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Highlights

What are the main findings?

e  Prognosticating for a suspected disorder of consciousness is challenging immediately
after traumatic injury.
e Diagnosing a suspected disorder of consciousness is possible in the ICU.

What are the implications of the main findings?

e  Early prognostic anchoring should be avoided after traumatic injury with a suspected
disorder of consciousness.

e The CRSR-FAST should be used in the ICU to evaluate for suspected disorders of
consciousness.

Abstract

Traumatic injury is one of the most common causes of disorders of consciousness (DoC)
worldwide, but the management and prognosis of DoC remain enigmatic. The uncertainty
surrounding the natural course of DoC, the tendency of consciousness to wax and wane,
and a lack of effective treatments outside of avoiding additional insults renders trauma-
associated DoC complex for both providers and patient surrogates to navigate. This review
explores the acute clinical course of DoC after traumatic injury chronologically and aims to
compile recommendations based on the current best practices for diagnosis, management,
and prognostication when caring for these patients during their acute hospitalization.
Updates from trauma and Traumatic Brain Injury (TBI) resources, such as the American
College of Surgeons, as well as new recommendations in the field of DoC are summarized.
Serial clinical assessment with a standardized neurobehavioral battery such as the CRSR-
FAST remains the mainstay of clinical care and research for DoC. Accurate diagnosis,
multifaceted management, and humility surrounding prognostic discussions are all critical
to caring for patients with DoC after trauma. Most of the care for trauma patients with a
DoC remains supportive and aimed at avoiding secondary insults while allowing time for
the patient’s recovery. In the same way that clinical care focuses on a cycle of diagnosis,
treatment, and prognosis with each providing insight for the next, ongoing and future DoC
research will compound on itself and hopefully lead to more advances in the future.
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1. Introduction

Traumatic injury resulting in acute brain injury and disorders of consciousness (DoC)
are frequently coinciding pathologies in the acute care setting. Even traumatic brain
injuries traditionally classified as mild have the potential to lead to at least a brief period
of decreased consciousness or post traumatic amnesia [1-4]. A DoC is characterized by
absent or fluctuating wakefulness or awareness [5]. The four major DoC states (coma,
vegetative state/unresponsive wakefulness syndrome, minimally conscious state, and
post-traumatic confusional state), are well defined, but can be difficult to diagnose and
differentiate, particularly in the chaos of the acute setting [5,6]. While some patients have
early resolution of their DoC, others have a more prolonged course, into the post-acute
rehabilitation setting. For some, the post-acute setting may be the first time they will
be labelled as having a DoC, despite meeting the criteria for weeks in the acute setting.
Many aspects of the diagnosis, management, and prognosis of DoC still need additional
exploration, which is particularly difficult given the heterogeneity and spectrum of brain
injury leading to DoC.

Acute brain injury in the setting of trauma is both a common and complex problem. It
is estimated that 4.8 million ED visits, 214,000 hospitalizations, and 69,000 mortalities per
year in the United States are associated with traumatic brain injury (TBI) alone [7,8]. Primary
TBI is not the only cause of brain injury in the setting of a traumatic injury. Other etiologies
include hypoxic or anoxic brain injury (often occurring peri-arrest due to polytrauma
associated with hemorrhagic shock), fat emboli, and the sequelae of critical illness after
traumatic injury [9,10]. These other etiologies can also result in clinically significant brain
injury in a trauma patient as either a primary acute brain injury themselves, or as a
“secondary hit” in the setting of structural neurotrauma. Nevertheless, TBI accounts for
most of the acute brain injury and DoC in trauma patients and has the highest incidence
and prevalence of all neurological disorders [11].

TBI frequently involves a DoC [12]. Primary TBI is heterogeneous in nature, and
secondary insults are often more harmful than the primary traumatic insult. For example,
hypotensive episodes following trauma are associated with higher severity and mortality,
and the development of acute respiratory distress is an independent predictor of mortality
in hypotensive trauma patients [13,14]. For these reasons, trauma patients with brain injury
must be managed with consideration of not just the brain injury, but of all injuries and
pathologies tied to the traumatic event and acute hospitalization. Optimal care of acute
DoC means optimal care of the whole patient. The updated 2024 guidelines from the
American College of Surgeons (ACS) regarding management of traumatic brain injury
provide best practice recommendations for TBI with several updates from the previous 2015
recommendations [15,16]. These include updates in the areas of neuroimaging, blood-based
biomarkers, seizure prophylaxis medications, intracranial pressure management, and reha-
bilitation [15,16]. While these guidelines only briefly address disorders of consciousness
by name, the theme of DoC and the importance of recognition, diagnosis, treatment, and
prognosis of patients with decreased levels of consciousness is emphasized throughout.
The care of neurotrauma patients, particularly those with DoC, requires a multidisciplinary
team capable of diagnosing and managing patients from the time of injury, during acute
care, and throughout post-acute care and recovery. Trauma is one of the most common
causes of DoC worldwide, and this review aims to compile recommendations based on the
current best practices and updates for DoC [17].
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2. The Acute Care Context
2.1. Hyper-Acute Window—The First 24 h: Emergency Room/Trauma Bay

