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Famous People with Seizures

Prince Neil Young
Julius Caesar
Napolean Alfred Nobel
Charles V
Charles II Spain

Charles IT England
Peter the €
James Mad
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The Patient H.M.

this point, he had been the
from the book "Trouble In
book*. See also:

turner/the-man-who-

If We had the Whole Da
Brenda Milner

* https://www.youtube.com/watch?v=g4-
6A8u8QBc (1 h interview about H.M., the
right frontal cortex, and other interesting
stuff)

* https://www.youtube.com/watch?v=JliczIN
A__Y (12 min summary)

The Patient H.M.

this point, he had been the
from the book "Trouble In




Posterior
Damaged Amygdala  Hippocampus

Entorhinal cortex
Principles of Cognitive Neuroscience, Figure 13.7

IV. Temporal Lobe & Memor

B. H.M. (case study)
1. epilepsy surgery in 1953

2. bilateral medial temporal lobe
removed (23.8)

a. cortex

b. amygdala

¢. hippocampus

. partial retrograde amnesia
4. profound anterograde amnesia
5. long-term memories intact

. short-term memory normal
. procedural memory intact

Brain
structures
removed
during
H.M.’s
surgery.
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Temporal Lobe & Memory
C. Medial temporal lobe
structures (23.9)

1. hippocampul

2. entorhinal
cortex

3. perirhinal
cortex

4. parahippocampal cortex

Compulsory Sterilization

* In Sweden, regulated by law 1934-2013
* From 1941, disability included

Lifetime prevalence 5 %

Point prevalence 5.5 per 1000 (Forsgren,

1992)

Incidence 40-70 per 100000 (rich countries)
100-190 per 100000 (poor
countries

Decreases among children, increases among

the elderly
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 Substantially decreases quality of life:

— Threats to physical safety.

— Generation of new epileptogenic foci
(may 1 seizure frequency/duration).

— Epileptic encephalopathy or Sudden
unexpected death in epilepsy (SUDEP).

Medical treatment fails in 30% of cases.

Surgical management | health care costs
and 1 quality of life.

— Success rate is related to the
epileptogenic zone.

Epileptogenic Zone = Area of cortex
indispensable for generation of seizures.
Aimed to be completely
resected/disconnected for control of
seizures. May or may not be identifiable on
imaging.

New Classification

* The International League Against Epilepsy
(ILAE) has approved a new way of organizing
seizures that reflects recent advances in our
understanding of the brain and seizures. This new
system will make diagnosis and classification of
seizures easier and more accurate.

» These terms don’t change what occurs during a
seizure, but offer a different way of naming
seizures. More accurate ways of naming seizures
can lead to more appropriate treatment.




eizure types’
Focal Generalized Unknown

Epilepsy types
Combined
Focal Generalized | Ganerlized Unknown
& Focal

Co-morbidities

' Epilepsy Syndromes .

Etiology

Structural
Genetic
Infectious
Metabolic

Immune

Unknov

Scheffer et al. Epilepsia, 58(4):512-521,2017 doi:
10.1111/epi.13709

Focal seizure

Generalized seizure

eizure types™
Focal Generalized Unknown

Epilepsy types

nbined

i 0
& Focal

' Epilepsy Syndromes .

Co-morbidities

Etiology

Structural
Genetic

Infectio|

Unknown

A0

Scheffer et al. Epilepsia, 58(4):512-521,2017 doi:
10.1111/epi. 13709
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Seizure Types

[ Focal Onset } [Generalized Onset] [ Unknown Onset J

Aware Impaired Motor Motor
Awareness Tonic-clonic Tonic-clonic
Other motor Other motor
Motor Onset Nonmotor (Absence) Nonmotor

Nonmotor Onset

Unclassified
= [_undlerstiea= ]

Fisher et al, Epilepsia, 58(4):522-530, 2017 doi:
10.1111/epi.13670

Seizure Types (Expanded)

{ Focal Onset | lized Onset ] | Unk nOnset |
Aware | 'mpaired ‘| / Motor ™ Motor A
Awareness | ‘tonic-clonic tenic-clonic
——— clanic apileptic spasms
/" Motor Onset \ tonic Nermotor
" myaclonic
:::":i" i myaclonie-tanie-clonic g behavior arrest
clonic myoclonic-atonic
opileptic spasms "‘;;'; "
hyperkdnetic eplleptic spasms [ S
myoclonic Nonmotor (absence) [ Unclassified
tonic typical
Nonmator Onset =W|>ifla"
myaclonic
autonomic
behavior arrest ‘\:"’M il
cognitive ~
\ emotional J . ) .
\,__ sensory _/ Fisher et al, Epilepsia, 58(4):522-530,2017

