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Abstract

Background: Consciousness in patients with brain injury is traditionally assessed based on semiological evaluation
at the bedside. This classification is limited because of low granularity, ill-defined and rigid nomenclatures incompati-
ble with the highly fluctuating nature of consciousness, failure to identify specific brain states like cognitive motor dis-
sociation, and neglect for underlying biological mechanisms. Here, the authors present a pragmatic framework based
on consciousness endotypes that combines clinical phenomenology with all essential physiological and biological
data, emphasizing recovery trajectories, therapeutic potentials and clinical feasibility.

Methods: The Neurocritical Care Society's Curing Coma Campaign identified an international group of experts who
convened in a series of online meetings between May and November 2020 to discuss and propose a novel framework
for classifying consciousness.

Results: The expert group proposes Advanced Classification of Consciousness Endotypes (ACCESS), a tiered
multidimensional framework reflecting increasing complexity and an aspiration to consider emerging and future
approaches. Tier 1 is based on clinical phenotypes and structural imaging. Tier 2 adds functional measures including
EEG, PET and functional MRI, that can be summarized using the Arousal, Volition, Cognition and Mechanisms (AVCM)
score (where "Volition” signifies volitional motor responses). Finally, Tier 3 reflects dynamic changes over time with a
(theoretically infinite) number of physiologically distinct states to outline consciousness recovery and identify oppor-
tunities for therapeutic interventions.
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Conclusions: Whereas Tiers 1 and 2 propose an approach for low-resource settings and state-of-the-art expertise
at leading academic centers, respectively, Tier 3 is a visionary multidimensional consciousness paradigm driven by
continuous incorporation of new knowledge while addressing the Curing Coma Campaign’s aspirational goals.
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Introduction
In clinical practice, the level of consciousness is typi-
cally characterized by using a combination of bed-
side examination techniques, which are subject to the
examiner’s abilities and preferences, as well as by using
standardized rating scales, such as the Glasgow Coma
Scale [1, 2], the Full Outline of Unresponsiveness
Score [3-5], and the Coma Recovery Scale-Revised
(CRS-R) [6]. An attempt is then made to categorize
the state of consciousness of a given patient into one
of several states that are well established in the neuro-
logical literature despite their limitations [7], including
coma [8], the vegetative state/unresponsive wakeful-
ness syndrome (VS/UWS) [9], and the minimally con-
scious state (MCS) [10]; the latter may be subdivided
into MCS “plus” and “minus’, depending whether or
not there is (rudimentary) language processing [11].
With the advent of sophisticated functional neu-
roimaging and electroencephalography (EEG)-based
technologies [12-21], new states have been described
that defy established neurological paradigms [7].
These include cognitive motor dissociation (CMD),
that is, the presence of brain modulation in response
to verbal commands during functional magnetic reso-
nance imaging (fMRI) and EEG despite the absence
of volitional responsiveness at the bedside [22], and
higher-order cortex motor dissociation, also termed
“covert cortical processing” [23], that is, fMRI and
EEG evidence of association cortex activity to passive
stimuli in clinically low or unresponsive patients [22].
Thus, the existing framework for characterizing dis-
orders of consciousness could be improved in four key
areas.

Reliance on Motor Function to Assess Consciousness

Cognitive motor dissociation, now well recognized
[22], represents a confound in which clinical exami-
nation fails because patients can have a repertoire of
cognitive and emotional brain responses, detectable
by functional imaging or EEG measures [12], but with-
out being able to manifest these to the outside world
through movement or speech. This confound can
only be addressed by dissociating arousal, volitional

responses, and cognitive capacity in a rational assess-
ment of patients with disorders of consciousness.

Inadequate Prognostication

Location on the hierarchy of disorders of consciousness
(i.e., from coma to MCS-plus) has, by itself, some prog-
nostic significance, with patients in an MCS or above
thought to have a greater likelihood of recovery [24].
However, with time, even patients who are in a VS/UWS
may progress and sometimes show remarkable recover-
ies [25], and others, although in an MCS, show limited
progress. Such variance in spontaneous recovery may
be driven, to some extent, by different intrinsic host
responses (e.g., varying potential for synaptogenesis
and neurotrophin production). However, it is likely that
a substantial proportion of this variance is due to the
extent, type, and location of underlying injury, which is
incompletely characterized by current clinical tools of
structural imaging and conventional EEG analysis.

