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Abstract. Disorders of consciousness after severe brain injury encompass conditions of coma, vegetative state/unresponsive
wakefulness syndrome, and minimally conscious state. DoC clinical presentation pose perplexing challenges to medical
professionals, researchers, and families alike. The outcome is uncertain in the first weeks to months after a brain injury, with
families and medical providers often making important decisions that require certainty. Prognostication for individuals with
these conditions has been the subject of intense scientific investigation that continues to strive for valid prognostic indicators
and algorithms for predicting recovery of consciousness. This manuscript aims to provide an overview of the current clinical
landscape surrounding prognosis and optimizing recovery in DoC and the current and future research that could improve
prognostic accuracy after severe brain injury. Improved understanding of these factors will aid healthcare professionals in
providing optimal care, fostering hope, and advocating for ethical practices in the management of individuals with DoC.
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1. Introduction

Disorders of consciousness (DoC) represent a
complex spectrum of conditions that can present
because of severe brain injury or dysfunction.
The primary diagnostic behavioral phenotypes
include coma, characterized by the complete
absence of arousal and awareness; the vegetative
state/unresponsive wakefulness syndrome (UWS),
marked by wakefulness without awareness; and the
minimally conscious state (MCS), exhibiting incon-
sistent evidence of purposeful behavior or conscious

∗Address for correspondence: Brooke Murtaugh, OTD,
OTR/L, CBIST, Occupational Therapist, Certified Brain Injury
Specialist/Trainer, Brain Injury Program Manager, Department
of Rehabilitation Programs, Madonna Rehabilitation Hospitals,
Lincoln, NE, USA. E-mail: bmurtaugh@Madonna.org.

awareness (Giacino et al., 2022). See Table 1. Under-
standing DoC spectrum and prediction for recovery
in individuals with severe brain injury has signifi-
cant implications related to medical decision-making,
withdrawal of life-sustaining therapies (WOLST),
rehabilitation strategies, access to specialized post-
acute care, and the support and education of patients’
families. For example, Thibaut et al. in 2020 found
that patients with receptive or expressive language
function (MCS+) have less severe short-term func-
tional disability than those who do have language
function (MCS-). They proposed that early recovery
of language (MCS+) may prove to be a predictor of
a more favorable long-term outcome (Thibaut et al.,
2020).

Historically, DoC was often viewed as catas-
trophic/irreversible, with poor probabilities for
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Table 1
General behavioral phenotypes of DoC

Behavior Coma VS/UWS MCS eMCS

Eye Opening X
√ √ √

Generalized Response X
√

X X
Sleep Wake Cycles X

√ √ √
Localized Response X X

√ √
Visual Fixation X X

√ √
Visual Pursuit X X

√ √
Vocalization X X

√ √
Command Following X X *

√
Communication X X *

√
Functional Object Use X X X

√

*Denotes intermittent, inconsistent in behavior.

meaningful recovery. However, over the past decade
outcome data from large data sets have contradicted
this pessimistic prognostic bias and have revealed
findings that have reshaped our understanding of the
human brain’s capacity to heal after severe injury.
Evidence from large, multi-center databases supports
a large percentage of patients experiencing DoC after
severe brain injury, especially traumatic etiology,
progress to recovering consciousness and achieve
functional gains (Kowalski et al., 2021; McCrea et al.,
2021). Neuroimaging, electrophysiology, and neu-
robehavioral assessments have provided improved
valid modalities for assessing and monitoring the
recovery trajectory and informing prognosis for DoC,
even for patients with absent behavioral responses at
bedside (Magnani et al., 2022).

Despite these advances, a significant gap remains
in the ability to predict a patient’s probability of
return of consciousness, in what timeframe, and
the extent of functional recovery or severity and
chronicity of disability. In the first weeks to months
after a brain injury, outcome is generally not pre-
dictable with certainty (Fins, 2007; Giacino et
al., 2018; F. M. Hammond, Katta-Charles, Rus-
sell, Zafonte, Claassen, Wagner, Puybasset, Egawa,
Laureys, Diringer, Stevens, & the Curing Coma
Campaign and its Contributing Members, 2021).
Prognostication with acknowledgement of uncertain-
ties is crucial to evidence-informed decision-making,
timing of decisions, and supportive counseling for
patient’s families or surrogates who are respon-
sible for making necessary decisions related to
continued care and recovery (F. M. Hammond,
Katta-Charles, Russell, Zafonte, Claassen, Wagner,
Puybasset, Egawa, Laureys, Diringer, Stevens, &
Curing Coma Campaign and its Contributing Mem-
bers, 2021; Kreitzer et al., 2023).

Prognosis with patients in DoC is also compli-
cated by the lack of consensus of a good or favorable
outcome. Perception of favorable outcome can also
differ between professionals and the patient’s fam-
ily. Prognostic and outcome studies are confounded
with a “moving target” of recovery end points. Some
studies evaluate recovery of consciousness and vari-
ous studies evaluate outcome as recovery of function
and a level of independence through various mea-
sures such as the Glasgow Outcome Scale-Extended
(GOSE), Disability Rating Scale (DRS) and Func-
tional Interdependence Measure (FIM). The GOSE
is the most utilized outcome measure for TBI. How-
ever, much variability is found in dichotomizing the
ordinal scale of 1–8 and what scores constitute “unfa-
vorable” vs “favorable” outcome (Zuckerman et al.,
2022).

Family interviews and surveys demonstrate greater
variability of perception of “favorable outcome” from
recovery of consciousness, ability to communicate
to the ability to live independently and meaning-
fully engage in life roles (Fins, 2015; Kostick et
al., 2021). Families’ view of outcome is also depen-
dent upon what they feel their loved one would have
wanted as a level of functioning, disability or qual-
ity of life. Conflicting view of favorable outcome
between professionals and families can create ten-
sion and challenge prognostic counseling between
professionals and families.