. doi: 10.1111/epi.13670

focal to bilateral tonic-clonic

Generalized seizures (17 157):
http://www.youtube.com/watch?v=w5Jv0SZR wwk& feature=fvwrel

Focal (formerly partial) seizures:
http://www.youtube.com/watch?v=e10FSjHvV74&feature=relmfu

3 min



http://www.youtube.com/watch?v=w5Jv0SZRwwk&feature=fvwrel
http://www.youtube.com/watch?v=e10FSjHvV74&feature=relmfu

Table |. Changes inseizure type clas:
t02017

ication from 1981

1. Change of “partial” to “focal”

2. Certain seizure types can be either of focal, generalized,
or unknown onset

. Seizures of unknown onset may have features that can still
be classified

w

Y

. Awareness is used as a classifier of focal seizures

The terms dyscognitive, simple partial, complex partial, psychic,
and secondarily generalized were eliminated

. New focal seizure types include automatisms, autonomic,
behavior arrest, cognitive, emotional, hyperkinetic, sensory,
and focal to bilateral tonic—clonic seizures. Atonic, clonic,
epileptic spasms, myoclonic, and tonic seizures can be either
focal or generalized

7. New generalized seizure types include absence with eyelid

myaoclonia, myoclonic absence, myoclonic-tonic—clonic, myaclonic

atonic, and epileptic spasms

o

o

Electraciinical syndromes arranged by age at onset” Distinctive constellations

Neonatal perio: Mesial temporal lobe epilepsy with hippocampal
Benign familal neoratal epilepsy (BFNE) sclerosis (MTLE with HS)
Early myoclonic encephalopathy (EME)
Ohahara syndrome

Infancy
Epilepsy of infancy with migrating focal seizures
Wast syndrome
Myoclonic epilepsy in infancy (MEI)
Benign infantile epilepsy

Rasmussen syndrome

Gehste seizures wich hypothalamic hamartoma

Hemiconvulsion-hemiplegia-epilepsy

Epilepsies that do nat fitinto any of these diagnostic categories can be
distinguished firs on the basis of the presence or absence of a known
structural or mecabolic condition (presumed cause) and then on the
basis of the primary mods of setzure onset (generalized vs. focal)

Benign familialinfantile epilepsy Epiepsies atcributed to and organized by structural-metabolic causes

Dravet syndrome tical

Myoclonic encephalapathy in nenprogressive disorders heterotopias, etc)
Childhood Neur

Febrile seizures plus (F$+) (can startin infancy) Sturge-Waeber, etc.)

Panayiotopoulos syndrome Tumor

Epilepsy with myoclonic atonic (previously astatic) seizures  Infection

Benign epilepsy with centrotemporal spikes (BECTS) Traw

Autesomak-dominant nocturnal froncal lobe epilepsy (ADNF Angioma

Late enset childhood. ) Perinacal insults

Epilepsy with myoclonic absences Stroke

Lennox-Gastaut syndrome Etc.

Epileptic en with cont d.
during sleep [CSWS)®
Landau-Kleffner syndrome (LKS)
Childhood absence epiepsy (CAE)
Adolescence - Adulc
Juvenile absence epilepsy (JAE)

Epiepsies of unknown cause
Conditions with epileptic seizures that are traditionally not diagnosed
asaform of epilepsy per se
Benign neonatal setzures (BNS)
Febrile seizures (FS)

Juvenile myoclonic epilepsy (JME) “The arrangement of electroclinical syndromes does not reflect
Epilepsy with generalized tonic-clonic seizures alone etiology.
Progressive myoclonus epilepsies (PME) “Sometime referred to 1 Electrical Seatus Epilepticus during Slow Sleep

Autosomal dominant epilepsy with auditory features (ADEAI(ESES).
Other familial temporal lobe epilepsies

