Recent Advances in the Assessment and
Diagnosis of Disorders of Consciousness:
Behavioral and Neuroimaging Applications

Holy Cross Hospital
Surrey, UK
September 14, 2016

Joseph T. Giacino, PhD
Spaulding Rehabilitation Hospital
Harvard Medical School
Boston, MA USA

] Department of Physical Medicine & Rehabilitation Spaulding Rehabilitation Hospital . ‘
Harvard Medical School Massachusetts General Hospital ._‘_—'imv-l '

Brigham & Women’s Hospital

Disclosure

Dr. Giacino has no significant financial relationship with any
commercial or proprietary entity that produces healthcare-related
products and/or services relevant to the content of this presentation.

Dr. Giacino occasionally receives honoraria for conducting CRS-R
training seminars.

Dr. Giacino receives grant funding from the National Institute of
Neurological Disorders and Stroke, the National Institute on Disability,
Independent Living and Rehabilitation Research, U.S. Department of
Defense and the James S. McDonnell Foundation.



Continuum of Recovery of Consciousness:

(Adapted from Laureys, 2003)
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Disorders of Consciousness

Coma: A state of sustained pathologic unconsciousness in which the eyes remain
closed and the patient cannot be aroused. (MSTF, NEJM, 1994)

Vegetative State: A condition in which there is complete absence of behavioral
evidence for awareness of self and environment, with preserved capacity for
spontaneous or stimulus-induced arousal (Aspen Workgroup, JHTR, 1997).

Permanent VS: A prognostic term that denotes an irreversible state which can
be applied 12 months after a traumatic injury and after 3 months following non-
traumatic injury in adults and children (AAN, Neurol, 1995).

Minimally Conscious State: A condition of severely altered consciousness in
which minimal but definite behavioral evidence of self or environmental
awareness is demonstrated (Giacino, et al., Neurology, 2002).



The Problem of Consciousness

“The limits of consciousness are hard to define
satisfactorily and we can only infer the self-
awareness of others by their appearance and
their acts.”

Plum and Posner, 1982
The Diagnosis of Stupor and Coma

Neurobehavioral
Approaches to Diagnostic
Assessment

Behavior = Gold standard



Neurobehavioral Approaches to
Dlagnostlc Assessment
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Behavioral Algorithm for Differential Diagnosis

Evidence of sustained or reproducible command-following or yes/no responses or
intelligible verbalization or selective responses to specific environmental stimuli?

lNo

l Yes

Absent brainstem function
and apnea?

Functional communication or functional

object use?

Yes

No

Pt has sleep wake
cycles & opens eyes
spontaneously or to
stimulation

No

Coma

Yes

(Adapted from Ashwal, et al, Sem in Ped Neurol, 2002)

MCS

Communication
limited to eye
movement or

blinking

No

Yes




Summary of Evidence Supporting Measurement Properties of Behavioral Assessment Scales for DOC

Prognostic
Validity

Criterion
Validity

Scale Standardized Content Internal Inter-Rater Test-Retest
Admin/Scoring Validity Consistency Reliability Reliability
Aspen Criteria

Diagnostic
Validity

Acceptable Excellent Good Good Excellent Unproven Unproven Unproven
(class I) (multiple class Il (class Il /111) (class V) (class 1V) (not studied)
/1)
Acceptable Good NA Excellent Excellent Unproven Unproven Unproven
(class Il /111) (class Il /111) [(EESHY)) (not studied) [(EESHY))

Acceptable Good Excellent Unproven Unproven Unproven Unproven Unproven
(class 1) (class IV) [(EESHY)) [(EESHY)) (not studied) [(EESHY))

Acceptable Good Unproven Unproven Unproven Unproven Unproven Unproven
(not studied) (class 1V) (class IV) (class IV) (not studied) (not studied)

Acceptable Good Unproven Unproven Unproven Unproven Unproven Unproven
(not studied) (class 1V) (class IV) (class IV) (not studied) (not studied)

DOCS Acceptable Acceptable Good Unproven Unproven Construct Unproven Unproven
(class 11/ 111) (class 1V) (not studied) Valid * (not studied) (class IV)

(class IlI)

CNC Acceptable Acceptable Unacceptable Unproven Unproven Unproven Unproven Unproven