2. Risks of nihilistic prognosis

Historically, patients experiencing DoC have
received a universally poor prognosis related to
recovery of consciousness and function. A study
by Turgeon (2011) found that most deaths (70%)
after severe TBI were associated with WOLST with
approximately half of these deaths occurring within
the first three days of injury (Turgeon et al., 2011), at
a time when the outcome trajectory is uncertain. Data
from the National Trauma Databank and CENTER-
TBI database have found a similar temporal pattern
regarding WOLST (DeMario et al., 2022; van Veen
et al., 2021). These studies found significant vari-
ability in injury- and non-injury-related factors for
individuals who died secondary to WOLST sug-
gesting that decisions to withdraw care after severe
brain injury may be impacted by individual physician
practices, biases and perceptions regarding long-
term outcomes. Furthermore, studies using clinical
vignettes have indicated that clinician prognostica-
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tions are often overly pessimistic (F. Hammond et
al., 2009; Izzy et al., 2013).

These identified trends in WOLST after severe
brain injury are concerning as recent outcome
evidence exhibits that 12% of individuals with
severe TBI (mean GCS 4.2) achieved a favorable
outcome as defined by the Glasgow Outcome Scale-
Extended (GOSE) within 2 weeks post-injury. That
number quadrupled at 3 months post-injury, and
53% achieved a favorable outcome by 12 months
(McCrea et al., 2021). Positive recovery trajectory
was also identified within the TBI Model Systems
data reporting that 82% of comatose patients recov-
ered consciousness during inpatient rehabilitation
(Kowalski et al., 2021). Among individuals not fol-
lowing commands at the time of TBI rehabilitation
admission, the majority achieve independence in
daily functional activities with improvements in func-
tional independence continuing throughout at least
the first decade after TBI (F. M. Hammond et al.,
2019). Thus, it is probable that a significant per-
centage of individuals’ severe brain injury who die
secondary to early WOLST could have progressed
to recover consciousness and achieve a positive
functional outcome. Unfortunately, the continued
pervading nihilistic bias of medical professionals and
the absence of valid early prognostic indicators and
algorithms lead to a self-fulfilling prophecy of indef-
inite poor outcomes after severe brain injury.

3. Current approaches to prognostication

Prognosis after severe brain injury begins at the
time of injury, triage and interventions to stabilize
the patient to sustain life. Etiology, Glasgow Coma
Scale (GCS), structural pathology and location, pres-
ence of diffuse axonal injury, prolonged hypoxia,
cerebral edema, intracranial hypertension, evidence
of subcortical and brainstem herniation, absence of
brainstem reflexes and pupillary reactivity are injury
characteristics that many times are factors in the acute
prognostication of future outcome for the patient
(Souter et al., 2015). Individual patient characteristics
also impact prognosis such as age at the time of injury
(Gosseries et al., 2016; Izzy et al., 2013). A survey
of diagnostic and prognostic considerations and prac-
tices revealed a multitude of variables that physicians
and other professionals consider when providing a
prognosis (Formisano et al., 2019; Izzy et al., 2013).
Current TBI Best Practice Guidelines endorsed by the
American College of Surgeons recommend a wait-

Fig. 1. AAN DoC practice guideline recommendations related to
prognosis.

ing period of a 72 hour minimum after severe TBI
before consequential care decisions are considered
regarding continuation of aggressive care or WOLST
(Cryer & Manley, 2015; Souter et al., 2015). How-
ever, given the early uncertainty of prognosis and the
potential for positive outcomes, the 2018 DoC Prac-
tice Guideline Recommendations supported by the
American Academy of Neurology recommend defer-
ring an indefinite poor prognosis for recovery until at
least 28 days post-injury (Giacino et al., 2018). See
Fig. 1.

Prognosis of recovery of consciousness and func-
tional return is uncertain, inaccurate, and fraught
with challenges within the acute days and weeks
post-injury (van Veen et al., 2021). Various med-
ications, medical comorbidities, complexities and
complications can cloud the clinical presentation of
severity of neurological injury. Available predictive
tools and models are not accurate enough for pre-
cise patient-level outcome prediction in the acute
setting with 70–80% positive predictive value at best
(Brain Trauma Foundation, 2009; Geurts et al., 2014).
While such variables cannot provide precise outcome
predictions, validated models can help inform discus-
sions of the range of possible outcomes.

Yet, the current healthcare systems, especially in
the United States, utilize early prognosis to guide
acute medical decisions due to pressures of shorter
ICU lengths of stay and progression through the post-
acute continuum of care if appropriate for the patient
(Wijdicks & Hwang, 2021). Other pressures include
a demand for organ donations with a lack of appre-
ciation for potential meaningful outcomes after brain
injury compounded by Medicare Conditions for Par-
ticipation that require organ procurement notification
requirements for “imminent death.” (Fins, 2012). In
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the case of a patient with severe, acute brain injury,
it has been suggested that imminent death includes
someone on mechanical ventilation in an intensive
care unit or emergency department with a low GCS
score. These criteria send a message of universally
poor outcome to the healthcare team and family for
patients with uncertain prognosis and potential for
good recovery.

Brain injury medicine currently lacks the sci-
ence and technology of brain injury biomarkers to
guide precision medicine to develop acute prognos-
tic algorithms that can confidently predict recovery
of consciousness and return of functional abilities
during these early days after injury. It is difficult
to provide patient surrogates with meaningful infor-
mation to guide decisions on continued care within
the preferences of the patient, WOLST, and recom-
mendations for discharge disposition after acute care.
Acutely, clinicians are unable to accurately counsel
families if their loved one will have long-term and
life-long disability that will require indefinite 24-
hour care or if their loved one will achieve “good”
outcome. Since good outcomes are common among
individuals with prolonged unconsciousness (Kowal-
ski et al., 2021; McCrea et al., 2021), time (at least the
first days – weeks) should be allowed for aggressive
treatment, serial assessments, discussions between
the clinical team and the family, shared decision-
making, and alignment with what is known regarding
the patient’s values and preferences.

