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A master switch for consciousness?
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Consciousness is big. Most neural theories of consciousness involve distributed large-scale
networks throughout the brain. Whether it is the global workspace theory [1], information
integration theory [2], or global theories of brain neuroenergetics [3], there is broad
agreement that normal consciousness depends on widespread bilateral brain activity. An
inevitable consequence of these theories is that impaired consciousness—seen in disorders
such as head trauma, vascular disease, infection, or seizures—occurs when there is
dysfunction in large distributed brain regions. However, size is not everything. Small lesions
critically located in the upper brainstem or medial diencephalon are well known to produce
coma [4]. Small in size, these regions, nevertheless, interact widely and are responsible for
arousal in the entire thalamocortical grid [5,6]. Thus, turning off the relatively tiny nuclei of
the subcortical arousal systems brings down the whole cortex, taking consciousness off line.
This deep brain arousal circuit is a master switch for consciousness.

Avre there other locations in the brain where a focal change can produce unconsciousness? In
focal seizures of the temporal lobe or other localized brain regions, consciousness is often
markedly impaired. Patients cannot respond to questions or commands during these focal
seizures, and later, there is amnesia for the episodes. Recent investigations have shown that
impaired consciousness in focal seizures is associated with widespread changes in brain
function outside the local region of seizure discharge. Focal temporal lobe seizures with
impaired consciousness exhibit decreased cerebral blood flow, slow wave activity, and
enhanced synchrony in widespread regions of the frontoparietal association cortex [7-10].
Focal parietal seizures with impaired consciousness also produce abnormally enhanced long-
range cortical synchrony [11]. In the case of temporal lobe seizures, there is growing
evidence that seizures inhibit the crucial subcortical arousal systems, which, in turn, causes a
deep sleep-like state in the cortex and impaired consciousness [12—15]. Thus, temporal lobe
seizures may throw the subcortical consciousness master switch. However, the mechanism
for widespread altered cortical function and impaired consciousness in parietal lobe and
other focal neocortical seizures remains unknown.

In a recent Epilepsy & Behavior article, Koubeissi et al. provide another compelling
example of focal changes in a small brain area producing unconsciousness [16]. During
cortical mapping of a patient undergoing intracranial EEG and video monitoring, the authors
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stimulated a single-electrode contact and produced behavioral unresponsiveness and
amnesia. The electrode was located in the region of the left extreme capsule adjacent to the
anterior dorsal insula and claustrum. The effect was seen in 10 of 10 stimuli at 14 mA, and
stimuli consisted of 3- to 10-s 50-Hz brief square wave pulses, using a medial frontal
electrode as reference (stimulation between the medial frontal contact and other electrodes
produced no behavioral change). During stimulation, the patient stared blankly and did not
respond to commands. After the stimulus, the patient immediately returned to baseline with
no recall of events during stimulation and no recall of words presented during stimulation.
Stimulation also produced arrest of reading; however, the patient could continue repetitive
hand or tongue movements for up to 4 s after stimulus onset. Similarly, the patient could
repeat words during the first 2 s of stimulation if words were given before the stimulus
onset, suggesting that more automatic behaviors were, at least, initially spared. Nonlinear
correlation analysis of the intracranial EEG signals demonstrated greater synchrony of
frontoparietal electrode contacts during stimuli that produced impaired consciousness
compared with lower amplitude stimuli which did not. Seizures were not detected during or
after stimulation. The effect was limited to the one electrode, and stimulation of adjacent
contacts did not produce these changes.

Assuming the stimulation produced a focal effect on the insula or claustrum, the results
suggest the intriguing possibility that focal altered function in this small region can produce
widespread changes in frontoparietal synchrony and impaired consciousness. The authors
discuss prior work demonstrating an important role for the anterior dorsal insula or the
claustrum in self-awareness and higher-order cognitive integration [17,18], suggesting that
disruption of this region may interfere with normal consciousness. The findings also fit well
with previous work by the senior author Fabienne Picard, demonstrating a potential role for
the anterior insula in self-awareness [19], as well as with work by another author Fabrice
Bartolomei, elucidating the importance of cortical—cortical synchrony in epileptic
unconsciousness [9-11]. They further raise the point that the anterior insula/claustrum is not
far from the area tempestas, a critical epilepsy hub identified in prior studies [20,21].

The results in the present patient are fascinating and raise important questions for further
study. One key question is whether the left anterior insula/claustrum region is truly a second
“master switch” for consciousness or whether stimulation in this region somehow flips the
established master switch in subcortical arousal systems. The high level of connectedness of
this region certainly supports either possibility. The first order of business, of course, should
be to confirm the findings in additional patients. Assuming the anterior insula/claustrum is
verified as a potential key hub for consciousness, it is then hoped that future studies will
shed more light on the mechanisms for impaired consciousness observed during stimulation
of this region. For example, it would be of great interest to determine if the effect is
specifically seen in left as opposed to right stimulation. In addition, future work should
investigate EEG changes in the hemisphere contralateral to the side of stimulation. Electrode
locations for intracranial EEG are decided on clinical grounds, and the present patient only
had electrodes on the side of stimulation. However, future patients with bilateral electrodes
could provide an opportunity to determine if stimulation on one side produces changes in
both hemispheres, since disorders of consciousness usually only occur when bilateral
cortical functional changes are present. It would also, of course, be of interest to determine if
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this region is critically involved in some (or all) seizures that cause loss of consciousness
and to determine if therapeutic neurostimulation or other interventions targeting this region
could prevent loss of consciousness during seizures. Another important topic of further
study is the frequency range of the observed synchrony during stimulation. The current
study investigated broadband (0.5-90 Hz) signals, but it would be of interest to know if a
particular range of low- or high-frequency signals dominated the changes in synchrony
because this may have relevant mechanistic implications. Another challenge is the nature of
electrical stimulation, which can elicit changes either by neuronal activation or by neuronal
depression and can also produce local effects on neuronal cell bodies as well as distant
effects through stimulation of axonal terminals or fibers of passage [22]. Ideally, local
unilateral stimulation of the anterior insula/claustrum will be investigated further in
conjunction with functional neuroimaging to more fully identify regions of increased or
decreased brain activity, as well as with animal models to reach a complete mechanistic
understanding of the observed changes.

In conclusion, Koubeissi and colleagues have taken an important step forward in identifying
a new potentially critical hub in the network of consciousness. Whether this represents a
second master switch operating independently of the established subcortical arousal circuits
or whether stimulation of the anterior insula/claustrum is like a short circuit in the kitchen
that shuts off the master switch in the basement, time and future studies will tell. Either way,
the results are exciting and bring us closer to solving the ultimate puzzle of how
consciousness normally works and is impaired in epilepsy and other disorders.
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