
Behavioural Neurology 24 (2011) 43–46 43
DOI 10.3233/BEN-2011-0317
IOS Press

Brain mechanisms of altered consciousness in
generalised seizures

Stefano Seria,∗, Daniela Brazzoa, Ngoc J. Thaia and Antonella Cerquiglinib

aSchool of Life and Health Sciences, Aston Brain Centre, Aston University, and Clinical Neurophysiology Unit
Birmingham, UK
bDevelopmental Neurosciences Unit, Department of Medical and Surgical Biotechnology, Sapienza University,
Polo Pontino, Italy

Abstract. In spite of the inherent difficulties in achieving a biologically meaningful definition of consciousness, recent neuro-
physiological studies are starting to provide some insightin fundamental mechanisms associated with impaired consciousness
in neurological disorders. Generalised seizures are associated with disruption of the default state network, a functional network
of discrete brain areas, which include the fronto-parietalcortices. Subcortical contribution through activation ofthalamocortical
structures, as well as striate nuclei are also crucial to produce impaired consciousness in generalised seizures.
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1. Introduction

The assessment of consciousness and the identifica-
tion of its disturbances are key to a semiological dis-
tinction between epileptic seizure types. When dif-
ferentiating simple from complex partial seizures, the
ILAE Commission on Classification and Terminology
in 1981 recognised the importance of an agreed and sci-
entifically sound operational definition of conscious-
ness. The differentiationbetween these two seizure cat-
egories was exclusively based on whether conscious-
ness was preserved as opposed to absent or altered.
To answer some of the criticisms on the vagueness of
the proposed terminology, consciousness was defined
in an appended glossary as the “degree of awareness
and/or responsiveness of the patient to externally ap-
plied stimuli”. Furthermore, responsiveness was spec-
ified as “the ability of the patient to carry out simple
commands or willed movements”, and awareness as
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“the patient’s contact with events during the period in
question”. Even though these definitions were prag-
matically helpful, they did not account for the complex-
ity attached to the term consciousness [13]. The recent
report of the ILAE commission tries to overcome this
impasse by proposing a shift of focus from a distinction
based on evaluation of consciousness to one in which
differences in neural substrates are emphasised. Gen-
eralised seizures are therefore defined as “originating
at some point within, and rapidly engaging, bilaterally
distributed networks” [2].

In clinical practice consciousness is generally asso-
ciated with the waking state and the ability to perceive,
interact and communicate with the environment. It is
quantified using the Glasgow Coma Scale, although
measurement tools specific for epilepsy have recently
been proposed [6].

From the pioneering studies of Moruzzi [28], which
led to the definition of ascending reticular activating
system (ARAS) as a central core in controlling the state
of consciousness, we now have a clearer as well as
more complex picture of the structure anatomically and
physiologically involved in maintaining consciousness.
Levels of consciousness are dependent on the integri-
ty of brain systems and connections such as ascend-
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ing brainstem/basal forebrain/thalamic pathways [31],
widespread thalamocortical projections [7,27] as well
as fronto-parietal cortical networks [17]. Intrinsic os-
cillatory properties of thalamic neurons have been sug-
gested to govern their functional dynamics and regulate
sleep and vigilance [20,32].

At the neural level, consciousness requires access
to explicit representation of the sensory experience in
parallel, distributed neural networks. To make matters
more complex, the brain is capable of highly skilled,
automatic, stereotyped and fluid behaviours without
a conscious experience. From playing highly skilled
sports to driving home along the same route every day,
we can perform complex sensorimotor tasks without
direct conscious access. Researchers refer to these be-
haviours as subserved by “zombie systems” [8] and
its existence in the visual domain has been indirect-
ly demonstrated [10]. It has been hypothesised that
human behaviour is the result of an optimisation pro-
cess between the actions of rapidly-responding stereo-
typed systems and intrinsically slower networks, which
support thought processes and planning complex be-
haviour.