Failure to Incorporate Mechanisms Responsible

for Disorders of Consciousness into Therapeutic
Stratification

Emergence from disorders of consciousness can be facili-
tated by pharmacological interventions that enhance
arousal systems [26] or by neural stimulation, either
peripherally (e.g., median nerve or vagal stimulation) or
centrally (e.g., deep brain stimulation) [27]. However,
responses to these interventions are by no means con-
sistent, and there is, as yet, limited evidence to support
a rational approach for “arousal agents” (to augment
select neurochemical systems) or submitting patients to
a potentially hazardous surgical intervention (or locating
the optimal target for deep brain stimulation).

Clinical Translation for the Nonexpert

Although the CRS-R is a rigorous and well-validated
tool, it has not gained the widespread adoption beyond
specialist clinicians and researchers. Consequently, the
CRS-R has not become part of everyday clinical dis-
course. The simplicity of the UWS and MCS classification
and the Glasgow Coma Scale has resulted in common



clinical usage, but these methods still fail to provide a
complete description of patients.

Recent guidelines from the American [28] and Euro-
pean [29] Academies of Neurology synthesized the per-
tinent data from clinical examination and functional
imaging/electrophysiology but did not attempt to provide
a novel framework for classifying disorders of conscious-
ness that would resolve the challenges outlined. There is
a need for a different approach that is flexible enough to
adapt to available resources, that more completely char-
acterizes patients in everyday clinical management, and
that allows for incorporation of new knowledge as it
arises. Restated, the field of consciousness research must
move forward from consciousness phenotypes to con-
sciousness endotypes, that is, designations that consider
complex concepts, such as biological mechanisms, clini-
cal trajectories, and treatment targets.

In this article, the authors propose a rational precision
medicine framework, combining clinical phenomenol-
ogy with physiological and biological data, to emphasize
recovery trajectories and therapeutic potentials while
at the same time considering pragmatism and clinical
feasibility.

Methods

The Neurocritical Care Society’s Curing Coma Campaign
identified an international group of experts, one of five
Coma Science Working Groups, taking into account geo-
graphical distribution, scientific track records, earlier and
later career stages, and lack of conflicts of interest.

The objective was to develop a conceptual framework
for disorders of consciousness that (1) preserves key
etiological and temporal information about the patient;
(2) dissociates clinically assessed arousal and volitional
motor responses from cognitive capacity, including rec-
ognition and integration of covert cognition into overall
patient assessment; (3) incorporates information about
underlying mechanistic causes of disorders of conscious-
ness, potentially identifying structural, functional, or
modulatory deficits; (4) does not depend on a given theo-
retical framework of consciousness; (5) provides infor-
mation on clinical trajectory through serial assessment;
(6) identifies likelihood of response to therapy (or specific
therapies); (7) incorporates data on prognosis; (8) pro-
vides an accessible summary for clinical communication;
(9) is applicable to low-resource and high-resource set-
tings, including state-of-the-art academic centers; (10)
allows for incorporation of novel knowledge as it arises;
and (11) considers the degree of confidence in the drawn
conclusion.

The group convened in a series of online meetings
between May 17 and November 6, 2020, to discuss
and propose a new consciousness framework using an

evidence synthesis and gap analysis approach [30]. Disa-
greement was resolved by consensus, and the final manu-
script was approved by all group members.

Results

The authors propose Advanced Classification of Con-
sciousness Endotypes (ACCESS), a framework for dis-
orders of consciousness in brain injury that is based on
a three-tiered approach reflecting increasing levels of
complexity and scientific ambitions (Fig. 1). Because con-
sciousness evaluation depends on factors such as clini-
cal proficiency, technological expertise, and suitability
of analytical methods, examiners would be asked to rate
their degree of confidence (low vs. high) in each of the
three tiers.

Tier 1

This tier takes into account low-resource settings, which
typically are restricted to clinical examination and struc-
tural neuroimaging (Fig. 1).

