he again underwent surgery at age 35 with removal
of the left hippocampus, with moderate seizure outcome.

For many authors, the so-called interictal
personality and behavior syndrome of temporal
lobe epilepsy, as well as other described person-
ality peculiarities, are also intimately linked
with an active temporal lobe epilepsy (86,87).

The causal relationship, however, usually
remains a guess because very localized ongoing
epileptic discharges in deep brain regions cannot
be picked up on the routine scalp EEG. Pontius
has reported on motiveless firesetting and has
implicated partial limbic seizure kindling by
revived memories of fires in what she called
“limbic psychotic trigger reaction” (88,89).

Olfactory symptoms can be localized to
anterior perforate, prepiriform cortex, lateral
olfactory gyrus, periamygdalar cortex, entorhi-
nal cortex, amygdala, septal nuclei, and hypo-
thalamus (70,72,90). Mesial temporal limbic
status with olfactory symptoms has been docu-
mented (91).

Gustatory symptoms can be localized to
the parietal operculum near insula, anterior
insula, and probably to the anterior mesial
structures (14,92). A “gustatory aura con-
tinua” was the leading symptom of case 4 in
our 1985 paper (29), with left hippocampal sta-
tus activity in the depth EEG (see Case 2 and
Figure 10.2). It was also associated with subtle
higher cognitive deficits detected with a tachis-
toscopically presented lexical decision task.
Seshia and McLachlan reported on 1 patient
with a long-lasting metallic taste for 2 years (a
46-year-old with left temporal seizure origin,

symptoms abolished after surgery, and oligo-
dendroglioma) and another with foul taste for
5 years (a 34-year-old with right temporal
seizure origin, symptoms abolished after sur-
gery, and mesial temporal sclerosis) (93).

Auditory symptoms can be localized to
auditory cortex and Heschl gyrus with a tono-
topical organization. Schiffter and Straschill, as
well as Wieser, described aura continua musi-
calis (27,94). A report on Wieser’s patient was
published under the heading “psychomotor sta-
tus epilepticus” because of the aura continua
with musical hallucinations (the patient experi-
enced a song that was well known and familiar
to her) in “endless repetition” and with stereo-
EEG-documented restricted epileptiform dis-
charges near Heschl’s gyrus, with spread to the
ipsilateral mesiobasal limbic structures, accom-
panied by alteration of consciousness. The
beginning of this electrical epileptic status
activity was accompanied by only musical hal-
lucinations. Most cases with simple auditory
hallucinations described in the literature do not
fulfill the criteria of an aura continua (18,95).
Blanke and colleagues described a patient with
epilepsy (due to left parieto-temporal brain
damage) suffering from the paroxysmal unilat-
eral experience of hearing a person in her near
extrapersonal space, associated with a deficit in
spatial auditory perception and other paroxys-
mal disorders of somatognosia (96).

Vertigo can be localized to the vestibular
cortex in the superior temporal gyrus rostral to
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the auditory cortex (14,76). Penfield and Jasper
(14) described vertiginous aura continua (Case
M. Bu.).

Manford and Shorvon reported on 4
patients with epigastric sensations (described as
“butterflies,” or “a thought in the stomach”),
lasting up to several days, without associated
behavior impairment (97).

Painful epileptic seizures are likewise
uncommon but have been described (98-100).
Direct evidence that long-lasting pain occurs as
aura continua (ie, as a special form of focal sta-
tus) is scanty, but this possibility should not be
discarded. Indeed, Seshia and McLachlan
report on 2 patients with long-lasting aura con-
tinua and “pain” (93). The first was a 21-year-
old with nose pain for 2 years and a left
temporal seizure origin. The symptom was
abolished after surgery, without pathology in
the resected tissue. The second patient was a
43-year-old with epigastric pain and a right
temporal seizure origin; the symptom was abol-
ished after resection of a glioma. Certain forms
of pain per se might be closely linked to basic
epileptic phenomena (101). The positive thera-
peutic effect of antiepileptic drugs in such cir-
cumstances is well known.

A special subtype in children, the so-called
abdominal aura continua (abdominal epilepsy,
recurring abdominal pain) has been described
(102-104). Umbilical sensations in children and
long-lasting borborygmi, widened pupils, pilo-
motor phenomena, goose-flesh or periodic shiv-
ering, and so on, also have been described
(67,76,105-110). Finally, French authors have
used a category of “erratic” for other rare man-
ifestations and boundary conditions (28).

The main clinical features of autonomic
seizures are abdominal sensations, apnea,
hyperventilation, palpitations, arrhythmias and
bradyarrhythmias, tachycardia, chest pain,
cyanosis, erythema, flushing, genital sensations
and orgasm, miosis/mydriasis/hippus, lacrima-
tion, perspiration, pilomotor excitation
(“gooseflesh”), urinary urgency and inconti-
nence, and vomiting. Psychomotor seizures
with autonomic symptoms as the leading fea-
ture are well known (111). Under the category
of NCSE, Rabending and Fischer describe ictal
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bradycardia and asystole (112). Zijlmans and
colleagues determined the prevalence of heart-
rate changes and electrocardiographic abnor-
malities during epileptic seizures in 281 seizures
in 81 patients (113). Electrocardiographic
abnormalities were found in 26% of seizures
(44% of patients), and long seizure duration
increased the occurrence of electrocardio-
graphic abnormalities. Nishiguchi and col-
leagues described a boy with occipital lobe
epilepsy, showing a prolonged QTc in the ictal
ECG (114).

In the Panayiotopoulus syndrome,
Panayiotopoulus and Koutroumanidis docu-
mented recurrent autonomic status epilepticus
with emesis (115-118). Autonomic status
epilepticus is often accompanied by certain
peculiarities of personality and behavior, and,
therefore, we have described autonomic phe-
nomena in the context of limbic dyscontrol syn-
drome (86,119). Common overt or subtle
behavior changes include irritability, fear,
panic, and sometimes existential emptiness or
some other form of pathologic self-perception.

One of Seshia and McLachlan’s patients
suffered for 8 years from epigastric fear that
started after surgery (with a left temporal
seizure origin, and mesial temporal sclerosis). A
particularly rare ictal or status symptom is
aggression (120). We have described and illus-
trated a depth-EEG-recorded rage attack of 6
minutes’ duration accompanied by restricted
left amygdalar, rhythmic, 1-per-second, epilep-
tiform discharges (Figure 99 in (67); see Case 2
and Figure 10.1). Limbic encephalitis might be
associated with autonomic aura continua, and
pilomotor status epilepticus has been recently
reported in a case with voltage-gated potassium
channel, antibody-positive, nonparaneoplastic
limbic encephalitis (121).

CLINICAL MANIFESTATIONS OF
THE “MESIAL TEMPORAL
DYSCOGNITIVE FOCAL STATUS
EPILEPTICUS”

Dyscognitive focal status epilepticus often begins
with a history of recurrent or prolonged simple
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partial seizures, or it may follow
or precede a generalized convul-
sive seizure. Patients with mesial
temporal lobe status epilepticus
often are confused and exhibit
variable responsiveness. Memory
of the event is usually impaired.
Behavior may fluctuate or be
quite bizarre (see Case 3 and
Figures 10.3 to 10.5). Often,
patients exhibit clinical automa-
tisms, as with typical psychomo-
tor seizures, including repetitive
lip-smacking, fumbling, or swal-
lowing movements. Subtle nys-
tagmus may be observed. The
range of confusion can be great.
Some patients present with
mildly diminished responsive-
ness, and others with frank stu-
por or In a catatonic state.
Aphasia and other localizing
signs and symptoms (eg, dystonic
hand posturing) may accompany

mesial temporal dyscognitive focal status.

Onset can be sudden or insidious. In the
best documented cases, the psychomotor status
condition evolved gradually with minor symp-
toms (aura continua) in the beginning. The type
of aura continua depended on the initially cir-
cumscribed discharge localization, reflecting the
functional anatomy of the brain. In those cir-
cumstances in which the seizure-onset zone was
in the neocortex, the hallucinations were often
unimodal at the beginning (ie, visual if the EEG
discharge was in the visual, and acoustic if the
discharge was in the acoustic, cortex). With pro-
gressive spread of the ongoing epileptic dis-
temporolimbic
structures, the quality of the hallucinations
became more complex, and polymodal complex
hallucinations, autonomous-vegetative signs,
and signs and symptoms in the emotional and
affective sphere prevailed. On the other hand, a
recognizable seizure event might be at the begin-
ning, and the psychomotor status manifests
itself as a postictal twilight state, with ongoing
discharges in some (usually temporolimbic)

charges into mesial

structures.
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Figure 10.3 Simultaneous scalp- and depth-electroencephalograms during
an intermittent left hippocampal status epilepticus. Note the 14/second
spike discharge seen in 2/1-2 (left hippocampus).

The typical overall gestalt of a dyscognitive
focal mesial temporal lobe status is that of a
fluctuating, waxing-waning condition with
alterations of restless, sometimes fearful, and
agitated behavior with memory flashbacks;
experiential hallucinations; delusions; and hal-
lucinations. Automatisms can be present. This
contrasts with the more monotonous 3-per-sec-
ond spike-slow-wave, petit mal status (spike-
wave stupor), with clouded consciousness and
slowed and impaired thinking. Nowack and
Shaikh suggest that complex partial status
epilepticus can progress through stages (defined
by EEG) analogous to those described by
Treiman in generalized convulsive status epilep-
ticus (122,123).

Some authors have designated subtypes of
partial NCSE according to the prevailing signs
and symptoms (28,81,124). In dyscognitive
focal status, the following categories of signs
and symptoms can prevail: somatosensory signs
and symptoms with dysesthesia as well as
visual, acoustic, olfactory, gustatory, and auto-
nomic phenomena. Abdominal status epilepti-
cus is a special subtype that has been described

core
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Masland have described
somatosensory  hallucina-
tions as a “continuous symp-
tom” (2).

The predominance of
dysphasic or aphasic signs

s F\Hf,\w,! ok

"‘M{M
,J"‘r-’" "),
1 e 2

1.\2 ll’

3 34 A»».\. wwa.ﬁru. v‘ i
8.9 n—wr,wwm Mo )

. 41 wemmww%

and symptoms is far less fre- 890~ ol

quent, but well-documented 523 b Pu ‘ltl J“."\

as the sole manifestation of SOuV scalp 6|;§ xm_miwmk,:u

focal status (125-138). Kir- 22 1004V depth 7 |

. 89 - .+.-.u-—»—WAM~v -‘~M
23

shner. and .colleagues 8 940-*‘**%#‘*«1'(‘%" TR

described aphasia due to g ot . 1 A
artial status epilepticus of R AT T

p plep 1033 ::mmmwr,\,ﬁ

the basal temporal language
area (139), and Ozkaya and  Figure 10.5 During the intermittent left limbic electroencephalographic sta-
colleagues (140) aphasic sta-  tus activity (see Figures 10.3 and 10.4), some seizures evolved into full-
tus epilepticus with PLEDs  blown psychomotor seizures, as illustrated here: The initial epileptic
in a bilingual patient with a  discharge predominates in the left amygdala (1/1-2) and left hippocampus
clinical course that supports  (2/12). Then it spreads to the left posterior parahippocampal gyrus (3/3-4)
the belief that a second lan-  before it affects the left frontal lobe (marked in 6/8-6). Later, with approx-
guage area for a second lan-  imately 15 seconds delay, the right temporal structures are the main dis-
guage learned in later stages  charging structures (7/1-2 = right hippocampus).

of life is located in an area
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CASE 3

Since age 9, this 41-year-old right-handed woman suffered initially from absence-like spells and later from
frequent classic “psychomotor seizures” with an olfactory aura combined with a sense of diminished vision
and hearing and with fear. The results of several neurologic examinations, including cranial computed tomo-
graphic (CT) scans, were all normal. A wide variety of antiepileptic drugs were tried without success. The years
between age 11 and 16 were largely marked by a change in behavior and a social decline. Psychodynamic
factors were thought to be responsible, and psychotherapy and family therapy were initiated, again without
apparent success. This initially bright pupil declined in school very rapidly and was forced to leave school at
age 15. She then spent more than a year in psychiatric hospitals. She developed aggressive behavior, rejected
authority, and neglected hygiene. Shoplifting and episodes of sexual exhibition occurred. In repeatedly per-
formed electroencephalograms (EEG) at this time (including mobile long-term EEG monitoring at age 15 years),
several instances of a left temporal seizure focus were found interictally, and, on a single day, 29 psychomo-
tor attacks were recorded, consisting of short arrest with motionless staring, occasionally followed by gestural
automatisms and head deviation. She was amnestic for many of these attacks but always remembered initial
fear and diminished vision and hearing. While hospitalized in an epilepsy clinic, she reportedly had “petit mal
status” of 30 minutes duration, which was interrupted with clonazepam. At age 16 years, she was admitted for
depth-EEG recording with a view toward epilepsy surgery. At that time, neurologic examination was normal
except for an unusual amount of synkinetic movements. She was oriented in time and space but was slow and
fearful, showed concentration difficulties, and had impaired verbal memory with word-finding difficulties on
formal testing. The results of CT scans and the entire neuroradiologic examination under stereotactic condi-
tions, including bilateral carotid angiography, were normal. During stereo-EEG with 18.6 hours of analysis time,
91 left mesiobasal limbic epileptic discharges were recorded. Taking into account the duration of the dis-
charges, 11% of the analysis time was covered by high-frequency “tonic” or “tonic-clonic” discharges of the
hippocampal formation alone or in combination with the ipsilateral amygdala. The average discharge interval
was 12 minutes (range 8-16). Only 2 of these seizure discharges spread to the ipsilateral neocortical tempo-
ral and frontal areas (associated with an aura and head deviation) or later to the contralateral temporal lobe
(associated with marked impairment of consciousness, prolonged automatisms, and amnesia). Following a
selective amygdalohippocampectomy at age 16, the patient was seizure free, and a dramatic improvement in
her behavior and personality was witnessed. She studied, married, and has 2 children.
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of functional specialization of the brain, the
diagnosis might be straightforward. In the
absence of clear-cut EEG findings, however, an
aura continua (in particular, if expressing itself
with strange and unusual phenomena) might be
difficult to diagnose. Not infrequently, convinc-
ing ictal discharges cannot be detected without
intracranial recordings (see Figures10.1-10.4).
Such invasive techniques, of course, are only
justified in the context of surgical epilepsy ther-
apy. Long-lasting autonomic, emotional, and
psychic phenomena and personality changes, in
which the mesial temporal lobe (in particular
the amygdala) and the insular and frontal
cortexes are candidate areas for suspected
discharges, pose a problem. Circumscribed dis-

charges at such localizations are difficult to
detect in routine scalp EEG.

