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Given their recent success in counseling and psychiatry, the dialogue around psychedelics has mainly focused on their applications
for mental health. Insights from psychedelic research, however, are not limited to treating mental health, but also have much to offer
our current understanding of consciousness. The investigation of psychedelic states has offered new perspectives on how different
aspects of conscious experience are mediated by brain activity; as such, much more has been learned about consciousness in terms
of its phenomenology and potential mechanisms. One theory that describes how psychedelics influence brain activity is the “entropic
brain theory” (EBT), which attempts to understand conscious states—normal and psychedelic—in terms of “brain entropy.” Given its
wide explanatory reach, this theory has several implications for current debates in consciousness research, namely the issue of whether
consciousness exists in levels vs. dimensions; whether the psychedelic state is itself a “higher” level of consciousness; and if so, whether
psychedelics could be used to treat disorders of consciousness. To understand how psychedelics could possibly treat a minimally con-
scious or vegetative patient, one must first understand EBT and how this theory intersects with these ongoing debates. Thus, this article
offers a formal summary of EBT, distilling its core principles and their implications for a theoretical model of consciousness. In response
to their proposed use in treating disorders of consciousness, we emphasize the importance of “set” and “setting” in ascertaining the
therapeutic value of psychedelics for vegetative and/or minimally conscious patients.

disorders of consciousness; states of consciousness; entropic brain theory; psilocybin; theories and models; psychedelic
states

therapeutic value, the study of psychedelics has offered a variety
of new perspectives for the general study of consciousness.
Through these drugs, researchers have found reliable ways of
safely inducing psychedelic states in both clinical and healthy
populations, in hopes of better understanding their various per-
ceptual and cognitive effects. By observing how psychedelics
alter neural activity and correlating these effects with changes
in conscious experience, researchers can discern how various

Psychedelic research has recently become a prominent field of
inquiry in psychiatry, psychotherapy, neuroscience, and other dis-
ciplines. Formal investigations on classical psychedelics—such as
psilocybin and lysergic acid diethylamide (LSD)—have touted a
range of applications for these peculiar drugs; most impressively,
perhaps, is their relevance in treating a variety of psychiatric
disorders (Johnson and Griffiths 2017; Fuentes et al. 2020). For

instance, various studies on psilocybin have indicated high ther-
apeutic potential in treating a range of mental health disorders,
including anxiety and depression, in both terminal cancer patients
and the general population (Griffiths et al. 2016; Carhart-Harris
et al. 2016a; De Gregorio et al. 2018; Johnson et al. 2019). Fur-
ther research has illuminated its utility in treating addiction, with
unprecedented results (Johnson et al. 2017). Setting aside their

aspects of consciousness are mediated by brain activity and
how changes in specific neural systems affect conscious states
(Carhart-Harris et al. 2012, 2016b). For instance, changes in
the default mode network (DMN)—a network of brain regions
thought to be involved in constraining and maintaining regu-
lar conscious experience (Carhart-Harris and Friston 2010)—have
been associated with various perceptual shifts induced by
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psilocybin (Carhart-Harris et al. 2012), LSD (Miiller et al. 2018), and
other psychedelics (Palhano-Fontes et al. 2015). Most notably, per-
haps, is the DMN’s role in maintaining our narrative “sense of
self” (Lebedev et al. 2015; Milliére 2017; Milliere et al. 2018), which
describes our felt sense of being a subject at the center of con-
scious experience. In psychedelic research, the disintegration of
the DMN and its decoupling from the medial-temporal brain
regions has been associated with experiences of “ego-dissolution,”
the perceived experience of losing one’s sense of self (Lebedev et al.
2015; Letheby and Gerrans 2017). Novel insights such as this have
contributed several new perspectives on how we might under-
stand and further investigate consciousness. Thus, psychedelics
have proven to be useful tools for investigating consciousness in
both cognitive and phenomenal terms.

One of the dominant theories in this field is the “entropic
brain theory” (EBT), a formal account from Carhart-Harris et al.
(2014) which attempts to describe consciousness in terms of “brain
entropy.” To put it crudely, EBT claims that the level of one’s con-
sciousness (and the richness of their experience) can effectively
be measured by their amount of disordered brain activity. This
theory has several implications for consciousness research, both
theoretical and practical. For instance, how does EBT weigh in
on the debate over how we should measure and compare con-
scious states? Isit accurate to say that the psychedelic experience
is a “higher” state of consciousness? If psychedelics are found to
“elevate” consciousness in some sense, could they perhaps serve
as viable interventions beyond psychiatry and mental health—
possibly in the treatment of disorders of consciousness (DOCs)?
And finally, what ethical challenges would one face in admin-
istering psychedelics to vegetative or minimally conscious (MS)
patients?

To understand why psychedelics have been described as induc-
ing a “higher state of consciousness” (Schartner et al. 2017a) and
consequently, why some have argued for their use in treating
DOCs (Scott and Carhart-Harris 2019), it is first important to
understand the core principles of EBT and how this theory
explains conscious states in terms of brain entropy. Our prin-
ciple aim in this article is to highlight the various points of
intersection between EBT and a number of ongoing debates in
consciousness research, in an attempt to demonstrate what we
might learn about consciousness from investigating psychedelic
states. We thereby begin this review by summarizing EBT and
discussing the role of entropy in distinguishing conscious states.
We then move on to address three ongoing debates in the con-
sciousness literature, namely the issue of whether consciousness
exists in levels vs. dimensions; whether the psychedelic state
really is a “higher” level of consciousness; and finally, whether
psilocybin—a classical psychedelic—can (or should) be used to
treat DOC patients. We will place particular emphasis on theo-
retical gaps, where they arise in these debates. In regard to this
final issue, we add to the debate by emphasizing the importance
of “set” and “setting” in ascertaining the therapeutic value of psilo-
cybin (and other psychedelics) for treating vegetative and/or MS
patients. By the end of this article, readers will become aware of
the various ways in which the neuroscience of psychedelics can
inform a developing taxonomy of conscious states and the practi-
cal implications this may have on interventions for DOC patients.
By presenting the various perspectives for each of these debates
in turn, we hope to demonstrate the insightful contributions that
psychedelic research has made to our theoretical understanding
of consciousness.

In their initial paper, Carhart-Harris et al. (2014) put forth their
EBT by weaving together findings from various brain imaging
and neuropharmacological studies, which have all investigated
psychedelic drugs and their effects on brain communication
(within and between specific brain networks). These processes
are believed to be involved in maintaining our day-to-day con-
scious experience. EBT attempts to understand psychedelic states
in terms of their underlying neural changes—more specifically,
how they rank in terms of brain entropy. By “entropy,” the authors
essentially mean “disorder” or “randomness.” To say that conscious
states are a function of brain entropy is to say that the level of
entropy (or disordered activity) in the brain can serve as an index
for one’s “level” of conscious experience. In exploring this view,
EBT addresses entropy as it applies to normal waking conscious-
ness and contrasts this with how entropy differs in the psychedelic
state. From this comparison, Carhart-Harris et al. (2014) distin-
guish two kinds of conscious states: “primary states,” which are
conscious states that most closely resemble (but are not limited
to) the psychedelic experience, and “secondary states,” which are
more akin to experiences in normal waking consciousness. It is
worth mentioning here that the terms “primary” and “secondary”
are borrowed from the psychoanalytic theory of Freud, who elab-
orated concepts of primary and secondary processes within the
human psyche. Freud is perhaps most well known for his concepts
of the “ego” and the “id” as competing processes within an individ-
ual: the id is the primary process that represents the “primitive”
aspects of a person, driven by instinctual desires and tendencies;
the ego is the secondary process that uses reason to negotiate
these desires, representing the part of the individual that has been
shaped by culture.