An impaired sensorium is common after trauma, and the etiology is often mixed. In
a review of 1.6 million patients who sustained blunt trauma, 39.1% had TBI, 3.7% had
moderate to severe TBI, and 9.1% had a prehospital Glasgow Coma Scale (GCS) of <12 [18].
The first several minutes-to-hours of the assessment and management of these patients
is one of the most critical periods of their medical care. For this reason, we often refer to
the “golden hour” in trauma care [19]. Early management addressing both the suspected
brain injury and any additional traumatic injuries begins in transport, before the patient
has even reached the hospital. This management includes a focus on avoiding or reversing
hypoxia and hypotension. Rapid and serial assessment of the level of consciousness is
of utmost clinical relevance in this hyper-acute phase as it drives important decisions
about approaches to care, triage location, and early prognostic anchoring [16,20]. The key
priorities in the hyperacute phase are summarized in Figure 1.

Key priorities in the hyperacute phase (first 24h)

Diagnosis

» Rapid and serial assessment of
level of consciousness using the
GCS and pupillary examination

 Diagnose structural TBI with CT

» Consider blood-based biomarkers
for TBI aid in diagnosis

Treatment

« Triage and manage life- or limb-
threatening polytrauma per ATLS

« Avoid or reverse hypoxia and
hypotension

» Consider ICP monitor within 4
hours if GCS <8

Prognostication

« Establish family contact and
identify surrogates

» Avoid prognostic anchoring in this
phase

Figure 1. Key priorities in the hyperacute phase (first 24 h). This figure summarizes the key priorities
for patients with suspected disorders of consciousness in the first 24 h after injury. GCS, Glasgow
Coma Scale; TBI, traumatic brain injury; CT, computed tomography; ATLS, Advanced Trauma Life
Support; ICP, intracranial pressure.

Diagnosing and Managing DoC in the Hyper-Acute Window

Diagnosis and management occur simultaneously in the first 24 h. TBI is typically a
highly heterogeneous, multifocal injury pattern with focal brain damage and/or diffuse
axonal injury, and recovery of consciousness and other brain functions is variable and
occurs over time through reemergence of dynamic cortical and subcortical networks [17].
The bedside exam remains the gold standard for assessment of consciousness in acute
trauma. Clinical assessment of neurological status is most often performed using the
GCS, as it is a well-known, efficient, and validated test that can be performed quickly
and repeatedly at bedside. In addition to the total sum score, component scores of the
GCS should be documented. Trauma patients with a total GCS less than 13 or a GCS
motor component subscore less than 6 are judged as probable to have a TBI, and thus
ACS guidelines recommend rapid transport of these patients to the highest-level trauma
center available, along with corrective actions for vital sign and lab abnormalities en route,
particularly treatment to avoid hypotension and hypoxia [16]. In this way, management of
TBI/DoC has already begun prior to any formal diagnosis of brain injury or DoC.

Once the patient arrives at the hospital, diagnosis and management continue in
parallel, most commonly using the Advanced Trauma Life Support (ATLS) treatment
algorithms [21]. Triage of injuries, and prioritized management of those injuries, occurs
immediately on arrival (referred to as “x-ABCDE” in ATLS, which stands for exsanguinating
external hemorrhage, airway, breathing, circulation, disability /neurologic assessment, and
exposure), with plain radiographic films and bedside ultrasound intercalated as diagnostic
adjuncts for cavitary triage [21]. The disability or neurologic assessment can be confounded

https:/ /doi.org/10.3390/brainscil6060613


https://doi.org/10.3390/brainsci16060613

Brain Sci. 2026, 16, 613

4of 16

by many factors beyond TBI, such as sedation, pain medication, intoxication, post-ictal
state, hypotension, and polytrauma. Additionally, pupillary assessment with documented
size and light reflex is recommended for all trauma patients. Repeated clinical assessment is
a mainstay of the diagnosis and ongoing management of brain injury from the hyper-acute
phase onward, and any change in status or GCS score should be considered by the clinical
team. Repeat assessments are done hourly or more frequently with any suspected change
in status.

