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Abstract

Introduction: Amongst the 25.7 million survivors and 6.5 million deaths from
stroke between 1990 and 2013, ischemic strokes accounted for approximately

70% and 50% of the cases, respectively. With patients still suffering from


https://crossmark.crossref.org/dialog/?doi=10.1080/14737175.2021.1836963&domain=pdf

complications and stroke recurrence, more questions have been raised as to

how we can better improve patient management.

Areas covered: The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement and Newcastle-Ottawa Scale (NOS)
were adopted to ensure a comprehensive inclusion of quality literature from
various sources. PubMed and Embase were searched for evidence on
thrombolysis, mechanical thrombectomy, artificial intelligence (Al), antiplatelet

therapy, anticoagulation and hypertension management.

Expert opinion: The directions of future research in these areas are
dependent on the current level of validation.. Endovascular therapy and
applications of Al are relatively new compared to the other areas discussed in
this review. As such, it is important for future studies to focus on validating
their efficacy. As for thrombolysis, antiplatelet and anticoagulation therapy,
their efficacy has been well-established and future research efforts should be
directed towards adjusting its use according to patient specific factors, starting

with factors with the most clinical relevance and prevalence.

Keywords: Stroke, thrombolysis, thrombectomy, anticoagulation, antiplatelet,

artificial intelligence.

Article highlights

e Patient with confirmed small ischemic penumbra secondary to proximal
occlusion are likely to benefit from mechanical thrombectomy (MT) and
intravenous thrombolysis. Further validation studies into (1) the

applications of MT in treating basilar occlusions, (2) the benefits of



concurrent internal carotid artery stenting or dilation and (3) artificial
intelligence software are required.

e Dual antiplatelet therapy post-ischemic stroke is superior to mono- and
triple- therapy. There are currently ongoing trials looking into dual
antiplatelet therapies involving ticagrelor and its optimal treatment
duration.

e Direct oral anticoagulants (DOACs) are superior to warfarin for
secondary prevention of stroke with lower bleeding risks. Research
into DOAC dose adjustment in advanced chronic kidney disease and
the optimum time to initiate DOAC post-stroke is currently underway.

¢ Maintaining tight blood pressure control is recommended throughout
the different phases of stroke management. Further randomized trials
are required to determine the ideal blood pressure range at each

phase.

1. Introduction

According to the Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD) in 2015, stroke is a leading cause of mortality and disability . It
is expected the burden of stroke will continue to increase until effective

treatment and prevention strategies are more widely implemented 2.

According to an old definition of stroke in the 1970s, the 24-hour mark
separates a ‘stroke’ from a ‘transient ischemic attack’ (TIA) ®. However, the
American Heart Association (AHA) and American Stroke Association (ASA)

re-defined TIA in 2009 as ‘a brief episode of neurological dysfunction caused



by focal brain or retinal ischaemia, with clinical symptoms typically lasting less
than one hour, and without evidence of acute infarction’ *. Strokes have been
divided into ischemic or primary hemorrhagic strokes °, with ischemic strokes
being secondary to thrombosis, embolism, hypoperfusion and cerebral

venous sinus thrombosis 388,

This review will specifically address the management of an acute
ischemic stroke, notably the areas of thrombolysis, ~mechanical
thrombectomy, utility of artificial intelligence and medications commonly used
to lower the risk of a further ischemic stroke. In each section, a timeline of
how key conflicts in these areas emerged and were addressed over the years

will be discussed, along with the current challenges.
2. Methods

This narrative review adopted the Preferred Reporting Items for
Systematic Reviews and  Meta-analyses (PRISMA) statement and the
Newcastle-Ottawa Quality ~Assessment Scale (NOS) to ensure a
comprehensive -inclusion of quality literature from various sources. The
following search string was used: (((stroke) AND ((atrial fibrillation) OR
(prophylaxis) OR (imaging) OR (Anticoagulation) OR (antithrombotic) OR
(vitamin K Antagonist) OR (management) OR (endovascular) OR
(thrombectomy))). PubMed and Embase along with abstracts from national
and international cardiovascular meetings were searched accordingly from
conception of the database to April 2014, yielding more than 100,000 results
given the breath of topics discussed. Articles were selected mainly by CL, AJ
and RD with disputes settled by the senior supervising author GL. Articles

used include but are not limited to major trials, cohort studies and meta-



analyses. Bibliographies of the included articles were also scanned for other
relevant papers. Finally, the supplements of major journals were searched
manually to identify relevant abstracts that were yet to be published as peer-

reviewed papers.