Given the inaccuracies of early prognostication
and the irreversible decisions often made based on
such assumptions, it is more prudent to use time-
delimited prognostication based on what is most
certain at each time point rather than a more defini-
tive rulings in indeterminate cases (Fins, 2013). Dr.
Joseph Fins (2013) proposes a helpful analogy of
tracking a hurricane across the ocean as the cone
of uncertainty narrows over time, and recommends
brain injury prognosis along a timeline post-injury
mapped on to diagnostic milestones (such as, duration
of comatose state, duration of VS, and time to reach
MCS). Such phased prognostication should be based
on what is known at each stage, informed by serial
behavioral evaluation and other available markers
(such as, imaging and neurophysiologic data) while
acknowledging level of uncertainly.

3.1. Prognosis based on etiology of brain injury

Etiology is a significant factor after severe brain
injury. There are various etiologies that can lead to

acute and prolonged DoC presentation. These can
be traumatic or non-traumatic etiologies. Prognosis
is substantially dependent on causes of DoC and if
the primary cause is readily reversible (Karpenko &
Keegan, 2021). However, the most common etiolo-
gies leading to prolonged DoC that can challenge
diagnosis and prognosis are severe TBI and hypoxic-
ischemic brain injury (HIBI) after cardiac arrest
(Bagnato et al., 2021; Giacino et al., 2022) and
accurate prognostication relies on a thorough under-
standing of the underlying injury. Limitations in TBI
data, including heterogeneity in injury severity, vari-
ability in documentation practices, and incomplete
follow-up, can hinder accurate prognostication and
impede the development of evidence-based guide-
lines (Roozenbeek et al., 2013).

Regardless of injury severity and heterogeneity
of presentation, TBI etiology is associated with a
more favorable prognosis and outcome (Avesani et
al., 2018; Chiavaroli et al., 2016; Whyte et al., 2009).
However, caution must be taken when applying these
constructs of etiology and relation to recovery. There
is a lack of longitudinal follow-up and data collection
infrastructure for patients with non-traumatic brain
injury. Those patients that die after HIBI, 40–60%
occur due to WOLST and indefinite poor progno-
sis (Henson et al., 2022; May et al., 2019). A study
by May (2019) utilized propensity matching of indi-
viduals with HIBI secondary to cardiac arrest and
experienced WOLST versus those that did not. May
and colleagues found that 21% of patients who did
not experience WOLST achieved a good functional
outcome (May et al., 2019). It remains unclear if indi-
viduals with non-traumatic brain injury are doomed
to be in chronic VS after three months.

3.2. Prognosis based on time since injury

The AAN DoC Practice Guideline Recommen-
dations address temporality from time of injury in
relation to etiology of severe brain injury (Giacino
et al., 2018). Emergence from VS/UWS is most
likely during the first three months in injuries of
non-traumatic etiology, while in traumatic etiology
emergence is common throughout the first 12 months
(Giacino et al., 2018). The Guidelines also con-
cluded that the evidence did not clearly support or
refute the prognostic value of time post-injury. Stud-
ies do support that the majority of individuals in
prolonged traumatic VS/UWS will emerge in the first
6–12 months of injury. Combining data across stud-
ies examining time to emergence from prolonged
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VS/UWS of traumatic etiology have revealed 38%
emergence within 3 months, 67% within 6 months
and 78% within 12 months (Giacino et al., 2018).
Furthermore, 20% of those in VS/UWS at 1 year after
TBI or 6 months after non-traumatic brain injury,
recovered responsiveness (Estraneo et al., 2010).
Though late emergence is possible, severe functional
impairment is expected among those with late emer-
gence. The AAN guidelines recommend that as one
remains in VS/UWS into the chronic phase (i.e., 3
months for non-traumatic and 12 months for TBI),
prognostic counseling should emphasize the likeli-
hood of permanent, severe disability (Giacino et al.,
2018).

3.3. Prognosis dependent upon diagnosis of
level of consciousness

Prognosis is informed by accurate diagnosis of
DoC (for example, if the person is in VS/UWS versus
MCS or higher) and is critical for appropriate prog-
nostication and treatment planning. As time passes
post-injury, one’s diagnosed level of consciousness
has prognostic value. For example, those with pro-
longed DoC (>28 days) with diagnosis of MCS
within 5 months of injury have more likely prog-
nosis for greater functional recovery compared to
those remaining in VS/UWS (Giacino et al., 2018).
Studies have reported high rates of misdiagnosis of
up to 40% particularly in distinguishing between
the vegetative state and the MCS (Schnakers et al.,
2009). Additionally, one’s responsiveness may wax
and wane or be artificially low due to a multitude of
potential medical and physical confounding factors,
further contributing to misdiagnosis. Misdiagnosis
can have profound consequences, leading to inap-
propriate care, potential early WOLST and potential
denial of specialized rehabilitation and post-acute
care. Various assessment modalities are used to iden-
tify behavioral presentation of DoC and to monitor
trajectory of recovery along the DoC spectrum. The
GCS is the most widely utilized assessment for diag-
nosis of coma and DoC globally (Formisano et al.,
2019; Helbok et al., 2022). However, recent investiga-
tion of the GCS sensitivity to accurately identify the
behavioral nuances of diagnosing coma, VS/UWS,
and MCS is poor (Bodien et al., 2021).

