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Abstract

Although the precise mechanisms for control of consciousness are not fully understood, emerging 

data show that conscious information processing depends on the activation of certain networks in 

the brain and that the impairment of consciousness is related to abnormal activity in these systems. 

Epilepsy can lead to transient impairment of consciousness, providing a window into the 

mechanisms necessary for normal consciousness. Thus, despite differences in behavioral 

manifestations, cause, and electrophysiology, generalized tonic–clonic, absence, and partial 

seizures engage similar anatomical structures and pathways. We review prior concepts of impaired 

consciousness in epilepsy, focusing especially on temporal lobe complex partial seizures, which 

are a common and debilitating form of epileptic unconsciousness. We discuss a “network 

inhibition hypothesis” in which focal temporal lobe seizure activity disrupts normal cortical–

subcortical interactions, leading to depressed neocortical function and impaired consciousness. 

This review of the major prior theories of impaired consciousness in epilepsy allows us to put 

more recent data into context and to reach a better understanding of the mechanisms important for 

normal consciousness.

Keywords

consciousness; epilepsy; neuronal activity

Introduction

We are all familiar with the notion of consciousness; however, the term consciousness has 

always been difficult to define and explain. Many question whether the philosophical state 

of the mind can ever be directly linked to neurological phenomena.1–3 Despite historic and 

continued uncertainty surrounding this mind–body connection, observation of behavior is 
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the generally accepted method of consciousness assessment.4,5 Consciousness is often 

measured by assessing a person’s ability to maintain alertness, attention, and awareness of 

self and environment by continuously monitoring behavioral interactions with the 

surroundings. Accepting the assumption that there is a correlation between change in mental 

and neural states, we use epilepsy to study the neurobiological basis for the alteration of 

consciousness. While it is appropriate to contrast the different symptoms and characteristics 

of absence, tonic–clonic, and complex partial seizures, it is also important to recognize what 

is common to these different types of epileptic seizures. Despite their differences, the same 

anatomical networks have been suggested to be involved in impaired consciousness in these 

three types of seizures, through either abnormal increases or abnormal decreases in neuronal 

activity.6–8 Comparative study of these types of seizures may lead to better therapeutic 

interventions for all types of epilepsy and better understanding of the mechanisms for 

unconsciousness.

In this paper, we will first outline the most prevalent types of seizures associated with 

impaired consciousness, and we will then review the major recent ideas of consciousness in 

epilepsy, chronologically exploring the progression of the research. Our discussion will 

emphasize mechanisms of impaired consciousness in complex partial temporal lobe 

seizures, since impaired consciousness in generalized seizures has been discussed 

extensively elsewhere.7,9,10,85 Concepts from generalized epilepsy have relevance for 

understanding impaired consciousness in partial seizures. The historical “highest centres” 

philosophy of Hughlings Jackson and the “centrencephalic theory” of Penfield and Jasper 

created the framework for contemporary refinement of theories concerning the control of 

seizures and consciousness. Ideas about hemisphere lateralization in impaired consciousness 

and the roles of the midbrain and thalamus stemmed from these earlier findings. We review 

these ideas and the challenges that have arisen, emphasizing recent conceptions of 

consciousness based on the relationship between impairment and altered function in specific 

brain regions. We conclude with our proposal of a network inhibition or network disruption 

by seizure hypothesis as a plausible mechanism for impaired consciousness in temporal lobe 

complex partial seizures.

Epileptic Seizures Associated with Impaired Consciousness

Epilepsy and seizures are often categorized as either generalized or partial. Generalized 

tonic–clonic (GTC), or grand mal seizures, are widespread neuronal discharges that include 

abnormal activity throughout widespread areas of the brain. The tonic portion of these 

seizures refers to the sustained muscle contractions with 10–20 s of high-frequency 

electroencephalogram (EEG) activity. Clonic activity follows: limbs contract rhythmically 

as brain activity settles into poly-spike-and-wave EEG discharges. After a minute or two, 

clinical and EEG seizure activity usually stops, and the patient typically remains deeply 

lethargic and unresponsive for several minutes or longer into the postictal period. Tonic–

clonic seizures can be primarily generalized, or secondarily generalized, with onset in one 

