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ARE ICTAL FAST RIPPLES AN “ELECTRONIC SIGNATURE” FOR THE
SEIZURE-ONSET ZONE?

High-Frequency Oscillations during Human Focal Seizures. Jirsch JD, Urrestarazu E, LeVan P, Olivier A, Dubeau
E Gotman J. Brain 2006;129(Pt 6):1593—1608. Discrete high-frequency oscillations (HFOs) in the range of 100-500 Hz have
previously been recorded in human epileptic brains using depth microelectrodes. We describe, for the first time, similar oscillations in a
cohort of unselected focal epileptic patients implanted with EEG macroelectrodes. Spectral analysis and visual inspection techniques
were used to study seizures from 10 consecutive patients undergoing presurgical evaluation for medically refractory focal epilepsy.
Four of these patients had focal seizure onset in the mesial temporal lobe, and in all 12 of their seizures, well-localized, segmental,
very high frequency band (VHF 250-500 Hz) oscillations were visually identified near the time of seizure onset from contacts in this
zone. Increased high-frequency band (HF 100-200 Hz) activity compared with the background was distinguished both visually and
with spectral analysis later in the seizures of 3/4 mesial temporal patients, involving contacts in the generator region and, in one
patient, areas of contralateral perihippocampal propagation. Three patients with well-defined neocortical seizure-onset areas also
demonstrated focal HF or VHF oscillations confined to the seizure-onset channels during their eight seizures. No discrete HF or
VHF activity was present in the poorly localized seizures from the remaining three patients. These results show that discrete HFOs
can be recorded from human focal epileptic brain using depth macroelectrodes, and that they occur mostly in regions of primary
epileptogenesis and rarely in regions of secondary spread. Absent high-frequency activity seems to indicate poor localization, whereas
the presence of focal HFOs near the time of seizure onset may signify proximity to the epileptogenic focus in mesial temporal lobe
and neocortical seizures. We postulate that focal HFOs recorded with depth macroelectrodes reflect the partial synchronization of very
local oscillations such as those previously studied using microelectrodes, and result from interconnected small neuronal ensembles.
Our finding that localized HFOs occur in varying anatomical structures and pathological conditions perhaps indicates commonality to

diverse epileptogenic etiologies.

COMMENTARY

hen neurosurgical treatment of medically refractory fo-

cal epilepsy is considered, the site of seizure origination
is often identified by concordance of localizing information
from neuroimaging studies and noninvasive EEG recordings.
In many cases, however, this information is inadequate, and
invasive EEG recording of seizures, using intracranial subdu-
ral, depth, or epidural electrodes, is needed to identify the zone
of seizure onset. Interpretation of invasive ictal recordings can
be challenging, both because electrical abnormalities may be
widespread and because surgically implanted electrodes may be
placed in a location that does not adequately cover the seizure-
onset zone. Interictal epileptiform discharges are seldom dis-
cretely localized to the region of seizure onset. When electrode
arrays are not correctly placed, the electrode in which the ictal
electrographic discharge first appears may only be a region of
secondary propagation from an uncovered, and thereby uniden-

tified, seizure-onset zone.
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When interpreting invasive recordings, how can one be
certain that the true region of seizure onset has been identified?
When should the clinician suspect that only a region of sec-
ondary spread has been found? One criterion is the temporal
relation between the initial behavioral seizure manifestations
and the onset of the electrographic discharge. If signs or symp-
toms of the seizure begin before the electrical changes, surely
only a region of secondary propagation has been identified. An-
other clue is the presence of high-frequency activity, typically
in the gamma (30-80 Hz) frequency range, at the onset of the
ictal electrographic discharge (1,2). Such activity, sometimes
colloquially referred to as a “buzz,” has long been recognized by
electroencephalographers as a useful marker of the seizure-onset
zone. Yet, this phenomenon has been poorly characterized and
understood, which is in part because conventional EEG record-
ings typically are limited to a bandwidth of approximately 0.5
to 70 Hz.