The Coma Recovery Scale-Revised (CRS-R) is
a standardized neurobehavioral assessment with
proven psychometric properties of validity, reliabil-
ity and sensitivity in identifying a patient’s level of
consciousness. The CRS-R is recommended for use

within the AAN DoC Guideline Recommendations
and European Academy of Neurology DoC Guide-
lines to inform diagnosis and prognosis (Giacino et
al., 2018; Kondziella et al., 2020; Seel et al., 2010).
The CRS-R has also been supported as a tool to
inform prognosis by monitoring trajectory or recov-
ery over time (Lucca et al., 2019). Unfortunately,
the CRS-R has not been widely implemented within
the ICU or acute care settings to assist in diagno-
sis and prognosis in DoC (Chaturvedi et al., 2021)
thus impeding the ability to improve diagnostic accu-
racy. It is important to note that accurate diagnosis
of DoC is also dependent upon multiple assessments
overtime. DoC behavioral presentation is fluid and
dependent upon changing patient and environmen-
tal factors throughout a 24-hour period. In order
to achieve confidence that prognosis is accurately
informed, it is imperative to ensure that valid assess-
ments have been completed serially (Wannez et al.,
2017; Yang et al., 2021).

3.4. Prognosis through neuroimaging and
electrophysiology

Advances in neuroimaging, electrophysiological
studies and brain-computer interface (BCI) has
fostered implementation of these technologies to
improve clinical understanding of diagnosis and
prognosis with DoC. Functional Magnetic Resonance
Imaging (fMRI), electroencephalography (EEG),
BCI, positron emission topography (PET) and tran-
scranial magnetic stimulation (TMS) have allowed
clinicians and researchers to identify emerging neural
correlates and biomarkers to better inform diagno-
sis of DoC and thus improve accuracy of prognosis
(Sanz, 2021). One of the most significant findings
through use of EEG and fMRI has been the phe-
nomenon of cognitive motor dissociation (CMD)
also taxonomized as covert consciousness or covert
awareness (Schiff, 2015; Schnakers et al., 2022).
CMD is defined as a behaviorally unresponsive
patient at the bedside, but through further assessment
with fMRI or EEG using resting, passive or active
paradigms (Gosseries et al., 2016; Sanz et al., 2021).

Resting and passive paradigms do not require par-
ticipation of the patient and passive paradigms engage
the patient in following commands or yes/no com-
munication through mental imagery, these patients
demonstrate through neural modulation (Gosseries
et al., 2016; Owen et al., 2006; Schiff et al.,
2005; Schnakers et al., 2022). Evidence reports
that 14–17% of unresponsive patients demonstrate
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CMD through advanced technological assessment
(Claassen et al., 2019; Edlow et al., 2017; Kondziella
et al., 2016).

Further investigation of trajectory of recovery of
patients who have been identified as presenting with
CMD while in the ICU supports that these patients
progress to eventually achieve consciousness and
functional return at a higher rate than those patients
who are unresponsive and CMD cannot be detected
through advanced assessment (Edlow, Claassen; Pan
et al., 2020). Detection of MCS and eMCS neuronal
modulation through these neuroimaging paradigms
is significant to prognosis as those patients identified
as MCS present more preserved brain activity and
therefore have a better prognosis (Gosseries, 2016).
The compendium of evidence supporting the poten-
tial presence of CMD in unresponsive patients have
led to including neuroimaging and electrophysio-
logical modalities to assess and diagnose preserved
consciousness when bedside behavioral assessment is
ambiguous in recent DoC Practice Guidelines (Gia-
cino et al., 2018; Kondziella, 2020).

The efficacy of neuroimaging and electrophys-
iological modalities as part of a multi-modal
assessment approach in diagnosis and prognosis
in DoC is well supported by published evidence.
However, there continues to be limitations in wide-
reaching adoption of these approaches due to a lack
of feasibility and access to advanced technology such
as fMRI, BCI, PET and TMS. Furthermore, clinical
expertise is required to implement active paradigms
and interpret results. There is an urgency in applying
these advanced technologies at the bedside with DoC
as unresponsive patients are at great risk of nihilistic
prognosis and WOLST (Young et al., 2021).

3.5. Other prognostic factors

Additional patient and injury characteristics are
important to consider and are supported by past evi-
dence to inform prognosis after severe brain injury.
A detailed overview of these factors would require
its own manuscript and many patient and injury char-
acteristics are poorly researched and understood to
provide significant confidence in prognosis based
on a single or cohort of patient and injury fac-
tors. Injury severity, age and pre-injury health only
account for <35% of outcome variability (Kals et al.,
2022). Regardless, characteristics that have been con-
sistently reported to impact prognosis is advanced
age, history of premorbid conditions and disabil-
ity, comorbid polytrauma, history of previous brain

injury and level of education have all been found to be
patient characteristics that can impact recovery and
prognosis after severe brain injury (Mollayeva et al.,
2019). A patient characteristic that we have yet to
gain an understanding is the role individual genetics
play in recovery from brain injury (Kals et al., 2022).

Injury characteristics and severity have been the
primary drivers of prognosis after severe brain injury
(MRC CRASH Trial Collaborators, 2008; Steyerberg
et al., 2008). Evidence suggests injury characteris-
tics that portend poorer prognosis and outcome are
CT findings, specifically midline shift, herniation
of structures such as the basal cisterns, comorbid
cerebral infarction, subarachnoid hemorrhage, dif-
fuse axonal injury, cerebral edema with increased
intracerebral hypertension (Stevens & Sutter, 2013).
Secondary complications, such as hydrocephalus,
infections and respiratory failure have also been
found to have significant consequence on prognosis.
More frequent complications and medical setbacks,
the less probability of a favorable outcome (Ganesh
et al., 2013; Whyte & Nakase-Richardson, 2013). As
mentioned earlier, there continues to be a lack of
empirical evidence and thus poor understanding on
the impact of personal genetic factors into recovery.

However, recent advances in funding and scientific
collaboration, specifically the Genetic Association In
Neurotrauma (GAIN) Consortium are leading efforts
to investigate genetic impact on TBI outcomes (Kals
et al., 2022). There also is a growing body of knowl-
edge identifying various brain injury biomarkers and
endotypes and investigating their impact on prognosis
and outcome (Kondziella & Stevens, 2022).