Once the patient has been assessed clinically and is stabilized vis-a-vis immediate life-
or limb-threatening traumatic injury, additional diagnostic modalities are appropriate and
necessary. Depending on competing polytrauma priorities (i.e., that may require urgent
hemorrhage control), CT imaging is typically performed within 30 min of patient arrival to
the hospital. Non-contrast head Computed Tomography (CT) is the workhorse of structural
brain injury diagnosis because it has a high sensitivity and specificity for acute intracranial
pathology, can be performed in minutes, and does not have common contraindications (such
as contrast allergy or metal implants for a contrast-enhanced brain Magnetic Resonance
Imaging (MRI)). These attributes are particularly relevant for the trauma setting, given the
patient may not be alert, cooperative, or reliable, which can make obtaining a physical exam
unreliable and an appropriate history of possible contraindications impossible, depending
on the circumstances. Head CT, however, is less sensitive than brain MRI for detecting
subtle traumatic brain injuries [22].

Blood-based biomarkers, glial fibrillary acidic protein (GFAP), ubiquitin carboxy-
terminal hydrolase L1 (UCH-L1), and 5100 calcium-binding protein (S100B) are increasingly
being used to aid in the diagnosis of traumatic brain injury [16]. Some patients with negative
head CT can still have persistent and debilitating symptoms due to cellular injury that
is not structurally visible on head CT [16]. Blood-based biomarkers on the day of injury
are also useful as adjuncts for severity of injury and predicting functional recovery at
6 months post-injury in trauma patients with GCS < 12 [23-25]. At present, blood-based
biomarkers do not play a role in the diagnosis of DoC in trauma patients, but they are
increasingly relevant in the context of the new CBI-M framework for TBI classification
(clinical assessments, biomarkers, imaging, and modifiers) [26].

The above summarizes the initial diagnosis and management of suspected TBI. An
early diagnosis of DoC is tentative rather than relying on any one test independently, as
there are many confounders to the clinical examination, including medication administra-
tion, acute intoxication, and post-ictal states, which can obscure the clinical evaluation and
mimic disorders of consciousness [27]. Historically, a GCS score of <8 has been defined as
coma, though this has been challenged by DoC literature as far back as 2002 for being overly
simplified, and this definition has been redefined [5,28,29]. In an acute, severely injured
trauma patient with impaired consciousness, however, GCS remains the gold standard for
guiding assessment and management, and, along with the National Institutes of Health
Stroke Scale, is the most commonly used [30,31]. More recent research in DoC suggests that
the broad range of scores in each category of the GCS can be split up into more accurate
and precise diagnostic categories first defined by the Aspen Consensus Criteria [29,32].

Following the diagnosis of a suspected acute DoC (i.e., best GCS < 13), trauma patients
are admitted for close monitoring either to an intensive care unit (ICU) setting or stepdown
level of care depending on the hospital system. The cornerstone of the hyper-acute manage-
ment of these patients is repeat, serial GCS and pupillary assessments to promptly catch any
signs of critical neuro worsening, which is defined in both the ACS and Seattle International
Severe Traumatic Brain Injury Consensus Conference (SIBICC) guidelines and includes a
decrease in the GCS motor score of 1 or more points, a decrease in pupillary reactivity, and
other clinical signs [21,33]. Management otherwise hinges on carefully maintaining clinical
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parameters within normal physiologic ranges (i.e., oxygen saturation > 94%, systolic blood
pressure > 110 mmHg, serum sodium 135-145 mEq/L, etc.) with the overarching goal of
preventing additional secondary brain injury to the already-injured brain. A new addition
to the ACS guidelines is the recommended use of prophylactic anti-epileptic medications
for TBI patients who are at increased risk of early post-traumatic seizure, as seizures can
exacerbate acute brain injury [16].

Patients with a best GCS < 8 or those with structural TBI anatomically suspected
to be a high risk of developing elevated intracranial pressure (ICP) should have place-
ment of an invasive ICP monitor within 4 h and active medical management to maintain
ICP <22 mmHg and cerebral perfusion pressure (CPP) 60-70 mmHg [21]. Recognizing
and quickly treating ICP elevation is paramount to preventing the dreaded secondary brain
damage. In the 2024 ACS guideline updates, a tiered approach to ICP management is
provided, with specific interventions based on the severity of the condition [16].