3. Thrombolysis

The evidence for thrombolysis in patients with stroke first emerged in
1995 through the National Institute of Neurological Disorders and Stroke
(NINDS) trial °. In 2001, a conditional license for the use of thrombolysis was
given by the European Union, which was made permanent following two
iconic studies, namely the Safe Implementation of Thrombolysis in Stroke-
Monitoring Study (SITS-MOST) and the European Cooperative Acute Stroke
Study (ECASS) IIl "', Both studies assessed the safety and efficacy of
intravenous alteplase as the mainstay for thrombolytic therapy. SITS-MOST
confirmed that in an ischemic stroke, the use of alteplase is effective in routine
clinical use when used within 3 hours. This 3-hour threshold was
subsequently extended to 4.5 hours after the ECASS trial. Once the onset of
ischemic stroke has been established to be less than 4.5 hours, alteplase can
be administered at 900 micrograms/kg accordingly. This is a widely accepted
approach with alterations according to local hospital guidelines. More recently,
the Enhanced Control of Hypertension and Thrombolysis Stroke Study
(ENCHANTED) compared a lower dose (600 microgram/kg) alteplase against
the standard dose, which showed a lower risk of intracranial hemorrhage, but

did not adequately assess if a lower dose regime was of similar efficacy '.



In 2012, the third International Stroke Trial (IST-3) established that
thrombolysis with alteplase maintains an overall benefit with improved
functional outcome even when used within 6 hours. This benefit did not seem
to diminish in the subset of patients over the age of 80 '*. A meta-analysis of
nine randomised controlled trials (NINDS A-B, ECASS I-lll, ATLANTIS A-B,
EPITHET and IST-3) conducted by the Stroke Thrombolysis Trialists’
Collaborative Group, confirmed that irrespective of age and stroke severity,
the outcomes were in favor of the use of alteplase in the early treatment
phase; however, the odds of beneficial stroke outcomes were not statistically
significant in a sub-analysis of alteplase use after 4.5 hours . In 2019, a
further meta-analysis of three trials (EXTEND, ECASS4-EXTEND and
EPITHET) studied if additional perfusion imaging could better direct
thrombolysis treatment in patients with stroke symptoms after 4.5 hours or
with symptoms on waking. It concluded that patients with salvageable brain
tissue on perfusion-diffusion MRI or CT perfusion were more likely to have

better functional outcomes when thrombolysis was given instead of placebo

15

The fundamental principle of alteplase prescription in ischemic strokes,
though constantly evolving, remains a relatively straightforward concept.
However, confounding patient variables such as ongoing medical and drug
histories introduces complexity to this algorithm. For example, the officially
approved dosage of intravenous alteplase is 600 microgram/kg in Japan
versus the usual 900 micrograms/kg in other countries '®. A meta-analysis
conducted by Whiteley et al. also found atrial fibrillation (AF), congestive

cardiac failure, renal impairment, prior antiplatelet therapy, leukoaraiosis and



visible cerebral infarction on pre-treatment brain imaging placed patients at
greater risk of intracerebral hemorrhage but the extent of these factors was
not quantified '". Other studies have suggested that the safety and efficacy of

intravenous thrombolysis remained unaffected in patients with prior anti-

18 19

platelet therapy and heart failure ™. Patients with concurrent atrial
fibrillation, however, had worse outcomes if thrombolysed when compared

against non-AF stroke patients %°.

Intravenous thrombolysis (IVT) can be used in patients receiving the
direct thrombin inhibitor, dabigatran, after administration of idarucizumab, a
human monoclonal antibody for reversal of anticoagulation effects 2.
However, a recent meta-analysis found no _significant increase in the risk of
haemorrhage or early mortality in patients who received pre-thrombolysis
idarucizumab compared to those who did not. Shahjouei et al. also went on to
conclude that despite the intake of direct oral anticoagulation (DOAC) within

48 hours prior to administration of IVT was not associated with a significant

increase risk of bleeding .

In more recent studies and consensus statements, IVT after reversal of
the anticoagulation effect of dabigatran is considered safe and efficacious,
especially when thrombectomy cannot be performed in a timely manner 2.
As for ischemic stroke patients on vitamin K antagonists (VKAs), thrombolysis
can be given if the international normalized ratio (INR) is <1.7. There is some
evidence that thrombolysis can also be given if INR is >1.7 as long as
intravenous infusion of prothrombin complex concentrate and vitamin K are

given prior to this ?°. However, there are no large prospective randomized

controlled trials to confirm these approaches.