Although these concepts refer strictly to psychological phe-
nomena, Carhart-Harris and Friston (2010) propose they have
strong neurobiological roots. This is evidenced by insights in cogni-
tive neuroscience, which together suggests that large-scale brain
networks (such as the DMN) work to predict and constrain the
activity of lower-level limbic systems. On their view, one can
interpret spontaneous activity in the brain’s more primitive lim-
bic systems as constituting the primary process (the id) and the
DMN'’s mediation and suppression of this activity as the secondary
process (the ego). In the context of EBT, primary and secondary
states are distinguished in terms of their underlying entropy—it
is thus helpful to clarify what “entropy” is in empirical terms as a
description of brain activity. Moreover, we must explore how mea-
sures of entropy in the brain can be used to formally determine
one’s level of consciousness.

Entropy and conscious states

Carhart-Harris et al. (2014) argue that the qualitative nature of
any conscious state essentially depends on the system’s entropy.
Here, the “system” may be the whole brain or even particular
subsystems, such as higher-level networks including the DMN or
the frontoparietal network (another prominent functional brain
network). Entropy is a formal quantitative measure that can be
derived in a variety of ways by measuring certain aspects of brain
function. On their account, entropy essentially captures the ran-
domness or disorder of a system with respect to neural signal
diversity; the corollary of this is that entropy also indicates the
level of uncertainty we have about the system'’s state at any given
moment. That is to say that if we were to randomly sample the
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Figure 1. [llustrating an increase in system entropy during gas
expansion. The gas molecules in container “A” are restricted to the left
side of the vessel due to the internal barrier. Once the barrier is removed
(as depicted in container “B”), there is now less certainty over the position
of any single gas molecule (adapted from Carhart-Harris et al. 2014)

state of a system at any point in time, we would be least certain
about its state when entropy is highest. Carhart-Harris et al. (2014)
liken this to the example of gas expansion in a sealed container:
when some barrier has been removed the gas begins to occupy a
larger volume, making it more difficult to determine the position
of an individual molecule as the total system entropy has now
increased (Fig. 1). Thus, measures of entropy serve to index the
level of “disordered activity” in the system. This is roughly the anal-
ogy that the authors wish to make for the psychedelic experience:
psychedelic drugs ultimately raise the level of system entropy,
thereby allowing an individual to experience a wider number of
possible conscious states while making it more difficult to predict
their current state at any given time.

One might wonder why we should favor entropy in distinguish-
ing conscious states. It is helpful to note here that different mea-
sures of brain entropy have been used to describe and compare a
variety of conscious states, not limited to normal or psychedelic
states. Entropy measures have been used to better understand
mood disorders, anxiety disorders, and schizophrenia, as well as
the so-called altered states such as hypnosis; researchers have
also investigated how levels of entropy change according to the
process of aging (Lau et al. 2021). Differences in entropy also
appear to be associated with differences in cognitive function,
as resting-state functional magnetic resonance imaging (fMRI)
research has shown that brain entropy is positively correlated with
intelligence in healthy adults, particularly in areas such as the
prefrontal cortex, the inferior temporal lobes, and the cerebellum
(Saxe et al. 2018). Another study by Shi et al. (2020) found pos-
itive correlations between brain entropy and divergent thinking
in healthy individuals, in areas including the left dorsal anterior
cingulate cortex, the pre-supplementary motor area, and the left
dorsolateral prefrontal cortex. If we interpret entropy as a mea-
sure of how many distinct states a system can take (Saxe et al.
2018), these findings make intuitive sense—people who are more
“intelligent” or “creative” are likely able to inhabit a wider variety
of system (or brain) states.

With respect to EBT, the decision to use brain entropy to
describe changes in consciousness comes from the authors’ own
neuroimaging work on psychedelic states, which suggests that this
form of consciousness is mainly characterized by an increase in

system disorder. To make sense of this claim, one must under-
stand how entropy is formally determined from neuroimaging
data and how different brain regions can vary in their degrees of
entropy.

Functional networks and quantifying entropy

Part of what makes our consciousness so unique compared to
other animals is that our experience is often mediated by var-
lous complex cognitive functions, such as memory, planning,
and attention. To meet the demands of daily life, however, the
human brain must effectively coordinate these functions with
one another, prioritizing the efficient integration of information
across multiple brain regions simultaneously, in order to keep up
with the vast input of information it processes at any moment.
In studying these processes, methods in cognitive neuroscience
have identified a variety of functional brain networks that are
thought to handle the processing of different kinds of information
for various tasks and behaviors (Bressler and Menon 2010). These
functional (also called “large-scale”) networks distribute informa-
tion across multiple regions in a coordinated fashion, which, in
turn, allows for the coordination and execution of complex cog-
nitive functions in normal waking consciousness (van den Heuvel
and Sporns 2013). Some examples of these networks include the
aforementioned “DMN,” composed of the medial prefrontal cortex,
the posterior cingulate cortex, and the angular gyrus; another is
the salience network, made of the anterior insula and the dorsal
anterior cingulate cortex. The DMN appears to be active during
episodes of mind-wandering and daydreaming, and it is often
understood to be the basis of self-referential thought processes—
as such, DMN activity is attenuated when individuals are focused
on performing external tasks (Raichle 2015). The salience net-
work is involved in filtering task-relevant information important
for successful behavior, as well as recruiting other functional net-
works for specific cognitive functions (Menon 2015). Both of these
networks require information to be efficiently integrated across
distinct brain regions so that they can be readily implemented for
various cognitive functions at any point in time. These large-scale
networks can also be described as “high-level” networks, which
can be contrasted with the so-called low-level networks: a low-
level network might be one involved in basic sensory processing
of auditory or visual information, whereas a high-level network
might be involved in determining the “meaning” or significance of
that information, in the context of a particular task or goal.
Given that each network has its own set of functions, large-
scale networks—such as the DMN or the salience network—tend
to exhibit their own stable intra-network (or intrinsic) synchrony
over time. Using fMRI, one can determine the average blood-
oxygen-level-dependent (BOLD) signal of a particular network and
subsequently quantify how much each voxel within that net-
work deviates from the mean signal; little deviation from the
mean signal demonstrates low variation, whereas a higher devia-
tion represents higher signal variation. Focusing on nine resting-
state networks (whose profiles had previously been established by
Smith et al. 2009), Carhart-Harris et al. (2014) measured signal vari-
ation within each network and determined mean signals in two
experimental conditions: for the administration of a placebo and
the administration of psilocybin. In both cases, the average sig-
nal was measured before and after the administration of either
the placebo or the psilocybin. To summarize, the authors observed
a much higher signal variance (i.e. greater entropy) in high-level
networks in the psilocybin condition compared to the placebo.
However, this effect was limited to specific high-level associa-
tion networks such as the DMN and salience network, and the
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effect did not extend to other primary sensory or motor networks.
Carhart-Harris et al. (2014) interpret these results as empirical
support for EBT and its emphasis on entropy as a measure of
conscious states.