focus in the brain and then spread to other regions. Because of the large brain area involved 

in these generalized seizures, nearly all GTC seizures result in impaired consciousness.85
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Occasionally, patients undergoing GTC seizures will retain consciousness ictally.11 For 

example, seizures beginning in central, extratemporal brain regions with limited effects 

outside the bilateral motor pathways were found to be spared many behavioral changes 

associated with loss of consciousness. The regions activated were close to the motor cortex, 

possibly accounting for the tonic–clonic behavioral components of the seizure. Yet 

consciousness, language, and memory processing were relatively unaffected.11

Another type of generalized seizure, although very different in manifestations, is the absence 

seizure. Behaviorally marked by a brief slip in awareness and few motor changes, typical 

absence seizures are electrographically characterized by large-amplitude spike–waves at 

approximately 3 Hz. Consciousness is often but not always impaired during an absence 

seizure.7,12,13,86

Partial seizures may secondarily generalize into GTC seizures as abnormal discharges 

spread from the focal origin, or they may remain localized to one region of the brain. Partial 

seizures are classified further as simple partial seizures, with retained consciousness, or 

complex partial seizures, defined by a loss of consciousness. Temporal lobe seizures, a 

common type of partial seizure, can likewise be either simple or complex. Simple partial 

seizures of the temporal lobe are often characterized by autonomic and/or psychic symptoms 

as well as epigastric sensations. Complex partial temporal lobe seizures often begin with an 

inhibition of motor activity with noticeable ictal behavioral automatisms and 

unresponsiveness.14 With complex partial seizures, postictal behavior often continues to 

show impairment of consciousness, complete with confusion and often amnesia of the event. 

While impaired consciousness in generalized seizures, with widespread bilateral 

involvement of cortical and subcortical structures, is not surprising, it has been more of a 

challenge to explain why focal temporal lobe seizures should commonly lead to impaired 

consciousness. We will first discuss historical origins of the concept of cortical–subcortical 

interactions in epileptic unconsciousness in general before returning in detail to more recent 

advances in explaining impaired consciousness in temporal lobe epilepsy.

John Hughlings Jackson’s “Highest Centers”

Many of the modern ideas of epilepsy anatomy and physiology originated from the work of 

John Hughlings Jackson (1835–1911), who proposed in his work On the Anatomical, 

Physiological, and Pathological Investigation of Epilepsies that an epileptic seizure be 

defined as a “sudden, excessive and rapid discharge of grey matter of some part of the brain; 

it is a local discharge.”15 His work came at a time when empirical science had begun to 

displace superstition as the dominant framework for interpreting the physical world; 

formerly, epilepsy and many other disorders were blamed on witchcraft.16 Jackson explored 

the origins and outcomes of the seizures he observed in his patients, noting that these 

seizures often led to an impairment of consciousness. A few of Jackson’s contemporaries 

agreed that consciousness was the essential feature of epilepsy,17 but many focused on 

motor convulsions as the primary clinical manifestation (for a review, see reference 16). 

Despite their disagreement on the fundamental nature of the condition, Jackson and 

contemporaries agreed that the different portions of the brain played unique roles in epileptic 

seizures. Due to the technological limitations at the time, neurologists could rely only on 
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clinical observation and anatomical postmortem studies to assess the functions of specific 

brain structures.

From his many observations of epileptic seizures, Jackson proposed that consciousness was 

impaired when higher cortical function became disorganized and lacked integrative 

ability.18 He considered the substrata of consciousness to be the highest nervous center, 

representing the most complex region responsible for the coordination of various inputs and 

outputs throughout the body, and hypothesized that impaired consciousness was the result of 

discharge in this region. Jackson believed that these higher processes evolved from the 

lower, simpler processes and together formed a continuous network throughout the brain. 

The degree of consciousness impairment would depend on the seat of the discharging lesion, 

as well as on the extent and speed by which this discharge spreads. If the discharge began in 

a subordinate structure or series of structures, consciousness would be lost either once this 

discharge spread to a higher process or when a sufficiently large quantity of subordinate 

structures became involved.18,19 The importance Jackson placed on the study of 

consciousness in epilepsy paved the way for the development of an entire field of study, 

promoting greater understanding of an important yet previously overlooked component of 

epileptic disorders.