Less specific age reltionship Electrocl|
Familial focal epilepsy with variable foci (childhood te adul)
Reflex epilepsies

al syndromes and other
epilepsies

En neurofysiologisk diagnos

* 20 % av patienter som soker hos
hogspecialiserade centra (inriktade pa
terapiresistent epilepsi) har psykogena,

icke-epileptiska anfall (men 30 % av dessa
har ocksa epilepsi); 5 % pa vanlig
neurologmottagning

* EEG
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Studying The Brain’s Electrical Activity
EEG Recordings

* Electroencephalogram (EEG)
— Hans Berger in 1930s

* Electrodes are placed onto the skull

* Measures the summed graded potentials from
many thousands of neurons, especially the
neocortex

Studying The Brain’s Electrical Activity
EEG Recordings

Three Important Features:

1. The living brain’s electrical activity is never
silent, even when a person is asleep or
anesthetized

e Amplitude (height of brain waves)
e Frequency (number of brain waves per second)
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Studying The Brain’s Electrical Activity
EEG Recordings

2. An EEG recorded from the cortex has a large
number of patterns, some of which are
rhythmic

— Example: Alpha rhythm

* Rhythmic EEG wave with a frequency of 11 cycles per
second

3. The EEG changes as behavior changes

— From alert to coma

o 5
o_—

electrode.
_%!ay Sealp

Skull
Dura mater

= Arachnoid
VLIS e——

Active ;o
lpSynapses ™ Pia mater

Afferent
axons

Efferent
I axons

1B} Relaxed, eyes closed, alpha rhythms generated
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IA) Awake or excited |%MWW nﬂ n T
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IAMf_M,.W e
{E) Deep sloep—even slawer and higher amplitude waves i i
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Classic 'slow-wave’ discharges. Nguyen, et al., Arch Neurol. 2006 ;63:
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1321-1323.
Tabell§. Tabell yperavkogaitiva isamband med epilepsi.
Domin Torekomsl Antal persones/100
000
Ligsta Hogsta

Global 17 604 604

Uppmirksamhet 2017 7169 7169

Minne 819 10018 10018

Exekutiv 18,67 6633 6633

Problemlsning 579 2057 2057

Arbetsminne 047 7273 7273

Sprik 7,54 2678 2678

Visuospatial 977 3472 3472

Motor/ praxis 1855 6390 6390

Kognitiv

hastighet

Nigon = =

Ippskattatantal personer i d denna kognitiva
Episodic Memory
1
= CONTROL
08 = GENERALIZED
06 mFOCAL
04
02
0

Cognitive profiles and psychosocial consequences in young adults with

epilepsy.

Helena Gauffin, Anne-Marie Landtblom, Daniel Ulrici, Anita Mc Allister,
Helene Veenstra and Thomas Karlsson. Manuscript in preparation.
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Episodic Mernory Language Tasks

e

Visuo-spatial Tasks Attention Tasks
- oo

- Sl || ks
" rs o 4 & 7

Exicutivn Tosks Moo Rating Tasks

_.I _Il e |l-||.||.|l||.| |
L4 & F & A A
Subjective Rating Tasks
1
= CONTROL
08 B GENERALIZED
mFOCAL
06
04
0,2

ANY DEFICIT; 1 SD CRITERION

Y
CRITERION :
Lenient

TESTS BELOW RANGE

ANY DEFICIT; 1.5 SD CRITERION

TESTS BELOW RANGE.

ANY DEFICIT; 2 SD CRITERION

Very strict

v ow o T ron s

TESTS BELOW RANGE
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Hippocampal Sclerosis/Mesial
Temporal Sclerosis

Hippocampal Sclerosis/Mesial
Temporal Sclerosis

* Most common form of focal epilepsy, also with the highest surgical success

rate.

» Coronal oblique images for evaluation of internal architecture of

hippocampus (perpendi

 Epileptic patient: Hippocamp:

hi
hyperintense signal, volume loss, and loss of internal architecture.

D 0% B0
Normal (Non- Epileptié Patient
Epileptic) Patient

Hippocampal Sclerosis/Mesial
Temporal Sclerosis

4/23/2019
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Controls >
Epi

Common activation in both
groups: posterior memory
network

HS: Metabolism

Fig. 1 3D MRI representation of hypometabolic areas in MTLE patients (significant differences
compared with 10 healthy volunteers using SPM99, threshold: P = 0.001, corrected for extent to
20 voxels) in the mesial group (A), the anterior mesial-lateral group (B) and the widespread
mesio-lateral group (C).

