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Current practice and future directions in the diagnosis and
acute treatment of ischaemic stroke

Charlotte Zerna, Gotz Thomalla, Bruce CV Campbell, Joung-Ho Rha, Michael D Hill

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|swe||ing 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 S100B and mneuron-
specific enolase levels measured at|24-72 hours i:orrelate
with infarct volume.” However, mo single or combination
of the available blood biomarkers provides differentiation
of lischaemic 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 Janterior 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 {rreversibly injured brain (ischaemic core)
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at baseline and outcome after reper-
fusion therapies, independent of patient age, vessel
occlusion, and time since symptom onset.”* Assessment

of collateral status has improved with the development of
liphasel G Engiogiaply] which generates time-
resolved images of pial arteries by triggering the first scan
in theﬁ on the basis of bolus monitoring

and acquiring two subseiuent scans without additional

contrast in the
Multiphase CT angiography imaging is only minimally
vulnerable to poor contrast-bolus timing and patient
motion and the asymmetry in collateral filling can be used
to help identify distal intracranial occlusions, even for
inexperienced scan readers.”

assesses collateral blood flow b

f intravenous contrast injection. CT
ﬁerfusion iroduces mais of the

through the brain vasculature
and improves diagnostic confidence in differentiatin
ischaemic stroke from mimics (e

will show a region of . Whereas

includes flow. Quantitative perfusion
thresholds are used to tissue that is already

, tissue that is likely to infarct
but with seperfusion (schaeic penimbrs),

and tissue that is not threatened but might have reduced
blood flow . CT perfusion thresholds
that estimate ischaemic core and penumbra have been
validated by comparison with follow-up infarction, defined
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 predlctlve thresholds

for these tissue states va
with timely reperfusion
CT perfusion e

has shown utility as a

injury in several trials, including late-
window treatment trials.*? - i now

allows timely post-processing of CT perfusion functional
maps that are robust to common artifacts, allowing
clinician * However, care is required to
avoid delaying treatment decisions because of the time
taken to acquire, transfer, post-process, and interpret CT
perfusion data.

provides some diagnostic advantages compared
with non-contrast CT, but in most centres

access and acquire. DWI maps show
BRI, o7 svoke onact and 2

correlating apparent diffusion coefficient map visualises
the extent of cytotoxic oedema caused by brain ischaemia.
There is no equivalent CT technique or parameter,

and thus the
estimates is

www.thelancet.com Vol 392 October 6,2018

Panel: Indication for thrombolysis

Indications

+ Disabling (in the context of a person’s activities and their pre-stroke quality of life)

acute ischaemic stroke inpatients aged 18 years or older

« Favourable CT brain imaging (ASPECTS score of 5 or higher, no extensive regions of

clear hypoattenuation)

Absolute contraindications
+ 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, recent major trauma)

Relative contraindications*®
» Presentation more than 4-5 h from time last seen well

+ Coagulopathy (platelet count less than 100 Gpt/L, international normalised ratio
[INR] greater than 1.7, activated partial thromboplastin time greater than 40's,

or prothrombin time greater than 15 s)
+ Blood pressure more than 185/110 mm Hg

»  Current treatment with an anticoagulant (thrombin or factor Xa inhibitor, heparin,
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

«  Prior ischaemic stroke within 3 months

+ Systemic malignancy

+ Intracranial malignant neoplasm

+ Intracranial arterial dissection

+  Blood glucose less than 2 mM or greater than 22 mmol/L
+  Suspected or diagnosed aortic dissection

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

+  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 2015),? 2018 Guidelines 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 benefit 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 quantifiable, and the benefit less well
known in patients with systemic malignancy or prior intracerebral haemorrhage or some degree of coagulopathy.

differentiating ischaemic stroke from mimics in the
setting of ischaemic lesions of small volume (figure 3

strokes where the

enables a
flow-dependent visualisation of the brain arteries
the need for a agent. Susceptibility-weighted
imaging allows for the detection of intracerebral
haemorrhage with high sensitivity, and the detection of
cerebral microbleeds not captured by non-contrast CT,
which might indicate underlying pathophysiologies, such
as cerebral amyloid angiopathy, and might be associated
with an increased risk of intracranial haemorrhage after
intravenous thrombolysis.* Specific MRI patterns of

1249


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Series

1250

Figure 3: MRI showing an acute ischaemic stroke in the right lentiform nucleus

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

imaging acquisition and processing delays treatment
initiation. The threshold for when sufficient 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 aloss of 1.9 million neurons
per_minute, which means that each 1 min delaz 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.*

Acuteltreatment of ischaemic stroke
Thrombolytic therapy

Open angiographic evidence of occlusions of the car-
otid artery and the more distal vascular tree was
first documented in the late 1930s. However, early studies
using fibrinolytic agents did not progress to larger
randomised trials because non-invasive 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 abandoned.*** Sub-
sequently, alteplase—a single-chain recombinant tissue
plasminogen activator (tPA)—has been successfully
shown to be an efficacious treatment for stroke and
subsequently 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 fluid-attenuated inversion recovery (ELAIR) sequence
has been proposed as the criterion for the selection of
patients who will benefit 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 effective and
resulted in a significantly better functional outcome than
placebo in patients with stroke of junknown symptom
onset.” This imaging approach is used in other ongoing
clinical trials to further test the efficacy and safety of
intravenous thrombolysis in acute stroke syndromes
with unknown time of symptom onset (NCT02002325).
Contrary to usual static vascular imaging techniques,
contrast-enhanced dynamic MR angiography now allows
time-resolved assessment of arterial occlusions, cerebral
haemodynamics, and collateral circulation in the acute
setting.” MR perfusion imaging can use a gadolinium
contrast agent and produces similar maps to CT perfusion.
Arterial spin labelling perfusion imaging does not require
contrast injection but the delay in endogenous tracer
arrival limits measurements of cerebral blood flow within
the territory affected by stroke.”

