
Intensive Care Med (2020) 46:97–101
https://doi.org/10.1007/s00134-019-05820-w

WHAT’S NEW IN INTENSIVE CARE MEDICINE

Coma science: intensive care as the new 
frontier
Jan Claassen* 

© 2019 Springer-Verlag GmbH Germany, part of Springer Nature

Beginning in the middle of the last century, increas-
ingly large numbers of comatose patients have survived 
life-threatening conditions thanks to the widespread use 
of mechanical ventilation. The chances of reasonable 
functional outcomes for survivors of acute brain injury 
rose over the following years, largely due to advances 
and standardization of critical care management and 
improvements in neurosurgical techniques. Neurocriti-
cal care physicians routinely manage patients with acute 
brain injury, who are frequently unconscious. This young 
specialty has spent the past couple of decades making 
large strides in harmonizing clinical practice, advanc-
ing societal representation, and developing a unique, 
large body of evidence for critical care physicians treat-
ing patients with neurological injury. Having established 
national and international societies that represent prac-
titioners of neurocritical care, generating guidelines and 
practice statements, and establishing organized training 
with board certification, the field is now undergoing a 
scientific transformation. At this junction, an increas-
ing number of research groups are focusing attention 
on understanding disorders of consciousness in acutely 
brain-injured patients. Techniques for this coma sci-
ence endeavor are now available to provide fundamental 
insights into the biology of consciousness of the acutely 
injured brain.

These efforts have become of utmost clinical and ethi-
cal significance given the progress in general critical care. 
Medical advances have created a scenario, where the 
majority of comatose patients with acute brain injury die 
from withdrawal of life support rather than cardiopul-
monary collapse. The decision to withdraw life support 

is made collaboratively with health-care proxies, often 
the closest family, and the physicians taking care of the 
patient. However, our ability to predict outcomes, includ-
ing recovery of consciousness in patients with traumatic 
brain injury or other acute brain insults such as stroke 
or cardiac arrest, is poor [1]. Subsequently, it is not sur-
prising that there is significant variation in the rates 
of withdrawal of care in comparable patients [2]. This 
uncertainty leads itself to the self-fulfilling prophecy of a 
poor outcome. With this in mind, it becomes imperative 
to better understand the mechanisms underlying coma 
and develop more accurate prognosticators and even 
treatments for coma. While arguably being one of the 
central goals for research in the neurocritical care sphere, 
this work is also becoming increasingly achievable. Coma 
science in critical care builds on a rich foundation of 
insights gained from studying loss of consciousness due 
to sleep, anesthesia, and chronic disorders of conscious-
ness [3]. This work has resulted in mechanistic models 
that provide a framework to conceptualize, study and 
potentially treat impairments of consciousness in criti-
cal care [1]. We are now beginning to understand the 
dynamic, complex interactions between brain regions 
that are required for the conscious state [4].

Clinical examinations have been the gold standard to 
assess consciousness, but these assessments are poorly 
standardized in critical care. The Coma Recovery Scale-
revised [5], developed on a cohort of patients undergo-
ing brain injury rehabilitation, is the industry standard 
to quantify consciousness in a scientific context (Fig. 1a). 
This scale allows categorization of patients into prog-
nostically relevant groups of coma, vegetative state (also 
known as unresponsive wakefulness syndrome), mini-
mally conscious state without (minus) or with (plus) 
inconsistent command following, and consciousness. 
However, obtaining the Coma Recovery Scale-revised 
may be time consuming, creating challenges in a critical 
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care setting. More importantly, static behavioral assess-
ments alone face major practical challenges early after 
brain injury, as the examination often fluctuates due to 
delirium, neurological improvement or worsening, medi-
cation or metabolic effects, and seizures. Conscious-
ness determination by behavioral scales typically relies 
on comprehension of the command and detection of a 
motor response. Unfortunately, either may be impaired 
in brain-injured patients irrespective of any impairment 
of consciousness. More sensitive measures of responsive-
ness such as differential electromyographic recordings 
are promising and may be more sensitive and objective 
than relying on visual inspection by the examiner [6].