Limbic aura continua can mimic psychoses
(postictal, recurrent intermittent psychoses,
schizophrenia, schizophrenia-like illness), hallu-
cinations or illusions due to a loss of primary
sensation, drug-induced flashbacks, and sleep
disorders (nightmares, night terrors, and REM
sleep behavior disorder) (141,142). Prolonged
autonomic ictal features can mimic psychiatric
(panic attacks), paroxysmal autonomic dysfunc-
tion, endocrine (carcinoid, pheochromocytoma,
hypoglycemia), cardiac, and gastrointestinal dis-
orders (142,143). Of importance is the differen-
tial diagnosis of limbic encephalitis, both
paraneoplastic and nonparaneoplastic. Non-
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paraneoplastic limbic encephalitis may have
antibodies to voltage-gated potassium channels.

Acute intermittent porphyria should not
be forgotten (144) and can be checked for
with analysis of porphyrinogens in blood,
urine, and stool.

Criteria for the diagnosis of dyscognitive
focal (psychomotor, complex partial) status
epilepticus are (1) recurrent psychomotor (com-
plex partial) seizures without full recovery of
consciousness between seizures, or a continu-
ous “epileptic twilight state” with cycling
between unresponsiveness and partially respon-
sive phases (lasting longer than 30 minutes); (2)
ictal EEG with recurrent epileptiform patterns
like those seen in isolated complex partial
seizures (see Figure 10.6); (3) with exceptions,
an observable effect of an intravenously admin-
istered antiepileptic drug on both ictal EEG and
clinical manifestations of the status; and (4)
interictal EEG with a consistent epileptiform
focus, usually in 1 or both temporal lobes
(adapted with modifications from [145,146]).

Psychomotor or limbic status should cer-
tainly be distinguished from absence status.
The primary criteria for classical absence status
are (1) prolonged change of consciousness or
behavior function (greater than 30 minutes),
(2) generalized epileptic EEG abnormality (in
classic cases, 3/second spike-slow waves) that is
definitively changed from the preictal state, and
(3) a prompt observable effect of an intra-
venously administered antiepileptic drug on
both ictal EEG and clinical manifestations of
the status (adapted from [146,147]). Neverthe-
less, many cases are borderline or atypical
(148).

Epileptic behavior disturbances and psy-
choses might be due to prolonged nonconvul-
sive seizure activity. The idea that some
abnormal mental states in epilepsy might be a
form of focal status epilepticus is intriguing.
Usually, epileptic psychosis is divided broadly
into ictal, postictal, and interictal categories,
each with distinctive features (83). Whereas
postictal psychosis is usually associated with
delirium, altered consciousness, and amnesia,
interictal psychosis is characterized by clear
consciousness, retained memory, and less severe

NONCONVULSIVE STATUS EPILEPTICUS

behavior disturbances. Ictal psychosis in psy-
chomotor status with fluctuating or frequently
recurring focal electrographic epileptic dis-
charges, arising in temporal or extratemporal
regions, usually presents itself as a confusional
state with a variable clinical state. It is said that
extratemporal (in particular frontal) focal sta-
tus has fewer cycling symptoms and that severe
confusion is less pronounced in comparison
with temporal lobe status. Fronto-orbital polar
status epilepticus is said to be particularly sub-
tle in clinical symptoms.

In an attempt to reexamine interictal
psychoses based on the DSM IV Psychosis Clas-
sification and International Epilepsy Classifica-
tion, Kanemoto and colleagues confirmed a
close correlation between temporal lobe
epilepsy and interictal psychoses. Within the
temporal lobe epilepsy group, early epilepsy
onset and a history of prolonged febrile convul-
sions were significantly associated with interic-
tal psychosis. Within the symptomatic
localization-related epilepsy group, complex
partial seizures, autonomic aura, and temporal
EEG foci were closely associated with psy-
choses. There was also a significantly higher
incidence of ictal fear and secondary general-
ization in the group with localization-related
epilepsies with (as opposed to without) interic-
tal psychotic states (149). Temporal lobe
epileptic activity may mimic dementia (150).

The differential diagnosis includes toxic or
metabolic encephalopathy, delirium, psychi-
atric conditions, and transient global amnesia.
Furthermore, limbic encephalitis—both para-
neoplastic (151) and nonparaneoplastic—and
herpes simplex encephalitis can be challenging
differential diagnoses. Creutzfeldt-Jakob dis-
ease can present with focal or regional EEG
abnormalities that might mimic NCSE (152-
154). Also, psychogenic status epilepticus has
to be considered (155,156), as well as metasta-
tic central nervous system disease (157). In a
recent review of NCSE in children, acute
hypoxic-ischemic injury was the most frequent
etiology (5 of 19; 26%), followed by exacerba-
tion of underlying metabolic disease (21%),
acute infection (16%), and change in
antiepileptic drug regimen (16%) (158).
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Figure 10.6 Two examples depicting frequently recurring seizures. Left: Radiotelemetric seizure monitoring of
stereo-electroencephalography (EEG) with 2 to 3 minutes of right mesiobasal seizure discharges nicely
depicted by online compressed spectral array analyzing the depth-recorded activity in the right amygdala and
hippocampus (inner contacts of depth electrodes 1 and 2; depth electrodes have 10 contacts numbered from
inside out). The patient underwent right selective amygdalohippocampectomy at age 42 and is seizure and aura
free since then (follow-up 9 years). Right: Intermittent left temporal status epilepticus with marked spread and
a tendency for generalization in a 27-year-old woman monitored by scalp EEG telemetry with automatic
seizure-detection algorithms. The times indicated by the vertical black bars were visually analyzed in detail and
showed a discharge frequency of 26 and 22 epileptic discharges per hour, respectively. They were short lived
(approximately 6 seconds’ duration) and were not accompanied by any clear-cut clinical seizure symptoms.
Only 1 discharge led to an awakening and button press (circled). Note the stereotyped electrocardiographic
changes with acceleration of the heartbeat during the discharge and a bradycardia at the end of all seizure dis-
charges (depicted for 3 discharges at the bottom).
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CHAPTER 11

OCCIPITAL LOBE NONCONVULSIVE
STATUS EPILEPTICUS

BARBARA C. JoBST, DAVID W. ROBERTS, AND PETER D. WILLIAMSON

Nonconvulsive status epilepticus (NCSE)
includes generalized status epilepticus and focal
or localization-related status epilepticus. The
classic form of generalized NCSE is absence
status epilepticus, which is usually associated
with primary generalized epilepsy, whereas
focal or localization-related NCSE includes
simple and complex partial status epilepticus
(1). Gastaut, in 1983, defined complex partial
status epilepticus as either recurrent complex
partial seizures with psychomotor manifesta-
tions without interictal recovery or a prolonged
state of ictal confusion accompanied by
automatisms (2). Continued seizure activity
with preserved consciousness is considered sim-
ple partial status epilepticus; the typical exam-
ple is persistent focal motor activity, epilepsia
partialis continua. Subjective seizures, such as
somatosensory symptoms or epileptic visual
hallucinations, can also represent a subtle form
of status epilepticus. For occipital NCSE, Gas-
taut used the term elementary visual status
epilepticus (3). In the proposed classification
scheme of 2001, these events were termed aura
continua (4). More recent classifications of sta-
tus epilepticus use the term occipital lobe sim-
ple partial status with visual features, with or
without nystagmus (35).

There is no definite agreement about the
duration of nonconvulsive seizure activity to
represent status epilepticus. Nonconvulsive
seizure activity for more than 30 minutes is def-
initely considered status epilepticus (6), but per-
sistent seizure activity lasting a shorter time (10
minutes or more) has also been proposed (7).

In a depth electrode study, Williamson and
colleagues described 8 patients with complex
partial status epilepticus and found that NCSE
is more likely to be associated with extratempo-

ral epilepsy; 1 patient had an occipital seizure
origin (8). Subsequent studies found a high inci-
dence of NCSE in localization-related frontal
lobe epilepsy (9). In parieto-occipital epilepsy,
NCSE is less common.

Localization-related occipital lobe epilepsy
is less common than other localization-related
epilepsies but is well described (10,11). Study-
ing the occipital lobes with intracranial elec-
trodes can be challenging, and there is a risk of
subsequent visual field deficits after resective
surgery. In this chapter, we describe a case of
NCSE of occipital origin, confirmed by
intracranial electroencephalographic (EEG)
recordings and subsequent resection. General
clinical characteristics of occipital lobe epilepsy
and the occurrence of NCSE in symptomatic
occipital lobe epilepsy and in idiopathic occipi-
tal syndromes of childhood are discussed.

CASE STUDY

A 42-year-old previously healthy man devel-
oped mycoplasma meningoencephalitis. He
presented with headache, visual field deficit,
and confusion. Imaging studies at initial pres-
entation showed a right occipital lesion. Final
diagnosis was established by brain biopsy.
Three months after the initial event, he had a
generalized tonic-clonic convulsion and devel-
oped intractable epilepsy. He described 2
seizure types: visual hallucinations of seeing
yellow, red, and blue spots lasting for 60 to 90
minutes, followed by nausea and generalized
tonic-clonic seizure activity, and seizures with
an epigastric aura, followed by depersonaliza-
tion and altered consciousness. At the time of
presentation to our epilepsy center 10 years
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after the meningo-encephalitis, he had at least 1
seizure per week and a generalized convulsion
every other month. With increasing duration of
his epilepsy, his memory became increasingly
impaired, impeding employment. On physical
examination, he had a left homonymous hemi-
anopsia that had been present since the
meningo-encephalitis. A magnetic resonance
imaging (MRI) scan showed the lesion in the
right temporo-occipital area and mesial tempo-
ral sclerosis (Figure 11.1). Mesial temporal scle-
rosis was clearly not present on an MRI scan
done on initial presentation 10 years earlier.

Figure 11.1 Magnetic resonance imaging findings.
Left: Hippocampal atrophy on the right on inversion
Right: Hyperintense
occipital lesion on T2-weighted imaging (arrow).

recovery imaging (arrow).

During scalp EEG monitor-
ing, the patient’s interictal EEG
showed occasional right poste-
rior occipital spikes. He had sev-
eral seizures recorded. These
were characterized by his report
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posterior occipital, rhythmic, theta and sharp-
wave activity (Figure 11.2). An ictal single-pho-
ton emission computed tomographic scan
showed clear hyperperfusion in the right occip-
ital area (Figure 11.3).

An intracranial EEG study was performed
covering the medial, lateral, and inferior occip-
ital surface with grid electrodes and the hip-
pocampus with an occipito-hippocampal depth
electrode (Figure 11.4). The patient had only 1
spontaneous seizure recorded despite intracra-
nial monitoring for 21 days (Figure 11.5). This
seizure lasted 39 minutes and again represented
NCSE with preserved consciousness. Two simi-
lar seizures were induced during functional
mapping. Clinically, the patient reported a
visual aura, followed by nausea and intermit-
tent vomiting. Later, nystagmus and forced eye
deviation to the left were noted. He was fully
responsive at all times throughout the event,
despite significant epileptiform activity on EEG
monitoring (Figure 11.5). The seizure origi-
nated in the lateral occipital neocortex (Figure
11.5, arrow) and was confined to the lateral
neocortex during initial visual hallucinations.
During the increasing nausea and vomiting,
epileptiform activity spread to the hippocam-
pus (Figure 11.5). The anterior hippocampus
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impairment of consciousness and
was  completely interactive
throughout the visual hallucina-
tions. All seizures recorded dur-
ing wakefulness lasted between
25 and 46 minutes and were ter-
minated by an intravenously
administered  injection  of
lorazepam or by a generalized
tonic-clonic convulsion. Ictal
scalp EEG showed subtle, right
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Figure 11.2 Scalp electroencephalogram changes during nonconvul-
sive status epilepticus with visual hallucinations. There is subtle right
occipital sharp theta activity. Symptoms had started 17 minutes before



Occipital Lobe NCSE - Barbara C. Jobst, David W. Roberts and Peter D. Williamson 141

Figure 11.3 Ictal single photon emission computed
tomographic injection while the patient was having
visual hallucinations during scalp electroencephalo-
gram recording.

became involved at 7 minutes into the seizure.
Epileptiform activity waxed and waned in the
hippocampus, but visual symptoms persisted.
When nystagmus and eye deviation were pres-
ent, all cortical surfaces of the occipital lobe
were involved, but visual hallucinations had
ceased (Figure 11.5). The event was terminated
by lorazepam, with resolution of the epilepti-
form activity.

A resection of the posterior occipital lobe
and hippocampus was performed. The patient
has remained seizure free during the follow-up

period of 6 months after surgery. Pathology
showed severe mesial temporal sclerosis with
loss of neurons in large portions of the hip-
pocampus and encephalomalacia with gliosis of
the resected occipital tissue.

There are several important points to be
made regarding this case. The patient exhibited
nonconvulsive occipital lobe status epilepticus
with primary visual hallucinations and epileptic
nystagmus. Whenever he had a typical seizure,
he had, in essence, occipital NCSE. None of his
seizures was shorter than 20 minutes during
video-EEG monitoring, which was consistent
with reports of his usual seizures as an outpa-
tient. Despite significant involvement of the
entire posterior occipital region and the hip-
pocampus, there was no impairment of con-
sciousness.

Another interesting finding was the
patient’s extensive mesial temporal sclerosis,
definitely not demonstrated by MRI at the time
of the meningo-encephalitis. Neuronal loss in
the hippocampus was severe at the time of
epilepsy surgery. The hippocampus was not the
primary site of seizure onset, as demonstrated
by the intracranial study. It could be hypothe-
sized that repeated NCSE of occipital origin led
to mesial temporal sclerosis. Hippocampal
damage seemed to become more relevant over
time, as demonstrated clinically by increasing
memory difficulties. The relationship between
repeated nonconvulsive occipital status epilep-
ticus and hippocampal sclerosis, however,
needs to be examined in larger studies.

