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Laureys, Trends Cogn Sci 2005 

  Tietoisuus - tajunta ? 
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•  Ymmärrys tietoisuuden neurobiologiasta (normaalista 
fysiologiasta) on välttämätöntä mikäli haluamme kehittää 
patologisten tietoisuuden tilojen diagnosointia ja hoitoa 

•  Yleisanestesian mekanismien ymmärtäminen voi myös 
auttaa kehittämään uusia anestesia-aineita ja menetelmiä 

•  Tutkimuksesta saatavan tiedon avulla voidaan lisäksi kehit-
tää uusia menetelmiä anestesian ja unen/väsymyksen ”sy-
vyyden” mittaamiseksi ja siten vähentää leikkauksen 
aikaista tahatonta hereilläoloa sekä parantaa tehohoitoa 

•  Ihmisen tietoisuus on yksi tieteen suurimmista vielä 
ratkaisemattomista mysteereistä 

 

 

Miksi tutkia tietoisuutta ? 

•  Kuvantamistutkimukset 
–  Funktionaalinen MRI (fMRI) 
–  Positroniemissiotomografia (PET) 
–  Magneettienkefalografia (MEG) 

•  Neurofysiologiset menetelmät 
–  Kvantitatiivinen EEG ja konnektiivisuus 
–  Herätevasteet 
–  Transkraniaalinen magneettistimulaatio (TMS) 

•  Yleisanestesia työkaluna ! 
 

 

  Voiko tietoisuutta tutkia ? 

à Tietoisuuden ”neuraaliset korrelaatit” 
!
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Laureys, Trends Cogn Sci 2005 

MCS 

Locked in 

Anesthesia 
dreaming 

 Glasgow Coma Scale 
Category Response Points 
Eye opening 

Spontaneous, open with blinking at baseline  4 
Opens to verbal command, speech, or shout  3 
Opens to pain, not applied to face  2 
No response 1 

Verbal response 
Oriented conversation 5 
Confused conversation, able to answer questions  4 
Inappropriate responses, words discernible  3 
Incomprehensible speech 2 
No response 1 
Intubated 1T 

Motor response 
Obeys commands for movement  6 
Purposeful movement to painful stimulus  5 
Withdraws from pain  4 
Abnormal (spastic) flexion, decorticate posture  3 
Extensor (rigid) response, decerebrate posture  2 
No response 1 

Teasdale and Jennett, Lancet 1974 
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fMRI 

fMRI 
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”Quantifying the 

Unquantifiable” 

Transkraniaalinen magneettistimulaatio (TMS) + qEEG 

3 v. hydranencefalinen lapsi 

(Merker, Behav Brain Sci 2007) 

17 v. perusterve mies, 
infarkti talamuksessa 
(Långsjö ym., julkaisematon) 

Tajuissaan Tajuton 

Tietoisuus ja aivokuori ? 
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à Yleisanestesia työkaluna !

Yleisanestesia 
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•  Anestesian induktio 
–  Sedaatio (paradoksikaalinen ekskitaatio) 
–  Tajunnan/reagoinnin/reagointikyvyn häviäminen 
–  Ripsi-, kornea- ym. heijasteiden vaimeneminen/häviäminen  
–  Apnea, lihastonus ↓ 
–  Verenpaine↓, syke↑ 

•  Anestesian ylläpito/Kirurginen yleisanestesia 
–  Syvä tajuttomuus 
–  Ei reagointia kipuun 
–  Aivorunkorefleksit ↓ 
–  Hengitysdepressio 
–  Kardiorespiratorisen ja termoregulatorisen tuen tarve 

•  Heräämisvaihe 
–  Aivo(runko)kuolemaa muistuttava tila 
→ ”kooma” 
      → ”vegetatiivinen tila” 
           → ”minimaalisen tietoisuuden tila” (MCS) 
             → täydellinen herääminen 

 

  “Yleisanestesia” 

Muistuttaa aivo- 
(runko)kuolemaa ! 
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Consciousness and Anesthesia
Michael T. Alkire,1 Anthony G. Hudetz,2 Giulio Tononi3*

When we are anesthetized, we expect consciousness to vanish. But does it always? Although
anesthesia undoubtedly induces unresponsiveness and amnesia, the extent to which it causes
unconsciousness is harder to establish. For instance, certain anesthetics act on areas of the brain’s
cortex near the midline and abolish behavioral responsiveness, but not necessarily consciousness.
Unconsciousness is likely to ensue when a complex of brain regions in the posterior parietal area is
inactivated. Consciousness vanishes when anesthetics produce functional disconnection in this
posterior complex, interrupting cortical communication and causing a loss of integration; or when
they lead to bistable, stereotypic responses, causing a loss of information capacity. Thus, anesthetics
seem to cause unconsciousness when they block the brain’s ability to integrate information.