As further evidence of increased entropy in the psilocybin state,
probability distributions were generated for high-level networks
(e.g. for the DMN), illustrating the chance that a signal might vary
from its average internal synchrony over time in a given condition
(Carhart-Harris et al. 2014). These distributions were nearly iden-
tical before and after a placebo had been administered, indicating
low variance—this suggests that it is relatively easy to predict the
state of a given network after a placebo, based on its state prior to
administration. However, following psilocybin administration, the
post-infusion signal differed significantly from the synchronous
activity detected at pre-infusion, thus reflecting a higher variance.
Here, higher variance indicates greater difficulty in being able
to predict the network'’s state—in other words, higher variance
reflects greater system entropy.

Another method of quantifying entropy is to determine the
number of connectivity motifs (patterns of functional activation)
within a system by using connectivity graphs. In this method,
a threshold is set so that only connections that exceed a cer-
tain level of signal strength are detected (Carhart-Harris et al.
2014). When performed for both conditions, the results indicated
a greater repertoire of connectivity motifs specific to psilocy-
bin administration—some were even exclusive to this condition.
Because the sequence of activation for connectivity motifs is
highly patterned in specific states, the level of predictability can
be used to determine the entropy for a particular sequence; in
other words, one can quantify how difficult it might be to predict
a particular sequence of motifs in any given state. The authors
declared that the sequence of connectivity motifs in the psilocybin
state was significantly more random than they were at the base-
line, indicating a much higher level of entropy (Carhart-Harris et al.
2014). This bolsters EBT’s fundamental claim, which suggests that
the state of the brain becomes more random in the psychedelic
state, thus making it harder to predict aspects of one’s conscious
experience. Intuitively this makes sense: the more random one’s
brain activity, the more variable their conscious experience will be.
Indeed, psychedelic states are often characterized by their wide
variability among individuals (Turton et al. 2015).

Carhart-Harris et al. (2014) contend that distinct differences in
system entropy are one of the key factors that distinguish human
brains from the brains of other species in the animal kingdom:
because our brains exhibit more entropy, we are essentially able
to experience a much wider variety of conscious states that are
(presumably) richer and more complex than the so-called lower
animals. It is emphasized here that the number of potential men-
tal states one has available to them dictates the kind of conscious-
ness we can expect from that system. Another way of articulating
this is to say that the kind of consciousness one can experience
largely depends on the number of available brain states (or sys-
tem states) for that individual; the more possible states, the more
possible experiences one can have (Gallimore 2015). This is evi-
dent in the psychedelic experience, where increases in entropy
are accompanied by a wider variety of system states in promi-
nent cognitive networks, thus allowing for conscious states that
are usually not experienced in normal waking consciousness.

Primary states, secondary states, and criticality

In making sense of EBT, we must elaborate on its notion of “self-
organized criticality” This refers to how any complex system

begins to take on new properties when it is pulled away from its
state of equilibrium and approaches a “critical point” that is now
in some transition between two possible system states (Carhart-
Harris et al. 2014). Here, we can draw an analogy to phase tran-
sitions between different states of matter: in the same way that
water begins to exhibit new properties when it transitions from
being a solid to a liquid, systems in the brain begin to exhibit dif-
ferent properties when they transition from one state to another
(e.g. from a normal conscious state to a psychedelic state). As such,
a system is said to be exhibiting “criticality” when it is function-
ing at an intermediate state or within a transition zone between
two distinct states (e.g. order vs. chaos) (Hesse and Gross 2014).
Carhart-Harris et al. (2014) argue that our normal waking con-
sciousness is situated at a slightly subcritical state, where we have
an optimal balance of order and disorder that allows us to respond
flexibly to the demands of our environment. With their entropy-
increasing effects, however, psychedelics can push one out of this
subcritical state and elevate them toward a critical zone. When
the system is moved away from its ordered state in this way, it
begins to take on whole new characteristics and behaviors. When
looking at differences in neural dynamics, entropy levels, and
phenomenology, Carhart-Harris et al. (2014) demonstrate that the
adult brain displays more evidence of criticality in the psychedelic
state in comparison to normal consciousness.

Taking an evolutionary lens, the authors suggest that shifts in
criticality are likely another aspect that separated modern human
brains from that of our closest ancestors. They contend that
over time human brains evolved an enhanced ability to suppress
system entropy, forming an adaptive preference for generally sta-
ble conscious states, thereby moving away from the fluctuating
dynamics of more critical states (Carhart-Harris et al. 2014). As we
evolved, and as our brains developed in their structure and spe-
cialized functions, we became more efficient at minimizing our
own internal randomness or disorder, which had corollary effects
on the nature of our conscious experience. This self-organized crit-
icality situates the system at a slightly subcritical state, allowing
it to be more flexible in its response to incoming information, as
it is more poised to pivot to different states at any given moment
(Hesse and Gross 2014). EBT leverages this notion in its distinction
between primary and secondary states and how they compare in
terms of criticality (Fig. 2).

Primary states are described as “regressive style[s] of cognition”
(recall Freud’s primary process and the id) that are phenomenally
quite different from typical conscious states in adult humans
(Carhart-Harris et al. 2014, 6). This form of consciousness is char-
acterized by a sort of “primitive thinking” that is quite distinguish-
able from regular consciousness. Other examples of “primary
consciousness” (apart from the psychedelic state) would be exam-
ples of rapid eye movement (REM) sleep and early psychosis. By
their understanding, primary states are a sort of “pre-ego style of
consciousness” where the underlying neural dynamics are gener-
ally unconstrained, resulting in totally different forms of cognition
(Carhart-Harris et al. 2014, 6). In a primary state there is sig-
nificantly less metacognition (reflection on one’s own thoughts),
and less organization of conscious content in one'’s experience.
Here, the “ego” (or “self”) is thought to play an important role
in the structure and maintenance of normal waking conscious-
ness. This is another idea proposed by Carhart-Harris et al. (2014)
when comparing human and animal consciousness: in humans,
the presence of a mature ego allows for metacognition and thus
higher-level abilities to reflect on and modulate representations
of one’s environment; in contrast, other animals experience the
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Figure 2. A model for conscious states organized by levels of entropy (adapted from Carhart-Harris 2018)

world in primary states characterized by a “pre-ego style of con-
sciousness,” which lacks the same active modulation—for that
reason, these states are deemed “regressive.”

Secondary states, on the other hand, describe our normal
waking consciousness. We live most of our lives in “secondary
consciousness”—i.e. under regular conscious conditions—and this
is thought to be maintained by our developed ego. This notion
of the ego as an organizer of consciousness is consistent with
Freud’s secondary process, as well as Friston’s (2010) “free energy
principle,” which attempts to explain how systems maintain their
internal order by developing and finessing their representations of
the world in order to minimize any surprise or uncertainty—here,
minimizing surprise is synonymous with minimizing entropy
(Carhart-Harris and Friston 2010). EBT assumes that the human
mind has essentially evolved to represent its external environ-
ment with as much precision as possible—this form of secondary
consciousness is ultimately upheld by the ego, which is responsi-
ble for maintaining and finessing these representations (Carhart-
Harris et al. 2014).

