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Complexe CerebraLofunctlon and dysfunction
Tradltlonal model

Vegetative
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LS = « The ernotional brain » ?
Functions potentially”attributed to the limbic system

Potential / probable fungtions
of the limbic system .+

&% . .
+ Emotional/neurgpsychiatric
+ Behavioural &

o Vegetatiége‘fcnlfactory
S I\/Ierrpﬁl

Red: «Core emotional brain»
. «Extended emotional brain» g

Pessoa Nature Rev Neurosci 2007 %



Chronic stress
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Chronic epriotions cause stroke
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Chicago Health and Aging Project
Henderson Stroke 2013

Western Europe, North America, Australia (n=3836)
Eastern and central Europe, Middle East (n=2787) o
South America (n=2959) &
China (n=7974) &
Southeast Asia (n=1710) . 000

PN
South Asia (n=5704) Sy

&0
Africa (n=1940) \‘@Q
All (n=26 919) Aa -
L
& | | &
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& - Stroke

Overall OR =2.20 (1.78-2.72)

FINTERSTROKE/ODonnell Lancet 2016
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Anger or emotlonalpﬂpset

Al stroke +—§"°’—'
2
Ischemic Stroke %e‘f\o—-—!
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il IC-Hemorrha&@ol | -
P
0.5 1,0 1.5 2.0 2.5 3.0
Odds Ratio (39% CI)
- Anger/upset present

INTERSTROKE/Smyth Eur Heart J 2022

Stroke probability

Acute embtlons cause stroke

Stroke in men following

hospitalisation of wife
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Stroke risk ratio
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BehawouraLhablts cause stroke
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Dark chocolate

¥ ﬁ?% stroke risk

BL@?ago Lopez BMJ 2011; WHI/Greenberg Am
& Nutr 201 8



After stroke: emotlonel and behavioural problems

are mﬂltlple and frequent

Depression (> ravély suicidality) Frequency
Apathy o

Anxiety, phgblas

Emotlona‘F instability, catastrophic reaction
Irntab@llty, impulse control disorders

PIﬁD

<Patho|ogica| laughter & crying (pseudobulbar)
Compulsion, OCD, «Witzelsucht»
Agression

Lack of empathy

Psychosis &
Mania N
Hypersexuality o

Subtle
p@e*fsonallty
< changes

"0

Major pathology

® 4 6 0 6% 0 0 0 0 06 0 00
©



After stroke : emotloﬁal and personality changes
are more frequént than in other chronic illness

Extravef%mn

o ory disease
JREart prablems
° Diabetes
52 Hyperansion
& Arthiritis
\6(\ Mans~ar

ege’ piraory disease
\ Hyperension

<) Arthirilis

Heart problems
Diabetes

Cancer

izease

Hyperiension
Arthiritis

Heart problems
Diabeles
Cancer

Jokela Psychol
Medicine 2014

v Emotional stability




After stroke : emotloﬁal and personality changes
are more frequént than in other chronic illness

Extrave;élon
Ty disease " —a—
H‘Fartpmblpn'a —— >
@ & Diabetes —— .\g@’
52 Hyperansion —i— &6(\
@@ Arthiritis —— o2
(\C‘b(\ Fancaor 1l &
?}}r\\ Emotional stability @(;@Q
& Hj,.'plelnznﬁiun 0
& wetpent = Structural brain dlse@se changes humans
0({'5 C?n:lnfa
” Agreablen beyond the psg?chologlcal impact
“ig > Can the locatiosi®of the brain lesion explain
Hyp.&ﬁ&fnsion —{_
Hear probes and pfedict these changes ?
Diabetes N
Jokela Psychol Cancer - |
Medicine 2014 | ] I |

S 0 -
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Strm(e localisation

Depression

Anxiety <§@

?\\

Mania N

Emotional lability/
laughter/ crying

Catastrophic reaction
Lack of empathy

Nﬁt specific; networks more important
°Left basal ganglia and left PFC (?) &

Not specific. &
Anterior circulation, right frontal (?) &

Right hemispheric including (para)-limbic &“o
Orbitofrontal/basotemporal; caudate nuclgﬁs/thalamus regions

Not specific / unknonwn &

Frontal lesions; frontal- Ientlcular-ﬁontme base
. . \f@«*
Left hemispheric (?) Q)O,*“

Not specific (networkgb@asﬁ:)re important)
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Potential LS mq@gifgstations of stroke