For clinical examination, the CRS-R [6] remains the
best validated tool [31], allowing one to detect signs
of preserved responsiveness in up to 40% of patients
who are (mis)classified as in a VS/UWS on the basis of
unstructured neurological examination alone [32]. Scales
akin to the CRS-R yet customized to specific settings,
such as intensive care, are emerging [33]. The utility of
even more subtle clinical signs suggestive of preserved
responsiveness is increasingly recognized: for instance,
low-cost bedside markers that lack sufficient formal evi-
dence but, nevertheless, appear promising include com-
mand following as assessed by automated pupillometry
[34, 35]; resistance to eye opening [36]; habituation of
the auditory startle reflex [37]; quantitative assessment of
visual tracking [38, 39]; standardized rating of spontane-
ous motor behavior [40]; possibility of oral feeding [41];
exploitation of vegetative responses, such as increased
salivation following gustatory stimuli [42], olfactory sniff-
ing [43], or modulations of the cardiac cycle [44, 45]; evi-
dence of circadian rhythms [46]; and observations made
by nursing staff [47]. Simple clinical tools may provide
substantial insights—carinal stimulation (by tracheal suc-
tioning in an intubated or tracheostomized patient [48])
can produce intense arousal and improve motor respon-
siveness—suggesting the potential for progress in the
acute phase or (potentially) responsiveness to pharmaco-
logical arousal agents in the chronic phase.

For structural neuroimaging, computed tomography
of the brain is increasingly available in low-resource set-
tings [49] such that common etiologies of disorders of
consciousness are readily identifiable most of the time
(e.g., hemorrhagic or ischemic stroke), including action-
able therapeutic opportunities, occasionally, even in
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Fig. 1 Advanced Classification of Consciousness Endotypes (ACCESS), a proposed framework based on a three-tiered approach of increasing
scientific complexity and ambition. Tier 1 is designed to meet possibilities in low-resource settings and takes into consideration clinical examination
and structural neuroimaging. Tier 2 adds measures of brain function, allowing detection of covert consciousness in unresponsive patients. Data
from tier 2 can be conveniently summarized by using the arousal, volition, cognition, and mechanisms (AVCM) score. Finally, tier 3 accommodates
all relevant biological and physiological data and allows one to follow evolution of consciousness endotypes over time (i.e,, clinical trajectories)
and to identify and test therapeutic interventions. This scheme can flexibly incorporate future developments on the molecular and cellular level to
better characterize brain function (consciousness endotypes). Of note, clinical proficiency, availability of technology, and technological expertise, as
well as appropriateness of analytical methods, all influence the level of certainty with which conclusions about consciousness levels are made; the
framework therefore requires investigators to state their degree of confidence (low, intermediate, or high) to account for these caveats. CRS-R Coma
Recovery Scale-Revised, CT computed tomography, EEG electroencephalography, fMRI functional magnetic resonance imaging, MRl magnetic
resonance imaging, PET positron emission tomography, T, and T, time points 1 and 2

prolonged disorders of consciousness, for example,
improved arousal following ventriculoperitoneal shunt-
ing in late-onset hydrocephalus [50].

Tier 2

Tier 2 is based on assessments from clinical examination,
structural imaging, and both resting-state and task-based
assessment of responsiveness using functional imaging
and neurophysiology. In contrast to tier 1, this allows
for identification of dissociated states between behavior
and cognitive abilities using an easy-to-use scheme, the
Arousal, Volition, Cognition, Mechanisms (AVCM) score
(Table 1).

In the AVCM score, “arousal” is given a value from 1
(nonrousable) to 5 (sustained spontaneous arousal); “voli-
tional motor output,” a value from 1 (none) to 4 (com-
plex); and “cognitive content,” a value from 1 (none) to 5
(complex); whereas “mechanistic basis” is optional and
denotes major disease mechanisms. Of note, although
“arousal” and “volitional motor output” are clinically
observable, “cognitive content” may also be identified by
using functional measures, including fMRI or EEG; thus,
this item of the AVCM score allows for identification of
states such as higher-order cortex motor dissociation and
CMD.