Strategies beyond behavioral assessments can be broadly 
conceptualized around assessments of the brain at rest, 
when confronted with a stimulus, or interventional studies 
(Table 1). These techniques each have their advantages and 

disadvantages which need to be carefully considered when 
used in the dynamic, stimulus-filled, critical care environ-
ment. Some diagnostic tests such as MRI and EEG may 
already be collected as part of routine clinical care, and 
systematic post-processing of this existing data can yield 
more objective correlates with consciousness and improve 
current prognostic schemes [7, 8]. Advanced neuroimag-
ing assessments may add to future paradigms. Diffusion 
tensor imaging as an example quantifies structural con-
nectivity, which may be particularly beneficial in prognos-
ticating diffuse brain injuries such as that following cardiac 
arrest [9]. Functionally connected brain regions may also 
be unmasked using resting state MRI [10] or coherence 
analysis of the EEG recorded at rest [8]. Currently used 
serum, plasma, cerebrospinal fluid, and brain interstitial 
fluid measures of the extent of brain injury do not measure 
consciousness, but may have a role in prognostication.

Fig. 1 a Health-care provider administering the Coma Recovery Scale-revised assessment. b Assessment of functional integration of information 
within thalamocortical circuits following MRI-guided targeted stimulation of brain regions using transcranial magnetic stimulation. c Functional MRI 
scan with auditory commands presented to a patient in the MRI scanner via headphones. d EEG assessment testing auditory command following 
using headphones 
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A significant body of literature has explored the brain’s 
response to sensory stimuli in behaviorally unresponsive 
patients. Early adoptions included the development of 
mismatch negativity, contingent negative variation, and 
studying later components of evoked related potentials 
(i.e., P300 and N400). The ability to distinguish multiple 
layers of regularities in a stimulus may be particularly 
promising, as this may represent an auditory discrimi-
nation task and possibly a specific marker of conscious 
processing [11]. These event-related potentials can be 
obtained at the bedside in the critical care setting and 
relate to outcomes [12]. The impact of event-related cog-
nitive processing on measures of the autonomic nerv-
ous system, such as heart rate variability, may provide a 
novel measure of residual cognitive processing [13]. This 
quantification of brain–body cross talk is uniquely attrac-
tive for the critical care setting, as continuous vital sign 
monitoring is abundantly available. In highly controlled 
settings, functional integration of information within 
thalamocortical circuits can be quantified with the per-
turbational complexity index (Fig. 1b) [14]. This measure 
is derived from high-density EEG recordings in response 
to stimulation of predefined brain regions using tran-
scranial magnetic stimulation. However, the technical 
challenges in this approach prohibit its application in the 
critical care setting at this time.

Exploring brain responses to commands (active pertur-
bation tasks), specifically in scenarios of asking behavio-
rally unresponsive patients to perform a motor command 
(i.e., “open and close your right hand”), has dramatically 
broadened our concepts of unresponsiveness. Up to 

15% of acutely brain-injured unresponsive patients had 
brain activation to motor commands and those with the 
response had a much higher chance of good functional 
outcome 1  year after the injury [15]. These findings 
have collectively established a state in which behav-
ior and brain response are dissociated. Patients in this 
state, called cognitive motor dissociation, do not dem-
onstrate any behavioral responses to motor commands, 
but functional MRI (Fig.  1c) or EEG (Fig.  1d) is able to 
detect brain activation that is strikingly similar to that of 
behaviorally responsive patients. First demonstrated in a 
chronically unresponsive patient following brain trauma 
[16], it has since been replicated in the critical care set-
ting using both EEG and MRI [15, 17]. It is unclear to 
what extent behaviorally unresponsive patients com-
prehend verbal commands, but the brain activation is 
uniquely different between the commands. Brain activa-
tion to a verbal motor command was found to be much 
more common in patients who had functional recovery 
1 year after injury compared to patients who did not [15]. 
Combining imaging with EEG approaches is attractive 
as high-quality spatial and temporal information may be 
generated [17].

