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Learning Objectives

1. Identify early behavioral signs of recovery of consciousness.

2. Determine the relationship between early behavioral signs of recovery in 
patients with disorders of consciousness (DoC) and degree of disability at 
discharge from inpatient rehabilitation.

3. Describe the course of recovery from the acute through chronic phases in 
patients with DoC.

4. Apply evidence to correct misperceptions about recovery after severe TBI 
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Recovery continuum

(Thibaut, Schiff, Giacino et al, Lancet Neurol 2021)

Post-traumatic 
confusional 
state



Phases of Recovery

• Acute/Subacute (first 28 days post-injury)
• Post-acute (first 12 months post-injury)
• Chronic (1-10 years post-injury)



Recovery During the 
Acute/Subacute Phase

(Day 1-28)



Background 

• Early prognostication in patients with severe TBI relies heavily on 
behavioral findings obtained on bedside examination.

• Outcome prediction often relies on imaging and lab findings, which have 
relatively low precision for discriminating unfavorable v. favorable 
outcome. 

• Clinician knowledge of the frequency and time course to recovery of 
behaviors associated with recovery and functional outcome is very limited.

• Most common cause of death after severe TBI across all age groups is 
withdrawal of life-sustaining treatment (WLST)



Frequency and timing of withdrawal of Life-Sustaining 
Treatment (WLST)

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



An accurate prognosis about long-term outcome 
following severe TBI can be established within 72 
hours of onset to guide decision-making regarding 
goals of care.

Myth 1



Propensity for WLST

• Tier 1:   0-11%
• Tier 2: 12-27%
• Tier 3: 28-70%

Outcome of WLST- patients who were matched 
to WLST+ patients by propensity for WLST 



(Giacino, et al, Neurol, 
2018)

Outcome Predictors by Level of Confidence



Recovery During the Acute/Subacute Phase

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

• Sample: 97 adults in traumatic VS or MCS 
enrolled in the placebo arm of a clinical trial 
(amantadine hydrochloride) conducted at 
eight rehabilitation hospitals in the United 
States and three in Europe.

• Outcomes: 
 Proportion of sample demonstrating 

pre-identified target behaviors over 6-
week observation window

 Total number of target behaviors 
present at week 6

 Frequency of emergence from MCS 
by week 6

 Median Disability Rating Scale (DRS) 
score relative to the number of 
behaviors present at week 6.



• 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.

Enrollment Week 6

n= 97

Key Findings



Failure to demonstrate early improvement in behavioral 
responsiveness predicts lack of subsequent improvement. 

Myth 2



+37

Recovery During the Acute/Subacute Phase

N= 7,547 

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

+43



Which behavioral signs of consciousness emerge first?

TBI: N= 35; non-TBI: N= 
45



When does the ability to communicate reliably reemerge?

175 patients; 48 [27 – 61] 
years old, 28 [21 – 38] days 
post-injury, 100 TBI



The Facts

• Critical prognostic decisions are generally made within 72 hours of injury, prior    
to recovery of command-following, speech and other conscious behaviors. 

          >80% of patients with disturbance in consciousness persisting across the ICU stay 
          recover consciousness by rehab discharge.

             ̴20% of patients who remain in VS or MCS for 6 weeks recover complex behaviors (eg,   
   consistent command-following, intelligible verbalization, reliable yes-no communication)     
   that may not emerge for 10 or more weeks after injury. 

             ̴50% of patients with DoC admitted to inpatient rehab recover functional communication 
           within 12 weeks of injury 

           Patients with DoC tend to show greater absolute improvement during rehab than those         
           w/o DoC.
            
 
           



Recovery During the Post-Acute 
Phase of Recovery

(Month 1-12)



Background 

• During the post-acute period, spontaneous recovery is mediated by a 
variety of different neurobiological mechanisms

• Reversal of diaschisis
• Restitution 
• Redundancy
• Vicariation

• This variability contributes to the difficulty predicting the likelihood and 
time course of recovery at the single-case level.



Spontaneous recovery rapidly trails off after the first 3 
months post-injury.