Investigation of higher-frequency bands—consisting of
“ripples” (high-frequency oscillations of 80-200 Hz) and “fast
ripples” (very high-frequency oscillations of 250-500 Hz)—in
human focal epilepsy is compelled by an impressive body of
basic research. Ripples were first recorded in CA1 hippocampal
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pyramidal cells and later in entorhinal cortex; they are most
prominent during non-REM sleep and are thought to have a
normal, functional role (3). Both ripples and fast ripples have
been recorded in experimental hippocampal and neocortical fo-
cal seizures (4,5) and in human mesial temporal epilepsy (5). In
human epileptic hippocampus and entorhinal cortex, two spec-
trally distinct oscillations have been recorded and interpreted as
representing physiological ripples and pathological fast ripples
associated with epileptogenesis (6). In rats made epileptic by
intrahippocampal kainate injection, stable sites of interictal fast
ripples are established in the hippocampus, and the number
of electrodes from which fast ripples could be recorded cor-
relate with how often spontaneous seizures occur (7). It has
been proposed that high-frequency 200-Hz oscillations in the
hippocampus result from axons of depolarized hippocampal
pyramidal cells, which are electrically coupled by gap junc-
tions that phasically excite interneurons at ripple frequencies
(8). Another, perhaps, complimentary mechanism, which was
proposed to explain observations of recordings of experimental
neocortical seizures, is that ictal fast oscillations could be a re-
flection of synchronous action potentials that generate strong
field potentials (“field ripples”), which help produce and syn-
chronize action potentials in an autoregenerative fashion (4).
Grenier et al. also have presented evidence that ripples occur at
the transition to ictal events and are involved in the mechanism
of seizure initiation (4).

The experimental data cited in the previous paragraph put
fast ripples at the onset of seizures, both in time and in space.
In this context, the work by Jirsch et al. begins to translate
these basic science findings into a useful clinical tool for seizure
localization. The authors describe the recording and analysis
techniques for identifying and localizing ictal ripples and fast
ripples during presurgical recordings with conventional depth
electrodes in human focal epilepsy. Acquisition with a low-pass
filter of 500 Hz and a sampling frequency of 2,000 Hz is key.
Visual inspection of the recording (with appropriate expansion
of the time base and high-pass filtering) is a more informative
method of identifying high- and very-high-frequency oscilla-
tions than is spectral analysis.

The work by Jirsch and colleagues convincingly demon-
strates, for the first time, that it is possible to detect and localize
ictal 80-400 Hz activity in human intracranial recordings using
conventional depth electrodes and that this activity is found at
the seizure-onset zone, as determined by analysis of the EEG at
conventional frequencies. However, it has not yet been proven
that the boundaries of a fast ripple zone would correspond ex-
actly to the margins of the seizure-onset zone that should be
surgically resected. It also has not yet been demonstrated that
fast ripples are a universal feature of seizure foci of all etiologies.

This important preliminary research by Jirsch et al. raises

several issues for future research:

1. Accthis point, the results only have been validated by com-
parison with conventional clinical determination of the
seizure-onset zone, not by the “gold standard” of surgical
outcomes.

2. Only 10 patients have been studied, with focal corti-
cal dysplasia, mesial temporal atrophy, destructive gli-
otic lesions, or cryptogenic epilepsy—a larger number of
localization-related epilepsies of diverse etiologies needs

to be investigated.

3. Depth electrodes have only limited spatial sampling along
a single dimension. Mapping of neocortical seizure-onset
zones in two dimensions with subdural grids may help
to better define the borders of the ictal electrical changes
and, thereby, confirm exact colocalization of the fast rip-
ple and seizure-onset zones. Special recording arrays with
smaller, more densely placed electrodes may be necessary

to reliably detect and adequately localize fast oscillations.

