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with tissue-type

occlusion in the circulation being

Even though stroke presents as a variety of clinical syndromes, _ is the most important biomarker to
heli differentiate between stroke subtypes and assess treatment eligibili

. Therapeutic advances have led to
treatment for
stroke. Providing access to

care for acute

for existing systems of care for stroke and their organisation and has reintroduced the

this care has implications
possibility ofﬁandﬂtreatment strategies in acute ischaemic stroke. The use of neuroimaging

for patient selection and speed of diagnosis and delivery of treatment are the dominant themes of modern

ischaemic stroke care.

Introduction

Arterial stroke syndromes are characterised by a sudden
loss of neurological function due to or

around or intracerebral

(around (figures 1, 2). syndromes are
much less common than arterial strokes of all
strokes), present and are caused by cerebral
venous sinus or cortical vein thrombosis. Stroke syn-
drome presentations can be transient or permanent and

range from mild to fatal. The historical epidemiological
definition diﬂerenﬁatinﬂnd
ischaemic on the basis of the duration of their
symptoms (

accurately
studies have shown that
is strongly associated with
on diffusion-weighted MRI (DWTI)
and thus clinically defined transient ischaemic attacks
on a tissue level.! A

duration

itself but
rather the
presentations. Whereas intracerebral
have a well acute
ischaemic stroke is immediately treatable
with reperfusion therapy and this Series paper will
focus on the management of acute ischaemic stroke
syndromes.

Ischaemic stroke is caused by a focal occlusion or
stenosis of an artery or multiple arteries in the brain
occlusion) or leading to the brain
cranial cervical artery occlusion). These focal occlusions
occur because of a variety of mechanisms, including
thromboembolism,
arterial disease, and disease,
whose differentiation is important for tailored secondary
stroke prevention. However, detailed mechanistic infor-
mation is most often neither readily available in the
acute setting, nor necessarily relevant to the choice of
acute treatment.
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Types of acute stroke that should be treated

for immediate
(panel). The severity of the neurological deficit
in the context of a person’s activities and their quality of
life before stroke defines what is meant by disabling. The
National Institutes of Health Stroke Scale

originally designed as a research tool to

is widely used as a clinical assessment in hospitals for
neurological deficits related to stroke. However, it is a
equall

guide that does not weight deficits or disabili
and is therefore a tool to aid, but

The score can range
from 0 to 42 points as a summation of criterion-based
integer scores in 11 different domains of neurological
function. As a clinical guide to the scale, a score of

0-5 points suggests a mild stroke, 6-15 a moderate
_ﬁnhw h

stroke, and
there is no formal lower threshold, a score of’

- typically warrants _ for acute
treatment with _ in almost all cases; with

lesser scores, treatment should be considered in the
context of a person’s premorbid quality of life and
activities as well as the disability resulting from acute
symptoms. However, practice varies globally, with some
clinicians regarding treatment of minor stroke with
thrombolysis as a standard of care and others considering
thrombolysis of minor stroke to be an important
unresolved research question. Patients with minor stroke
are at risk of subsequent deterioration and disability.®
Establishing the balance between risk and benefit is the
impetus for ongoing randomised clinical trials of
thrombolysis in minor stroke.®

Acute treatment for ischaemic strokes aims to restore
brain tissue perfusion. Restoration is achieved medically
using a thrombolytic drug or by intervention with
endovascular treatment, or both.
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Figure 1: Non-contrast CT of a patient presenting with a right-hemispheric
stroke syndrome

The scan reveals hypoattenuating brain tissue and focal swelling in the right
middle cerebral artery territory consistent with an acute ischaemic stroke.

or contraindications to thrombolysis (panel) exist.
Approximately 25% of all ischaemic stroke is eligible for
medical thrombolysis and 10-12% eligible for endo-
vascular treatment. Since endovascular treatment is only
applicable to large vessel occlusions, arterial imaging is
necessary to define the location of the occlusion.