Regarding “mechanistic basis,” characterization of the
type and extent of injury shows a clinically plausible hier-
archy, seeking to identify the likely structural/functional
cause of disorders of consciousness (i.e., massive paren-
chymal injury is greater than structural disconnection,
which is greater than functional disconnection, which is
greater than neuromodulatory deficits) while also making
allowance for extracranial causes that can be suspected
or confirmed (e.g., metabolic coma or drugs). Because
the clinical picture in a given patient may be due to a
combination of structural damage, white matter discon-
nection, and functional disconnection due to neuromod-
ulatory deficits, the initial assessment of the dominant (or
the dominant treatable) cause of the clinical picture may
depend on clinical judgment, which is proven or refuted
by additional investigations (and response to therapy).
Data collection by using these tools is accessible in many
centers, and new emerging analytic approaches may offer
additional insights. Examples include using efficient ana-
lytical approaches, such as machine learning, to iden-
tify task responsiveness [51] or characterizing structural
(tractography) [52] and functional (resting-state fMRI)
connectivity between brainstem arousal centers and cor-
tical structures.

The AVCM score could provide a stand-alone option
for assessment of coma and disorders of consciousness



Table 1 The AVC(M) scoring system for DoCs
Item (source)

Arousal (eyes open [ fixation] during clinical exami-  Nonrousable (1)

nation)

Arousal with verbal/visual stimulus (3)
Fluctuating spontaneous arousal (4)
Sustained spontaneous arousal (5)

None (1)
Inconsistent (2)

Volitional motor output (using clinical examination
to verbal/visual command or mimicry in patients

with dysphasia) ) )
Consistent/simple (3)
Speech/complex (4)
Cognitive content (clinical examination, fMRI, EEG, None (1)

evoked responses) Perception (2)

Processing of stimuli (3)
Volitional choices (4)

Options (label/score)

Arousal with painful stimulus (2)

Explanatory notes

Mechanisms for assessing arousal may need to be
informed by evidence of strategic injuries to the
brain (locked in syndrome), sensory organs (eyes,
ears), or language deficits (usually attributable to
focal lesions), which may not impair conscious-
ness in and of themselves but could confound our
assessment of consciousness

Can specify if the motor outputs compromised gen-
eralized seizures (G), focal seizures (F), or peripheral
deficits (P)

Chart the most complex response from any source:
clinical examination, stimulus- and task-based fMRI,
EEG; note abnormal cognitive content: delusions
(D), hallucinations (H), and agitation (A)

Complex cognition (5)

Mechanistic basis (anatomy/physiology: defined by ~ None (0)
using structural and functional imaging). This is an

optional label and need not always be filled

Structural disconnection (2)
Functional disconnection (3)

Modulatory deficits (4)

Metabolic cause (M)
Drug induced (D)

Extensive parenchymal injury (1)

No cause identified or normal AVCM
Sufficient to explain DoC (CT/structural MRI)
Identified and quantified by DTI

Identified by rs-fMRI, EEG (usually by connectivity
analysis in key networks)

Identified by loss of structural (DTI) or functional (rs-
fMRI) connectivity to arousal nuclei

Metabolic deficits that are reversible with correction

Drug related, reversible with drug washout (based on
clinical suspicion/drug levels)

Using this notation, coma due to catastrophic intracranial hemorrhage would be classified as: A;V,C;M,; VS/UWS due to diffuse axonal injury as: A,/5V,C;M,; CMD or
higher-order cognitive-motor dissociation with diffuse axonal injury as: A;V,CsM,; and a changing state, such as drug-responsive UWS: A,>5V,>;C,>,M;. Outside of
classical DoC, normal cognition would be: A;V,Cs; generalized seizures would be: A,V;C;M; and acute psychosis would be: A;V,C,;. Simple clinical use of the scheme
during serial assessment of patients could omit the “Mechanisms” section, and simply describe the AVC score