4. The experimental literature indicates that fast ripples are
also an interictal marker of the seizure-onset zone—brief
bursts of fast oscillations without associated change in be-
havior occur frequently in animals with kainate-induced
epilepsy. Jirsch et al. only looked at fast ripples that oc-
curred during behavioral seizures and did not examine
other portions of the recording for high-frequency oscil-
lations. If this relationship between interictal fast ripples
and the seizure-onset zone also exists in human epilepsy
and is robust, this finding could lead to new approaches to
identifying the surgical seizure focus without ictal record-
ing, perhaps even noninvasively, by techniques such as
magnetoencephalography.

Finally, the work by Jirsch et al. provides additional ev-
idence that the conventional EEG recording bandwidth, de-
termined by the technical limitations of midtwentieth century
recording devices, discards very valuable information. Scalp ic-
tal recordings typically contain their highest power at infraslow
(<0.5 Hz) frequencies, which can be used for ictal localiza-
tions (9). The current work now demonstrates that for invasive
monitoring, recording of frequency bands in the 80-500 Hz
range may not only be a practical tool to identify the seizure
focus for surgical resection, but also may give new insights into
mechanisms of epileptogenesis.

by John W. Miller, MD, PhD
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IS EPILEPSY INTRACTABILITY PREDETERMINED OR ACQUIRED?

How Long Does it Take for Epilepsy to Become Intractable? A Prospective Investigation Berg AT, Vickrey BG, Testa
FM, Levy SR, Shinnar S, DiMario E Smith S. Ann Neurol 2006;60:73—79. OBJECTIVE: To determine prospectively when in
the course of epilepsy intractability becomes apparent. METHODS: Data are from a prospective cohort of 613 children followed for a
median of 9.7 years. Epilepsy syndromes were grouped as focal, idiopathic, catastrophic, and other. Intractability was defined in two
ways: (a) two drugs failed, 1 seizure/month, on average, for 18 months (stringent), and (b) failure of two drugs. Delayed intractability
was defined as 3 or more years after epilepsy diagnosis. RESULTS: Eighty-three children (13.8%) met the stringent and 142 (23.2%)
met the two-drug definition. Intractability depended on syndrome (p < 0.0001): 26 (31.3%) children meeting stringent and 39 (27.5%)
meeting the two-drug definition had delayed intractability. Intractability was delayed more often in focal than catastrophic epilepsy
(stringent: 46.2 vs 14.3%, p = 0.003; two-drug: 40.3 vs 2.2%, p = 0.0001). Early remission periods preceded delayed intractability in
65.4-74.3% of cases. After becoming intractable, 20.5% subsequently entered remission and 13.3% were seizure free at last contact.
INTERPRETATION: Intractable epilepsy may be delayed, especially in focal epilepsy. It often is preceded by a quiescent period, followed
by further remissions. These findings help explain why surgically treatable epilepsies may take 20 years or longer before referral to

surgery.

COMMENTARY

pilepsy appears intractable in more than 35% of newly

treated patients (1). As expected, the prevalence of in-
tractability is higher in referral centers (2), and patients with
partial epilepsy are more likely to be intractable. It has long
been debated whether intractability is already present when the
condition first expresses itself or develops over time. Some in-
vestigators have suggested that the longer uncontrolled seizures
continue, the more difficult they will be to control, perhaps im-
plying that a delay in effective treatment may contribute to the
intractability (3). However, other studies have indicated that
intractable epilepsy can often be detected early after onset of
seizures (1,4). In one study of newly treated epilepsy, overall,
64% of patients became seizure free, while only 11% of those in
whom the first drug was ineffective and only 4% of those who
failed two drugs became seizure free (1). Thus, poor response
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to the first and the second drug is a predictor of intractability.
In addition, the pathology of hippocampal sclerosis was consis-
tently predictive of intractability (2,5).