(class 11 /111) (class IV) (not studied) (class IV) (class IV) (class IV)
CLOCs Unacceptable Acceptable Good Unproven Unproven Strong Unproven Unproven
(class 1) (class 1V) [(GEERY)) (class I1I) (not studied) [(GESERY))

Unacceptable Acceptable Unproven Excellent Unproven Unproven Unproven Unproven

(not studied) (class 11/ 111) (not studied) (not studied) (not studied) (class IV)

Unacceptable Acceptable NA Unproven Unproven Strong Unproven Unproven

(class 1V) (not studied) (class I1I) (class 1V) [(CESSHY))

FOUR Unacceptable Unacceptable Excellent Good Unproven Unproven Unproven Predictive, 30 days post-injury
(multiple class (multiple class 1) (not studied) (not studied) (not studied) Good vs. Disability and Death
| (class 1)

Unacceptable Unacceptable Acceptable Unproven Unproven Unproven Unproven Not predictive, 3 mos. Post-
(class 1) (not studied) (not studied) (not studied) (not studied) discharge
Independent vs. Disability
(class 1)

Unacceptable Unacceptable Unproven Unacceptable Unproven Unproven Unproven Not predictive, 6 months post-injury
(not studied) (class 11/ 111) (not studied) (not studied) (not studied) Good/Mod Dis. vs. Severe Dis./PVS
(class )
Predictive, 6 months post-injury
Good/Mod Dis. vs. Sev
Dis./VS/Death
(class Il1)

Coma Recovery Scale- Revised

JFK COMA RECOVERY SCALE - REVISED a4

Record Form

This form should only be used in association with the "CRS-R ADMINISTRATION AND SCORING GUIDELINES™
which provide i it for iz inis ion of the scale.

Patient: [Diagnesis: [Etiology:
Date of Onset: | Date of Admission:
P O O O A B A

|
Wukaml| 2| a| 4|5‘s‘ 7‘a|9‘1n|11||2|13|u|15|15

AUDITORY FUNCTION SCALE
4 - Consistent Movemant to Command *
3 - Reproducible Movement to Command *
2 - Localization to Sound

1 - Auditory Startle

0 - None

VISUAL FUNCTION SCALE

5 - Object Recognition ©

4 - Object Localization: Reaching *
3 - Visual Pursuit *

2 - Fixation *

1 - Visual Startie

0 - None

MOTOR FUNCTION SCALE

5 - Functional Object Use ©

5 - Automatic Motor Respanse ™

4 - Object Manipulation *

£ to Noxious

2 - Flaxion Withdrawal

1 - Abnormal Pasturing

0 - None/Flacsid
OROMOTOR/VERBAL FUNCTION SCALE
3 - Intelligible Verbalization

2 - Vacalization/Oral Movement

1 - Oral Reflexive Movement

0 - None

[= ATION SCALE

2 - Functional: Accurate ©

1 - Non-Functional: Intentional *

0 - None

AROUSAL SCALE

3 - Aftention

2 - Ey Opaning wic Stimulation

1 - Eye Opening with Stimulation

0 - Unarousable

TOTAL SCORE

Denoles emergence from Mcs" P

Denats es ™ (Giacino, Kalmar, Whyte, Arch Phys Med Rehabil, 2004)



Coma Recovery Scale- Revised: Psychometric Characteristics

The JFK Coma Recovery Scale—Revised: Measurement . " -
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Coma Recovery Scale- Revised: Scaling
Properties(LaPorta, et al., Arch Phys Med Rehabil, 2010

Table 4 - Item parameters and fit statistics for the CRS-R (N=258, analysis no. 4).

