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A B S T R A C T

Despite decades of research, leading neuronal theories of consciousness such as Integrated Information Theory 
(IIT) and Global Neuronal Workspace Theory (GNWT) still cannot fully explain how the brain’s intrinsic elec
trical oscillations give rise to the conscious experience of lived awareness in sights, sounds, thoughts, and 
emotions. The GlymphoVasomotor Field (GVF) theory offers a novel, non-neuronal framework integrating ce
rebral vascular dynamics, glymphatic fluid flow, and electromagnetic interactions to better characterize brain 
rhythms and consciousness. GVF suggests that rhythmic release of norepinephrine (NE) by the locus coeruleus 
during sleep initiates oscillatory vasomotion of cerebral vessels, driving cerebrospinal fluid (CSF) flow within 
electrically conductive perivascular spaces. This ionic CSF movement generates structured, oscillating electro
magnetic fields capable of modulating cortical neuronal activity and coherence. GVF theory thus posits EEG 
rhythms as possible reflections of vascular-CSF field dynamics rather than pure neuronal activity. This frame
work helps resolve discrepancies between IIT and GNWT, particularly in explaining posterior–frontal co- 
activation, temporal continuity of conscious content, and functional connectivity without direct synaptic 
coupling. Pharmacologic and neuromodulatory patterns, such as anesthetic and disorder of consciousness (DOC) 
mechanisms, offer preliminary support for GVF mechanisms. In proposing a partial mediation of consciousness 
by global neurovascular fluid dynamics, GVF theory stimulates interdisciplinary research into the biophysical 
foundations of consciousness. This theory encourages novel experimental approaches including advanced neu
roimaging, electrophysiological techniques, and animal models. If validated, GVF could redefine interpretations 
of brain wave physiology and inform novel therapeutic strategies for consciousness disorders.

Introduction

Despite years of research, the neuroscience of consciousness fails to 
converge on a unifying framework. Competing theories offer divergent 
interpretations of how subjective experience arises from brain activity. 
Among the leading contenders, Integrated Information Theory (IIT) posits 
that consciousness emerges from maximally integrated information 
within a posterior cortical “hot zone,” particularly in the temporo- 
parietal-occipital regions [1–4]. In contrast, the Global Neuronal Work
space Theory (GNWT) argues that consciousness arises when information 
is globally broadcasted via ignition in an anterior network, involving the 
parietal cortex, and more prominently, the prefrontal cortex [5–7]. 
Interestingly, while large-scale adversarial testing of these theories 
found conscious content can be decoded in both posterior and prefrontal 

cortices, aspects of both IIT and GNWT were challenged [8]. IIT’s pro
posed sustained posterior synchronization and GNWT’s expected 
onset–offset activation and full representational content in the pre
frontal cortex were both unfounded. While both IIT and GNWT capture 
important aspects of consciousness, these theories are not unified.

Meanwhile, discoveries in the brain’s glymphatic system have 
opened a new frontier in understanding the brain’s waste clearance 
system [9]. Walled by cerebral vasculature and astrocytes, emerging 
evidence has characterized glymphatic drainage as a rhythmic, oscilla
tory, norepinephrine (NE)-induced vasomotion of cerebral blood vessels 
[10]. This is particularly interesting, considering CSF is electrically 
conductive [11]. If this flow carries ionic charge through a conductive 
medium, as electrochemical laws dictate, then it must generate time- 
varying electromagnetic fields. Neurons have also been shown to be 
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sensitive to local field effects [12]. This raises a provocative question: 
could non-neuronal, vascular-fluidic field dynamics help organize brain 
waves?

In response to this question, we propose the GlymphoVasomotor 
Field (GVF) Theory. GVF theory suggests that neural oscillations, espe
cially those recorded during sleep, may not be pure reflections of 
neuronal networks, but also from oscillatory interactions between 
vascular smooth muscle, cerebrospinal fluid (CSF), and electromagnetic 
field dynamics.

GlymphoVasomotor Field (GVF) theory

This theory is broken down through stepwise, inductive justification: 

1. The locus coeruleus (LC) releases norepinephrine (NE) in a 
rhythmic, pulsatile, and gatekeeping manner during non-rapid 
eye movement (NREM) sleep [13].

