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key points

Å delayed cerebral ischaemia (DCI) is one of the leading causes of unfavourable outcome 
following ASAH

Å angiospasm/large vessel/conductance vessel narrowing is not the main issue ςfocus on 
microcirculation

Å early brain injury relates to the development of DCI

Å microvasoconstriction, microthrombosis, inflammation, cortical spreading 
depolarisation (CSD), breakdown blood brain barrier (BBB), impairment of 
autoregulation

Å blood products in the CSF, global ischaemic insult, ischaemic insult to endothelial cell  

Å oral nimodipineςlevel 1A

Å endovascular therapy (EVT) Level of Evidence 2a, Class B

Å IA nimodipine, nicardipine, milrinone, verapamil ? Best

Å immediate angiographic response, neurological improvement is less 

Å focus on endothelium? 

Å lots more trials required

Å you are the future



delayed cerebral ischaemia (DCI)

Åis one of the leading causes of unfavourable 
outcome following ASAH

Åunderstanding the mechanisms is important in 
development of treatment strategies



angiospasm/large vessel/conductance 
vessel narrowing is not the main issue

Å angiospasmin 70% ASAH: symptoms, DCI in around 30% ASAH
Å only 50-60% of patients with severe angiospasmhave DCI
Å only 2/3 of new cerebral infarcts are predicted by location of 

angiospasm- new cerebral infarction occurs without angiospasmin 
that territory

Å CTP- the most hypoperfusedareas do not correlate with the 
vasospasticartery

Å DWI ςmultiple acute ischaemic areas remote from ruptured aneurysm
Å oral nimodipineςno significant arterial dilatation, improves outcome
Å clasozantanςreduces angiospasmand cerebral infarction ςno effect 

on outcome
Å intravenous nicardipinereduces angiospasmςno effect on outcome
Å EVT ςgood angiographic response, lesser clinical response



46 year old male, poor grade ASAH, 
CT - hours post ASAH 



early brain injury (EBI), within 72 hours

ÅEBI is related to development of DCI

Åaneurysm rupture, severe rise ICP, reduced 
CBF and CPP

Åglobal ischaemic injury

Åendothelial cell ischaemic injury

Åblood products CSF



EBI  delayed cerebral ischaemia (DCI)

Åvasoconstriction ςlikely predominantly in 
microcirculation, larger arteries

Åmicrothrombosis

Åinflammation

Åcortical spreading depolarisation (CSD)

Åbreakdown blood brain barrier (BBB)

Åimpairment of autoregulation

Å? endothelium is key ςASAH induces functional 
and morphological change 



blood products CSF

Åoxyhaemoglobincauses vasoconstriction, decreases PGI2 
Åoxyhaemoglobinoxidises to methaemoglobinreleasing 

oxygen free radicals/superoxide which causes lipid 
peroxidation ςthese permeate arterial wall, damage 
endothelial cell, apoptosis - loss nitric oxide (NO)/ 
overproduction endothelin, scavenging of NO by 
haemoglobin in CSF, inhibition of eNOSby ROSς
vasoconstriction

Åsuperoxide + NO= peroxynitriteςdamages mitochondria, 
vascular endothelium, smooth muscle  cells

Åelevated potassium ςdepolarisation of vascular smooth 
muscle

? NO donors, endothelinantagonists, free radical scavengers 



nitric oxide (NO)

endothelium, increases cGMP in vascular smooth 
muscle ςvasodilatation
preserves, maintains microcirculation
Å inhibits platelet aggregation, leukocyte adhesion 

and migration
Åimportant in autoregulation
Åreduced levels make the brain more susceptible 

to cortical spreading depolarisation (CSD)
ÅNO levels decrease after ASAH ςbiphasic- within 

30 minsand around 4-7 days



EBI/DCI: vasoconstriction

Åhypoperfusion, microcirculation especially
Å subarachnoid blood products ςlow NO, high ET, induce membrane 

depolarisation SMC , calcium (Ca) influx from ECS, phospholipase 
hydrolyses membrane phosphatidyl-inositol 4,5 biphosphateto 
inositol 1,4,5 triphosphate (IP3) and diacylglycerol(DAG): IP3 
stimulates Ca release from intracellular stores; Ca activates MLC 
kinase ςmyosin-actin interaction