Therapeutic interventions with established targets have 
provided mechanistic insights into chronic disorders 
of consciousness and given hope for the development 
of treatments to directly support the recovery process 
[18]. Electrical stimulation of central thalamic nuclei [19] 
as well as dopaminergic activation with amantadine is 
linked to behavioral improvements in chronic disorders 
of consciousness [20]. Noninvasive, targeted stimulation 

Table 1 Approaches to study consciousness in the acute brain injury setting

References are just a small sample of available studies. More comprehensive reviews of the literature are available [1]. Citations [7–10, 12] were conducted in critical 
care setting

Brain at rest
Structural MR imaging (e.g., FLAIR, high-resolution T1, diffusion tensor imaging) [7, 9], head CT

Resting EEG, resting state functional MRI [8, 10]

Measures of the extent of brain injury in the serum, plasma, cerebrospinal fluid, and brain interstitial fluid (NSE, S110Beta, GFAP, vimentin, myelin basic 
protein, inflammatory markers such as IgG electrophoresis)

Passive perturbation tasks
Long latency evoked potentials, event-related potentials [11, 12]

Autonomic nervous system modulation [13]

Transcranial magnetic stimulation with EEG co-registration [14] (Fig. 1b)

Active perturbation tasks
Behavioral assessment: Coma Recovery Scale-revised [5], other less appropriate clinical scales (FOUR score, Glasgow Coma Score) (Fig. 1a)

Differential electromyographic response [6]

Functional MRI—motor imagery or activation paradigm [16, 17] (Fig. 1c)

Functional EEG—motor imagery or activation paradigm [15, 17] (Fig. 1d)

Interventional studies (measures of success may include any of the above)

Medication (i.e., amantadine) [20]

Mechanical: electrical thalamic stimulation, focused ultrasound [19, 21]
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using focused ultrasound may provide a therapeutic 
option, but also allow mechanistic investigations into the 
role of specific brain structures in disorders of conscious-
ness [21]. Interventions will need to be measured not 
only by the impact on crude functional outcomes, but 
also include cognitive and quality of life measures.

The immediate, major challenge preventing scientific 
progress in this field is to overcome the therapeutic nihil-
ism that unconscious brain-injured patients still face 
leading to the self-fulfilling prophecy of a poor outcome. 
Techniques that are low cost and easily applicable in the 
critical care setting are available and need to be further 
developed. Conceptually, bedside approaches are pref-
erable early after the injury, as imaging techniques will 
require transport of critically ill patients which would be 
logistically challenging, expensive, and limited as it can 
not provide a dynamic, continuous assessment of a non-
static patient examination early after brain injury. How-
ever, in the later subacute brain injury period, imaging 
modalities are promising to capture the extent and loca-
tion of functional and structural disconnection in unre-
sponsive patients.

Major collaborative efforts will be required to advance 
this field and meet the demands and needs of patients, 
families and physicians in this core area  of critical care 
medicine. The international, multidisciplinary collabora-
tive organized by the Neurocritical Care Society under 
the “Curing Coma” theme is a promising step in this 
direction. Efforts should be made to support and develop 
academic reward models that promote sharing of data 
and analytic code to promote collaborative research ini-
tiatives. Methodologic pitfalls should be openly discussed 
as the application of these techniques requires rigor in 
experimental design as well as computational analy-
sis and interpretation of the data [22, 23]. Frameworks 
for data collection and analysis are being proposed and 
should be followed [24], and standardization and avail-
ability for interpretation require concerted efforts. Now 
is the time to advance the field of coma science which 
may yield more accurate assessments of the unresponsive 
acutely brain-injured patient, accurate prognostication 
of outcomes, and may even one day open communica-
tion channels to behaviorally unresponsive patients with 
cognitive motor dissociation [25]. Treatments to support 
recovery of consciousness may need to be individualized 
based on the specific location, extent and nature of the 
brain injury. This research has the potential to completely 
revolutionize management of acutely brain-injured 
patients, but at the same time may bring to surface ethi-
cal dilemmas that for a long time have been ignored. 
Accompanying the increasing availability of these tech-
niques in clinical practice, a societal debate focusing on 
equity and societal burden needs to occur [1].
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