Figure 11.4 Intracranial study with subdural grid electrodes implanted over the lateral occipito-temporal sur-
face (#1), the inferior occipital surface (#2), and the medial occipital surface (#3) and an occipito-hippocam-
pal depth electrode (#4). The arrow points to the electrical seizure onset.
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Lateral
vegipilal
yrid (#1)

Tedial
occipital
grid (#)

Hippn-
campsl
depth
electrode

)
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pital grid
i#2)

EEG onset 1 min

no clinical signs seeing spots  seeing yellow  vomiting nystagmus, eye improving
L hemifield spots, nausea deviationL,no after [V
spots, fully lorazepam
responsive

Figure 11.5 Evolution of intracranial electroencephalogram changes during an episode of nonconvulsive sta-
tus epilepticus without any impairment of consciousness. Seizure onset was confined to the lateral inferior
occipital grid (arrow). At 1 minute, the patient had visual hallucinations and epileptiform activity that was
confined to the lateral occipital grid and the lateral suboccipital region. With increasing nausea at 3 minutes,
the patient had more involvement of the suboccipital region and of the medial occipital region with persistent
epileptiforn activity in the lateral occipital cortex. Ten minutes after seizure onset, the symptoms consisted pri-
marily of vomiting, there was less involvement of the lateral occipital grid, and most epileptiform activity was
confined to the medial occipital region, the hippocampus, and the suboccipital region. After the nausea and
vomiting ceased at 14 minutes, the patient had purely visual hallucinations; epileptiform activity was confined
to the lateral occipital grid and the lateral suboccipital region. At 34 minutes, nearly all implanted electrodes
showed epileptiform activity, and the patient was fully awake but had eye deviation and nystagmus, which
improved after intravenous administration of lorazepam at 38 minutes. Numbers in brackets refer to electrode
placement in Figure 11.4. Abbreviations: sup, superior; inf, inferior; ant, anterior hippocampus; post, poste-
rior hippocampus.

GENERAL CLINICAL
CHARACTERISTICS OF OCCIPITAL
LOBE EPILEPSY

Several series have described the clinical manifes-
tations of symptomatic occipital lobe epilepsy.
Occipital lobe seizures can present with a variety

of clinical manifestations (Table 11.1)(10,12-
20). Visual alterations are thought to be the hall-
mark of occipital lobe epilepsy but occur in just
47% to 85% of patients (Table 11.1) (10,12-20).
Visual alterations include elementary visual hal-
lucinations, complex visual hallucinations,
visual illusions, and ictal amaurosis (17).
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Elementary visual hallucinations consist of
unformed (frequently colored) shapes, lines, or
flashes that are stationary or moving. They usu-
ally occur in the contralateral visual field. Ele-
mentary visual hallucinations are the most
commonly observed visual alterations in most
reported series (Table 11.1). However, they not
only are associated with occipital seizure onset,
but are also reported with occipito-temporal
and antero-medial temporal seizure onset (17).
Complex visual hallucinations may consist of
seeing people, animals, or scenes. In a study of
visual auras, complex visual hallucinations
were found exclusively with occipito-temporal
and mesial temporal seizure onset but not with
seizure onset confined to the occipital lobe (17).

Visual illusions include micropsia (objects
appearing smaller), macropsia (objects appear-
ing larger), achromatopsia (loss of color
vision), metamorphopsia (distortion of images),
or kinetopsia (stationary objects that seem to
move). Complex visual hallucinations and
visual illusions are far less common than ele-
mentary visual hallucinations (Table 11.1) and
are thought to involve the temporo-occipital
visual association cortex (17,20).

Ictal amaurosis is another common clinical
manifestation of occipital lobe seizures, and it
can be prolonged (Table 11.1). It can be diffi-
cult, however, to determine whether prolonged
amaurosis is ictal or postictal. Epileptic nystag-
mus has been associated with seizure onset in
the temporo-parietal-occipital junction (21). It
is noted in fewer than 15% of patients with
occipital lobe epilepsy (Table 11.1). Eye blink-
ing seems more common. Eye deviation is fre-
quent as the seizure progresses. More often, eye
deviation is contralateral to the seizure-onset
site (Table 11.1) but is not a reliably lateraliz-
ing finding (10,15). Two series report a subjec-
tive eye-pulling sensation without objective eye
movement (10,11).

Due to ictal propagation, occipital lobe
seizures can be indistinguishable from typical
temporal lobe seizures with automatisms or
typical frontal lobe seizures with tonic postur-
ing and clonic activity (10,13,22). Occipital
ictal discharges can propagate to the anterior
neocortex in various ways. This was described

very well by Ajmone-Marsan in 1957 in his
book The Epileptic Seizure (22) (Figure 11.6).
Seizure activity can propagate into the hip-
pocampus or lateral temporal neocortex. If so,
visual alterations evolve into typical, mesial
temporal lobe seizures with altered conscious-
ness, oroalimentary automatisms, ipsilateral
manual automatisms, and contralateral dysto-
nia. Other routes of propagation include spread
to the mesial fronto-parietal region via the
medial interhemispheric neocortex and to the
frontal neocortex via suprasylvian pathways.
Subsequently, occipital seizures present as tonic
seizures, clonic seizures, or typical frontal lobe
hyperactive seizures (10,23,24). Occipital lobe
seizures that spread rapidly to the contralateral
hemisphere can be “false lateralizing” (22,24).

Figure 11.6 Spread patterns of occipital lobe
seizures. Reprinted with permission from Charles C.
Thomas Publishers. Ajmone-Marasan and Ralston,
The Epileptic Seizure, 1957; 214.

Because patients often do not recall their
preceding visual auras, occipital lobe seizures
may be easily misdiagnosed as being seizures
that arise from other areas of the brain. In some
cases, patients present initially with a visual
aura that disappears with increasing duration
of epilepsy (10,14). This emphasizes the impor-
tance of a comprehensive history.

In symptomatic occipital lobe epilepsy, ictal
headache and vomiting occur in a minority of
patients. Postictal headaches are more com-
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mon, as are postictal nausea and vomiting
(16,25). Secondary generalization is frequent
(Table 11.1).

Based on clinical seizure characteristics
alone, it does not seem possible to differentiate
medial occipital from lateral occipital seizure
onset (15,20). An earlier, permanent visual field
deficit is associated with medial rather than lat-
eral occipital seizure onset (15,20).

EEG during occipital lobe seizures rarely
demonstrates epileptiform activity confined
purely to the occipital lobes. Most commonly,
interictal and ictal EEG shows epileptiform
activity in the posterior temporal region (10).

The etiologies of symptomatic occipital
lobe epilepsy include tumors, vascular malfor-
mations, disorders of cortical development,
neurocutaneous disorders, encephalomalacia,
and infectious processes (10,15). Disorders of
cortical development include cortical dysplasia,
occipital periventricular heterotopia, subcorti-
cal band heterotopia, polymicrogyria, and ule-
gyria (26). Intractable symptomatic occipital
lobe epilepsy is amenable to epilepsy surgery,
with good seizure control but with a significant
risk of additional visual field deficits
(10,13,15,18,19).

SYMPTOMATIC OCCIPITAL LOBE
EPILEPSY AND NONCONVULSIVE
STATUS EPILEPTICUS

A small number of case series of symptomatic
occipital lobe epilepsy report the occurrence of
status epilepticus and, especially, simple partial
NCSE with prolonged visual alterations (Table
11.1). Two of 25 patients had status epilepticus
during intracranial monitoring in 1 series (10).
Another report comments that ictal amaurosis
was prolonged (13). All of the above-mentioned
clinical manifestations of occipital lobe epilepsy
can be prolonged and represent forms of NCSE.

Most reports of occipital NCSE are case
reports (Table 11.2) (27-34). Gowers published
the first case report of occipital NCSE in The
Lancet in 1879 (35). He described the case of
Alfred S, who developed initial attacks of
altered visual perception, followed by 3 days of

persistent “flickering of light, like a gold ser-
pent in the eye” The patient’s attacks ceased
with the administration of bromide and bel-
ladonna. When the patient died, he was found
to have a right occipital tumor at autopsy.
Gowers correctly identified those attacks as
epileptic phenomena originating in the visual
areas of the brain.

Barry and colleagues reported the largest
series of occipital NCSE (33). Five patients had
ictal blindness or status epilepticus amauroticus.
The blindness lasted between 2 and 4 days in 4
of the 5 patients and resolved completely in all
cases. Two patients had hemianopsia only. In 3
patients, the etiology was a previous stroke.

In his suggested classification of status
epilepticus, Gastaut mentioned 2 cases of
occipital lobe status with ictal EEG discharges
and 5 without definite EEG discharges, but he
did not provide any more details (2). Other case
reports have described various clinical manifes-
tations of occipital status epilepticus (ictal
amaurosis, visual hallucinations) due to various
etiologies such as lupus, cavernomas, or preg-
nancy (27,28). In conclusion, no specific under-
lying pathology has been associated with a
higher incidence of occipital status epilepticus
in symptomatic occipital lobe epilepsy.

Celiac disease has been associated with
occipital calcifications and occipital lobe
seizures (36,37). The incidence of NCSE has
not been reported in this syndrome, but epilep-
tic encephalopathy can develop despite appro-
priate treatment (38).

OCCIPITAL LOBE EPILEPSY AND
HIPPOCAMPAL ATROPHY

The relationship between occipital-parietal
epilepsy and hippocampal atrophy has been
examined previously in a larger study using
MRI (39). The authors concluded that associ-
ated mesial temporal sclerosis in occipital-pari-
etal epilepsy is not a result of seizure
propagation into the hippocampus. They pro-
posed that hippocampal atrophy is part of an
underlying pathologic developmental disorder.
In the case reported here, however, there did not
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appear to be an underlying developmental dis-
order. Hippocampal atrophy clearly developed
after the encephalitis. Simmons and colleagues
reported a similar case with obvious secondary
development of hippocampal atrophy after
repeated visual NCSE (40). The relationship
between occipital epilepsy, and especially the
relationship of prolonged occipital NCSE, and
mesial temporal sclerosis needs further investi-
gation in larger prospective studies.

IDIOPATHIC OCCIPITAL EPILEPSY
SYNDROMES OF CHILDHOOD
AND NONCONVULSIVE STATUS
EPILEPTICUS

Gastaut first described benign childhood
epilepsies of occipital origin (41). Currently, 3
distinct syndromes of idiopathic childhood
epilepsies with occipital paroxysms are recog-
nized (Table 11.3). These include early-onset
benign  childhood  occipital  epilepsy
(Panayiotopoulos type or benign childhood
seizure susceptibility syndrome) (42), late-onset
childhood occipital epilepsy (Gastaut type)
(41), and idiopathic photosensitive occipital
lobe epilepsy (4,43).

Early-onset benign childhood occipital
epilepsy (Panayiotopoulos syndrome; suscepti-
bility to early-onset benign childhood seizures
with mainly autonomic symptoms) presents in
early childhood (mean onset, 4.7 years) with a
lack of visual symptoms but with gaze devia-
tion, ictal vomiting, and autonomic symptoms
such as pallor and sweating (26, 42). Seizures
can progress to hemiconvulsions or generalized
convulsions. Visual symptoms are rare. Seizures
are mainly nocturnal. EEG shows bilateral
high-amplitude, rhythmic, sharp-and-slow-
wave activity over the posterior regions with
fixation-off sensitivity (44). The average dura-
tion of seizures is 9 minutes, and 44% to 46%
of patients have NCSE, with seizures lasting
more than 30 minutes (45,46). Despite the high
incidence of NCSE, the prognosis is excellent,
and seizures usually remit spontaneously after
1 to 2 years (46).

Late-onset occipital lobe epilepsy (Gastaut
type) has a peak onset age of 7 to 9 years.
Seizures are characterized by visual hallucina-
tions followed by postictal headache, nausea,
and vomiting (47). Ictal amaurosis occurred in
65% of Gastaut’s initial series (47). Conscious-
ness is seldom impaired unless seizures progress
to hemiconvulsions, tonic-clonic seizures, or

TABLE 11.3 CHARACTERISTICS, PROGNOSIS, AND INCIDENCE OF NONCONVULSIVE STATUS
EPILEPTICUS IN THE MOST COMMON OCCIPITAL LOBE EPILEPSIES

Seizure Nonconvulsive
Type of epilepsy Age of onset characteristics status Prognosis
Localization-related Variable, depend-  Visual hallucinations ~ Variable Depending on
occipital lobe ing on etiology and illusions, etiology
amaurosis,
nystagmus,
eye deviation
Early-onset benign 3-6y Gaze deviation, ictal ~ Common, Remits -
childhood occipital vomiting, headaches, 44%-46% spontaneously
(Panayiotopoulos autonomic symptoms
type)
Late-onset childhood 7-9y Visual hallucinations, Uncommon Good
occipital (Gastaut amaurosis
type)
Idiopathic 12y Visual hallucinations, Possible Responds well to
photosensitive head and eye AEDs
occipital deviation

AEDs refers to antiepileptic drugs.
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temporal lobe—type seizures (47). Seizures are
more commonly diurnal (45). Seizures are typ-
ically brief, and NCSE is exceptional (44). EEG
is characterized by runs of bilateral occipital
spikes and spike-wave complexes occurring
with eye closure. Seizures commonly respond
to antiepileptic medications. Prognosis is still
good, with a high spontaneous remission rate,
but the prognosis is not as good as in
Panayiotopoulos syndrome.

Idiopathic photosensitive occipital epilepsy
is a distinct syndrome, occurring more com-
monly in girls than in boys (43,48). Diagnosis
requires that all seizures are induced by a visual
stimulation such as videogames, television, or
other sources of flickering lights. The peak age
of onset is in early teenage years (43). Seizures
consist of visual hallucinations followed by
head and eye deviation and, possibly, unrespon-
siveness. Removal of the visual stimulus does
not result in abortion of seizure activity (26).
By definition, seizures are mainly diurnal, as
they are stimulus-induced, but nocturnal gener-
alized tonic-clonic seizures can occur (49).
Duration of seizures is variable, and NCSE
occurred in 20% of the initial series (43). EEG
shows occipital spike and spike-wave dis-
charges that may become generalized with
photic stimulation and increase with eye clo-
sure (48). Prognosis is usually good. There is
some overlap of this syndrome with juvenile
myoclonic epilepsy (48).