2.2. Acute Window—24 h to Early Days of Hospitalization: Intensive Care

Much of the acute diagnosis, management, and prognostic anchoring for TBI/DoC
occurs in the first week or two in the ICU. Patients with a decreased level of consciousness
often require interventions that are restricted to ICU level of care, such as intubation with
mechanical ventilation, hourly neurologic assessment, and carefully titrated blood pressure
and ICP management, among others. Assessing DoC is especially challenging in the
critical care environment, where the level of consciousness, a key factor in determining
the patient’s clinical status as well as trajectory of recovery, is itself variable, and may
furthermore be obscured by sedation, analgesia, and other ongoing confounders [5]. Acute
disturbances in cognition and consciousness are widely prevalent in the ICU setting and
have been associated with worse outcomes [34]. In truth, it can be near-impossible to
reliably differentiate between the evolving natural history of DoC recovery after an acute
brain injury and the appearance of a new acquired brain injury at this stage (e.g., delirium,
septic encephalopathy, etc.) [35]. Surrogate decision makers are often placed in the situation
of needing to make significant decisions about patient care (re: life and death, and invasive
procedures), in discussion with the clinical teams, without knowing for certain what
recovery state their loved one may ultimately achieve. In practice, this discussion often
centers around the patient’s inability to reliably oxygenate and ventilate on their own,
forcing an early decision about tracheostomy placement, typically within the first 7-10 days
after injury [36,37]. The key priorities in the acute hospitalization are summarized in
Figure 2.

2.2.1. Early Acute (ICU Care): DoC Diagnosis

The diagnosis of DoC after acute traumatic injury incorporates clinical examination,
behavioral phenotyping, neuroimaging, and electrophysiology, among other more emerg-
ing tests. Patients who sustain a brain injury associated with impairments in the cognitive
functions of alertness and awareness can be said to have a DoC. The growing field of DoC
has found that patients’ neurologic status traditionally described as “coma” likely spans
several identifiable and differentiated states of consciousness, and that the use of GCS
score 3-8 to define “coma” is an oversimplification of a broad spectrum of diagnostic range
that can include both vegetative state (VS; or, more recently, unresponsive wakefulness
syndrome [UWS]) and Minimally Conscious State (MCS). Lack of both alertness and aware-
ness is a simplified DoC definition of coma. Patients in a VS/UWS recover alertness but
continue to lack awareness [5,29]. MCS is defined as return of awareness and evidenced by
various clinical signs including intact sleep—wake cycles and components of motor, verbal,
or auditory function. MCS is subcategorized as MCS without language function (MCS—)
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and MCS with language function (MCS+) [5]. Emergence from minimally conscious state
(eMCS) is defined as reliable yes-no communication and/or functional object use.

Key priorities in the acute hospitalization

Diagnosis Treatment Prognostication

* Recognize confounders and » Provide optimal critical care to  Discuss possible prognostic
fluctuations in levels of maintain clinical parameters within trajectories and uncertainty
consciousness in the ICU normal physiologic ranges around outcomes and timeline

o Perform CRSR-FAST in those not  Avoid delirium and additive « Assess if tracheostomy, feeding
consistently following commands acquired brain injury access, and neurorehabilitation

» Perform EEG to rule out seizures » Early mobilization and PM&R, are in line with goals of care

» Use advanced neuroimaging and PT/OT, and SLP consultation « Involve multidisciplinary
eye tracking tools as available « Begin amantadine as soon as 1 neuroprognostication consultation
locally to diagnose covert week post-injury services where available
awareness and/or consciousness « Consider other agents as guided » Avoid definitive conclusions about

by multidisciplinary discussion neuroprognosis prior to 28 days

Figure 2. Key priorities in the acute hospitalization. This figure summarizes the key priorities for
patients with suspected disorders of consciousness in during the acute hospitalization. ICU, intensive
care unit; CRSR-FAST, Coma Recovery Scale-Revised For Accelerated Standardized Testing; EEG,
electroencephalogram; PM&R, physical medicine and rehabilitation; PT/OT, physical therapy and
occupational therapy; SLP, speech language pathology.