2. Cortical networks involved in the pathogenesis
of generalised seizures

2.1. Absences

Absence seizures consist of brief episodes of staring,
reduction of awareness and responsiveness, sometimes
associated with eyelid fluttering or myoclonus, which
can last 5 to 30 seconds. The altered consciousness
may be isolated, such as in “simple” typical absences or
it may be associated with clonic, tonic or automatic mo-
tor components such as in “complex” typical absences.
The absence, whether simple or complex, is associated
with widespread spike and wave EEG discharges at a
regular rhythm of 3/second. Both human and animal
studies have suggested that absence seizures are gen-
erated through abnormal network oscillations involv-
ing both the cortex and thalamus [9]. Attempts to de-
fine neural changes associated with the electro-clinical
manifestation of absences seizures using neuroimaging
techniques have generated controversial data. Some
studies have shown a global ictal increase in cerebral
metabolism or blood flow [29,33,35], others have de-
tected spatially limited changes [5,11]. Typical absence
seizures can often show fluctuation in EEG patterns,
with non-fixed focal abnormalities [19]. The involve-

ment of discrete brain regions might account for the
variable degree of impairment of consciousness during
absences seizures. Loss of consciousness in absence
seizure has been related to the focal involvement of the
bilateral association cortex, frontal neocortex and re-
lated subcortical structures disrupting normal informa-
tion processing in these brain regions [3]. More specif-
ically, bilateral activation of thalamus, insula, mesial
frontal cortex and cerebellum coupled with bilateral
parietal, anterior frontal and posterior cingulate deacti-
vation suggest that changes in consciousness reflect the
interruption of the default mode network (DMN) [15,
30] and thalamocortical activation [14]. The report of
retained ability to perform a continuous performance
task during brief spike-wave discharges in the presence
of the typical functional MRI pattern of DMN interrup-
tion and fronto-thalamic activation [26] suggests that
some abilities might be preserved in some patients in a
“zombie brain” like modality.

Confirmation of thecortical focus theory[25] ap-
plied to the generation of spike and waves in absences
seizures has emerged from analysis of connectivity pat-
terns of electromagnetic signals across brain regions.
The theory postulates an initial lead in a circumscribed
area of the peri-oral region of the somatosensory cortex
from which the activity rapidly spreads over the remain-
ing cortical areas. This initial event produces a cascade
within the intact thalamocortical network, which trans-
forms the spike into spike-wave activity. A recent mag-
netoencephalographic study has identified a sequence
of events associated with absences which include an
initial long-range desynchronisation, followed by in-
creased local synchronizationand increased long-range
synchronization [1]. This finding challenges the con-
cept of spike-wave discharges being a result of a sudden
and generalised synchronous activation and suggests
the absences require interplay of complex and spatially
distributed networks.

2.2. Generalised tonic clonic seizure

Whilst several studies have attempted to understand
neural correlates of impaired consciousness in absences
seizures few studies have investigated generalised ton-
ic clonic seizures due to objective difficulties in exam-
ining the nature and mechanisms underlying the ictal
impairment of consciousness [34]. Generalised ton-
ic clonic seizures – the most typical type of convul-
sive seizures- represent an heterogeneous group, oc-
curring in a variety of clinical conditions and epilep-
tic syndromes. They have been traditionally divided



S. Seri et al. / Brain mechanisms of altered consciousness ingeneralised seizures 45

into primarily generalised, in which there is no obvi-
ous focal onset, and secondarily generalised, in which
seizures begin in a focal brain region and later spread
to neighbouring and connected areas. The core of the
attack consists of a stereotyped series of motor and
autonomic events, which are associated with sudden
loss of consciousness. On the EEG, the tonic phase
is characterised by rhythmic 10 Hz activity that in-
creases rapidly in amplitude and becomes discontinu-
ous towards the end of the of the tonic phase (epilep-
tic recruiting rhythm) [12], resulting in a reduction in
temporal and spatial complexity of the brain electrical
signal, necessary for maintaining consciousness [21].
During the clonic phase, bursts of 10 Hz rhythms be-
come separated by intervals of inactive tracing or by
slow waves. The bursts are synchronous with the jerks.
At the end of a seizure, single spikes are common, and
they may be followed by a slow wave, forming atyp-
ical spike wave formations. The convulsive event is
preceded by a cascade of changes in sub-cortical ex-
citability [18]. During the widespread and synchronous
activation of the brainstem the thalamus and the cor-
tex undergo a suppressed inhibitory state through the
cholinergic activation, precipitating seizure discharge
and possibly contributing to the loss of consciousness.
Studies based on electrophysiological measures blood
flow, and metabolic mapping suggest that the entire
brain may be homogeneously involved in generalised
tonic-clonic seizures [16,22,23], whereas animal data
suggest more spatially confined regional changes [24].
A recent cerebral blood flow study in patients with sec-
ondary generalised seizures attempted to characterise
neural changes with sufficient temporal resolutions to
allow some inference on the specifics of the generalised
phase. The study identified abnormally increased ac-
tivity in subcortical structures such as cerebellum, basal
ganglia, brainstem and thalamus, and again decreased
activity in the association cortex associated with dis-
ruption of DMN [4].

