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Outline

1. Definitions and distinguishing features of disorders of consciousness 

(DoC).

2. Natural history of recovery from DoC.

3. Evidence-based practice guidelines for maximizing diagnostic 

accuracy in DoC.

4. Evidence-based practice guidelines to inform prognostication in DoC.



1. Coma: State of sustained pathologic unconsciousness in which the eyes remain 

continuously closed (Multi-Society Task Force, NEJM, 1994).

2. Vegetative State: Condition in which there is complete absence of behavioral 

evidence for awareness of self and environment, with eye-opening and preserved 

sleep/wake cycles (Aspen Workgroup, JHTR, 1997).

3. Minimally Conscious State: Condition of severely altered consciousness in 

which there is minimal but definite (and often intermittent) behavioral evidence of 

self or environmental awareness (Giacino et al., Neurology, 2002) 

a. MCS +: Evidence of preserved language function (Thibaut et al, J Neurol, 2020)

b. MCS-: Volitional behavior without evidence of language function (Thibaut et al, J Neurol, 2020)

4. Post-Traumatic (or Acute) Confusional State: A disorder of consciousness 

characterized by reduced ability to focus or sustain attention, disorientation to time 

and place, impaired ability to encode and recall new information and symptom 

fluctuation. (Stuss et al, J Neurosurg,1999; Sherer et al, Arch Phys Med Rehabil, 2020).

Disorders of Consciousness: Definitions



Disorders of Consciousness: Diagnostic features

∞ The designated 

behavior must be 

present

†Both designated 

behaviors must be 

present 

*Any designated 

behavior must be 

present 

‡All designated 

behaviors must be 

present 

(Adapted from Giacino

et al, Brain Injury 

Medicine, 2020)

Dimension Behavior Coma* VS/UWS† MCS-* MCS+* PTCS‡

Awareness

Reduced ability to focus or sustain attention.

Disorientation to place, time and situation.

Impaired encoding and recall of new 

information.

Symptom fluctuation over course of the day.

Reliable yes-no responses or functional 

object use.

Awareness

+
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u
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e

Consistent command-following

Reproducible command-following

Intelligible speech

Object recognition

Discernible but unreliable yes-no responses

-
L

an
g
u
ag

e

Automatic motor behavior

Object manipulation

Object localization

Visual pursuit

Visual fixation

Localization to pain

Arousal

No reproducible evidence of any behavior 

above

Eyes open spontaneously or to stimulation

Continuous eye closure



Level of Obligation

• Level A: Must

• Level B: Should

• Level C: May

• Level U: No recommendation supported



Diagnostic Assessment



(Giacino et al., DoC Practice Guideline Update, Neurol 2018)

Guidelines for Diagnostic Assessment

Recommendation Statement 1

• Clinicians should refer patients with DoC who 
have achieved medical stability to settings 
staffed by multidisciplinary rehabilitation 
teams with specialized training to optimize 
diagnostic evaluation, prognostication, and 
subsequent management, including effective 
medical monitoring and rehabilitative care 
(Level B).



Algorithm for Diagnostic Assessment of DoC

(Young, Bodien, Giacino et al, Brain 2021)



Incidence of diagnostic error

➢ 37% (Childs et al, Neurol, 1993)

➢ 43% (Andrews et al, BMJ, 1996)

➢ 41% (Schnakers et al, BMC Neurology, 2009)



Diagnostic Error in DoC

Causes

• Reliance on qualitative assessment methods

• Inattention to baseline arousal level

• Failure to account for fluctuation in “state”

• Insufficient behavioral sampling

• Unrecognized medical complications/sedating 

agents 

Consequences

• Inaccurate prognostic counseling

• Inappropriate decision-making about goals of 

care and treatment

• Family/Caregiver misinformation and distress



(Giacino et al., DoC Practice Guideline Update, Neurol 2018)

Recommendation 2a

• Clinicians should use standardized 
neurobehavioral assessment measures that 
have been shown to be valid and reliable (such 
as those recommended by the ACRM) to 
improve diagnostic accuracy for the purpose 
intended (Level B based on importance of 
outcomes and feasibility).