Imaging as the biomarker for ischaemic stroke
Unlike the analogous situation in acute coronary
syndromes with high-specificity serum troponin T levels,
there is no serum biomarker for acute ischaemic stroke.
Known protein markers such as S1003 and neuron-
specific enolase levels measured at 24-72 hours correlate
with infarct volume.” However, no single or combination
of the available blood biomarkers provides differentiation
of ischaemic stroke and intracerebral haemorrhage with
sufficient diagnostic accuracy to guide acute stroke
treatment.®* This differentiation is only achieved by
neuroimaging.

Because of its fast acquisition and widespread avail-
ability, non-contrast CT is most widely used for acute
stroke syndromes. Non-contrast CT allows differentiation
between ischaemic stroke and intracerebral haemorrhage
and, in the case of an ischaemic stroke, allows quanti-
fication of the extent of early ischaemic changes by
applying the Alberta Stroke Program Early CT Score
(ASPECTS), a 10-point score that subtracts a point

Figure 2: Non-contrast CT of a patient presenting with a hypertensive
intracerebral haemorrhage originating from the left thalamus extending
into the left lateral ventricle

for each region of parenchymal hypoattenuation with-
in the anterior circulation.’ Scan quality, training, and
experience affect the inter-rater reliability of ASPECTS
but dichotomisation or trichotomisation improves
reproducibility.® Lower scores are predictive of a poor
functional outcome and similarly, lower scores are
associated with an increased risk of intraparenchymal
haemorrhage associated with thrombolysis."” A normal
non-contrast CT does not rule out an acute ischaemic
stroke; non-contrast CT has a low negative predictive value
for small ischaemic volumes and therefore is commonly
normal in minor or clinically resolved ischaemic stroke.
Non-contrast CT can exclude alternate causes for
neurological symptoms such as subdural haematoma,
brain tumour, or other space-occupying lesions.

CT angiography uses iodinated radio-contrast media to
image intracranial and extracranial blood vessels. CT
angiography is used to identify proximal vessel occlusions
as possible target lesions for endovascular treatment and
should be a concurrent imaging study for patients with
stroke. Neurointerventionalists can plan an endovascular
procedure with CT angiography information about aortic
arch tortuosity, Willisian and pial collateral status, as
well as the site, characteristics, and length of the intra-
cranial thrombus. The collateral status is estimated
by comparing backfilling pial arteries in the affected
hemisphere (distal to the occlusion) to the unaffected
hemisphere. Poor collateral status is associated with larger
volumes of irreversibly injured brain (ischaemic core)
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at baseline and worse functional outcome after reper-
fusion therapies, independent of patient age, vessel
occlusion, and time since symptom onsét!*Assessment
of colateral statushas improved with the development of
multiphase CT angiography which generates time
resolved images of pial arteries by triggering the rst scan
in the late arterial phase on the basis of bolus monitoring
and acquiring two subsequent scans without additional
contrast in the mid-venous and latevenous phase.
Multiphase CT angiography imaging is only minimally
vulnerable to poor contrasbolus timing and patient
motion and the asymmetry in collateral lling can be used
to help identify distal intracranial occlusions, even for
inexperienced scan readers.

Similarly, CT perfusion assesses collateral blood ow by
repeatedly imaging the brain during transit of a rapidly
administered bolus of intravenous contrast injection. CT
perfusion produces maps of the total amount and delay in
arrival of blood owing through the brain vasculature
and improves diagnostic con dence in dierentiating
ischaemic stroke from mimics (eg, a stroke will show a
region of hypoperfusion and up to 50% of acute seizures
will show a region of hyperperfusion). Whereas CT
angiography images the larger vessels only, CT perfusior
includes capillary and venular ow. Quantitative perfusion
thresholds are used to estimate tissue that is already
irreversibly damaged (core), tissue that is likely to infarct
but salvageable with reperfusion (ischaemic penumbra),
and tissue that is not threatened but might have reduced
blood ow (benign oligaemia). CT perfusion thresholds
that estimate ischaemic core and penumbra have beer
validated by comparison with followp infarction, de ned
by DWI, often done within an hour of CT perfusion, or
with follow-up infarction in patients who have reperfused
within 24 h after stroke onset. The predictive thresholds
for these tissue states vary with imagirm-reperfusion
time.’** Even brain regions with severe perfusion
impairment might be salvageable with timely reperfusion
and thus the predictive value of CT perfusion core
estimates is imperfect. In practice with existing treatment