2. NE induces vasomotion and facilitates cortical resynchronization 
in the cells that wall the glymphatic system (Fig. 1A). NE causes 
contraction of cerebral vascular smooth muscle cells via α1- 
adrenergic receptors, contraction of pericytes via α2-adrenergic 
receptors, and calcium transients that facilitate cortical 

resynchronization on astrocytes via α1A-adrenergic receptors 
(Fig. 1B) [10,14–16].

3. Vasomotion drives glymphatic flow of cerebrospinal fluid (CSF) 
[10,17].

4. The contraction of vascular smooth muscle cells (VSMCs) and 
CNS pericytes requires an electrical membrane potential change 
(Fig. 2) [18,19].

5. CSF is electrically conductive [11].
6. NE is released from the LC in the direction of the ascending 

reticular activating system (ARAS) and diffuses into an extracel
lular space that includes a perivascular space surrounding cere
bral vasculature (Fig. 3) [20,21].

7. In fluid dynamics, acceleration refers to changes in the velocity of 
fluid particles over time. Pulsatile flow of cerebrospinal fluid 
(CSF) involves time-dependent changes in flow velocity, implying 
that CSF exhibits acceleration.

8. According to Maxwell’s equations, accelerating ions—implying 
time-varying ionic currents—in a conductive medium will 
generate time-varying electromagnetic fields. Since CSF is elec
trically conductive, the acceleration of ionic particles during 
pulsatile flow is sufficient to induce weak but structured elec
tromagnetic field fluctuations in surrounding brain tissue.

9. We call this emergent phenomenon the GlymphoVasomotor Field 
(GVF). GVF is anatomically distributed by cerebral vascular 
anatomy, generated by the coupling of NE diffusion → vaso
motion → CSF flow in an ionic medium, exists independently of 
synaptic potentials and exhibits rhythmic, oscillating, action- 
potential-like behavior.

10. Neurons are sensitive to local field effects [12]. Therefore, the 
GlymphoVasomotor Field (GVF) can bias neuronal activity. The 
rhythmic electromagnetic field generated by vascular and CSF 
dynamics may directly modulate EEG signals themselves; what 
we measure as brain waves during sleep, such as delta and theta 
rhythms, may in fact be reflections of neuronal firing responding 
to changes in the underlying GVF. The GVF does not generate 
these rhythms directly but instead shapes cortical excitability and 
entrains intrinsic neuronal oscillations, effectively sculpting the 
EEG patterns traditionally associated with neuronal firing. Thus, 
EEG ‘waves’ may be shaped by GVF activity and not solely the 
product of cortical network firing. While EEGs are recording 
synaptic events, GVF theory posits EEGs are also detecting the 
entrainment of cortical neurons by a non-neuronal, fluid- 
dynamically generated field.

Critical evaluation

Pharmacological evaluation

Zolpidem, a sedative and anxiolytic GABAA agonist, provides indi
rect, yet most compelling, support for this model. Zolpidem exhibits 
high affinity to GABAA receptors with the γ2 subunit, which are 
expressed in the human locus coeruleus [22,23]. Interestingly, zolpidem 
is also associated with reduced vasomotion and decreased glymphatic 
flow [10]. The combination of these observations implies zolpidem- 
induced suppression of LC-mediated NE secretion that reduces glym
phatic flow. Consistent with the GVF hypothesis, zolpidem not only 
changes consciousness (as a sedative), but has also been shown, along 
with Gaboxadol (GABA-positive allosteric modulator) to reduce EEG 
power in the low-frequency range, across healthy subjects and those 
with insomnia [24,25]. This suggests a relationship between pulsatile 
LC-NE secretions, reduced vasomotion, EEG modulation, and alterations 
of consciousness. The disruption of neurovascular-CSF oscillations may 
blunt the field dynamics that scaffold brain rhythms.