If the failure of two drugs predicts intractability, then one
would expect that those patients who are candidates for epilepsy
surgery could be identified and referred within 2-3 years, the
time it would take to verify failure of at least two drugs. How-
ever, in a prior retrospective study examining the outcomes of
resective epilepsy surgery, Berg and colleagues found that the
mean duration of epilepsy before surgery was 22.1 years (6).
Two factors for this delay were that as many as a quarter of
patients reported variable periods of remission before decid-
ing to pursue surgery and that the average time to failure of
the second drug was 9 years. Early age at onset of epilepsy
was the strongest predictor of delayed intractability. Because
of these findings, it seemed appropriate to prospectively eval-
uate the latency to intractability in a cohort of children with
epilepsy.

The prospective study by Berg and colleagues confirmed
that delayed intractability is not uncommon, although early
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intractability remained more likely. Approximately 30% of chil-
dren with intractable epilepsy had delayed intractability. This
phenomenon was more likely in focal than in other types of
epilepsy. Temporal lobe epilepsy and hippocampal sclerosis were
both associated with delayed intractability in the retrospective
study (6). The current study found a greater likelihood of in-
tractability in temporal lobe than in extratemporal epilepsy,
which is in agreement with one referral center retrospective
study (2). However, Berg et al. did not identify clear differences
between temporal and extratemporal epilepsy with respect to
delayed intractability. The study results did not include the
prevalence of hippocampal sclerosis among patients with tem-
poral lobe epilepsy, however, the authors indicated in the dis-
cussion that only one child had MRI evidence of hippocampal
sclerosis at study entry. Although this finding may be a low es-
timate, it is nevertheless very likely that hippocampal sclerosis
is much less prevalent in a population-based pediatric temporal
lobe epilepsy group than it is in an adult temporal lobe epilepsy
surgery group. Hippocampal sclerosis may still be specifically
associated with delayed intractability.

Delayed intractability raises the possibility that epilepsy
may be a progressive condition in some affected individuals.
If accurate, the finding in turn may offer an opportunity for
intervention, provided the underlying pathophysiology is un-
derstood. Assuming that the process of epileptogenesis is still
ongoing in patients with delayed intractability, the develop-
ment of antiepileptogenic drugs could be pursued to arrest
this process. However, the mechanism of delayed medical in-
tractability could be very different than progression of epilep-
togenesis. At the present time, two main mechanisms of drug
resistance have been proposed: (a) increased expression of mul-
tidrug transporters (also called drug resistance proteins) that
remove antiepileptic drugs from the epileptogenic zone and (b)
reduced sensitivity of the drug target in the epileptogenic zone
(7). Development of tolerance is another mechanism that now
is receiving more attention (8).

Both drug transporter expression and certain drug targets
can be modified by seizure activity in animal models. In par-
ticular, it has been demonstrated that some drug transporter
proteins can be transiently overexpressed in rodent brain af-
ter experimentally induced seizures (7). It is not known what
role the drug transporter proteins play in development of med-
ically refractory human epilepsy. If human seizures can also in-
duce drug resistance proteins, then induction of these proteins
could potentially contribute to the occasional development of
intractable epilepsy after antiepileptic drug withdrawal in pre-
viously seizure-free patients (9). With progress in the in vivo
imaging of drug resistance proteins in the human brain, there
is potential to learn if these proteins play a role in the delayed
development of intractable epilepsy (10). If they do, strategies
could be developed to reduce their impact, including the use of
specific inhibitors.

Current Literature in Clinical Science

Intractability is not always an irreversible phenomenon.
Berg and colleagues reported that more than 20% of intractable
patients went on to experience one or more remissions after
meeting their stringent criteria of intractability and almost 50%
had remissions following the less stringent criteria. Almost two-
thirds of these patients were still in remission at the time of the
last contact. The authors were not able to identify the factors
responsible for late remissions and found no evidence that new
antiepileptic drugs were responsible for better outcomes. How-
ever, that possibility cannot be excluded. The new antiepileptic
drugs have been associated with seizure freedom for at least 6
months in up to 13% of previously highly refractory patients
(11). A detailed analysis of the circumstances surrounding re-
lapse and remission after apparent intractability would be of
great interest. The prospective study of the current cohort is
likely to continue to shed more light on the natural history of
epilepsy intractability.

by Bassel W, Abou-Khalil, MD, PhD
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Do EARLY HiPpPOCAMPAL IMAGING CHANGES PREDICT LATER SCLEROSIS?