Panel: Indication for thrombolysis

Indications

e Disabling (in the context of a person’s activities and their prgtsihiok of life)
acute ischaemic stroke inpatients aged 18 years or older

e Favourable CT brain imaging (ASPECT@® Sawrbkigher, no extensive regions of
clear hypoattenuation)

Absolute contraindications

e CT brain imaging reveals acute intracranial haemorrhage

* Active or recent bleeding at a non-compressible site (eg, recent gastrointestinal bleed,
recent intracranial or major surgery, recenttragjog)

Relative contraindications*

* Presentation more than 4-5 h from time last seen well

e Coagulopathy (platelet count less than 100 Gpt/L, international normalised ratio
[INR] greater than lattivated partial thromboplastin time greater than 40 s,
or prothrombin time greater than 15 s)

e Blood pressure more than 185/110 mm Hg

e Current treatment with an anticoagulant (thrombin or factor Xa irépigoin,
low-molecular weight heparin), unless laboratory coagulations tests results are normal
(INR less than or equal to 1:7) or provide proof of normal coagulation status

¢ Prior intracranial haemorrhage within 3 months

e Prior ischaemic stroke within 3 months

e Systemic malignancy

e Intracranial malignant neoplasm

» Intracranial arterial dissection

» Blood glucose less than 2 mM or greater than 22 mmol/L

e Suspected or diagnosed aortic dissection

e Large (greater than 10 mm) unruptured and unsecured intracranial aneurysm

e Previous high burden of cerebral microbleeds (more than 10)

* Pregnancy

Thrombolysis indications, relative and absolute contraindications adapted from the Canadian Stroke Best Practice
Recommendations: Hyperacute Care Guidelines (Update@o8 §uidelines for the Early Management of Patients with

Acute Ischemic Stroke: A Guideline for Healthcare Professionals From The American Heart Association/American Stroke
Association, and European Stroke Organization Guidelines for management of ischaemic stroke and transient ischemic attack
2008¢ ASPECTS=Alberta Stroke Program Early Computed Tomography Scale. *Relative contraindications mean that a clinical
judgment must be made on the risk versus predicted bene t for treatment. For example, risk is low for patients with low or
high baseline serum glucose or prior ischaemic stroke, or for those with existing intracranial unruptured aneurysms, but many
trials excluded these patients from enrolment. Risk is probably somewhat higher, but not quanti able, and the bene t less well
known in patients with systemic malignancy or prior intracerebral haemorrhage or some degree of coagulopathy.

paradigms, a severe reduction (eg, relative cerebral bloodlthough regional hypoattenuation on CT is highly
ow <30% of normal brain) has shown utility as a marker predictive of restricted diusion on MRI* MRI is

of irreversible injury in several trials, including late

especially useful

in detecting minor strokes and

window treatment trials** Automated software now dierentiating ischaemic stroke from mimics in the

allows timely postprocessing of CT perfusiorfunctional

setting of ischaemic lesions of small volume (gure 3),

maps that are robust to common artifacts, allowing rapid multiple embolic lesions, and in posterior circulation
clinician interpretation.* However, care is required to strokes where the skull base creates bony artefacts on-non
avoid delaying treatment decisions because of the timecontrast CT. Timeof-ight MR angiography enables a
taken to acquire, transfer, pogtrocess, and interpret CT ow -dependent visualisation of the brain arteries without

perfusion data.