Dexmedetomidine, an α2-adrenergic agonist, hyperpolarizes LC 
neurons, suppressing NE release [26]. In the GVF view, α2-adrenergic 
agonism may not only reduce LC–NE tone, but also induce 

Fig. 1. NE and Glymphatic Transport in the Perivascular Spaces of Cerebral 
Blood Vessels 1A: Schematic representation of perivascular space draining CSF 
‘glymph’ in the blood-brain barrier. Legend is as follows: ACFP– Astrocyte Foot 
Process, CBV-VSMC – Cerebral Blood Vessel Vascular Smooth Muscle Cell, 
PC—Pericyte, NE – Norepinephrine, α1 – Alpha-1 Adrenergic Receptor, α2 – 
Alpha-2 Adrenergic Receptor, Perivascular Space – Region between the 
vascular wall and surrounding pericytes containing glymph. 1B: Oscillating NE- 
induced contraction of the vasculature generates perivascular pressure gradi
ents that facilitate CSF movement from subarachnoid space into the periarterial 
spaces, promoting waste clearance and fluid homeostasis. Created in Bio
Render. Bhatt, S. (2025) https://BioRender.com/nc51oeg.
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electrochemical gradient disruption via α2-adrenergic-expressing peri
vascular cell contraction. Therefore, a ‘retune’ of NE-based vasomotion 
timing may also be coupled with increased perivascular contraction, 
ultimately leading to subsequent field alterations beyond Dexmedeto
midine’s sedative effects, such as induction of a hypnotic state. Propofol, 
by potentiating GABAA receptors, similarly dampens LC output and 
cortical gain [27]. Ketamine, via NMDA receptor antagonism, not only 
reduces excitatory drive to the LC with dependency on NE transporter 
genotype, but also disrupts fronto-parietal coherence [28,29]. Altered 
NE secretion patterns and associated neuronal changes may lead to 
parietal GVF envelopes remaining relatively intact while frontal 
entrainment weakens, consistent with a dissociative phenotype. Across 
agents, anesthesia modulates (rather than replaces) neuronal generators 
by adjusting LC–NE and vascular dynamics, thereby altering the GVF 
scaffold that coordinates when and where neuronal ensembles can 
synchronize. While not an anesthetic, psychedelic substances are not 
only associated with acute decreases of cerebral blood flow that are 
dose-dependent with the user’s intensity of experience, but also with 
cortical desynchronization [30,31]. In the GVF framework, psychedelic 
alterations of consciousness may reflect changes in vasculature inducing 
field changes that result in cortical desynchronization.

Disorders of consciousness

Zolpidem has paradoxically induced partial recovery in DOC pa
tients. In some cases, zolpidem reawakens functional communication 

and increases cerebral metabolism in prefrontal areas [32]. Clinical 
studies of small cohorts have shown that 6.7 % and 4.8 % of DOC pa
tients exhibit significant responses to zolpidem associated with EEG 
power changes, including restored movement, social interaction, and 
command following [33–35]. The mechanism of this paradoxical 
awakening is unknown; however, given recent preclinical evidence 
showing zolpidem decreases glymphatic flow, these observations are 
consistent with the possibility of GVF modulation underlying these ef
fects [10]. Further support for the GVF model comes from non-invasive 
brain stimulation studies using repetitive transcranial magnetic stimu
lation (rTMS). In DOC patients, rTMS leads to improvements in con
sciousness, particularly in patients with minimally conscious states 
[36,37]. Interestingly, rTMS has been shown to change cerebral vaso
motor activity, with low-frequency rTMS increasing cerebral vasomotor 
reactivity, and high-frequency rTMS decreasing cerebral vasomotor 
reactivity [38,39].

Because field generation depends on ionic movement of glymphatic 
flow, the electrochemical properties of CSF (osmolarity/ionic composi
tion, conductivity, etc.) may also help explain the alterations in con
sciousness. Under GVF theory, pathophysiological processes that 
perturb the electrochemical state of CSF should not only alter field 
generation but also affect neuronal entrainment and manifest as alter
ations in consciousness. Fluctuating levels of consciousness are seen 
after rapid correction of hyponatremia or the hypernatremic swing in 
osmotic demyelination syndrome; sudden electrolyte changes may 
disrupt field coherence and transiently uncouple neural synchrony [40]. 

