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nonnal cydic wake-sfeep pattem in 12 subjects. Clinical Outcomes 
were: 3 deaths; 5 VS palients; 7 minimally conscious state palients 
(MCS). 

Concluslon. Our study describes the polysomnographic EEG pattems 
in an heterogeneous group ol VS palients. We found how it is diff,cutt 
to consider common scoring criteria both due 1o dioical situation and 
environmental conditions. Despite this we could perlorm convenlional 
scoring in 40% of the patients. Rernaining obselvations revealed 
different pattems as "dissociated pattems· with the presence of phaslc 
rhythms. We observed !hat 5 Patients with REMs evolved to a MCS. 
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Objective: Sleep-wake disturbances (SWO) are common alter 
traumatic brain injury (TBI); in particular, chronic excessive daytime 
sleepiness (EOS) is a major, disabling symptom lor many patienls with 
TBI. The pathophysiological mechanlsms remain uncJear. Transcranial 
magnetic stimulalion (TMS) represents a useful complernentary 
aPl)(oach in lhe study of sleep palhophysiology. We aimed to 
determine in this study whether post-traumatic SWD are associated 
wlth changes in excitabllily of the cerebral cortex. 

Partlcipants, Materlals/Methods: TMS was performed 3 months 
alter mild to moderate TBI, in 11 patients with subjective excessive 
daytirne sieepiness (delined by the Epworth Sleepiness Scale ;,; 
10), 12 patients with objeclive EOS (as deftned by mean Sleep 
latency < 5 on multiple sfeep latency test), 11 patients with latigue 
(delined by daytime tiredness without signs ol subjective or objective 
EDS), 10 patients with post-traumatic hypersomnia ·sensu strictu" 
(increased sleep need ol >2 h per 24 h compared to pre-TBI). and 
14 control subjects. Measures ol cortical exc:itability inctuded central 
motor condue1ion time, resting motor threshold (RMT), shon latency 
intracortical inhibition (SICI) and intracortical facilitation 10 paired-TMS. 

Results: in the patients with objeclive EOS and hypersomnia, RMT 
was higher and SICI was more pronounced than in control subjects. In 
the other patients all TMS parameters did not differ significantly from 
the controls. 

Conclueions: Similar to that reponed in patients with narcolepsy, the 
cortical hypoexcitability may reflect the deliciency of the excitatory 
hypocretin/orexin-neurotransmitter System. 
A better understanding ol the pathophysiOIOgy ol post-traumatic SWO 
may also lead to better therapeutic strategies in these patlents. 
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Objectlve: Accurate diagnosis ol severe chronic diSOf'ders 
ol consciousness (DOC) alter TBI is essential lor cfinical end 
rehabilitative care and decision-makiog. Neurobehavioral tests, which 
rely on the patients' lntellectval and motor abilily to communicale, 
are the most widely used diagnostic tools, slnce their advantage over 
dinical assessment has been validated. However. with the emergence 
ol modern neuroimaging methods. especially lunctional MRI. objective 
physiological markers for assessing the state of consciousness are 
available in specialized ciinics. They are, however not fully integrated 
in clinical routine, because their benelit has yet to be determined. 

Participants, Materials/Methods: 15 patients in apalric syndrome 
(AS) and 5 patients in minimally conscious state (MCS) alter TBI and 
other etiologles were examined with sornatosensory, auditory and 
event related paradigms in !MRI and evoked potentials (EP). The 
rondings were compared to the neurobehavioral diagnosis and it was 
analyzed, if the additional information from fMRI and EP confirmed or 
questioned the diagnosis. 

Results: 3 out ol 15 patients in AS showed !MRI activation in event 
related paradigms, suggesting that patients are in MCS or even better. 

Concluslon: Uncenainty in diagnosis still exists even with well
established diagnostic assessment scales. As lang as intemationally 
accepted guidelines lor assessing patients with chronic DOC do not 
exist, every Single diagnostic modality available in each ctinical setting 
should be perlormed, to rninimize diagnostic error and to find ways, in 
tenns of perceptive channefs, to approach the palients. FMR I has the 
potential to bring diagnostics in chronic DOC forward to the next level. 
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Objectives: Locked-in syndrome is one ot the most devastating 
neurologicai conditions. However, despite thoroug� description of the 
condition and its ctlnical appearance, the classic Locked-in syndrome, 
which is defined as quadriplegia, only vertical eye movernent and 
blinking possible with preserved cognitive abllities, seems to be 
infrequenUy present. Tllis syndrome is also retooed to as bilateral 
ventral pontine syndrome, which in respect · neuroanatomically 
explains the symptomatok>gy. Since MR! verified isolated darnage to 
lhe pons poses the fonding in this certain case, the question arises, 
how the symptqmatology increases, if additional lesions are found 
in cranial brain areas. The aim ot the study is to desaibe in detail 
different dinical syndromes and to retate thern to different pattems ol 
structural damage in 3T MR!. 

Partlcipants, Materials/Methods: Five patients with brainstem 
inlarction end different pattems of structural injury and cllnically in a 
state ol unresponsive wal<efuiness are investigated wlth structural 3T 
MAI. 
Results: Clinical and MR! results are presented in great detaif and it is 
discussed how ctinical appearance and imaging results retate to each 
other. The queslion will be approached if it 1s uselul to differentiale 
severaJ types of Locked-in syndrome and how akinetic mutism and 
parasomnial syndromes connect in addition. 