the need for a contrast agent. Susceptibilityeighted
MRI provides some diagnostic advantages comparedmaging allows for the detection of

intracerebral

with non-contrast CT, but in most centres takes longer to haemorrhage with high sensitivity, and the detection of
access and acquire. DWI maps show early ischaemicerebral microbleeds not captured by necontrast CT,
changes within minutes from stroke onset and a which might indicate underlying pathophysiologies, such

correlating apparent di usion coe cient map visualises

as cerebral amyloid angiopathy, and might be associated

the extent of cytotoxic oedema caused by brain ischaemiawith an increased risk of intracranial haemorrhage after
There is no equivalent CT technique or parameter,intravenous thrombolysis® Specic MRI patterns of
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Figure : MRI showing an acute ischaemic stroke in the right lentiform nuclesulj;

infarction might suggest a stroke mechanism, and, within
limits, can date stroke agé&.A mismatch between DWI

imaging acquisition and processing delays treatment

initiation. The threshold for when su cient information

is available to make a correct therapeutic decision should
be short. Acute ischaemic stroke is a medical emergency
and the average infarct progression of an untreated middle
cerebral artery stroke leads to a loss of 1-9 million neurons
per minute, which means that each 1 min delay of

treatment is correlated with a loss of 1-8 days' healthy
life.** The chance of poor outcome with treatment

increases while time passes with each additional test
obtained?®

Acute treatment of ischaemic stroke
Thrombolytic therapy

Open angiographic evidence of occlusions of the car-
otid artery and the more distal vascular tree was
rst documented in the late 1930s. However, early studies
using brinolytic agents did not progress to larger
randomised trials because norinvasive imaging of the
brain and neurovasculature was not available until half a
century later® Intravenous urokinase and streptokinase
did not improve clinical outcomes and, in some studies,
were associated with increased risk of intracerebral
haemorrhage and have since been atdoned:** Sub-
sequently, alteplase—a singlehain recombinant tissue
plasminogen activator (tPA)—has been successfully
shown to be an e cacious treatment for strokeand
bsequently marketed worldwide for acute ischaemic
stroke treatment. The NINDS tPA stroke trial showed an
increase in good outcomes at 3 months using 0-9 mg/kg
intravenous alteplase compared with placebo in two

and uid -attenuated inversion recovery (FLAIR) sequenceparallel trials, leading to the licensing of alteplase in a

has been proposed athe criterion for the selection of
patients who will bene t from thrombolytic therapy even
though their time of stroke onset is unknown. In the
WAKE-UP trial, intravenous thrombolysis with alteplase
guided by DWI-FLAIR mismatch was e ective and
resulted in a signi cantly better functional outcome than
placebo in patients with stroke of unknown symptom
onset? This imaging approach is used in other ongoing
clinical trials to further test the e cacy and safety of
intravenous thrombdysis in acute stroke syndromes
with unknown time of symptom onset (NCT02002325).

3-hour time window from stroke symptom onset?
The ECASS Il and ATLANTISB trials were neutral for
their chosen primary outcomes but were combined in
a pooled individual patient metanalysis including
over 2000 patients treateavithin 360 min from stroke
symptom onset?’*® This posthoc analysis showed a
distinct bene t of alteplase that was greater the earlier it
was given, approaching a neutra ect at 270 min (4-5 h)
from symptom onset®* The ECASS Il trial veri ed the
sustained bene t of alteplase in the 3—4-hour window
but established that any delay in alteplase administration

Contrary to usual static vascular imaging techniques,increased the risk of treatmenassociated symptomatic
contrastenhanced dynamic MR angiography now allows intracerebral haemorrhageé® Thus, time from stroke
time-resolved assessment of arterial occlusions, cerebrabnset to treatment initiation, although an unreliable
haemadynamics, and collateral circulation in the acute surrogate marker for the extent of brain ischaemia, has

setting® MR perfusion imaging can use a gadiaium

been shown to be a strong e ect modi er for alteplase

contrast agent and produces similar maps to CT perfusion.treatment when pooling multiple large studies, showing

