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Epilepsy and consciousness are intimately
related. Epileptic seizures can cause impairment
of consciousness, and the study of how this
occurs has informed us about the neural mecha-
nisms that underlie normal consciousness. More-
over, loss of consciousness during seizures
increases injury risk and worsens health-related
quality of life. The present review describes the
current understanding of consciousness and its
alterations during ictal events, with implications
for the clinical management of patients with epi-
lepsy and relevant neuro-philosophical issues.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2011; 23:375–383)

DEFINING CONSCIOUSNESS

Defining consciousness poses an exciting intellec-
tual challenge.1 Several definitions have been pro-

posed, according to the following two aspects of con-
sciousness: 1) a state of awareness, with capacity to
respond and interact to external stimuli; or 2) a per-
sonal, internal, and qualitative experience of existence;
but both are to be considered with certain caveats.2

Considering the assessment of consciousness in epi-
lepsy using the “Ictal Consciousness Inventory (ICI),”3

1) would refer to the “level,” and 2) to the “content” of
consciousness; these terms will be used throughout to
describe each of the definitions.

Defining the level of consciousness as awareness of
the environment lends itself to a continuum. The high-
est level would be a fully conscious state, with normal
ability to respond. With decreasing level, a patient
would pass through drowsiness and sleep and, ulti-
mately, to unconsciousness, without any ability to re-
spond. When a patient is reported to have had “loss of
consciousness” during a seizure, it is usually this defi-
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nition that the physician is referring to. The Glasgow
Coma Scale4 is a widely-used method of assessing the
level of consciousness; however, it is probably too sim-
plistic for assessment of seizures.3 The ICI-Level Scale
assesses the level of general awareness during epileptic
seizures, querying general awareness of time, place,
and the presence of others; comprehension of others’
spoken words; verbal and nonverbal responsiveness;
gaze control; forced attention; and voluntary initiative.

Defining the content of consciousness as an experi-
ence is much harder to complete and objectively ana-
lyze. When conscious, each person has an individual
experience of the world and themselves. Thomas Nagel
described the intrinsic subjectivity of conscious experi-
ences by asking, by analogy, “What is it like to be a
bat?”.5 This famous formulation reveals much about
how we conceptualize consciousness. In considering
what it is like to be a bat, we assume that there is
something that it must be like to be a bat (including
scanning the environment via ultrasound); therefore, it
has a form of conscious personal experience that is
accessible only through first-person perspective. By
means of this analogy, Nagel argues that consciousness
has essential to it a subjective character, which is acces-
sible to first-person introspection, but cannot be objec-
tified/made accessible to external observers. The ICI
content scale assesses the subjective contents of con-
sciousness during epileptic seizures, including dreamy
states; derealization with regard to time and space; il-
lusions and hallucinations; déjà vu, and unpleasant and
pleasant ictal emotions.

Impairment of Consciousness in Epilepsy
Epilepsy is a chronic neurological condition character-
ized by a tendency toward unprovoked, stereotyped
seizures.6 Seizures arise due to abnormal synchronous
depolarization of cortical neurons, which may propa-
gate and result in either activation or deactivation of
other areas of neurons. Seizures can be divided into
generalized (unable to identify the origin of activity to
one hemisphere) or focal (localized origin of seizure
onset). Focal seizures are subdivided into simple (with-
out impairment of consciousness) or complex (with im-
pairment). Conventional methods to differentiate be-
tween simple and complex may be limited by the
patient’s ability to respond (e.g., ictal aphasia, retro-
grade amnesia), which makes assessment difficult.7 The
ICI is an important tool in allowing differentiation and
better characterization of simple and complex focal sei-

zures by identifying complex seizures that involve re-
duced content with near-normal level of conscious-
ness.2,3

From the patient’s perspective, the impairment of
consciousness in epilepsy is central to the effect on qual-
ity of life, mostly because of the unpredictable nature of
seizures.8–10 In some countries, if a patient only expe-
riences seizures that do not affect consciousness, they
are permitted to drive (e.g., some states in the U.S.).
Impairment of consciousness during absence seizures
may be the only symptom and will significantly affect
employment, education, and daily activities.