Fig. 2. Neurovascular Ionic Polarity States Regulating CSF Exchange. This schematic illustrates the contracted (left) and relaxed (right) states of the neurovascular 
unit, including perivascular astrocytes (PVAC), vascular smooth muscle cells (VSMCs), and cerebrospinal fluid (CSF). In the contracted state, elevated norepinephrine 
(NE) levels lead to membrane depolarization in both VSMCs and PVACs, triggering intracellular calcium influx. This results in vasoconstriction in VSMCs and 
glymphatic flow. In the relaxed state, reduced NE allows for hyperpolarization of VSMCs and astrocytes, lowering intracellular Ca2+ and promoting relative 
vasodilation and enhanced CSF exchange. Green “+” and red “–” symbols represent relative membrane potential polarity in cellular compartments and electro
chemical environment in extracellular compartments such as CSF, reflecting shifts that influence trans-compartmental signaling and fluid dynamics. Created in 
BioRender. Bhatt, S. (2025) https://BioRender.com/rzdbqv4.
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In treatment strategies of hydrocephalus in patients with severe DOCs, 
restoring CSF outflow/pressure with diversion can rapidly restore con
sciousness [41]. In GVF terms, diversion normalizes perivascular pres
sure gradients and increases vasomotor coherence. Hepatic 
encephalopathy is not only associated with BBB/perivascular disrup
tion, but with decreased brain NE associated with cognitive impairment 
[42,43]. Such findings imply a weaker or less coherent pulsatile vaso
motion; interventions that raise LC tone or stabilize the interface may 
increase behavioral responsiveness. While not traditionally considered a 
‘disorder of consciousness,’ delirium, whose etiology is unknown, is 
associated with the LC and ARAS [44]. The etiology may reflect in
flammatory immune biomarkers disrupting the ionic equilibrium of CSF.

Reconciling IIT and GNWT

GVF Theory not only bridges gaps between IIT and GNWT but also 
reinterprets key experimental findings through a unifying lens. Its im
plications span three major reconciliations, while using cerebral 
vasculature anatomy as its mechanistic basis:

Posterior–frontal co-activation
Seen through GVF, co-activation of the ventrotemporal/visual cortex 

with frontal areas is expected. A brain-wide oscillatory carrier can 

simultaneously modulate ensembles in posterior and anterior cortex, 
creating a shared context for content while preserving posterior pre
dominance emphasized by IIT. Sensory areas (e.g., early visual cortex) 
track the stimulus with highest fidelity; frontal regions entrain to the 
active content via field-mediated coupling, “echoing” representational 
features without necessitating a strong synaptic broadcast as in canon
ical GNWT.

Mechanistically, the LC is supplied by basilar artery branches within 
the Circle of Willis anastomosis (Fig. 3). Pulsatile LC-NE release diffuses 
along perivascular spaces; NE and vascular smooth-muscle dynamics 
can impose a coherent oscillatory state across territories of the posterior 
cerebral artery (PCA) and anterior cerebral artery (ACA) circulations. 
Field effects that ride these vasomotor rhythms can synchronize distant 
regions supplied by different vessels. This provides a route for the 
inferior frontal cortex to carry decodable information about visual 
stimuli even when a classic GNWT “ignition” is weak, while the posterior 
cortex retains the strongest content representation [8].

Temporal dynamics of consciousness
IIT predicts sustained posterior activity during an ongoing experi

ence; GNWT emphasizes a brief frontal ignition at onset. Empirically, 
longer visual presentations prolong occipital/lateral-temporal activity, 
with only transient PFC responses [8]. GVF accommodates this by 

Fig. 3. Anatomical Comparison Between Cerebral Blood Vessels and Locus Coeruleus (LC). When viewed in the sagittal plane, arterial structures (red) anatomically 
mirror the projection axis of the LC (purple). This overlap may not merely be anatomical and instead provide a substrate for functional coupling. Because 
norepinephrine (NE) released from the LC diffuses through extracellular space, Fick’s law becomes relevant in the mechanism of GVF: the spatial geometry of the 
vasculature can shape the direction, gradient, and timing of NE diffusion. Interestingly, while the neuronal pathway more closely resembles the anterior cerebral 
artery (ACA) and middle cerebral artery (MCA), the basilar artery blood supply of the LC nucleus in the dorsorostral pons may allow for simultaneous, yet inde
pendent, diffusion of NE toward posterior regions via the posterior cerebral artery (PCA). Created in BioRender. Bhatt, S. (2025) https://BioRender.com/llxzapb.