Imaging is the most important biomarker in_acute
ischaemic str&e; it can define the cause, show the extent
of potentially salvageable|brain tissue, and aid the selection
of acute therapies. With additional imaging, time spent on

parallel trials, leading to the licensing of alteplase in a
3-hour time window from stroke symptom onset.*
The ECASS II and ATLANTIS-B trials were neutral for
their chosen primary outcomes but were combined in
a pooled individual patient meta-analysis including
over 2000 patients treated within 360 min from stroke
symptom onset.”*® This post-hoc analysis showed a
distinct benefit of alteplase that was greater the earlier it
was given, approaching a neutral effect at 270 min (4-5 h)
from symptom onset.” The ECASS III trial verified the
sustained benefit of alteplase in the 3—4-5-hour window
but established that any delay in alteplase administration
increased the risk of treatment-associated symptomatic
intracerebral haemorrhage® Thus, time from stroke
onset to treatment initiation, although an unreliable
surrogate marker for the extent of brain ischaemia, has
been shown to be a strong effect modifier for alteplase
treatment when pooling multiple large studies, showing
no average benefit of alteplase administration [after
270 min from stroke symptom onset." IST-3, the largest
thrombolysis ftrial, took almost a decade to complete.
Although treating many patients at the periphery of
present guidelines the trial showed [improved func-
tional joutcome due to thrombolysis within 6 h that was
even preserved in the elderly (>50% of patients were
aged >80 years).” An updated systematic review and

www.thelancet.com Vol 392 October 6,2018
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showed that

meta-analysis including over
thrombolysis given
and that those treated
derived substantially
later (table).*

The large number of patients in IST-3 allowed for
multiple secondary analyses that were informative.
Despite increased risk of symptomatic intracerebral
haemorrhage, thrombolysis has a net clinical benefit in
patients with leukoaraiosis on baseline imaging and
should not be withheld on the basis of this finding alone.”
Prespecified subgroups in IST-3 did not show differing
functional outcomes but thrombolysis was associated

than those treated

The subsequent ENCHANTED trial
comparing

ment in patients on therapy was neutral.
However, there were

tomatic intracerebral
haemorrhages in the i group, par-

ticularly among patients without prior antiplatelet
treatment.” Many studies have speculated that patients
on prior antiplatelet treatment are at greater risk for
symptomatic intracerebral haemorrhage, partly related to
the greater occurrence of vascular risk factors that warrant
antiplatelet treatment. Data on the thrombolysis-associ-
ated risk of symptomatic intracerebral haemorrhage in
patients with dual antiplatelet treatment are limited by
the small number of outcomes.®* Further randomised
clinical trials are necessary to identify a subgroup of
patients who would potentially benefit from low-dose
alteplase treatment. Another multicentre, randomised
controlled trial comparin

because of an

3 months in the aspirin group.®
efficacy for early recanalisation
Other thrombolytic agents,
such as desmoteplase, showed a good safety profile within
a 9-h window but failed to show efficacy in another
study* Small studies comparing tenecteplase with
alteplase have shown tenecteplase to have superior
fibrinolytic activity with increased rates of reperfusion.”*
However, the NOR-TEST trial showed that tenecteplase
was not superior to alteplase in 1100 patients with acute
ischaemic stroke, despite the drugs having a similar safety
profile.” NOR-TEST has been criticised for enrolling a
high number of patients with stroke mimics and treating a
opulation of low clinical stroke severity.® Nevertheless,

The EXTEND-IA
TNK trial showed that tenecteplase before thrombectomy
was associated with a higher incidence of reperfusion and
better functional outcome than alteplase among patients
with ischaemic stroke treated within 4-5 h of symptom

www.thelancet.com Vol 392 October 6,2018

1-26 (1-05-1-51)
115 (0-95-1-40)
Endovascular treatment

2:49 (1-84-3:35)

0-99 (0-60-1-63)

additional patient.

0-053
0-020

0-140

Effect on 90-day Effect onsafety (sSICH ~ ARR NNT
outcome (MRS 0-1) within 36 h)
Thrombolysis
1.75 (1-35-2-27) 6-67 (4-11-10-84) 0-098

Data are OR (95% Cl), unless otherwise indicated. Data are from the meta-analysis by the Stroke Thrombolysis
Trialists’ Collaborative Group and the HERMES collaboration.®* No meta-analysis has been done to assess the
effect of endovascular treatment beyond 12 h. mRS=modified Rankin Scale. sICH=symptomatic (a deterioration

in National Institutes of Health Stroke Scale Score of 24) intracranial haemorrhage type 2 within 24 h (SITS-MOST
definition®); OR=odds ratio. ARR=absolute risk reduction. NNT=number needed to treat to benefit one

Table: Efficacy and safety of acute ischaemicstroke treatment

onset.” Three other ongoing phase 3 trials (TEMPO-2:
NCT02398656; TASTE: ACTRN12613000243718; TWIST:
NCT03181360) will provide further data.

