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Identify early behavioral signs of recovery of consciousness.

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.

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

Apply evidence to correct misperceptions about recovery after severe TBI
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Recovery continuum
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Figure 1: Motor and cognitive evolution following a severe brain injury

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



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)

Table 3. Length of Stay and Disposition by Withdrawal of Life-Supporting Treatment
Table 4: Deaths and percentage of deaths following withdrawal of life-sustaining therapy within the Characteristic No wi of LST Withdrawal of LST Total
first three days of care No. of persons included 30080 7869 37049
Total LOS
Among all deaths within the Among deaths following No. with data 30040 7868 37908
first 3 d of care, deaths withdrawal of life-sustaining Mean (SD), d 15.4 (17.4) p—rr 13.3(16.4)
following withdrawal of life- therapy, deaths occurring Median (Q1-02), d 10.0(3.5-21.0) 3.0(1.07.0) 8.0(2.0-19.0)
sustaining therapy within the first 3 d of care (Range), d (1.0-357.0) (1.0-170.0) (1.0-357.0)
Tt Total ICU LOS
wi tr?ian ﬁsm No. with data 27542 7909 34751
No. of Sdlorcare Mearl(SD),d 9.7(10.0) 52(6.3) 8.8(0.5)
Centre  admissions no. No. % (95% ) No. % (95% Cl) CETIUIEE BEEL L) AT,
(Range), d (1.0-178.0) (1.0-180.0) (1.0-180.0)
A 120 15 115 73.3 (48.1-89.1) 11126 423 (255-61.1) Total ventilator days
B 120 28 2608 92.9(77.4-98.0) /46 565 (42.3-69.8) Ho. with data 22360 72 987
Mean (SD), d 7.5(9.0) 48(6.0) 6.9(8.5)
@ 120 4 24 50.0 (15.0-85.0) 2/9 22.2 (6.3-54.7) Median (Q1-03), d 20(2.0-11.0) 2.0(1.0-6.0) 3.0(2.0-10.0)
D 120 22 14/22 63.6 (43.0-80.3) 14/39 35.9 (22.7-51.6) Range, d 1.0-207.0 1.0-180.0 1.0-207.0
E 120 23 7023 30.4 (15.6-50.9) 718 38.9 (20.3-61.4) WiEgE e L)
Deceased/expired 5961 (18.3) 7026 (93.7) 12987 (33.9)
F 120 22 1322 A 13122 59.1(38.7-76.7) Discharged/transferred to home 8572 (29.8) 28(0.4) 8600(23.7)
Total 720 114 73/114 64.0 (54.9-72.3) 73/160 45.6 (38.1-53.4) Discharged/transferred to hospital 13562 (47.1) 74(1.0) 13636 (37.6)
Discharged/transferred to hospice 305(1.4) 350 (4.8) 754(2.1)
Note: Cl = confidence interval. Other 987 (3.4) 10(0.1) 997 (2.7)

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




Myth 1

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.
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Outcome Predictors by Level of Confidence

Pubished
| e amas §
Practice guideline update recommendations summary:
Disorders of consciousness

Report ofthe Guideline [
can Academy of Neurolog
National Insiute on Disbilty, Independent Livi

018 35 T0.1272WNL

ment, Dissmination, and Implemcntation Subcommitce of the
f Rehabiitat

habiltation Rescarch

the American Con Medicine; and the

Abstract
Objective Avides

Methods

T —
NEGROLOGY

(Giacino, et al, Neurol,
2018)

Table 3 Prognostic features in disorders of consciousness (DoC) 28 days

Type of DoC

Prognostic factors associated with b

tter prognosis

Moderate confidence

Low confidence

Prognostic factors as:

Moderate confidence

ociated with worse Eminosis

Low confidence

Adult traumatic
VS/UWS

Higher-level activation of the
associated auditory cortex using BOLD
MRI in response to a familiar voice
speaking the patient’s name

Normal SPECT scan 1-2
months postinjury

Hydrocephalusin the
late phase

Corpus callosum lesions,
dorsolateral upper brainstem
injury, or corona radiata injury on
MRI performed 6-8 weeks
postinjury

DRS scores of <26, 2-3 months
postinjury

Lower scores on the DRS

in general 2-3 months
postinjury

Fever of central origin in the acute
phase

Detectable P300 at 2-3 months
postinjury

The presence of P300
after controlling for DRS
and EEG reactivity

Diffuse body sweating in the acute
phase

Reactive EEG at 2-3 months postinjury

Epilepsy in the late phase

Respiratory disturbance

Flaccidity in the acute phase

Adult traumatic
mixed (VS/UWS
and MCS)