We can think of the ego here in one of two ways: (i) as our expe-
rienced identity that we typically feel to be the subject of our own
consciousness (e.g. we feel as if we see things “out there” while we
are “in here” behind our eyes) (Dennett 1992) or (ii) as a series of
distinct brain regions and networks that are ultimately responsi-
ble for filtering and mediating our experience, in some coordinated
fashion. It has been shown, for instance, that the experience of
ego-dissolution under psilocybin—the feeling that one’s sense of
self has effectively “dissolved”—is associated with a breakdown
of the DMN, as well as its de-coupling from the medial-temporal
lobes (Lebedev et al. 2015). The disintegration of the salience net-
work and the reduction of inter-hemispheric communication also
appear to entail some level of ego-dissolution (Lebedev et al. 2015).
How the sense of self can be mediated by these structures may
be difficult to appreciate at first—our sense of having “a self” is
usually so pervasive (and at times quite subtle) that one is prone
to viewing their identity as an “obvious given” in consciousness.
One might even argue that any form of consciousness must entail
some notion of self: “how can there be an experience, without an
‘experiencer’ behind it?” Letheby and Gerrans (2017) point out,

however, that the existence of a subjective self or ego becomes
most apparent when one loses it—in flow states, meditation, or,
more notably, under psychedelics. When the sense of self remains
intact, these “ego-networks” (e.g. the DMN and salience network)
and their regulated activity play an essential role in maintain-
ing our normal waking consciousness—EBT describes the ego as
playing an important role in constraining our experience primarily
through entropy suppression (Carhart-Harris et al. 2014). Carhart-
Harris et al. (2014) argue that secondary consciousness is upheld
by the ego’s suppression of system entropy and its ability to orga-
nize and constrain its forms of cognition; in other words, the
maintenance of secondary consciousness requires an intact ego to
limit the influence of extraneous information on one’s experience.

From this, we see that the key difference between primary
and secondary states is that primary states are higher in both
entropy and criticality. Elevations in system entropy are what
makes primary states much more flexible and pliant than other
ego-constrained secondary states. It is helpful to note that these
are not merely conceptual distinctions but are also empirically
derived observations—the grounds for distinguishing primary and
secondary states come from a variety of neuroimaging studies
which, taken together, suggest that the maintenance of normal
secondary consciousness depends on connections between corti-
cal areas of the DMN and the medial-temporal lobes (Lebedev et al.
2015). Furthermore, it was observed that hippocampal-DMN cou-
pling decreased under psilocybin conditions, resulting in greater
DMN desynchrony and disorder, as well as an elevation in BOLD
signal fluctuations within the hippocampus (Carhart-Harris et al.
2014). Hippocampal-DMN decoupling is therefore considered a
necessary condition for the regression to primary consciousness.

Increases in entropy confer an increase in criticality as the
system moves closer to a potential phase transition (i.e. from sec-
ondary to primary consciousness). In terms of stability, primary
states are considered less stable than secondary states, as sys-
tems in primary states are more sensitive to perturbation which
could effectively lead to a phase transition. This suggests that
primary consciousness may yield a larger repertoire of possible
states that are accessible to the system as entropy and criti-
cality increase (Carhart-Harris et al. 2014). Carhart-Harris et al.

€202 AN 80 UO Josn Ayis1aAun wislsap Aq y9KE0L 2/L00PEIU/L/EZ0Z/9I0IME/OU /W00 dNO"dlWapeo.//:Sd)y WOy papeojumod



(2014) indicate that due to maturational settling the adult human
brain (under secondary consciousness) tends to minimize sys-
tem disorder, and by tending toward order, the neural dynamics
of its subsystems are “slightly subcritical.” If we were to sample
the brain in a primary state induced by psychedelics or during
some dream state, we would find that the rules that govern our
normal waking consciousness would no longer apply. A brain in
secondary consciousness will tend toward the minimization of
disordered activity to the best of its ability—however, strong ele-
vations in entropy will ultimately disrupt this process, further
inducing a regression to primary consciousness where system
behavior becomes less predictable (Carhart-Harris et al. 2014).

EBT in sum

We can now summarize the general themes of EBT. Its key princi-
ples are distilled as follows:

(i) Conscious states are influenced by the degree of system

entropy.

Higher entropy means there is greater uncertainty over the

current state of that system, from the perspective of any

external observer or neuroimaging technique.

(iii) The two main kinds of states are primary states and sec-
ondary states, where primary states are a regressive pre-ego
style of cognition exhibiting higher entropy and less con-
straint in conscious content. Secondary states are more akin
to normal waking consciousness.

(iv) The ego, aside from being responsible for metacognition, is

also responsible for modulating activity and finessing the

system’s representations of the world in order to maintain
secondary consciousness. It achieves this through entropy
suppression.

Primary states exhibit more characteristics of criticality than

secondary states, and psychedelic states are paradigmatic

examples of primary consciousness.

(if

=

=

Consciousness in levels vs. dimensions

In EBT, entropy is thought to index both the contents of con-
sciousness and one’s level of consciousness. This is best illustrated
in Fig. 2. As depicted, normal waking consciousness arises within
a critical (or intermediary) zone where the level of entropy is
at an optimal balance between order and disorder. Psychedelics
increase system entropy, which then pushes the system to a more
critical state within the range of conscious experience. The range
of conscious states is defined by both an upper and lower bound;
at the upper bound the level of entropy exceeds criticality and
consciousness may be lost, presumably because the experience
itself can no longer be maintained or remembered (Carhart-Harris
2018); sedatives, however, tend to minimize system entropy, mov-
ing one to a more subcritical zone and toward an eventual loss of
consciousness at the lower bound.

According to this model, an implication of EBT is the idea that
conscious states exist in “levels.” There are two ways of thinking
about conscious states: as “local states,” which are distinguished
from each other by the objects and experiences that character-
ize them (e.g. experiencing a tree vs. a dog); and “global states,”
which are distinguished by cognitive, behavioral, and physiologi-
cal differences (e.g. comparing coma patients with healthy adults).
Although EBT argues that entropy can index phenomenal rich-
ness, the model proposed here more accurately speaks to changes
in global states as one shifts in criticality—as such, the terms

“global states” and “conscious states” will be used interchangeably
from here on.

To say that global states exist in levels is to imply that they
can be ordered or ranked along a single dimension in terms of
degrees. To illustrate this, consider how the following conscious
states would likely be ranked according to this model: normal
waking consciousness (or secondary consciousness) lying some-
where within the critical zone; the psychedelic state (or primary
consciousness) closer to the upper bound; and vegetative state
(VS) or MS state below the lower bound, where there is perceived
to be no “level of consciousness.” At first, there does not appear
to be anything wrong with this taxonomy. In fact, this approach
is fairly practical when it comes to assessing DOC patients rela-
tive to one another—vegetative patients are quite often described
as having a “lower level of consciousness” than MS patients, due
to their lower sense of awareness. Furthermore, some researchers
have explicitly described the psychedelic experience as being an
“elevated level of consciousness” (with respect to specific neural
measures) (Schartner et al. 2017a, 1).

However, according to Bayne et al. (2016), there are two prob-
lems in emphasizing a “levels-based” approach to global states:
first, if being conscious is simply a matter of having an experience,
then it makes no sense to order consciousness along a contin-
uum of being “more or less conscious”—you are either conscious or
you are not; secondly, there is good reason to be skeptical that all
global states can be ordered relative to one another in any deter-
minate way. Taking both issues into consideration, Bayne et al.
(2016) argue that conscious states may best be compared in terms
of how they differ with respect to certain “dimensions,” as opposed
to different levels. Adopting this approach is more likely to capture
the nuance within and between conscious states, in terms of their
functional and content-related dimensions.