AC RM  Archives of Physical Medicine and Rehabilitation CRS-R subscales Location SE Fit residual 7 e
s AT MECRME Journal hamepage: www.archives-pmarg - - - -
Auchives of Physical Medicine and Rehabiitation 2013:94:527-35 CRS6 - Arousal 1914 124 0.036 4.898 A7
3 CRS3 - Motor -0.205 82 0641 3492 322
ORIG: o
A AR CRS2b - Visual (TRI Haemorrhage) 0097 100 0.207 1.692 639
Can We Scientifically and Reliably Measure the Level of CRS - Auditory 0064 102 L1057 4054 17
Consciousness in Vegetative and Minimally Conscious States?
A : . =
Rasch Analysis of the Coma Recovery Scale-Revised CRS4 - Oro-motor 0021 A7 0203 4657 199
Fabio La Porta, MD, " Sarena Caselli, PT Aladar Bruno Tanes, MD,® Olivia Cameli, MD, CRS2a - Visual {Anaxic - lichaemic) 0.164 1n -0.964 4003 252
Mario Lino, MD,* Ruhertu Piperno, MD,? Antonella Sighinolfi, MD,® CRSS . Communication 2186 177 0.954 o) 260

Francesco Lombardi, MD, Alan Tennant, PhD?

From the *Rehabilitation Medidine Unit, Ariends Units Sonitaria Locale Modena, Modena, Ttaly; *PRD School in Advanced Sciences in

Rehabilitation Medicine and Sports, Tor Vergata University, Rome, Tialy; ‘Medical Divection, Segesta SpA, Korian Group, Mian, Ttaly, *“Casa Table 4 Raw score to measure estimates conversion table for the CRS-R based on the original sample cafibrations
dei Risvegli ‘Luca De Nigns™ Hospital. Bologna. Itoly: *“Vills delle Terme" Hospital, Segesto S.p.A.. Korian Group, Florence, Italy; /Severe - - . —
‘Brain Injury Unit, Azienda Unitd Sanitaria Locale Reggio Emilia, Reggio Emilic, Italy; and *Department of Rehabilitation Medicine, Foculty of Traumatic and Hemormhagic Brain Injury Anaic and Other Causes of Brain Injury
Medicing and Health, Ui Leeds, Leeds, UK. - -
i o i RawScore  LlogitScale  +95%0  0-005cle  +95%0  Logt Scak £95%(1  0-1005ak  +95%(1
L] —5.871 13% 0.0 236 —5.823 L364 04 2.1
Mbstract
Dbjectives: (1) To appraise, by the means of Rasch anaysis. the intemal validity and reliability of the Coma Recovery Scale-Revised (CRSR) in 1 —4.992 0.974 3 172 —4.841 0.586 B4 17.4
a sample of patients with disorder of consciousness (DOC): and (2) © provide infomation sbout e compability of CRS-R scores acros 2 —4.296 0.817 14.2 14.4 —4.228 0.833 148 1.7
pursom with DOC acxoss different setfings and proups, including different etiologies. 3 _3.944 0.7 192 13.2 _3.50 0171 200 15E
Design: Multicenter cbser vational prospective sudy
Setting: Two rehabilitation wards, | inlermediste care facility, and 2 nursing bomes in Raly, 4 —d.242 0.718 3.7 2.7 —3.a1 0.746 249 B2
Participants: Consecuively asdmitied patients (N= 128) for which asessments 1 2 different time peints were availible, giving a fotal sample of 5 —2.753 0,704 281 12.4 —2.5711 0.736 297 830
258 observations. [ —2.264 0.695 325 12.3 —2.004 0724 346 X ]
i e R 7 —1.781 0.684 36.8 121 —1.480 0,698 395 23
Results: Afier contmolling for sny pessible dependncy between persons’ e ted at differeat time points, and for uniforn differenial & —1.316 0.669 410 118 —Loos 0.659 438 .6
item functioning by etiology showed by the visusl subicale, Rasch anslysis demonswrated adequae siisfaction of all the madel's requirements, 9 —0.876 0.653 45.0 115 —0.591 0.617 476 0.9
including adequate ordering of scoring categories, undimensionslty, ksl independence, invaiance (3= 21798, P=.146), sd sbence of 10 —0.460 0.63% 487 1.2 —0.530 0.585 507 03
diffarential item functioning across putienis’ sex, age, fi nd setting The reliability (person separation index=_896) was. adoquaie for
individual person measurement. We devised a practical mw seore v measure conversion tables based on the CRS-R ealibrations. o —0.065 0620 523 0.9 0074 D564 535 0o
{Conclusions: The CRS-R is 3 psychomewically sound and robust messunement ool The linesr messuses. of ability derived from he CRS-R wtsl 12 0.310 0604 55.7 10.7 0.369 0553 562 9.8
scores do satisfy all the principles of scientific messurement and are sufficiently relisble for high stakes asessments, such % e disgnosis of the 13 0.666 0.591 589 10.4 0.661 0.549 588 9.7
kel of comsciousness in individual patients. Futuse studies are needad b dirsctly explose the capsbifities of e CRS R measures to reduce the 1% 1003 0.5 610 10.2 0.956 0.550 615 0.7
sisk of vepetative stte misdiapmsis.
Aschives of Physical Madicine and Rehshilitstion 2013,94:827-35 15 1323 0.573 648 0.1 1255 0.554 642 9.8
© 3013 by the American Congres of Rehahilisston Malicine 15 L634 0573 1.6 0.1 e 562 669 2.9
17 1.950 0.584 T0.4 10.3 1.868 0.576 69.7 0.2
18 2.286 0.607 735 10.7 2.198 0.601 Era 0.6
19 2.661 0,644 T6.8 11.4 2.567 0.639 760 n3
b o il oo b 20 3.005 0.700 80.8 124 2,097 0.697 799 23
e ot g i Al ik i vipmaais 21 3.620 0.7 5.5 139 3521 0789 846 B9
Mok i 361K 401 R i (VS), minimally conscious state (MCS), and emergence from the 22 4314 0.9 917 17.0 a2 0,968 909 11
riaaiime’  MCEHK oucie of 29 Bietimhice ly crpmizal. fiems’ gmipii 23 5.232 1383 100.0 23.2 5.157 1318 993 B3