Guidelines for Diagnostic Assessment



Guidelines for Diagnostic Assessment



Recommended DoC Assessment Scales

• Standardized assessment scales recommended for use in clinical practice with minor

or moderate reservations)

- The Coma Recovery Scale-Revised (CRS-R)

- The Sensory Modality Assessment Rehabilitation 

Technique (SMART)

- Sensory Stimulation Assessment Measure

- The Western Neuro Sensory Stimulation Profile

- Wessex Head Injury Matrix

- Disorders of Consciousness Scale (DOCS)

(Seel et al., Assessment scales for DOC, Arch Phys Med Rehabil, 2010)



CRS-R Psychometric Characteristics



(Weaver, et al, J Neurotrauma, 2022)

CRS-R Recovery Ruler

Easy Hard



Challenges assessing consciousness in the ICU

• Sedation
- When lifted, typically have only a few minutes for exam

• Peripheral injuries

• Medical complications (i.e., infection, seizure)

• Interruptions for clinical management

• Time constraints



Assessment of LoC in the ICU

Teasdale and Jennett, Lancet, 1974



Multiple DoC diagnoses associated with same GCS score

Same 
score/
Different 
diagnosis 

Same 
diagnosis/ 
Different 
score 



CRSR for Accelerated Standardized Testing (CRSR-FAST)



CRSR for Accelerated Standardized Testing (CRSR-FAST)

Present CRSR-FAST Item

MCS+ Reproducible command following

MCS- Visual fixation/pursuit

MCS- Automatic motor response

MCS- Localization to noxious stimulation

MCS+ Intelligible expression



Recommendation Statement 2b

• To reduce diagnostic error in individuals with 
prolonged DoC after brain injury, serial 
standardized neurobehavioral assessments 
should be performed with the interval of 
reassessment determined by individual clinical 
circumstances (Level B based on cogency, 
feasibility, and cost relative to benefit).

(Giacino et al., DoC Practice Guideline Update, Neurol 2018)

Recommendations for Diagnostic Assessment



(Wannez et al, Annals Neurol, 2017) 

Conduct serial examinations



Recommendation Statement 2c

• Clinicians should attempt to increase arousal before 
performing evaluations to assess level of consciousness 
anytime diminished arousal is observed or suspected (Level B
based on importance of outcomes).

(Giacino et al., Neurol, 2018; Curley, et al, Cortex, 2022)

Recommendations for Diagnostic Assessment





Arousal Facilitation

Curley et al. Cortex 2022

W. Curley



Recommendation Statement 2d

• Clinicians should identify and treat conditions that 
may confound accurate diagnosis of a DoC prior to 
establishing a final diagnosis. Level B based on 
feasibility and cost.

Recommendations for Diagnostic Assessment



Identify and treat confounding medical problems



Limitations of Behavioral Assessment

• Behavior is a poor proxy for conscious awareness

– Eg, Cannot definitively differentiate volitional from involuntary or 

reflexive movement (eg, smiling)

• Confounds arising from co-existing sensory (eg, blindness), 

motor (eg, contractures) and cognitive impairments (eg, 

aphasia)

• Subjective bias of examiner

(Giacino & Smart, Curr Opin Neurol, 2007) 



Practice Recommendations

Slide 30

Recommendation Statements 2e

• In situations where there is continued ambiguity regarding 
evidence of conscious awareness despite serial 
neurobehavioral assessments, or where confounders to a 
valid clinical diagnostic assessment are identified, clinicians 
may use multimodal evaluations incorporating specialized 
functional imaging or electrophysiologic studies to assess for 
evidence of awareness not identified on neurobehavioral 
assessment that might prompt consideration of an alternate 
diagnosis (Level C based on assessment of benefit relative to 
harm, feasibility, and cost relative to benefit).