Penfield and Jasper’s Centrencephalic Theory

During the 1930s to the 1950s, Wilder Penfield and Herbert Jasper posited that a system 

existed within the brain stem that could be responsible for integrating the actions of the two 

hemispheres of the brain. They saw that epileptic patients who had had large portions of 

cerebral cortex or corpus callosum removed suffered little to no impairment of 

consciousness, while pressure applied to the brain stem resulted in immediate and reversible 

loss of consciousness.20 Based on this observation, Penfield and Jasper deduced that 

consciousness control in the brain involved more than just the cerebral cortex, which was 

known to control many cognitive processes.21 Instead, they argued that the “indisputable 

substratum” of consciousness was rooted in the diencephalon and upper brain stem. While 

they acknowledged that the cortex was involved in high-level functioning, Penfield 

suggested that networks of neurons contained in the diencephalon and the brain stem 

integrated the activities of the two hemispheres, thereby controlling states of 

consciousness.20,21 Jasper also posited that activation of only the amygdala and 

hippocampus was insufficient to induce automatisms with amnesia. Instead, the impairment 

of consciousness required the involvement of widespread structures, particularly through 

involvement of the aforementioned mesial diencephalon and brain stem.22 He suggested that 

seizure discharge must affect the temporal lobes bilaterally in order to effect loss of 

consciousness, which he termed epileptic automatism with amnesia.22

Jasper and Penfield termed this complex network of interactions between cortical and 

subcortical structures “centrencephalic,” drawing attention to the complex integration of 

several systems required to facilitate the spread of epileptic activity throughout the 

brain.20,21,23 Several contemporary studies found evidence of a diffuse thalamo–cortical 

projection system in the intralaminar regions of the thalamus.24 Stimulation of the 

intralaminar thalamus at 3 Hz reproduced bilateral spike–wave patterns similar to those seen 

Yu and Blumenfeld Page 4

Ann N Y Acad Sci. Author manuscript; available in PMC 2015 December 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in petit mal (absence) epilepsy.25,26 Furthermore, neurochemical studies suggested 

chemically specific ascending and diffuse modulatory systems projecting from the 

diencephalon and brain stem that interact with, but are anatomically separate from, the 

sensory and motor systems.21 Experimenting on cats, Moruzzi and Magoun in 1949 showed 

that stimulating the ascending reticular relays in the brain stem can activate or 

desynchronize EEG recordings. This causes low-voltage fast activity to replace high-voltage 

slow waves, particularly in the cortex, in a process that is mediated by diffuse projections.27 

They postulated that this ascending activation system may be responsible for wakefulness 

and that the reduction of activity in this activation system may cause sleep or other 

impairment of awareness.27

These early studies by Penfield, Jasper, and contemporaries suggested that control of 

consciousness could occur outside the cerebral cortex. Subsequent to their work, many 

studies have substantiated the importance of subcortical structures in modulating 

consciousness.

Effects and Importance of Lateralization

The two hemispheres of the brain, although virtually symmetrical, have slightly 

differentiated functions. Early hemispherectomy studies as treatment for severe epilepsy 

showed that a single hemisphere and intact brain stem connections are sufficient to sustain 

normal consciousness.28 However, the specific features of consciousness retained 

posthemispherectomy may depend on the side of the brain removed. Although, interestingly, 

Jackson believed that most verbal losses occurred when the right hemisphere was 

impaired,18 work since then has confirmed that the left hemisphere is usually responsible for 

verbal consciousness while the right hemisphere is linked to basic awareness of corporeal 

and emotional self.29 A patient without a left hemisphere, for example, would likely suffer a 

loss in the auditory and verbal language skills that are often used as a method of measuring 

conscious response while still retaining emotional awareness of self.30 On the other hand, a 

patient without a right hemisphere would be able to vocalize responses, but would lack 

emotional attributions, when presented with stimuli.29

Others have gone so far as to suggest that the left hemisphere, typically dominant for 

language, is also dominant for consciousness.31–33 By using a right-side intracarotid amytal 

injection to cause left hemiplegia in a case study, Franczek and colleagues found right 

hemisphere EEG slowing without change in consciousness or language.34 When the same 

process was performed on the opposite side, the patient was unresponsive to verbal 

commands and to noxious somatic stimulation for 63 s, without global aphasia. Although 

open to interpretation, the authors inferred dominance for consciousness based on these 

results.34

Since the temporal lobe is known to be important for relating current and past experiences 

and the assessment of consciousness often relies on the recollection of past events, the 

temporal lobe has been considered an important structure in the regulation of consciousness. 

