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EDITORIAL  I

Into the deep end: a look at the functional changes of neuronal
pathways in the deeply anesthetized state

The mechanisms of anesthetic-induced loss of
consciousness are incompletely understood and efforts
to investigate such pathways have largely depended
on evaluating the details of an anesthetic drug inter-
acting with receptor sites. These studies have helped
elucidate generally accepted molecular and pharma-
cologic principles; however, focusing on just receptor
interactions neglects the anesthetic effects on the
dynamic neuronal pathways of the central nervous sys-
tem. Such pathways have been described through the
concept of functional cortical connectivity in which the
flow of information is governed by the dynamic state
of neuronal network activities. As such, investigators
have begun utilizing functional magnetic resonance
imaging (fMRI), electroencephalograms (EEG),
positron emission tomography (PET) connectivity
analyses, and direct measurements of intracranial local
field potentials in order to describe cortical connectivity
and the effect of anesthetics of cortical function.

Efforts to explore functional connectivity and the
changes during general anesthesia have yielded
interesting results. Induction of anesthesia with propofol
has been shown to decrease cortical connectivity by
fragmenting intact areas of cortical activity [1].
Furthermore, deep propofol-induced sedation causes
a breakdown of cerebral functional connectivity be-
tween cortical and subcortical areas due to a modulation

of pathways within thalamocortical networks [2].
Likewise, a reduction in cortical connectivity has been
found to be directly related to the depth of sevoflurane-
induced general anesthesia [3]. Regardless of whether
subcortical structures are the direct target of
anesthetics during hypnosis, or whether they act solely
as relay stations between various cortico-cortical
pathways, the role of the thalamus during general
anesthesia cannot be ignored.

The anesthetized state is not a distinct on/off state
of consciousness, but rather it is a continuum. This
continuum of anesthetic depth has been correlated with
EEG findings. Beta waves have high frequency, low
amplitude, and are present in the EEG of awake
patients. Alpha waves have medium range frequencies,
higher amplitude than beta waves, and signify an
awake patient with his/her eyes closed. Theta waves
are lower frequency and are present during general
anesthesia. Delta waves have even lower frequencies
than theta waves, and are present in deeply anes-
thetized states or as a result of ischemic brain injury.
Burst suppression of brain waves exists as the terminal
endpoint to deep anesthesia and can also be found in
traumatic brain injury or following cardiopulmonary
resuscitation. Burst suppression is an EEG pheno-
menon in which the signal is suppressed to an isoelectric
point, with occasional bursts of activity. Interest in this
heavily anesthetized (or low function) state stems from
the fact that the use of anesthetic agents to achieve
burst suppression results in decreasing the cerebral
metabolic rate of oxygen consumption (CMRO2) by
at least 50% compared with the awake state. De-
creasing the demand for oxygen for an organ so heavily
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dependent on its supply should provide significant
benefit to the at-risk patient. Indeed, high-dose iso-
flurane is neuroprotective during focal ischemia in rats
[4]. Unfortunately, the clinical application of achieving
burst suppression in humans by administering high
doses of anesthetic agents has not demonstrated a great
benefit in protecting the central nervous system of
comatose patients after cardiac arrest or during cerebral
aneurysm clipping [5, 6]. Current indications for
pharmacologic burst suppression based on low-level
evidence include refractory status epilepticus,
refractory intracranial hypertension, and intraoperative
neuroprotection during cerebrovascular surgery (such
as carotid endarterectomy) [7, 8].

As in other levels of general anesthesia, the
mechanisms of burst suppression remain controversial.
Amzica and colleagues have suggested that this
phenomenon is caused by extracellular ionized calcium
availability at the synaptic level [9]. Brown and
colleagues suggested that burst suppression occurs as
a consequence of decreased cerebral metabolism via
adenosine tri-phosphate (ATP)-dependent sodium
channels [10]. In the current issue of the journal, Pavel
et al. continue such work by evaluating functional
cortical connectivity using direct local field potentials
during deeply anesthetized states, including burst
suppression [11]. By directly measuring local field po-
tentials and correlating these results with standard EEG
tracings, their animal model was able to effectively
measure the dynamic changes of neuronal pathways
that occur during deeply anesthetized states. Their
efforts demonstrated that during periods of electroen-
cephalographic bursts, cortical connectivity significantly
increased when compared to non-burst and slow-wave
states. Furthermore, local field potentials suggest these
bursts are subcortical in origin. Interestingly, there was
no significant difference between cortical connectivity
during the two distinct EEG-characterized states of
deep anesthesia and complete, isoelectric suppression.

As the authors point out, no study can yet simulate
the noxious, surgical stimulative effects on cortical
connectivity during burst suppression periods. Future
efforts to correlate these electrophysiological aspects
with clinical outcomes during periods of burst sup-
pression will be equally significant, as we may be able
to tease out the nuances of why anesthetic-induced
burst suppression, despite unequivocally decreasing
CMRO2, does not translate to improved clinical
outcomes. Such important work thus constitutes the
basis for understanding the intricate relationships
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