Endovascular therapy

After the exciting but preliminary results of the
in 1999 showing improved outcome
for patients with proximal middle cerebral artery occlusions
treated with intra-arterial pro-urokinase, subsequent trials
(SYNTHESIS-EXPANSION, MR RESCUE, and IMS III)
investigating the benefits of endovascular treatment for
acute ischaemic stroke produced neutral results. A
combination of factors, including trial design features,
insufficiently clear imaging selection criteria, slow
treatment process times, and the use of various older
devices might have contributed to these neutral results.®
In 2015 and 2016, six positive trials (MR CLEAN,
ESCAPE, EXTEND-IA, REVASCAT, SWIFT-PRIME,
and THRACE) of treatment for
established
this therapy as a Each of these
trials enrolled 70-500 previously healthy patients aged
18 years or older presenting with varying stroke severity
up to 12 h from symptom onset, as well as optional
additional intravenous thrombolysis treatment and

extracranial occlusions.®*%% Many of the trials
and thus

targeted a major shortcoming of previously neutral
trials. Careful imaging-based selection of the most
appropriate patients, recognition of the importance of
fast workflow, and the high reperfusion rates led to the
overwhelming efficacy of endovascular treatment
compared to standard care alone (figure 4).

The pooled, individual-patient meta-analysis showed
improved functional outcome at 90 days for patients who
had received endovascular treatment compared with those
who had not (table).” Most patients in these trials were
treated within 6 h from symptom onset, but even late

res enters froms mptom onset) in the
had a treatment
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Figure 4: 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, and
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 left to
right) showing the middle cerebral artery occlusion at the M1 segment (green arrow) and delayed arrival of the contrast agent with subsequent delayed washout in
the right middle cerebral artery (red circles); (C) first intracranial angiographic run confirming a right middle cerebral artery occlusion; (D) final 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 middle
cerebral artery territory. Patient clinically improved to an NIHSS score of 4.

treatment across all clinical outcomes.” The DAWN trial
showed that endovascular treatment was beneficial in
highly selected patients|6-24 h after symptom onset when
compared with medical treatment alone. Selection with
CT perfusion MRI to identify potentially salvageable brain
tissue was required.” The DEFUSE-3 trial, similarly
requiring advanced CT perfusion| or [perfusion MRI for
patient selection, was halted early and showed that
patients receiving endovascular treatment 6-16 h after
time last seen normal resulted in better functional
outcomes than medical treatment.” These two trials
emphasise the relevance of the tissue window (with

imaging as the biomarker identifying salvageable brain
tissue) as the physiological signature that defines a patient
with treatable stroke. Patient selection with advanced
neuroimaging, such as perfusion-weighted or diffusion-
weighted imaging, is being further used in several
ongoing trials (EXTEND: NCT01580839; POSITIVE:
NCT01852201), with {time windows up to 24 h from
symptom onset to test the extent of treatment benefit
in late presenters. Despite these late-window studies, fast
delivery of treatment remains crucial; the SWIFT-PRIME
trial reported that reperfusion within 150 min from
symptom onset in the intervention arm led to a
91% estimated probability of functional independence
which decreased by 10% over the next hour and by
20% with every subsequent hour of delay.”

Stent retrieval is a common first choice of neuro-
interventionalists and these devices have been used

almost exclusively in clinical trials within the past 5 years.
In the ASTER trial first-line contact aspiration during
endovascular treatment compared with stent retrieval
did not result in an increased successful revasculari-
sation rate.” Previously acquired pilot data by another
group using |contact aspiration| have shown lower
procedure times and device costs compared with stent
retrieval, which is why a randomised controlled trial
comparing the two techniques is underway (COMPASS:
NCT02466893). Other devices, like the EmboTrap device,
are being investigated (ARISE II: NCT02488915).

Stroke systems of care

Since ffast treatment is so important to good outcomes,
organisation of stroke care is lessential for timely
treatment initiation. endovascular treatment can only
be performed at selected capable stroke centres (usually
tertiary hospitals), whereas thrombolytic treatment is
available more widely at smaller hospitals. Patients
identified in the field with a disabling stroke can
therefore be either directly transported to an endo-
vascular capable centre, even if that means bypassing a
closer primary stroke centre (mothership model), or be
transported to the nearest primary stroke centre for
thrombolytic treatment first and then, if appropriate, be
transferred to the endovascular capable centre (drip
and ship model). Transport times and distribution of
primary centres and endovascular capable centres will
determine the optimal approach. Telemedicine can be
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used to assist decision making for either of the models,
as neurologists stationed at an endovascular capable
centre can be consulted by health-care providers in
primary stroke centres or even pre-hospital care
roviders in ambulances.

a point of care
laboratory, and specialised staff and allow for early
diagnosis aided by neuroimaging and thus identify
eligibility and even initiate thrombolytic treatment en
route to the hospital.”?”* There are ongoing efforts to
develop prehospital stroke scales to differentiate large
artery occlusions from other types of strokes to allow
the most appropriate triage.” Additionally, multiple
ongoing trials are assessing current transportation
dilemmas, such as being taken directly to an
endovascular capable centre versus directly to a primary
stroke centre for patients with suspected large vessel
occlusion (NCT02795962), and initiation of thrombolytic
treatment on a mobile stroke unit versus in the hospital
(BEST-MSU: NCT02190500; B_PROUD: NCT02869386).
How patients are best advanced through the health
system to have timely and appropriate access to acute
stroke treatment will be an evolving standard depending
on geography, infrastructure, population density,
politics, and technology.