For the researcher, epilepsy poses a unique opportu-
nity to study consciousness because localized dysregu-
lated neuronal activity results in varying degrees of
consciousness.11 Furthermore, the information on con-
sciousness that can be gleaned from epilepsy may ben-
efit multiple neurological conditions associated with
impaired consciousness. The seizure types that provide
the best paradigms for studying consciousness in epi-
lepsy are generalized tonic–clonic seizures (GTCS), ab-
sence seizures, and complex focal seizures (often part of
temporal lobe epilepsy). Subtle differences in the neural
correlates of consciousness impairment for each seizure
have been used to aid research.12

Clinical Phenomenology
Idiopathic generalized epilepsy (IGE; also known as
primary generalized epilepsy) encompasses absence
seizures and GTCS. IGE seizures have diffuse involve-
ment of the cortex, with rapid onset, such that the re-
gion of onset cannot be localized.12 These typically
cause immediate loss of consciousness with greatly re-
duced level and little-or-no content (Figure 1).2

GTCS have motor symptoms from increased activity
in frontal lobe motor areas. They begin with a tonic
phase, with flexion of the upper limbs and extension of
the lower limbs and back, lasting 10–20 seconds. This is
followed by a phase of clonic muscle activity, that con-
sists of rapidly-alternating muscle relaxation and vio-
lent contraction lasting about 60–90 seconds. After the
seizure, patients enter a period of post-ictal confusion,
with reduced level and content of consciousness, usu-
ally manifested as confusion and drowsiness.

Absence seizures typically have minimal motor
symptoms; for example, eye movement toward one
side, with eyelid automatisms.13,14 In children, they
may be mistaken for staring spells, as patients simply
appear to be inattentive for 2–10 seconds. However,
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during a staring spell, it would be possible to get a
child’s attention, whereas during an absence seizure, a
child becomes unresponsive.

Temporal-lobe epilepsy (TLE) seizures cause impair-
ment of consciousness different from IGE. TLE seizures
characteristically begin with a simple focal seizure
known as an epileptic “aura.”15 Auras can take any
form, but are often auditory, olfactory, or a “rising”
epigastric sensation. These subjective experiences are
usually stereotyped, such that each ictal event will be-
gin in the same manner.16 Sometimes, patients find it
difficult to describe their auras, as they can be either
pleasant or, more frequently, profoundly unpleasant
experiences. Auras usually do not affect the level of
consciousness; however, they may result in increased
conscious content from the intense subjective experi-
ence (Figure 2).3 Patients can become familiar with their
aura, and, if level of consciousness is not impaired, they
may be able to take precautions in case their seizure
becomes generalized.

Most TLE seizures are classified as complex focal
seizures, which means that although the seizure focus is
localized to one hemisphere, consciousness is impaired.
This is due to the fact that some TLE seizures may show
spread of the epileptiform activity to involve the cortex
more diffusely, a phenomenon known as secondary
generalization.17,18 Generalized seizures (primary or
secondary) are characterized by a significantly reduced
level of consciousness.12 Thus, TLE seizures may prog-

ress from increased content, with normal consciousness
(during the aura), to a state of very low level and con-
tent of consciousness (when secondary generalization
occurs; Figure 2). It has been shown that spread of
activity to the frontal lobe can cause epileptic automa-
tisms—repetitive, purposeless movements, such as lip-
smacking.16,19

The clinical alterations of consciousness in the differ-
ent seizure types are variable.3 For instance, patients
with TLE seizures may have automatisms while expe-
riencing ictal alterations in the content of consciousness,
ranging from distorted perceptions to “déjà vu” expe-
riences; however, because of anterograde amnesia from
involvement of the hippocampus they may be unable to
remember the event. History from the patient and an
eyewitness is useful in determining the seizure type.

RESEARCH METHODS
The development of investigative techniques and imag-
ing methods has determined the pace of the scientific
study of the neural correlates of consciousness.13 Back
in 1929, Berger first demonstrated the presence of spon-
taneous electrical activity by use of a crude electroen-
cephalogram (EEG).20 Visualization of anatomy has
progressed through computerized tomography (CT)
and low-resolution MRI to 7-tesla MRI. Of particular

FIGURE 1. Changes in Consciousness During an Ictal Event in
Idiopathic Generalized Epilepsy

Primary absence seizures and generalized tonic–clonic seizures
are characterized by low level and content of consciousness from a
previously normal state.