Arterial spin labelling perfusion imagingdoes not require

no average benet of alteplase administration after

contrast injection but the delay in endogenous tracer 270 min from stroke symptom onset! IST-3, the largest

arrival limits measurements of cerebral blood ow within
the territory a ected by stroke®
Imaging is the most important biomarker in acute

thrombolysis trial, took almost a decade to complete.
Although treating many patients at the periphery of
present guidelines the trial showed improved func-

ischaemic stroke; it can de ne the cause, show the extentional outcome due to thrombolysis within 6 h that was
of potentially salvageable brain tissue, and aid the selectioreven preserved in the elderly (>50% of patients were
of acute therapies. With additional imaging, time spent on aged >80 years}. An updated systematic review and
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meta-analysis including over 1000 patients showed that

K . o . E ect on 90-day E ect on safety (SICH ARR NNT
thrombolysis given within 6 hours produced functional outcome (MRS 0-1)  within 36 h)
bene ts and that those treated within the rst 3 hours
derived substantially more benet than those treated

Thrombolysis

later (table)® 0-3h 1.75 (1-35-227) 667 (4-11-10-84) 0098 10
The large number of patients in ISB allowed for | >*°" 1:26 (1:05-1-51) . 0-053 19
multiple secondary analyses that were informative.| ~4°" 1-15 (0-95-1-40) - 0:020 50
Despite increased riskof symptomatic intracerebral | Endovasculartreatment
0-12h 2.49 (1.84-3.35) 099 (0-60-163) 0140 7

haemorrhage, thrombolysis has a net clinical benet in
patients with leukoaraiosison baseline imaging and | pata are OR (95% CI), unless otherwise indicated. Data are from the meta-analysis by the Stroke Thr
should not be withheld on the basis of this nding along’ Trialists’ Collaborative Group and the HERMES collabtifdtioneta-analysis has been done to assess th

Prespeci ed subgroups in IST3 did not show di ering e ect of endovascular treatment beyond 12 h. mRS=modi ed Rankin Scale. sICH=symptomatic (a det
. . . in National Institutes of Health Stroke Scale Score of 4) intracranial haemorrhage type 2 within 24 h (|
functional outcomes but thromb()lyS'S was associated de nition*); OR=0dds ratio. ARR=absolute risk reduction. NNT=number needed to treat to bene t one

with increasedodds of symptomatic intracerebral haem- | additional patient.
orrhage among patients who had previously taken anti-

