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General

Patients, which are completely non-responsive albeit
awake (i.e., not in coma), were first described by the famous
German neurologist Ernst Kretschmer (1940) who designate
this condition “apallic syndrome” meaning that there is no
cortical activity altogether. In his description of the
syndrome, Kretschmer used such terms as panapraxia (i.e.,
the complete lack of all functions of action control) and
panagnosia (i.e. the complete lack of all cognitive
functions). In the 1970ies, the not less famous Scottish
neurosurgeon Bryan Jennett proposed a new name
“vegetative state” (VS) for the patients of the kind as
depicted by Kretschmer. While the term “apallic” (Greek
“without cortex”) referred to anatomical and physiological
entities, “vegetative” suggests that the patients lack a
“subjective world” in form of feelings, thoughts, sensations,
etc., while their vital functions such as respiration and
circulation remains intact. The latter fact, again, strongly
distinguishes this condition from coma.

For the last twenty years, a considerable body of data has
been accumulated indicating that many VS patients do
possess the abilities to cognitive processing at various levels
of complexity. Because of the absence of any goal-directed
behaviour, these data were obtained using direct
measurement of patients’ brain responses by means of the
electroencephalography ~ (EEG),  positron  emission
tomography (PET), and functional magnetic resonance
imaging (fMRI). The data indicate that VS patients are
definitely not “apallic” and that at least some of them are
not “vegetative” either.

The proposed presentation critically reviews the empirical
evidence of cognitive processing in VS and in two other
conditions of behavioural non-responsivity: minimally
conscious state (MCS) and locked-in syndrome (LiS). While
VS is, by definition, a state of wakefulness without any
subjective experience, MCS is characterized by minimal and
highly instable signs of subjective awareness, and the LiS is
defined as a condition in which consciousness and cognition
are largely preserved but cannot be manifested in behaviour
due to an extremely severe paralysis of the entire
musculature including speech muscles. However, these
statements describe the definitions of the respective states;
since the rate of misdiagnoses is known to be very high, it is
unclear how far these definitions characterize single
patients..

Structure

The proposed review is broken down as follows:

1. Evidence of the preservation of main cortico-
thalamic circuits necessary for cognitive operations.
2. Evidence of simple sensory processing.
3. Evidence of higher-level cognitive processing.
4. Evidence of language processing.
5. Evidence of subjective awareness.

Principal Conclusions

1 A significant portion of VS and MCS patients
demonstrates clear markers of cognitive processing at
different levels of complexity, including processing of
semantic relations between linguistic objects.

2 Both VS and MCS populations are highly
heterogeneous in respect of the number and nature of the
obtained indicators of their cognitive functions. The overlap
between these populations is much larger than might be
expected on the basis of the different clinical diagnoses. At
least one large subgroup of VS patients can be described
that does not differ from MCS in terms of their cognitive
abilities.

3 Semantic processing, sometimes at a high level of
complexity, can be found in both VS and MCS patients.
Notably, this processing is not necessarily related to
conscious language apprehension. The two statements “the
patient’s brain adequately processes sematic relationships
between verbal stimuli” and “the patient understands
semantic relationships between words” are not equivalent.

4 Speaking about consciousness, we should
distinguish between high-level, language-based cognitive
awareness, on the one hand, and low-level, language-
independent subjective experience (e.g., experience of pain
and pleasure), on the other hand. The former can be found in
about 5 to 10% of VS and MCS patients; if found in VS, it
unequivocally indicates a misdiagnosis. The latter can
characterize a much larger patient group. However, criteria
of low-level consciousness are disputable.

5 As expected on the basis of the clinical diagnosis,
indicators of higher-level cognitive functions (including
high-level consciousness) are obtained in LiS much more
frequently than in VS and MCS. However, their
manifestation in LiS is inferior as compared with normal
population. Thus the idea that LiS is a state, in which
cognitive abilities are fully intact and only their overt

2839



expression is impossible due to the severe motor
impairment, is not supported by the data.

Acknowledgments

The studies were supported by the German Research
Society (Deutsche Forschungsgemeinschaft), the European
Commission, and the Alexander von Humboldt Foundation.
The author thanks Niels Birbaumer, Andrea Kilbler, Simone
Lang, Friedemann Miller, Tao Yu, as well as the relatives
of the examined patients.

Author’s Main Publications to the Topic

Kibler, A., Kotchoubey, B., Hinterberger, T., et al. (1999).
The thought translation device: A neurophysiological
approach to communication in total motor paralysis.
Experimental Brain Research, 124, 223-232.

Kotchoubey, B., Lang, S., Baales, R., et al. (2001). Brain
potentials in human patients with severe diffuse brain
damage. Neuroscience Letters, 301, 37-40.