4. Communication of prognosis

Despite the inaccuracies and uncertainties, com-
munication about prognosis is important and helps
address several goals. Families must be pro-
vided the information needed to engage in shared
decision-making. The unknown is scary. Information
about their loved one, helps establish expectations,
promotes adjustment and coping, and facilitates plan-
ning. However, the limited data on brain injury
prognostic communication suggests we are not doing
well with providing this important information. A
survey of 117 significant others and 149 people with
TBI (n = 130; 50 mild, 12 moderate, and 68 severe)
found that 54% were not provided enough informa-
tion about TBI with approximately 50% indicating
they were not told about brain injury symptoms, what



M.E. Russell et al. / Prognosis and enhancement of recovery in disorders of consciousness 49

recovery to expect, treatment goals, updates on recov-
ery, education materials, or needed rehab services
(Biester et al., 2016).

There is abundant literature about communicating
prognosis in terminal conditions, such as cancer, that
involves progressive deterioration. However, limited
evidence exists to guide communicating prognosis
after severe brain injury, which starts with coma and
progresses to a range of outcomes including death,
VS/UWS, varying degrees of disability, and resump-
tion of life as before. Given that the starting point is
coma, maybe it isn’t surprising that physician prog-
noses tend to be inaccurate and overly pessimistic
(F. Hammond et al., 2009; Izzy et al., 2013). Brain
injury prognostication should not be a one-time dis-
cussion. A series of discussions should take place
over time with the prognosis updated based on the
most current evaluations and information available.
With each discussion, the level of uncertainty of
the outcome must be acknowledged. Per the AAN
evidence-based guidelines, statements suggesting a
universally poor prognosis must be avoided in fam-
ily/surrogate communications during the first 28 days
(Giacino et al., 2018). Prognostic statements should
be evidence-based and specify the predictors used,
time period for the application of predictors, time
period for outcome, the specific outcome, level of
precision, communication of the diagnosed level of
responsiveness, and the prognosis (Giacino et al.,
2020) (the range of possible outcomes). Unsubstanti-
ated pessimism must be avoided. The communication
should be accurate and understandable.

As nearly half of all Americans lack the capacity
to understand and make appropriate health decisions
(health literacy), it is important to employ strategies to
enhance understanding of the information presented
(Institute of Medicine (US) Committee on Health
Literacy, 2004). Thus, evidence-based health com-
munication techniques should be employed, such as
communication that is patient-centered, clear, con-
firms understanding, and reinforces the information
(Sudore & Schillinger, 2009). Start with assessing
what the family already knows and wants to know.
Use plain language that avoids jargon and short
sentences. Use a pace they can follow and communi-
cate a limited number of points. Ask what questions
they have. Check their understanding using teach-
back technique, asking them to describe what they
heard so you can make sure you explained things
clearly. Consider supplementing the communication
with educational materials that incorporate graphs or
pictures and is written at a 5th-grade level. This con-

versation should occur in a quiet and comfortable
location absent interruptions. Track their emotions
and respond with empathy.

The communication should foster hope given the
uncertainties and the evidence for possible good
outcomes. Strategies to facilitate hope and coping
include: emphasizing what can be done, pointing out
available support, reassuring that you/system will be
there throughout the trajectory (or, spell out alter-
natives if unavailable), exploring the patient/family
goals, identifying areas where control can be fostered,
respecting patient’s wishes, discussing coping strate-
gies, and recognizing the spectrum of hope (hope
for full resolution while accepting effects of injury)
(Clayer, 2007).

There are a number of considerations when incor-
porating statistics in the communication. Many may
not find statistics helpful. So, avoid quoting statis-
tics unless you ask first. When using statistics, it is
important to also first know what outcome the family
is interested in knowing about. Simply and correctly
conveying a statistic requires full knowledge of the
study that the statistic is based on and making sure it
is applicable to the clinical situation, considering, for
example, the study population, the outcome measure,
and the follow-up window. Did the study report confi-
dence intervals? Were the study findings on mortality
impacted by WOLST? How would you translate poor
recovery or severe disability, and are you interpret-
ing it correctly? Should the findings of a six-month
outcome study be used to when the family may want
to know about long-term outcome? When quoting
statistics, it is helpful to double-frame with positive
and negative outcomes. An example of double fram-
ing is “6 out of 10 people with this type of injury are
independent in self-care one year after injury; that is,
less than 4 in 10 require some assistance with self-
care.” Avoid average outcomes, as the average does
not convey the possible range of outcomes.

Rather than using statistics, you might ask if it
would be helpful for you to talk about best and worst
case scenarios. Best case/worst case scenarios have
been advocated in shared decision-making to help
families consider how they might experience each
scenario and the potential downstream consequences
(Kruser et al., 2015). The best/worst/most likely case
determination should be evidence-based, correctly
translated, and tempered by the level of certainty.
Remember terms like “Good Recovery” will mean
something different to a family member, and possi-
bly to the clinician, from the actual study measure
definition. See Fig. 2.
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Fig. 2. AAN DoC practice guidelines related to prognostic coun-
seling recommendations.

5. Prognosis and access to specialized
post-acute care and rehabilitation

The acknowledgement of a large percentage of
DoC patients eventually achieving consciousness and
a level of functional recovery supports the need for
access to specialized rehabilitation to support optimal
outcomes. A compendium of evidence have demon-
strated the need and benefit of specialized post-acute
rehabilitation for individuals in DoC (Giacino et al.,
2022, 2018, 2020; Giacino & Trott, 2004; Hux, 2019;
Kowalski et al., 2021; Mackay et al., 1992; Pignat et
al., 2015; Roberts & Greenwood, 2019; Seel et al.,
2013; Tepas et al., 2009; Weaver et al., 2022).

Access to rehabilitation services is dependent upon
prognosis of severe brain injury. When clinical teams
apply a poor prognosis and nilhistic bias a patient may
be labeled as not appropriate for referral to rehabili-
tation. This can limit access to rehabilitation services
within the ICU as well as in post-acute care. When
clinical teams apply a poor prognosis or counsel-
ing families toward WOLST, rehabilitation services
may be deemed as futile. Contrarily, there is evidence
supporting the initiation of early rehabilitation even
within the ICU settings for individuals with severe
brain injury and DoC (Bartolo et al., 2016; Moyer et
al., 2021; Roth et al., 2013; Yen et al., 2022).