DWI and MRS may predict development of hippocampal sclerosis.

Acute Symptomatic Seizures and Hippocampus Damage: DWI and MRS Findings. Parmar H, Lim SH, Tan NC, Lim
CC. Neurology 2006;66:1732—1735. The authors describe diffusion-weighted imaging (DWI) and magnetic resonance spectroscopy
(MRS) changes in the hippocampus within 48 h of acute symptomatic seizures or status epilepticus in 12 patients. DWI showed
increased signal and a decreased apparent diffusion coefficient (ADC) in all patients, with corresponding lactate detected on MRS in
six patients and EEG seizure activity in nine patients. On follow-up, the atrophic hippocampus had an increased ADC in six patients.

COMMENTARY

O

the diagnosis of acute ischemia (1). However, the technique

nly a few years ago, diffusion-weighted magnetic reso-
nance imaging (DWI) was used almost exclusively for

since has been shown to be useful in the localization of the
epileptogenic zone, when performed periictally (2—4). The sig-
nal in DWI depends on the translational motion of tissue water.
Therefore, when ischemia is present, a restriction in the diffu-
sion of free water occurs because of a shift of water from the
outside to the inside of the cell. These differences in variation
of water mobility in extracellular spaces are expressed quanti-
tatively as changes in the apparent diffusion coefficient (ADC)
and qualitatively as changes in DW1I signal intensity. As a con-
sequence, a restriction in the diffusion of free water is seen not
only in ischemia, but in status epilepticus as well, and is referred
to as a “high signal” in the DWI images. Concomitantly, the
ADC is low. However, ADC measures water diffusivity as well
as factors such as barrier permeability and diffusion time, since
the diffusion of water molecules is guarded by biologic barriers
in the brain tissue (e.g., cell membranes and cellular organelles).
ADC values are measured in several directions, and ADC maps
are created to produce a direction-insensitive measurement of
the diffusion.

Not only are the changes in ADC seen during a seizure
or status epilepticus similar to the ones seen in ischemia, but
they also are similar in how rapidly they happen and in some
cases, the reversibility of them. The reasons for these alterations
are still a matter of controversy, but they are likely related to
changes in water compartmentalization, restricted space, per-
meability, and, of course, ischemia. What is known is that the
localization of these changes correlates with the localization of
the epileptogenic focus.

Similarly, magnetic resonance spectroscopy (MRS) is an-
other relatively new, noninvasive technique; however, it per-
mits the in vivo and in situ measurement of specific brain
metabolites. The main 'H-MRS signal intensities are from
N-acetylated compounds, mainly N-acetyl aspartate (NAA),
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creatine and phosphocreatine, and choline compounds. Because
of the predominant neuronal distribution of NV-acetylated com-
pounds, they are considered markers of neuronal cell loss and/or
dysfunction (5). The application of this property to MRS makes
MRS very useful as a diagnostic tool in the presurgical eval-
uation of patients with epilepsy. Parmar et al. combined the
neuroimaging techniques of DWI and MRS to evaluate acute
seizure-associated damage and to attempt to predict subsequent
hippocampal sclerosis. Although efforts to predict hippocampal
sclerosis are not novel, Parmar and colleagues bring new insights
to this continuously revisited issue.

In a previous study, Farina et al. found that an increase in
signal seen on DWI studies of patients with new-onset, pro-
longed seizures do correlate with the development of unilateral
hippocampal sclerosis (6). The follow-up procedures used in
the work by Farina and colleagues were better designed than
those in the study by Parmar et al., as they repeated MRI stud-
ies in three of their five patients after 6 months of the initial
event and after only 2 months in the other two patients. In
the group of three patients, the authors found clear evidence
of hippocampal sclerosis, while the other two patients showed
no sign of hippocampal sclerosis—perhaps, because of the very
short latency time.