How one decides to taxonomize conscious states may depend
more on the specific aspects of consciousness that one wishes to
describe, rather than adhering to any absolute construct. Invok-
ing some form of “construct pluralism” may be appropriate here,
as it is perhaps a question of one’s goals and/or values that
should determine whether they operationalize consciousness in
terms of levels vs. dimensions. For a physician tasked with mak-
ing clinical distinctions between DOC patients, it seems perfectly
reasonable—perhaps even necessary—to think in terms of levels
when evaluating degrees of awareness. However, if one is hoping to
draw meaningful comparisons in the phenomenology among indi-
viduals, it is difficult to see how a unidimensional construct would
suffice. In essence, whether one chooses a taxonomy of levels or
dimensions largely depends on what one hopes todo with those
descriptions. In hopes of understanding the psychedelic state and
elucidating its characteristics, a multidimensional view may be
more appropriate for capturing its repertoire of perceptual and
cognitive effects.

The psychedelic case for a multidimensional
view

Bayne and Carter (2018) have made a strong case for a multi-
dimensional account of the psychedelic state. They argue that
there are inherent issues with describing the psychedelic state
as a “higher” form of consciousness, indicating that it is neither
“higher” nor “lower,” but simply a different mode of conscious-
ness. In their view, a full analysis of the psychedelic state—one
that accounts for its various phenomenal and cognitive features—
ultimately points toward a more “dimensional” view of conscious-
ness, as opposed to a levels-based hierarchy. To make their case
they look at three categories of experience, each of which may
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contain their own functional and content-related dimensions with
their own separable scales. These categories include “(i) sen-
sory and perceptual experience; (ii) cognitive capacities; and (iii)
experiences relating to time, self, and space” (Bayne and Carter
2018, 2).

In addressing the first category, the authors describe how
the psychedelic state is often associated with reports of intense
visuals and an improved richness in color perception. However,
there has yet to be definitive evidence supporting the claim that
color perception is improved in any significant way. On the con-
trary, they note that Hartman and Hollister (1963) found that
participants given either psilocybin or LSD fared much worse at
hue discrimination, even though they generally reported having
enhanced abilities for color perception (Bayne and Carter 2018).
Furthermore, Carter et al. (2004) failed to find any evidence of a
significant increase in brightness or contrast sensitivity in psilo-
cybin conditions. According to Bayne and Carter (2018), it is still
an open question as to how the experience of richer color percep-
tion or heightened brightness sensitivity can be reconciled with
the lack of any objective improvements in these faculties.

Despite this discrepancy between anecdotal reports and mea-
surable perceptual improvements, there does seem to be growing
evidence suggesting that psychedelics increase the general “band-
width” of conscious experience, allowing for more phenomenal
content to be directly experienced in this state (Bayne and Carter
2018). Here, we can recall EBT’s principles of entropy and criti-
cality to understand why this might be: as entropy and criticality
increase, the subject transitions into a primary state that has more
possible mental states available to them. This may help explain
why psychedelic states appear to be characterized by an increase
in sensory bandwidth.

One’s sensitivity to color and brightness and the general vol-
ume of sensory experience are examples of “content-related
dimensions.” Content-related dimensions refer to the specific con-
tents of consciousness that are experienced by the subject and
how these contents are gated or integrated into one’s phenome-
nal view (in terms of their higher- or lower-level features). They
can also refer to the certain kinds of sensory information (visual
objects, auditory objects, etc.) that make up a conscious state
(Bayne et al. 2016). In the case of visual perception outlined
earlier, it becomes clear why ranking conscious states along a
single dimension would be problematic: here, we have two dis-
tinct content-related dimensions—color discrimination and sen-
sory gating—which appear to be differentially affected in the
psychedelic state.

What Bayne and Carter (2018) hope to illustrate is that it would
be a mistake to describe the psychedelic state as being a “higher
level of consciousness,” given that many dimensions within this
state are affected independently from one another to varying
degrees—some may be “enhanced” (in some sense), while others
could very well be impaired. When looking at particular “func-
tional dimensions” such as different forms of cognition, we find
similar dissociations. For instance, Bayne and Carter (2018) high-
light that aspects of declarative memory and learned associations
were found to be impaired in the psychedelic state, while tasks
involving mental manipulation of items (e.g. counting backward)
were unaffected (Silverstein 1958). Several studies have found
impairments in different forms of attention, including sustained
attention (Quednow et al. 2012) and divided attention (Carter
et al. 2005). Bayne and Carter (2018) also note a study by Deshon
et al. (1952), which observed impaired concentration as one of the
more frequent effects of LSD use. Given the wide-ranging deficits
incurred on memory, attention, and decision-making, it is difficult

to justify the psychedelic state as being an overall “higher level of
consciousness” (Bayne and Carter 2018).

Issues with the multidimensional view

Bayne and Carter (2018) insist that a full appreciation of the
psychedelic experience, in all its variety and nuance, ultimately
persuades us to adopt a multidimensional view of consciousness.
While commending (and largely agreeing) with their proposal,
Fortier-Davy and Milliere (2020) raise a number of conceptual
ambiguities in Bayne and Carter’s (2018) argument. To help
address these concerns, they offer a few of their own suggestions
and amendments.

First, they argue that Bayne and Carter’s (2018) usage of “con-
scious states” is unclear, as this term may refer to a variety of
things that can all be described as a “conscious state” In this
context, a conscious state could refer to:

(i) specific experiences of particular contents of consciousness
(e.g. hearing a dog bark or tasting a cherry);

(ii) the overall experience of a person at any given moment in
time (i.e. the totality of everything it is like to be that person
in a specific instance); or

(iif) a person’s “mode” or “way” of being conscious, determined by
their various cognitive abilities that limit the kinds of content
they can be conscious of, and the ability for those contents
to have effects on their cognition and behavior (Fortier-Davy
and Milliere 2020).

To avoid confusion, Fortier-Davy and Milliere (2020) introduce
the terms “local phenomenal states,” “global phenomenal states,”
and “global modes of consciousness” to address the issues raised
above, respectively. Implementing this terminology allows one
to distinguish between local and global properties of experience
while allowing room to describe the dispositional aspects of an
individual’s mode of consciousness.

Another concern they raise is how Bayne and Carter (2018) tend
to describe the psychedelic state as if it were a “single kind” of
state. To speak as if there were a paradigmatic psychedelic state
would be to miss the point on how diverse these experiences really
are, as they tend to vary drastically in terms of their phenom-
enal character. This experiential variance depends on a variety
of factors including (but not limited to) dosage, the environmen-
tal context, personal predispositions, and the pharmacological
dynamics of the specific drug taken—it therefore makes no sense
to suggest that there is “just one” psychedelic state (Fortier-Davy
and Milliere 2020). Although the objection here is valid, it does lit-
tle to undermine Bayne and Carter’s (2018) main thesis, as their
taxonomy of conscious states is more or less equipped to account
for these differences on a case-by-case basis—this is arguably the
principal aim of a multidimensional account of consciousness.

What puts most pressure on the multidimensional view is
Fortier-Davy and Milliere’s (2020) objection that it still might make
sense to describe certain states as “higher” than others even within
a multidimensional view. If one were to compare a subject in a
psychedelic state to an adult in normal waking consciousness, and
found that the former scored consistently higher on all related
dimensions, it would be fair to say that this person was in a “higher
level of consciousness” (on Bayne and Carter’s 2018 account); how-
ever, if they differed in one or two categories, this statement would
be incorrect (Fig. 3). Fortier-Davy and Milliere (2020) argue that
these comparisons between global phenomenal states (to use the
authors’ term) are only justified if the dimensions that are con-
sidered can easily be aggregated to index a single disposition or
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Figure 3. Comparing global states of consciousness with respect to related dimensions (adapted from Fortier-Davy and Milliere 2020)

property, which will also depend on the extent to which they are
inter-related and can meaningfully be compared. To illustrate this
point, they provide an example of comparing the well-being of
two people, where dimensions of “happiness,” “mental health,”
and “sense of meaning” are considered (this example is adapted
from Alexandrova 2017): if Person A scores higher in the first two
and only slightly lower on the third than Person B, Fortier-Davy
and Milliere (2020) argue that it would be appropriate to describe
the former as having better (or higher) well-being. In the context
of conscious states, however, this ultimately runs into the issue
of vindicating the levels-based construct that Bayne and Carter
(2018) fundamentally oppose. How can one accurately describe a
conscious state as being “higher” than another if there are faculties
within that state that are empirically “lesser” than the so-called
lower conscious state?