How consciousness arises in the brain re-
mains unknown. Yet, for nearly two cen-
turies our ignorance has not hampered

the use of general anesthesia for routinely ex-
tinguishing consciousness during surgery. Un-
fortunately, once in every 1000 to 2000 operations
a patient may temporarily regain consciousness or
even remain conscious during surgery (1). Such
intraoperative awareness arises in part because our
ability to evaluate levels of consciousness remains
limited. Nevertheless, progress is being made in
identifying general principles that underlie how
anesthetics bring about unconsciousness (2–6) and
how, occasionally, they may fail to do so.

Cellular Actions of Anesthetics
The cellular and molecular pharmacology of
anesthetics has been reviewed extensively (6–8).
General anesthetics fall into two main classes:
intravenous agents used to induce anesthesia,
generally administered together with sedatives or
narcotics; and volatile agents, generally used for
anesthesia maintenance (Table 1). Anesthetics
are thought to work by interacting with ion chan-
nels that regulate synaptic transmission and mem-
brane potentials in key regions of the brain and
spinal cord. These ion-channel targets are dif-
ferentially sensitive to various anesthetic agents
(Table 1).

Anesthetics hyperpolarize neurons by increas-
ing inhibition or decreasing excitation (9) and alter
neuronal activity: The sustained firing typical of
the aroused brain changes to a bistable burst-pause
pattern (10) that is also observed in non–rapid-
eye-movement (NREM) sleep. At intermediate
anesthetic concentrations, neurons begin oscillat-
ing, roughly once a second, between a depolar-
ized up-state and a hyperpolarized down-state (11).
The up-state is similar to the sustained depolar-

ization of wakefulness. The down-state shows
complete cessation of synaptic activity for a tenth
of a second or more, after which neurons revert to
another up-state. As anesthetic doses increase, the
up-state turns to a short burst and the down-state
becomes progressively longer. These changes in
neuronal firing patterns are reflected in the elec-
troencephalogram (EEG) (electrical recording
from the scalp) as a transition from the low-
voltage, high-frequency pattern of wakefulness
(known as activated EEG), to the slow-wave
EEG of deep NREM sleep, and finally to an
EEG burst-suppression pattern (12).

The Anesthetized Patient: Unconscious
or Unresponsive?
Clinically, at low-sedative doses anesthetics cause
a state similar to drunkenness, with analgesia, am-
nesia, distorted time perception, depersonalization,
and increased sleepiness. At slightly higher doses,
a patient fails to move in response to a command
and is considered unconscious. This behavioral
definition of unconsciousness, which was intro-
duced with anesthesia over 160 years ago, while

convenient, has drawbacks. For instance, unre-
sponsiveness can occur without unconsciousness.
When we dream, we have vivid conscious expe-
riences, but are unresponsive because inhibition
by the brainstem induces muscle paralysis (13).
Similarly, paralyzing agents used to prevent un-
wanted movements during anesthesia do not re-
move consciousness (14).

Certain anesthetics may impair a person’s
willfulness to respond by affecting brain regions
where executive decisions are made. This is not
an issue for anesthetics that globally deactivate
the brain, but it may be problematic for disso-
ciative anesthetics like ketamine. Low doses of
ketamine cause depersonalization, out-of-body ex-
periences, forgetfulness, and loss of motivation to
follow commands (15). At higher doses, ketamine
causes a characteristic state in which the eyes are
open and the face takes on a disconnected blank
stare. Neuroimaging data show a complex pattern
of regional metabolic changes (16), including a
deactivation of executive circuits in anterior
cingulate cortex and basal ganglia (Fig. 1) (17).
A similar open-eyed unresponsiveness is seen in
akinetic mutism after bilateral lesions around the
anterior cingulate cortex (18). In at least some
of these cases, patients understand questions, but
may fail to respond. Indeed, a woman with large
frontal lesions who was clinically unresponsive
was asked to imagine playing tennis or to navi-
gate her room, and she showed cortical activation
patterns indistinguishable from those of healthy
subjects (19). Thus, clinical unresponsiveness is not
necessarily synonymous with unconsciousness.