Some believe that the specific temporal lobe (left versus right) involved or the one most 

involved in the seizure is a predictor for the impairment of consciousness, while others 
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believe that it is the number of temporal lobes (one versus two) affected that better predicts 

the outcome.

Lux and colleagues found that 39% of left temporal lobe seizures resulted in impaired 

consciousness, while only 12% of right temporal seizures did the same.35 All patients with 

bitemporal seizure activity showed ictal impairment, but when activity was confined to the 

right temporal lobe consciousness was more often spared.35 Because involvement of the left 

temporal lobe was more likely to lead to impaired consciousness, they concluded that 

unimpaired consciousness requires normal function of the left temporal lobe. The sparing of 

both temporal lobes would be sufficient to retain consciousness, because that would include 

by definition the sparing of the left temporal lobe; the involvement of both temporal lobes 

includes the involvement of the left temporal lobe, hence the resulting impairment of 

consciousness.35 Inoue and Mihara argued that unilateral temporal seizure activity was 

sufficient to impair consciousness and was more likely to do so if activity was located in the 

left temporal lobe than in the right.36 Others found that contralateral focal jerking and tonic 

head deviation were more common when temporal lobe seizures occurred in the left 

temporal lobe and that seizures in the left lobe were more likely to generalize.37 In addition, 

postictal aphasia occurred exclusively in left temporal seizures, whereas ictal speech quickly 

returned to normal after offset in right temporal seizures.37 Because they found that seizure 

activity involving the right temporal lobe had comparable rates of consciousness impairment 

to frontal seizures, while the seizures affecting the left temporal lobe had far greater rates of 

impaired consciousness,35,36 these investigators concluded that the right temporal lobe has 

only a small role in modulating consciousness, while the left temporal lobe is much more 

directly implicated in consciousness control.

Impairment of consciousness has also been linked to bilateral, rather than unilateral, mesial 

temporal lobe discharges, as these discharges may limit the patient’s postictal response to 

the environment and recollection of events.38 Herbert Jasper also posited that epileptic 

seizure discharge must reach both temporal lobes in order to cause epileptic automatism to 

occur with amnesia.22 Gloor and others suggested that ictal loss of consciousness without 

secondary generalization most often occurs when there is bilateral involvement of limbic 

and neocortical components of the temporal lobes. Others have confirmed that during 

temporal epileptic seizures, consciousness is found to be impaired in up to 81% of patients 

with bilateral seizure activity.36,38–41 Over 50% of seizures with impaired consciousness 

involve parts of the contralateral hemisphere, often the temporal lobe.39

Assessment Challenges

In the lateralization studies discussed above, those who found consciousness to be linked to 

the dominant hemisphere often relied on verbal determinants of arousal to measure 

conscious response. In some studies, when response to noxious stimulation was substituted 

for response to verbal stimulation, no difference was found between seizures originating in 

the left and right hemispheres.42 In most studies, no function that would have been expected 

to be impaired during right seizure activity was assessed, such as the memory for faces or 

figures, which has been localized to the right temporal lobe.35 The reliance on verbal 

measures of consciousness seems then to be an obvious limitation of many consciousness 
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studies and something researchers should consider when interpreting their results.37 Because 

pain and noxious stimuli activate regions throughout the brain bilaterally, they may be better 

measures of reaction than verbal response.43

Pierre Gloor44 reviewed the difficulty of assessing consciousness in others and hypothesized 

that the only person who can truly determine a patient’s consciousness is the patient himself. 