Here, we can consult Bayne et al. (2016) who—in their pro-
posal for the multidimensional account—argue that individual
dimensions may be graded in terms of levels themselves and
conscious states may even be compared to one another with
respect to those dimensions, but this in itself is no exoneration
of a levels-based construct as a whole. Again, there is no rea-
son to believe that all global states can easily be ordered on the
abstract notion of “levels” along a single dimension (Bayne et al.
2016). Following this logic, Bayne and Carter (2018) might argue
that being able to compare conscious states between subjects
and contrasting these states with respect to their related dimen-
sions is a testament “in favor” of the multidimensional view. If the
goal of a taxonomy of conscious states is to track the myriad of

differences between psychedelic experiences, and to allow us to
make meaningful comparisons between them and other forms of
consciousness, a multidimensional account may offer the neces-
sary precision required for such a project.

We have so far examined two theoretical implications of EBT:
namely, its relevance in constructing a taxonomy of conscious
states and its consequences for imposing a levels-based view
of psychedelic experiences. However, we might find other (per-
haps more practical) implications of EBT in applying its princi-
ples to the treatment of DOCs. Two common examples of DOC
patients are individuals who are diagnosed as MC or are in a
VS: VS patients are identified by being generally awake but unre-
sponsive, as they have no discernible awareness of their envi-
ronment; MC patients, on the other hand, are awake, display
some degree of awareness of themselves and their environment,
and are minimally able to respond to certain command-following
gestures to indicate some preserved cognitive function. Under
the “levels” view of consciousness, both MC and VS patients are
assumed to have a “lower level” of consciousness compared to
healthy adults. Now, we can recall that EBT posits conscious
states as a function of entropy (or complexity) within the brain
and that psychedelics are known to increase the complexity of
the system—could psychedelics then offer a way of effectively
“raising” a DOC patient’s level of consciousness (Carhart-Harris
2018)?
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Figure 4. Calculating LZC/PCI values to determine levels of conscious
awareness in healthy and DOC subjects. PCI=perturbational complexity
index; LZC=Lempel-Ziv complexity; VS=vegetative state;
MCS=minimally conscious state; EMCS=emergence from MCS;
LIS=locked-in syndrome; non-REM=non-rapid eye movement sleep
(adapted from Scott and Carhart-Harris 2019)

Entropy as complexity: measuring consciousness
with the perturbational complexity index and
Lempel-Ziv complexity

Scott and Carhart-Harris (2019) propose that psychedelics be
tested as a viable treatment for DOC populations. Their argu-
ment rests on their hypothesis that brain complexity is an index
of one’s conscious level and that this can be empirically mea-
sured. The perturbational complexity index (PCI) is one such
measure, and itis gathered by inducing a cortical perturbation via
transcranial magnetic stimulation (TMS) and recording one’s elec-
troencephalographic (EEG) response to this perturbation (Casali
et al. 2013). These data can then be put through a Lempel-Ziv
algorithm which determines to what extent this information can
be compressed—redundant or “non-complex” information con-
fers high compressibility, while data with many unique patterns
(i.e. complex data) do not compress as readily. Once processed,
a Lempel-Ziv complexity (LZC) value is outputted. Thus, the PCI
score is essentially an LZC value that captures the complexity
measured in response to a perturbation (TMS). However, LZC
scores can also be computed from resting-state spontaneous EEG
data without the use of a perturbation. DOC patients will typi-
cally exhibit lower PCI and LZC values compared to healthy adults;
the PCI has been shown to effectively categorize DOC patients,
making distinctions between VS and MC patients on the basis of
measured complexity differences (Fig. 4) (Casali et al. 2013); and
LZC scores have also been successful in discriminating VS and MC
patients (Wu et al. 2011; Sitt et al. 2014), and have also been used to
differentiate various conscious and unconscious states, including
anesthesia and epileptic seizure (Baiet al. 2015), as well as changes
in sleep stages (Schartner et al. 2017b).

Neural complexity in this contextis said to encompass two fun-
damental features of consciousness: “differentiation” and “inte-
gration.” Here, “differentiation” refers to the many experiential
components that underlie a given experience, and “integration”
is the property that unifies these components into their percep-
tion as whole objects and experiences. Given that LZC is higher in
wakeful/aware states and lower for losses of consciousness, Scott
and Carhart-Harris (2019) take it as being fundamentally similar
to other explicit entropy measures, as it exhibits a similar trend
when tracking one’s level of consciousness. They interpret LZC as
capturing the amount of conscious content in terms of sponta-
neous variability in brain activity (i.e. the differentiation compo-
nent of consciousness), making it a suitable index for conscious
level.

Psilocybin has been found to increase brain complexity in
healthy human subjects (Schartner et al. 2017a), and since indices
such as LZC are sensitive to these changes, it is hypothesized
that psilocybin may be a viable treatment for increasing conscious
awareness in DOC patients. Support for this proposal comes in
part from Carhart-Harris (2018), who has previously argued that
increases in LZC and entropy values ultimately correspond to
increases in sensory experience, or rather, the perceived “richness”
of consciousness. One should note that Scott and Carhart-Harris
(2019) are not suggesting that trials of this sort begin with DOC
patients, but rather that this goal be approached incrementally
with preliminary studies that can establish the safety and toler-
ability of psilocybin, as well as confirm its effects on complexity
and awareness. An example study they propose would be to test
this protocol on healthy sedated individuals by collecting either
PCI or LZC before and after psilocybin administration, while also
recording behavioral measures that can verify changes in con-
sciousness (e.g. command following). Another preliminary study
could determine whether psilocybin increases complexity during
non-REM sleep. Other studies would aim to determine the optimal
dosage parameters of psilocybin that offer the purported benefits
to awareness while prioritizing tolerability. The results from these
studies would add corroborative support for their hypothesis and
thereby motivate its investigation in DOC patients.

Ethical concerns

The hypothesis put forth by Scott and Carhart-Harris (2019) seems
to neglect the main issue we have just observed when relying
on a levels-based view of conscious states—namely, the concern
that “levels” may be an inadequate framework for measuring and
comparing conscious states. Indeed, they explicitly address this
objection, stating that it remains unclear how any sort of multidi-
mensional framework can be reconciled with the unidimensional
measures that are most prevalent in studies on conscious states
(such as LZC and PCI values). However, it is worth noting here that
the mere prevalence of complexity measures in consciousness
research is notitself an argumentin their favor as measures of dif-
ferent aspects of consciousness. It remains unclear how complex-
ity measures can be translated into specific conscious dimensions,
functional or content-related; this uncertainty may very well fail
to capture the important aspects of a DOC patient’s condition,
which would likely have consequences for their reported diagno-
sis, prognosis, and treatment (Walter 2021). For these reasons, we
must now consider the ethical concerns of using psychedelics to
treat this patient population.