Because of the variability inherent in DoC and the confounders present, serial re-
assessment of both diagnosis and prognosis is also required [38]. Confounding factors
throughout the clinical course which may lead to underestimating a patient’s true level
of conscious include central neurological deficits (e.g., aphasia, weakness), peripheral
nerve injury, physical limitation, or an examiner’s subjective interpretation of ambiguous
responses in addition to the confounders that carry over from the hyper-acute phase [39].
Additionally, fluctuation between states of consciousness or ability to exhibit behavior,
a hallmark of DoC, can occur over minutes, hours, or days. To add to this, assessment
measures for neurologic status and consciousness vary in time and resources necessary to
yield a result, and, therefore, their utility may wax or wane as the patient goes through
various stages of care, as well as expected fluctuation [40,41]. The importance of accurate,
precise diagnosis in this environment—namely, capturing a trajectory of improvement—is
critical as it can prevent premature withdrawal of life sustaining treatment (WLST) [42—44].
Unfortunately, in the ICU setting, routine bedside exams, such as the GCS or Full Outline
of UnResponsiveness (FOUR) score, are insufficient to detect subtle signs of conscious-
ness [28,45,46]. The original intention for developing the GCS was to characterize the
severity of a TBI but not to diagnose a state of consciousness. The GCS remains widely used
in the acute setting for its utility, but it provides an imprecise and antiquated assessment of
level of consciousness.

While these traditional metrics can aid in identifying significant changes in clinical
status and have the advantage of convenience, suspected DoC patients should also be
assessed with standardized neurobehavioral assessment tools such as the Coma Recovery
Scale-Revised (CRS-R) to more adequately diagnose and characterize DoC [5,46,47]. The
bedside CRS-R examination does require specific knowledge and training, and takes sig-
nificantly longer than a simple GCS, but after the first 48-72 h, most suspected TBI/DoC
patients are sufficiently stabilized to allow this kind of detailed, specialized exam to be
safely performed. As many as 40% of patients with DoC diagnosed as being in VS by GCS
testing are actually in MCS following testing with the CRS-R; in other words, this group
is frequently misdiagnosed by GCS testing—and is at high risk of potentially undergoing
premature and goal-discordant WLST [6,48]. Clinical team consensus also underestimates
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the number of patients who emerge from MCS according to the CRS-R [6]. A streamlined
version of the CRS-R called the Coma Recovery Scale-Revised For Accelerated Standard-
ized Testing (CRS-R FAST) is now available and has been validated at a single site with
substantial sensitivity, specificity, and accuracy comparable to the full CRS-R, and is under-
going additional validation in order to lower the threshold energy required to utilize such
a standardized neurobehavioral assessment [49]. Other exam scales used are the Disability
Rating Scale (DRS), Functional Independence Measure, and the Simplified Evaluation of
Consciousness Disorders for timely assessment of DoC in the ICU [31].

Clinical assessment with the CRS-R or CRSR-FAST should be the cornerstone of
DoC diagnosis in the ICU. Supplemental diagnostic modalities that may also take place
in the acute setting include additional CT scans, MRI and functional MRI (fMRI), and
electroencephalogram (EEG). CT is irreplicable for its efficiency in the acute setting, while
MRI is more sensitive for subtle lesions [22]. Neuroimaging biomarkers are also under
investigation for standard DoC and covert consciousness, including active, passive, and
resting-state approaches. These include task-based fMRI, resting-state fMRI, EEG, and
positron emission tomography (PET) [50,51].

EEG is commonly used in suspected DoC patients to rule out seizure, particularly
status epilepticus which can mimic DoC, and specialized EEG has shown increasing
diagnostic specificity for DoC [52]. Quantitative pupillometry is also a useful tool that
provides more reliable and reproducible measurements than standard clinical assessment
of pupillary reactivity but is not yet specifically used for diagnosing or ruling out DoC [16].
In addition, visual tracking or visual pursuit is a key element of the clinical examination of
a patient with suspected DoC, and emerging advanced eye tracking tools may detect covert
visual pursuit not readily apparent to the human eye and augment patient diagnostics
based on eye tracking [53-56].

Cognitive-Motor Dissociation (CMD), covert consciousness, and covert awareness
are overlapping conditions that are present in the acute setting. These terms globally
refer to a patient who is aware and/or conscious, but this fact is not detectable on bed-
side clinical examination [48,57]. These phenomena have been identified in DoC patient
populations with an incidence of 15-25%, and this incidence is higher after TBI-related
DoC specifically [31,57]. In order to establish a diagnosis of CMD, functional imaging
(e.g., fMRI) is used to monitor a patient’s brain activity while administering command
prompts. Patients are found to have CMD if they cannot behaviorally exhibit command-
following at the bedside but do have evidence of consistent brain activity on functional
imaging that represents purposeful response. Although recovery outcomes for covertly
aware/conscious patients are mixed across studies, establishing this diagnosis may allow
additional communication with patients previously thought to be in a state of unconscious-
ness and allow clinical teams another means of respecting patient autonomy and providing
goal-concordant care [31,39,57]. Specifically, this may open opportunities to include a
patient who is behaviorally unresponsive in their management decisions or discussions of
WLST in the future.