= iend into 6 subseles addressing auditory, visual, motor, orometorfverbal,

NOTE. As the visual subscale was split for etiology, both etiology-specific person estimates were reponted. The Latter are expressed both in logits and in
& 0o 100 (or percentage) scale.
n: €, wnfidence interval (aqual to 1.96 standard err of measurement).

{03999 V13/5 36 - see fromt maser © 2013 by he American Congress of Rehshilistion Medicine
ispefids Aok owg /10,101 ] spurr 201 2,09 035




Coma Recovery Scale- Revised: Construct Validity
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ORIGIMAL ARTICLE

Coma Recovery Scale—Revised: Evidentiary Support
for Hierarchical Grading of Level of Consciousness

®Lmﬂ."’.ﬂl

Paul Gerrard, MD, Ross Zafonte, DO, Joseph T. Giacino, PhD

From Spaulding Rehabilitation Hospital and Harvard Medical School, Boston, MA.

Abstract

Objective: To investipste fie neusobehiaviorsl puitem of recovery of consciousmess s seflacied by perfomance on the subsesles of he Coma
Recovery Seale—Revised (CR
Design: Rewospective item response theory (IRT) and factor analysis

Setting: Inpatient sehatilition facilities.

Participants: Rehabilitstion inpatients (N=180) with posfiraumatic disturbance in comciousness who participaied i a double-blinded,
sandomized, controlled drug trial.

Interventions: Not applicable.

Main Outrome Measures: Scores on CRS-R subscales

Results: The CRS-R was found to fit factor anslytic models adhering to the sssumptions of undime mionality nd menotoricity. Tn sidiion,
subseales were mumally independent based on residual comelations. Nonparametric IRT reaffimed the finding of monoionicity. A highly
consrained confirmatary factor snalysis model, which inposed equal factor loadings on ll ilems, was found 1o it the dats well and was used ©
estimate & 1-parameter IRT model.

Conclusions: This dudy provides evidence of the unidimensionality of the CRS-R and support 1 the C1 .
suggesting that it is n effective tool for estsblishing disgnosis and manitoring recovery of consciousness afier severs tssumatic beain injusy.
Aschives of Physical Medicine and Rehabilitaton 2014,05:2335

