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Introduction

The mere effort to provide an acute definition of consciousness 
constitutes a major challenge in neurosciences and the conventional 
characterizations of this concept are currently under strong debate. 
Nevertheless, several approaches have been developed in order to 
answer the main question of how the subjective experience emerges. 
Diverging models, from complex psychological explanations to the 
denial of any relevance of the consciousness, limiting it strictly to 
an epiphenomenon of the disposition to act have been discussed 
in the scientific community . The clinical characterization of this 
complex concept often considers two main axes. In the first place, 
arousal is a quantitative approach by which a subject is described 
as asleep or awake. On the other hand, awareness is a qualitative 
approach related to the content of the subjective experience. This 
differentiation has influenced the research-oriented to look for 
neural correlates of consciousness [1,2].

Figure 1 shows the interacción between these complementary 
axes, exhibiting examples of conditions in each quadrant. 
Nevertheless, the balance between arousal and awareness is a 
poor approach to human conscious experience. There are a lot of 
clinical and nonclinical scenarios in which consciousness is under a 
temporary or permanent modification. For example, specific mental 
states as the exhibited in meditation have been studied and brain 
activity and connectivity changes related to the onset of meditative 
activity have been identified [3-5]. 

Figure 1:  Consciousness as the complex clinical expression 
of arousal and awareness. Vertical axis representing 
awareness show lower level at the bottom and higher 
level at the top. Horizontal axis representing shows lower 
level at the left and higher level of arousal at the right side. 
Examples exhibited in each quadrant are no exhaustive, 
because much more options may be found in the clinical 
progression of arousal and awareness in both directions. 

Abstract 

Consciousness constitutes a complex concept. Its clinical and phenomenological definitions are commonly under debate. Resting- State 
functional Magnetic Resonance Imaging has contributed to the understanding of different cognitive processes by providing neural mechanisms 
underlying specific functions. Resting State acquisitions has shown an important role of Resting State networks both in different mental state and 
consciousness alterations as those disorders of consciousness observed in neurological pathologies and specific states as drug-induced hallucinations 
and traumatic brain injury. This evidence situates the complex focus of this article, the consciousness, as an accurate balance between activity and 
connectivity of regions and neural networks.
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Despite the existence of those differential definitions and 
methodological approaches, a common component among the  
predominant models is the association between the states of 
consciousness to specific neural correlates [6]. The study of large 
scale neuronal processes in the human brain during resting state 
fMRI has contributed to understanding the mechanisms underlying 
to several cognitive domains and related to both normal and 
altered conscious experience [7]. Common and daily states of the 
human attentional state as mind-wandering has also been related 
to functional connectivity changes observed during resting state 
fMRI acquisitions [8].  Figure 2 Shows a schematization of some 
identifiable resting state networks which have been related to 
specific cognitive domains. In this article, we review specific contexts 
of conscious models, as disorders of consciousness, anesthesia, 
hallucinations, and brain injury and we analyze how the resting-
state fMRI has contributed to understanding their underlying 
mechanisms, also providing an insight into the neurodynamic 
characterization of the complex concept of consciousness. 

Figure 2:  Schematization of a Resting State Network. 
During the absence of explicit cognitive activity, brain 
areas maintain preferential connectivity measurable by 
resting-state fMRI. In these conditions, an identifiable 
region can act as a core of the information flow between 
areas being denominated as a Hub. In this schema (similar 
to Saliency Network) anterior Insula is focusing most of 
the connectivity and influencing the neural activity of the 
other shown regions.

Disorders of Consciousness 
Disorder of Consciousness (DOC) is a critical component of 

several neurological conditions. Despite its categorization as 
vegetative state, minimally conscious state or coma, connectivity 
has been found to be disrupted in different resting-state networks 
(RSN) [9]. Some RSN as the Default Mode Network (DMN) 
appears to play a central role in some DOC. While Unresponsive 
Wakefulness Syndrome has been strongly related with the 
functional disorganization of the Default Mode Network [10], 
some evidence suggests that the disorganization of the functional 
connectivity between mediodorsal thalamus and DMN may play 
an important role in the DOC [11]. This thalamocortical interaction 
has been identified as a substrate of the consciousness compromise 

in at least two specific ways, an externally oriented sensory-motor 
network, or extrinsic system, and an inward-oriented network, or 
intrinsic or default system. Specific compromises of these networks 
could explain different alterations of consciousness as absorption, 
a detachment of the external world or other clinically identifiable 
forms of DOC. Then, rsfMRI has emerged as an interesting tool in the 
prediction of cognitive state and recovery chances in pathologies 
including this kind of disorder [12]. However, thalamocortical 
changes are not the only responsible for changes in this external 
and internal balance. The abnormal activation of in insula, lingual 
gyrus and motor areas have shown to interrupt this balance [13].