Francine Chassoux et al. Brain 2004;127:164-174

14



HS: Neuropsychology

50 Figure 1. Mean

e, gender,

education) z scores for patients with tem-
" j poral lobe epilepsy compared with
s i healthy control Epilepsy pa-
] 4 |8 tie d significantly worse
b across all test measures. VIQ — Verbal
i L ince 1Q; FSIQ =
3y cl- e T = Boston Naming
F l L = Letter Fluency; JOLO =
Z cation

Judgment of Line Orie ; FACE =
Facial Recognitian; WMS IMM = Wech-
ale—I11 Immedi
Wechsler Mo

£ 3

ory; TRAILS A ,
Preservative Responses; STROOP-1 = Stroop Color-Word In
Dominant Hand; PEG NDOM = Grooved Pegbourd-Nondominant Hand.

WCST 64 W
erference; PEG DOM = Grooved Peg-

Working Men

HS: Neuropsychology
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Epilepsy Surgery
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Epilepsy Surgery

¢ Preservation of function

» Keep the patient awake
— EEG, fMRI, and other imaging modalities
doesn’t tell the whole story

Epilepsy Surgery

ok 10109 Horsindam 354 SRAN 2016 139, B804 | B39

Mapping neuroplastic potential in
brain-damaged patients

Guillaume Herbet,'? Maxime Maheu,”® Emanuele Costi,® Gilles Lafargue® and
Hugues Duffau’?

4/23/2019
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Left brain

Right brain

Set of areas with
a low index of
compensation

Treatment

 Stimulation of /ateral temporal cortex

17



2018). Published by O Uni
nail: journals.permissions@oup. T nd distributed under the terms c
Oxford University Press, Standard Journals Publication Model (https://academic.oup.com/journals/pages/about

Gamma
frequency:
32-100 Hz

is published and distributed under the terms of the
cademic.oup.com/journals /about_us/legal/notices)

Relation to Psychiatric Problems

“Melancholics ordinarily become epileptics,
and epileptics, melancholics: what
determines the preference is the direction
the malady takes; if it bears upon the body,
epilepsy, if upon the intelligence,
melancholy.”

Hippocrates, = 400 BC

4/23/2019
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Mood disorders in familial epilepsy: A test of shared etiology, Epilepsia, 59 (2), 431-439, First
published: 10 January 2018, DOI: (10.1111/epi.13985)

« Increased risk in women with focal,
idiopathic epilepsy

« Slight increase in relatives

Mood disorders in familial epilepsy: A test of shared etiology, Epilepsia, 59 (2), 431-439, First
published: 10 January 2018, DOI: (10.1111/epi.13985)

Affektiva storningar--ED

4/23/2019
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Stamceller

* Embryonala stamceller
* Neuronala stamceller

Stamceller

« Déaggdjur och faglar utnyttjar olika
strategier

« Pétaglig neurogenes 1 horselkortex hos
faglar i samb med hickning och apoptos vid
flyttning

» Déaggdjur har ingen liknande kédnd neuronal
strategi!

Neuronal
precursors

New neurons

21
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Mateus-Pinheiro et al. Clinical Epigenetics 2011 3:5 doi:10.1186/1868-7083-3-5

Dissociation EG—BIP?

4/23/2019
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Cingulate cortex
(limbic cortex)

Hippocampus
[buried in
temporal lobe}

Anterior cingulate

4/23/2019
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Schizophrenia

Suzanne Osten
lickan, Mamman
10N PEMOMERSA

Schizophrenia

» Schizophrenia is a pattern of extremely disturbed
thinking, emotion, perception,
and behavior
— Ability to communicate and relate to others is severely
impaired
— Most aspects of daily functioning are disrupted

* One of the most severe and disabling of all mental
disorders

24



Symptoms of Schizophrenia (cont.)

