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SEVERE DISORDERS IN CONSCIOUSNESS: 
. DIAGNOSIS WITH fMRI 

A detailed diagnosis of severe chronic disorders in consciousness (DOC) a�er Acute 
Brain lnjury is essential for clinical and rehabilitative care and decision-making. Recent 
research showed, that some patients with severe chronic disorders of consciousness 
(SC-DOC) have partially residual brain functions and therefore a certain level of residual 
consciousness which cannot be assessed by clinical examination. Beside bed side 
examination neurobehavioral tests like Coma Recovery Scale-Revised (CRS-R) which 
rely on the patients' cognitive and motor ability to communicate, are the most widely 
used diagnostic tools. With the modern neuroimaging methods, especially functional 
MRI, objective physiological markers for assessing the state of consciousness are 
available, but till now they are not fully integrated in clinical routine. 

On a group of 20 patients with an Apallic Syndrome the possibility to discover 
signs of consciousness shall be demonstrated. For the examination with fMRI were 
somatosensory, auditory and event related paradigms and evoked potentials (EP} were 
used. Comparing the findings of neurobehavioral diagnostic methods with the results 
of fMRI 3 out of 15 patients with an Apallic Syndrome, full state or early remission 
phase showed signs of consciousness, confirming that this patients had higher brain 
functions. 3 of the s patients with an Apallic Syndrome in a defect phase of a remission 
state, clinically compared with Minimally Conscious State (MCS}, showed findings 
similar to fMRI activation in healthy subjects. 

Every diagnostic modality available in each clinical setting should be performed, to 
minimize diagnostic error. FMRI has the potential to improve and to correct diagnosis in 
chronic disorders of consciousness. In Apallic patients are the findings of fMRI a great 
help for classification in the different states of remission or for a defect state. The use 
of fMRI examination would influence the diagnosis of Vegetative State, which till now 
is used in the American literature with the knowledge of a lack in details and ignoring 
generally the remission possibility. The results of fMRI can direct the neurorehabilitation 
program in this most severe neurological conditions. A prognostic value can be assumed. 
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Functions of the Brain 

Control centre of the body 

• Responsible for consciousness
• Processing all incoming data (sensory etc.)
• Acts as an operator by sending messages from all

over the body to their proper destination
• Controlling of outgolng messages
• Operating all body movements
• Processlng and controlling emotions
• Controlling instinct life
• Archive and memory of life experience

Consciousness 

• Awareness

• Alertness

• Wakefulness

• Attention

• Arousal

• lntact Default Mode Network

The Hippocratic Writings 

„And men should know that from nothing eise 

than from the brain come joys, delights, lau_ghter 

and jests, and sorrows, griefs, despondency and 

lamentations. And by this, in an especial manner,

we acquire wisdom and knowledge, and see and

hear and know what are foul and what are fair,

what sweet und what unsavory ..... " 

Consciousness 

F.Plum and J.B.Posner 

The limits of consciousness are hard to define 

satisfactorily and quantitivly and we can only 

interfere the selfawareness of others by their 

apparence and by their acts. 

Awareness 

• Seif awareness

• Subjective awareness

• Visual awareness

• Auditiv awareness

• Emotional awareness

• lnteroceptive awareness
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Basis of Brain Functions

Cortical network for the different brain
funetions
Activation system ofthe cortical network
(ascending reticular system)
Functioning working system to aeeept and
evaluate incoming Stimuli as well as control
of outgoing messages
Access to the archive of memories and ability
to add new experiences

Main Operating System
in Consciousness

Ascending reticular system
- Functioning

- Activation with different methods
■ Stimulation with all incoming sensory Stimuli

— Optic and acustic Stimulation, etc.
— Stimulation of proprioceptive system

• Medication

Functional, biochemical, physical activation
- Function like a "joy stick"

"Switcher" unknown

Coma
Definition after Brihaye et al, 1978

Coma is defined as the pathological Status of
a patient who cannot be aroused to a wakeful
State and whose eyes are continuously closed
and do not open on command or on receipt
of nociceptive Stimuli.

Brihaye J, FroweinRA, LidgrenS, et al. Report of the meeting of the WFNS
Neuro-traumatotogy Cotnmittee, 1. Coma*Scaling. Acta Neurochir
1978;40:181.

Coma I

Reversible (temporary)
- Artificial Coma, Sedoanalgesia

- Metabolie Coma
- Toxlc Coma
- Cortical Disconnection Coma

- Acute Mldbrain Syndrome/Upper Pons Syndrom

- Brain Stem Disconnection Syndrome

• Subacute Cortical Disconnection Coma
- Apallic Syndrome /Vegetative State

Coma II

Irreversible Coma
- Brain Death

- Permanent Apallic Syndrom eA/egetative State
- Defect State of Apallic Syndrome/Vegetative State
(Wachkoma)

Brain Death

The term brain death is defined as
"irreversible unconsciousness with
complete loss of brain function,"
including the brain stem, although
the heartbeat may continue.