Anesthesia
Interestingly, resting-state fMRI acquisitions have exhibited 

induced anesthesia, not as a unique interruption of brain 
activity. Conversely, specific neurodynamic findings have been 
related to different anesthetic drugs. In the case of Propofol, the 
induced anesthesia modifies both resting state neural activity 
and also brain networks related to specific cognitive functions 
[14]. Also, coactivation patterns of posterior Cingulate Cortex 
allowed identifying different states of consciousness during 
sedative induction [15-17]. On the other hand, sevoflurane-
induced connectivity changes have been studied under fMRI and 
complementary methods as electroencephalogram and Positron 
Emission Tomography [18]. This anesthesia method modifies the 
connectivity between and within some RSN. Nevertheless, the 
activity of some networks remains unaltered under anesthesia 
effect [19]. Further analysis of the acquisitions in this condition 
shows that sevoflurane-induced unconsciousness is associated 
with both globally reduced BOLD signal and selectively reduced 
functional connectivity between DMN components, also reorienting 
the global connectivity to ventral attention network which is related 
to saliency [20]. 

Globally, the evidence derived from experimental designs 
related to anesthetic drugs has shown that neurodynamic of 
specific networks could explain conditions as Disconnected 
Consciousness, in which a complete sensory-motor disconnection 
from the environment occurs with preserved internal mentation 
[17]. Different measurements and technical approaches to BOLD 
signal have been evaluated in the study of human brain under 
sedation [21] and a deep insight into consciousness mechanisms 
can still be elucidated by this experimental approach.

Hallucinations
Hallucinations are a specific alteration of conscious content 

associated with the consumption of psychoactive drugs. An 
important amount of information derived of LSD-induced mental 
states links some changes in hub connectivity to the hallucinations 
(Muller, 2018). Also, alterations in thalamic and global brain 
connectivity appear to be correlated with altered conscious states 
in the consumption of this drug [22,23]. On the other hand, we 
may assume that any psychoactive drug will have identifiable 
effects over neurodynamic. For example, specific brain connectivity 
changes are described in relation to psychedelic ayahuasca [24].
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Brain Injury
Resting state fMRI describes the widely distributed changes in 

brain connectivity observed in patients with diffuse axonal injury 
[25]. RSN connectivity changes persist during the recovering of 
traumatic coma, both in the area of the lesion and also in widely 
distributed regions [26]. In the longitudinal analysis, progressive 
an identifiable change is found by this technical approach in 
relation to consciousness level when acquired brain injury is 
evaluated [27]. A brain affected by diffuse brain injury exhibits both 
changes in functional connectivity and amplitude of low-frequency 
fluctuations. Interestingly some characteristics of resting-state 
acquisitions have shown to be related to better prognosis [28]. 
Then, fMRI has been proposed as a tool in acute brain injury in the 
very early period of intensive care unit admission [29], because 
of the relation between DMN connectivity findings and potential 
spontaneous recovery [30] and with the responsiveness to non-
conventional management as transcranial stimulation [31]. 

Conclusion
Consciousness is not a monolithic concept. Much of its compro-

mises can be assessed by considering two main axes, the arousal, 
and the awareness. Nevertheless, the objective of this article was 
not to provide an accurate characterization and an exhaustive de-
scription of the current debate around the conscious experience 
and it scientific and philosophical implications. Resting-state fMRI 
constitutes a useful tool to evaluate consciousness both at the clin-
ical level and in the field of fundamental neuroscience. At different 
mental and conscious state, it provides an interesting description 
of how critical brain regions and specific networks are functionally 
connected and interacting to allow information flow between areas. 
The wide range of disorders of consciousness observed in differ-
ent neurological conditions exhibits the preferential compromise 
of relevant RSN as DMN which is critically connected and influence 
over the global brain activity. Concrete contexts as meditation, tran-
sitory mental states, sedation or drug-induced hallucinations pro-
vide additional information on how normal consciousness appears 
to emerge of the balance between identifiable networks strongly 
related to important cognitive domains.
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