An integral part of geographical access to acute stroke
care is how to optimise the workflow in each of the
contributing sectors to treat patients with ischaemic
stroke as quickly as possible. Systematic quality
improvements can lead to much faster door-to-needle
times compared with those being currently achieved,
without an increase in complications. Helsinki
University Hospital established a
high standard b

the hospital’s model was then
successfully at the Royal Hospital
(Melbourne, Australia) and improvements in the USA
have been reported by the Target Stroke initiative.*”
The key to shorter door-to-needle time is a well
organised stroke service, the so-called
Emergency call centres, paramedics, and the emergency
department of the receiving hospital must work
seamlessly together. Clinical assessment, imaging, and
decision making for thrombolysis and endovascular
treatment need to occur in than
and hospital pre-notification with transport
of the patient direct to the CT scanner on the ambulance
stretcher are key to

with acute stroke, whether it is
W o 0 B e <

benefit holds true after successful reperfusion thera
care is designed to

Diagnostic work-up at a stroke unit makes
early secondary prevention possible based on the cause
of the stroke. Treatment of risk factors and evaluation of

www.thelancet.com Vol 392 October 6,2018

the need for rehabilitation can be initiated early at the
stroke unit. Evidence-based stroke unit care will increase
the likelihood of good functional outcome of stroke
patients.”

and-therapies for ischaemic stroke
Future technology to improve stroke diagnosis in the
field, advances in neuroimaging, improvements in
medical reperfusion therapy, advances in catheters to
optimise complete reperfusion rates, and adjuvant
medication to reduce permanent brain injury are all
under active investigation. Importantly, improvements
in catheters for stroke treatment might be influenced

by regional differences in disease burden. In -
fnacrinial S@R0SS due o underlying mtracranial

atherosclerosis is a cause of stroke
than in the rest of the world.* Residual intracranial
stenosis might require angioplasty and stenting or the
use of antiplatelet infusion medication.” Potential
improvements in medical therapy in general in-
and magnetically enhanced

and continued investigation o
thrombolytic drug.®

Attempts to translate beneficial findings of -
and from preclinical models to
human models have been previously_ Yet,
adjuvant therapy for stroke is evolving. While over
1000 putative neuroprotective compounds have not been
translated from the laboratory to humans, most were
tested in an ischaemia-reperfusion model (temporary
middle cerebral artery occlusion).* Human stroke due to

as a primary

with medical treatment, but advances in
endovascular treatment have resulted in a true human

ischaemia-early reperfusion model. Molecules such as
the peptide NA-1 (also known as Tat-NR2B9c¢) are being
investigated in this setting.* ESCAPE-NA1(NCT02930018)
is enrolling patients with large vessel occlusions about to
undergo endovascular treatment to receive NA-1 or
placebo. Since has been shown to

be - in the prehospital setting, a trial investigatin;
the iotential for the molecule to - ﬁ

until the patient can undergo endovascular

treatment with definite recanalisation might be con-
sidered.® The medical of _

and or pyrexia in acute
ischaemic stroke remains to be further defined. Although
it is well proven that hyperglycaemia, elevated or very
low blood pressure, and elevated body temperature are
all associated with poor outcomes, it is

Finally, innovation might occur in stroke treatment
processes. Imaging with dynamic angiography equip-
ment can allow a direct-to-angiography workflow, further
reducing door-to-treatment time. As the technology for
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this approach to imaging improves and becomes installed
in hospitals, we expect this approach to treatment of
selected patients to increasingly take place. This evolution
will be accelerated if non-invasive technology plus
clinical evaluation allows the reliable identification of
large vessel occlusion in the pre-hospital setting.

Conclusion and future directions

The framework for acute ischaemic stroke therapeutics is
fast treatment with a door-to-needle time ftarget of 30 min
or less and rapid escalation to endovascular treatment for
patients with large vessel occlusion. Advanced neuro-
imaging, including arterial imaging, is the cornerstone
for effective guidance of acute stroke treatment. Regional
systems of stroke care are affected by geography, infra-
structure, including financial resources, population density,
politics, and technology and must be optimised to allow
timely access to thrombolytic therapy and endovascular
treatment. Because primary and comprehensive stroke
centres must improve their workflow to achieve these
target metrics, there is a substantial incentive to develop
alternative thrombolytic agents that are easy to use, such as
tenecteplase. With the establishment of endovascular
treatment and a true human ischaemia reperfusion model,
adjuvant therapies can be investigated. Acute stroke therapy
is one of the most important advances in the therapeutics
of neurological diseases and the future for new treatments
looks promising.

Contributors
CZ wrote the first draft and produced the figures. All authors
contributed critical edits and revisions to the final draft.