S.S. Bhatt et al.                                                                                                                                                                                                                                  Medical Hypotheses 203 (2025) 111763 

4 

https://BioRender.com/llxzapb


positing an oscillatory carrier initiated near stimulus onset (e.g., an LC 
phasic burst coupling vasomotor rhythms). Once engaged, the carrier 
keeps posterior circuits in an excitable state that tracks the percept’s 
duration, matching IIT’s continuity without requiring persistent frontal 
refreshing. Neurons in the visual and temporal cortices, once engaged by 
the stimulus, continue to fire in rhythm with the field, and produce 
sustained activity throughout the duration of the percept.

Local perivascular NE concentration reflects diffusion, glymphatic 
clearance, and norepinephrine transporter (NET)-mediated uptake. Re
gions with higher adrenergic fiber density, and therefore NET density, 
may quench perivascular NE more quickly, reducing their contribution 
to carrier maintenance. If PFC expresses relatively higher NET, or 
otherwise exhibits faster NE clearance, it would show a robust onset 
response yet play a limited role in sustaining the posterior-dominated 
carrier, consistent with observations of prolonged posterior activity 
and brief frontal peaks. As the carrier damps (clearance > drive), the 
percept fades without a discrete “broadcast-off” event. Therefore, GVF 
acts as a temporal scaffold: it maintains content by rhythmically sup
porting posterior activity while obviating the need for frontal regions to 
continuously ‘refresh’ the content. The lack of a pronounced PFC burst at 
stimulus termination may reflect the phenomenon of conscious content 
as a passive decay of the field-driven-state, rather than an active 
broadcast.

Connectivity without direct synapses
IIT expects strong within-posterior integration; GNWT expects long- 

range fronto-sensory connectivity. GVF reconciles both by introducing 
global field modulation as an alternate coupling route. The Circle of 
Willis, subarachnoid space, and perivascular continuum provide a 
shared fluid–vascular scaffold along which NE-vasomotor dynamics can 
impose a common oscillatory rhythm. Two areas can exhibit phase- 
locked activity not because of direct synaptic exchange, but because 
both are driven by the same GVF carrier.

Early visual cortex imprints content onto the carrier (timing/ 
amplitude), while frontal cortex locks to that pattern for context/ 
attentional roles. Because coupling is mediated by the overarching field, 
posterior regions need not be densely interconnected to act in concert; 
they need only be tuned to the same carrier. This explains frontal–visual 
synchrony with relatively weak intra-posterior synchrony, satisfying the 
spirit of both IIT (posterior content fidelity) and GNWT (brain-wide 
availability) via a shared field state [8].

Limitations

While GVF theory proposes a non-neuronal scaffolding for brain 
rhythms, it is important to consider alternative interpretations and 
limitations. One possible objection is that any theoretical electromag
netic fields generated by ionic acceleration in CSF may be too weak to 
entrain neuronal networks at scale. However, prior studies have 
demonstrated that neurons are sensitive to weak extracellular field 
fluctuations, displaying resonance patterns [45]. Moreover, the 
anatomical proximity between glymphatic pathways and parenchymal 
tissue may account for weak fields’ ability to entrain neural networks. 
Secondly, while correlations between NE pulsatile release, vascular 
vasomotion, and sleep rhythms are well established, the causality and its 
relationship to consciousness remains to be experimentally confirmed. 
Future research must delineate whether pulsatile vasomotions mediated 
by chemical diffusion represent an active driver of field generation. 
Furthermore, if this field generation is proven, further investigation 
must be done to determine its potential for neural synchronization. Even 
in the latter case, its biophysical presence may reshape foundational 
assumptions about the origins of brain-wide coherence.

Hypothesis testing

The claim that ionic cerebrospinal fluid movement generates elec

tromagnetic fields that govern brain activity is speculative and must be 
investigated. Relevant parameters for investigation stem from the 
Ampère–Maxwell law, which highlights the relationship between cur
rent and the resulting magnetic flux density. The governing equation for 
such field generation is 