Source: Encydapedia of Death andDylng



Temporary Coma,
"Artificial Coma" (General Anesthesia),

Sedoanalgesia

■ Arousal not possible, unresponsive, eyes closed,
with reactive pupils

• Analgesia, Akinesia
» Drug-controlled blood pressure and heart rate
• Mechanically controlled Ventilation
• EEG patterns ranging from delta and alpha

activity to burst suppression

Source: E.N. Brown, R.Lydic, Ph.D., N.D. Schiff: General Anesthesia,
Sieep, and Coma, N Engl) Med 2010;363:2638-50.

Reversible Coma
Disconnection Syndromes

Acute Disconnection Syndrome

- Mid Brain Syndrome- Upper Pons Syndrome

Sub Acute Disconnection Syndrome

- Apallic Syndrome/Vegetative State (ASA/S)

Locked In Plus Syndrome

Remission Phase of Apallic Syndrome/
Vegetative State

- Eight remission phases (AS)

Remission Course of Reversible Coma
Vigouroux, et al, 1964

Coma prolonge, three stages

Coma carus:
- Acute midbrain Syndrome Gersten brand,

Lücking, 1971
Plum, Posner, 1972- Upper pons stage

Coma avec stabilisation des phönomenes vegetatifs

- Apallic Syndrome, füll stage Gerstenbrand, 1967
- Vegetative State Jennett, Plum, 1972

Coma phase sortie de l'etat comateux
- Apallic Syndrome, remission Gerstenbrand, 1967

Acute Midbrain Syndrome, central, phase V

«S> <ä> ri <3»

3SS

I'tillbitdda akute* mmmarhchca Bvlb5rtiim.\yni/rvm.<i. Schenktische
Danldliniü- Nähert Erläuterung und Teil i Abb. 1.

Phase V, Stretch Position, disinhibition of autonomic system

Acute Secondary Midbrain Syndrome
Traumatic brain Injury, brain edema

Phase IV, V

Hirnstammsyndrom: Synopsis
*0rtiMOT*MMSOt*«wl



Motor responses to
noxious Stimulation in
patients with acute
cerebral dysfunction.
Noxious Stimuli can be
deiivered with minimal
trauma to the subaorbital
bridge, the nail bed, or the
sternum as illustrated.
Levels of associated brain
dysfunation are roughly
indicated at left.

Plum. Pomer The diagnosis of Stupor and como. 3rd Ed, 1982

Apallic Syndrome
Course after acute severe brain damages (traumatic, hypoxic, etc.)

F. Gerstenbrand, 1967, 1977, F. Gerstenbrand, £. Rumpl, 1983
Aliutschedsi
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Symptoms of Apallic Syndrome

Coma Vigile
No recognition of the surrounding

No contact to the surrounding
No reaction to external Stimuli
Sleep-wake-rhythm fatigue regulated
Optomotoric disturbances

Flexed-stretched position ofthe extremities
and trunk

Rigido-spasticity
Primitive motor patterns (oral, grasping, etc.)
Dysregulation of the vegetative system

Apallic Syndrome, pat. E.S., 19a
traumatic brain injury, 1992

Modern treatment program in special center for apallic Syndrome
patients

No tertiary lesions, minimal complications

Remission after 5 months to minimal defect State

Apallic Syndrome
Füll stage, traumatic

Grasping reflex
- Abb. 20:tonic
- Abb. 21: phasic

Apallic Syndrome
Attempt of a neurophysiological explanatton

F. Gerstenbrand, 1967

UmbistAcsSysJen

Regional,
multi regional
defects in
different brain
areas

Depending on
functioning
ascending
reticular system

Abb. 17. StbEBiouhi Dinldhag dff *mAMH*a HirtfarairWa hr(b ütrta Will <*H
5j1»ftPiHn*tW <M» ipilliwhni STndnjw mach** hana. F-imiH-hiiDfii du rcimHm Stumii 'm

fJiimHraB» nflJ J« Aül-mii 9wti)r\t\tm,ijatrm.



Apallic Syndrome
Course after acute severe brain damages {traumatic, hypoxic, etc.)