In 2018, the American Heart/Stroke Association advanced a new
recommendation that Tenecteplase (TNK) can be considered as an
alternative to alteplase in patients with an acute ischemic stroke ?°. The
efficacy of TNK has been confirmed in a meta-analysis of five randomized
controlled trials (TNK-S2B, Australian TNK, ATTEST, Nor-Test and EXTEND-
IA TNK) 21 showing non-inferiority to alteplase in both the primary efficacy
(freedom from disability mRS 0-1 at 3 months) and secondary safety
outcomes 2. It is worth noting that the greatest weight of evidence is from a
trial that recruited patients with mild neurological deficits, which allows for a
better chance in achieving the primary efficacy outcome with TNK *°.
However, in contrast to the EXTEND-IA TNK trial, similar non-inferior primary
and secondary outcomes were also observed when patients with mainly large
vessel occlusions and major neurological deficits were included *'. If other
factors such as ease of administration and cost were also taken into account
it makes for a strong case that TNK should be used over alteplase for
thrombolysis in ischemic strokes. Perhaps the reluctance to initiate TNK
stems from the uncertainty revolving the optimal dose and timing of
administration of TNK, which saw a significant degree of heterogeneity in a
published meta-analysis conducted *2. As such, the EXTEND-IA part 2 trial is

currently underway to better inform TNK dosage administration ¥ A summary

of the key trials can be seen in Supplementary Table 1.

4. Mechanical thrombectomy (MT)
Up until 2015, IVT remained the mainstay of treatment for ischemic
strokes occurring within 4.5 hours ''. This was likely because of the volume of

evidence supporting the use of IVT and the negative trials (IMS-3,



SYNTHESIS and MR-RESCUE) published in 2013 concerning endovascular
methods **”. However, the use of IVT is not without its limitations, being
ineffective in patients with proximal vessel occlusions, with only 30% and 10%
achieving adequate recanalization in middle cerebral artery (MCA) and carotid

artery occlusions respectively .

Furthermore, there were significant
shortcomings in these trials to adequately assess the efficacy of MT. In the
IMS-3 and SYNTHESIS trials, the use of imaging modalities was suboptimal
and thus not applied to the patient population. Also, when computed
tomography angiography (CTA) was used, the extent of salvageable
penumbra was not evaluated * *. In the MR-RESCUE trial, even though
magnetic resonance imaging (MRI) profiles were available, the trial was

based on patients with a significant delay in MT (mean delay of 6.35 hours),

again suboptimal for its use ¥'.

It was only in 2015 when a number of trials with more stringent patient
selection processes were published to assess the benefits of MT, which were
the MR-CLEAN, EXTEND-IA, ESCAPE, SWIFT-PRIME and REVASCAT trials
3943 These trials confirmed that patients with a proximal occlusion with small
ischemic core volume who received early endovascular intervention
demonstrated a clear benefit when used in conjunction with IVT. A meta-
analysis of these eight trials confirmed the overall benefit of MT “ leading to
guidelines recommending MT in combination with IVT in patients with
proximal artery occlusion strokes within the first 6 hours of symptom onset. In
2016, another meta-analysis also confirmed that patients over the age of 80
were not exempt from receiving MT and IVT treatment, as there was no

significant difference in mortality and complications ®



Some guidelines have also extended this principle further, suggesting
MT should remain as the first-line treatment in patients with large vessel
occlusions if IVT is contraindicated, citing evidence from the ESCAPE and
REVASCAT trials *' 3. A small prospective observational study compared MT
to MT with IVT ¢, and despite similar recanalization and complication rates in
both groups, functional independence was significantly more prevalent in the
MT with IVT group. However, results observed in a recent Chinese trial
comparing endovascular thrombectomy alone against endovascular
thrombectomy with intravenous alteplase (<4.5 hours) in patients with large
vessel occlusions concluded otherwise *’. Yang et al. found endovascular
thrombectomy alone to be non-inferior to the combination group when both
the primary efficacy and secondary safety outcomes were concerned *'.
Ongoing trials evaluating similar comparisons along with trials looking into
endovascular treatment for strokes with low National Institute of Health Stroke
Scale (NIHSS) score are currently awaited ***°. To date, there have been no
randomized trials comparing primary MT against standard medical treatment

in patients where IVT is contraindicated.

Despite multiple trials with MT, there are still unanswered questions.
The 2015 ftrials have gathered some insight into how the use of perfusion
imaging can better select patients who will likely benefit from MT. There is a
correlation between the benefits of MT and extent of the ischemic penumbra
*1_ Both MRI and CT can quantify salvageable tissue and the quality of
collateral circulation °>°°; however, only a small proportion of patients in
recent trials were selected with appropriate imaging modalities. The recent

MT trials additionally provide little insight into patients with distal MCA and



basilar occlusions, likely attributed to MT techniques being restricted to the

proximal segment of the anterior cerebral artery and to divisions of the MCA.