DIFFERENTIAL DIAGNOSIS,
TREATMENT, AND PROGNOSIS
OF OCCIPITAL NONCONVULSIVE
STATUS EPILEPTICUS

Because occipital lobe NCSE can be subtle,
without loss of consciousness, there is a broad
differential diagnosis. Visual hallucinations
associated with migraine are very distinct.
Migraine auras consist of black and white
zigzag lines, in contrast to the usually colored
visual hallucinations that occur with occipital
lobe seizures (50). In addition, other clinical
manifestations, such as eye deviation and ictal
nystagmus, are lacking in migraine or basilar

NONCONVULSIVE STATUS EPILEPTICUS

migraine. Primary ophthalmologic disorders
such as retinal diseases can present with visual
phenomena, but these are not usually transient.

The prognosis of NCSE is generally good,
considering the high incidence of benign idio-
pathic occipital epilepsies of childhood. Stan-
dard antiepileptic medications are usually
effective in treating occipital NCSE (Table
11.2).

CONCLUSION

In localization-related occipital lobe epilepsy,
NCSE is not uncommon. In idiopathic occipital
lobe epilepsy of childhood (Panayiotopoulos
type), NCSE seems to occur in nearly half the
patients and carries a good prognosis. Never-
theless, systematic large-scale studies, especially
of occipital localization-related NCSE, are lack-
ing. The pathophysiology, EEG spread pat-
terns, and secondary consequences such as
secondary mesial temporal sclerosis warrant
further investigation.
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CHAPTER 12

ABSENCE STATUS EPILEPTICUS

MICHAEL KOUTROUMANIDIS

The diagnosis and classification of epileptic
seizures and syndromes are made initially by
clinical and electroencephalographic (EEG) cri-
teria. Typical absences (TA) in idiopathic gener-
alized epilepsy (IGE), for example, may share
some principal clinical features with limbic
complex partial seizures, such as unresponsive-
ness and automatisms, and one must turn to
either their onset (presence or absence of aura)
or termination (presence or absence of depres-
sion and confusion) and, of course, to the inter-
ictal EEG to differentiate them. Even so, the
rate of misdiagnosis is high (1,2). The diagnosis
and classification of nonconvulsive status
epilepticus (NCSE) follows similar principles.
In patients with ongoing nonconvulsive status,
the yield from clinical clues diminishes, and the
role of EEG becomes essential for diagnosis.
Not surprisingly, it is also an essential tool for
nosologic taxonomy (Table 12.1).

This chapter will address the 2 forms of
NCSE in IGE, namely the more common
absence status epilepticus (ASE), and the less
common myoclonic status epilepticus (MSE).
There is a partial overlap between these 2 types,
insofar as ASE in predominantly myoclonic
IGE syndromes such as juvenile myoclonic
epilepsy (JME) or eyelid myoclonia with
absences (EMA) may be associated with a clin-
ically prominent myoclonic component—axial,
arm, or regional facial. We shall also refer to
forms of NCSE from which idiopathic ASE
should be differentiated, including those
encountered in various cryptogenic generalized
epilepsies, idiopathic focal epilepsies, sympto-
matic or cryptogenic focal epilepsies, and
nonepileptic episodes (Table 1).

Although the first description of ASE using
EEG by Putman and Merritt in 1941(3) and by

Lennox in 1945 (4) predated that of Gastaut
and Roger on complex partial status epilepti-
cus (CPSE) by many years (5), ASE has
received considerably less attention. Most
large studies on NCSE before the 1989 Inter-
national League Against Epilepsy (ILAE)
epilepsy syndrome classification (6) included
mainly or exclusively patients with CPSE,
without cues to discern those with possible
ASE. Thus, our knowledge on ASE is still lim-
ited and relies on a few relatively small series
(7-10) and case reports.

CLASSIFICATION AND
TERMINOLOGY

The classification of NCSE is discussed in
Chapter 2. The following terminology and its
rationale may serve as framework for the pres-
ent chapter.

IDIOPATHIC ABSENCE STATUS
EPILEPTICUS

The concept of idiopathic ASE (or simply ASE)
is firmly attached to that of IGE, a subgroup of
epilepsies that are genetically determined, unre-
lated to any structural brain pathology, and
associated with normal neurologic and neu-
ropsychological status. Typically, there are
other seizure types and symptoms in various
combinations, including TA (hence it has also
been called typical ASE), myoclonic seizures
(MS), and generalized tonic-clonic seizures
(GTCS). The EEG shows interictal generalized
spike-wave (GSW) activity at 3 to 4 Hz (but
also nonlocalizing focal spikes)(11) and, during
the status, usually shows continuous regular
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GSW at 3 to 4 Hz with a frontal maximum but
also irregular bilateral synchronous discharges
at equivalent frequencies. Because similarly dif-
fuse and bilateral synchronous ictal epilepti-
form activity may occur during other types of
NCSE (including CPSE of frontal lobe, de novo
absence-like status, and even in nonepileptic
encephalopathies), the term idiopathic ASE (or
simply ASE) requires an established IGE diag-
nosis and will not be used here as a simple
descriptive term.

NONIDIOPATHIC ABSENCE STATUS
EPILEPTICUS

This term nonidiopathic ASE denotes contin-
uous or subcontinuous atypical absences
(hence it is also called atypical ASE) that
occur only in the context of mainly severe
symptomatic or cryptogenic epilepsies of chil-
dren with neuropsychological delay and fre-
quent other seizures types, including tonic,
atonic, and myoclonic or myoclonic-atonic
seizures such as Lennox-Gastaut syndrome
(LGS) and in most patients with myoclonic
astatic epilepsy (MAE). As opposed to the TA
of IGE, in atypical absences (and conse-
quently in nonidiopathic ASE), onset and off-
set may be gradual and clinically difficult to
define, impairment of consciousness is usually
mild to moderate and sometimes difficult to
ascertain, and ictal changes of tone are usu-
ally more pronounced. The ictal GSW dis-
charge is typically slower (< 2.5 Hz) and
irregular and may include other paroxysmal
activity, especially during sleep. Interictally,
slow GSW or consistent multifocal abnormal-
ities with or without evidence of secondary
bilateral synchrony (12) may occur, and back-
ground activity is usually abnormal.

MYOCLONIC STATUS EPILEPTICUS

This general term designates long episodes of
continuous bilateral rhythmic or arrhythmic
myoclonus of varying topographic distribution
that can occur in idiopathic and cryptogenic or
symptomatic generalized epilepsies. MSE was
initially classified into “primary” and “sec-

NONCONVULSIVE STATUS EPILEPTICUS

ondary” forms with reference to underlying
etiology (13), terms that have now been
replaced by the terms idiopathic and crypto-
genic, or symptomatic (nonidiopathic), respec-
tively. Idiopathic MSE occurs in patients with
predominantly myoclonic IGE syndromes and
conditions. In the archetypal paradigm of
JME, MSE usually occurs as an ongoing
sequence of bilateral synchronous muscle con-
tractions without impairment of conscious-
ness, ie, as a purely motor state and therefore
a distinct type of convulsive status (14,15).
The reason that different types of MSE are dis-
cussed in this chapter is that such pure motor
forms are rare. Patients with severe forms of
JME may describe that their concentration and
trains of thoughts are disrupted during pro-
longed and violent volleys of jerks (16).
Besides, ASE is more frequent than MSE, even
in JME (in which it is usually associated with
minor jerks) (8,10,17). Prominent bilateral
regional facial myoclonus may feature in ASE
of patients with IGE syndromes, in which
absence seizures are also associated with bilat-
eral regional myoclonus, such as eyelid or peri-
oral myoclonia (8,9). This partial phenotypic
mixture between myoclonic and ASE in
myoclonic forms of IGE becomes almost the
rule in cryptogenic or symptomatic generalized
epilepsies, in which impairment of conscious-
ness dominates the clinical picture and, fre-
quently, cryptogenic MSE can be considered as
modified atypical absence status (13).
Myoclonic states in association with toxic,
metabolic, or anoxic encephalopathies (18) are
not included here (19) but are discussed in
Chapter 13.

Important Note: The terms idiopathic and
nonidiopathic, as designated above, refer to
the etiology in accordance with the current ter-
minology of the ILAE (6). Similarly, the terms
typical or atypical characterize the absences in
idiopathic and cryptogenic generalized epilep-
sies, as typical and atypical absences, respec-
tively. The terms typical and atypical, however,
have also been (and are being) used in both
daily clinical practice and the literature to indi-
cate whether the presentation of a given clini-
cal or EEG phenomenon is usual or common,
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as opposed to unusual or uncommon (see, for
example, references 10, 20, and 21 of this
chapter, all within the context of idiopathic
epilepsies). To avoid confusion, we shall
restrict the terms #ypical and atypical to
absences in IGE and cryptogenic or sympto-
matic generalized epilepsies, respectively, and
characterize absence and myoclonic epileptic
states as idiopathic or nonidiopathic (crypto-
genic or symptomatic).

In this taxonomic frame, the well-delin-
eated, de novo, absence status, an epileptic
state with an electroclinical picture similar to
that of ASE (occurring usually as an acute reac-
tive event in patients without epilepsy), is not
considered as a subtype of idiopathic or of
cryptogenic ASE but is examined separately in
a subsequent section in this chapter under the
name de novo absence-like status.

The term generalized NCSE presupposes
lack of lateralized or focal ictal clinical semiol-
ogy and EEG phenomena but does not specify
the type of epilepsy. Nonconvulsive epileptic
states with “generalized” EEG features include
idiopathic and nonidiopathic ASE or MSE, de
novo absence-like status, and even some forms
of CPSE (for example frontal lobe status); there-
fore, the term generalized NCSE is not synony-
mous with any of those. It is a purely descriptive
term, and its clinical use can be justified only so
far as the diagnosis of the type of epilepsy (or
the lack of it, as in de novo absence-like status)
remains uncertain.

The term dialeptic refers exclusively to ictal
semiology and denotes an alteration of con-
sciousness as a main ictal feature without sig-
nificant positive motor signs (22-24). The term
possible dialeptic status epilepticus expresses
the clinical suspicion that a patient with a sug-
gestive clinical presentation may be in a non-
convulsive epileptic state (either focal or
generalized) before an EEG is performed and
while other diagnoses are still being considered.
These may include nonepileptic states of psy-
chogenic or toxic etiology. The term dialeptic
status epilepticus is applicable to cases in which
the diagnosis of epilepsy is ascertained but the
EEG is inconclusive as to whether the status is
focal or generalized (23).
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THE ILAE DEFINITION OF STATUS
EPILEPTICUS AND THE PARTICULAR
INTERPRETIVE DIFFICULTIES IN THE
CASE OF IDIOPATHIC ASE AND MSE

The recent ILAE definition of status epilepticus
as “a seizure that shows no clinical signs of
arresting after a duration encompassing the
great majority of seizures of that type in most
patients or recurrent seizures without interictal
resumption of baseline central nervous system
function” (25) is in line with the original dic-
tum that there are as many types of epileptic
status as there are types of epileptic seizure (13)
and, essentially, recognizes that the minimum
duration of such an epileptic event to be consid-
ered as status varies according to the seizure
type (26). Because most self-limited seizures
last no more than few minutes (27), the time
frame for most types of status is now much
shorter than 30 minutes, probably between 5
and 20 minutes, with shorter times applying to
convulsive states, to foster swift medical inter-
vention.

This operational definition (and time
frame) may appear problematic when applied
to idiopathic ASE. Typical absences are very
brief seizures, only occasionally exceeding 20
to 25 seconds in duration, and tend to become
briefer and milder with age (28,29). The classic
form of idiopathic ASE is a prolonged absence
associated with a more or less continuous
spike-wave discharge (Figure 12.1, upper trace,
and Figure 12.2), but forms with intermittent
discharges of variable duration repeated at
short intervals as clusters of absences and with
little tendency to cease spontaneously are well
known to exist (Figures 12.3 and 12.4)
(7,8,10). Typical absences are devoid of postic-
tal depression (somatic, mental, or electro-
graphic), and, therefore, when they occur
sequentially, even in quick succession, interictal
recovery is prompt and complete, at variance
with the ILAE definition. When such EEG pat-
terns persist, however, surrounding reality is
perceived not in its entirety and continuity but
in brief fragments of variable duration resulting
in an impaired awareness and concentration
that is imperceptible to bystanders.
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Figure 12.1 Upper trace: Continuous rhythmic pattern of
absence status epilepticus (ASE) in a 58-year-old woman with
phantom absences, late-onset generalized tonic-clonic seizures
(GTCS), and frequent episodes of ASE. The patient is mildly
confused, with good speech. She had more than 35 episodes
from the age of 30 years onward, all of which occurred without
identifiable precipitants and invariably ended in GTCS. Interic-
tal video electroencephalography on other recordings confirmed
brief absences, of which he and her family were unaware.
Lower trace: Treatment with § mg of intravenously administr-
ered diazepam abolished slow-wave (SW) discharges immedi-
ately and completely, but transiently; 3 minutes later, they
reappeared, first as abortive generalized discharges, then in
duplets and triplets, and becoming denser until the full contin-
uous unabated pattern of the upper trace was reestablished.
Another 5 mg of intravenously administered diazepam pro-
duced exactly the same response, although SW discharges reap-
peared a bit later (5 minutes). The lower trace depicts the return
of the ASE shortly before it became fully continuous again.
Final resolution was achieved much later after valproate was
administered intravenously, although spontaneous termination
mechanisms might have also been involved.

NONCONVULSIVE STATUS EPILEPTICUS

There is another clinical reason to
attempt some modification of the pro-
posed ILAE definition: the increased
risk of a GTCS that accompanies the
continuous form of ASE and the various
discontinuous forms with sequential
absences and dense subcontinuous GSW
discharges (30). Similar considerations
apply to MSE, which can be either
almost continuous or take the form of
sequential volleys at intervals of several
seconds. Such dense clustering of TA,
MS, and GSW discharges that disrupts
perceptiveness and predisposes for
GTCS implies a common pathophysio-
logic mechanism that facilitates and per-
petuates a momentum despite an
apparent resumption of the electroclini-
cal baseline, a nonfortuitous “fixed and
lasting” condition, according to Gastaut
(14).

