Pharmacological agents ¢ised to
prevent/treat delayed-cerebral
Ischaemiar-evidenceromnnot
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key points

delayedcerebralkischaemia(DCIpne of the/leading causes of unfavourable outcome
following ASAH

angiospastiarge vessel/conductance-vessel-narrowingas the mainissuec focuson
microcirculation

early brainiinjury relatestorthe development of DCI

microvasoconstrictionmicrothrombeosis inflammation,ccorticaspreading
depolarisation CSD), breakdownood braintbarrier BBB), impairmendf
autoregulation

blood products inthe: CSEglobalischaemic insult;ischaemic insult torendothelial cell
oral nimodipinec level 1A

endovascular therapy-(EV1) Level of Evidence 12a, Class B

|A nimodiping nicardipine milrinone, verapamil’?2:Best

immediate -angiographic-response; neurological improvementis less
focuson-endothelium?

lots moretrials required

you aretheffuture



delayedcerebralsischaemia(DCI)

A is oneofithe deading-causes ofrunfavetirable
outcome ffollowingrASAH

A understanding the:mechanisms/isimportant in
developmentof treatmentistrategies



angiospasmarge vessel/conductance
vessel narsowings isot the mainiissue

A angiospasnin 70%/ASAHy symptoms; DClinaround 30% ASAH
A only 50-60%of patientswith sever@ngiospasnhave [DCI

A only 2/3 of mewccerebralinfarcts-are predicted bydocation of
angiospasm new cerebralinfarction eccursvithout angiospasnin
that territory

A CTPRthe mosthypoperfusedareasdonot correlate with-the
vasospastiartery

DWI¢ multiple acuteiischaemicrareas-remaote fronmruptured:aneurysm
oral nimodipinec no significant:arterial dilatation;improeves outecome

clasozantarc reducesangiospasnand cerebralinfarctiom no effect
on outcome

intravenousnicardipinereducesangiospasnt no effect oncoutcome
EVTc good angiographic-response;iessericlinicab response

To To T To I



46 yearcoldmale, poorrgrades ASAH,
CTT- hours jposttASAH



early bramimjury (EBDy¥ithin? 72> hours

A EBIliis relatedto development of DCI

A aneurysm-ruptures severesriselCR) recuced
CBRand CPP

A global ischaemicinjury

A endothelial celliischaemic injury
A blood productscCSF



EBVddelayed-cerebralischaemia (DCI

A vasoconstrictiore likely predominantlyrin
microcirculation larger arteries

A microthrombosis

A inflammation

A cortical spreadingl depolarisation{(CSD)
A breakdown bload-brain barrier(BBB)

A impairment afautoregulation

A ? endothelium isckeg ASAH induces functional
and morphologicalichange



blood productscCSF

A oxyhaemoglobircauses vasoconstrictipdecreases PGI12

A oxyhaemoglobiroxidises tamethaemaoglobirreleasing
oxygenffree radidals/superaoxiaehich causeslipid
peroxidationc these permeate: arterialwaltjamage
endothelidl céll apoptosis loss mitticcoxide (NQ)/
overproductionendothelin scavengingof NO,/by
haemaglobin i €Sk Hnhibition elOSDy RO%
vasoconstidction

A superoxide -+ NOperoxymitrite ¢ damages mitochondria,
vascula endothelium,smoothmuseclecells

A elevated potassiung depolarisation-of vascularsmaooth
muscle

? NOdoneorsendothelinantagonists/ freeradical scavengers



nitric oxide (NO)

endothelium,increases:.cGMP unsvascularnsmooth
musgdlec vasodilatation

presernves maintains microcirculation

A inhibits platelet aggregationcleukocy@dhesion
and migration

A important in autoregulation

A reduced|levelsrmake the braincmoressusceptible
to cortical spreading depolarisation(CSD)

A NO llevelsidecreaseafter ASAbiphasic within
30 minsand around:47 days



EBI/DCIlyyasoconstriction

A hypoperfusion microcirculation-especially

A subarachnoid-blood products low NO,hight EThduce imenmbrane
depolatisationsSN Cep caleiuma(Ga)unfliux friom, phéspholipase
hydrolyses:membranphosphatidydinositol 4 Sbiphosphateto
inositol 1/4;5ttriphasphatel (P 3), anicheylglyeero(DAG):1AR3
stimulatesCarreteaserfronminiracelluiarstoraGaactivaies/MLC
kinasec myosimractin interaction

A Rholkinase upregulatedin ASAH:rinhibits:myosin lightchain
dephosphorylationdownregulateeNOS

Cacchannel blockeraflux, release fromrintracellular stores,rho kinaseiinhibitors



EBI/DCImicrothrombosis

A microvasoconstrictiopreductioniinceerebrab blood
flow, iIschaemic endothelialcells(ECs),rdecreased NO

A cerebraliischaemiapost:ASAH induces morphological
change irendothelium

A healthy ECs expressantiplateletiand anticoagulant
factors

A damaged-ECs stimulate-plateletradhesion and
aggregatiore exposed-collagen;tissuecfactoimxA2
release

A apopiotic ECs-eleas@VFE p-selectininto blood
(favoursplatelet:aggregation Hfibrinproduction)

A damage-BBB

antiplatelets, anticoagulants?