Serial MRI studies in children experiencing febrile status
epilepticus have unequivocally demonstrated that prolonged
febrile seizures can result in hippocampal atrophy and sclero-
sis (7). These observations, along with those of Parmar et al.
and Farina et al., confirm that injury occurring during status
epilepticus or prolonged seizures can produce the lesion of scle-
rosis. Currently, it is unknown whether these seizures and the
hippocampal changes seen on DWTI are an initial precipitating
injury; the issue will need to be determined by longitudinal
observation of the hippocampal lesion and of the incidence of
development of unprovoked seizures.

The factor that made the study by Parmar and colleagues
so interesting was the use of MRS, which also has been used to
evaluate the progression of disease in patients with established
temporal lobe epilepsy. However, the majority of studies associ-
ating severity of hippocampal atrophy with duration of epilepsy
or with estimated number of seizures have been cross-sectional
(8,9), which precludes establishment of cause and effect or of
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the interpretation that repeated seizures produce volume loss. It
has not yet been clarified whether hippocampal sclerosis is more
prevalent within specific subtypes of temporal lobe epilepsy and
whether some subtypes have progressive neuronal loss and dys-
function, while other subtypes do not. What has been shown
with certainty is that NAA reductions at a single point in a re-
fractory temporal lobe epilepsy group do not support progres-
sive NAA reductions (10). The need for a longitudinal study
that controls for age, age of onset, seizure frequency, frequency
of secondarily generalized seizures, and duration of epilepsy is
indisputable.

by Jorge G. Burneo, MD, MSPH
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NEW EVIDENCE SUPPORTS COGNITIVE DECLINE IN TEMPORAL

LOBE EPILEPSY

Cognitive Prognosis in Chronic Temporal Lobe Epilepsy. Hermann BE Seidenberg M, Dow C, Jones ], Rutecki B
Bhattacharya A, Bell B. Ann Neurol 2006;60:80—87. OBJECTIVE: First, to determine whether patients with chronic temporal lobe
epilepsy have a different cognitive trajectory compared to control subjects over a prospective 4-year interval; second, to determine
the proportion of patients who exhibit abnormal cognitive change and their profile of demographic, clinical epilepsy, and baseline
quantitative magnetic resonance imaging characteristics; and third, to determine the most vulnerable cognitive domains. METHODS:
Participants with chronic temporal lobe epilepsy (N = 46) attending a tertiary referral clinic and healthy control subjects (N = 65)
underwent neuropsychological assessment and reevaluation 4 years later. Analysis of test-retest patterns identified individual patients
with adverse cognition outcomes. RESULTS: The prospective cognitive trajectory of patients with chronic temporal lobe epilepsy differs
from age- and sex-matched healthy control subjects. Lack of practice effects is common, but frank adverse cognitive outcomes are
observed in a subset of patients (20%-25%), particularly in vulnerable cognitive domains that include memory. Cognitive declines are
associated with a profile of abnormalities in baseline quantitative magnetic resonance volumetrics, lower baseline intellectual capacity,
as well as longer duration of epilepsy and older chronological age. INTERPRETATION: Cognitive prognosis is poor for a subset of
patients characterized by chronicity of epilepsy, older age, lower intellectual ability, and more baseline abnormalities in quantitative
magnetic resonance volumetrics.

COMMENTARY
T his recent report by Hermann et al. provides the most

systematic evidence to date for the presence of evolv-
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ing cognitive deficits in persons with epilepsy. Unlike previ-
ous investigations of cognitive change in patients with epilepsy,
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subjects in this study were evaluated prospectively during an
interval of 4 years. The study provided thorough documen-
tation of seizure history and antiepileptic drug (AED) use in
the epilepsy group as well as careful matching of demographic
characteristics between the control and epilepsy groups. Some
of the findings are subtle yet clearly supportive of previous cross-
sectional results on cognition in epilepsy. The subtlest finding
involves the fact that the epilepsy group fell short of predicted
cognitive test scores upon retesting; the predicted scores were
statistically derived from test—retest scores in the control group.
That is, the practice effect, which typically results in an im-
proved score when repeating a cognitive test (even over a 4-year
span), was not found in the epilepsy group. Therefore, although
the test scores for the epilepsy group generally demonstrated lit-
tle cognitive decline over the study interval, retesting of normal
controls revealed significantly improved scores. Overall, 57%
of the control group’s test results improved upon retest, while
only 6% of the temporal lobe epilepsy group improved.