S

Aggression, anger, celgLsQibnhibition
&
<5

Apathy, Ia%@%? motivation
&

©?‘

o
q
P

Psychosis
Compulsion, OCD, «Witzelsucht»

Hypersexuality (part of Klliver—Bucy
syndrome)

RS
.\\.Q

Not specific. 5:‘0
OrbltofrontaI/ventromed|aI/Ient|qu€)
capsular/basal pontine areas @Q

Not specific, not Iaterallzed?
Anterior C|ngulate—pallldﬁm—thalamlc circuit;
bilateral lesions ef

Right hemlspherl@ucortlcal
Cortico- strlatgﬁhalamo cortical circuits

Amygda @nesmtemporal lobe; cingulate



Example: abathy after stroke
independent of stroke Wpes stroke localization of limited value

Right ACA Right paramedian Deep <yenous Right caudate and

thalamus th@mboss intraventricular ICH

?ib

(Y Slide courtgéy: J. Ferro Uonil_
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Vignette : 42 yo. Iady right MCA stroke (ESUS)
¢ Between7 anquﬁbﬁ after onset: ,. ¥ o N

> Five episq@gl@s of asystolia of 10 sec.

» Each ag»&mpanied by brief loss of

congslousness
>
$\

-~ Major
_Sinsular

¢ involvement
‘| > Not really
“limbic™!

©
mv Rey & MichgF, JNNP 2008 M
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Potential LS ma@m‘festations of stroke

Vegetative & olfactory Stroke localisation
manifestation '

Tachycardia/brad)égtﬁfdia/arrythmis Insular cortex, other ? @é
Sleep apnea (g@ﬁtral, obstructive)  Not specific (severity may nga*cter)
0@0?"' Udine’s curse: bilateral Iqtéral medulla
& s

Sweatir‘?)og“A General: not speC|f|c@<z

%f Rare focal hyper/llybo in brainstem.
Fatigue Not specific. P@éterlor circulation (?)
Horner’s syndrome Dorsal bralgastem

Thalamgs subcortical WM
Olfactory Non- ﬁpemﬂc anterior circulation

9P
N
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Potential LS mﬁﬁifestations of stroke :-*l

e‘\é\ . _JT_
Memory types @Q‘&&} Amnesia
y yp " Memory processes,
: & - + Memorizing (encong
Declarative v\\@‘q Non-declarative
memory, memory + Retention (stor@g°e)

2 /\ . Regeneratlog {recall)

Semantic  Procedural  Priming > HlppogaTnpaI -diencephalic
e < 2 effect and pa,reéhlppocampal-
retrQspIenlaI networks

%0&
$\$

O

Episodic rib© )
memory>

<2)C)
Review: Maeshina & Osawa, In: Stroke. Dehkhargj@%ni S (Editor). Exon Publications, 2021
r19
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Potential LS ma“nlfestatlons of stroke ol

Amnesia (usually eprOdIC) Stroke localisation

Anterograde amnesiaec(&encoding) Anywhere in Papez’ circuit .@\Q’b'
. §\ Also para-limibic system (retro§|§l°en|al ..)
?\\&
Retrograde ameme3|a( retrieval) Hippocampus, parahlppocaﬁwpus
- but oftgﬁ OK with clues - basal forebrain, cgudate

Retent@% (=storage = old memories) Rarely affected by gtFoke

k

Attentional problems/forgetfulness Anywhere supﬁentorlal (also Infratentorial ?)
Learning Any of thgﬁébove

Memory deficits : L hemispheric: morg@t?erbal, R hemispheric: more visual
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«Lm}blc symptoms»x Structuraldimbic lesion
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Stroke in ’Epé$limbic system (LS)
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o§‘élinically observed symptoms from stroj)séo in the LS
@vibO,
q/grib
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Examples of strokes in the limbic system

&

Core limbic system
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Clinically observed ménlfestatlons of damage to LS

Limbic structure Manlfeotatlons

Amygdala Isoléied stroke: not described (?!)
J;?otennally anterograde > retro amnesia, altered decision maklncgz?
Faltered fear response, anxiety, aggression, irritability, 1 or | se@i‘nve)

\"0

Hippocampus Y\\@ Short >> long term episodic memory loss (initially cué’orlentatlon)

& er‘
Hypothalamgﬂs& Rare: somnolence, hypothermia, Horner’ &
0'\$ (Potentially: changes in weight, hyperhidrosis, 1 or@ sex drive,
\??)
,© aggression, stress, fatigue, altered biol. rhythmg
SV &
Paralimbic / associated structures egf
Cingulate gyrus, anterior thalamus, VTA, Episodic aﬁﬁnesm
prefrontal cortex/basal forebrain, basal Multlplgo\énd often unspecific cognitive/
ganglia CC, fornix, Ncl. acumbens mem§w/ emotional/ behavioural deficits
Q)O
©?‘

Hypothal. stroke: Matsubara BI\/JL@;’NeuroI 2019;



Clinically observegd manifestations of damage
to LS are rare. Why ?