D14 by the American Congress of Rehahilitation Medicine

The level of consci isa in arousal Jevel fatigue, subelinical seizure actvity,
aspect of disgnestic and prognostic ssessment of persons with  occult illness, pain, cortical sensory deficits feg, cortical blindness/
disonders of (DOC),. Estimatesof misdiagnosisinthis  deafness), mowrimpairment (eg, generalized hypotonus, spastici

population consistently fall within the 0% to 45% rnge

‘Diag nostic emror may result from biases contributed by the exam-
iner, patient, and environment.' Examiner error may arise when the
range of behaviors sampled is (00 narmow, response-time windows
are over- or underinclusive, criteria for judging purposeful re-
spanses are poorly defined or not adbered to, and examinstions are
conducted too infrequently to capture the full range of behavioral
fuctustion. The second source of varince concems the patient.
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or paralysis), or cognitive (eg, aphasia, apraxia, agnosia) distur-
bance can conspire 1o confound aceurate diagnostic assessment,
constitute a bias © the behavioral assessment, and therefore
decrease the probability 1o observe signs of consciousness. Finally,
the environment in which the patient i evaluated may bias sssess-
ment findings Paralytic and sedating medications, restricted range
of movement stemming from restraints and immobilization tech-
niques, poor positioning, and excessive ambient noise, heat, or light
can decrease or distort voluntary behavioral responses.

Accurate evalustion requires welkvalidated and relisble mea-
surement wols. Since consciousness itself is a nebulous concept,
effons to develop effective asmessment methods typically begin
with an a priori operational definition of the constnuct of con-
sciousness. Frameworks for describing consciousness have boen
previously proposed hased on neumanstomic, philosophical, and
even computational criteria*'’ However, such explanations have

e front matter @ 2014 by e Amencan Congress of Rehabilitstion Medicine
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(Gerard, et al., Arch Phys Med Rehabil, 2014)

Coma Recovery Scale- Revised: Diagnostic Sensitivity/Specificity

ACRM
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BRIEF REPORT

Sensitivity and Specificity of the Coma Recovery
Scale—Revised Total Score in Detection of
Conscious Awareness

Yelena G. Bodien, PhD, Cecilia A. Carlowicz, BA, Camille Chatelle, PhD,
Joseph T. Giacino, PhD

From the Department of Physical Medicine and Rehabifitation, Spaulding Rehabilitation Hospital— Harvard Medical School, Charfestawn, WA

Abstract
Objective: To describe the sensitivity and specificity of Coma Re covery Scale—Revised (CRS-R) tota] scores in detecting conscious swareness.
Design: Dt wese setsospentively extracted from the medical reconds of lledin a special (D0C) program

Sensitivity and specificity analyses were completed using CRS-R—derived disgnoses of minimally canscious suie (MCS) or emesged fiom minimally
consciows sste (EMCS) 2 the reference tandard for conscious awareness and the wia] CRS-R score 2 e fest criterion. A revever operaiing
charcierisic curve was comineind (o demonsrate the aptimal CRS-R ioel cutolf soore for maximizing sensivity and specificity

Setting: Specialized DOC program

Participants: Patients enrolled in the DOC program (N=252, 157 mer
nomsanmatic etiology, 0= 125
Interventions: Not applicable.

Main Outcome Measures: Sensitivity and specificity of CRS-R tots] scores in detecting conscious awaren:ss.

Results: A CRS-R totsl scors of 10 ar higher yieled s sensitivity of .78 for comect identification of patients in MCS or EMCS, and s specificity
of 100 for comeet identifiction of patients who did not meet criteria for either of tese diagnoses (i, were disgnosed with vegettive stste or
coma). The area under the curve in the receiver operating characteristic curve analysis is 98

Conclusions: A tots] CRS-R score of 10 or higher provides grons evidence of canscious swareness but resubied in a falie-nagative diag
228 of patienis who demonsrated consciots awareness bused on CRS-R disgnosic criteria. A cuioff score of § provides the best belance benween
semitivity and specificity, seurately clssifying 3% of cases. The optimal (o8] score cutafT will vary depending on the user's objective
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ean age, 40y; mean time from injury, 48d; waumstic edology.n=127;
diagnosis of coma or vegetitive state, n=70; diagnosis of MCS or EMCS, n= 182).

ic eamor in

Patients emerging from coma sfter severe brain injury ofien
transition through sutes of akered consciousness, including the
vegetaiive staie (VS) and the minimally conscious staie (MCS). Tn
VS, there is recavery of eye opening bit no behaviorl evidence of

eyl Living. o bt s, VIR et s OUDPISO.00 01, MICHLER

self or emviranmental awareness. MCS is characierized by clearly
discemible but inconsistent behavioral signs of conscious aware-
ness.* Distinguishing MCS from VS during the carly stages of
recavery is critically impomant hecause there is stong evidence
that funcgonal outcome is significantly more favorable for patients
in MCS relative o those in VS, particularly afier tmumatic brain
injury.” Prior research suggests that when the diagnosis is made
based on clinical consensus of the medical team, sppmximately
40% of patients with diagnosed VS semally retsin conscious
awareness.* These findings paint to the need for more accurate
diagnostic procedures.