Å Rho kinase ςupregulatedin ASAH: inhibits myosin light chain 
dephosphorylation, downregulateeNOS

Ca channel blockers- influx, release from intracellular stores, rho kinase inhibitors



EBI/DCI: microthrombosis

Åmicrovasoconstriction, reduction in cerebral blood 
flow, ischaemic endothelial cells (ECs), decreased NO
Åcerebral ischaemia post ASAH induces morphological 

change in endothelium
Åhealthy ECs express antiplatelet and anticoagulant 

factors
Ådamaged ECs stimulate platelet adhesion and 

aggregation ςexposed collagen, tissue factor ςTxA2 
release
Åapoptotic ECs release vWF, p-selectininto blood 

(favours platelet aggregation, fibrin production)
Ådamage BBB

antiplatelets, anticoagulants?



EBI/DCI: inflammation
Åmethaemoglobin, haem, haemin activate a microglial toll-like 

receptor 4 (TLR4), inflammatory cascade initiated damaging 
neurons and ECs

Å (murine)microglial activation documented of day 1 after SAH

Å following TLR4 binding, microglia release TNFalphawhich 
upregulatescell adhesion molecules (CAMs) on luminal ECs

Åmacrophages and neutrophils bind to EC, migrate into subarachnoid 
space (SAS), phagocytoseRBCs

Å they become trapped in SAS as endothelial TJs restore and 
degranulatereleasing endothelins, ROS, cytokines

Å cytokines produce inflammatory response resulting in EC apoptosis

Å ROS, TNFalphaalter expression of ZO, claudin, occludinsof BBB

?anti-inflammatory, immunosuppressive- corticosteroids, cyclosporine A, 
complement inhibitors, monoclonal antibodies targeting cytokines/cellular adhesion molecules



EBI/DCI: cortical spreading 
depolarisation (CSD)

Å neuronal depolarisation ςnormally hyperaemia to match energy (..exceed) demand for 
ǊŜǇƻƭŀǊƛǎŀǘƛƻƴΧbh ǇǊƻŘǳŎŜŘ

Å CSD ςslowly propagating waves of cortical depolarisation in damaged brain ςloss of 
electrical activity, release large amounts of neurotransmitters including glutamate, ion shifts, 
intraneuronal/astrocyticCa influx , neuronal swelling , increased Ca in astrocyticfoot 
processes result in K+ into perivascular space , this depolarises vascular smooth muscle and 
microvasoconstrictionΧΦΦǊŜǎǳƭǘǎ ƛƴ ŎƻǊǘƛŎŀƭ ǎǇǊŜŀŘƛƴƎ ƛǎŎƘŀŜƳƛŀΣ ŎŜƭƭ ŘŜŀǘƘ

Å ASAH ςCSDs may be caused by NO depletion, endothelins, haemoglobin and increased levels 
of K+   (under normal circumstances NO counteracts K+ vasoconstriction), ischaemia

Å microthrombi, microvasoconstriction- no energy for repolarisation and restoration of ion 
pumps

Å CSDs upregulatematrix metalloproteinases(MMP-9)ςblood brain barrier 

Å CSDs upregulateproinflammatorycytokines

Å present in 80% of poor grade patients; can occur in absence of angiospasm

Å humans, strip electrodes ςthe number and location of CSDs correlate with DCI

?NO donors, endothelinantagonists



reduced NO, high extracellular K, ET1

Ayataand Lauritzen, PhysiolRev 2015, 95, 953-993



Tso and Loch Macdonald, TranslStroke Res 2014, 5, 174-189

inverse neurovascular 
coupling



blood brain barrier (BBB)

Åseen at 10 mins, significant at 24-36 hours, 
peaks 48 hours, persists 7 days

Åluminal endothelial protrusion, astrocyticend 
feet swelling, pericyteconstriction, opening of 
TJs, EC inflammation and apoptosis, astrocyte 
apoptosis, basement membrane damage by 
MMPs, upregulationof aquaporins, hypoxia 
inducible factor and VEGF



pharmacological agents : DCI

Åprevent :oral nimodipine(level 1A), fasudil,

Åtreat : EVT L of E 2a Level B ςsmall studies, no 
RCTS ς20-80%
Dabusand Nogueira, Interventional 
Neurology, 2013, 2, 30-51