Table: E cacy and safety of acute ischaemic stroke treatment

ombolysis

e

erioration
SITS-MOST

platelet agents? The subsequent ENCHANTED trial
comparing lowdose versus standardose alteplase treat-
ment in patients on prior antplatelet therapy was neutral. onset® Three other ongoing phase 3 trials (TEMP2
However, there were fewer symptomatic intracerebral NCT02398656; TASTE: ACTRN12613000243718; TWIST:
haemorrhages in the lowdose alteplase group, par- NCT03181360) will provide further data.
ticularly among patients without prior antplatelet
treatment® Many studies have speculated that patientsEndovascular therapy
on prior antiplatelet treatment are at greater risk for After the exciting but preliminary results of the
symptomatic intracerebral haemorrhage, partly related toPROACT2 trial in 1999 showing improved outcome
the greater occurrence of vascular risk factors that warranfor patients with proximal middle cerebral artery occlusions
antiplatelet treatment. Data on the thrombolysiassoci- treated with intraarterial pro-urokinase, subsequent trials
ated risk of symptomaticintracerebral haemorrhage in (SYNTHESISEXPANSION, MR RESCUE, and IMS IlI)
patients with dual antiplatelet treatment are limited by investigating the benets of endovascular treatment for
the small number of outcomes®* Further randomised acute ischaemic stroke produced neutral results. A
clinical trials are necessary to identify a subgroup ofcombination of factors, including trial design features,
patients who would potentially benet from lowdose insuciently clear imaging selection criteria, slow
alteplase treatment. Another multicentre, randoised treatment process times, and the use of various older
controlled trial comparing patients who were given devices might have contributed to these neutral resutts.
intravenous aspirin versus placebo within 90 min after In 2015 and 2016, six positive trials (MR CLEAN,
intravenous thrombolysis treatment was stopped earyESCAPE, EXTENBA, REVASCAT, SWIFPRIME,
because of an excess incidence of symptomatic intraand THRACE) of endovascular treatment for large
cerebral haemorhage and no evidence of benet at vessel occlusion of the anterior circulation established
3 months in the aspirin group® this therapy as a new standard of care. Each of these
Alteplase has insu cient e cacy for early recanalisation trials enrolled 70-500 previously healthy patients aged
in proximal vessel occlusions. Other thrombolytic agents, 18 years or oldepresenting with varying stroke severity
such as desmotglase, showed a good safety pro le within up to 12 h from symptom onset, as well as optional
a 9h window but failed to show ecacy in another additional intravenous thrombdysis treatment and
study®* Small studies comparing tenecteplase with extracranial occlusions®?%% Many of the trials
alteplase have shown tenecteplase to have supericemphasised speed in achieving recanalisation and thus
brinolytic activity with increased rates of reperfusiori?®® targeted a major shortcoming of previously neutral
However, the NORTEST trial showed that tenecteplasetrials. Careful imagingbased selection of the most
was not superior to alteplase in 1100 patients with acute@ppropriate patients, recognition of the importance of
ischaemic stroke, despite the drugs having a similar safetyfast work ow, and the high reperfusion rates led to the
prole.* NOR-TEST has been criticised for enrolling a overwhelming e cacy of endovascular treatment
high number of patients with stroke mimics and treating a compared to standard care alonggure 4).
population of low clinical stroke severit§. Nevertheless, = The pooled, individualpatient metaanalysis showed
ease of use, higher reperfusion rates, and safety couldmproved functional outcome at 90 days for patients who
result in tenecteplase replacing alteplase. The EXTEND had received endovascular treatment compared with those
TNK trial showed that tenecteplase before throrabtomy who had not (table}? Most patients in these trials were
was associated with a higher incidence of reperfusion andtreated within 6 h from symptom onset, but even late
better fundional outcome than alteplase amongatients presenters (5-5-12 h from symptom onset) in the ESCAPE
with ischaemic stroke treated within 4-5 h of symptom trial had a treatment e ect favouring endovascular
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Figure Imaging modalities used to diagnose and treat acute ischaemic stroke

56-year-old man who was last seen normal at 2300 h. He awoke at 0500 h with left-sided weakness of the arm, leg, and face, as well as moderate dysarthria, ar
visual neglect (NIHSS score of 11). (A) Non-contrast CT of the head; (B) multiphase CT angiography in peak arterial, mid-venous, and late-venous phase (from
right) showing the middle cerebral artery occlusion at the M1 segment (green arrow) and delayed arrival of the contrast agent with subsequent delayed washout
the right middle cerebral artery (red circles); (C) rst intracranial angiographic run con rming a right middle cerebral artery occlusion; (D) nal intracranial
angiographic run post stent retrieval showing (near) complete reperfusion; (E) next day follow-up MRI showing a small volume ischaemic lesion in the right midd
cerebral artery territory. Patient clinically improved to an NIHSS score of 4.