FIGURE 2. Changes in Consciousness During Ictal Events in
Temporal Lobe Epilepsy

During a simple focal seizure, the general level of consciousness
is maintained, but the epileptic aura causes increased content. If the
seizure progresses to secondary generalization or to complex focal
seizure, then both the level and the content of consciousness are
greatly impaired.
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importance is the use of functional imaging that allows
the measurement of neuronal activity: functional MRI
(fMRI), positron emission tomography (PET), and sin-
gle-photon emission tomography (SPECT). They are
based on the principle that brain metabolism is charac-
terized by coupling of cerebral blood flow and oxygen-
extraction/consumption.21 This can be measured using
radioactive fluorine-labeled glucose, as in the case of
FDG-PET, or hemoglobin-oxygenation (BOLD [blood
oxygen level-dependent] signal), as in the case of
fMRI.22

Neural Correlates of Consciousness
Overview Specific areas of the CNS are involved in
maintaining consciousness. The brainstem is the loca-
tion for the reticular activating system, which maintains
our level of general awareness. The reticular activating
system’s most important connection is with the thala-
mus, which, in turn, has widespread projections to the
cortex. This pathway is responsible for regulation of
cortical activity, which is necessary for the generation of
conscious experiences. Several neurobiological theories
attempt to combine these processes with definitions of
consciousness into one explanation of our conscious
experience.23,24 In the following sections, we discuss the
main components of the neural correlates of conscious-
ness in relation to epilepsy.

Ascending Reticular Activating System The ascending
reticular activating system (ARAS) is an archaic com-
ponent of the CNS that is important for level of con-
sciousness, or arousal. The ARAS is located in the cau-
dal medulla and extends to rostral mesencephalon.25 It
receives descending input from higher centers and as-
cending information from the spinal cord. The ARAS
has multiple polysynaptic connections that project to
several subcortical structures,26 especially medial tha-
lamic nuclei.27 Activity in the ARAS is required for
correct function of the thalamo-cortical relay that is
thought to be the main mechanism by which the ARAS
maintains arousal.

The role of the upper brainstem in arousal was first
suggested around 1930 and confirmed by Bremer and
others,28–30 who showed that transection through the
midbrain caused a sleep-like state, whereas a cortico-
medullary lesion had no effect on arousal. The term
ARAS was coined by Moruzzi and Magoun, who found
that appropriate activation of the reticular system can
cause low-voltage high frequency EEG mimicking the
awake state (Figure 3).25

Dysregulation of the ARAS function is thought to
cause impairment of consciousness during epileptic sei-
zures. Jasper found that involvement of the brainstem
and diencephalon was required for impairment of con-
sciousness in temporal lobe seizures.19 Interestingly, a
number of studies have shown increased activity of the
upper brainstem and thalamus during GTCS, absence,
and complex focal seizures.13,15,31,32

Thalamo-Cortical Connections
There are multiple projections from the thalamus that
are important for cortical activity.17,33 Absence seizures
are characterized by a widespread 3- to 4-Hz “spike and
wave” pattern on EEG that is thought to result from
abnormal thalamo-cortical activity (Figure 4).34 This can
be elicited by stimulation of the intralaminar thalamic
nuclei,35,36 and most (although not all) absence seizures
result in impairment of consciousness.13 It can therefore
be inferred that regulated activity in these parts of the
thalamus is required for maintaining consciousness.

Spread to the thalamus is thought to be partly re-
sponsible for loss of consciousness during complex
focal seizures of temporal lobe origin. There are

FIGURE 3. Brain Mechanisms Subserving Normal Maintenance
of Consciousness

The ascending reticular activating system (ARAS) drives the
thalamo-cortical relay, which is responsible for regulating cortical
activity. The limbic system and basal ganglia also have a role in
determining cortical activity.
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established neuronal connections between the mesial
temporal lobe and midline subcortical structures.18,37,38

Likewise, a functional correlation has been found be-
tween reduced consciousness level during temporal
lobe seizures and hyperperfusion of the thalamus.15

Taken together, these findings support the theory that
propagation from the temporal lobe is responsible for
the impaired level of consciousness.

Cerebral Cortex and the Baseline State
The cerebral cortex is known as the location for higher
cognitive processing; thus, it is not surprising that it is
also central to consciousness. In generalized seizures,
large areas of the cortex are diffusely involved, and
consciousness is almost always impaired.39 However,
others have noted generalized seizures with localized
areas affected,40,41 and there are reports of patients who
have suffered GTCS without loss of consciousness.42

Therefore, not all cortical regions appear to be equally
involved in consciousness.