The Coma Recovery Scale ~Revised (CRS-R) is 2 standardized
neurobehavioral assessment measure composed of 6 subscales
designedio i level, audition, 1

B003-99V15/536 - see front matier © W16 by the American Congress of Rehabilintion Medicine
b 0 i 2015.08 422

Table 1

Sensitivity, specificity, and accuracy rates for detection

of consciows awareness at (RS-R T5 cutoffs between 7 and 11

CRER TS Cutoff

Paramatar 7 ] q 10 11

Sensitivity A7 R E] F.E]

0.78 0.73

Specificity 80 963 47 1 1

ACCUr acy

505 0.841 0,802

(Bodien, et al., Arch Phys Med Rehabil, 2016)



Limitations of Behavioral Assessment

Behavior is a poor proxy for conscious awareness

— Eg, Cannot differentiate volitional from involuntary or reflexive
movement (eg, smiling)

May fail to detect co-existing sensory (eg, blindness),
motor (eg, contractures) and cognitive impairments (eg,
aphasia)

Subject to subjective bias of examiner

— No standard of care for examination procedures or response
interpretation

(Giacino & Smart, Curr Opin Neurol, 2007)

Incidence of diagnostic error

» 37% (Childs et al, Neurol, 1993)
» 43% (Andrews et al, BMJ, 1996)

!

» 41% (Schnakers et al, Brain Injury, 2008)



Neuroimaging Approaches to
Diagnostic Assessment

Penetrating
Injury




Neuroimaging to Detect
Traumatic Axonal Injury

=  Conventional MRI

= Advanced imaging techniques
=  Susceptibility-weighted imaging (SWI)
= Diffusion tensor imaging (DTI)
= Diffusion tractography
=  Resting state functional MRI (rs-fMRI)
=  Stimulus-based functional MRI (fMRI)

= Limitations, pitfalls and artifacts

The Clinical Challenge
- Traumatic Coma -

- 19yo M unrestrained driver in MVA
- Glasgow Coma Scale score = 6T (E1, V1T, M4)
- Bilateral hemicraniectomies for EDH evacuation (day 1)

Admission CT s/p Bilateral Patient in NeurolCU on
CT Hemicraniectomies Day 3



Conventional MRI (Day 8)
- T2*-Weighted Gradient-recalled Echo -

Edlow, Giacino et al. Neurocritical Care 2013

* Proportional OR p Value
# T2 i T2* GRE Variable Value n  adjusted for age OR st
70 R?=0.39, p<0.001 | 70 R2=0.82, p<0.0001  ® Total 18
80 80 Age Contimuous 48
(%) P . Pupils Normal 7
c 5o 80 X Dilation® 11 117 (23-58.9) 0.003
Re) 40 40 - ° L] =" Secondary events” Absent a3
O a0 30 4 ° ®. - Present 4 7.1(1827.3) 0.004
— | P 20 ° : GCS score 8 26
#® 29 . P | .‘g . 35 2 2.1 (071-65) 017
10 - Py : el 10 b [ Rotterdam CT score® 1.8 (1.1-29) 0.013
o L] 0 L] Depth of lesion Hemispheres 12
e IS M R L Ny LR AR hour S E—— MR SR — hour . ;i el T =
S| ¥ 8 9 (1. X
0 100 300 S00 700 900 0 100 300 B00 700 900 :i:.: ﬁ.nl.;l::arlal 14 13; 6 : iﬁoﬁiaﬂnz <ggg“? |
Duration of Unconsciousness (hours)
Yanagawa et al. J Trauma 2000;49:272-277. Skandsen et al. J Neurotrauma 2011;28:691-699.