treatment across all clinical outcome8.The DAWN trial almost exclusively in clinical trials within the past 5 years.
showed that endovascular treatment was bene cial inIn the ASTER trial rst-line contact aspiration during
highly selected patients 6—24 h after symptom onset wherendovascular treatment compared with stent retrieval
compared with medical treatment alone. Selection with did not result in an increased successful revasculari-
CT perfusion MRIto identify potentially salvageable brain sation rate” Previously acquired pilot data by another
tissue was required® The DEFUSES3 trial, similarly group using contact aspiration have shown lower
requiring advanced CT perfusion or perfusion MRfor procedure times and device costs compared with stent
patient selection, was halted early and showed thatetrieval, which is why a randomised controlled trial
patients receivingendovascular treatment 6-16 h after comparing the two techniques is underway (COMPASS:
time last seen normal resulted in better functional NCT02466893). Other devices, like the EmboTrap device,
outcomes than medical treatmen® These two trials are being investigated (ARISE II: NCT02488915).
emphasise the relevance of the tissue window (with
imaging as the biomarker identifying salvageable brain Stroke systems of care
tissue) as the physiological signature that de nes a patientSince fasttreatment is so important to good outcomes,
with treatable stroke. Patient selection with advancedorganisation of stroke care is essential for timely
neuroimaging, such as perfusioaveighted or di usion- treatment initiation. endovascular treatment can only
weighted imaging, is being further used in several be performed at selected capable stroke centres (usually
ongoing trials (EXTEND: NCTO01580839; POSITIVE:tertiary hospitals), whereas thrombolytic treatment is
NCT01852201), with time windows up to 24 h from available more widely at smaller hospitals. Patients
symptom onset to test the extent of treatment benet identied in the eld with a disabling stroke can
in late presenters. Despite these latgindow studies, fast therefore be either directly transported to an endo-
delivery oftreatment remains crucial; the SWIFPRIME vascular capable centre, even if that means bypassing a
trial reported that reperfusion within 150 min from closer primary stroke centre (mothership model), or be
symptom onset in the intervention arm led to a transported to the nearest primary stroke centre for
91% estimated probability of functional independence, thrombolytic treatment rst and then, if appropriate, be
which decreased by 10% over the next hour and byransferred to the endovascular capable centre (drip
20% with every subequent hour of delaf? and ship model). Transport times and distribution of
Stent retrieval is a common rst choice of neuro- primary centres and endovascular capable centres will
interventionalists and these devices have been usedletermine the optimal approach. Telemedicine can be
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used to assist decision making for either of the models,the need for rehabilitation can be initiated early at the
as neurologists stationed at an endovascular capablstroke unit. Evidencebased stroke unit care will increase
centre can be consulted by healtare providers in the likelihood of good functional outcome of stroke
primary stroke centres or even praospital care patients’
providers in ambulances. Mobile stroke units are
ambulances equipped with a CT scanner, a point of careAdjuvant and novel therapies for ischaemic stroke
laboratory, and specialised sta and allow for early Future technology to improve stroke diagnosis in the
diagnosis aided by neuroimaging and thus identify eld, advances in neuroimaging, improvements in
eligibility and even initiate thrombolytic treatment en medical reperfusion therapy, advances in catheters to
route to the hospital*” There are ongoing e orts to optimise complete reperfusion rates, and adjuvant
develop prehospital stroke scales to di erentiate largemedication to reduce permanent brain injury are all
artery occlusions from other types of strokes to allowunder active investigation. Importantly, improvements
the most appropriate triage? Additionally, multiple in catheters for stroke treatment might be in uenced
ongoing trials are assessing current transportation by regional dierences in disease burden. In Asia,
dilemmas, such as being taken directly to anintracranial sterosis due to underlying intracranial
endovascular capable centre versus directly to a primargatherosclerosis is a more prevalent cause of stroke
stroke centre for patients with suspected large vessethan in the rest of the world® Residual intracranial
occlusion (NCT02795962), and initiation of thrombolytic stenosis might require angioplasty and stenting or the
treatment on a mobile stroke unit versus in the hospital use of antiplatelet infusion medicton.®* Potential
(BESTMSU: NCT02190500; B_PROUD: NCT02869386)improvements in medical therapy in general in-
How patients are best advanced through the healthclude sonothrombolysis and magnetically enhanced
system to have timely and appropriate access to acutehrombolysis with iron nanoparticles (NCT03098732)