Faster improvements in
DRS scores

Longer time post injury
at study enrollment

Amantadine use

Worse DRS score at
study enrollment

Dantrolene use

Left temporal lobe

lesions, contusions/mass
lesions, or subarachnoid
hemarrhage onimaging

Left frontal or bilateral
lesions on imaging




Recovery During the Acute/Subacute Phase
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after Traumatic Brain Injury
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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.
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Key Findings
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* 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.
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Myth 2

Failure to demonstrate early improvement in behavioral
responsiveness predicts lack of subsequent improvement.
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Recovery During the Acute/Subacute Phase
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Figure 1. Progression in Percentage of Patients With Disorder
of Consciousness During Treatment
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Which behavioral signs of consciousness emerge first?

Al of il et i Mol 3 (30301 353-35 Percentage
] 5 10 15 20 25 Eul 35 40
Audlabi colivg at Elsevier Masson France VISURTFUrsUt e e e e e e e ] 1
SdenceDirect E.MI:ME-uI'.e Cloiin Reproducible Movement to Command R 25
WA e L - 2 sul et om s .
VIER = Automatic Movement ] 21
Original article g Intentional Communication NN 15
‘Which behaviours are first to emerge duri ng recovery of consciousness E Visual Fixation N 13
PR, 8 g
after severe brain injury? = P tocaluation ta nowous stmulavion )
Geraldine Martens "<, Yelena Bodien™ >, Kristen Sheau™', Andrea Christoforou *°, 2 .
JasephT. G s ﬁ Intelligible Verbalization NN
(Chormmonen WA, £ object Manipulation NN 5
T € vt e e st e i, B, e e 2
ACere du Corvnr- T @ Consistent Movement to Command [ 3
g

W s Garurd Rt far of st s, B, M, i e of AT Functional Object Use

. >
[ — nsraacr oject ocaizaion =59 Bl: N= 35; non-TBI: N=

T e g g Object Recognition |1 45
Racaived 27 jur 3118 acosme pramoes sl plemny o e SestTet
Acoapout 2 Croone 218 — - _ i

P gy, Functional Communication 0

s prals o
i T —)
Mty o nnce o S ———g S h——
iy e ieralor

o St pem i v e e il g of M (425 o pot s apman Percentage

-] amd g
v-_x—._n-.nh.-n-mmm.un.um—-mu o 5 10 15 20 25

= Consistent Movement to Command
sl prat, mprrhich comm e Sdwng el e movenes: Claries Ao v ] )
2 [Reproducible Movement to Command
ey =

[ET L R R — & intelligible Verbalization

3
::“ Functional Communication

Cor

1. lntreduction 15k H Functional Object Use

mamey of redidble cmmmeniaten andier pprgide e o E

Sewem brain ijery frayoendy revsls in 2 periall of abeved  objes [5] Dewcting the Wamiton fom am eorioes [s = Automatic Movement *
' impaitad land awaieness  comickass a6 cAtacally impodant in chnical g e, 5 . . N -
11.3). Dissliers of conscinesmess (DoC) iclade coma, 2 stae of ﬂm ' and Lesily comsnaelling. Usfors- ] Object Manipulation
eye clonae and oo behaviosral sig of @l o nedy, diagmeic ey remain bigh in Seis popelativn, oo = Localization to Pal
envinamennl swarenssi [1] e veputive ae (VS), aks ut nepored 1 be amend 40K |5-5] ocalzation to Pain
referred 1o a smesporiie w iy spdice (WG in The Comna Recovery 5 eale-Revised (CRLE) [9], 2 Sandardsed 5

which Shere B eye-opening et stll me bebuviasadl dges of  beluviswal ooy of 2 . ' g Object Recognition
ammcneas ;o tht sdniolly cmacoms e (WS, o apedned whiin 6 sebirales hats sem sty vii, s, 3 Object Localization
clinical i i parienss with DoC by the American (begress of - Visual Pursuit

s aion Medcine in ew of i Smey pchome s 3
et b s o b (1 Mo, e [10] Digeitic sstimesnt with et OISR bis bt 5 Visual Fixation

ey 10101 et 305 10000
IBTT-O85T)e 3015 assdar Meamees SAS AN tghes v




When does the ability to communicate reliably reemerge?

ACRM
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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.



Myth 3

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



Key Findings

» Approximately 50% of
those with severe TBI
recovered the ability to
function independently
at home for at least 8
hours per day.