Symptoms of Schizophrenia

Thought and language are often disorganized

— Neologisms; loose associations; clang associations;
word salads

Content of thinking is often disturbed

— Types of delusions include ideas of reference, thought
broadcasting, thought blocking or withdrawal, and
thought insertion

Difficulty in focusing attention

— May feel overwhelmed as they try to attend
to everything at once

Perceptual disorders such as hallucinations

Emotional expression is often muted
(flat affect)

— Expressions that are displayed are often exaggerated or
inappropriate

Lack of motivation and poor social skills
Deteriorating personal hygiene

Inability to function on a daily basis

PET: Areas

of the Brain Activated During Hallucinations

4/23/2019
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Categorizing Schizophrenia

* DSM-IV subtypes
— Paranoid
— Disorganized
— Catatonic
— Undifferentiated
— Residual

* Positive versus negative symptom dimension

Genetics and the
Risk of Schizophrenia

4/23/2019

No genetic On average, 50 percent of genes shared 100 parcent of genes
relationship with person with schizophrania ‘shared with person
3 & ‘with schizophrenia
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Genetic relationship between five psychiatric disorders estimated from genome-wide SNPs
Cross-Disorder Group of the Ps
hiature Genetics 48, 984084 (21

iatric Genomics Consortium
doi'10.1038ing 2711
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SNP-based heritability or coheritability

[1]

a b c

W All data B Subset 1 W Subset?2 [0 Subset3
W Subsets 1and 2 Wl Subsets 1and 3 [ Subsels 2 and 3
@ Crohn's disease analyses

-

ASD ADHD

ASD-ADHD

Genetic relationship between five psychiatric disorders estimated from genome-wide SNPs
Cross-Disorder Group of the Psychiatric Genomics Consortium
Mature Genefics 48, 994-094 (2013) | doi10.1038ing 271

Environmental Origins

¢ Malnutrition

— More common following famine
 Viral infections in mothers

— Influenza

— Herpes Simplex?
* Early cannabis use

Other Biological Factors
for Schizophrenia

Possible abnormalities in brain chemistry,
especially in neurotransmitter systems that use
dopamine

 Possible neurodevelopmental abnormalities

— Disruptions in brain development from before
birth through childhood, when brain is growing
and maturing

—
o
)
;)
e
=

sNoQoo
BOLORT
gRAS<o
Lodsa<s
200G0oa
- ]
g

S
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Psychological Factors

» Psychological factors alone are no longer
considered to be primary causes of schizophrenia

* But psychological processes and social influences
can contribute to appearance of schizophrenia and
influence its course

— e.g., maladaptive learning experiences

— e.g., stressful family communication patterns

Figure 15.6 The Vulnerability Theory

of Schizophrenia
w Max C Schizophrenic
] behavior
o A®
>
@
2 -~ Threshold
)
H Normal
= behavior
L‘) Min
Low High
Vulnerability
Two
B bl
examples e
of sortin, * + + [0 o
. g a ‘ * L ® e
behavior
A A
on the A
. . [ f
Wisconsin A
Card ‘AH* ‘-a-sa- @a‘
. ) * kS e o
Sorting
A A
Test QGL\
|
(WCST). :
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An example of three problems in
the Tower of London task.

(2 moves) (4 moves) (5 maves)
®)
G (3)
G (B G B B ® (®)
Initial position Goal position Goal position G
(. 2) (n0. 6)

soal position
(no. 10}

Fokus pé prodromalfas

Neuropsykologi

29



Tabell 16, Tabellen anger forekomsten av elva_typer av kognitiva problem i samband med

psvkossjukdomar (schizofreni och bipolir sjukdom). Effekten uttrycks som effektstorlek (Cohens

).
Domin d
Schizofreni Bipolir
sjukdom
Global - -
Uppmirksanmhet* -1,02 -0,57
Minne™ -1,83 0,78
Exekutiv 1,10 0,76
Problemldsning” 083 0,19
Arbetsminne 067 047
Sprik 099 004E
Visuospatial 056 -048t
Motor/ praxis -041 0,685
Kognitiv =
hastighet 0,99
Taktil transfer™ 190 =
Nigon! 143

“Avser icke-hospitaliserade personer. **Taktil bimanuell igenkinning av objekt, ‘Baserat ph
Y{(1)=48,02, 1<0,001; data frn Weickert etal. (2000). ¥Data frin Seidman et al. (2002).