Diffusion-Weighted Imaging (Day 8)

R Corona Radiata ADC
(x103 mm?/s)

Mean ',l <N =
294.6 +/-51.3

L Corona Radiata ADC
(x103mm?/s)

Mean "/ <N =
280.1 +/-57.8

Edlow, Giacino et al. Neurocritical Care 2013

Median Whole-Brain and Regional ADCs versus Outcome according to 6-month
Modified Rankin Scale Score

Modified Rankin Scale Modified Rankin Scale
Location Score = 3 (n = 14) Score = 3 (n = B6) PValue
hrain 830 (740 onn) Z50.(680-210) 001
l White matter 790 (720-860) 730 (620-780) 005 I

Wau et al. Radiology 2009;252: 173-181



Unexpected Recovery from Traumatic Coma

Day 254 - Rehabilitation Day 356 — Home with family

Photos shown with consent from patient and family

Advanced Imaging Techniques
- Susceptibility-weighted Imaging (SWI) -



Can Advanced Imaging Techniques Improve Prognostic Accuracy?
- 23yo F in traumatic coma (GCS 4T) on day 10 post-injury -

e

Edlow & Wu. Seminars in Neurology 2012;32:372-398.

Detecting Traumatic Microbleeds
- Sequence Selection & Field Strength -

= = 2 p=0.003
p =0.004 _ 3 500
E = ' = 400
2 g |
& a0 «® 300
E 5 200
Iy
: 8
s E 100
2 1
3 NL MILD  MOD SEV
o = A (N=14)  (N=16) (N=T) (N=2) (N=1)
Brain region
Tong et al. Radiology 2003;227:332-339. Tong et al. Ann Neurol 2004;56:36-50

1.5T GRE 1.5T SWiI 3T SWI
Edlow, Giacino et al. Neurocritical Care 2013; epub ahead of print.



Advanced Imaging Techniques
- Diffusion Tensor Imaging -

Diffusion Tensor Imaging (DTI)

- Fractional Anisotropy (FA) Maps -

Greyscale FA Map Color FA Map

Wiegell et al. Radiology 2000;217:897-903



DTl and Neurocognition in Traumatic DOC
- Tract-based Spatial Statistics -

muz = FA :nxthe peak vox::u(x=7, y=—;,‘sz=9) - ”
Kinnunen et al. Brain 2011;134:449-463
The DTI IMPACT Score
White Matter ROIs (n=20) Severe TBI Cohort (n=105)

A e
Al v‘l\ ‘ ‘
'? % } 08 b
g 08 [ (o] Se = 64%
‘H : Sp=95%
ﬁ & #& IR )’ "'& b ,5. Z g =
‘4 -Ik’ < S %“ *n» - - -
-k -~ - 0.2 — DTl Score Training Base n=105 (AUC=0.84)

— IMPACT ScoreTraining Base n=105 (ALUC=0.624)

0.2 0.4 0.6 0.8

1-Specificity
Individual Patient Analysis
i pnswmrl'ossu deep brain 1 superficial rugiuna'
1 l' oy = [ [ = BH A e :,i N = 3 [ == ..U = l_: { = lt——Control group
FO patient (TCO1048
Normalized oshs ! ~—UFO group
FA ’ A . ¢
06 '
05

1 2 3 7 8 4 5 B 1314 15 16 9 10 11 12 17 18 19 20

White Matter ROI
ite Matter RO Galanaud et al. Anesthesiol 2012;117:1300-10.



Advanced Imaging Techniques
- Diffusion Tractography -

Diffusion Tensor Tractography

- Background and Principles -

Splenium

Edlow & Wu. Seminars in Neurology 2012;32:372-398.



Diffusion Tractography in TBI

Controls (n=11) Severe TBI Patients (n=9) TBI Patients (n=28, severe=23)

1 Y 7 N — 1 Y ’ 6 - A B
‘“ : % v a8 _f‘/' - 2 2 Chronic ® ®

8
o
2 8 " 2 i 7 o)
P I e P P :
-~ L 3 — o
3 i ° { l 1 ¥ " P g -2 2
4 10 r 9 [&]
i‘ 5 L 4 4
\K ﬂ‘ ﬂ, B Pearson's r= 0.72, =4 ® o Pearson’s r= 0.68,
. ' £ - - 'E p=0.0001 p=0.0004
5 o n 5 V -E -6 - ' -6
r - % JA&‘ o 6 -4 2 0 2 6 4 2 0 2
i II I| | . CVLT long delay recall CVLT long delay recall
Xu et al. J Neurotrauma 2007; 24: 753. Wang et al. Neurology. 2011; 77:818.