There is a misnomer in accessing rehabilitation ser-
vices that the patient must be able to participate in a
rehabilitation program. This is a barrier to rehabili-
tation inert to the DoC population. Strong advocacy
from the clinical team is required to overcome the bar-
riers for patients in DoC in accessing rehabilitation.
Specialized rehabilitation programs serving patients
and families experiencing DoC have published rec-
ommendations guiding services and practices for
post-acute care settings that can be followed to ensure
quality interdisciplinary care for the individual in
DoC (Giacino et al., 2020).

6. Enhancing recovery in DoC

Neuroplasticity refers to the brain’s ability to
reorganize and adapt its structure and function in
response to injury or new experiences. In the context
of severe brain injury, understanding the neuroplas-
tic changes in severe brain injury has implications
for prognosis and predicting recovery outcomes.
Studies have demonstrated that severe brain injury
can induce significant neuroplastic changes in var-
ious regions of the brain. For example, functional
magnetic resonance imaging (fMRI) studies have
revealed functional reorganization in the motor cor-
tex following severe traumatic brain injury (TBI).
The intact areas surrounding the lesion site can
undergo functional reorganization and compensate
for the damaged regions, leading to improvements
in motor function (Grefkes & Fink, 2020). Structural
neuroimaging studies using diffusion tensor imaging
(DTI) have shown that severe brain injury can lead to
white matter reorganization and the formation of new
neural connections, facilitating functional recovery
(Armstrong et al., 2016).

Research has also demonstrated that individuals
with severe brain injury can exhibit neuroplastic-
ity in cognitive domains. Functional and structural
changes have been observed in the frontal and pari-
etal regions involved in attention, memory, and
executive functions. These changes are associated
with improvements in cognitive abilities over time
(Bonnelle et al., 2011). The mechanisms underly-
ing neuroplasticity in severe brain injury are complex
and involve various cellular and molecular processes.
Studies have shown that neuroplastic changes fol-
lowing brain injury involve synaptic remodeling,
neurogenesis, axonal sprouting, and changes in neu-
rotransmitter systems (Murphy & Corbett, 2009).
These processes contribute to the rewiring of neural
circuits, enabling functional recovery.

These changes contribute to the recovery of motor
and cognitive functions. Recognizing and harnessing
the neuroplasticity of the brain through appropri-
ate rehabilitation interventions can optimize recovery
outcomes for individuals with DoC. As mentioned
previously, evidence demonstrates the efficacy of spe-
cialized rehabilitation. However, there continues to
be a lack of evidence through quantitative research
methodologies such as controlled trials to investigate
the efficacy of specific rehabilitation interventions
such as intensive mobilization, sensory stimula-
tion, and use of assistive technology. Furthermore,
what studies do exist have poor reporting of dos-
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ing and specifics of interventions (Murtaugh et al.,
2023). Thus, more robust research utilizing quality
methodological approaches is crucial to identify what
rehabilitations are most effective for patients with
DoC to improve recovery.

6.1. Promote recovery of consciousness through
pharmacotherapy

Medications are commonly used to enhance cogni-
tive recovery following brain injury. While there is no
definitive pharmacological intervention for cognitive
restoration, certain medications have been studied for
their potential benefits. See Table 2.

Cholinesterase inhibitors, such as donepezil
(Aricept) and rivastigmine (Exelon), are commonly
prescribed for the treatment of cognitive impair-
ment in Alzheimer’s disease. These medications
work by inhibiting the breakdown of acetylcholine,
a neurotransmitter involved in memory and attention
processes. Some studies have explored their use in
brain injury patients to enhance cognitive recovery
(Walker et al., 2004; Whelan et al., 2000).

Methylphenidate (Ritalin), a central nervous
system stimulant enhances dopamine and nore-
pinephrine activity, which may improve attention
and alertness (Barra et al., 2022). As responses to
methylphenidate can vary, monitoring for side effects
in the acute setting, such as increased heart rate and
blood pressure, is warranted.

Amantadine is FDA-approved as an antiviral and
anti-Parkinson’s medication that acts as a dopamine
agonist. It has been used to enhance cognitive recov-
ery in individuals with brain injury. Findings of a
randomized, controlled trial by Giacino and Whyte et
al. suggests that amantadine 100 mg – 200 mg twice
daily likely hastens functional recovery among inpa-
tients 4 – 16 weeks post-TBI with MCS or VS/UWS
(Barra et al., 2022; Giacino et al., 2018; Giacino et al.,

2012). Adequate renal clearance is needed to elimi-
nate this medication that cannot be dialyzed.

The antidepressant medications Selective Sero-
tonin Reuptake Inhibitors (SSRIs) and Serotonin-
Norepinephrine Reuptake Inhibitors (SNRIs) are
frequently prescribed to improve mood regulation
and enhance participation in rehabilitation efforts
(Hicks et al., 2021).

Zolpidem, a hypnotic GABA-A receptor inhibitor
commonly used for sleep induction, has been doc-
umented to have a paradoxical effect among 5% of
individuals with DoC (Whyte et al., 2014). Research
is needed to better understand the mechanism by
which zolpidem has this effect on enhancing con-
sciousness and how and when it could be used to
enhance function.

6.2. Rehabilitation enhancing recovery

Patients with DoC as a result of severe brain injury,
often face a prolonged stay in the ICU, where they are
at risk of developing complications such as muscle
weakness, contractures, pressure ulcers, and respi-
ratory (Banerjee et al., 2011; Desai et al., 2011).
Immobility and prolonged bed rest can exacerbate
these complications and delay recovery. Early mobi-
lization and rehabilitation interventions, including
passive range of motion exercises, sitting on the edge
of the bed, standing, and walking, aim to mitigate the
adverse effects of immobility and promote functional
(Bartolo et al., 2017; Naess et al., 2020; Roth et al.,
2013) recovery.