F. Gerstenbrand, 1967,1977, F. Gerstenbrand, E. Rumpl, 1983
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Apallic Syndrome - Remission Stages
Innsbruck Remission Scale -1

Phase I: Optic fixation - reduction of
Coma vigile, sopor

Phase II: Optic tracking-sleep-wake-rhythm
nomalizing, Stupor

Phase III: Pre-Klüver-Bucy-Phase-combination
in primitive motor reflexes, hyper-
somnia-wakeful

Phase IV: Klüver-Bucy-Phase-typical Klüver-
Bucy reflexes, obnubilation

Apallic Syndrome - Remission Stages
Innsbruck Remission-Scale - 2

• Phase V: Post-Klüver-Bucy-Phase - hyper-
somnia, communication possible

• Phase VI: Korsakov Syndrome - voluntary
behavior, disorientation, confusional
State

• Phase VII: Amnestie phase - emotional
irritation, flat emotions

• Phase VIII : Psychoorganic Syndrome-normal
consciousness, aware

Remission States of postraumatlc Apallic Syndrome
(Innsbruck scale, Gerstenbrand 1977)

Residual disabUltfes

Organlc {brain)

c Syndrome

.2
"co Korsakov Syndrome
M

E
CD

KlOver-Sucy
Syndrome

rr
Gaze following, -^
grasping

Gaxeflxatfon, >-MCS
primitive emotlons

AS füll State _-

Minimally Conscious States
(Giacino etal, 1997)

Crude consciousness: aiertness
Phenomenal consciousness: registration of external
and internal phenomena
Access consciousness: directed attention, cognitive
awareness, decision making

Critics:
- No detailed neurological Symptomatology
- Phenomenological description
- Etiology generally open

- Comparable with different remission phases of AS/VS

Restauration of a Coma State
after Laureys et al

Motor
capacity Professional

indapM&MtUr "in"'lion
1 + ^Qaoä
| Moderate^""recovery

Severe ^w»1-disability
^ disability

jt> Communkation

/ ^~"- Voluntary behaviour
VS

» -e Eyeopening

Coma LIS

Acute coma, passing, vegetative State, minimally consciousness
State, good recovery



Locked-In Plus Syndrome
Basilaris Thrombosis
LIS Additional Symptoms

Acinetic mutism (Cairns et al, Skultety)
- Lesion region 3"1 ventricle, periaqueductal

Sopor
Stupor (Plum, Posner)
- Lesion intralaminar nucleus thalami

Hypersomnia (Jefferson)
- Lesions mesodiencephal

Parasomnia (Facon et al)
- Lesion periaqueductal

Examination for Disorders of Consciousness

• Neurological bed side examination

• Coma recovery scale revised (CRS-R)
• EEG (event related potentials)
- semantic oddball paradigm - SOP
- own name paradigm - ONP)

• fMRI (event related potentials)
- semantic oddball paradigm - SOP
- own name paradigm - ONP)

Functional Magnetic Resonance Imaging
(fMRI)

Method to registrate incoming stimulations in

different brain regions

Using the BOLD effect (Blood Oxygenation

Level Depend)

More blood in the region

Functional MRI
Stimulation of Brain Functions

Silent Stimulation (no Stimulation)
Sensoric Stimulation
- Vibrating Stimulation
- Acustic Stimulation
-Visual Stimulation
-Pain Stimulation

Cognitive Stimulation
- Language Stimulation
- Imaginary Stimulation

Functional Neuroimaging
Apallic Syndrome

Functional neuroimaging studies suggest that specific

brain activity in response to speech and hearing the

own first name can remain in patients in the vegetative

State or in early remission

{e.g. Coleman, Brain, 2007; Davis, PNAS, 2007; Di, Neurology, 2007; Schiff,

Neurology 2005; Kampe, The Journal of Neuroscience, 2003; Owen,

Neurocase, 2002).

Paradigms in fMRI
Stimulus related paradigms
- Sensoric paradigma

Reaction on sensible Stimulation (vibro Stimulation)
Reaction on pain (electric medianus Stimulation)
Visual Stimulation, acustlc Stimulation

- Cognitive paradigma
Language paradigma (semantic discrimination)
Own name paradigma (seif awareness)
Emotional paradigma (reaction on crying/ laughing
face)
Memory paradigma (Warrington Test)
Motor-Imagination (play tennis, mental navigation)

Stimulation non-indepent paradigma (silent paradigma)
Default Mode Network



Hierarchy in fMRI Paradigms
(Kotchoubey, Schwarzbauer)

Silent Paradigma (no Stimulation)
Vibro Stimulation
Emotional Paradigma (cry/laughing, face)
Language Paradigma (semantic discrimination)
Memory Paradigma (Warrington Test)
Mental Imagination