2.2.2. Acute DoC Management

Once a DoC is suspected or diagnosed in the acute setting, DoC-specific management
consists of several established and experimental pharmacological, neuro-modulatory (both
non-invasive and invasive), and rehabilitative interventions [5]. Treatment of concomitant
conditions (i.e., polytrauma, sepsis, delirium, other critical illness) is also central to DoC
management in the ICU, as this aids to prevent worsening and better discern trajectories
of recovery. The new ACS guidelines highlight the importance of early mobilization and
the involvement of physical medicine and rehabilitation consultation, along with physical
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therapy, occupational therapy, and speech therapy in the initial day(s) after TBI/DoC [16].
Physical and occupational therapy can be missed in a DoC patient with decreased inter-
activity, but is an important adjunct to recovery in both the acute and post-acute setting.
Multimodal sensory stimulation, including tactile, auditory, and vestibular sensory input
are also low-risk, low-cost investments to support recovery [58].

Broadly, the current therapies for recovery can be broken down into several classes:
pharmacologic, electromagnetic, mechanical, sensory, and regenerative. Pharmacolog-
ical therapies with possible effectiveness for acute DoC include dopaminergic agents
(amantadine, modafinil, and others), GABAergic agents (e.g., zolpidem, baclofen), antide-
pressants, antiseizure medications (as previously mentioned), orexin agonists, and possibly
statins [16,38,59-62].

e  Amantadine is the most well established and has been shown specifically to accelerate
functional recovery as well as reduce disability early in recovery [38,60,63]. The ACS
guidelines recommend amantadine (100-200 mg twice daily) be administered during
the acute hospitalization for TBI/DoC as soon as one week after injury and after ruling
out the confounding factors discussed earlier in this review [16].

e  Modafinil, at a dose of 100-200 mg daily and started as soon as one-week post-injury,
has also been studied extensively and is associated with an improved GCS score
during treatment [63].

e  Zolpidem, dosed at 10 mg daily in patients with prolonged DoC, has been shown to
have a temporary paradoxical effect compared to its traditional clinical use in which it
can sometimes awaken patients [62].

e  Bromocriptine, levodopa/carbidopa, and other off-label dopaminergic modulators
show some results in small studies and case reports [64].

Delirium affects up to 60% of critically ill patients with TBI and is associated with
worse outcomes [65,66]. Medications such as sedating agents and analgesics, hospital
room environment, and individual patient factors like age, pre-injury level of activity, and
baseline comorbidities including pre-existing neuro-cognitive disease should be considered
to minimize the risk of developing delirium, while maintaining patient comfort and safety
(e.g., preventing self-extubation) [34].

Management of patients with DoC in the ICU is also closely tied with prognostication,
and discussions with the surrogate(s) drive daily ICU decision-making and future planning.
Perhaps the most tangible example of this inflection point in management is the decision
to proceed with tracheostomy placement, as most acute DoC patients require mechanical
ventilation due to decreased level of consciousness and an inability to protect their own air-
way. This is an extremely complex but seemingly time-pressured decision for both medical
personnel and patient decision-makers. Because of the uncertainty surrounding long-term
outcomes for patients with DoC and the simultaneous benefits of early tracheostomy place-
ment (i.e., patient comfort, lower risk of ventilator-associated pneumonia), discussions
should be thoughtful, thorough, and take the approach of presenting the best, worst, and
most-likely outcomes for the patient based on their clinical status and the best available
evidence. These decisions will often require multiple teams of physicians, including critical
care, neurology, often a surgical sub-specialty, and palliative care.

2.2.3. Acute DoC Prognosis

Some trauma patients with a severe, acute DoC do not survive their initial resuscitation,
or progress rapidly to brain death, negating the need for prognostication [67]. These cases
aside, for the vast majority of trauma patients with an acute DoC, even those deemed
to have a “devastating neurologic injury”, prognostication during the hyper-acute time
period (i.e., first 24 h) is both pre-mature and unreliable [68]. The presence of bilateral
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pupillary nonreactivity on admission is one of the few moderately reliable predictors of
6-month functional outcomes or in-hospital mortality, but 6-month functional outcomes
do not capture long-term patient trajectories [68-70]. Prognostication should typically
be deferred until the patient has been stabilized and at least 72 h of post-injury critical
care has been provided [68]. Family discussions that acknowledge prognostic trajectories
are necessary in the hyper-acute phase for patient surrogates to be informed about their
global clinical status, but it should be emphasized that the natural course of DoC is not yet
well understood and that possible outcomes are uncertain, and lie on a broad spectrum of
recovery and functional status trajectories. Providers can help provide as much information
about the possible range of outcomes expected to frame follow-up conversations with
family or patient surrogates that may occur during this early “window of opportunity” to
withdraw care, but the variability and unpredictability of prognosis means that providers
often have very low certainty during this time, which makes comprehension and decision-
making exponentially more difficult for surrogates undergoing stress [71]. Therefore, while
it may be helpful to acknowledge decision points in the coming days (e.g., whether or not
to proceed with tracheostomy, feeding tube placement, and aggressive neurorehabilitation),
time and effort in the first 24 h is better spent on whole-patient management [19,71].