Implementing early mobilization in the ICU
requires a multidisciplinary approach involving
healthcare providers, including physicians, nurses,
physical therapists, and occupational therapists,
among others (Greiss et al., 2016; Naess et al., 2020).
Numerous studies have highlighted the benefits of
early mobilization in patients with DoC in the ICU.

Table 2
Level of evidence of commonly used neurostimulants

after TBI (Plantier et al., 2016)

Medication Article Level of Evidence

Sertraline Lee et al., 2005 Level 2, Grade B
Methayler et al., (2001) Level 2, Grade B

Methylphenidate Lee et al., 2005 Level 2, Grade B
Amantadine Hammond et al., 2014 Level 1, Grade A

Plantier, D., Luauté, J., & SOFMER group (2016). Drugs for behav-
ior disorders after traumatic brain injury: Systematic review and
expert consensus leading to French recommendations for good prac-
tice. Annals of Physical and Rehabilitation Medicine, 59(1), 42–57.
https://doi.org/10.1016/j.rehab.2015.10.003.
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A systematic review by Lang et al. (2020) analyzed
multiple studies involving critically ill patients and
demonstrated that early mobilization interventions
were associated with a reduction in ICU-acquired
weakness, shorter duration of mechanical ventilation,
shorter ICU and hospital stays, and improved func-
tional outcomes. While specific data on the effects of
early mobilization in patients with DoC are limited,
anecdotal evidence and case reports suggest that early
mobilization can promote improvements in arousal,
consciousness, and functional recovery in some indi-
viduals.

Individuals with DoC have continued medical
needs that warrant continued physician and nurs-
ing management in an inpatient rehabilitation setting.
Discharge disposition that has specialized interdisci-
plinary approach and expertise to meet the medical,
functional, and neurobehavioral needs of the patient
to enhance continued recovery of consciousness and
function is crucial. A growing body of evidence
suggests that patients with severe brain injury who
have access to specialized post-acute rehabilitation
services have a higher probability of achieving func-
tional independence and ongoing improvement in
long-term outcome (Giacino et al., 2018; Kowalski
et al., 2021). As mentioned earlier, several studies
have emphasized the importance of rehabilitation in
DoC. A systematic review by Weaver (2023) ana-
lyzed the existing literature on the effectiveness of
rehabilitation interventions in patients with DoC and
found evidence supporting the positive impact of
various rehabilitation interventions (Weaver et al.,
2023). The review highlighted the potential benefits
of various rehabilitation approaches, including physi-
cal therapy, occupational therapy, speech therapy, and
cognitive rehabilitation. It emphasized the need for
tailored and individualized rehabilitation programs to
address the specific needs and goals of each patient
(Weaver et al., 2023).

6.3. Impedance to recovery

Medical issues can significantly impact the recov-
ery process in individuals with brain injury/DoC.
Awareness, identification, and management of these
medical issues are crucial for optimizing outcomes.
Medical factors can also influence assessment accu-
racy, which can influence diagnosis and lead to false
prognoses or delays in recovery. Recognizing the
factors influencing accurate assessment is vital for
avoiding false prognoses and ensuring appropriate
interventions.

Medical complications impeding recovery can be
difficult to detect, with many conditions presenting
simply as failure to improve or a plateau in recov-
ery. A high index of suspicion is needed as well
as a plan for routine screening to detect some of
the conditions. Some of the common medical cul-
prits impeding recovery and masking responsiveness
include occult seizure, post-traumatic hydrocephalus,
hygromas, endocrine dysfunction, neurostorming,
severe spasticity, sleep/wake-cycle disruption, iatro-
genic sedation and infections (Whyte et al., 2013).
See Table 3.

Seizures commonly occur following brain injury
and can have detrimental effects on recovery.
They can exacerbate brain damage, impede the
restoration of consciousness, and hinder functional
improvements (Vespa et al., 1999). Early detection,
appropriate management, and seizure control strate-
gies are crucial for optimizing recovery outcomes.

Hydrocephalus, characterized by the accumula-
tion of cerebrospinal fluid, is a frequent complication
following brain injury. It can lead to increased
intracranial pressure, causing further brain damage
and hindering recovery. Timely diagnosis, monitor-
ing, and appropriate interventions, such as shunt
placement or endoscopic third ventriculostomy, are
essential to optimize recovery outcomes (Arnts et al.,
2020; Ganesh et al., 2013).

Hygromas and postoperative complications.
Hygromas, collections of cerebrospinal fluid, can
develop because of surgical interventions following
brain injury. These complications can exert pressure
on brain tissue, hinder recovery, and lead to addi-
tional neurological deficits. Early detection, prompt
intervention, and appropriate management, such as
drainage or shunt placement, are necessary to mini-
mize their impact on recovery (Signorelli et al., 2020).

Neuroendocrine abnormalities. Brain injury can
disrupt the normal functioning of the neuroendocrine
system, leading to hormonal imbalances. These
abnormalities can significantly impact recovery by
affecting arousal, cognition, and overall neurological
functioning (Javed et al., 2015). Laboratory screening
should be considered in cases of DoC. Close moni-
toring of hormone levels and appropriate hormone
replacement therapies may be necessary to mitigate
the impact of neuroendocrine abnormalities on recov-
ery.

Paroxysmal sympathetic hyperactivity, also
termed “neurostorming”, a sudden and severe auto-
nomic dysfunction observed in individuals with
severe brain injury, can result in fluctuations in vital
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Table 3
Medical conditions potentially impeding recovery of consciousness

Seizures Hydrocephalus Hygroma

Neurological post-operative
complications

Neuroendocrine
abnormalities

Paroxysmal
sympathetic
hyperactivity

Sleep/Wake cycle disturbance Sedating medications Infections

signs, increased muscle tone, and impaired recov-
ery. Prompt recognition, appropriate monitoring, and
supportive management are essential in minimizing
the impact of neurostorming on the recovery process
(Meyfroidt et al., 2017).