Subjective and objective neuropsychological

*

abnormalities in a psychosis prodrome cl

MARTIN HAMBRECHT, MICHAEL LAMMERTINK, JOACHIM KLOSTERKOTTER,

EVELINE MATUSCHEK and RALF PUKROP

4/23/2019
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Tbla 2
Teamsition 4 Mo tramiion n-40 Toraln 44
PANSS, posiive sore Mo 55 woan nz am
PANSS, negative siore o @) n4 5o 16 69
PANSS, general score no w6 n8 42 0 (44
PANSS, coral score &0 (15 2 548 ()
Fageatideation’ 775 (849 2mpn 138084)
Popsical anhesonis 535 1) 415 (42) 40
Purcesaund aberracon 1525 78 u30my 1248 1)
e [e——r— .
e e it grocph
Table 4 I . Mann—¥haney Uhtescs
frasn )
Merowgnitre luncicn Comrok,a-79  Prodrome.n-23  Schizophrenia,n-28  FlorPr.C  PlorPeS
Visual backveard i (X hics) " ) 0 Ty [ <op01
Aezmmeion (K hes) 8147 1037} 7246 (824) sinmn) o o1
Spatisl working racory {pinel diatan 0 targer) TIN5 57908.29 8651 (9.56) o5 <001
Verbal rmmery . o words)
Frem recalfirils 15 s nan e 9.4 @41} [ o
Reeognicen 144 (136 1397 (145 200 (18 [ e
Verbat flueney (no. o words) ed (474 8 ey o2 o
Visusl memery (copy méeus detarstndardscore 0-36) 885 (513 36 5.5 g ool ome
Wesconsin Cand Sorsing Fest (% permverache errors) 1070 (5.95) 13 (518 1521 s om o

Slutsatser

» Fordndringar betriffande framplockning i
episodiska och semantiska minnesuppgifter

« Ovriga doméner intakta

» Forekomst av en rad fynd senare i
sjukdomen antyder neurodegenerativ

process
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Mekanism?

Retrieval induces adaptive forgetting of competing
memories via cortical pattern suppression

Maria Wimber!Z, Arjen Alink?, Tan Charest’, Nikolaus Kriegeskorte? & Michael C Anderson®*

VOLUME 18 | NUMBER 4 | APRIL 2015 NATURE NEURDSCIENCE
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Neuroradiologi

SAITISH [ BUNAL BT SSRCHIATRS (LA1), 1BE (emppd. 433, e8beett

Structural magnetic resonance imaging in
patients with first-episode schizophrenia,
psychotic and severe non-psychotic depression
and healthy controls

Results of the Schizophrenia and Affective Psychoses

(SAP) project®

AL K. R. SALOKANGAS, T. CANNON, T. VAN ERP,T. [LONEN, T. TAIMINEN,

H_KARLSSON, H. LAUERMA, K M. LEINONEN, E WALLENILIS,
A KALJONEN, E. SYVALAHTI, H.VILKMAN, A, ALANEN ard |. HIETALA
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White matter
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AT JDURNAL Y PATCRIAT Y @ER1), 181 (enpet. 431,

Brain morphology in antipsychotic-naive
schizophrenia: a study of multiple brain structures
W.CAHMN, H, E. HULSHOFF POL, M. BONGERS, H. G. SCHNACK.

R.C.W. MANDL, N. E. M. ¥AN HAREN, 5. DURSTON, H. KOMING,
J. A.WAN DER LINDEN and R 5. KAHN
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Slutsatser, MRI

* Ventrikelforstoring inte vanligt under
prodrom eller direkt efter insjuknandet

» Forekomst av dylika fynd (samt np fynd)
indikerar neurodegenerativ process

* Frontalkortex samt Thalamus paverkade
initialt

Functional neuroimaging
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Functional Structural

Potentisl common mechanisms of cognitive dysfunction in schizophrenia
Psychelogical mechansm as the unifying factor Neurabiclogical mecharism as fie unifying factor
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Brain histology &
neurochemistry

Dopaminergic system

Corpus
callosum

Frontal

cortex \

\l{/J t{\sé N4
Substantia nigr;\\, Cerebellum

Both amphetamine and

cocaine block reuptake of
Dopamine dopamine and faster
torminal symptams of schizophrenia,
| Amphetamine
promot |
of dopa M |
| fosters symptoms of 7+ T-(‘

| schizophrenia.

| | Chiorpromazine, a drug that

blacks symptoms of

v ) |schizophrenia, occupies the \ ¢
dopamine site on the D,

receptor, preventing receptor

activation by dopamine
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Interneuron deficiency

* = 80 % of cortical neurons excitatory,
glutamatergic pyramidal cells

* =20 % of cortical neurons inhibitory,
GABA interneurons
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* GABA-deficiency hypothesis replacing
traditional dopamine hypothesis?
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