¢ Pubmed/internet: i g@‘late stroke of ..
» Amygdala : Océses

> Hlppocamgﬂs 0 - 5% of hippocampus-involving
strokes &

> Hypqthalamus 6 cases
. Why @?e such isolated stroke in the core limbic

sysﬁém so rare ? Likely because of .. %
> Abundant vascularization from multlple sourcgs

\‘Q

» for phylogenetically reasons v

(.

» (and its dysfunction is rapidly compensgféd'? Perosa Brain 2020

Q’O

Hypothal. stroke: Matsubara BMC Neurol 2019; hlppo-lrglyfﬁlvmg: Szabo Stroke 2009; Forster Int J Stroke 2016
PV
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Red uII" ®tric car

&
A N
%e@(\fb .OQQQQ
~ &
@é
o “Limbic lesion X «I|mb|c§>@symptoms
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Why this mismatch
between «limbic» s{roke symptoms and limbic stroke ?

ﬂ

W
(%)
ee’é

&
S
&

Limbic lesion




Complexe cerebral t@nctlon/dysfunctlon happen

N W|delysd|str|buted networks
 Exemple : amygdala

» @Q

., ' Functlonal @nnectwlty by resting state fMRI

oPost stroke depression:
Cl@énges of amygdala connections
O
Young Rev Neurosci 1994 and Heller Cogn Emot 1997 %@V@ Zhang Am J Phys Med Rehabil 2019

V
X

W2VIP PO \
VI 'Vat PIP \33

Connectivity of the amygdala



Complexe CerebraI@Iﬁﬁction/dysfunction happen

in widely-distributed networks
Exé€mple : apathy post-stroke
& F

3 A

Red:@jﬁ%ct. diaschisis
Blaek: 2° degeneration
Post-stroke apathy: < Apathy model:

((‘\\(‘

Disconnection of complex ~Disruption of key networks
sub-network of regions

©
uv Yang Eur J Neurol 2014 > Tay IntJStroke 2021

l DTI tractography



Complexe cerebral fﬂnctlon/dysfunctlon happen
In W|dely distributed networks
Non-limbic strgke effect on limbic volume over time

ingulate and Subcortical Volu

_|psilesian Cmgulgg;“_

3T-DTI volume measurements

" 5o i
ol 4 — S| Ft‘f—:’ll
b —— S
o 12 {ne13)
F Time (months) 1:‘8&?:!1\] e
. \
Amygdala Hlppocampus Thalamus

Qx

- Limbic andﬁarahmbm volume
decreaee («degenerate») with time
frormfemote effects of strokes

®U

Haque & Savitzrﬁgf-@ront Neurol 2019
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—> Limbic systém Is heavily connected @Q

- L|mb|c§s‘iroke causes «diffuse», non-specific cogﬁpexe brain
dystﬂnctlons and vice-versa &

Red II tric car

> Limbic stroke: any exception tg*
these «non-specific» effectgs?




b.

.2 .\ Stroke in the limbic system (LS)
sbein %, #° Menu
@Q@b
N
9‘2’606,
\"\&‘\&@
N
E
&
@\?@O,
" o Amnesia and stroke



http://www.unil.ch/central

Acute non-:fraumatlc amnesia
4 leférentlal diagnosis

o
<
@’Q

. Transmntaélobal amnesia (TGA) .

. Strat@@c TIA or stroke = ischemic amnesia &

. FQ68| epileptic seizure = epileptic amnesia &

0 Mlgralne with amnestic aura = migrainous arﬁnesua
& . Gayet-Wernicke syndrome (thiamine deflgi”ency)

+ Limbic encephalitis

&
\\<

¢ Functional amnesia (dlssomatlve psychogenlc)



? Acute am@‘é&sia from stroke/TIA
n &

Q
;\}O

S
S

@b

Q,Q

+ Isolated ag;ﬁnema from stroke: very rare &
> 0. Z% of all ischemic strokes 8@Q‘§
. Oft@ﬁ misdiagnosed as transient global amnemaf(“l’ GA)
&‘9 and therefore stroke missed &

@Q

o » Very rarely: ischemic amnesia Cllnlcallyldentlcal to true TGA

o)
N4

+ Often: some red flags (next slide)

®
& .
&
%QJ
\$\$

Michel Stroke 2;@1 7

9
N



Acute amnesfa red flags for stroke

osl‘ather than TGA v

A\\QJ

. ngherxége presence of ++ vascular risk factors f
. Very short (minutes)

. Eértlal (not global) 5

<% Additional symptoms or signs : +

q? eb

P
» Visual, sensory, motor, iconsmousneﬁs aphasia etc.