Although it has long been known that there is hemi-
spheric dominance for many functions (e.g., speech), it
has been traditionally difficult to elucidate consistent
data on dominance for consciousness. Studies of pa-

tients who have undergone hemispherectomy show
that only one hemisphere is needed for consciousness.43

Using amytal hemispheric inactivation, some research-
ers have suggested that the left side is dominant for
consciousness.44 A more recent study, using video-elec-
troencephalography (video-EEG), showed that con-
sciousness is more frequently preserved if the right
temporal lobe is affected, rather than the left.45 How-
ever, most of these studies used verbal response to
assess consciousness, which is known to be biased to-
ward the left side in the majority of patients.7 Of note,
in one study, no hemispheric dominance was observed
when noxious stimuli were used,46 and other work
demonstrated bilateral cortical involvement to be nec-
essary for impaired consciousness.47

Functional neuroimaging studies have consistently
found that the cortical areas that are selectively deacti-
vated during seizures are the fronto-parietal association
areas, including the medial prefrontal cortex, the pos-
terior cingulate cortex, and the precuneus.48–50 These
regions are normally concerned with planning and as-
sociation of visuospatial imagery with episodic mem-
ory.51,52 Raichle and colleagues53 noted that previous
investigators had found these same areas to have a
reduced cerebral oxygen-extraction fraction (i.e., they
show a relative deactivation) when subjects shift from a
baseline control state to a cognitively active state where
they perform a non–self-directed task. This idea was
developed further to suggest that the fronto-parietal
association areas form part of the brain’s “default
state,” such that they are selectively activated in the
absence of other activity. The same areas are known to
be affected in diseases with impaired sensory aware-
ness (e.g., Alzheimer’s disease54) and are required for
peripheral awareness. However, it is yet to be estab-
lished whether these cortical regions are required for
self-awareness, being meta-reflection, an integral part
of consciousness.

Studies using SPECT imaging of GTCS have demon-
strated that increased activity in the fronto-parietal as-
sociation cortices correlates with loss of consciousness14

(Figure 5). This is in contrast with absence seizures,
which are known to have reduced cortical activity in
these regions.13 These findings support the impor-
tance of the medial prefrontal cortex, posterior cin-
gulate cortex, and precuneus in maintaining the level
of awareness, by showing that their abnormal activa-
tion or deactivation can impair the normal function of
consciousness.

FIGURE 4. Neural Correlates of Loss of Consciousness During
Primary Absence Seizures

A defect in thalamo-cortical transmission causes alternating
hyperactivation and excessive inhibition of the cortex. The net
effect is deactivation of the regions most important for
maintaining consciousness.
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Norden and Blumenfeld55 have summarized the ev-
idence on the brain mechanisms responsible for the
alterations of consciousness during complex focal sei-
zures of temporal lobe origin as the “network inhibition
hypothesis.” The propagation of temporal lobe seizures
to the thalamus interrupts the normal ARAS function,
which, in turn, results in reduced activity of the fronto-
parietal association cortices (Figure 6).

This idea is supported by the finding of slow-wave EEG
activity in these cortical areas during complex focal sei-
zures of the temporal lobe.56 Although the exact mecha-
nism behind this phenomenon is unknown, modulation
of inhibitory or excitatory inputs seems to be involved.12

The neural correlates of the alterations in level and content
of consciousness in the most common seizure types affect-
ing consciousness are summarized in Table 1.

Implications for Clinical Practice
As definitions of consciousness are fine-tuned and our
understanding of epilepsy widens, classification of ep-
ilepsy is modified.57 Is “generalized” an appropriate
name for seizures that are known to have selective cor-
tical effects? Furthermore, within the current setting of
translational research, we should aim to use our under-
standing of the neurobiological mechanisms underlying

consciousness to modulate the impact of epilepsy on
patients. Pharmacological manipulation of neuronal
function has been the mainstay of epilepsy manage-
ment for many years. Drugs could thus be targeted to
act on the regions specific to loss of consciousness, to
block the pathways responsible for epileptiform activity
propagation, or to influence receptors that have a key
role in sustaining consciousness. This may permit main-
tenance of consciousness, even if seizure frequency
could not be reduced.

A more invasive method of preserving consciousness
in patients with epilepsy may be via use of deep brain
stimulation (DBS). On the basis of previous experience
in movement disorders, some research groups have be-
gun to develop DBS approaches for epilepsy, vegetative
state, and traumatic brain injury, with an aim of im-
proving consciousness functions.58–60 Further work on
this technique may ultimately improve management of
seizures that affect consciousness in patients with re-
fractory epilepsy.

The “Explanatory Gap” and Neurophilosophy
Our understanding of consciousness and its impair-
ment has come a long way since the time when epilepsy
was considered a manifestation of witchcraft.61 We
have developed a sophisticated conceptual framework
to address the “mind–body problem” within the realm
of neuroscience. We have identified some of the key

FIGURE 5. Neural Correlates of Loss of Consciousness During
Generalized Tonic–Clonic Seizures

Loss of normal inhibitory mechanisms within the fronto-parietal
association cortex results in hyperactivation that prevents normal
functioning.