• Cognitive Motor Dissociation (CMD) 

Activation of language association cortex on fMRI and EEG studies 

in response to active language stimuli (ie, verbal instructions to 

perform a task) when there is no evidence of volitional behavior on 

bedside examination (Schiff, JAMA Neurol 2015)

The Problem of Covert Consciousness

(Owen, et al, Science, 2006, Monti, et al, NEJM, 2012) (Edlow, et al., Brain, 2017) 



Multimodal Assessment and the Level of 

Certainty Conundrum

CRS-R fMRI/PET EEG Family
Confidence

Level+ - + - + - + -

P1 x x x x High

P2 x x x x High

P3 x x x x Mod

P4 x x x x Mod

P5 x x x x Low

P6 x x x x Low



Natural History of Recovery
• During inpatient rehabilitation

• Over the course of the first year post-injury

• Between 1 and 10 years post-injury



Which behavioral signs of consciousness emerge first?



Recovery During Inpatient Rehabilitation

• Aim: To determine the relationship between 
behavioral recovery over a 6-week 
observation period and degree of disability 
at rehab discharge.

• Sample: 97 adults diagnosed with 
traumatic VS or MCS who were enrolled in 
the placebo arm of the TBIMS amantadine 
trial at eight rehabilitation hospitals in the 
United States and three in Europe.

• Outcomes: 
➢ Proportion of sample demonstrating 

each target behavior (ie, highest-level 
item on each CRS-R subscale) within 6 
weeks of enrollment

➢ Total number of high-level behaviors 
present at week 6

➢ Frequency of emergence from MCS by 
week 6

➢ Median DRS score relative to the 
number of behaviors present at week 6.



Enrollment Week 6

Key Findings

• For each behavior recovered, DRS score improved by ≈ 2 points, resulting in a 12-point 

spread between patients who recovered all six behaviors and those who recovered none.

n= 97



Why These Findings Matter

• Critical prognostic decisions are generally made within 72 hours of injury, prior to 

recovery of command-following, speech and other conscious behaviors. 

Despite remaining in VS or MCS for a median of 47 days, 20% of the entire cohort   

recovered all six target behaviors within a 6-week observation period.

• Persistent VS (ie lasting at least 1 month) viewed as a dire condition with     

unfavorable prognosis for subsequent recovery.

20% of patients in VS at enrollment were consistently following commands by the end of 

the 6-week interval.

• Family members rank recovery of reliable communication among the most highly-

valued outcomes.

One in five patients who remained in traumatic VS or MCS for at least 4 weeks

subsequently recovered the ability to communicate, verbalize intelligibly and/or follow 

commands.



Recovery of Consciousness and Function 
During Inpatient Rehabilitation

+37

+43

40% w/ DoC partly or fully independent at rehab discharge



Why These Findings Matter

• Protracted disturbance in consciousness is considered an ominous prognostic 

sign (high probability of severe disability).

>80% of patients with DoC on admission to rehab recovered consciousness by rehab       

discharge.

• Lack of early improvement predicts lack of subsequent improvement. 

Patients with (v. w/o) DoC experienced greater absolute improvement during rehab

Retain capacity for recovery of function but time course is delayed. 

• Most frequent cause of death after TBI is WOLST, and the decision to stop 

treatment is typically made within 72 hours of the injury
•

Clinicians should be cautious about suggesting high probability of poor outcome (and  

WOLST) within the first month post-injury in patients with severe TBI.



• Aim: To prospectively assess 
outcomes in major areas of life function 
at 2 weeks and 3, 6, and 12 months 
after moderate to severe TBI (msTBI).

• Sample: 362 patients with severe TBI 
(GCS=3-8) enrolled in Track-TBI 
between February 2014 and August 
2018. 