Although a lack of response is often considered to be an indication of impaired 

consciousness, a patient could be unresponsive for other reasons, such as lack of motor 

control or aphasia. Another measure of consciousness is the recall of past events, 

specifically, those that occur during a seizure. Yet the inability to recall may be due to 

amnesia rather than a lack or impairment of consciousness at the time of the event. Frequent 

interactions with patients are the only reliable way to assess responsiveness over a period of 

time. Close observations of patient responses and actions are the best, although still 

imperfect, method to distinguish impaired and unimpaired consciousness.44 Since patient 

examination is inherently subjective, this can be problematic and in some cases may even 

lead to erroneously inferring impaired consciousness when psychological factors prevail.45

Some have suggested, on the contrary, that this problem can be alleviated by taking into 

account the subjective experience of the patient. Assuming that all psychological 

phenomena originate from biological changes within the brain, a change of subjective 

awareness reflects a change in brain function. This suggests that underlying biological 

phenomena can be deduced from patients’ descriptions of events before, during, and after 

their seizures. Consequently, instead of having someone else assess a patient’s mental state, 

some researchers have relied on the patient’s own report of the seizure as the most 

informative record of ictal events.46,47,87 Yet this strategy is useful only with patients who 

remember the details of the seizure and thus cannot be applied to a representative sample of 

all patients undergoing epileptic seizures, because many do not retain sufficient awareness 

or cannot remember postictally. While use of subjective patient accounts may certainly be 

useful in some situations, the emergence of improved neuroimaging technology offers better 

opportunities to visualize objective phenomena in the brain, with new approaches that were 

not available at the time of Pierre Gloor’s somewhat pessimistic review.

SPECT Analysis and the Midbrain–Thalamus Hypothesis

Single photon emission computed tomography (SPECT), an imaging technique that uses 

gamma rays to create a three-dimensional picture of brain blood flow, has been particularly 

important in evaluating brain function during seizures. Ictal SPECT has an advantage over 

other methods, such as positron emission tomography or functional magnetic resonance 

imaging (fMRI), because the SPECT radiotracer injection can be done during the seizure but 

imaging is done later, alleviating problems with movement artifact during seizures. Several 

SPECT studies have shown that impaired consciousness in temporal lobe seizures is 

correlated with secondary hyperperfusion in the thalamus and upper brain stem.48–50 Medial 

temporal and medial diencephalic connections may be required for the generation and 

propagation of limbic seizures. It seems plausible that the spread of epileptic discharge or 

activation to these regions is the mechanism by which consciousness is impaired or 

altered.48–50
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SPECT imaging has also been useful in the study of temporal lobe seizures, because it 

allows for the analysis of cerebral blood flow (CBF) changes within and beyond the 

temporal lobe. Seizures with impaired consciousness showed CBF increases in the temporal 

lobe, with increases in bilateral midline subcortical structures, while CBF decreases 

occurred bilaterally in the frontal and parietal association cortex.48 This CBF decrease has 

been found to be correlated with CBF increases in midline structures, such as the 

mediodorsal thalamus. In patients with hippocampal sclerosis, complex partial seizures were 

related to larger decreases in CBF in the frontal association cortex than simple partial 

seizures. Thus, these widespread CBF changes, including midline increases and cortical 

decreases, were not present in temporal lobe seizures where consciousness was spared; in 

such cases, changes were much more likely to be confined to the temporal lobe.48 This 

suggests that perhaps the involvement of the midline structures interacting with the cortex is 

related to the impairment of consciousness.

Many specific thalamo–cortical connections exist from the various nuclei that compose the 

thalamus. Tae and colleagues51 noted ictal hyperperfusion and interictal hypoperfusion in 

the ipsilateral temporal lobe, insula, putamen, bilateral thalami, and in the bilateral 

precentral gyri. Hypoperfusion between seizures was hypothesized to be due to repetitive 

ictal discharges generating and propagating through this thalamo–hippocampal insular 

network.51 Hogan and colleagues also found that SPECT hyperperfusion occurs in the brain 

stem tegmentum and bilateral thalamus during medial temporal seizures, confirming the 

involvement of these regions.52

Rat models have also shown that the midline thalamus is involved in limbic seizure 

activity.53,54 Significant neuronal loss has been found in the medial dorsal and rhomboid 

nuclei and lidocaine infusions into the midline thalamus reduced the duration of discharges, 

suggesting that this region of the thalamus is important in limbic seizures.53 Recent 

neuroimaging in a rat model of limbic seizures showed increased activity in the thalamus 