&
‘?3\‘




? |solated am‘he3|a from stroke

.‘3:' RadloIng and lesion location

\)

¢ Mostly limbic anq@parahmblc system (Papez’ circuit)
» Anterior thaJamus (posterior comm. art.)
> Hlppocam“pus (mesio-temporal)
> Splemﬂm/fornlx I’

N Cllngzeﬂly Unllateral stroke @Q@

. Bllateral strokes
- Persistent amnesia, partial or severe (and»red flags)
@
Michel Stroke 2@@1 7

v

Anterior thalamic
Radiology CHUV

UNIL | Université de Lausanne
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Isolated ischemic gﬁﬁ?esia (N=13) : Radiology - 1

Michel Strok 7
ichel Stro rt;:@ M
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Anatomy of Papez circuit visualized in vivo
by MR dlffu3|ono§pectrum imaging of fiber tracts

Posterior g;* Brain —> Anterior

Associated circuit Main circuit

C. Middie
cingulate cortex

A. Subiculum

©
Granziera NeurgReport 2011
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Vascularisation of the Papez’ circuit

0\\

B Anterior ceregq‘i%ﬁ artery B posterior cerebral artery

B Anterior chefoidal artery [ Posterior choroidal artery

] Anteriog,é?)mmunicating artery B Posterior communicating artery .
& \@(\Q’

()

(’\‘af {\‘@Q
\Q
&Y\\‘ (\\<\be
N 0@
e@"’& Thalamus o"~‘°°
S Mammillothalamic — Mosty gosterior circulation
,b©‘§ tract &
o Basal Mammillary fob
forebrain body

©
Slide: courtesy. Ferro, Lisbon
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- Sj;crf)ke in seral parts of the
@L(extended) limbic system can cause
& a quite specific episodic, mostly
transient memory deficit &
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What is TGA ?

(traﬁ&ent global amnesia)

¢ Pure anter@ & retrograde amnesia @@v

o Often r@petltlve guestions, anxiety, headache, nau,séa
d|zzmess

. N@other neurological signs&symptoms; pregaérved identity
o Lastlng < 24 hours at bedside & &
¢ Triggers present in 50-70% (phyS|caI @@hd/or emotional)

& .
&
%QJ

Criteria : Caplan L, in Vlnken/Bruyn/KIawans d‘fandbook of Clinical Neurology 1985
Hodges and WarL@w JNNP 1990



WHat is TGA ?

Radﬁology and prognosis

. 50 70% wﬂhvamshmg hippocampal DWI-pixel &
> 10% ml.gk‘iple/bllateral &@Q“’&
> Best,iming of DWI : 12-48 hours @@Q

. TGA@Qfs not a (classical, arterial) stroke or TIA /
E‘JNot increased stroke risk &@Q

£% No further stroke work- -up needed if typical f&'v

+ Pathogenetic hypotheses &

» Hypoxic-ischemic .@?\

%0(0\

» Transient venous hypertension &
» Stress-induced functional dlsord%@of hippocampus

Ve
S
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TGA triggegqs%re present in 50-70 %

QO
Systemic (physical) Psychological Spontaneous Acute neurological
triggers < triggers occurrence disease triggers*
O
Strenuous physical activity - A%ute emotional stress * No trigger * Ischemic stroke
Acute temperature change ,v“%urprise + Unidentified * Intracerebral hagmorrhage
Hypertensive crisis 0@0‘) + Acute pain trigger . Subarachnoig\c‘@
Sexual intercourse @@" + Sexual intercourse haemorrha
Acute cardiovascular \\@\é‘ » and others . ReversibLé‘E:erebral
events ?}Y vasocgh%triction syndrome
Medical interventioiis » Seizdre/encephalitis
and others « Refipheral vertigo
@&O' S;@Qﬁ/llgralne
& &
&
- & -
Transient GlobalLAmnesia
N
&