Declaration of interests

BCVC reports grants from the Australian National Health and Medical
Research Council, the Royal Australasian College of Physicians, the
Royal Melbourne Hospital Foundation, National Heart Foundation,
National Stroke Foundation of Australia, and Covidien (Medtronic),
during this study. MDH reports personal fees from Merck, non-financial
support from Hoffmann-La Roche Canada Ltd, grants from Covidien
(Medtronic), Boehringer Ingelheim, Stryker Inc, and Medtronic LLC,
outside the submitted work. MDH has a patent Systems and Methods
for Assisting in Decision-Making and Triaging for Acute Stroke Patients
pending to US Patent Office number 62/086,077 and owns stock in
Calgary Scientific Incorporated, a company that focuses on medical
imaging software, is a director of the Canadian Federation of
Neurological Sciences, a not-for-profit group, and has received grant
support from Alberta Innovates Health Solutions, Canadian Institutes of
Health Research, Heart and Stroke Foundation of Canada, and the
National Institute of Neurological Disorders and Stroke. All other
authors declare no competing interests.

References

1 Albers GW, Caplan LR, Easton JD, et al. Transient ischemic
attack—proposal for a new definition. N Engl ] Med 2002;
347:1713-16.

2 Casaubon LK, Boulanger JM, Blacquiere D, et al. Canadian stroke
Dbest practice recommendations: hyperacute stroke care guidelines,
update 2015. Int J Stroke 2015; 10: 924-40.

3 Powers WJ, Rabinstein AA, Ackerson T, et al. 2018 guidelines for
the early management of patients with acute ischemic stroke:

a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 2018; 49: e46-110.

4 European Stroke Organisation (ESO) Executive Committee,

ESO Writing Committee. Guidelines for management of ischaemic
stroke and transient ischaemic attack 2008. Cerebrovasc Dis 2008;
25: 457-507.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Coutts SB, Modi J, Patel SK, et al. What causes disability after
transient ischemic attack and minor stroke? Results from the

CT and MRI in the triage of TTA and minor cerebrovascular

events to identify high risk patients (catch) study. Stroke 2012;
43:3018-22.

Bivard A, Huang X, Levi CR, et al. Tenecteplase in ischemic stroke
offers improved recanalization: analysis of 2 trials. Neurology 2017;
89: 62-67.

Ahmad O, Wardlaw ], Whiteley WN. Correlation of levels of
neuronal and glial markers with radiological measures of infarct
volume in ischaemic stroke: a systematic review.

Cerebrovasc Dis 2012; 33: 47-54.

Hasan N, McColgan P, Bentley P, Edwards R], Sharma P. Towards
the identification of blood biomarkers for acute stroke in humans:
a comprehensive systematic review. Br J Clin Pharmacol 2012;

74: 230-40.

Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and
reliability of a quantitative computed tomography score in predicting
outcome of hyperacute stroke before thrombolytic therapy.

Lancet 2000; 355: 1670-74.

Gupta AC, Schaefer PW, Chaudhry ZA, et al. Interobserver reliability
of baseline noncontrast CT Alberta stroke program early CT score for
intra-arterial stroke treatment selection. Am J Neuroradiol 2012;
33:1046-49.

Dzialowski I, Hill MD, Coutts SB, et al. Extent of early ischemic
changes on computed tomography (CT) before thrombolysis:
prognostic value of the Alberta stroke program early CT score in
ECASS I1. Stroke 2006; 37: 973-78.

Hill MD, Demchuk AM, Goyal M, et al. Alberta stroke program early
computed tomography score to select patients for endovascular
treatment: interventional management of stroke (IMS)-III trial.
Stroke 2014; 45: 444-49.

Khatri P, Abruzzo T, Yeatts SD, Nichols C, Broderick JP, Tomsick TA.
Good clinical outcome after ischemic stroke with successful
revascularization is time-dependent. Neurology 2009; 73: 1066-72.
Sheth SA, Sanossian N, Hao Q, et al. Collateral flow as causative of
good outcomes in endovascular stroke therapy.

J Neurointerv Surg 2016; 8: 2-7.

Yu AY, Zerna C, Assis Z, et al. Multiphase CT angiography increases
detection of anterior circulation intracranial occlusion. Neurology
2016; 87: 609-16.

d’Esterre CD, Boesen ME, Ahn SH, et al. Time-dependent computed
tomographic perfusion thresholds for patients with acute ischemic
stroke. Stroke 2015; 46: 3390-97.

Bivard A, Kleinig T, Miteff F, et al. Ischemic core thresholds change
with time to reperfusion: a case control study. Ann Neurol 2017;
82:995-1003.

Campbell BC, Christensen S, Levi CR, et al. Cerebral blood flow is
the optimal CT perfusion parameter for assessing infarct core.

Stroke 2011; 42: 3435-40.

Cereda CW, Christensen S, Campbell BC, et al. A benchmarking tool
to evaluate computer tomography perfusion infarct core predictions
against a DWI standard. | Cereb Blood Flow Metab 2016; 36: 1780-89.
Campbell BC, Mitchell PJ, Kleinig TJ, et al. Endovascular therapy for
ischemic stroke with perfusion-imaging selection. N Engl | Med 2015;
372:1009-18.

Saver JL, Goyal M, Diener HC. Stent-retriever thrombectomy for
stroke. N Engl | Med 2015; 373: 1077

Albers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke at

6 to 16 hours with selection by perfusion imaging. N Engl | Med 2018;
22:708-18.

Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to

24 hours after stroke with a mismatch between deficit and infarct.

N Engl ] Med 2018; 378: 11-21.

Campbell BC, Yassi N, Ma H, et al. Imaging selection in ischemic
stroke: feasibility of automated CT-perfusion analysis.

Int J Stroke 2015; 10: 51-54.

Barber PA, Hill MD, Eliasziw M, et al. Imaging of the brain in acute
ischaemic stroke: comparison of computed tomography and
magnetic resonance diffusion-weighted imaging.

J Neurol Neurosurg Psychiatry 2005; 76: 1528-33.

Greenberg SM, Vernooij MW, Cordonnier C, et al. Cerebral
microbleeds: a guide to detection and interpretation.

Lancet Neurol 2009; 8: 165-74.

www.thelancet.com Vol 392 October 6,2018


John Vogel



Series

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

46

Thomalla G, Boutitie F, Fiebach JB, et al. Stroke with unknown
time of symptom onset: baseline clinical and magnetic resonance
imaging data of the first thousand patients in wake-up (efficacy and
safety of MRI-based thrombolysis in wake-up stroke: a randomized,
double-blind, placebo-controlled trial). Stroke 2017; 48: 770-73.
Thomalla G, Simonsen CZ, Boutitie F, et al. MRI-guided
thrombolysis for stroke with unknown time of onset.

N Engl ] Med 2018; 16: 611-22.

Hernandez-Perez M, Puig J, Blasco G, et al. Dynamic magnetic
resonance angiography provides collateral circulation and
hemodynamic information in acute ischemic stroke. Stroke 2016;
47:531-34.

Kane I, Carpenter T, Chappell F, et al. Comparison of 10 different
magnetic resonance perfusion imaging processing methods in
acute ischemic stroke: effect on lesion size, proportion of patients
with diffusion/perfusion mismatch, clinical scores, and radiologic
outcomes. Stroke 2007; 38: 3158-64.

Meretoja A, Keshtkaran M, Saver JL, et al. Stroke thrombolysis: save
a minute, save a day. Stroke 2014; 45: 1053-58.

Goyal M, Fargen KM, Menon BK. Acute stroke, Bayes’ theorem and
the art and science of emergency decision-making.

J Neurointervent Surg 2014; 6: 256-59.

Sussman BJ, Fitch TS. Thrombolysis with fibrinolysin in cerebral
arterial occlusion. JAMA 1958; 167: 1705-09.

Fletcher AP, Alkjaersig N, Lewis M, et al. A pilot study of urokinase
therapy in cerebral infarction. Stroke 1976; 7: 135-42.

Meyer JS, Gilroy J, Barnhart M1, Johnson JF. Therapeutic
thrombolysis in cerebral thromboembolism. Double-blind
evaluation of intravenous plasmin therapy in carotid and middle
cerebral arterial occlusion. Neurology 1963; 13: 927-37.

National Institute of Neurological Disorders and Stroke rt-PA
Stroke Study Group. Tissue plasminogen activator for acute
ischemic stroke. N Engl ] Med 1995; 333: 1581-87.

Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind
placebo-controlled trial of thrombolytic therapy with intravenous
alteplase in acute ischaemic stroke (ECASS II). Lancet 1998;

352: 1245-51.

Clark WM, Wissman S, Albers GW, Jhamandas JH, Madden KP,
Hamilton S. Recombinant tissue-type plasminogen activator
(alteplase) for ischemic stroke 3 to 5 hours after symptom onset.

The Atlantis study: a randomized controlled trial. Alteplase
thrombolysis for acute noninterventional therapy in ischemic stroke.
JAMA 1999; 282: 2019-26.

Hacke W, Donnan G, Fieschi C, et al. Association of outcome with
early stroke treatment: pooled analysis of Atlantis, ECASS, and
NINDS rt-PA stroke trials. Lancet 2004: 363: 768-74.

Bluhmki E, Chamorro A, Davalos A, et al. Stroke treatment with
alteplase given 3-0—4-5 h after onset of acute ischaemic stroke
(ECASS I1I): additional outcomes and subgroup analysis of a
randomised controlled trial. Lancet Neurol 2009; 8: 1095-102.

Lees KR, Bluhmki E, von Kummer R, et al. Time to treatment with
intravenous alteplase and outcome in stroke: an updated pooled
analysis of ECASS, Atlantis, NINDS, and Epithet trials. Lancet 2010;
375:1695-703.

Sandercock P, Wardlaw JM, Lindley RI, et al. The benefits and
harms of intravenous thrombolysis with recombinant tissue
plasminogen activator within 6 h of acute ischaemic stroke

(the third international stroke trial [IST-3]): a randomised controlled
trial. Lancet 2012; 379: 2352-63.

Goyal M, Menon BK, van Zwam WH, et al. Endovascular
thrombectomy after large-vessel ischaemic stroke: a meta-analysis
of individual patient data from five randomised trials. Lancet 2016;
387:1723-31.

Emberson J, Lees KR, Lyden P, et al. Effect of treatment delay,
age, and stroke severity on the effects of intravenous thrombolysis
with alteplase for acute ischaemic stroke: a meta-analysis of
individual patient data from randomised trials. Lancet 2014;
384:1929-35.