∇× B = μ0J 

where μ0 represents the permeability of free space and J represents 
total current density. Systematic experimentation grounded in the 
Ampère–Maxwell law has shown directed ion flow, via electrolytic tank, 
generates magnetic fields with magnetic flux density increasing with 
current strength and the number of effective coils while decreasing with 
larger conduit sizes [46]. Anatomically, this predicts stronger field 
generation in the perivascular circuitry of coiling microvascular archi
tecture of subcortical white matter [47]. Such field generation may be 
measured by picotesla-resolution magneto-impedance sensors, which 
have measured spontaneous oscillatory bio-magnetic field generated 
from preparations of guinea-pig smooth muscle tissue [48]. However, in 
order to determine whether this field has the capability to affect 
neuronal firing, patch-clamp or voltage-clamp experiments may be 
utilized, with neural tissue in close proximity to field-generating elec
trolytic tank consisting of a similar electrochemical profile of CSF. This 
may not only replicate the proximity of glymphatic flow to neural tissue 
but also allow examination of a potential relationship between magnetic 
flux density of simulated glymphatic flow and transmembrane currents 
of neurons.

High-density EEG recordings before and after zolpidem administra
tion, paired with perfusion-sensitive imaging such as Arterial Spin La
beling fMRI (ASL-fMRI) may capture the re-emergence of slow-wave 
field coherence, potentially more predictive of conscious awareness than 
localized cortical markers. Parallel rodent experiments using CSF 
tracers, two-photon microscopy, optogenetic manipulation of the locus 
coeruleus, and EEG/MEG may be able to visualize the full cascade: NE 
release → vasomotion → CSF flow → field generation → entrainment. In 
tandem, biophysical modeling of the electromagnetic consequences of 
these dynamics can predict the spatial and temporal characteristics of 
the GVF. More recently, ultraweak photon emissions (UPEs) were 
detected in resting and active human brains [49]. Given the photon is an 
elementary particle of the electromagnetic field, it raises the questions: 
are UPEs direct manifestations of GVF? Does shutting off glymphatic 
flow, via zolpidem, decrease UPE emission from the brain?

Consequences of GVF theory and discussion

If confirmed, the GlymphoVasomotor Field (GVF) Theory would 
carry significant implications across neuroscience, clinical medicine, 
and the philosophy of consciousness. It recasts the origins of experience 
as a product of fluid-generated electromagnetic field rather than pure 
synaptic activity. This phenomenon would challenge the long-standing 
assumption that consciousness and EEG patterns emerge solely from 
neuronal circuits, with vascular and glymphatic compartments serving 
as organizing scaffolds of neural synchrony via non-neuronal electro
magnetic field.

The GVF framework adds an enhanced understanding of sleep 
physiology by linking norepinephrine oscillations, vasomotor constric
tions, and cerebrospinal fluid flow to the maintenance of sleep. If true, 
this would not only enrich our knowledge of sleep architecture but also 
help explain why sleep, and its associated neural entrainments, are 
further critical for memory and consciousness itself. For example, the 
implications of GVF on temporal dynamics of consciousness may reflect 
the lucid dream experience and its associated parietal and PFC syn
chronization [50].

On the clinical front, GVF theory suggests novel pharmacological and 
therapeutic approaches for conditions like disorders of consciousness 
(DOC), traumatic brain injury, and possibly neurodegenerative diseases. 
Interventions aimed at restoring glymphatic flow or modulating 
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vascular-neuroelectric coupling, such as NE modulation or CSF drainage 
may help re-establish consciousness-supporting field dynamics. This 
could redefine clinical management of DOC and provide mechanistic 
insight into phenomena like paradoxical zolpidem-induced arousal. The 
hypothesis also encourages interdisciplinary research, drawing con
nections between neuroanatomy, biophysics, pharmacology, and neu
roimmunology. It also lays the groundwork for biomarker development, 
such as measuring field coherence or electrochemical CSF quality 
characteristics as correlates of consciousness and brain health.

The GlymphoVasomotor Field theory invites a reconsideration of 
consciousness by portraying awareness as an emergent resonance of the 
brain’s entire ecosystem. Vascular motion, charged CSF, and subsequent 
generated electromagnetic fields co-organize neural activity and may 
reconcile competing theories of consciousness. In this view, any insult or 
intervention that reshapes fluid dynamics has the potential to alter 
conscious state by modulating the electromagnetic scaffolding that 
synchronizes neuronal ensembles across time, space, and physical con
nectivity. Whatever future experiments reveal, this framework expands 
the dialogue of the full physiological orchestra that sustains conscious 
life: if neurons are the symphony, then the GlymphoVasomotor Field is 
the time signature.
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