At doses near the unconsciousness threshold,
some anesthetics block working memory (20).
Thus, patients may fail to respond because they
immediately forget what to do. At much lower
doses, anesthetics cause profound amnesia. Studies
with the isolated forearm technique, in which a
tourniquet is applied to the arm before paralysis is

REVIEWS

1Department of Anesthesiology and the Center for the Neu-
robiology of Learning and Memory, University of California,
Irvine, CA 92868, USA. 2Department of Anesthesiology, Medi-
cal College of Wisconsin, Milwaukee, WI 53226, USA.
3Department of Psychiatry, University of Wisconsin, Madison,
WI 53719, USA.

*To whom correspondence should be addressed. E-mail:
gtononi@wisc.edu

Nitrous oxide

Isoflurane

Sevoflurane

Desflurane

Barbiturates

Propofol

Etomidate

Ketamine

Intravenous 
anesthestics

Potassium channels

Inhalational 
anesthestics

GABAA NMDA
Two
pore

Inwardly
rectifying

Voltage
gated Glycine

Nicotinic
Ach

Muscarinic
Ach Serotonin AMPA Kainate

Biphasic No effectMajor potentiation Minor potentiation Major inhibition Minor inhibition

Table 1. Ionic mechanisms and targets of current clinical anesthetics (6, 8). Abbreviations: Ach,
acetylcholine; AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; GABAA, g-aminobutyric
acid, type A; NMDA, N-methyl-D-aspartate.

7 NOVEMBER 2008 VOL 322 SCIENCE www.sciencemag.org876
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Anesteettien reseptori/ionikanavavaikutukset 

Alkire et al, Science 2008 

Brown et al, NEJM 2010 
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Alkire et al, Science 2008 

Kortikaalisen informaatiokapasiteetin väheneminen 

Alkire et al, Science 2008 

Kortikaalisen integraation väheneminen 
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EEG on epäspesifinen mittari 

Brown et al, NEJM 2010 

tions) were identified between PCC and a set of lateral cor-
tical areas encompassing inferior frontal/insular cortices,
posterior parietal cortex, temporo-occipital junction, and
premotor cortex (fig. 2D).

During deep sedation with clinical unconsciousness, we
could identify partially preserved residual functional connec-
tivity both in the executive-control networks and the default
network (fig. 2). For the default network, we identified re-
sidual connectivity in PCC/precuneus, medial prefrontal
cortex, superior frontal sulci, parahippocampal gyrus, and
bilateral temporoparietal junctions (fig. 2E). For the right
executive-control network, we could identify residual con-
nectivity in middle frontal and posterior parietal cortices (fig.
2F). For the left executive-control network, residual connec-
tivity was found in middle frontal, posterior parietal, and
temporo-occipital cortices (fig. 2G). Significant anticorrela-
tions with the default network could be identified during

deep sedation (fig. 2H, Supplemental Digital Content 6,
http://links.lww.com/ALN/A632), though their spatial ex-
tent was greatly diminished. Supplemental Digital Content 6
reports the peak areas of significance for connectivity in de-
fault and executive-control networks during wakefulness and
deep sedation, http://links.lww.com/ALN/A632. Supple-
mental Digital Content 7 displays default and executive-
control networks connectivity patterns obtained using
ICA method during wakefulness and deep sedation,
http://links.lww.com/ALN/A633.

A linear correlation was found between functional con-
nectivity in key nodes of the three frontoparietal resting-state
networks and the level of consciousness during propofol-
induced sedation (fig. 3 and table 2). The linear contrast
represented a better fit for the correlation between connec-
tivity and consciousness than that provided by exponential
and power-law contrasts. For the default network, a linear

Fig. 2. Large-scale network connectivity is partially preserved during propofol-induced unconsciousness. (Left) Normal
wakefulness resting-state networks connectivity in default network (A), right executive control network (B), left executive control
network (C), and anticorrelations between default network and lateral frontoparietal cortices (D). (Right) Connectivity patterns
in default network (E), right executive control network (F), left executive control network (G), and anticorrelations between default
network and lateral frontoparietal cortices (H) during deep sedation with clinical unconsciousness. For display purposes, results
are thresholded at false discovery rate corrected P less than 0.05 and are shown on the mean structural T1 magnetic resonance
scan of the subjects. Color scales correspond to T values of Statistical Parametric Mapping group maps. x and z indicate the
Montreal National Institute coordinates of section planes.