AVC(M) arousal, volition, cognition (mechanisms), CMD cognitive motor dissociation, CT computed tomography, DoC disorder of consciousness, DT/ diffusion tensor
imaging, EEG electroencephalography, fMRI functional magnetic resonance imaging, MRl magnetic resonance imaging, rs-fMRI resting-state functional magnetic

resonance imaging, VS/UWS vegetative state/unresponsive wakefulness syndrome

that incorporates covert cognition and accounts for
CMD (see Table 1 for clinical examples). However,
it also provides a foundation for tier 2 of the tiered
approach described in this article. With additional
experience with neuroimaging and EEG, parts of the
AVCM score can be parsed out to the three axes of tier
2. The clinical phenotype (on the x-axis) would scale
with the arousal and volitional motor output subscores
and with clinically elicitable parts of the cognitive con-
tent subscore. The y-axis, which characterizes brain
structure, would subsume parts of the AVCM mecha-
nisms subscore that was based on increasingly sophis-
ticated structural neuroimaging (progressing from
computed tomography to conventional and diffusion-
weighted magnetic resonance imaging). Those parts of
the cognitive content subscore that require access to
functional imaging or EEG might be best aligned with
the z-axis, which describes brain function.

Tier 3

Similar to tier 2, the assumption in tier 3 is that no mat-
ter what the clinical scenario or what the future brings,
there will always be a clinical phenotype to observe at
the bedside and there will always be some type of brain
structural and functional change (Fig. 1). Accordingly,
tier 3 is ordered around the same three major axes as
tier 2, yet in contrast to tier 2, these axes include an
(in-principle) infinite number of dimensions (Fig. 2):
clinical phenotype (x-axis), brain structure (y-axis),
and brain function (z-axis). The y-axis and z-axis are
ordered from the molecular level and microcircuits to
large-scale networks, respectively, and from cellular
to macrocellular levels. Consciousness is classified on
those axes by using as many dimensions and concepts
as deemed appropriate (x 1...xn; yl...yn; z1...zn). Still
controversial concepts, such as the glymphatic sys-
tem, could be removed if they do not stand the test of
time; others could be added in the future as needed.
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Fig. 2 Close-up of tier 3 showing (some of an in-principle infinite number of) structural and functional features that allow comprehensive cover-
age of consciousness endotypes. These features can be scored as normal, compromised, and absent and intact, compromised, and lost, respec-
tively. Unactionable features, such as age or previous brain health, are indicated by reversed arrowheads. Time points 1 and 2 (T, and T,) denote
consciousness endotypes at different time points, and Togrential Shows potential for consciousness recovery and therapeutic interventions. Clinical
trajectories are indicated by arrows: green for improvement and red for worsening. CSF cerebrospinal fluid

Brain functions and brain structures can be quantified
on each of those dimensions as being normal, com-
promised, or absent. Given the theoretically endless
number of features, this seems to be the least common
denominator; however, it does not exclude the pos-
sibility of introducing more granular distinctions for
certain features. Unactionable conditions, such as age,
sex, previous brain health, endogenic brain reserve, and
genotypes, are acknowledged (indicated by reversed
arrowheads in the figures). Clinical trajectories are
denoted by arrows: green indicating improvement and
red indicating worsening. Consequently, brain states
can be visualized in space, reflecting dynamic changes
over time (T}, T,). The therapeutic implication is that

patients need to be pushed as far into the green areas as
possible along all three axes (Tpentiar)- The result is the
identification of consciousness endotypes (as opposed

to phenotypes; Fig. 3).

Discussion

This position paper introduces ACCESS, a precision medi-
cine framework that captures salient elements and pres-
entations of consciousness disorders, taking into account
brain injury trajectories, while at the same time being
applicable in both high-resource and low-resource settings
and allowing for flexible addition of future knowledge as
scientific progress is being made. ACCESS is based on a
three-tiered approach with evolving concepts of increasing
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Fig. 3 Evolution from clinical phenotypes to multidimensional consciousness endotypes through tiers 1-3. AVCM arousal, volition, cognition, and
mechanisms, MCS minimally conscious state, VS/UWS vegetative state/unresponsive wakefulness syndrome

clinical and scientific complexity. Tier 1 reflects a level of
proficiency that seems achievable in many (but probably
not all) low-resource settings; tier 2 is based on current
state-of-the-art, allowing for detection of preserved con-
sciousness that escapes clinical examination (i.e., CMD);
and tier 3 is conceptualized as a quasi-complete represen-
tation of all aspects of consciousness disorders after brain
injury, including dynamic changes over time, outlining
potentials for recovery and therapeutic opportunities. The
mapping of an extended temporal dimension in this tier
establishes the basis for endotype discovery and charac-
terization. Finally, this article introduces the AVCM score,
a convenient scale to summarize clinical phenotypes, brain
structure, and brain functions.

