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Miksi tutkia tietoisuutta ?

Ymmadrrys tietoisuuden neurobiologiasta (normaalista
fysiologiasta) on vdlttamatontd mikdli haluamme kehittdd
patologisten tietoisuuden tilojen diagnosointia ja hoitoa

Yleisanestesian mekanismien ymmdrtdminen voi myoés

Tutkimuksesta saatavan tiedon avulla voidaan lisdksi kehit-
tdd uusia menetelmid anestesian ja unen/vdsymyksen “sy-
vyyden” mittaamiseksi ja siten vdhentdd leikkauksen
aikaista tahatonta hereilldoloa seka parantaa tehohoitoa

Thmisen tietoisuus on yksi tieteen suurimmista vield
ratkaisemattomista mysteereistd

vV

Voiko tietoisuutta tutkia ?

Kuvantamistutkimukset

- Funktionaalinen MRI (f MRT)

- Positroniemissiotomografia (PET)
- Magneettienkefalografia (MEG)

Neurofysiologiset menetelmdt

- Kvantitatiivinen EEG ja konnekfiivisuus

- Herdtevasteet

- Transkraniaalinen magneettistimulaatio (TMS)

Yleisanestesia tydkaluna !

= Tietoisuuden “neuraaliset korrelaatit”
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Glasgow Coma Scale

Category Response Points

Eye opening

N

Spontaneous, open with blinking at baseline
Opens to verbal command, speech, or shout
Opens to pain, not applied to face

No response

Verbal response

Oriented conversation

Confused conversation, able to answer questions
Inappropriate responses, words discernible
Incomprehensible speech

No response

Intubated

= N Wb Of= N w

—_
—

Motor response

Obeys commands for movement

Purposeful movement to painful stimulus
Withdraws from pain

Abnormal (spastic) flexion, decorticate posture
Extensor (rigid) response, decerebrate posture
No response

= NN w b g o

Teasdale and Jennett, Lancet 1974

Harry Scheinin

13.10.2014



Luonnonfilosofian seura

Harry Scheinin

13.10.2014

8 SEPTEMBER 2006 VOL 313 SCIENCE www.sciencemag.org

Detecting Awareness in the
Vegetative State

Adrian M. Owen,™ Martin R. Coleman,? Melanie Boly,> Matthew H. Davis,*
Steven Laureys, John D. Pickard®

Tennis Imagery Spatial Navigation Imagery
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The NEW ENGLAND

JOURNAL o MEDICINE

ED N 12 FEBRUARY 18, 2010

Willful Modulation of Brain Activity in Disorders
of Consciousness
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RESEARCH ARTICLE Quanﬂfylng the Tscé::d;l_agional
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CONSCIOUSNESS an.“-f, ’

A Theoretically Ungy ex of Consciousness
Independent of Sensory Processing and Behavior

Adenauer G. Casali,"** Olivia Gosseries,2* Mario Rosanova,’ Mélanie Boly,?*
Simone Sarasso,’ Karina R. Casali,"> Silvia Casarotto,” Marie-Aurélie Bruno,?
Steven Laureys,? Giulio Tononi,* Marcello Massimini'->%
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o D Sci Transl Med 5, 198ra105 (2013)

Transkraniaalinen magneettistimulaatio (TMS) + qEEG

Tietoisuus ja aivokuori

Tajuissaan

Tajuton

17 v. Eerus‘rerve mies,
infarkti talamuksessa

3 v. hydranencefalinen lapsi

(Merker, Behav Brain Sci 2007) (Langsjo ym., julkaisematon)
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“Yleisanestesia”

*  Anestesian induktio
- Sedaatio (paradoksikaalinen ekskitaatio)
- Tajunnan/reagoinnin/reagointikyvyn havidminen
- Ripsi-, kornea- ym. heijasteiden vaimeneminen/hdvidminen
- Apneaq, lihastonus |
- Verenpaine | , syke 1

* Anestesian ylldpito/Kirurginen yleisanestesia
- Syvd tajuttomuus
- Ei reagointia kipuun
- Aivorunkorefleksit |
- Hengitysdepressio
- Kardiorespiratorisen ja termoregulatorisen tuen tarve

Muistuttaa aivo-
(runko)kuolemaa !

+ Herddmisvaihe
- Aivo(runko)kuolemaa muistuttava tila
— "kooma”
— "vegetatiivinen tila"
- "minimaalisen Tie‘roisuuden tila" (MCS)

Mmmmaumwmhmﬂpmmwwu(m
madl!) pa operationsbordet utan anestesi. Hiustration: Lasse Persson
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Kortikaalisen informaatiokapasiteetin vaheneminen
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Kortikaalisen integraation vaheneminen
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EEG on epdspesifinen mittari
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Awake with eyes open (minimally conscious state)
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Phase 4: Isoelectric (coma, brain death)

Brown et al, NETM 2010

Harry Scheinin

Ancsthesiology 2010; 113:1038-53

Copyright © 2010, the American Socicty of Ancsthesiologists, Inc. Lippincott Williams & Wilkins