Kotchoubey, B., Lang, S., Bostanov, V., & Birbaumer, N.
(2002). Is there a mind? Psychophysiology of
unconscious patients. News in Physiological Sciences, 17,
38-42.

Kotchoubey, B., Lang, S., Winter, S., & Birbaumer, N.
(2003). Cognitive processing in completely paralyzed
patients with amyotrophic lateral sclerosis. European
Journal of Neurology, 10, 551-558.

Neumann, N., & Kotchoubey, B. (2004). Assessment of
cognitive functions in severely paralysed and severely
brain-damaged  patients:  Neuropsychological and
electrophysiological ~ techniques.  Brain  Research
Protocols, 14, 25-36.

Kotchoubey, B., Lang, S., Mezger, G., et al. (2005).
Information  processing in  severe disorders of
consciousness: Vegetative state and minimally conscious
state. Clinical Neurophysiology, 116, 2441-2453.

Hinterberger, T., Wilhelm, B., Mellinger, J., Kotchoubey,
B., & Birbaumer, N. (2005). A tool for detection of
cognitive brain functions in severely brain injured patients
integrated in the thought-translation-device. IEEE
Transactions of Biomedical Engineering, 52(2), 211-220.

Kotchoubey, B., Jetter, U., Lang, S., et al. (2006). Evidence
of cortical learning in vegetative state. Journal of
Neurology, 253(10), 1374-1376.

Kibler, A., & Kotchoubey, B. (2007). Brain-computer
interfaces in the continuum of consciousness. Current
Opinion in Neurology, 20, 643-649.

Kotchoubey, B. (2007). Editorial: Event-related potentials
predict the outcome of the vegetative state. Clinical
Neurophysiology, 118, 477-479.

Daltrozzo, J., Wioland, N., Mutschler, V., & Kotchoubey,
B. (2007). Predicting outcome of coma using event-
related brain potentials: A meta-analytic approach.
Clinical Neurophysiology, 118, 606-614.

Kotchoubey, B. (2009). Vegetative state. In L. Squire (Ed.),
Encyclopedia of Neuroscience (Vol. 10, pp. 61-66).
Amsterdam: Elsevier.

Kotchoubey, B., & Lang, S. (2011). Intuitive versus theory-
based assessment of consciousness: The problem of low-
level consciousness. Clinical Neurophysiology, 122, 430-
432.

Kotchoubey, B., Yu, T., Markl, A, et al. (2011a). On the
way to the deep layers of consciousness. Advances in
Clinical Neuroscience and Rehabilitation, 11(4), 10-13.

Kotchoubey, B., Yu, T., Markl, A., et al. (2011b).
Differentiation between disorders of consciousness and
disorders of movement using functional MRI. Grand
Rounds, 11, 60-65.

Kotchoubey, B., & Lotze, M. (2013). Instrumental methods
in the diagnostics of locked-in syndrome. Restorative
Neurology and Neuroscience, 31, 25-40.

Kotchoubey, B., Merz, S., Lang, S., et al. (2013). Global
functional connectivity reveals highly significant
differences between the vegetative and the minimally
conscious state. Journal of Neurology, 260, 975-983.

Markl, A., Yu, T., Vogel, D., Miller, F., Kotchoubey, B., &
Lang, S. (2013). Brain processing of pain in patients with
unresponsive wakefulness syndrome. Brain and Behavior,
2, doi: 10.1002/brb1003.1110.

Yu, T., Lang, S., Vogel, D., Markl, A., Miller, F., &
Kotchoubey, B. (2013). Patients with unresponsive
wakefulness syndrome respond to the pain cries of other
people. Neurology, 80, 345-352.

Kotchoubey, B., Veser, S., Real, R., et al. (2013). Towards a
more precise neurophysiological assessment of cognitive
functions in patients with disorders of consciousness.
Restorative Neurology and Neuroscience, 31, 473-485.

Kotchoubey, B., Yu, T., Mueller, F., Vogel, D., Veser, S., &
Lang, S. (2014). True or false? Activations of language-
related areas in patients with disorders of consciousness.
Current Pharmaceutical Design, 20, 4239-4249.

Kotchoubey, B., Vogel, D., Lang, S., & Miller, F. (2014).
What kind of consciousness is minimal? Brain Injury,
28(9), 1156-1163.

Kotchoubey, B., Pavlov, Y. G., & Kleber, B. (2015). Music
in research and rehabilitation of disorders of
consciousness:  Psychological and neurophysiological
foundations. Frontiers in Psychology, 6, Article 1783.

Kotchoubey, B. (2015). Event-related potentials in disorders
of consciousness. In A. O. Rossetti & S. Laureys (Eds.),
Clinical Neurophysiology of Disorders of Consciousness
(pp. 107-124). Vienna - Heidelberg - New York -
Dordrecht - London: Springer.

2840