3. Final comments

In spite of the relative paucity of studies on gener-
alised seizures, particularly of convulsive type, impor-
tant and converging data support the notion that gener-
alised seizures, at the neural level, are associated with a
profoundand reproduciblechange in resting state activ-
ity, associated with a multifocal involvement of cortical
and sub-cortical structures. These findings somewhat
challenge the view ofcentrencephalic epilepsy, as well

as posing some pressing questions on the biological
validity of the classic and clinically useful dichotomy
between focal and generalised epilepsies. These two
clinical entities might share many elements in their bio-
logical substrate with clinical manifestations being the
result of different timing and geometry of the involved
networks.

References

[1] F. Amor, S. Baillet, V. Navarro et al., Cortical local andlong-
range synchronization interplay in human absence seizure ini-
tiation, Neuroimage45 (2009), 950–962.

[2] A.T. Berg, S.F. Berkovic, M.J. Brodie et al., Revised termi-
nology and concepts for organization of seizures and epilep-
sies: report of the ILAE Commission on Classification and
Terminology, 2005–2009,Epilepsia51 (2010), 676–685.

[3] H. Blumenfeld and J. Taylor, Why do seizures cause loss of
consciousness?Neuroscientist9 (2003), 301–310.

[4] H. Blumenfeld, G.I. Varghese, M.J. Purcaro et al., Cortical
and subcortical networks in human secondarily generalized
tonic-clonic seizures,Brain 132 (2009), 999–1012.

[5] P.W. Carney, R.A. Masterton, A.S. Harvey et al., The corenet-
work in absence epilepsy. Differences in cortical and thalamic
BOLD response,Neurology75 (2010), 904–911.

[6] A.E. Cavanna, M. Mula, S. Servo et al., Measuring the level
and content of consciousness during epileptic seizures: the Ic-
tal Consciousness Inventory,Epilepsy Behav13 (2008), 184–
188.

[7] A.E. Cavanna and F. Monaco, Brain mechanisms of altered
conscious states during epileptic seizures,Nat Rev Neurol5
(2009), 267–276.

[8] F. Crick and C. Koch, A framework for consciousness,Nat
Neurosci6 (2003), 119–126.

[9] V. Crunelli and N. Leresche, Childhood absence epilepsy:
genes, channels, neurons and networks,Nat Rev Neurosci3
(2002), 371–382.

[10] A. Del Cul, S. Baillet and S. Dehaene, Brain dynamics un-
derlying the nonlinear threshold for access to consciousness,
PLoS Biol5 (2007), e260.

[11] J.S. Duncan, Brain imaging in idiopathic generalized epilep-
sies,Epilepsia46(Suppl 9) (2005), 108–111.

[12] H. Gastaut and R. Broughton,Epileptic Seizures: Clinical and
Electrographic Features, Diagnosis and Treatment,: Charles
C Thomas, Springfield, IL, 1972, 25–140.

[13] P. Gloor, Consciousness as a neurological concept in epilep-
tology: a critical review,Epilepsia27(Suppl 2) (1986), S14–
S26.

[14] J. Gotman, C. Grova, A. Bagshaw et al., Generalized epileptic
discharges show thalamocortical activation and suspension of
the default state of the brain,Proc Natl Acad Sci U S A102
(2005), 15236–15240.