DEFINITION OF IDIOPATHIC
ABSENCE STATUS EPILEPTICUS

Idiopathic ASE represents a state of
variably altered consciousness, observ-
able or subjectively perceived, that
occurs in patients with IGE and is asso-
ciated with continuous or intermittent
2.5-Hz or faster GSW EEG activity.
This may occur irrespective of whether
there is complete regression of the ictal
EEG to an interictal electroclinical state
in between individual absences or EEG
paroxysms. The minimum duration
matters less than in convulsive status,
but probably is not longer than a few
minutes.

PATHOPHYSIOLOGIC
CONSIDERATIONS AND SOME
CLINICAL CORRELATIONS

The regular 3- to 4-Hz GSW, which is
the hallmark of IGE and the building
block of the typical absence and absence
status, is the scalp EEG expression of
alternating cycles of excitatory (spike)
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Figure 12.2 Continuous arrhythmic pattern of absence status epilepticus
(ASE) in a 23-year-old woman with frequent absences associated with
perioral myoclonia and generalized tonic-clonic seizures (GTCS) since
the age of 11 years. She had 4 episodes of ASE and was on carba-
mazepine on referral. She is mildly confused with continuous twitching
around her mouth. On valproate and lamotrigine, she had no further
episodes of ASE, but her compliance was poor, and she has continued
with rare absences. (HFF 70 Hz, TC 0.3 s) From reference 8 and repro-

duced with permission of the editor of Epilepsia.
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and inhibitory (slow-wave) phasic activities,
mediated through the same thalamocortical net-
work that regulates the normal sleep-spindle
oscillation. In the phenomenon of sleep spin-
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dles, physiologic brief bursts of
synchronized activity in the
thalamocortical neurons arouse
a sequence of alternating exci-
tatory (EPSPs) and inhibitory
(IPSPs) postsynaptic potentials
the thalamic reticular
nucleus that is rich in GABAer-
gic interneurons. Experimental
work has shown that these
IPSPs are mediated through
GABA , receptors and are brief,
accounting for the fast fre-
quency of the spindles (~ 10
Hz). In the epileptic 3- to 4-Hz
GSW, an abnormal longer burst
(possibly  from  increased
regional, but not steadily local-

]' ¥ \"‘ﬂ

" ~:‘~\-* at

Figure 12.3 Discontinuous pattern recorded dur-
ing absence status epilepticus (ASE) in a 40-year-
old man with untreated eyelid myoclonia with
absences (video-electroencephalography [EEG]).
Typical absences started at age 12 years; his eyes
“... would flicker may times per day and there
were days when eyelid flickering would be
almost continuous, would feel unwell, might
drop things and would have to go and lie down
somewhere quietly to make them stop.” In this
video-EEG, on awakening, the patient seems
fresh from sleep, but when the patients is inter-
rogated by the EEG technologist to assess his
consciousness, he is unable to concentrate, his
speech is hesitant, and he gives inappropriate
answers, especially during the generalized spike-
and-wave (GSW) and generalized poly-spike-
and-wave (GPSW) bursts. These bursts tended to
occur on eye closure and were accompanied by
repetitive eyelid myoclonia with retropulsion of
the eyes, and occasional jerks of the whole body
and head. Note that the eye-closure artifact lasts
only 1 second, and there were no features sug-
gesting self-induction. The technologist recog-
nized the clinical significance of the pattern and
called the on-call neurologist who only recom-
mended a tablet of valproate. The patient had a
generalized tonic-clonic seizure (GTCS) 30 min-
utes later (HFF 70 Hz, TC 0.3 s).
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ized, cortical firing) (31) results in a 3-times-
longer IPSP that is now mediated through
GABAj, receptors (although again at the level of
the thalamic reticular nucleus), effectively set-
ting the frequency of the GSW oscillation down
to the familiar 3 Hz (32). The rhythmic 3-Hz
GSW oscillations depend on calcium channels
that initially deactivate during the slow depolar-
ization of the thalamocortical cells (EPSP) and
then reactivate by the hyperpolarization of these
neurons (during the IPSP) and open up, produc-
ing low-threshold calcium spikes that will trig-
ger a burst of action potentials and lead to the
next cycle of the thalamocortical oscillation
(31). The slow depolarization of the thalamo-
cortical cells is generated through the activation
of a specialized ionic current (h current; b for
hyperpolarization activated).

The mechanisms responsible for the termi-
nation of the 3-Hz GSW discharge of the typi-
cal absence are uncertain. It has been
hypothesized that repetitive oscillation results
in increased intracellular calcium that leads to
increased intracellular cyclic adenosine
monophosphate ((AMP). The abundant cAMP
then binds directly to the h channels, promot-
ing their open state and, thereby, the depolar-
ization of the thalamocortical cells. This blocks
their ability to hyperpolarize and reactivate the
calcium channels and, in consequence, to gen-
erate calcium spikes and bursts of action poten-
tials, finally aborting the slow-wave oscillation
(33). The slight depolarization of thalamic neu-
rons (rather than their depression or hyperpo-
larization) may explain the lack of postictal
cognitive deficits (34).

Even less is known (or can be speculated)
about the mechanisms that lead to long
absences (therefore ASE). Relevant literature is
scarce, and extrapolation from animal models
(cats and mice) seems problematic. Apart from
their role in the initiation of the thalamocorti-
cal oscillations, environmental and circadian
factors and treatment with GABAergic drugs,
such as vigabatrin and tiagabine, may also con-
tribute to reduced inhibition. Finally, what can
be operationally defined as ASE (sequential
absences or showers of GSW activity that can
cloud the sensorium and end in a GTCS) is not

NONCONVULSIVE STATUS EPILEPTICUS

necessarily due to a defective termination
mechanism; it can also be due to extreme corti-
cal firing that may take a long time to abate. A
typical example is a patient with eyelid myoclo-
nia with absences on awakening (Figure 12.3).

Although some debate exists on whether
CPSE can induce brain damage (see also Chap-
ters 7, 10, and 22), in ASE there appears to
exist no clinical evidence of ensuing morbidity
no matter the number and length of episodes in
the individual patient. This dictum is shared by
most authorities (7,35-37) but is based on clin-
ical impression and not actual neuropsycholog-
ical measurements. Certainly, no biologic
marker of brain injury has been so far identi-
fied, and a recent study on 2 patients with fre-
quent episodes of nonidiopathic (cryptogenic
and ring chromosome 20-related) ASE found
normal cerebrospinal fluid levels of neuronal-
specific enolase (an enzyme released by dying
neurons) (38).

PREVALENCE

ASE is not rare. Andermann and Robb (7)
found ASE in 10% of their adult patients with
TA, whereas, in 1998, we diagnosed ASE in
25% of our adults with TA (15.5% of IGE),
using video-EEG (8). ASE has occurred in 56 of
222 patients with IGE (25%), consecutively
diagnosed and followed-up in St Thomas’
Adult Epilepsy Clinic to date, and its preva-
lence seems to be syndrome related (Figure
12.5). Interestingly, ASE can also occur in
patients with IGE with GTCS only (7 of 36
patients, 19.5%), indicating that specific
inquiry for ASE is also needed in IGE patients
without clinical or EEG evidence of typical
absences.

AGE AT ONSET

The first episode of ASE usually occurs well
after the onset of TA and GTCS (mean onset of
ASE: 29.5 years; TA: 9 years; GTCS: 21 years),
but it may be the first-ever overt clinical mani-
festation of IGE in up to one third of patients
(8). Reports on ASE in children younger than
10 years of age are scarce (9,39).
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Number of patients

Percentages of ASE In IGE syndromes

Figure 12.5 Distribution of absence status epilepticus
(ASE) in different syndromes and subtypes of idio-
pathic generalized epilepsies (IGE) in 222 consecutive
patients who were diagnosed and had clinical and
electroencephalographic (EEG) follow-up in the
epilepsy clinic of St Thomas’ Hospital London. The
diagnosis of generalized tonic-clonic seizures (GTCS)
refers to IGE with GTCS only and is based on the
absence of any historical and EEG (using sleep video
recordings after partial sleep deprivation with activa-
tion with overbreathing and breath counting on
awakening) evidence of minor seizures (typical
absences or myoclonic seizures) (11). PA-GTCS refers
to the syndrome of phantom absences with late onset
GTCS and frequent ASE; PMA, perioral myoclonia
with absences; EMA, eyelid myoclonia with absences;
JAE, juvenile absence epilepsy; TA-u, unclassified
absence epilepsy; IGEr, IGE with predominantly reflex
(mainly photically induced) seizures; GTCS, IGE with
GTCS only, JME: juvenile myoclonic epilepsy.

It seems that ASE tends to occur at an age
period when the severity of TA has lessened,
accounting perhaps for the relatively mild
impairment of responsiveness, memory, and
speech during the prolonged state, in contrast
with the profound disturbance of awareness of
the “archetypical” absences of CAE and JAE in
the first 2 decades of life.

SEX RATIO

Women may be slightly more affected (7); 30 of
54 ASE patients in our epilepsy clinic database
are women (54.5%).
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PRECIPITANTS AND RECURRENCE

Precipitating factors for ASE are similar to
those for other seizure types in IGE and
include sleep deprivation, alcohol, fatigue,
stress or relaxation, withdrawal of (or non-
compliance with) appropriate antiepileptic
drugs (AEDs) (valproate, ethosuximide, lamot-
rigine) or administration of AEDs that are
inappropriate for IGE (vigabatrin [40], carba-
mazepine [10,41-43], oxcarbazepine [44],
tiagabine [45], phenytoin [10,43]), concurrent
use of proseizure medications (such as some
antidepressants), febrile illness or surgery,
menstruation (46,47), hyperventilation, and
photic stimulation. Triggers, however, may be
absent in up to 30% of patients (8). ASE recurs
in 50% (9) to 85% of patients (8), sometimes
exceeding 100 times (9). Recurrence may be
spontaneous (8§).

CLINICAL FEATURES

Duration

Duration varies, and patients with long
episodes lasting several days are included in
most large series (7-9). An exceptionally long
ASE was documented in a 66-year-old man, in
whom subtherapeutic levels of valproate (due
to comedication with phenytoin) and chronic
white matter ischemic changes were thought to
sustain the state (48). Because ASE usually
responds well to appropriate treatment (see
Treatment and Outcome below), long duration
usually reflects underdiagnosis or misdiagnosis.

Timing and relation to generalized tonic-clonic
seizures

Being essentially a seizure type or symptom of
IGE, ASE tends to occur on awakening (49,50).
In some women, it may also relate to menstru-
ation (46,47). ASE is frequently followed, initi-
ated, or punctuated by GTCS; in up to 50% of
patients, it consistently terminates with GTCS
(8), and this relationship has significant diag-
nostic and therapeutic implications (see the sec-
tion Diagnosis).
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Seizure semiology

The fundamental disturbance in ASE is clouding
of consciousness, the degree of which appears to
regulate the extent of impairment of other cog-
nitive functions. This can vary from a mild,
almost exclusively subjective, perception of feel-
ing unwell and not up to the usual personal
mental level (a state imperceptible to bystanders
and even to family members and physicians) to
that of a clinically overt confusional state and,
less frequently, to severe psychomotor retarda-
tion or stupor. The level of consciousness may
fluctuate according to how absences or GSW
discharges may cluster (see ILAE definition and
interpretation difficulties in ASE above), while
gradual deterioration has been reported in up
20% of patients (8). Relevant descriptions of
patients with mild clouding include: “My mind
slows down ... I am able to understand but
takes longer to formulate answers”, “... I
become slow but can communicate verbally
with others...,” “I slow down in my behavior
... muddling with words.” “I feel confused, like
in a trance ... missing pieces of conversation.”
“I could hear what the other people were saying
but had to struggle to find the meaning” There
seems to be no direct correlation between the
severity of impairment of consciousness during
typical absences and that observed during ASE.
For example, patients with brief imperceptible
absences (such as in the syndrome of phantom
absences with late-onset GTCS [51]) may have
more severely affected consciousness during
ASE than those with JAE and the characteristic
long and profound absences (8).

Being dependent on the level of conscious-
ness (ie, subject to the degree of corticothalamic
involvement), speech in ASE is usually reason-
ably preserved, in contrast with the marked
dysphasia of CPSE, which is due to direct ictal
invasion of speech centers. It may vary from
mild slowness and poverty of speech to perse-
veration and monosyllabic speech. Amnesia is
also variable and usually patchy and only occa-
sionally total (7,8,52).

In general, behavior slows down, and
patients become withdrawn and quiet and
appear bewildered and disorientated or in
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trance-like state, with a staring gaze. Positive
behavioral and affective changes, however,
such as agitation, irritability, or aggression, can
occasionally occur (7,52). One of our patients
reported that she would turn extremely snappy
for a couple of hours before a GTCS, whereas
another with catamenial episodes of ASE
described that she would become confused and
aggressive for a couple of days around her men-
strual period. Inappropriate behavior may
occur when confusion is not severe. Examples
from our clinic include putting trousers over
pajamas, arranging sugar in the refrigerator,
and making coffee twice (8). Similar cases have
been reported in other series (7).

Motor phenomena include bilateral
regional (mainly facial) myoclonus, automa-
tisms, and pseudo-ataxic or hesitant gait. The
distribution of the former is usually similar to
the regional (eyelid, perioral, or limb)
myoclonus associated with the typical absences
of the given patient, conforming thus to the
profile of the specific subsyndrome or condi-
tion (for example, eyelid or perioral myoclonia
or JME) (Figures 12.2 and 12.3) (8,9). Such
regional myoclonus does not occur in CPSE,
and, therefore, its identification is an important
differential diagnostic clue. Because automa-
tisms in individual absences are more likely
with longer discharges (28), it is hardly surpris-
ing that gestural and ambulatory automatic
motor behavior and fugue-like states are
reported in ASE, especially in those with more
severe impairment of consciousness. True fugue
occurred in 2 of our patients with severe confu-
sion (8). Unusual motor features that include
complex automatisms or lateralized motor
manifestations, such as version or stereotypes,
may occur when ASE is precipitated by the use
of inappropriate AEDs (10).

Other “focal” symptoms such as experien-
tial phenomena and complex visual hallucina-
tions or illusions are not infrequent (7-9) and
may cause diagnostic confusion with CPSE,
particularly in the absence of ictal or interictal
EEG recordings showing GSW activity (53).
Descriptions include “... sensation of viewing
the world through a different medium, and a
feeling of not being in the same world as every-
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one else,” “I go into a dreamy state,” “a feeling
of closeness or detachment,” “a strange feeling
of not being myself,” and “my eyes were contin-

uously jerking” (8).