along with decreased activity in the frontal association cortex, similar to humans, likely due 

to long-range network effects.54

Guye and colleagues analyzed thalamic activity during human temporal lobe seizures, 

correlating intracerebral EEG recordings with behavioral observations, and found marked 

synchronization of signals from temporal lobe structures and the thalamus, particularly in 

the last phase of the seizure.55 Specifically, they found the medial pulvinar to be involved in 

all seizures that affected the associative portions of the temporal lobe, suggesting that its 

connections with associative cortices may be the pathway for the spreading of the seizure 

and that this may be true for other thalamic nuclei as well. When consciousness was lost 

within the first 10 s of the seizure, significantly more synchrony occurred.55

The Network Inhibition Hypothesis

We have proposed that anatomical structures important for consciousness be referred to as 

the “consciousness system,” in analogy to the motor, sensory, and limbic systems, which 

similarly involve a network of cortical and subcortical structures.8,56 If we assess 

consciousness as the ability to maintain an alert state, attention, and awareness of self and 
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environment, the system responsible for regulating consciousness must include the 

structures known to be responsible for these capacities, such as the frontal and parietal 

association cortex, cingulate gyrus, precuneus, and activating systems located in the basal 

forebrain, thalamus hypothalamus, midbrain, and upper pons.6,57,58 Additionally, since 

electrical stimulation of the limbic structures correlates with unconsciousness, it has been 

suggested that the limbic system is important in the maintenance of awareness of 

environment.44 If we consider controlled attention to be a prerequisite for consciousness, the 

consciousness system must also include the basal ganglia and cerebellum, as these structures 

have also been recognized to play a role in regulating attention.59–61

As previously discussed, SPECT studies of partial seizures have shown that when normal 

consciousness is retained, changes are more likely to be confined to the temporal lobe, 

without fronto–parietal or midline subcortical changes. Complex partial seizures, with 

impaired consciousness, are more likely to include changes outside the temporal lobe, 

including CBF increases in the upper brain stem and medial thalamus and decreases in the 

fronto–parietal association cortex and the anterior and posterior interhemispheric regions.48

We have summarized our work and that of others by proposing a “network inhibition 

hypothesis,” or what should perhaps more appropriately be termed the “network inhibition 

or network disruption by seizures hypothesis” for impaired consciousness in temporal lobe 

seizures (Fig. 1).6,62 Normally, the upper brain stem–diencephalic activating systems 

interact with the cortex to maintain normal consciousness (Fig. 1A). Temporal lobe seizures 

(Fig. 1B) propagate through known pathways63,64 to reach the midline subcortical structures 

(Fig. 1C), disrupting the normal activating systems and thus leading to decreased activity or 

inhibition of the fronto–parietal association cortex (Fig. 1D). The resulting decreased 

activity in the fronto–parietal cortex is poorly understood but may be caused by increased 

inhibitory inputs and/or decreased excitatory inputs.

Human intracranial EEG studies of temporal lobe epilepsy seizures have lent some 

additional support to the concept of temporal lobe seizures producing remote network 

effects in the neocortex. These studies have shown ictal high-frequency discharges in the 

temporal lobe, along with slow-frequency waves in the association cortex, which are 

accompanied by decreased CBF.48,50,65–70 Because these slow waves lack spikes or sharp 

components, differing drastically from the high-frequency ictal discharges in the temporal 

lobe, we believe them not to be a propagation of seizure activity outside the temporal lobe 

but rather a type of EEG pattern similar to that seen in sleep, coma, or encephalopathy. 

Quantitative analysis of intracranial EEG data has confirmed that the activity patterns in the 

temporal lobe and association cortex are distinct.71,72 Recent animal models of limbic 

seizures have also shown slow activity in the frontal cortex with decreased CBF and 

decreased frontal neuronal firing, resembling the effects of deep anesthesia or natural 

sleep.54 If these slow waves are suggestive of the brain being in a deep sleep-like state, the 

loss of consciousness may be a remote network effect on cortical structures secondary to the 

fast activity in the temporal lobe. We previously likened this mechanism to diaschisis 

following stroke, in which pathology in one focal region of the brain can lead to functional 

inhibition of remotely located brain structures.62,73 We hypothesize that the generation of 

slow activity through abnormal neocortical–subcortical interactions is the route by which 
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fast temporal seizure activity impairs consciousness. Further work is needed in both humans 

and in animal models to more completely investigate this hypothesis and to determine the 

fundamental network and cellular and neurochemical mechanisms involved.