Vibration to the foot sole: amplitude 1 mm,
frequency 50 Hz

Further cortical structures
Vibration paradigma

BOLD effect
Bilateral Gyrus cinguli anterior and posterior

Insular Cortex, posterior parietal
(left-dominant]

Subcortical structures

Bilateral Thalamus (somatosensoric nttdei),
contra lateral Nucleus ientiformis

Bilateral Nucleus caudatus

Gul<fettwskl, GmKmbrdnd *t al-, NeurcHm^Ke ?DOE

Vibration Stimulation, Apallic Syndrome
BOLD effect

Own name paradigm (ONP)/fMRI: healthy controls

Paracingulai CütHji

Superior parietal
Corte*

Control subjects

Neuroscknre J003: Coruistent

«ctivftyin „medial preSrontal

Corte«"'.

Nwthuff 21 al., Trends Coßri

Sii Mllä-- Processing of self-

referential stimuJi in cortical

midline smictures (CMS),

fundamental for model of the
own persorulityr-



Higher Language Processing
Apallic Syndrome: Higher activity in own > foreign name

Healthy Volunteer

Stalfon rt iL JHNP. 20»

BOLD contrart for the Own Name and the Sentence Paradigma
Middle temporal lyrut

Mkddle tsmporal lynu
1) MCSIzawn tum*: not wann
I) UWSlI:ownmi>w>il!«iu

Ckngulir gynu
*) UWS fc m««nihil >
S) MCSta«i«t> iHam
6| UWS7:«mei>c<s»ll«nta

SOP/fMRI: Locked-In-Plus Syndrome, Basilarls thrombosis
Symptoms of hypersomnia

primary acoustic cortex AI

Rest

patient number

Its I: specific fMRI response

own name vs

inAS/VS

siience vs semanticvibrotaetile siience vs
Stimulation name fonatqn name senlence oddball

VS#1 no no no no no
va»a no no (yes) 0«) no
VS»3
VS#4

no
ves

no no (yes)
yes

no
yes :I ves yes

VS»5
VS«6

no
yes

yes no
ves

yes
yes

no
veslI yes

vsttr no yes no no no
VS#8 no i ves" yes 'yes- yes 1
vs#9 yes no no no no
VStMO yes no no no no
VS#11
VS#12

no
yes no

no
no no

no
no

VSS13
VS#14
VSS15

yes
no
no

no

®
no

no

no no

no
no
no

Results II: specific fMRI response in MCS patients

patient number vibrotactile siience vs
Stimulation name

own name vs siience vs
foreign name sentence

semantic
oddball

MCS#1
MCS#2
MCSff3
MCS#4
MCS#5

yes
yes '^yes)

yes
yes

yes no yes
yes no yes
yes (yes") _yes

i^yes!

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

Mental Imagination of a patient with Apallic Syndrome in fMRI

lenrus ImjF.iriätion Spalial M^i/issliori l'ti,ii;indtion

Patient „ 5Ma f'^xm:

/ ^\ / .ppA \

Controls " •' , "ciu»-'

^ APft ■
X = -2 X = -24 -

(Owen et al, Science 1006)



Mental Imagination in fMRT: healthy volonteer, 25a, f

a) Msntal Imagination: Tennis play
= „¥es"

b) Mental Imagination: walktng
through own Hat in flxed sequence
= „No"

Default Mode Network
Raichle 2001

rüm-tion:
Attention-demanding cognitive task
Cognitive processes (day dreaming, mind wandering,
Stimulus, independent source, seif related source)

Anatomical basis:

Precuneus bilateral
Temporo-parietaljunctions
Medial prefrontal cortex

Level of consciousness, paiadlnkal brain marfcer

Default Mode Net Work

{Vanhaudenhuyse etat, Brain, 2010)

Misdiagnosis in disorders of consciousness

Patients with severe chronic disorders of

consciousness of different origin (TBI,

hypoxia, stroke), in an Apallic Syndrome,

füll State or early remission State and

patients in minimally conscious State

are misdiagnosed up to 43%.

(Andrews et al,1996; Schnakers et al, 2009)

Conclusion
In unresponsive patients diagnosed as Apallic
Syndrome/Vegetative State the fMRI shows brain activity
in language regions and regions of seif- awareness, the
diagnosis has to be revised. Patients are able for
processing of language, memory differentiation and self-
referential Stimuli at a higher cortical level.
Knowledge about the perception of language and self-
referential Stimuli in patients with severe disorders of
consciousness is very important for planningof an
individual neurorehabilitation program, also for relatives,
for therapists and for caregivers to improve the outcome.
Up to now, there are no data for a prognostic value ofthe
detected specific brain activity in fMRI.