Interictal and ictal electroencephalographic
and video electroencephalographbic findings

By showing 3-Hz GSW activity against a nor-
mal background, interictal (preferably video)
EEG can consolidate the diagnosis of IGE and,
optimally used (11), may refine the syndromic
classification that is important for long-term
patient management and definition of outcome.
Interictal EEG recordings should be taken after
the first ASE, and reports of older EEGs (and
actual traces if possible!) are worth pursuing
because they may contain important diagnostic
clues that are no longer present.
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Ictal video EEG recordings confirm the
diagnosis of ASE and guide acute treatment and
short-term management (see Treatment and
Outcome below). There is usually a rapid clini-
cal and EEG response following intravenous
administration of AEDs, whereas a more grad-
ual improvement would suggest another cause
with a similar EEG picture, such as focal
(frontal lobe) status (54).

Ictal EEG patterns consistent with the diag-
nosis of ASE may include any continuous (Fig-
ures 12.1 and 12.2) or discontinuous (Figure
12.3 and 12.4) and rhythmic or arrhythmic
pattern at the equivalent frequency of around
3-Hz GSW activity. Slower repetition rates
interspersed with slow waves may occur in late
stages of the state (48) when discharges also
become increasingly irregular (Figure 12.6),
and have also been reported in some patients
with ASE precipitated by inap-
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arrhythmic GSW with brief
interspersed epochs of normal
background  are  widely
accepted as compatible with
ASE (8-10) (Figures 12.3 and
12.4) and must not be ignored
in the absence of overt signs of
impairment of consciousness.
The type of the ictal discharge
bears no predictive value with
regard to spontaneous termina-
tion or culmination in GTCS.

DIAGNOSIS
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Figure 12.6 Late stages of absence status epilepticus (ASE) in a 59-year-old
woman with generalized tonic-clonic seizures (GTCS) and confusional
episodes since the age of 23 years (video-electroencephalography, August
2005). On phenytoin since the beginning, she had more than 100 of these
episodes that would almost always end in GTCS. She became seizure free
when switched to valproate in 2000, but, because of tremor, she was
changed to carbamazepine by her general practitioner, and her seizures
started again. She has had no more episodes of ASE after she was put on
levetiracetam and a small dose of valproate. Note the slow repetition rate
and the irregularity of the generalized spike-wave activity that is inter-
mixed with synchronous bursts of delta activity (HFF 70 Hz, TC 0.3 s).

All major studies agree that
there is a high rate of misdiag-
nosis and underdiagnosis (7-
10). Agathonikou and
colleagues (8) reported that
ASE was clinically suspected in
only 4 of their 21 patients
(20%), whereas the diagnosis
of NCSE was altogether missed
in 15 (71.5%). Misdiagnosis or
diagnostic delay of up to 40
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years was reported by Baykan and colleagues in
all of their 8 patients (9), whereas all 14 patients
of Thomas and colleagues with AED-induced
ASE had been erroneously diagnosed as having
cryptogenic focal or generalized epilepsies (10).

This substantial diagnostic failure is cer-
tainly due to the considerable clinical overlap
between CPSE and ASE (see Differential Diag-
nosis later in this chapter) but arguably reflects
the perennial bias toward complex partial
seizures and temporal lobe epilepsy. Character-
istically, there are several papers on the misdi-
agnosis of IGE as partial epilepsy (2,11,55-58),
but none on the reverse. Clinical manifestations
are subtle in a possibly substantial number of
patients or ASE episodes. Relatives may not
volunteer a suggestive history, particularly
when symptoms and signs are mild, and physi-
cians may not specifically inquire because
awareness of ASE seems to be inadequate even
among general neurologists.

Diagnosis is frequently missed when symp-
toms are mild and mainly subjective because
patients’ relatively composed appearance may
deceive relatives and physicians alike. One of our
patients with recurrent episodes once attended
the emergency room claiming that he was in ASE,
was not believed, and was sent away, so he made
his way to our department, where a video-EEG
confirmed his own diagnosis. The first episode of
ASE was missed in another patient of ours, not
only by her general practitioner who was called
out, but also by her own daughter. Similar exam-
ples are presented by Baykan and colleagues (9).
Particular attention is needed when the EEG is
discontinuous (Figure 12.3 and 12.4).

Diagnosis of ASE is possible on clinical
grounds when a clear history of a prolonged
confusional state is available in a patient with
clinical and EEG evidence of IGE (7). ASE may
be the first manifestation of the IGE, however,
and full clinical and video-EEG investigation is
necessary after the resolution of the status for
correct diagnosis and, if possible, for syn-
dromic classification. The most important step
toward recognition of such episodes is always
to seek suggestive evidence of altered behavior
or subjective symptomatology around (and
particularly a few hours before) a GTCS, pri-
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marily when these seizures tend to occur late
morning or in the afternoon. Showers of brief
absences may start after awakening. There may
be mild symptoms compatible with the ability
to carry out everyday tasks, but which are asso-
ciated with a feeling of strangeness. Patients
may not volunteer this unless specifically asked.
A 27-year-old patient of ours drove around
London for most of New Year’s Eve, paying vis-
its to his in-laws but offering the wrong Christ-
mas presents to the wrong persons. He had
been feeling “tired, unable to compute his
words and slow in mind” since he woke that
morning. At 4:00 p.m. he drove to a friend’s
house with his wife. She described that he
appeared “slow and very quiet”, and “could
hardly say a word”, but made no driving errors
and had no abnormal movements. He had a
GTCS while driving and fortunately a serious
accident was avoided. A video EEG a month
later showed brief absences, appreciated only
by brief hesitations on breath counting, and he
was diagnosed with the syndrome of phantom
absences with late onset GTCS and ASE.

DIFFERENTIAL DIAGNOSIS

As all types of NCSE, ASE must be differentiated
from nonepileptic conditions that include toxic
or metabolic states, post-traumatic or transient
amnestic states, psychiatric disorders (depres-
sion, schizophrenia or conversion), and epileptic
syndromes and states that are listed in Table 1.
As ASE may also follow a GTCS, any prolonged
“postictal confusion” should raise suspicions
and prompt an EEG recording (52). In the next
section, we shall discuss the main aspects of the
differential diagnosis between CPSE and ASE,
leaving the rest of the epileptic syndromes of
Table 1 for the end of this chapter.

FOCAL NONCONVULSIVE STATUS
EPILEPTICUS (CONVULSIVE STATUS
EPILEPTICUS), INCLUDING
TRANSIENT EPILEPTIC AMNESIA

There is a considerable clinical overlap between
CPSE and ASE: differences are mainly quantita-
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tive, and phenotypes vary a lot across a wide
range in both types, making it almost impossi-
ble to be certain of the diagnosis on clinical
grounds only. In general, impairment of con-
sciousness is milder in ASE than in CPSE and
usually lacks the characteristic cycling changes
between unresponsiveness and partial respon-
siveness that occur in CPSE (19), but fluctua-
tions of behavior and mental state may also
occur in ASE due to varying clustering of indi-
vidual absences and the brief interspersed peri-
ods of normal state. Speech and memory are
also less disturbed in ASE (19,36). Automatic
behavior, including wandering about and fum-
bling with clothes, and experiential phenomena
may occur in both forms. Abnormal motor
phenomena may provide more distinctive clini-
cal cues, as for example regional bilateral (eye-
lid, perioral, or upper limb) myoclonus in ASE
as opposed to the lateralized or focal patterns
in focal NCSE. Such signs may not be present,
however, and some inappropriately treated
patients with IGE may show lateralized motor
behavior during ASE (10). History and EEG
provide more valuable clues: the former may
disclose complex partial seizures, but, again,
differentiation from TA on clinical grounds
only may not be straightforward (59). Ictal
EEG findings are usually lateralized or focal in
focal NCSE (depending on the stage of the
episode [19]), but may be diffuse with GSW
discharges, especially in frontal lobe NCSE and
even in temporal lobe epilepsy (60), mimicking
IGE. Interictal EEG and imaging findings may
also differ markedly, and response to acute
treatment is usually more gradual in focal
NCSE, in which phenytoin is more effective
than benzodiazepines, including in frontal lobe
NCSE (54) (Table 1).

The different forms of focal NCSE are dis-
cussed in Chapters 8 to 11, but transient epilep-
tic amnesia, merits a brief comment. Transient
epileptic amnesia is a rare and not widely
appreciated seizure type of temporal lobe
epilepsy that manifests by predominant or
exclusive transient amnesia without significant
impairment of other cognitive functions
(61,62). Characteristically, patients in transient
epileptic amnesia remain composed and aware
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of self and environment and are able to com-
municate and to deduce missing links from
their surroundings through logical thinking.
Retention of new memories, however, is
severely deranged, there may be some retro-
grade amnesia, and there are amnesic gaps
interrupted by thoughts during the event. In
contrast with transient global amnesia, tran-
sient epileptic amnesia affects younger people,
with recurrent episodes, which are shorter
(minutes to an hour) and may be associated
with other temporal lobe seizures or symptoms,
and there is no impairment of new learning
after the offset of the attack. Interictal EEG
may show temporal lobe abnormalities,
although, in our experience, the electroclinical
profile of transient epileptic amnesia is fre-
quently subtle. In ASE, amnesia is never so
selectively (and seldom so severely) affected,
and the degree is usually proportional to the
associated confusion; interictal and ictal EEG
and seizure history are also different.

Transient epileptic amnesia is exemplified
by a 39-year-old patient of ours who had a
brief déja vu sensation and dizziness as he was
exiting an Internet café in Australia, following
which he kept wandering and asking himself
“Where am I?” and “Where have T just come
from?” until he saw a newsagent selling Aus-
tralian press. He was then helped to his hotel
(he had the address and telephone number with
the key in his pocket), where he recovered an
hour later without significant postictal symp-
toms. He had 10 similar episodes in the last 6
months and isolated déja vu symptoms since his
late teens. His EEG showed temporal sharp
waves, and he has had no other attacks since he
was started on carbamazepine.

THE SYNDROME OF DE NOVO
ABSENCE-LIKE STATUS OF LATE
ONSET

This condition was reported by Schwartz and
Scott in 1971 (63), and the concept was further
developed to include nonepileptic patients who
experience for the first time in middle or old
age a state that bears electroclinical resem-
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blance to idiopathic ASE (64,635). Such episodes
of status are usually triggered by acute with-
drawal of chronic psychotropic medication
(mainly benzodiazepines [65,66], but also tri-
cyclic antidepressants [67], major neuroleptics,
and lithium) and in acute brain injuries; during
electroconvulsive therapy (68-70), angiography
(71) and metrizamide myelography (72, 73); in
acute or chronic alcoholism and metabolic
imbalance; and with exposure to toxic or other
pharmacologic agents (65).

Distinction from idiopathic ASE is clini-
cally important because biologic substrates,
and by implication management and prognosis,
are different. Patients with ASE have only IGE
and need appropriate maintenance treatment
with AED. For those with de novo absence-like
status, removal of the offending factor may suf-
fice, and the overall prognosis is excellent, with
little risk for recurrence (65). Such differentia-
tion may not always be easy or immediately
possible. Elderly individuals with a history of
IGE can also present with ASE, sometimes
under circumstances that may initially appear
similar to those that can trigger de novo
episodes, including alcohol consumption (but
not acute intoxication or withdrawal) and sud-
den AED changes (discontinuation of therapeu-
tic AEDs, including benzodiazepines, or
introduction of a potentially pro-absence drug)
as part of their treatment. A history of episodes
of ASE, unrelated to toxic or metabolic dys-
function, benzodiazepine withdrawal, and
intake of other psychotropic drugs, can be
elicited in most patients with IGE, pushing the
diagnosis toward that direction. Seven of our 8
patients with a history of alcohol-associated
episodes of ASE (8) had several other absence
states clearly unrelated to alcohol. Another dif-
ficulty may be that a previous history of
epilepsy, including past episodes of ASE, may
not be readily available or may not exist. This
is by no means confirmatory of the diagnosis of
de novo absence-like status, and full clinical
video-EEG investigations after the resolution of
the status are mandatory. ASE was the first ever
epilepsy manifestation in adulthood in 5 of our
21 patients (24%, median age 30, average 32,
range 18-56 years) (8). Comprehensive video-
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EEG studies after the first ASE and subsequent
clinical follow-up showed that 4 had phantom
absences (51) and 1 had JAE.

Finally, caution is needed when using age
as major diagnostic criterion (74). Although de
novo absence-like status tends to occur in late
adult life (7), such late onset is by no means dis-
tinctive because it may be observed in patients
with IGE either as a delayed event after long
remission of seizures (65) or as the first overt
epilepsy manifestation (8).

De novo absence-like status is a well-delin-
eated condition with most of the reported
patients falling into a relatively homogeneous
pattern, with the following distinctive charac-
teristics: (1) no evidence of IGE by virtue of
history, clinical examination, video-EEG evalu-
ation, and follow-up after the resolution of sta-
tus epilepticus, (2) unequivocal evidence of an
exogenous trigger or precipitant, mainly drug
withdrawal and acute metabolic or toxic
insults; and (3) a strong tendency for nonrecur-
rence if responsible triggers are identified and
removed and despite the absence of treatment
with AEDs. The underlying pathophysiology is
uncertain, and, therefore, its nosologic taxon-
omy has been controversial. It appears that the
triggering or facilitating potential of these fac-
tors becomes particularly effective when acting
upon brains already compromised by vascular
or degenerative processes, as is more frequently
the case in elderly people. A contribution of a
genetically determined liability cannot be
excluded. The condition is reminiscent of (and
possibly analogous to) the usually on-off occip-
ital seizures triggered by photic stimuli in
nonepileptic alcoholic or migrainous adults
(75) although, here, trigger and electroclinical
response are specific.