[15] D.A. Gusnard, M.E. Raichle, Searching for a baseline: func-
tional imaging and the resting human brain,Nat Rev Neurosci
2 (2001), 685–694.

[16] A. Handforth and D.M. Treiman, Functional mapping of the
late stages of status epilepticus in the lithium-pilocarpine
model in rat: a 14C-2-deoxyglucose study,Neuroscience64
(1995), 1075–1089.

[17] K.M. Heilman, E. Valenstein and R.T. Watson, Neglect and
related disorders,Semin Neurol20 (2000), 463–470.



46 S. Seri et al. / Brain mechanisms of altered consciousness ingeneralised seizures

[18] S. Kohsaka, S. Mizukami, M. Kohsaka, H. Shiraishi and K.
Kobayashi, Widespread activation of the brainstem preceding
the recruiting rhythm in human epilepsies,Neuroscience115
(2002), 697–706.

[19] F. Leutmezer, S. Lurger and C. Baumgartner, Focal features
in patients with idiopathic generalized epilepsy,Epilepsy Res
50 (2002), 293–300.

[20] R.R. Llinas and M. Steriade, Bursting of thalamic neurons and
states of vigilance,J Neurophysiol95 (2006), 3297–3308.

[21] J. Martinerie, C. Adam, M. Le Van Quyen et al., Epileptic
seizures can be anticipated by non-linear analysis,Nat Med4
(1998), 1173–1176.

[22] H. Matsumoto and C.A. Marsan, Cortical Cellular Phenom-
ena in Experimental Epilepsy: Interictal Manifestations,Exp
Neurol9 (1964), 286–304.

[23] T.J. McCown, G.E. Duncan, K.B. Johnson and G.R. Breese,
Metabolic and functional mapping of the neural network sub-
serving inferior collicular seizure generalization,Brain Res
701 (1995), 117–128.

[24] D.C. McIntyre, M.E. Kelly and C. Dufresne, Suppressionof
amygdala kindling with massed stimulation: effect of nora-
drenaline antagonists,Brain Res561 (1991), 279–284.

[25] H. Meeren, G. van Luijtelaar, F. Lopes da Silva and A. Co-
enen, Evolving concepts on the pathophysiology of absence
seizures: the cortical focus theory,Arch Neurol62 (2005),
371–376.

[26] F. Moeller, H. Muhle, G. Wiegand et al., EEG-fMRI study
of generalized spike and wave discharges without transitory
cognitive impairment,Epilepsy Behav18 (2010), 313–316.

[27] F. Monaco, M. Mula and A.E. Cavanna, Consciousness,
epilepsy, and emotional qualia,Epilepsy Behav7 (2005), 150–
160.

[28] G. Moruzzi and H.W. Magoun, Brain stem reticular formation
and activation of the EEG,Electroencephalogr Clin Neuro-
physiol1 (1949), 455–473.

[29] M.C. Prevett, J.S. Duncan, T. Jones, D.R. Fish and D.J. Brooks,
Demonstration of thalamic activation during typical absence
seizures using H2(15)O and PET,Neurology45 (1995), 1396–
1402.

[30] M.E. Raichle, A.M. MacLeod, A.Z. Snyder et al., A default
mode of brain function,Proc Natl Acad Sci U S A98 (2001),
676–682.

[31] N.D. Schiff, Central thalamic contributions to arousal regu-
lation and neurological disorders of consciousness,Ann N Y
Acad Sci1129 (2008), 105–118.

[32] M. Steriade and R.R. Llinas, The functional states of the tha-
lamus and the associated neuronal interplay,Physiol Rev68
(1988), 649–742.

[33] W.H. Theodore, R. Brooks, R. Margolin et al., Positron emis-
sion tomography in generalized seizures,Neurology35 (1985),
684–690.

[34] T. Yamauchi, Impairment of consciousness during epilep-
tic seizures with special reference to neuronal mechanisms,
Epilepsia39(Suppl 5) (1998), 16–20.

[35] S.N. Yeni, L. Kabasakal, C. Yalcinkaya, C. Nisli and A. Der-
vent, Ictal and interictal SPECT findings in childhood absence
epilepsy,Seizure9 (2000), 265–269.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