Breakdown of within- and between-network Resting State
Functional Magnetic Resonance Imaging Connectivity
during Propofol-induced Loss of Consciousness

Pierre Boveroux, M.D.,* Audrey Vanhaudenhuyse, B.Sc.,T Marie-Aurélie Bruno, B.Sc.,.t
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ASA MEETING 2010, SAN DIEGO

RETURNING FROM OBLIVION:
BRAIN ACTIVITY CORRELATED WITH
CONSCIOUSNESS FOLLOWING ANESTHESIA

JAAKKO W. LANGSJO, 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.

aa

18 October 2010 Jaakko Ldngsjé
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Tutkimuksen design
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Tulokset (1)

Tajunnan palautuminen tasaisen deksmedetomidiini-infuusion (n=8) aikana
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Representative Voxel Intensity Plots ~ ®
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Tulokset (2)
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Tulokset (3)
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Aivojen arousal-radastot

A TN kg
T caBAY (i) (s fimy

Saper et al, Nature 2005

Tulokset (4)

Funktionaalinen konnektiivisuus (deksmedetomidiini-infuusio, n=8)

[«

Conscious
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Unconscious
R=0.28

L]
0.5

Parietal Cortex Activity
(ratio adjusted counts)

-0.10

Anterior Cingulate Cortex Activity ° e
(ratio adjusted counts) LClngSJO et al ,

J Neurosci 2012
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Tulokset (B)

Pitoisuusriippuvainen supressio (propofoli + deksmedetomidiini; n=17)
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Eri anesteettien aiheuttama deaktivaatio

INHALATIONAL  INTRAVENOUS BENZODIAZEPINE ALPHA-2 AGONIST OTHER
&S

Non-REM SLEEP rCMRglu
rCMRglu Conjunction correlation Schreckenberger et al., 2004 Bonhomme et al, 2004  Nofzinger et al.,, 2002

Alkire et al., 2000 Fisetetal,, 1999

-\ -
L
P Al §
T "4
e i
MIDAZOLAM rCBF DEXMEDETOMIDINE rCBF  XENON rCMRglu
Kaisti et al., 2002 Kaisti et al., 2002 Veselis et al.,, 1997 Prielipp et al., 2002 Rex et al., 2006

Al R 7 [

Alkire and Miller, Prog Brain Res 2005
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Alentuneisiin tajunnantiloihin liittyvd deaktivaatio

Persistent
vegetative
state

Sleep

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

activity. anesthesia

Similar changes are seen also with other
states of reduced consciousness/vigilance

(even in drowsy but conscious subjects). Baars et al, Trends in Neurosciences 2003

“Nukahtaminen” ja herddminen
eivdt ole toistensa peilikuvia

“Induktio” Herddminen

Rikas tajunta | “Primitiivinen tajunta”

13.10.2014
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“Nukahtaminen” ja herddminen
eivdt ole toistensa peilikuvia

A B
10048—
g X D\\\ g
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$8 o £%
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- - O
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£D 25 o\e Lo
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v T T v T T L)
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Log [ Halothane (% atm) ] Log [ Isoflurane (% atm) ]

Friedman et al, PLoS ONE 2010

- “Neural inertia”

\V

Tajunta vai reagointikyky :

SENSORY INPUT: BEHAVIORAL DUTPUT:

“0OPEN YOUR EYES” OPENED EYES

—_—

ubwn-=

A - CONSCIOUS STATE 1 - BRAIN DEAD, DEEP ANESTHESIA
B - AWARENESS & COMPREHENSION 2 - DREAMING (DURING SLEEP DR ANESTHESIA)
=7 VE (NUERRERR) SuliE 3 - ANTERIOR CINGULATE LESION
C - WILL & INTENTION TO RESPOND 4 - AWARENESS DURING ANESTHESIA
D - AsiLTY TO RESPOND 5 - NORMAL WAKING CONSCIOUSNESS

Langsjé et al, J Neurosci 2012
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MIELI LOC-2013 study
2013-2016 A joint effort with Antti Revonsuo and

A ims . his Consciousness Research Group

+ 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

Anesthesia Mechamsms Group

Turku PET Centre, University of Turku and TUCH Centre for Cognitive Neuroscience, University of Turku

PI: Harry Scheinin PI: Antti Revonsuo
PhD students: Postdocs: ROO_SCI Kallionpdd
Lauri Laaksonen Kaike Kaisti Nll; Sand'man
Annalotta Scheinin Kimmo Kaskinoro Katja Valli etc.
Und ds: Ruut Laitio .
oy s Timo Laitio (Inter)national Collaborators
Aleksi Nummela Jaakko Langs 6

Lauri Nummenmaa, Aalto University
L Michael T. Alkire, Irvine Medical Center, UCI, USA
Linda Radek Fahmeed Hyder, Yale University, USA

Aleksi Palola Anu Maksimow
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Voidaanko tietoisuutta mitata?

Mita on tietoisuus?

mittaus- ja kuvantamismenetel-
artoittaa tietoisuuden il
mioita objektiivisesti. Nailla menetelmilla on
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