Conclusion: Especially since speclal academic emphasis is placed 
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The role of functional MRI in diagnosing 

severe chronic disorders of consciousness 
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43th International Danube Neurology Symposium 
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Dresden, Germany 

Patient epidemiology and etiology of brain damage ß 

P■ötnt Ellology Ac• �Ddt.r fMRI 

dday 

VSll BS infarction., 39ycan male 1456days 

VSll T hemon:hage 45 yean male 183 days 

VS13 Hypoxia& 38yean male 66 d.ays 

astrocytoma ll 

VS14 T hemorrhage 38 ycani male 344 d.ays 

VS15 Hypoxia 52 years fctnale 3yean 
MCSl T hemorrhage 77 year.; male 33 days 

MCS2 Hypoxia 19 years male 95 d.ays 

MCS3 BS infarctions S9yem male 86 d.ays 

MCS4 T hemorrbage S3 years male 101 days 

MCS5 T bcmorrhagc 46yem male 5 years 

T: traumalic, BS: brainstem 
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Motivation for the study 

Pltlents wlth severe chronk: disonlefs of consdousness of dlffe,ent 
°""" (TBI, hypoxla, strolce), Apalllc Syndrome AS/VS (full state, early 
remlsslon state 1, II - Geßtenbrand 1967), patlents In mlnlmally 
consdous state are mlsdlap,osed up to 43" (Andrews et al, 1996; 
Schnakets et al, 2009) 

Control procedure: 

Bedslde testlng (neurologlcal examlnatlon, Coma flecovefy Scale -
revlsed, CRS-R) 

EEG (semantk: oddbaU paradlgm • SOP, own name paradlgm • ONP) 

fMRI (SOP, ONP) 

Coma Recovery Scale Revlsed [CRS-RI In bedslde testlng IBTI 
Coma Recow,,y&.. R....+sed Score 

• ........ - ..-- OOfflffl. ·- -

VS#1 0 0 0 1,5 3,5 
VS"2 0 0 0 2 
\15#3 1 0,5 0 •.5 
VSM 1,5 0 0 0 •. 5 
VS#5 0 0,5 0 0 2,5 
\IS#6 0 2 0 0 • 
V$#7 1 0 7 

VS#8 0 0 0 2 • 
V5"9 1 0 0 0 

V$#10 0 0 1 0 1 
VS#11 0 0 1,5 0 0,5 
VS#12 0,5 0 0,5 0 0 0 1 
VS#13 0 2 • 
VS#t.t 0 0 
VS#-15 0 2 0 2 

MCS#1 0 • 
MCS02 2,5 8,5 
MCS#3 • 3 3 15 
MCS.M 2 3 . ,. 
MCS#5 25 1 � R 

Detalled anatomical analysls of the leslon pattern - 2 
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Semantic Oddball paradigm (meaningful versus non-meaningful sentences)

e.g. The sun Is hot

e.g. With the ears one can speak

SOP/fMRt: 44 y. old Patient, Locked-In-Syndrome plus
severe Hypersomnie post Basilar thrombosis3yearsago

language areas

axial

primary acoustic cortex AI

Own name paradigm
(own versus other first name)

e.g. Markus, hello Markus...

ONP/fMRI: patients
Patient: 45 y. old
Basila ris thrombosls 6 mo ago
No response in bedslde
testing

Patient: 50 y. old
Hypoxie Encephalopathy post
cardiac
arrest 3 mo ago
No response In bedslde testing

BOLD contrast for the Own Name and the Sentence Paradigma
Mlddkf temporal cyrua

Superior frontal gyrra Supwfar twnpanl lynd Inferior frontal (yna
Süpgtor twnporal jyrus Mlitdle tmaOI tynit MMdla lemporal ryrui

MJddle tampanl gyrm
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Funktionelle Neuroanatomle des SP und ONP - 1
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Results 1 fMRI/EEG, AS patients in bedside testing

palieni number vibrotactile
Stimulation

silence vs
name

own name vs
foreiqn name

silence vs
saniertes

semantic
oddball

VS#1
VS#2
VS«3
VSM

no
no
no
yes

no
no
no

no

®
no

no
(yesi)
(yes)

no
no
no

[_yes yes ves yes
VSS5
VS#6

no
Yes

yes no yes no
| ves ves ves ves |

VS#7
VS#6

no
no

yes no no no
| ves yes ves yes I

VS#S
VS#10
VS811
VS»12
VS#13
VS#14
VS#15

yes
yes
no
yes
yes
no
no

no
no

($es)
no
no

®
no

no
no
no
no
no

®
no

no
no

©
no

(yes)
(yes)

no

no
no
no
no
no
no
no

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

patient number vibrotactile silencevs own name vs silence vs semantic
Stimulation name foreiqn name sentence oddball

MCS#1 no yes (yes) yes no
MCS#2 no yes Q?5) yes ®
MCS#3 no yes no yes no
MCS«4 on yes no yes ®
MCS#5 no yes ® ves 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
progrems 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
In unresponsive patients dtagnosed as Apallic Syndrome (AS/VS) BT
fMRI shows specific brain activity in language regions and regions of
setf-awareness. EEG shows a differential response to sentences and
names. It can be concluded that the diagnosis of AS in BT has to be
revtsed, 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 theraplsts 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
assessment s for AS and MCS patients in BT are needed.