PERIOPERATIVE MEDICINE

1044 Anesthesiology, V 113 • No 5 • November 2010 Boveroux et al.

fMRI 
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Yleisanestesia: 
Metabolia vs. BIS 

18FDG PET 

Alkire, Anesthesiology 1998 

Returning from oblivion: 
Brain activity correlated with 

consciousness following anesthesia 

Jaakko W. Långsjö, MD, Kimmo Kaskinoro, MD, Sargo Aalto, BS, 
Michael T. Alkire, MD and Harry Scheinin, MD. 

 
Turku PET Centre, University of Turku, Finland 

and  
University of California, Irvine, USA. 

ASA Meeting 2010, San Diego 

18 October 2010 Jaakko Långsjö 21 
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Tutkimuksen design 
Sessio 1 (“annoshaku”) 
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Tutkimuksen design 
Sessio 2 (Propofoli) 
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Tutkimuksen design 
Sessio 2 (Deksmedetomidiini) 
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p < 0.001 

Tulokset (1) 
Tajunnan palautuminen tasaisen deksmedetomidiini-infuusion (n=8) aikana 

Långsjö et al, 
J Neurosci 2012 
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p < 0.001 

Tulokset (2) 
Tajunnan palautuminen propofolianestesian (n=9) jälkeen 

Långsjö et al, 
J Neurosci 2012 

p < 0.001 

Tulokset (3) 
Tajunnan palautuminen (propofoli + deksmedetomidiini; n=17) 

Långsjö et al, 
J Neurosci 2012 



Luonnonfilosofian seura! 13.10.2014!

Harry Scheinin! 15!

Saper et al, Nature 2005 

Aivojen arousal-radastot   

Tulokset (4) 
Funktionaalinen konnektiivisuus (deksmedetomidiini-infuusio, n=8) 

Långsjö et al, 
J Neurosci 2012 
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p < 0.001 

Tulokset (5) 
Pitoisuusriippuvainen supressio (propofoli + deksmedetomidiini; n=17) 

Långsjö et al, 
J Neurosci 2012 

Alkire and Miller, Prog Brain Res 2005 

Eri anesteettien aiheuttama deaktivaatio  
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Baars et al, Trends in Neurosciences 2003 

Similar changes are seen also with other 
states of reduced consciousness/vigilance 
(even in drowsy but conscious subjects). 

These decreases in CBF reflect anesthesia-
induced  changes (decreases) in neuronal 
activity. 

Alentuneisiin tajunnantiloihin liittyvä deaktivaatio  

“Induktio”      Herääminen 

Rikas tajunta ↓     “Primitiivinen tajunta” 

 
 
 
 
 
 

”Nukahtaminen” ja herääminen 
eivät ole toistensa peilikuvia 
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Friedman et al, PLoS ONE 2010 

à ”Neural inertia” 

 
 
 
 
 
 

”Nukahtaminen” ja herääminen 
eivät ole toistensa peilikuvia 

Långsjö et al, J Neurosci 2012 

Tajunta vai reagointikyky ? 
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•  To study what happens in the brain when consciousness 
is lost and when it returns using general anesthesia in 
healthy human subjects 

•  To find tools to distinguish consciousness, 
connectedness and responsiveness 

•  To develop new methods to measure consciousness and 
“depth-of-anesthesia” 

•  To compare general anesthesia and normal sleep 
•  To compare the state of (”primitive”) consciousness and 

higher forms (”contents”) of consciousness  

Aims … 
LOC-2013 study 

A joint effort with Antti Revonsuo and 
his Consciousness Research Group 

2013-2016 

(Inter)national Collaborators 
Lauri Nummenmaa, Aalto University 

Michael T. Alkire, Irvine Medical Center, UCI, USA 
Fahmeed Hyder, Yale University, USA 

Anesthesia Mechanisms Group 
Turku PET Centre, University of Turku and TUCH 

Consciousness Research Group 
Centre for Cognitive Neuroscience, University  of Turku 

PI: Antti Revonsuo 
Roosa Kallionpää 

Nils Sandman 
Katja Valli etc. 

 

PI: Harry Scheinin 
PhD students: 
Lauri Laaksonen 

Annalotta Scheinin 
Undergrads: 

Oskari Kantonen 
Aleksi Nummela 

Aleksi Palola 
Linda Radek 

 
Postdocs: 

Kaike Kaisti 
Kimmo Kaskinoro 

Ruut Laitio 
Timo Laitio 

Jaakko Långsjö 
Anu Maksimow 
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Suositeltavaa lukemista 