Prognostication in the acute phase includes discussing possible long-term outcomes,
using predictive models, communication with families, concrete level-of-care decisions
(e.g., tracheostomy, do-not-resuscitate status, WLST, etc.), and ethical considerations [5,38].
Unless the patient’s injury has caused irreparable damage to the brain stem, or unless the
patient has documented predetermined wishes antithetical to required medical care, it is
recommended that several days, or if possible weeks, of critical care and medical support
be provided prior to concrete neuroprognostication [68]. During this time, serial assessment
remains paramount, treatment of concomitant injuries should occur, and potential changes
in trajectory should be noted and communicated to the patient’s surrogate(s). Conscious-
ness improves rapidly in many, yet a substantial proportion of patients who may or may
not have eventually recovered from their DoC (even within days to weeks) die instead due
to WLST in that early time period.

Prognostication is best assessed with an assembly of clinical teams all in commu-
nication, assessment of the patient’s clinical status including concomitant injuries and
comorbidities, and their current neurologic status using comprehensive, standardized,
DoC-specific, behavioral assessment [39]. However, even with physician consensus, DoC
is often misdiagnosed, which presumably affects prognostication and clinical course [6].
This only further emphasizes the need for standardized evaluation, such as the CRS-R, to
prevent premature WLST and inform additional care decisions as well as research. As the
possibility for eventual recovery becomes more apparent from ongoing research, clinical
practice and guidelines about prognostication must continue to be updated. Emerging spe-
cialty neuroprognostication consultation services may help to better integrate multimodal
outcome prediction and support this difficult decision-making process [72].

Even after two weeks, prognosis may still be uncertain, with some guidelines sug-
gesting avoiding definitive conclusions about neuroprognosis prior to 28 days post-
injury [43,68]. This is because recovery of consciousness and further recovery of inde-
pendence/quality of life after brain injury from trauma can take months to years [43,73].
Prognostication should acknowledge substantial uncertainty due to the nature of the pathol-
ogy, and, while physician experience is valuable, prognosis should not be based on personal
anecdotal experience alone or incorporate narratives of nihilism [68].

Some factors do help us prognosticate, but they are imperfect. Younger age, male sex,
and no evidence of intraventricular hemorrhage, intracranial mass effect, or subcortical
contusion are some of the factors associated with better functional outcomes [12]. Older
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patients and those with higher injury severity scores have worse outcomes overall [74].
In addition to the externally-validated CRASH (Corticosteroid Randomization After Sig-
nificant Head Injury) and IMPACT (International Mission for Prognosis and Analysis of
Clinical Trials in TBI) prognostic models for TBI recovery, there is a TBI/DoC specific
prognostic model for those admitted to inpatient DoC rehabilitation [30,75-80]. Neverthe-
less, all these prognostic models are imperfect and do not allow for certainty in the acute
phase after traumatic injury. While recovery is better for patients with TBI than those with
non-traumatic brain injuries, the timeline necessary for that recovery to take place may
be longer [17,43]. Most patients experience improvement within the first year post-injury,
but recovery can continue for five and even ten years after TBI/DoC [17]. One of the
updates to the ACS guidelines for 2024 was the inclusion of comprehensive rehabilitation,
which includes physical, cognitive, and psychological therapies, which may help improve
this long-term recovery [16]. Prognostic uncertainty remains a key feature of recovery
after acute brain injury and additional research is needed surrounding the natural history,
outcomes and prognosis of DoC.

Recovery continues beyond the acute hospitalization, whether in post-acute rehabilita-
tion settings or at home for those without funding (a sizable minority of TBI/DoC patients).
While outside the scope of this review, post-acute DoC recovery is another rapidly growing
area of investigation. DoC recovery trajectory and best possible prognosis prediction inform
acute and sub-acute rehabilitation treatment decisions. Recent DoC literature has suggested
delayed WLST as a compromise between having to make decisions about life sustaining
treatment early in the hospitalization while still allowing the possibility of WLST if the
patient does not achieve what they or their surrogate would deem “meaningful recovery”
after several weeks [43].