stroke treatment will be an evolving standard dependingand cortinued investigation of tenecteplase as a primary
on geography, infrastructure, population density, thrombolytic drug.®?
politics, and technology. Attempts to translate bene cial ndings of high-ow
An integral part of geographical access to acute strokeoxygen and hypothermia from preclinical models to
care is how to optimise the work ow in each of the human models have been previously disappointing. Yet,
contributing sectors to treat patients with ischaemic adjuvant therapy for stroke is evolving. While over
stroke as quickly as possible. Systematic qualitylOOOputative neuroprotective compounds have not been
improvements can lead to muchfaster doorto-needle translated from the laboratory to humans, most were
times compared with those being currently achieved,tested in an ischaemiaeperfusion model (temporary
without an increase in complications. Helsinki middle cerebral artery occlusionfHuman stroke due to
University Hospital (Helsinki, Finland) established a large vessel occlusion does not commonly show early
high standardby lowering their median doo#to-needle reperfusion with medical treatment, but advances in
times to 20 min in 2011; the hospital's model was thenendovascular treatment have resulted in a true human
successfullyreplicated at the Royal Melbourne Hospital ischaemiaearly reperfusion model. Molecules such as
(Melbourne, Australia) and improvenents in the USA the peptide NAL (also known as TatlR2B9c) are being
have been reported by theafget Stroke initiative’™ investigated in this setting*ESCAPENA1 (NCT02930018)
The key to shorter docto-needle time is a well is enrolling patients with large vessel occlusions about to
organised stroke service, the smalled chain of recovery. undergo endovascular treatment to receive NA or
Emergency call centres, paramedics, and the emergencplacebo. Since magnesium sulphate has been shown to
department of the receiving hospital must work be safe in the prehospital setting, a trial investigating
seamlessly together. Clinical assessment, imaging, andhe potential for the molecule to preserve ischaemic
decision making for thrombolysis and endovascular penumbra until the patient can undergo endovascular
treatment need to occur in parallel rather than treatment with de nite recanalisation might be con-
sequentially and hospital prenoti cation with transport  sidered® The medical management of hypetycaemia,
of the patient direct to the CT scanner on the ambulancehypertension, and hypehermia or pyrexia in acute
stretcher are key to achieving a revised deiorneedle ischaemic stroke remains to be further de ned. Although
time target of 30 min?” it is well proven that hyperglycaemia, elevated or very
All patients with acute stroke, whether it is ischaemic low blood pressure, and elevated body temperature are
or haemorrhagic, benet from stroke unit car€?® This all associated with poor outcomes, it is not known
bene t holds true after successful reperfusion therapy. whether intervention will actually result in better
Acute stroke unit care is designed to prevent compli-outcomes®
cations such as pulmonary embolism and aspiration Finally, innovation might occur in stroke treatment
pneumonia. Diagnostic workup at a stroke unit makes processes. Imaging with dynamic angiography equip-
early secondary prevention possible based on the causment can allow a directo-angiography work ow, further
of the stroke. Treatment of risk factors and evaluation ofreducing doorto-treatment time. As the technology for
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this approach to imaging improves and becomes installeds
in hospitals, we expect this approach to treatment of
selected patients to increasingly take place. This evolution
will be accelerated if nornvasive technology plus

clinical evaluation allows the reliable identi cation of 6

large vessel occlusion in the prospital setting.

Conclusion and future directions
The framework for acute ischaemic stroke therapeutics is

fast treatment with a dooto-needle time target of 30 min g

or less and rapid escalation to endovascular treatment for
patients with large vessel occlusion. Advanced neuro-

imaging, including arterial imaging, is the cornerstone g

for e ective guidance of acute stroke treatment. Regional
systems of stroke care are aected by geography, infra-
structure, including nancial resources, population density, g
politics, and technology and must be optimised to allow
timely access to thromblytic therapy and endweascular
treatment. Because primary and comprehensive stroke;;
centres must improve their work ow to achieve these
target metrics, there is a substantial incentive to develop
alternative thrombdytic agents that are easy to use, such as,
tenecteplase. \Wth the establishment of endwascular
treatment and a true human ischaemia reperfusion model,
adjuvant therapies can be investigated. Acute stroke therapy,
is one of the most importantadvances in the therapeutics
of neurological diseases and the future for new treatments
looks promising.
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