EBI/DCIlinnflammation

A methaemaglobin haem,thaemin activate aimicroglial tke
receptor 4((TER4), inflamnmatorycascade initiatedhdamaging
neurons:and ECs

A (murine)microgliabactivation documented of day ft-afterSAH

A following TER4 binding; microglia«eleddeFalphavhich
upregulatescell adhesionmolecules (CAMs) lomluminal ECs

A macrophages andqeutrophilsrbind to ECymigrate inte:subarachnoid
space (SAJhagocytosdRBCs

A they become trappedin/SAS asiendothelial 3:Js restore and
degranulatereleasingendotheling ROS; cytokines

A cytokinesprodueerinflammatory:response: resulting in-EG apoptosis
A ROSTNFalphalter expression of Z@laudin occludinsof BBB

?antrinflammatory, immunosuppressiveorticosteroids cyclosporine A,
complementinhibitors, monoclonal antibodies targeting:cytokines/cellularn adhesion-mole:
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EBJ/DCI:cortical spreading
depolafisation (€SD)

neuronal depolarisatiom normally thyperaemiatormatchrenergy-(..exceed)-demand for
NG LI2Eidn NI &ddicdi2 Y Xb h  LINR RdzOSR

CSLx slowly propagating\waves' of cortical depolarisation inndamaged larkiss «of

electrical -activity; release largeramountsrof neurotransmitters.including glutamate)ion shifts,
intraneuronal astrocyticCaiinflux pneuronalswellingcincreased Casinocyticfoot
processesdesultinK+tinte perivascularspace this depolarisesvasculan smoeoth-muscle an
microvasoconstrictioX @@ NG &cdzt 2 (b @eadhyiscFO2 NIiek Odif &4 LINBS I RA Yy 3

ASAH; CSDsrmayde caused by NO deplegmdothelins haemaoglobin:and increased/levels
of K+ (under normal-circumstances!NQ counteracts/Ksb vasoconstriction)-ischaemia

microthrombi, microvasoconstriction no energy:for repolarisation-and restoration iofiion
pumps

CSDsipregulatematrix metalloproteinases(MMP-9)¢ blood braintharrier
CSDsipregulateproinflammatorycytokines

presentiin80%of poor grade patients;.cancoccur in-absencangiospasm
humans,:strip-electrodes the number:anddocation 0fSDs correlate withDCI

?NOdonorsendothelinantagonists



reduced NO} high-extracellular K, ET1

Ayataand Lauritzen PhysiolRev:20155 95;°95393



Tso and Loch Macdonald@ransIStroke Res 2014, 5, 17489
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blood brambarnern (BBB)

A seen at 10mins, significantat 24-36 hours,
peaks 4hours,persists//idays

A luminal endotheliabprotrusionastrocyticend
feet swelling pericyte constriction, opening of
Tds FECG inflammatiomand@apoptosis; astrocyte
apoptosis,rhasementmenmbrane damage by
MMPs,upregulationof aquaporing hypexia
Inducible ffactor-and/VEGF



pharmacological agents(IDCI

A prevent ‘oral nimodipine(level 1A) fasudil

A treat : EVT Lo of E-2a Levet Bmall studies;no
RCT& 20-80%

Dabusand Nogueira Interventional
Neurology,22013; 2,391

A ? EMTawhich rdrug nimodipine nicardipine
verapamil milrinone
A publication bias

A EVTe hypotension celevation of ICR,repetition:¢35
55%),proceduralccomplicatiogs-6%

Sokolowsket al, IN1S; 201810, 387 3: Venkatramaret al, INIS 20181023386
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A systematicrreview: and-metanalysison
treatment of severe;sefractory-vaspspagm
62 studies,26:RCTs; 8976 patients

A RR-of unfavourable outcome:wasdower in
patients ttreatedwithcilastozolRR00146
p=0.001

A refractory CN/Spintrarterial imtervention
reduces.unfavourable outcome:RR =0.68
0<0.000017NNT 6.2

Boulouiset al, EurRadio] 2017,.27 23333342
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*nimodipine’

Classi 1/clevel A:060mg oralyevery-4hours;21 days

L-type calcium-channelrantagonistiocksiinflux

probablyno effect on/large vessahgiospasng but it does inhibit-arteriolarvasoconstriction)
?neuroprotectiveby decreasing calcium influx:into ischaemicparenchyma:due to DCI

? increasing endogenous fibrinolygidecreases plasminoegen activatoninhibHbr

inhibits GSD

decreasesaeleasef vhsoactive substancessfronplatel etsdand endothelium

several RCTs; metnalysis 34% reductionrin cerebral infarction;> 42%:risk reductiondn-poor
outcome and DCltat 3 months

hypotensionc 00mY Ak K 20dzNBourz2 NI onYEMnKdeNﬁXCD(DNJSOSVu
NJh el K-S NdrelisKdoy) . RSONBI 8S R2aSXo

probably oflittle benefit intravenoushy? (Cochrane Reviewllifferent pharmacodynamics
DClsstillaffects 25% of those nimodipine
NNTttoprevent. b poosautcome = 13

intra-arterial 3mg/vessel overB0mirsEYTc if no response dorinduced /hypertensidiavourable
outcomes 76885%- publicationtbias no RCTs

intraventricularnimodipinemicroparticlesEVI2 phase!lll trial NEWTON

S¢



reduce/prevent EVT:treat

A nicardipinelV A nicardipine
A magnesium: sulphate/1V A verapamil
A clazosantan A milrinone
A tirilizad

A statins

A cilastozol

A fasudil

A antiplateletganticoagulants



nicardipine

A like nimodipineblockswoltage gated-Cachanndlmcking
influx

A X centrerRCTUSA;intravenous infusion, isignifieant reduction
In angiospasnirom 46%:t0232% butmo outcome benefit

A complicationsc pulmonary cedemay prolongduypotension,
renal dysfunction

A 1A ¢ 10-40mg clinical improvement, imc4899%




nicardipine

| lanificantlyrreduce DChand
4mg slow release pellets
relipping

A intraventricularvia EVD 4mg every® hours
¢ effects on outcome not reported, trial en

going