Spasticity, characterized by increased muscle tone
and involuntary contractions, can prevent response
to assessments and impede rehabilitation efforts and
functional recovery. Multidisciplinary interventions,
including physical therapy, medication, botulinum
toxin injections and intrathecal baclofen therapy, are
crucial for managing spasticity and enhancing recov-
ery outcomes (Thibaut et al., 2018; Zhang et al.,
2021).

Disruption of sleep/wake cycle with excessive
daytime sleepiness and/or profound sleep depri-
vation is common in acute TBI. The assessment
of sleep/wake cycles and promotion of restorative
sleep is important in the recovery from severe brain
injury. Sleep medications are sometimes prescribed
to improve sleep quality and regulate sleep-wake
cycles. While medications to promote sleep may be
helpful, the prescriber should avoid agents with anti-
cholinergic properties, common among sleeping aids.
Monitoring for side effects is warranted (Cacciatore
et al., 2021).

Medications commonly used in the management
of acute DoC, such as sedatives, anesthetics, and
antiepileptic drugs, can influence recovery. Inappro-
priate medication use, over-sedation, and iatrogenic
factors can delay emergence from DoC and impair
functional recovery. Careful medication manage-
ment, individualized treatment plans, and minimizing
iatrogenic factors are essential for optimizing recov-
ery outcomes (Strens et al., 2004).

7. Future advances in prognostic confidence
in DoC

The future of neuroprognostication holds great
promise, with ongoing efforts to refine existing prog-
nostic tools and develop novel techniques to promote
precision medicine to improve accuracy and con-

fidence in prognosis for recovery of consciousness
and functional outcome. The concept of precision
medicine, tailored to the individual characteristics
and underlying pathophysiology, holds promise in
improving outcomes for individuals with DoC. By
identifying specific endotypes, subtypes of DoC
based on distinct biological mechanisms, treatment
approaches can be customized to target the under-
lying pathology and maximize recovery potential.
A study by Bodien et al. (2017) highlighted the
potential of precision medicine in predicting out-
comes and guiding treatment decisions in individuals
with severe brain injury. Incorporating advanced neu-
roimaging modalities, such as functional MRI and
EEG, alongside clinical assessments, can provide a
more comprehensive understanding of the brain’s
functional integrity and potential for recovery (Bod-
ien et al., 2017). Research by Vanhaudenhuyse et
al. (2010) demonstrated the utility of functional
MRI in predicting outcomes in patients with DoC,
highlighting its potential as a prognostic tool (Van-
haudenhuyse et al., 2010). To improve accuracy in
diagnosis, several factors need to be addressed. These
include the standardization of diagnostic criteria and
definition of DoC (Helbok et al., 2022), the imple-
mentation of multi-modal consciousness assessment,
and increased awareness and training among health-
care professionals involved in the care of individuals
with DoC.

The emphasis on improving diagnosis and prog-
nosis in DoC care has driven the recent development
of multiple international entities focused on facilitat-
ing collaboration of experts to engage in scientific
discovery, advocacy, knowledge translation and
implementation of quality DoC care. The Curing
Coma campaign is an example of this effort has
emerged as a dynamic force for raising awareness
and promoting research in the field of DoC. Focus-
ing on understanding the underlying mechanisms of
consciousness and developing innovative interven-
tions, this campaign has the potential to revolutionize
prognostication, treatment strategies, and patient
outcomes (Mainali et al., 2022; Provencio et al.,
2020).
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Realizing these prognostic advancements and
improving outcomes for individuals with DoC
requires cultural changes. There is a need for
increased awareness and understanding of DoC
among the general public, healthcare professionals,
and policymakers. This includes promoting ethical
discussions surrounding treatment decisions, foster-
ing open communication with families, and ensuring
access to comprehensive rehabilitation services. The
work of Fins & Bernat (2018) emphasized the impor-
tance of societal attitudes and cultural shifts in
providing appropriate care and support for individ-
uals with DoC (Fins & Bernat, 2018).

8. Conclusion

Prognosis and recovery in DoC have long been
areas of intense research and clinical interest due
to the need for improved accuracy of predicting
outcomes. Advancements in neuroprognostication
techniques and a deeper understanding of the factors
influencing accurate diagnosis have provided valu-
able insights into the potential outcomes and recovery
trajectories for individuals with DoC. However, there
is considerable uncertainty and inaccuracies in apply-
ing this information to the individual patient in the
acute setting. Consequently, the current approach to
prognosis should be humility knowing the incredi-
ble level of uncertainty in the early days and weeks
post-injury.

Positive outcomes among individuals with pro-
longed unconsciousness are well documented. Thus,
early WOLST can be a self-fulfilling prophecy of
poor outcome and eliminate the possibility of recov-
ery. In indeterminate cases, aggressive treatment
should be provided, pending further assessment,
discussions between the clinical team and the fam-
ily, shared decision-making, and alignment with
what is known regarding the patient’s values and
preferences. The AAN evidence-based guidelines
(Giacino et al., 2018) recommend providers avoid
statements indicating a universally poor prognosis
when communicating with families during the first
28-days post-brain injury. Instead, it is recommended
that providers use a time-delimited approach that
acknowledges uncertainty and is informed by data
available along the post-injury course.

Neuroprognostication has been, and will continue
to be, complex and challenging for care providers
and clinical teams. Comprehension of the various
factors that can positively or negatively affect recov-

ery of consciousness and functional recovery is
required to inform prognosis. Furthermore, we now
have evidence-based recommendations that can guide
practice approach to diagnosis and prognosis in DoC,
including recommendations to advocate and support
access to specialized rehabilitation to support recov-
ery. Finally, continued research infrastructure and
focus on precision medicine, DoC endotypes and
genomics will expand our accuracy and confidence
in providing prognosis to families in the future.
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