TREATMENT AND OUTCOME

ASE is not truly a medical emergency because it
does not appear to bear any acute or lasting
morbidity. Acute treatment is seldom ineffec-
tive because most patients appear to respond to
any benzodiazepine given intravenously or even
orally (76). Intense intravenously administered
treatment with benzodiazepine carries a (rela-
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tively small) risk for hypotension and respira-
tory suppression, and it should be administered
in an intensive care unit setting under EEG
monitoring. In view of the generally mild clini-
cal expression of ASE, such potential morbidity
would make a rigorous protocol with intra-
venously administered benzodiazepine, as in
convulsive status, inadvisable (77). On the
other hand, the high rates of recurrence, the
usually long duration, and the typical termina-
tion with a GTCS pose life-threatening risks (ie,
the patient driving during ASE) and suggest the
need for a standardized approach and compre-
hensive management. Casual management with
agents given orally until patients feel better, fol-
lowed by a hasty discharge and an outpatient
appointment, may be encouraged by patients’
(frequently deceptively) “collected” appear-
ance, especially when associated with a discon-
tinuous EEG pattern (Figure 12.3 and 12.4),
but are clearly insufficient and no longer
acceptable, at least when the first episode of
ASE is concerned.

Currently there are no data on the risk of
early recurrence (some patients suffer GTCS
shortly after the “resolution” of ASE). Clinical
features may be deceptive, and there are no
EEG criteria to unequivocally define the offset
of the episode (reducing the density of GSW
discharges may not be enough, particularly in
the absence of a baseline interictal recording)
(Figure 12.1). Adequate time for full assess-
ment and EEG availability are important, and a
brief admission on suspicion is deemed neces-
sary to foster full differential diagnosis and
ensure clinical and EEG clearance despite its
cost. Besides, not all cases are simple
(10,43,48), drug changes may be necessary, and
blood levels of appropriate drugs may need to
be increased. Benzodiazepines may be used,
either intravenously (lorazepam as longer act-
ing), or (perhaps first) orally in the EEG depart-
ment. Intravenously administered clonazepam
(not available in the US) may have a place if
there is prominent myoclonus (9). More
detailed information on treatment can be found
in Chapter 20.

Once the diagnosis of IGE, appropriate
treatment, and good compliance are secured,
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outcome is favorable in most patients (8-
10,43). Further information on outcomes in
NCSE can be found in Chapters 21 and 22.

OTHER EPILEPTIC SYNDROMES
AND CONDITIONS THAT ARE
ASSOCIATED WITH
NONCONVULSIVE STATUS
EPILEPTICUS WITH ASPECTS OF
DIFFERENTIAL DIAGNOSIS FROM
ABSENCE STATUS EPILEPTICUS

CRYPTOGENIC GENERALIZED
EPILEPTIC SYNDROMES AND
ENCEPHALOPATHIES WITH ABSENCE
/ MYOCLONIC STATUS
(NONIDIOPATHIC ABSENCE STATUS
EPILEPTICUS AND MYOCLONIC
STATUS EPILEPTICUS)

In this group of epilepsies the clinical pheno-
type is most frequently mixed, with impairment
of consciousness and coexistent myoclonus of
varying topography and intensity. Either com-
ponent may predominate, and episodes are usu-
ally associated with irregular and rather mixed
(spike-wave, sharp and slow rhythms) general-
ized EEG activity. Other common characteris-
tics that distinguish these conditions from IGE
may include multiple seizure types, frequent
developmental delay, variably abnormal EEG
background, and a general reluctance to
respond to acute treatment with benzodi-
azepines (78) (Table 12.1). See also Chapters
16, 17, and 19.

CHROMOSOMAL DISORDERS

For specific chapters on these entities, refer to
Chapters 16, 17, and 19.

Angelman syndrome

Angelman syndrome (partial monosomy 15q) is
a severe neurodevelopmental disorder related
to absence of maternal contribution to chromo-
some 15q11-q13. The interictal EEG shows
rather characteristic large monomorphic slow
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spike-wave activity at 2 Hz over the posterior
areas that becomes diffuse symmetrical, bilat-
eral, and synchronous.

Nonidiopathic ASE appears to be frequent.
Prolonged and recurrent states of reduced
responsiveness associated with continuous or
intermittent diffuse spike-wave activity at 2 to
3 Hz and variably with myoclonias and rhyth-
mic eye blinking have been described in 4 of 8
sporadic cases (79) and in 1 of 3 siblings (80)
with early onset; episodes of nonidiopathic
MSE seem also frequent (81).

Ring chromosome 20 syndrome

Ring chromosome 20 syndrome is a rare chro-
mosomal syndrome characterized by variable
psychomotor delay and behavioral disturbance
and frequent episodes of NCSE, but there are
no dysmorphisms, and this may delay the diag-
nosis. The NCSE in ring chromosome 20 is
probably best described as mainly an absence
state with an associated myoclonic component.
Episodes take the form of prolonged confu-
sional and variably amnesic or twilight states,
with facial or limb myoclonias, ambulatory or
persevering automatisms, or even complete
arrest and muteness. They last more than 20 to
30 minutes and may recur several times in the
same day. The EEG during the status shows
mainly diffuse high-voltage, rhythmic, 2- to 4-
Hz, slow wave with variably intermixed spike-
wave activity that predominate frontally, but
forms with either regular spike-wave or rhyth-
mic slow waves only may also occur (82). The
condition may be misdiagnosed in middle-aged
patients as de novo absence-like status if previ-
ous episodes are not identified, and frontal lobe
status should be also considered in view of the
affective and autonomic symptomatology.

Severe myoclonic epilepsy in infancy

First described by Dravet in 1978 (83), the
severe myoclonic epilepsy in infancy (Dravet
syndrome) is a genetic channelopathy (84) and
a syndromic phenotype that can occur within
the frame of generalized epilepsies with febrile
seizures plus (GEFS+) (85). Generalized
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myoclonic seizures typically appear in the sec-
ond or third year, followed by atypical absences
that may be simple or accompanied by a
myoclonic component merging into a mixed
phenotype. Focal and tonic seizures also occur.

Absence status may occur any time
between the second year of life and late teens in
at least 30% to 40% of cases and is clinically
associated with variably impaired and fluctuat-
ing consciousness and erratic myoclonus in the
limbs and face. The EEG shows a continuous
generalized arrhythmic mixed activity consist-
ing of slow waves, spike-wave activity, and dif-
fuse sharp waves, which is maximal
frontocentrally. Typically, there is no relation-
ship between spikes and segmental myoclonus.
Episodes can be initiated by, punctuated by, or
end in GTCS and persist for hours and even
days (obtundation status), maintained by envi-
ronmental visual stimuli or eye closure (photo-
sensitivity occurs in up to 42% of children and
may persist [86]). During status, differentiating
electroclinical features include the segmental
erratic myoclonias, the never-rhythmic 3-Hz
slow-wave activity, and the poor response to
diazepam.

OTHER NONPROGRESSIVE
SYMPTOMATIC ENCEPHALOPATHIES

Recurrent episodes of myoclonic status can
occur in other nonprogressive symptomatic
encephalopathies that relate to cortical dys-
plasias (probably genetically determined) and
early anoxic or hypoxic injuries (87).

CRYPTOGENIC GENERALIZED
EPILEPSIES

Myoclonic astatic epilepsy (37, 88)

Myoclonic astatic epilepsy is a genetically
determined (some patients may fall into the
spectrum of GEFS+) nonlesional generalized
epilepsy that affects previously normal children
between 2 and 5 years but has a variable
course, ranging from good responsiveness to
treatment with normal cognitive functions and
even remission to a nonprogressive epileptic
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encephalopathy with seizure intractability and
cognitive impairment (37,88). Episodes of
absence or myoclonic status occur in most chil-
dren and are characterized by depressed con-
sciousness and responsiveness, multifocal
arrhythmic twitching in limbs and face, and a
very chaotic EEG with asynchronous spike-
wave discharges that resemble hypsarrhythmia.
Myoclonic astatic epilepsy shares many clinical
features with cryptogenic Lennox-Gastaut syn-
drome, particularly its myoclonic form (89).

The syndrome of myoclonic absences

This rare type of cryptogenic generalized
epilepsy was described by Tassinari (90,91) and
is characterized by myoclonic absences that are
associated with 3-Hz regular GSW activity,
similar to the typical absences in childhood or
juvenile absence epilepsies, but also with bilat-
eral myoclonic jerks of the arms and legs that
are time locked to the spike component of the
ictal discharge and have a superimposed tonic
contraction resulting in a characteristic step-
wise upward abduction of the arms. Absence
status without myoclonus has been reported in
17% of patients, but myoclonic absence status
1s rare.

Nonconvulsive epileptic states in idiopathic
focal epilepsies of childbood and related

syndromes

Benign rolandic epilepsy with centrotemporal
spikes and Panayiotopoulos syndrome are the 2
major representatives of this group of disorders
and are detailed in Chapter 17. They are only
briefly described in Table 12.1 here because
both may present with prolonged NCSE that,
despite their “focal” character, can manifest
with bilateral or diffuse symptoms, distinctly
different from the focal semiology of the symp-
tomatic focal epilepsies (92). Apart from the
the autonomic status that may occur in about
half of the children with Panayiotopoulos syn-
drome, all the other forms of NCSE in idio-
pathic focal epilepsies (Table 12.1) are rare and
occur in atypical evolution of rolandic epilepsy
and Panayiotopoulos syndrome.
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CHAPTER 13

NONCONVULSIVE STATUS EPILEPTICUS IN
CRITICALLY ILL AND COMATOSE PATIENTS IN
THE INTENSIVE CARE UNIT

JEFFREY JIRSCH, LAWRENCE ]. HIRSCH

Over the last 2 decades, continuous electroen-
cephalographic EEG monitoring (CEEG) has
become an important tool in neurocritical care,
with multiple potential indications (Table
13.1). Its widespread availability has allowed
clinicians to recognize that nonconvulsive
seizures (NCSzs) and nonconvulsive status
epilepticus (NCSE) are common in critically ill
patients. Indeed, it is fair to say that physicians
taking care of critically ill patients with neuro-
logic problems who are not recognizing NCSzs
or NCSE with some frequency are missing the
diagnosis. Although NCSzs and NCSE are not
rare, most experienced neurologists may be
challenged by complexities in clinical and EEG

presentation when trying to identify and treat
these patients. This chapter highlights selected
clinical and EEG aspects in critically ill patients
and suggestions for the practicing physician.

RECOGNITION OF
NONCONVULSIVE STATUS
EPILEPTICUS IN THE CRITICALLY ILL

Most often, CEEG monitoring is begun in
patients with depressed levels of consciousness,
either unexplained or in the setting of a known
acute brain injury. In some patients, there has
been a prior clinical seizure or there are on-going

TABLE 13.1 POTENTIAL INDICATIONS FOR CONTINUOUS ELECTROENCEPHALOGRAPHIC

MONITORING

1. Detection of subclinical seizures
a) Fluctuating mental status
b) Unexplained alteration of mental status

¢) Acute supratentorial brain injury with altered mental status

d) After convulsive status epilepticus
2. Characterization of spells

a) Episodic posturing, other paroxysmal or repetitive movements

b) Subtle twitching, nystagmus, eye deviation, chewing

¢) Paroxysmal autonomic spells including tachycardia or hypertension

3. Assessment of level of sedation and following trends
4. Management of burst-suppression in anesthetic coma

5. Detection of ischemia
a) After subarachnoid hemorrhage

b) During and after vascular neurosurgical or interventional neuroradiological procedures

¢) In patients with hemodynamic lesions and borderline flow

d) In other patients at risk for in-hospital acute ischemia

6. Prognostication

From Hirsch L]. Continuous EEG monitoring in the intensive care unit: an overview. | Clin Neurophysiol
2004;21:332-40. Reprinted with permission from the American Clinical Neurophysiology Society.
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subtle clinical manifestations raising the possi-
bility of status epilepticus. Estimates of the
prevalence of NCSzs and NCSE among criti-
cally ill neurologic patients vary. Comparison
among studies is partly complicated by lack of
a clear definition for NCSzs. For example, sub-
tle movements (eg, facial twitching, eye devia-
tion, nystagmus) are included in the definition
of NCSE in some studies (1,2) but not others
(3). Moreover, differing CEEG practices (eg,
time of initiation, duration, patient selection)
and interindividual variability in the diagnosis
of ictal activity also complicate the mostly ret-
rospective series.

Even with the most stringent diagnostic cri-
teria, the prevalence of NCSzs and NCSE is
high, suggesting that even the most attentive
critical care physician would miss the diagnosis
without EEG monitoring. Towne and col-
leagues studied 236 comatose patients in the
intensive care unit (ICU) who had no prior clin-
ical seizures or even subtle movements and
found that 8% of this population was in NCSE
(3). In other series, the overall rate of all types
of electrographic seizures varies between 19%
and 34% among various large centers using
CEEG; NCSzs, defined by subtle or no overt
manifestations, occurred in 54% to 92% of
seizing patients (2,4,5). Almost any acute struc-
tural or toxic central nervous system insult can
manifest as NCSzs and NCSE. Some notable
subpopulations at risk are those with intracere-
bral hemorrhage (29% have NCSzs) (6), cen-
tral nervous system infection (26%) (2), brain
tumor (23%) (2), severe head trauma (22%)
(7), and subarachnoid hemorrhage (18%) (2,8)
or following neurosurgery (23%) (2). The pres-
ence of subarachnoid or intraparenchymal
blood seems to be a particularly important fac-
tor in the development of seizures and is more
significant than the size of the stroke. Accord-
ingly, several series have shown that critically ill
patients with ischemic stroke have a lower inci-
dence of seizures than do patients with intrac-
erebral hemorrhage (2,6,9). The location of
hemorrhage is also important, with lobar
bleeds being complicated by seizures more fre-
quently than deep subcortical bleeds in 2 sepa-
rate studies (7,10).

NONCONVULSIVE STATUS EPILEPTICUS

Aside from the primary diagnosis, there are
other clinical and EEG factors that should alert
the clinician to the possibility of NCSE. The
presence of coma is probably the most impor-
tant risk factor for seizures in the critically ill
because more than half of 97 comatose patients
undergoing CEEG had electrographic seizures
in 1 study (2). Younger patients (age < 18 years)
may be particularly prone to developing all
types of seizures, including nonconvulsive
events (2,11). In the series by Jette and col-
leagues (11), 44% of critically ill pediatric
patients who had CEEG were in fact seizing,
with 75% of these having no overt clinical
signs, compared with 19% and 92% of adult
patients, respectively (2). Recent generalized
tonic-clonic seizures, a history of epilepsy, or a
history of a remote symptomatic central nerv-
ous system insult (eg, stroke, neurosurgical
intervention, or brain tumor) are further
important risk factors for electrographic
seizures (2,12). Two large series showed that
continued electrographic seizure activity is
common after the apparent control of general-
ized tonic-clonic seizures, with 20% having
NCSzs in 1 large prospective trial (1) and 14%
in NCSE on CEEG in another (13). Indeed, a
prolonged “postictal” state following general-
ized convulsions should alert the physician to
the possibility of NCSE.