Wahlgren N, Ahmed N, Dévalos A, et al. Thrombolysis with
alteplase for acute ischaemic stroke in the safe implementation of
thrombolysis in stroke-monitoring study (SITS-MOST):

an observational study. Lancet 2007 369: 275-82.

Wardlaw JM, Murray V, Berge E, del Zoppo GJ. Thrombolysis for
acute ischaemic stroke. Cochrane Database Syst Rev 2014;

29: CD000213.

www.thelancet.com Vol 392 October 6,2018

47

48

49

50

51

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Charidimou A, Pasi M, Fiorelli M, et al. Leukoaraiosis, cerebral
hemorrhage, and outcome after intravenous thrombolysis for acute
ischemic stroke: a meta-analysis (v1). Stroke 2016; 47: 2364-72.
Lindley RI, Wardlaw JM, Whiteley WN, et al. Alteplase for acute
ischemic stroke: outcomes by clinically important subgroups in the
third international stroke trial. Stroke 2015; 46: 746-56.

Robinson TG, Wang X, Arima H, et al. Low-versus standard-dose
alteplase in patients on prior antiplatelet therapy: the enchanted
trial (enhanced control of hypertension and thrombolysis stroke
study). Stroke 2017; 48: 1877-83.

Diedler ], Ahmed N, Sykora M, et al. Safety of intravenous
thrombolysis for acute ischemic stroke in patients receiving
antiplatelet therapy at stroke onset. Stroke 2010; 41: 288-94.

Xian Y, Federspiel JJ, Grau-Sepulveda M, et al. Risks and benefits
associated with prestroke antiplatelet therapy among patients with
acute ischemic stroke treated with intravenous tissue plasminogen
activator. JAMA Neurol 2016; 73: 50-59.

Zinkstok SM, Roos YB. Early administration of aspirin in patients
treated with alteplase for acute ischaemic stroke: a randomised
controlled trial. Lancet 2012; 380: 731-37.

Hacke W, Albers G, Al-Rawi Y, et al. The desmoteplase in acute
ischemic stroke trial (dias): a phase II MRI-based 9-hour window
acute stroke thrombolysis trial with intravenous desmoteplase.
Stroke 2005; 36: 66—73.

Furlan AJ, Eyding D, Albers GW, et al. Dose escalation of
desmoteplase for acute ischemic stroke (dedas): evidence of safety
and efficacy 3 to 9 hours after stroke onset. Stroke 2006; 37: 1227-31.
Hacke W, Furlan AJ, Al-Rawi Y, et al. Intravenous desmoteplase in
patients with acute ischaemic stroke selected by MRI
perfusion-diffusion weighted imaging or perfusion CT (DIAS-2):
a prospective, randomised, double-blind, placebo-controlled study.
Lancet Neurol 2009; 8: 141-50.

Albers GW, von Kummer R, Truelsen T, et al. Safety and efficacy of
desmoteplase given 3-9 h after ischaemic stroke in patients with
occlusion or high-grade stenosis in major cerebral arteries
(DIAS-3): a double-blind, randomised, placebo-controlled

phase 3 trial. Lancet Neurol 2015; 14: 575-84.

Parsons M, Spratt N, Bivard A, et al. A randomized trial of
tenecteplase versus alteplase for acute ischemic stroke.

N Engl ] Med 2012; 366: 1099-107.

Coutts SB, Dubuc V, Mandzia ], et al. Tenecteplase-tissue-type
plasminogen activator evaluation for minor ischemic stroke with
proven occlusion. Stroke 2015; 46: 769-74.

Logallo N, Novotny V, Assmus J, et al. Tenecteplase versus
alteplase for management of acute ischaemic stroke (NOR-TEST):
a phase 3, randomised, open-label, blinded endpoint trial.

Lancet Neurol 2017; 16: 781-88.

Etherton MR, Barreto AD, Schwamm LH, Wu O. Neuroimaging
paradigms to identify patients for reperfusion therapy in stroke of
unknown onset. Front Neurol 2018; 9: 327.

Campbell BCV, Mitchell PJ, Churilov L, et al. Tenecteplase versus
alteplase before thrombectomy for ischemic stroke.

N Engl ] Med 2018; 378: 1573-82.

Zerna C, Hegedus J, Hill MD. Evolving treatments for acute
ischemic stroke. Circ Res 2016; 118: 1425-42.

Berkhemer OA, van Zwam WH, Dippel DW. Stent-retriever
thrombectomy for stroke. N Engl | Med 2015; 373: 1076.

Goyal M, Demchuk AM, Menon BK, et al. Randomized
assessment of rapid endovascular treatment of ischemic stroke.
N Engl ] Med 2015; 372: 1019-30.

Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy within

8 hours after symptom onset in ischemic stroke.

N Engl ] Med 2015; 372: 2296-306.

Bracard S, Ducrocq X, Mas JL, et al. Mechanical thrombectomy after
intravenous alteplase versus alteplase alone after stroke (thrace):

a randomised controlled trial. Lancet Neurol 2016; 15: 1138147,
Evans JW, Graham BR, Pordeli P, et al. Time for a time window
extension: insights from late presenters in the Escape trial.

Am ] Neuroradiol 2017; 39: 102-06.