Myth 3



• 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 Post-Concussion 

Scale, BSI-18, Satisfaction 
with Life, Rey Auditory Verbal 
Learning Test, Trail Making 
Test, WAIS Processing 
Speed Index



McCrea et al, JAMA Neurology, 2021

Key Findings

• Approximately 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 



The Facts

• Clinicians tend to overestimate the likelihood of poor outcome during the post-
acute phase after severe TBI, negatively biasing decision-making about patient 
care. 

           Great majority of those who survive vegetative state recover consciousness 
           within 12 months.

           Between 2 weeks and 12 months post-inury, the percentage of patients who  
           achieve a favorable outcome quadruples.

• 50-75% regain partial to full functional independence (GOSE ≥4).



Recovery During the Chronic 
Phase of Recovery

(Year 1-10)



Background 

• Few studies have followed patients with severe TBI 
beyond 12 months post-injury, limiting opportunity to 
investigate incidence of late recovery of key functional 
milestones.

• Studies that have followed patients longer than 12 
months have not utilized tools that are sensitive to 
subtle but meaningful functional changes.



Spontaneous recovery plateaus after 1 year following TBI.

Myth 4



Background 
• Few studies have followed  

patients with severe TBI 
beyond 12 months post-
injury, limiting opportunity 
to investigate incidence of 
late recovery of key 
functional milestones.

• A few single-center studies 
have reported clinically 
meaningful recovery in a 
substantial minority of 
patients who remain in VS 
or MCS during the first 
year.

Recovery Between 1 and 10 Years Post-Injury



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

• Sample: 110 rehabilitation inpatients with moderate to severe TBI and no 
evidence of command-following on rehabilitation admission.

• Outcomes: 
 Functional Independence Measure 

 Self-care domain score
 Mobility domain score
 Cognition domain score

 Followed at 1, 2, 5 and 10 years post-injury

Recovery Between 1 and 10 Years Post-Injury



Key Findings

Recovered command-following during inpatient rehab

Did not recover command-following during inpatient 
rehab

All patients during inpatient rehab
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The Facts

• Prognostic and therapeutic nihilism remain prevalent attitudes during the chronic 
phase of recovery 

           The majority of patients who survive acute hospitalization, but remain unable  
            to follow commands, achieve independence in self-care, mobility and   
            cognitive functions.

            Recovery of functional independence continues between 5 and 10 years  
            post-injury in a substantial proportion of patients.

            No discernible pattern of deterioration exists in any functional domain among 
             patients with DoC followed up to 10 years.



Recommendations for Clinical Practice

• Use standardized neurobehavioral assessment measures that have been shown to 
be valid and reliable to improve diagnostic and prognostic accuracy.

• Perform serial (v. one-off) assessments to account for fluctuations in behavioral 
responsiveness and establish rate of recovery.

• When discussing prognosis with caregivers of patients with a DoC during the first 28 
days post injury, avoid statements that suggest a universally poor prognosis
– 1/5 will recover ability to follow commands consistently, verbalize intelligibly, communicate reliably 

and use objects functionally).

• When discussing prognosis, in general, tie outcome prediction to specific indicators 
and disclose the level of uncertainty associated with the prognosis.

• Defer the “rush to judgement” (re WLST) 
– Among those do not survive the injury, death typically occurs during the acute hospitalization, 

reducing the need to rush to judgement about WLST within 72 hours. 
– Behavioral signs of consciousness frequently do not emerge until >14 days post-injury

 



2011 Atlantic Hurricane season

(JJ Fins: Disorders of Consciousness and Disordered Care. Families, 

Caregivers, and Narratives of Necessity. Archives PMR 2013:94:1934-9)



Data Visualization for Patients with 
Disorders of Consciousness

Alison M. Cogan, PhD, OTR/L
LeaRRn Scholar



User Group Needs

Clinicians

• Prognostication

• Treatment 
planning

Family 
Members

• Family 
conferences

• Personal 
medical 
records

Payors

• Rate, direction 
and degree of 
change 
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