Using z-scores more than 2.0 standard deviations below
expected, Hermann and colleagues identified a subset of pa-
tients with chronic temporal lobe epilepsy who had cognitive
decline over time (approximately 25%-40% of the epilepsy
group). The cognitive decline occurred most frequently in the
domains of confrontational naming, delayed visual memory,
delayed verbal memory, and motor speed. Within the epilepsy
group, predictors of decline in performance on specific cog-
nitive tests included lower IQ at baseline, longer duration of
epilepsy, smaller baseline left hippocampus, decreased volume
in other brain compartments on volumetric MRI, and older
age at the time of the study. These factors are not unexpected,
based on reports from cross-sectional studies of intellect and
neuropsychological testing in adults with epilepsy.

The authors previously have reported on cross-sectional
cohorts that demonstrated that longer duration of epilepsy is
associated with cognitive deficits (1); they also have reported
an association of cognitive deficits with smaller hippocampal
volume as well as with reduced total brain volume (2,3). Mul-
tiple, previous investigators have validated these findings with
reports of memory impairment associated with hippocampal
atrophy (2-7). Another report links decreasing hippocampal
volume with longer duration of epilepsy (8). Therefore, hip-
pocampal atrophy may be a marker for cognitive impairment
as well as a predictor of cognitive decline. Although the earlier
cross-sectional study indicated that fewer years of formal edu-
cation was a risk factor for cognitive decline within the epilepsy
group, this prospective study did not corroborate that finding
(1). The earlier study also reported that seizure onset before the
age of 14 years was a risk factor for cognitive decline (2)—again,
a factor that was not found in the current study; however, most
of the subjects did have an early onset of epilepsy (mean age of
onset 11.1 years, SD 7.3). Therefore, the investigators simply

may not have had enough subjects with an age of onset above
14 years to make a meaningful comparison, using age 14 years
as a cutoff point.

Antiepileptic drugs (AEDs) and recurrent seizures—the
factors usually considered to be either confounders and/or con-
tributors to cognitive dysfunction in epilepsy—are well ac-
counted for in this study and did not emerge as risk factors. The
only exception to this finding was AED polytherapy, which was
associated with adverse change in confrontational naming and
speeded fine motor dexterity. The mean number of secondary
generalized seizures during the entire 4-year study was low, at
2.8. If AEDs and seizures are not predictors of cognitive decline,
the epileptic process itself emerges as a major factor in produc-
ing cognitive decline. The fact that smaller brain compartments,
particularly the hippocampi, are predictors of progressive cog-
nitive dysfunction supports the hypothesis that brain injury
and degeneration are aspects of the epileptic process. Further,
if recurrent seizures are reasonably considered to be part of
an epileptic process, hippocampal atrophy and T2 signal ab-
normalities may predict seizure recurrence over the long term,
even among patients who have prolonged seizure-free periods
off AEDs (9). In other words, this finding supports numerous
previously published studies that mesial temporal sclerosis is a
predictor of medical intractability.

The findings by Hermann et al. pull together several
spheres of information to support the concept that epilepsy
is an entity characterized by more than recurrent seizures and
their sequelae. Therefore, when patients complain of cognitive
difficulties and memory problems, it should be kept in mind
that it is not always the AEDs, depressed mood, or even the
seizures causing their complaints—it could be that they are ex-
periencing progressive cognitive impairment that is an inherent
part of the epileptic process.

by Cynthia L. Harden, MD
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