FIGURE 6. Neural Correlates of Loss of Consciousness During
Complex Partial Seizures in Temporal-Lobe Epilepsy

Epileptiform activity propagates from the temporal lobe to
midline subcortical structures, disrupting thalamo-cortical relay
(“network inhibition hypothesis”).
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brain regions that are involved in generation and main-
tenance of conscious experience.62 However, modern
neuroscience is still facing a conundrum: we know that
specific cerebral activation-states correlate with the ex-
perience of subjective conscious contents, but the cru-
cial link between the two is missing: this is known as
the “explanatory gap.”63 Physicists have proposed
quantum theories as a solution, where the movement of
dissociated electrons (the physical domain) generates
consciousness (the non-physical domain).64–66 Philoso-
phers have analyzed evidence from psychophysiologi-
cal experiments (e.g., Libet’s famous demonstration of
the neural time factor67) to conclude that perhaps the
gap is not what we believe it to be because our percep-
tion of consciousness has been misled.68 In the 1970s,
Benjamin Libet and his group conducted a series of
investigations into human consciousness; one of these
experiments demonstrated that the unconscious electri-
cal processes in the brain, called “readiness potential”
(Bereitschaftspotential), actually precedes conscious deci-
sions to perform volitional acts, which are retrospec-
tively felt to be consciously motivated by the subject.
These experiments pose challenging questions to the neu-
roscientific quest for a comprehensive explanation of the
brain mechanisms underpinning consciousness. Neuro-
scientific investigations in both experimental models and
pathophysiological states in humans must aim to fill in the
blanks between our current knowledge and what other
disciplines tell us about conscious experience.

Neurophilosophy is the term used to describe the
interplay between neuroscience and philosophy. Phi-
losophy can help to inform neuroscientists and propose
avenues for exploration, whereas advances in neurosci-
ence can change the way that philosophers think about
certain concepts.69 For instance, neurosciences ap-
proach consciousness within the conceptual framework
of reductionist philosophy: that is, changes in conscious
states will ultimately be explained via cellular and mo-

lecular mechanisms.70 It can be argued that reduction-
ism leads to a deterministic theory of human behavior,
where all our actions are determined by molecular
events. This view, which is in line with the results of
Libet’s experiments, clearly poses a challenge to the
philosophical concept of “free will.” Moreover, if con-
sciousness is reduced to the activity of neurons, then it
does not transcend the natural realm of physics and, by
definition, fails to cross the boundary between meta-
physical and physical: the main argument against clas-
sical dualism.11 The neurophilosophy of consciousness
has important implications for future scientific inquiry
in this area: according to the reductionist model, the
continued development of electrophysiological and
functional neuroimaging paradigms addressing brain
activity in patients with (epilepsy-induced) alterations
of consciousness will be one of the most promising
ways forward in the consciousness-research arena.

SUMMARY
Consciousness can be operationally defined by its two
dimensions: 1) the general level of awareness; and 2)
the subjective contents of experience. Assessment of
alteration of consciousness during epileptic seizures is
important both for the diagnosis and the management
of patients with epilepsy. There is evidence that the
ARAS, thalamus, and fronto-parietal association corti-
ces represent key areas for maintenance of normal con-
sciousness. However, our current understanding leaves
us with an explanatory gap, as the neural processes do
not fully explain the experience of consciousness. It is
likely that other regions of the brain are involved, in-
cluding the limbic system,7,71 basal ganglia,72,73 and cer-
ebellum. Further research is required to fully elucidate
the mechanisms underlying impairment of conscious-
ness in epilepsy, with the dual aim of improving patient
management and understanding of the pathophysiol-
ogy of disorders of consciousness.

TABLE 1. Patients Presenting With Neuropsychiatric Symptoms

Seizure Type Alterations of Consciousness Neural Correlates

Absence seizure Reduced content and level Alternating excitation and inhibition of thalamo-cortical
relay, causing cortical deactivation

Generalized tonic–clonic
seizure (GTCS)

Reduced content and level Cortical hyperactivation from synchronized
depolarization, causing dysregulated cortical function

Simple focal seizure (temporal
lobe epilepsy; TLE)

Increased content and maintained level Localized epileptiform activity, causing an aura

Complex focal seizure (TLE) Variable content and reduced level Spread of activity from medial temporal lobe, causing
thalamic hyperactivation, thalamo-cortical
dysregulation, and neocortex deactivation
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