3. Future Directions

TBI/DoC is increasingly viewed as both an acute condition and, for some, a chronic
disease with long-term consequences that require ongoing follow-up and management [16].
We do need better tools for diagnosing and treating TBI/DoC in the acute setting. The
lack of a good translational model for DoC limits mechanistic research, but advanced neu-
roimaging may soon fill that gap [81,82]. Investigation of potential treatments is primarily
clinical and falls into several categories: pharmacologic, electromagnetic, mechanical, sen-
sory, and regenerative treatments. This multifaceted approach will continue to be the focus
of management-related research, while diagnosis, pathophysiology, and prognostication
are simultaneously investigated [17,83].

Overall results of therapeutic interventions for DoC are mixed, but many promising
trials are ongoing [84]. Common targets of treatment are the ascending arousal network,
the default mode network, the frontoparietal /executive control network, and the thalamo-
cortical network [83]. As discussed previously, the heterogeneity leading to DoC has made
treatment and research into potential treatments much more complex [85].

Multiple electromagnetic treatment modalities are under investigation, including
non-invasive brain stimulation to enhance arousal and alertness, deep brain stimulation
(which is more invasive), transcranial magnetic stimulation (TMS) particularly over the M1
region, transcranial electric current stimulation, and peripheral nerve stimulation (such
as trigeminal or median nerve stimulation) [64,84-87]. Neuro/gliogenesis via various
mechanisms such as inducing proliferation of endogenous neural stem cells as well as
administration of exogenous stem cells has been shown to restore synaptic connectivity
and improve functional outcomes in animal models [88].

In terms of better diagnosing DoC states in patients after acute traumatic injury, multi-
site validation of the CRSR-FAST in the ICU setting is ongoing [32,89]. Other diagnostic
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modalities on the horizon include TMS-EEG, functional near-infrared spectroscopy (fNIRS),
and anesthetic perturbation [90,91]. TMS has been shown to induce unique oscillatory
rhythms on EEG in patients with DoC when compared to controls, which may also aid
in detecting covert awareness in the acute ICU setting [90]. Anesthetic perturbation with
propofol has been shown to generate a predictive index discernable on EEG (known as the
adaptive reconfiguration index, ARI), which may help predict recovery of consciousness
among DoC patients [92]. Additional validation of this finding in the acute TBI/DoC
patient population is underway:.

4. Conclusions

Disorders of consciousness after traumatic injury are a complex and evolving area of
medicine. Standards of care from recent updates should include expeditious treatment of
concomitant injuries, elimination of the possibility of DoC exam confounders, serial and
standardized DoC-targeted neurological exams, and communication of the uncertainty of
prognosis when making decisions regarding goals of care—and postponement of these
decisions when prognosis is uncertain. Injury heterogeneity, lack of effective acute DoC
treatments, and difficulty with accurate prognostication all contribute to the complexity of
the field. Increased awareness of DoC among acute ICU providers and collaboration with
the post-acute rehabilitation community should lead to better longitudinal studies, both
mechanistic and therapeutic.
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The following abbreviations are used in this manuscript:

ACS American College of Surgeons

ATLS Advanced Trauma Life Support

CMD Cognitive-motor dissociation

CPP Cerebral perfusion pressure

CRASH Corticosteroid Randomization After Significant Head Injury
CRS-R Coma Recovery Scale-Revised

CRS-RFAST  Coma Recovery Scale-Revised for Accelerated Standardized Testing
CT Computed tomography
DOC Disorders(s) of consciousness
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DRS Disability Rating Scale
EEG Electroencephalogram
eMCS Emergence from minimally conscious state
fMRI Functional MRI
FOUR Full Outline of UnResponsiveness
GCs Glasgow Coma Scale
GFAP Glial fibrillary acidic protein
Icp Intracranial pressure
ICU Intensive care unit
IMPACT International Mission for Prognosis and Analysis of Clinical Trials in TBI
MCS Minimally conscious state
MRI Magnetic resonance imaging
PET Positron emission tomography
S100B 5100 calcium-binding protein
SIBICC Seattle International Severe Traumatic Brain Injury Consensus Conference
TBI Traumatic brain injury
TMS Transcranial magnetic stimulation
UCH-L1 Ubiquitin carboxy-terminal hydrolase L1
UWS Unresponsive wakefulness syndrome
VS Vegetative state
WLST Withdrawal of life sustaining treatment
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