Å? EVT which drug ςnimodipine, nicardipine, 
verapamil, milrinone

Åpublication bias

ÅEVT ςhypotension, elevation of ICP, repetition (35-
55%), procedural complications ς5-6%

Sokolowskiet al, JNIS, 2018, 10, 367-373: Venkatramanet al, JNIS 2018, 10, 380-386



ά9±¢ Ƴŀȅ ƛƳǇǊƻǾŜ ǘƘŜ ƻǳǘŎƻƳŜ ƻŦ ǇŀǘƛŜƴǘǎ ǿƛǘƘ 
ǎŜǾŜǊŜ ǊŜŦǊŀŎǘƻǊȅ ǾŀǎƻǎǇŀǎƳΦ CǳǊǘƘŜǊ ǎǘǳŘƛŜǎΧΦέ

Åsystematic review and meta-analysis on 
treatment of severe, refractory vasospasm ς
62 studies, 26 RCTs, 8976 patients

ÅRR of unfavourable outcome was lower in 
patients treated with cilastozolRR 0.46 
p=0.001

Årefractory CVS, intra-arterial intervention 
reduces unfavourable outcome RR =0.68 
p<0.00001; NNT 6.2

Boulouiset al, EurRadiol, 2017, 27, 3333-3342



*nimodipine*
Å Class 1  level A : 60mg oral, every 4 hours, 21 days
Å L-type calcium channel antagonist, blocks influx
Å probably no effect on large vessel angiospasm( but it does inhibit arteriolar vasoconstriction)
Å ?neuroprotectiveby decreasing calcium influx into ischaemic parenchyma due to DCI
Å ? increasing endogenous fibrinolysis ςdecreases plasminogen activator inhibitor-1
Å inhibits CSD
Å decreases release of vasoactive substances from platelets and endothelium
Å several RCTs, meta-analysis ς34% reduction in cerebral infarction;  42% risk reduction in poor 

outcome and DCI at 3 months
Å hypotension ςолƳƎκнƘƻǳǊǎ ƻǊ олƳƎκпƘƻǳǊǎΧΦΦǊŜŎŜƴǘ ŜǾƛŘŜƴŎŜ ǎǳƎƎŜǎǘǎ ƛƴŎǊŜŀǎŜ ǾŀǎƻǇǊŜǎǎƻǊǎ 
ǊŀǘƘŜǊ ǘƘŀƴ ŘŜŎǊŜŀǎŜ ŘƻǎŜΧΦ

Å probably of little benefit intravenously ? (Cochrane Review) - different pharmacodynamics
Å DCI still affects 25% of those on nimodipine
Å NNT to prevent 1 poor outcome = 13
Å intra-arterial 3mg/vessel over 30mins ςEVT ςif no response to induced hypertension- favourable 

outcomes 70-85% - publication bias - no RCTs 
Å intraventricularnimodipinemicroparticlesEVDςphase III trial- NEWTON



reduce/prevent
ÅnicardipineIV

Åmagnesium sulphate IV

Åclazosantan

Å tirilizad

Åstatins

Åcilastozol

Å fasudil

Åantiplatelets/anticoagulants

EVT: treat
Ånicardipine

Åverapamil

Åmilrinone



nicardipine

Å like nimodipineblocks voltage gated Ca channels, blocking 
influx

ÅX centre RCT USA, intravenous infusion, significant reduction 
in angiospasmfrom 46% to 32% but no outcome benefit

Åcomplications ςpulmonary oedema, prolongedhypotension,
renal dysfunction

Å IA ς10-40mg clinical improvement in 40-99%



nicardipine

Å2 small trials ςsignificantly reduce DCI and 
improve outcome ς4mg slow release pellets, 
local application, clipping

Åintraventricularvia EVD 4mg every 8-12 hours 
ςeffects on outcome not reported, trial on-
going