Controls (n=32) Traumatic VS (n=7)
Controls Traumatic brain injury
Median (IQR) Median (IQR)
Thalamus I FA 0.34 (0.33 to 0.36) 0.32 (0.30 to 0.35)
ADC 0.66 (0.63 to 0.68) 0.85 (0.83 to 0.88)*
Axial 0.90 (0.88 to 0.93) 112 (1.07 to 1.17)*

i 0,72 (067 to 0 741
I Tracts 728 (611 to 825) 212 (137 to 318)* I

Newcombe et al. INNP 2010;81:552-561

An fMRI-based visual cognition paradigm for detection of

command-following and communication

Visual Discrimination - YES Communication- YES
N=20 T
Healthy [ : 5."'
Subjects LJ_ e Sy

il corr p-ralue: 0.002
cluster size: 1593 mm?®




fMRI-based detection of covert command-following and communication

in a patient with severe traumatic brain injury

CRS-R
(command following)
+ +
High Moderate Low Low
fMRI * | certainty | cCertainty | Certainty | Certainty
(command .
A . Low Low Moderate Hig
following) Certainty Certainty Certainty Certainty
- - +

Family Observation
(command following)

Concordance between the CRS-R, fMRI, and Family Beliefs Questionnaire suggests a
high certainty that the diagnosis/rating of command-following is correct.

CRS-R
(communication)
+ +
- High Moderate Low Low
fMRI Certainty Certainty Certainty Certainty
(communication) . Low Low Moderate High
Certainty Certainty Certainty Certainty
+ - +
Family Observation
(communication)

Concordance between the CRS-R and tMRI but not the Family Beliefs Questionnaire suggests a

moderate certainty that the diagnosis/rating of communication is correct

Implications for Clinical Practice

=  The sensitivity and specificity of clinical and neuroimaging predictors
relevant to patients with DOC remain unknown

= |nthe absence of a “gold standard” for predicting outcome, a
multimodal approach that combines 1) behavioral, 2) imaging, and 3)
electrophysiologic tools is warranted

= |n communicating prognosis, the clinician should a) tie the prognosis to
the strength and consistency of the available data and b) indicate the
level of confidence in the prognostic assessment

Prognostic Confidence Matrix

| Clinical + | Clinical -

Imaging + High Low



Integration of Behavioral, Structural

& Functional Data
- Traumatic Coma RESPONSE Study -

L

Geschwind

ZScore

Edlow & Wu. Seminars in Neurology 2012;32:372-398.
Chu-Shore et al. J Child Neurol 2011;26:488.
Giacino, et al, Arch PM&R 2004;85:2020-9

Multimodal Approach: Clinical-Radiologic Correlations
[DEVA:] Day 44 Day 198 BEVARISIS)

MPFC MPFC MPEC AL
' !

i

200
Days Since TBI




Expert Panel on Development of Guidelines for Diagnosis, Prognosis
and Treatment of the Vegetative and Minimally Conscious States

An Inter-Organizational Collaboration of the American Academy of Neurology,
American Congress of Rehabilitation Medicine and the National Institute on
Disability and Rehabilitation Research

Chair: Joseph T. Giacino, PhD

Diagnosis Section Lead: Doug Katz, MD

Prognosis Section Lead: Nicholas Schiff, MD

Treatment Section Lead: John Whyte, MD, PhD

AAN Guideline Development Committee Chair: Gary Gronseth, MD

AAN Guideline Development Committee Liaison: Richard Barbano, MD, PhD
AAN Senior Manager Clinical Practice: Thomas Getchius

Summary

» Disorders of consciousness exist along a dynamic continuum of residual
cognitive function.

» Diagnostic error remains high among patients with DoC.

» Behavioral assessment remains the gold standard for differential
diagnosis.

* Neuroimaging procedures may play a pivotal role in detecting conscious
awareness in patients with concurrent sensory, motor and cognitive
deficits, but sensitivity and specificity must be carefully considered.

» Multimodal assessment should be conducted to improve diagnostic
precision.

» Diagnostic impression should always be framed within the limits of
confidence.
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