Jovin TG, Saver JL, Ribo M, et al. Diffusion-weighted imaging or
computerized tomography perfusion assessment with clinical
mismatch in the triage of wake up and late presenting strokes
undergoing neurointervention with Trevo (DAWN) trial methods.
Int J Stroke 2017; 12: 641-52.

1255



Series

1256

69

70

71

72

73

74

75

76

77

78

Goyal M, Jadhav AP, Bonafe A, et al. Analysis of workflow and time
to treatment and the effects on outcome in endovascular treatment
of acute ischemic stroke: results from the swift prime randomized
controlled trial. Radiology 2016; 279: 888-97.

Lapergue B, Blanc R, Gory B, et al. Effect of endovascular contact
aspiration vs stent retriever on revascularization in patients with
acute ischemic stroke and large vessel occlusion: the ASTER
randomized clinical trial. JAMA 2017; 318: 443-52.

Ebinger M, Winter B, Wendt M, et al. Effect of the use of
ambulance-based thrombolysis on time to thrombolysis in acute
ischemic stroke: a randomized clinical trial. JAMA 2014;

311: 1622-31.

Walter S, Kostopoulos P, Haass A, et al. Diagnosis and treatment
of patients with stroke in a mobile stroke unit versus in hospital:

a randomised controlled trial. Lancet Neurol 2012; 11: 397-404.
Hastrup S, Damgaard D, Johnsen SP, Andersen G. Prehospital
acute stroke severity scale to predict large artery occlusion: design
and comparison with other scales. Stroke 2016; 47: 1772-76.
Meretoja A, Strbian D, Mustanoja S, Tatlisumak T, Lindsberg PJ,
Kaste M. Reducing in-hospital delay to 20 minutes in stroke
thrombolysis. Neurology 2012; 79: 306-13.

Meretoja A, Weir L, Ugalde M, et al. Helsinki model cut stroke
thrombolysis delays to 25 minutes in Melbourne in only 4 months.
Neurology 2013; 81: 1071-76.

Fonarow GC, Zhao X, Smith EE, et al. Door-to-needle times for
tissue plasminogen activator administration and clinical outcomes
in acute ischemic stroke before and after a quality improvement
initiative. JAMA 2014; 311: 1632-40.

Kamal N, Holodinsky JK, Stephenson C, et al. Improving
door-to-needle times for acute ischemic stroke: effect of rapid
patient registration, moving directly to computed tomography,

and giving alteplase at the computed tomography scanner.

Circ Cardiovasc Qual Outcomes 2017; 10: €003242.

Stroke Unit Trialists’ Collaboration. Organised inpatient (stroke unit)
care for stroke. Cochrane Database Syst Rev 2007: 17: CD000197.

80

81

82

83

85

86

87

88

Candelise L, Gattinoni M, Bersano A, Micieli G, Sterzi R,

Morabito A. Stroke-unit care for acute stroke patients:

an observational follow-up study. Lancet 2007; 369: 299-305.

Bang OY. Intracranial atherosclerosis: current understanding and
perspectives. | Stroke 2014; 16: 27-35.

Toyoda K, Koga M, Hayakawa M, Yamagami H. Acute reperfusion
therapy and stroke care in Asia after successful endovascular trials.
Stroke 2015; 46: 1474-81.

Barlinn K, Tsivgoulis G, Barreto AD, et al. Outcomes following
sonothrombolysis in severe acute ischemic stroke: subgroup
analysis of the CLOTBUST trial. Int J Stroke 2014; 9: 1006-10.
O’Collins VE, Macleod MR, Donnan GA, Horky LL,

van der Worp BH, Howells DW. 1026 experimental treatments in
acute stroke. Ann Neurol 2006; 59: 467-77.

Cook DJ, Teves L, Tymianski M. Treatment of stroke with a PSD-95
inhibitor in the gyrencephalic primate brain. Nature 2012; 483: 213-17.
Saver JL, Starkman S, Eckstein M, et al. Prehospital use of
magnesium sulfate as neuroprotection in acute stroke. N Engl ] Med
2015; 372: 528-36.

Berge E, Cohen G, Lindley RI, et al. Effects of blood pressure and
blood pressure-lowering treatment during the first 24 hours among
patients in the third international stroke trial of thrombolytic
treatment for acute ischemic stroke. Stroke 2015; 46: 3362—69.
Poppe AY, Majumdar SR, Jeerakathil T, Ghali W, Buchan AM,

Hill MD. Admission hyperglycemia predicts a worse outcome in
stroke patients treated with intravenous thrombolysis.

Diabetes Care 2009; 32: 617-22.

Geurts M, Scheijmans FE, van Seeters T, et al. Temporal profile of
body temperature in acute ischemic stroke: relation to infarct size
and outcome. BMC Neurol 2016; 16: 233.

© 2018 Elsevier Ltd. All rights reserved.

www.thelancet.com Vol 392 October 6,2018



	Current practice and future directions in the diagnosis and
acute treatment of ischaemic stroke
	Introduction
	Types of acute stroke that should be treated
	Imaging as the biomarker for ischaemic stroke
	Acute treatment of ischaemic stroke
	Thrombolytic therapy
	Endovascular therapy
	Stroke systems of care
	Adjuvant and novel therapies for ischaemic stroke

	Conclusion and future directions
	References