Figure 1. Glasgow Outcome Scale-Extended (GOSE) Total Score
Distribution for Patients With Severe Traumatic Brain Injury
at 2 Weeks and 3, 6, and 12 Months Postinjury
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Key Findings

Nearly 1 in 5 patients
with severe TBI
reported no disability
(DRS score 0) at 12
months.

Figure 3. Disability Rating Scale (DRS) Total Score Distribution
for Patients With Moderate or Severe Traumatic Brain Injury
at 2 Weeks and 3, 6, and 12 Months Postinjury
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Key Findings

Table 2. Frequencies Within Each Glasgow Outcome Scale-Extended (GOSE) Domain for Severe and Moderate Traumatic Brain Injury (TBI)
Groups at 2 Weeks and 3, 6, and 12 Months Postinjury
No. (%)?
2 wk 3 mo 6 mo 12 mo

GOSE domain severity Severe Moderate Severe Moderate Severe Moderate Severe Moderate
in unweighted analyses (n =290) (n=93) (n=278) (n=284) (n=282) (n=75) (ng 271) (n=72)
Vegetative state and death

Vegetative state 68(23.4) 11(12) 10 (3.6) 0 4(1.4) 0 1(0.4) 0

TeC 20 20.7) T VELO1 ) L)) VOV L OW)) Y €01 BT )

Independence in the home

No assistance 31(10.7) 36 (39) 115(41.4)  55(65) 139(49.3)  51(68) 137(50.6)  50(69)

Infrequent assistance 5(1.7) 2(2) 9(3.2) 3(4) 6(2.1) 2(3) 5(1.8) 4(6)

Frequent assistance 126 (43.4) 40 (43) 71(25.5) 17 (20) 55(19.5) 13 (17) 45 (16.6) 9(13)
Independence in shopping

No assistance 33(11.4) 36 (39) 115 (41.4) 54 (64) 140 (49.6) 48 (64) 135 (49.8) 47 (65)

Assistance 128 (44.3) 42 (45) 80(28.8) 21(25) 60(21.3) 18 (24) 52(19.2) 16 (22)
Independence in traveling

No assistance 33(11.4) 34 (37) 110(39.6) 54 (64) 139(49.3)  47(63) 133(49.1) 46 (64)

Assistance 128 (44.1) 44 (47) 85 (30.6) 21(25) 61(21.6) 19 (25) 54(19.9) 17 (24)
Work®

No deficit 2(1.0) 8(10) 25(11.8) 21(29) 57 (26.9) 23(37) 70(34.0) 30 (49)

Reduced capacity 3(1.4) 4(5) 25(11.8) 12 (17) 26(12.3) 12 (19) 20(9.7) 7(11)

Limited or unable to work 133(63.3) 55(70) 125(59.2)  34(47) 94 (44.3) 22 (35) 79(38.3) 19(31)

» 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 24).



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.



Myth 4

Spontaneous recovery plateaus after 1 year following TBI.



Recovery Between 1 and 10 Years Post-Injury

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.
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Few studis have assessed the long-term functional outcomes of patients with 2 disorder of consciousness due 10 traumatic
brain injury (TBI). This study examined funciional status during the frst. 10 years after TBI among a cohort with disorders of
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period, with more than two thirds of the semple achicving independence in mobility and self-care, and about one quarter
achicving independent cognitive function by 10 years. Following commands pricr 10 28 days was associated with greater
functional independence at all oueome time-poirits. Mulli-trgectory modeling of recovery of thiee FIM subcales (selfcare
‘mobility four distinet prognostic groups with different temporal patterns of chunge on these subscales
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More than half the sample achieved near-maximal recovery by | year postinjury, while the later command-following
subgroups recovered over longer periods of time. Sigrificant late functionl de dine was nol observed in this cohort. Amang a
cehort of patients unable 1o follow sommands at the time of inpatient rehabilitation, & substantial proportion achieved
functionsl indepandence in selfcare, mobiity, and cognition. The proportion of participsnts achieving funciion indepen-
dence increased between S and 10 years postinjury. These findings suggest that individuals with diserders of eonsciousess
muy benefit from ongaing functioral monitoring and update eare plans for at least the first decade afer TBI
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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




Key Findings

Recovered command-following 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
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Data Visualization for Patients with
Disorders of Consciousness
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User Group Needs

- Family

* Prognostication

» Treatment
planning

* Family
conferences

* Personal
medical
records

« Rate, direction
and degree of
change




DoC eProfile - Coma Recovery Scale
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