Peterson et al. (2019) provide a framework for assessing the eth-
ical challenges inherent in using psychedelics as a treatment for
DOC patients. Responding to Scott and Carhart-Harris (2019), they
outline a series of ethical considerations one must address if psilo-
cybinis to be investigated as a therapeutic tool for this population,
including whether the administration of psilocybin should be
considered a therapeutic or nontherapeutic procedure; whether
administering psilocybin in DOC patients poses an increase above
the “minimal risk” threshold (a threshold that protects vulnera-
ble populations from the potential harms of research); whether
participants would be selected fairly for a psilocybin trial;, and
whether surrogate consent would be sought on behalf of DOC
patients. Two important questions that Peterson et al. (2019)
address are whether the proposed intervention has clinical or
social value. A trial is deemed to have “clinical” value if its main
hypothesis addresses a pressing clinical concern, such as “Is it
possible to raise a DOC patient’s level of awareness?” Moreover,
a trial is said to have social value if its hypothesis addresses

€202 AN 80 UO Josn Ayis1aAun wislsap Aq y9KE0L 2/L00PEIU/L/EZ0Z/9I0IME/OU /W00 dNO"dlWapeo.//:Sd)y WOy papeojumod



an important social or scientific problem. With regard to these
two concerns, Scott and Carhart-Harris’s (2019) proposal merits
true clinical value, as there are unfortunately few pharmacolog-
ical treatments available for this population that may offer the
same benefits. It also has social value, in that finding treatments
for DOC patients may help relieve the cost burden of long-term
care for these individuals by ultimately improving their prognosis
(Peterson et al. 2019).

When questioning the scientific validity of this proposal, how-
ever, Peterson et al. (2019) mount some skepticism. In this case,
a protocol is considered “scientifically valid” if the experiment is
well designed, theoretically sound, and therefore appropriate to
answer the main research question. Were a protocol not scien-
tifically valid, imposing the burdens of research on participants
would be unjustified regardless of whether the study had social
or clinical value (Peterson et al. 2019). Scott and Carhart-Harris
(2019) argue that an LZC value would ultimately determine a trial’s
efficacy—although here, Peterson et al. (2019) indicate that LZC
is currently not a clinically validated measure for assessing con-
sciousness in DOC patients. As a result, the overall validity of this
intervention would ultimately depend on the correlative strength
of LZC values with already valid diagnostic measures (Peterson et
al. 2019). To put further pressure on indices of complexity, Peter-
son et al. (2019) highlight that increases in both LZC (Schartner et
al. 2017a) and PCI (Sarasso et al. 2015) values have been observed
in cases of low and anesthetic doses of ketamine; contrary to Scott
and Carhart-Harris’s (2019) assumptions, an increase in com-
plexity seems to be fully compatible with overall reductions in
conscious awareness.

Furthermore, Scott and Carhart-Harris (2019) bolster their case
by drawing from the success of psychedelic treatment in psy-
chiatry, which has shown promising results in improving various
mental health outcomes. What they neglect, however—and what
Peterson et al. (2019) are careful to point out—is that psychi-
atric populations are vastly different from DOC patients in the
nature of their condition. The etiological factors for DOC patients
could include a host of other illnesses or physical injuries; as a
result, they may be prescribed medications that could potentially
interfere with the drug’s efficacy. Peterson et al. (2019) caution
against extrapolating from the successes of psychedelics in psy-
chiatry, as itis unreasonable to expect that a successful treatment
for one kind of clinical population will translate equally well
for another. This concern seems appropriate when one consid-
ers how interventions for both groups are motivated by entirely
different clinical outcomes (e.g. reduced depression vs. elevated
awareness).

Finally, in determining whether a clinical trial of this kind
poses an unacceptable risk, one must consider how the risk pro-
file for DOC patients might change as they improve in conscious
awareness. If a patient were to emerge from an MS state and
find that they were under the effects of a psychedelic, this might
induce stress and lead to further adverse events (a “bad trip”).
Should this happen, there would be no assurance that the patient
could reliably communicate their experience, making it unlikely
for researchers to know if this were the case (Peterson et al. 2019).
Although several arguments from Peterson et al. (2019) have been
omitted here, this brief overview is meant to offer a few worthy
points of consideration when assessing Scott and Carhart-Harris’s
(2019) proposal.

The importance of “set” and “setting”

In discussing DOC treatment, both Scott and Carhart-Harris (2019)
and Peterson et al. (2019) give little attention to the importance of

context in producing therapeutically beneficial psychedelic expe-
riences. Carhart-Harris et al. (2018) have argued that the efficacy
of psychedelic treatments is almost wholly reliant on the con-
text in which they are given. Neglecting the role of context would
potentially run the risk of reducing the drug’s clinical success, and
perhaps worse, inducing an ultimately harmful experience for the
patient.

The context that is relevant here can be divided into psycho-
logical and environmental factors, which are more colloquially
understood as “set” and “setting” “Set” refers to the intentions
and psychological expectations of the individual undergoing treat-
ment, and “setting” describes the environment in which one is tak-
ing a psychedelic (e.g. in a clinical setting or at home). According
to Carhart-Harris et al. (2018), clinical outcomes for psychedelic
treatment have been noticeably less positive in cases where set
and setting were not sufficiently addressed ahead of time. To give
a sense of what this preparation might look like, the authors
highlight recent trials that have used psychedelics to treat psy-
chological distress, mood disorders, and addiction—all of which
included extensive psychological preparation for patients, includ-
ing many visits with the researchers before and after the actual
drug administration. In these trials, patients were given ample
opportunity to discuss questions or concerns they had regarding
their participation in the study while also allowing them to build
rapport with the researchers and therapists (Johnson et al. 2008;
Carhart-Harris et al. 2018).

One might at first be skeptical that a single bad trip could lead
to long-term negative outcomes. However, several studies that
have investigated the extra-pharmacological factors associated
with bad trips have reported symptoms of anxiety, depression,
paranoia, and/or dissociation, persisting for weeks to months fol-
lowing the adverse event. One study that focused exclusively on
the bad trips of 231 psychedelics users found that 25.4% of indi-
viduals experienced long-term adverse symptoms and 15.1% of
individuals had reported their experience as being the worst of
their lives (Ona 2018). A separate study that focused on psilocy-
bin users (n=1993) found that the presence of a guide had been
significantly negatively correlated with the length of one’s diffi-
cult experience (Carbonaro et al. 2016). Other factors—such as an
individual’s emotional state prior to taking psilocybin, the physical
comfort of the setting, and the level of social support available—
were also all significantly negatively correlated with the intensity
and duration of adverse experiences. The authors of this study
observed that 24% of users who were surveyed at least 1 year
after their session (n=1339) reported one or more symptoms last-
ing over a week as a result of psilocybin ingestion, with 65% of
these individuals reporting more than one symptom (Carbonaro
et al. 2016). Of the 1339 individuals, 10% reported symptoms last-
ing >12months, and 7.6% sought clinical treatment for these
long-term adverse effects. Another study found that short-term
negative experiences on psilocybin was heavily linked to anxiety,
fear, and/or paranoia responses from the individual, implicating
mental distortions as the main cause for bad trips (Bienemann et
al. 2020). When taken together, these findings highlight the impor-
tance of accounting for set and setting when trying to minimize
the potential for a bad trip.