NCSE and NCSzs in the critically ill are
often generalized on EEG by the time of diag-
nosis and throughout the event. Given the fre-
quent associated structural foci, these are
usually considered secondarily generalized
seizures, and a precise seizure-onset zone is
often absent from the EEG. Some forms of gen-
eralized NCSE, also known as “absence status
epilepticus,” are usually managed outside of the
ICU because patients are not comatose and
tend to respond well to treatment.

There are a number of electrographic inter-
ictal findings that are associated with seizures.
The absence of electrographic reactivity to
external stimuli is associated with a greater risk
of NCSzs in children (11), and periodic patterns
such as periodic lateralized epileptiform dis-
charges and generalized periodic epileptiform
discharges are associated with NCSz activity on
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CEEG (2,10); these periodic patterns are dis-
cussed in further detail in Chapter 6.

Young and colleagues (14) wrote that
ongoing seizure activity in the ICU should be
suspected in the following instances: (1) pro-
longed encephalopathy following generalized
convulsions, an operative procedure, or a neu-
rologic insult; (2) acutely impaired conscious-
ness or fluctuating consciousness interrupted
by normal alertness; (3) impaired mentation or
consciousness with facial myoclonus or nystag-
mus; (4) episodic staring, aphasia, or automa-
tisms (eg, limb or facial); or (5) other acutely
altered behavior without obvious etiology. To
this list must be added that encephalopathic
patients with a history of epilepsy or remote
symptomatic brain lesions (eg, stroke, brain
contusion) should also be considered at high
risk for developing electrographic seizures in
the ICU, and periodic interictal EEG patterns
warrant further attention with more-prolonged
EEG monitoring for NCSzs. We now recognize
that the variety of clinical signs associated with
NCSE includes not only clonic movements of
the face or limbs, but also ocular movements
(eg, hippus, nystagmus, sustained eye devia-
tion, eyelid blinking), and these last have high
specificity for the diagnosis of NCSE in the
appropriate clinical context (12).
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EEG DETECTION OF NCSZS

TECHNICAL ASPECTS

CEEG recording requires thorough technical
maintenance of the entire recording pathway to
ensure high quality. Ideally, electrodes are
secured with collodion and inspected at least
twice daily because critically ill patients are fre-
quently agitated, being repositioned, or trans-
ported for various tests and procedures. Some
institutions use magnetic resonance imaging
(MRI)-compatible electrodes and cables that
can simplify technical maintenance of monitor-
ing (15), although there are no convenient, non-
invasive, MRI-compatible, and US Food and
Drug Association-approved electrodes available
yet. Skull defects (eg, for a catheter or cran-
iotomy) and scalp swelling are often present,
and these alterations in recording surface may
result in enhancement or blunting of faster fre-
quencies, respectively. Technicians need to judi-
ciously follow this altered scalp topology and

concomitant altered placements of electrodes.
An important evolution of CEEG occurred
when video recording became used more rou-
tinely during recordings. EEGs in the ICU are
frequently contaminated by rhythmic artifacts
that may mimic electrocerebral activity and
even seizures. Some of these

Figure 13.1 Rhythmic chewing artifact mimicking an electrographic
seizure. Reprinted with permission of the American Society of Elec-

troneurodiagnostic Technologists, Inc. (16).
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Figure 13.2 Chest-percussion artifact mimicking an electrographic seizure.
Jette N, Hirsch L]. Continuous electroencephalogram monitoring in crit-
ically ill patients. Curr Neurol Neurosci Rep 2005;5:312-321. Reprinted
with permission from Current Science, Inc.

2~ loofipee = e NG

= e DM TOke = (BHaa ([l = v

! ; SN, P v [ e Mr,}"&_-,_ e e A
wﬂmﬁd—xw 0 2 I~ Y e - et B 8
—VMW“MJAWVWMM ¥ s e e I e e o O
s R B U o o ¥ ey O Ex o i Ry It (08 S BB

Fo2fs st A, W_--mﬂ\hﬁ/“ﬂ e
FALE i e i P UL | I g Y IO i L Tt
s  duis R SR . e SRy, SR P i e P
PA) e PR B s T

Fel 7
FrT3
T3S

1801 .“'-'—\..._;

Feafl —w }U'.,r-r"‘-.“_,—-a-'“—-\.__“_“__,f"‘x_,\ N(\'“\t-_._,.,-«a_FW—-_-Nu.uﬂ..

T4 e L e pi s e PR g

1476 w—fu‘ah,nﬁm_whaw__wﬂuw A AT

Te02 Wmﬁ s mmme L, AR o e i i P

Fele wrwwwﬁdfh\wmm’“”ﬁw el M‘""‘Mv’\-\

L T g B N T g WIS P, et S W
JP | | | s !

PCAs T i .—*’ \ Ml A [ LM~

AL S wx\_“/a.wa M A }.‘_j,‘/-'u’ay\\;:_ ~ f’t»r’)

| Be)
Toa |rrossmon 17965800 7""‘7"‘“

ilm 78 00 1707 (4 0K}

Figure 13.3 Respirator artifact with frontally dominant rhythmic theta
discharges coinciding with triggering of the respirator. From Wittman JJ,
Hirsch LJ. Continuous electroencephalogram monitoring in the critically
ill. Neurocrit Care 2005;2:330-341. Reprinted with permission of the
Neurocritical Care Society.

it can also aid in the character-
ization of spells that we have
referred to as “ICU pseudo-
seizures.” It is not uncommon
for comatose patients to have
episodic posturing, twitching,

- tremors, chewing, or sudden

changes of blood pressure and
heart rate without obvious
source. These are occasionally
s diagnosed clinically as seizures
at the bedside but are later
shown to have no EEG corre-
late. It is helpful for the elec-
trophysiologist to be able to
link the clinical events to the
EEG, with clear implications
in terms of management.

DURATION OF EEG
RECORDING

In terms of NCSz and NCSE
detection, it is clear that the
use of only briefer EEGs fails
to capture seizures in many
patients. Pandian and col-
leagues recorded routine 30-
minute EEGs at the beginning
of the vast majority of their
105 critically ill patients
undergoing CEEG (median
duration 2.9 days) and identi-
= fied electrographic seizures in
11% of patients with routine
EEG, versus 27% with pro-
longed recording (P < 0.01)
(5). Similarly, the Columbia
series involved 110 patients
with seizures detected on
CEEG, and only slightly more
than half had electrographic

rhythmic, periodic, or ictal discharges (SIR-
PIDs) that are quite common in comatose
patients but would often be missed without
simultaneous audio-visual records (17).
Although simultaneous video can help dis-
criminate artifacts from epileptic EEG patterns,

seizures in the first hour of recording (2). As for
NCSE, 1 study found that a prolonged test was
more than § times as likely to reveal the diag-
nosis (18). Thus, a 30- to 60-minute EEG is
clearly inadequate in identifying many patients
with NCSzs or NCSE.
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Although routine 30-minute recordings are  ill neurologic patients. The Columbia series
clearly inadequate, economic considerations  determined that, of all patients with seizures on
militate against prolonged EEG in all critically =~ CEEG, 95% of those not in coma had the first

TABLE 13.2 CRITERIA FOR NONCONVULSIVE SEIZURE

Any pattern lasting at least 10 sec satisfying any 1 of the following 3 primary criteria:

PRIMARY CRITERIA

® Repetitive generalized or focal spikes, sharp-waves, spike-and-wave complexes at = 3/sc

® Repetitive generalized or focal spikes, sharp waves, spike-and-wave or sharp-and-slow wave complexes at
< 3/sec and the secondary criterion

¢ Sequential rhythmic, periodic, or quasi-periodic waves at = 1/sec and unequivocal evolution in frequency
(gradually increasing or decreasing by at least 1/sec, eg, 2 to 3/sec), morphology, or location (gradual
spread into or out of a region involving at least 2 electrodes). Evolution in amplitude alone is not suffi-
cient. Change in sharpness without other change in morphology is not enough to satisfy evolution in
morphology.

SECONDARY CRITERION

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

From Chong D], Hirsch L]. Which EEG patterns warrant treatment in the critically ill? Reviewing the evi-
dence for treatment of periodic epileptiform discharges and related patterns. | Clin Neurophysiol
2005;22:79-91. Chong and Hirsch modified the criteria of Young and colleagues (14). Reprinted with the
permission or the American Clinical Neurophysiology Society. EEG refers to electroencephalographic.

TABLE 13.3 BENZODIAZEPINE TRIAL FOR THE DIAGNOSIS OF NONCONVULSIVE STATUS
EPILEPTICUS

Patients: Rhythmic or periodic focal or generalized epileptiform discharges on EEG with neurological
impairment.

Monitoring: EEG, pulse oximetry, blood pressure, ECG, respiratory rate with dedicated nurse.

Antiepileptic Drug Trial:
¢ Sequential small doses of rapidly acting short-duration benzodiazepine such as midazolam at 1 mg/dose.
¢ Between doses, repeated clinical and EEG assessment.
e Trial is stopped after any of the following:
— Persistent resolution of the EEG pattern (and exam repeated)
— Definite clinical improvement
— Respiratory depression, hypotension, or other adverse effect

— A maximum dose is reached (such as 0.2 mg/kg midazolam, though higher may be needed if on
chronic benzodiazepines)
e Test is considered positive if there is resolution of the potentially ictal EEG pattern AND either an
improvement in the clinical state or the appearance of previously absent normal EEG patterns (eg, poste-
rior dominant “alpha” rhythm). If EEG improves but patient does not, the result is equivocal.

From Jirsch ], Hirsch L]. Nonconvulsive seizures: developing a rational approach to the diagnosis and man-
agement in the critically ill population. Reprinted with permission of the International Federation of Clinical
Neurophysiology (53). EEG refers to electroencephalogram; ECG, electrocardiogram.
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seizure detected in the first 24 hours of record-
ing (2). In contrast, comatose patients may
require longer recordings to identify seizures
because only 80% of comatose patients with
seizures have the first seizure detected in the
first 24 hours, and 87% in the first 48 hours. In
children, half of patients with seizures have the
first seizure within the first hour of EEG, and
80% within 24 hours (11). For the detection of
NCSzs, it is probably reasonable to monitor
critically ill neurologic patients who are not
comatose for 24 hours but to continue for at
least 48 hours in comatose patients, when peri-
odic discharges are present, or if antiepileptic
medication is being withdrawn.

EEG INTERPRETATION

There are several problems in the EEG and clin-
ical diagnosis of NCSE. Neurophysiologists are
far from reaching a consensus, but attempts
have been made to develop electrographic crite-
ria for NCSzs (Table 13.2). As part of the diag-
nosis, many use the clinical and EEG response
to benzodiazepines (Table 13.3), but, unfortu-
nately, an equivocal result is not uncommon. A
given patient’s EEG pattern may fail to fulfill
the proposed seizure criteria yet remain suspi-
cious both clinically and electrographically for
the presence of ictal activity, and the diagnosis
may remain unproven. Beyond the rhythmic
and periodic artifacts listed above, electro-
graphic seizures in these patients are usually
slower in frequency than those seen in ambula-
tory patients with epilepsy and usually remain
in the delta frequency range (19,20). As a
result, traditional adult seizure-detection algo-
rithms used in epilepsy monitoring units are not
sufficiently sensitive in the ICU setting (21).

There is a clear need for validation of detec-
tion algorithms for this population in order to
lighten the burden of analyzing the enormous
quantity of data that quickly accumulates.
Compressed spectral array using fast Fourier
transformation and other quantitative EEG
trending tools, such as amplitude-integrated
EEG or alpha:delta ratios, are used increasingly
at many centers for EEG monitoring. Examples
are shown in Figures 13.4 and 13.5.

NONCONVULSIVE STATUS EPILEPTICUS

MANAGEMENT OF
NONCONVULSIVE STATUS
EPILEPTICUS IN THE COMA AND
IN THE INTENSIVE CARE UNIT

EVIDENCE FOR THE DELETERIOUS
EFFECTS OF NONCONVULSIVE
STATUS EPILEPTICUS IN THE
CRITICALLY ILL

Permanent dysfunction following prolonged
NCSE without any other acute brain insult is
rarely reported and has generally involved
seizures that were very prolonged, for more
than 36 hours (22,23). Moreover, animal mod-
els that are commonly cited to argue for the
damaging effects of status epilepticus on the
brain (24) may not be pertinent in critically ill
patients because seizures in those models
involve rapid epileptiform discharges that are
much different from the slower, less intense dis-
charges usually seen in the ICU. The NCSE seen
in comatose patients is similar to the general-
ized spike-and-wave pattern seen in idiopathic
generalized epilepsies, such as absence seizures,
and absence status does not cause permanent
injury (235).

Nevertheless, there are many observa-
tional, epidemiologic, and laboratory findings
to bolster the view that NCSE is harmful in
these patients. Jaitly and colleagues found that
having ictal discharges that persisted after clin-
ical status epilepticus was controlled was asso-
ciated with a highly significant increase in
morbidity and mortality, even after controlling
for etiology (26). Young and colleagues exam-
ined 49 patients with NCSzs and found that
age, ICU length of stay, and etiology all corre-
lated with mortality, but only seizure duration
and delay to diagnosis remained significant
after multiple logistic regression analysis (14).
Also, in a rodent model of NCSzs produced by
acute middle cerebral artery occlusion, seizure
prevention with antiepileptic drugs resulted in
a significant reduction in mortality, with the
frequency of NCSz correlating with infarct
size (27).

Many also argue that the acute sympto-
matic brain may be particularly prone to the
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Figure 13.4 Nonconvulsive status
epilepticus from flat background.
Utility of compressed spectral array
(CSA) in rapid detection of seizures
during prolonged monitoring. This
8-year-old child had refractory sta-
tus epilepticus, treated with barbitu-
rate-induced coma for several weeks,
and seiz