Summary and Conclusions

Although we have discussed the major theories of consciousness control in epileptic seizures 

separately, we do not intend to suggest that these ideas operate independently of each other. 

Instead, each theory of consciousness, including our own, is closely related to other work. 

For example, the centrencephalic theory influenced later studies showing midbrain and 

thalamic involvement during temporal lobe seizures and our subsequent network inhibition 

or network disruption by seizure hypothesis. Our proposed “consciousness system” is a 

coarse outline of structures, including the medial thalamus andbreak upper brain stem, 

interhemispheric regions (medial frontal cortex, cingulate, and precuneus), and lateral 

frontal and parietal association cortex. Diverse seizure types can cause impaired 

consciousness when abnormal activity occurs in the structures that are involved in 

moderating the controlled awareness of the environment. Despite having different 

behavioral manifestations, absence, GTC, and temporal lobe complex partial seizures all 

cause abnormal increases in the activity of the medial thalamus and upper brain stem and 

decreased activity in interhemispheric regions.7,8,10,48,74,85,86 The lateral frontal and parietal 

cortex show abnormal changes in both directions during absence seizures: increases during 

GTC seizures and decreases during complex partial temporal lobe seizures. Following most 

GTC and complex temporal lobe seizures, there is a noticeable postictal period with 

impaired consciousness, accompanied by decreased activity across the frontal and parietal 

association cortex. However, this postictal impairment is not present after most absence 

seizures.

It is important to better understand mechanisms of impaired consciousness in epilepsy so 

that we can eventually prevent its negative effects. Being epileptic correlates with having a 

shorter life expectancy, greater risk of injuries such as burns, falls, and vehicular accidents, 

and an overall reduced quality of life.75–77 Patients with seizures with impaired 

consciousness are often restricted from driving, and the risk of motor vehicle accidents is 

higher in seizures with impaired consciousness, such as complex partial and GTC seizures, 

than in seizures with retained consciousness.78,79 Fear of losing consciousness in public is 

also a concern to patients who suffer from complex and generalized seizures.80 This type of 

concern can be stigmatizing and can increase the suffering of patients already dealing with a 

debilitating illness.

Patients’ quality of life would greatly improve if seizures with impaired consciousness could 

be prevented. Review of these mechanisms of consciousness control has facilitated the 

development of methods designed to block several types of seizures, especially those that 

include loss of consciousness. For example, some investigators have developed deep brain 

stimulators to treat epilepsy and other disorders of consciousness.81–84 As these neuronal 

networks are studied, medicines can be developed that more accurately target the specific 

regions involved. Although ideally all seizures, whether or not they impair consciousness, 
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might be prevented, even a smaller improvement, such as minimizing the impairment of 

consciousness, would make a noticeable impact on patient well-being.

In conclusion, reviewing and understanding the various perceptions of the root of impaired 

consciousness in epilepsy help us to see recent research in a historical context. Integration of 

these various concepts directs our efforts to uncover more precise evidence of the neuronal 

networks responsible for regulation of conscious behavior. It is hoped that further 

investigation will lead to the development of treatments and preventative techniques that 

will improve the quality of life for those living with this disorder. By comparing brain 

activity when consciousness is normal and when impaired, we can effectively model the 

systems implicated in control of consciousness.
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Figure 1. 
Network inhibition hypothesis for loss of consciousness in complex partial seizures. (A) 

Under normal conditions, the upper brain stem–diencephalic activating systems interact with 

the cerebral cortex to maintain normal consciousness (yellow represents normal activity). 

(B) A focal seizure (red) involving the mesial temporal lobe unilaterally. (C) Propagation of 

seizure activity from the mesial temporal lobe to midline subcortical structures. (D) 

Disruption of the normal activating functions of the midline subcortical structures leads to 

depressed activity (blue) in bilateral regions of the fronto–parietal association cortex, 

leading to loss of consciousness. Reproduced with permission from Ref. 6. (In color in 

Annals online.)
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