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The role of functional MRI in diagnosing severe chronic disorders of
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Objective:

Accurate diagnosis of severe chronic disorders of consciousness (DOC) after TBI is
essential for clinical and rehabilitative care and making decisions. Neurobehavioral
tests, which rely on the patient’s intellectual and motor abilities to communicate, are
the most widely used diagnostic tools since their advantage over clinical assessment
has been validated. However, with the emergence of modern neuroimaging methods
objective physiological markers for assessing the state of consciousness are
available in specialized clinics. They are however not fully integrated in clinical
routine, because their benefit has yet to be determined.

Participants, Materials/Methods:

15 patients in apallic syndrome (AS) and 5 patients in minimally conscious state
(MCS) after TBI and other etiologies were examined with somatosensory, auditory
and event related paradigms in fMRI and evoked potentials (EP). The findings were
compared to the neurobehavioural diagnosis and were analyzed, if the additional
information from fMRI and RP confirmed or questioned the diagnosis.

Results:

3 out of 15 patients in AS showed fMRI activation in event related paradigms,
suggesting that patients are in MCS or even better.

Conclusion:

Uncertainty in diagnosis still exists even with well-established diagnostic assessment
scales. As long as internationally accepted guidelines for assessing patients with
chronic DOC do not exist, every single diagnostic modality available in each clinical
setting should be performed to minimize diagnostic errors and to find ways to
approach patients in terms of perspective channels. fMRI has the potential to bring
diagnostics in chronic DOC forward to the next level.
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Motivation for the study

Putients with ook o Tl of (rel,
hypoxia, stroke)}, Apaflic Syndrome AS/VS (full state, early remission stata ), It -
Gerstenbrand 1967), patients in are
P to 43% {And al, 1996; Sch etal, 2009)

¥ kel Landsteiner institute for and Space Vienna Control procadure:
 Department for Neurology, Christian Doppler-Kilnik Saizburg 8 o Coma v visad, CRS-A)
EEG (setrantic oddbal paradigm - SOP, own name paradigm ONP)
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Patient epidemiology and etiology of brain damage Coma R y Scaie Revised (CRS-R) in bedside testing (BT)
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Coma Recovery Scole Revised Score

] auditory visual mokr ovomotor comm. srousst
vse1 1 o o 1 o 15 35
vs#2 T o ] o o 2 3
vS#3 1 1 1 0.5 o 1 4.5
VSH4 15 o 2 1 o o 45
vSws 1 o 0.5 1 o o 25
Vvswe 1 o 2 1 o o -
VS#7 2 1 2 1 o 1 7
vs#s 1 [ ] 1 o 2 4
VSs9 1 o o 1 o ) 3
vs#10 o o 1 1 o 1 3
vs#n o o 1 1.6 o 0.5 2
vs#12 0.5 o 0.5 o o o 1
vsmi13 1 1 1 1 o 2 -3
VS#i4 1 o 1 1 o 1 a
VS®e1S 1 0 2 1 '] 2z -}
MCS#1 1 a 1 ] o a -]
MCS¥2 1 25 1 1 1 2 8.5
MCEFY 4 3 3 1 1 3 15
MCSo4 2 a 4 2 1 2 14
MCSses 1 25 2 1 )] 15 B

Detailed anatomical analysis of the lesion pattern - 1
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Detailed anatomical analysis of the lesion pattern - 2
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Semantic Oddball paradigm ( ingful non ingful sentences)

e.g. The sun is hot

¢

e.g. With the ears one can speak

SOP/fMRI: 44 y. old Patient, Locked-In-Syndrome plus
severe hypersomnie post Basilar thrombosis 3 years ago
language areas

P axial /A R “._coronar L

f

primary acoustic cortex A1

Own name paradigm
(own versus other first name)

e.g. Markus, hello Markus ...
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ONP/fMRI: patients

* Patient: 45 y. old = Patient: 50y. old
= Basilaris thrombosis 6 mo ago = Hypoxic Encephalopathy post

»  Noresponse in bedside cardiac arrest 3 mo ago
testing * No response in bedside testing

-

BOLD contrast for the Own Name and the Sentence Paradig#n'a

Middle temporal gyrus

Inferior frontal gyrus
widdle temporal gyrus

Superior frontal gyrus Superior temporal gyrus
Superior temparal gyrus Middle frontal gyrus

Middie temporal gyrus
1) MCS 2: own name> not own name
2] UWS 11: own name > silence

3) UWS 3; sentences > silence

Cingular gyrus
4) UWS 6: meaninghsl > non-meaningful
5) MCS 3: own name > silence
6) UWS 7: sentances > silence

Functiona P gmis: specific responses m g
T Fasigm [CTopm Gy Womidas G CrE T
L 13 L R L R L R L = Specific brain areas:

GTs prim: transverstemporal
gyrus

GTs: Wernicke's superior
temporal gyrus

GFI: Inferior frontal gyrus

GFim DULPEC: middle frontal gyrus,

dorsolateral prefrontal cartex
on O
.......... |- o SR SEakine CIP Pt P e GFs: superior fromtal gyrus
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Funktionelle Neuroanatomie des SP und ONP - 1
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Funktionelle Neuroanatomie des SP und ONP - 2
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Results I: fMRI/EEG, AS patients in bedside testing

patient number vibrotactile silence vs own name vs silence vs  semantic

stimulation_name foreign name e ___oddball
VS#1 no no no no no
Vs#2 no no @ no
VS#3 no no no yes no
VSH4 yes [ yes yes yes yes |
VS#5 no yes no yes no
VS#HE yes [ yes yes yes yes
VSHT no yes no no no
VS#8 no [yes yes yes yes |
VS#9 yes no no no no
VS#10 yas no no no no
VS#11 no @ no no
vS#12 yes no no no no
VS#13 yes no no (yes) no
VS#14 no Ges) no
VS#15 no no no no no

Results II: fMRI/EEG, MCS patients in bedside testing

patient number vibrotactile silence vs own name vs silencevs  semantic
stimulation name foreign name _sentence  oddball

MCS#1 no yes @ yes no
MCS#2 no yes (yes) yes
MCS#3 no yes no yes no
MCS#4 on yes no yes
MCS#5 no © ol yes yes no

=> 8 out of the 15 AS patients in BT diagnosis did
show higher order speech processing and cortical
response to a self-referential stimulus in fMRI

Discussion

The best possible diagnoses and prognoses as accurate as
possible are essential for the justification of medical, legal
and ethical reasons for rehabilitation measures as follows:

= Improvement of the rehabilitation result {(identification of
programs for a possible rehabilitation)

* To give the patient the opportunity to express their
condition (e.g. pain, state of mind)

* Give patients the opportunity to express their will (e.g.
last will, end of life decisions, etc.)

Conclusion

Brain trauma fMRI shows specific brain activity in language regions and
regions of self-awareness in unresponsive patients diagnosed as
Apallic Syndrome (AS/VS). EEG shows a differentiated response to
sentences and names. It can be concluded that the diagnosis of AS in
brain trauma has to be revised, patients are able for the processing of
language, memory and self-referential stimuli at a higher cortical level.

fMRI and EEG showed consistent results.

Knowledge about the perception of language and self-referential
stimuli in patients with severe disorders of consciousness is very
important for individual planning of neurorehabilitation program and
for relatives, caregivers and therapists to improve outcome.

Up to now, we do not have any data for the prognostic value of the
detected specific brain activity in fMRI and EEG. Thus, long-term
assessments for AS and MCS patients in brain trauma are needed.
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