To be of enduring use, tiers 2 and 3 are flexible so that
as additional scientific insights emerge, the classification
can be enriched in many conceivable ways: for instance,
genetic polymorphisms might identify neurochemical

reserve, injury mechanisms, or recovery processes; new
imaging or electrophysiological biomarkers might be dis-
covered; extreme disease trajectories might identify endo-
typic variations or continuing active disease processes (e.g.,
neuroinflammation, amyloid/tau pathology) amenable to
treatment; and molecular imaging might characterize indi-
vidual ascending neurotransmitter systems (dopaminergic,
noradrenergic, serotoninergic, histaminergic, cholinergic,
or glutamatergic), providing a rational basis for selecting
specific therapies (e.g., pharmacological stimulant thera-
pies targeting dopaminergic systems).

ACCESS is a framework with several strengths: First,
it allows for precise and dynamic mapping of conscious-
ness levels and brain states over time, including, as
stated, therapeutic potentials, clinical trajectories, treat-
ment responses, and outcome. It also allows for con-
sideration of the fluctuating nature of consciousness
recovery trajectories, including phases of improvement



and worsening. Second, it incorporates relevant biologi-
cal data related to brain function (the “software”) and
brain structure (the “hardware”). Third, it can be applied
to the entire range of the traditional disorders of con-
sciousness (e.g., coma, VS/UWS) as well as those that
require advanced technologies (e.g., CMD). Fourth, it can
function as a communication tool to describe conscious-
ness among clinicians and researchers (i.e., by using the
AVCM score). Furthermore, the number of dimensions
can be adjusted as needed: increased for research pur-
poses and reduced in clinical settings, for instance, when
structural, but not functional, neuroimaging is available.
Finally, because the model allows for an indefinite num-
ber of dimensions, it can be easily updated as knowledge
increases over time.

Limitations are related to the fact that the framework
may be challenging to put into plain language (in con-
trast, “coma” is an imprecise but pragmatic term in clini-
cal practice), but it is easy to visualize, and the AVCM
score captures complex consciousness configurations
using a very simple code consisting of a few letters and
numbers. Furthermore, although the framework is fea-
sible for advanced analyses, including machine learning
approaches, external validation may be possible for parts
of it (e.g., clinical trajectories) but difficult for the entire
framework, given that existing labels that would be used
to validate the framework are already part of it. This is
a circular problem, not uncommon in consciousness
research, owing to the absence of a “ground-truth” to
define consciousness. Finally, it is important to be aware
of a major clinical caveat: Given fluctuations in arousal,
any assessment tool may miss episodes of volitional
response. Restated, both neurophysiology and fMRI can
show false negatives in detecting responses in CMD.
Consequently, a negative volitional response, regardless
of the means used to achieve it, is still inconclusive.

Next, the proposed framework must (1) be improved by
encouraging and collecting feedback from the clinical and
scientific communities and (2) be validated, including face
and construct validity (albeit this likely will be restricted
to specific parts of the framework, as stated earlier). For
instance, the AVCM score could be tested for clinical feasi-
bility, for example, how effective it is as a clinical communi-
cation tool, and prospectively validated for prognostication,
linking AVCM scores in clinical cohorts to specific outcomes.

Conclusions

The ACCESS framework, including the AVCM score, sug-
gests a means to advance the characterization of disorders
of consciousness from a clinical phenotypic assessment to
the identification of endotypes on the basis of individual
clinical trajectories and treatment responses. Although the

proposed paradigm is not realistically amenable to valida-
tion as a whole, the authors expect that individual compo-
nents could be the object of exploration and confirmation
in prospective large-scale multicenter studies.
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