R
* Piffer S, Nannoni S, & Mfi%hel. Neurol Sci 2022



TGA trlggered Dy / associated with

acute C@febrovascular events

Ischemic stroke (contralat.) &  |schemic stroke (ipsilat.)
Piffer S*, Nannoni S*, &wcwlichel. Neurol Sci 2022



& Clinical TGA Clim'c%l TGA

—> Additional vanishing pixels outsml% hlppocampus
(usually in the hemispheric WM)ﬁ‘ave been observed
in otherwise tybg?‘Cal TGA

a
' TITCT U, TNArmiurimTo , XX IVMD.)IIUI. J INCUTUT OUT £ VUZZ




Triggers of TGA

.\6 -
Systemic (physical) Psycho([go‘glcal Spontaneous Acute neurological
triggers triggers occurrence disease triggers
<
&
506\
©
&
)
6’ . . 06'
< Transient Global Amnesia &
e@% A(oQ&O
S &
&\C) (o
a S
& N
\(\ @4
QI& &
& &°
N N
OSA GQ@G
5 &
3 S
o <
)
@
&
S
<
\?x\
<
&)
N
o
§J

©

Piffer S*, Nannoni S*, & M'Lg{ﬁel. J Neurol Sci 2022



Trigg@bérs of TGA

Systemic (physical) Psycholg‘glcal Spontaneous Acute neurological
triggers trlggers occurrence disease triggers
OQ
C’JQ
eQ‘°§
\Xﬂ
Transient Global éf’nnesm Hippocampal Punctate DWI Lesion S um
@"I'yplcal radiological findings <’A/p|cal radlologlga?flndmgs
\
‘(\rf\ HPDL No PDL Extra-HPDL (wﬂp{wﬂhout HPDL)
- S c? :
_S g g $\e « Classical » TGA « Classical » TGA « C[a%swal » TGA
o - C' . .
>3 qu, with HPDL without PDL Wﬂh extra-HPDL
5 TGA - plus TGA - plus =~ TGA-plus

E E ® with HPDL without PDL A &€ with extra-HPDL
'2 < § Non-amnesic neurological Non-amnesic neurol. v.@ Non-amnesic neurological
<9 manifestations manifestations & manifestations

£ with HPDL without PDL A@Q’é\ with extra-HPDL

N
O
K

©

Piffer S*, Nannoni S* & Migfiel. J Neurol Sci 2022
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2> TGA is R@A (and not stroke)

- But scametlmes
2 OStroke trlggers a TGA o
ﬁ TGA is not as typical as we wish



The@‘ﬁnlsh line ...

0\\

(\

« Neurologlsts@s‘l’ 00% accurate,
but compefetely useless »

Cb
?\\«

« The best stroke treatment
|§ostroke prevention »

&
P®

- 6 Swiss secrets
how to prevent strokes


http://www.google.ch/imgres?imgurl=http://joyhog.com/wp-content/uploads/2011/10/smiley-face.jpg&imgrefurl=http://joyhog.com/2011/10/07/the-whole-world-smiles-with-you/smiley-face/&h=600&w=600&sz=48&tbnid=1G-eOnBsFggtMM:&tbnh=135&tbnw=135&prev=/search?q=smiley+face&tbm=isch&tbo=u&zoom=1&q=smiley+face&hl=fr&usg=__3KTbDv0KgTQ-OjwpzvL2F-Aw6dw=&sa=X&ei=3p3qTqmzB4jqOeDyuKcI&ved=0CCUQ9QEwAw

&

"

L@bts of sport Relax with friends | Black efhocholate

Lee Stroke 2003 Henderson Stroke 2013 Bmtr@@o Lopez BMJ 2011

'NESPRESSO.
Vegetables & fruits Low-fat ﬁﬂlﬁ produ ots 3-5 cups/day

uv He Lancet 2006 Ding Circulation 2013 M
Larsson Stroke 201%/ Dehghan Lancet 2018 UNIL | Université de Lausanne
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Stroke m the limbic system

O
6\)
&

N
,‘>°

abc-win
Seminar =%

\/ Rare@m |solat|on symptoms little specific &

/ [&"étwork effect from and on limbic systerq o

@Q

j Exception: episodic memory loss, ofteﬁ transient

/ Differentiate ischemic amnesia fr@"m TGA
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patrik.michel @ chuv.ch

©?“

Cérébrovasculaire Qq;b
t'l,

UNIL | Université de Lausanne
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