• Outcomes: 
➢ Primary: 

➢ Glasgow Outcome Scale- Extended 
(brain + peripheral injury scoring 
system)

➢ Secondary: 
➢ Disability Rating Scale (DRS)
➢ Rivermead PCS, BSI-18, Satisfaction 

with Life, Rey Auditory Verbal 
Learning Test, Trail Making Test, 
WAIS Processing Speed Index (not 
covered here)

Recovery During the First Year Post-Injury



McCrea et al, JAMA Neurology, 2021

Key Findings

• > 50% of those with 

severe TBI recovered 

the ability to function 

independently at home 

for at least 8 hours per 

day.

GCS 3-8



McCrea et al, JAMA Neurology, 2021

Key Findings

*

*

• Nearly 1 in 5 patients with 

severe TBI reported no 

disability (DRS score 0) at    

12 months.



Key Findings

• All but 1 of the surviving patients who were in VS at 2 weeks recovered 

consciousness and 25% regained functional independence by 12 months 



Why These Findings Matter

• Understanding of recovery from severe TBI is fraught with nihilism.

Percentage of participants with severe TBI and a favorable outcome nearly   

quadrupled from 2 weeks to 12 months.

• Vegetative state diagnosis generally viewed as static condition incompatible with 

subsequent functional recovery.

Great majority of those who survive VS recover consciousness and 1 in 4 regain 

functional independence over the first year post-injury. 



Recovery Between 1-10 Years Post-Injury

• Aim: To monitor long-term 
outcomes in patients not 
following commands when 
admitted to acute inpatient 
rehabilitation.

• Sample: 110 rehabilitation 
inpatients prospectively 
enrolled in the TBIMS with no 
evidence of command-following 
prior to rehabilitation admission 
and followed at 1, 2, 5 and 10 
years post-injury.

• Outcomes: 
➢ Functional Independence 

Measure 
➢ Self-care domain 

score
➢ Mobility domain score
➢ Cognition domain 

score
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(Whyte, et al, 2013) (Hammond, et al, 2019)



Why These Findings Matter

• Many healthcare providers and insurers in the U.S. deem patients with DOC who 

lack command-following as inappropriate for acute inpatient rehabilitation.

Many patients in this study who were unable to follow commands on admission to 

inpatient rehabilitation eventually achieved independence in self-care, mobility and   

cognitive domains.

• Prior studies of patients with moderate to severe TBI indicate that approximately 

30% show decline in function over time in the years following TBI.

No evidence of a pattern of deterioration up to 10 years in any functional domain or    

subgroup.



Prognostication



Recommendation Statement 3

• When discussing prognosis with caregivers of 
patients with a DoC during the first 28 days post 
injury, clinicians must avoid statements that suggest 
these patients have a universally poor prognosis 
(Level A).

(Giacino et al., DoC Practice Guideline Update, Neurol 2018)

Recommendations for Prognostic Assessment



DoC Outcome Predictors

(Giacino, et al, Neurol, 2018)



DoC Outcome Predictors



Prognostication in the first 72 hours and WLST

Turgeon, et al., CMAJ, 2011
Williamson, et al, JAMA Surg, 2020



Recommendation Statement 7

• Given the frequency of recovery of consciousness 
after 3 months in patients in nontraumatic VS/UWS, 
and after 12 months in patients with traumatic 
VS/UWS (including some cases emerging from MCS) 
use of the term permanent VS should be 
discontinued. 

• After these time points, the term chronic VS (UWS) 
should be applied, accompanied by the duration of 
the VS/UWS (Level B).

(Giacino et al., DoC Practice Guideline Update, Neurol 2018)

Recommendations for Prognostic Assessment



Conclusions

• Diagnostic accuracy may be optimized through: 
• Serial, systematic, standardized evaluation approach 

• Maximizing arousal level

• Identifying factors that can mask conscious awareness

• Supplementing behavioral assessment with functional imaging and/or 
electrophysiological studies, where indicated

• Prognostic accuracy may be improved by: 
• Accurate diagnostic assessment

• Awareness of the confidence limits around outcome predictors and models

• Recognizing that severe impairment early in recovery (first 2 weeks post-injury) is 
NOT a definitive indicator of unfavorable long-term outcome (return to independence 
possible).
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