When preparing patients for psychedelic experiences,
Carhart-Harris et al. (2018) remark that failing to prioritize con-
text may have harmful consequences for an individual’'s men-
tal health, both during and after the treatment. Controlling for
context seems to be crucial in ensuring successfully therapeutic
psychedelic experiences, along with mitigating any adverse psy-
chological effects. Preliminary evidence from a web-based survey
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(conducted by the authors) suggests that identifying one’s inten-
tions for a psychedelic experience ahead of time and having a
willingness to “surrender” to the experience are crucial for ensur-
ing a clinically positive outcome (Carhart-Harris et al. 2018). Earlier
work has also recognized the importance of these factors, and
comprehensive guidelines have been published on the best prac-
tices for conducting psychedelic research (Johnson et al. 2008). In
the context of using psilocybin for DOC patients, Peterson et al.
(2019) are careful to note that there are many reported cases of
post-traumatic confusional states in patients who have emerged
from an MS state (Sherer et al. 2005, 2014). This is important to con-
sider for an intervention of this kind, as it appears that being lifted
from an unconscious state can itself be destabilizing—one can
easily imagine how this might be made worse under the influence
of a psychedelic drug.

One must now ask: how are set and setting supposed to
be controlled in the context of DOC patients? Perhaps this
demand seems unwarranted, as these factors are important
for “psychiatric” patients in pursuit of entirely different clinical
outcomes—after all, the goals of treating mood or affective dis-
orders differ greatly from the goals of treating one’s level of
conscious awareness. In substantiating their proposal, however,
Scott and Carhart-Harris (2019) themselves appeal to psilocybin
being well tolerated in psychiatric trials (argued to be dependent
on context), and therefore emphasizing context here does not
seem unreasonable. One might also argue that Scott and Carhart-
Harris (2019) have given context the precedence it deserves, as
they emphasize the need to have familiar caregivers present in
a known or supportive environment during treatment sessions.
Although their reference to setting here is clear, we argue that they
are not giving enough weight to the value of set—i.e. the subject’s
“conscious intentions” going into the trial.

This may seem like a non-sequitur, as one might assume that
most DOC patients are not capable of forming any conscious
intentions by virtue of lacking awareness. Research on covert
awareness in this population, however, seems to suggest that a
considerable proportion of patients are able to retain some resid-
ual awareness (Kondziella et al. 2016) and can indicate as such
through intentional mental behavior (Owen et al. 2006). It is there-
fore conceivable that a DOC patient could already have some
degree of awareness and be thrust into a psychedelic state with-
out sufficient preparation, on account of being presumed to be
“unconscious.” Still, given their characteristically minimal level
of awareness, there is a prima facie concern that most VS or MC
patients would be unable to generate their own conscious inten-
tions. Even for patients who seem to exhibit some degree of covert
awareness, there is no known way to fully ascertain their psycho-
logical state leading up to a trial of this sort—and yet, controlling
for this might make the difference between a truly therapeutic or
destabilizing experience.

At this point, we might recall how the risk profile for DOC
patients could change as they regain conscious awareness (Peter-
son et al. 2019). The reasoning for this is simple: if one is not aware
of having any sort of experience, then it seems unlikely that any
psychologically destabilizing event could occur—having a “bad
trip” (or any sort of negative experience) requires some baseline
level of awareness to “know” that one is having a bad trip; however,
as awareness is restored, the experience of being suddenly thrust
into a psychedelic state (from a state of unconsciousness) could
be highly traumatic and run counter to the therapeutic goals of
the treatment. It is important to note here that an adverse event
could occur even if the research hypothesis happens to be cor-
rect and awareness is restored. Consider how healthy subjects and

recreational users may spend weeks preparing for a psychedelic
session—if it is possible for a healthy subject to still suffer undue
stress even with the necessary preparation, then it seems plau-
sible that a DOC patient forced into this state would fare much
worse.

Across the range of success that psychedelics have had as
clinical treatments, accounting for patient intentions has been
imperative in ensuring therapeutic outcomes. If psilocybin is
found to be successful in restoring awareness, it seems likely
that patients would undergo some form of psychedelic experi-
ence without the requisite amount of preparation ahead of time.
Furthermore, researchers will be limited in their ability to deter-
mine whether the experience is positive or negative, since it is
uncertain as to whether a DOC patient could communicate their
experience through language. On the one hand, Scott and Carhart-
Harris (2019) reassure that various physiological measures would
be collected during the trial as a means of monitoring the patient
during the intervention. However, they neglect to mention how
they would determine if someone were having a bad trip, and what
they would doin that instance. If it were obvious that a patient was
in distress, a physician could administer a “trip-killing” drug such
as diazepam or another benzodiazepine anxiolytic (Johnson et al.
2008). Even still, in order to be certain that someone was having a
bad trip, there would need to be some reliable association between
the collected physiological markers and bad trips in general, as we
cannot rely on language for patients to communicate their experi-
ences. Should psilocybin prove successful in restoring awareness
in this population, the benefits must be weighed against the costs
of inducing a potentially harmful experience on an unsuspecting
patient.

In reviewing EBT and its core principles, we find several points
of intersection with current debates in consciousness research.
Viewing consciousness in terms of brain entropy and extracting
a unidimensional taxonomy of conscious states has a few prac-
tical advantages—it allows us to (very roughly) compare global
states among individuals, and offers a helpful framework as we
continue to investigate treatments for DOC patients. However, it
appears unlikely that any levels-based view of consciousness can
account for the myriad of functional and content-related differ-
ences between healthy and clinical populations. With regard to
psychedelic states, it seems that considering the full complexity of
these experiences may persuade us to adopt a multidimensional
view of consciousness instead.

Furthermore, the therapeutic potential of psychedelics may
not be limited to psychiatry and mental health but might also
extend to treating DOC patients. Interventions in this context,
however, are not without their concerns; it is incumbent upon
researchers to grapple with the ethical challenges that are unique
to this population, including questions of clinical value, social
value, and scientific validity. Beyond these concerns, one must
consider the dynamic risk profile of DOC patients and ensure that
robust protocols are in place to detect and manage adverse experi-
ences. As our contribution to this debate, we have emphasized the
inherent difficulties in managing set and setting in DOC patients
and have highlighted how the neglect of these factors could nega-
tively impact the clinical outcomes of using psilocybin (or other
psychedelics) to restore conscious awareness. Although it may
seem otherwise, we wish to make it clear that we are not in prin-
ciple opposed to Scott and Carhart-Harris's (2019) proposal—our
discussion merely seeks to bring out concerns that would need to
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be addressed before carrying out such a trial on DOC patients. Of
course, the authors themselves acknowledge this, as they argue
for an incremental approach beginning in healthy populations to
further validate psilocybin’s effects on complexity and its corol-
lary benefits to awareness. Along with these goals, we suggest that
future research be focused on identifying suitable measures that
could be used to detect the purported changes in awareness from
psilocybin, as well as improve our ability toidentify bad trips in the
absence of patient communication. With these goals in mind, we
do not believe that the ethical or theoretical concerns presented
here are insurmountable.

By reviewing EBT and its implications, we find several ways
in which the broader psychedelic literature has contributed
to our theoretical understanding of consciousness, by offer-
ing fresh perspectives on a number of key debates within this
field. The summary of views here illustrates the inherent diffi-
culty in understanding consciousness, especially when taking the
insights of psychedelic neuroscience into account. These debates
demonstrate the overall importance of refining our concepts and
models as we continue to approach consciousness from vari-
ous angles—one of which, of course, being through the lens of
psychedelics.
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