Given the severe prognosis of basilar occlusions *°, data on this subset of
patients will be vital in optimizing therapeutic decision-making. The BASICS
study did provide some supplementary data on this front but an adequately
powered randomized controlled trial investigating this is needed *’. Several
systematic meta-analyses of case series and registry data suggest that MT
provides a better outcome in patients with basilar artery occlusion (BAO) >,
This notion is especially promising when considered in conjunction with the
recent non-randomized Acute Basilar Artery Occlusion Study (BASILAR) ¢,
which reported better functional and safety outcomes in patients receiving
standard medical treatment plus endovascular therapy compared to those

receiving standard medical treatment.

There are other peripheral, yet relevant, factors to consider around MT
such as the use of general anesthesia versus conscious sedation and the use
of endovascular internal carotid artery (ICA) stenting. The choice of
anesthesia in the EXTEND-IA trial was solely a medical decision made
between the interventionist and anesthetist, with general anesthesia being
used in-only 30% of patients *°. However, post-hoc analysis of the MR-
CLEAN trial and IMS I1ll study were in favor of performing MT under local
anesthesia, given an association with lower mortality rates *° 2. A meta-
analysis (9 studies and 1379 patients) on MT for anterior circulation ischemic
strokes  found no significant difference between conscious sedation and
general anesthesia in relation to functional independence at 3 months. In an

observational study, Wu et al., observed no significant difference in functional



outcomes and complication rates . Contrary results were observed from the
DEFUSE-3 analysis in 2019, which suggested that conscious sedation
resulted in better rates of functional independence at 3 months %. As such,
the question of anesthesia for MT remains a controversial issue and team-
based decisions are needed, which is in line with the policy statement from

the American Heart and Stroke Association .

Another area that has been scarcely explored in previous MT trials was
the use of acute stenting of the extra-cranial ICA alongside antithrombotic
therapy in combination with intracranial MT in patients with tandem lesions.
The pathophysiological consideration for this lies between the facilitation of
intracranial clot lysis with improved proximal flow and increased risk of
symptomatic intracranial hemorrhage, since the patient will require additional

antiplatelet therapy on top of IVT °7.

There is variation in practices between interventionists with either acute
stenting or dilation of the ICA, and some practitioners choose to avoid treating
the extra-cranial ICA altogether °®. In 2018, Papanagiotou et al. reported an
international, multicenter registry, demonstrating that acute stenting of the ICA
with antithrombotic therapy is associated with higher recanalization rates in

patients. with tandem lesions °°.

Regardless, evidence for the optimal
approach towards tandem lesions remain scarce and would benefit from
further robust randomized controlled trials. The summary findings for both
thrombolysis and thrombectomy can be seen on Table 1 and Supplementary

Table 2.

5. Artificial intelligence and deep learning models



Having established the core treatment measures for acute ischemic
strokes, of IVT or MT, effective imaging and interpretation consistently
remains pivotal in governing optimal timely interventional decisions " "
Artificial Intelligence (Al) has been proposed to deal with the inconsistencies
in interpretation of perfusion, angiographic and ASPECTS (Alberta Stroke
Programme Early CT score) data 2. Several commercial software platforms
have been made available to address the following: (i) stroke core and
penumbra size and mismatch quantification; (ii) detection - of vascular

thrombus or occlusion; and (iii) predication of acute complications: Brainomix

(Oxford, UK), iSchemaView (Menlo Park, California, USA), and Viz.ai.

To date, there have been multiple studies comparing the Al e-
ASPECTS algorithm offered by Brainomix against individual radiologists and
consensus radiologists ">"8, which largely concluded that the e-ASPECTS
algorithm performed on par with or outperformed neuroradiologists. In 2018,
Guberina et al. found the Brainomix algorithm to be more sensitive but less
specific ®. The e-ASPECTS algorithm was released in 2015, primarily to
interpret non-contrast CT scans to provide a numerical ASPECTS and
comparison. between acute and non-acute hypodense regions "% In 2018,
Brainomix introduced e-CTA, which uses convolutional neural networks
(CNN) instead of ML to determine the presence of LVOs from CTA scans,
similar to the iSchemaView RAPID system. However, no validation data have
been made available to accurately assess this software. As opposed to
Brainomix, in 2012 iSchemaView validated the use of Al perfusion imaging for

stroke in the DEFUSE 2 study using its RAPID software °'. It has been



applied in multiple LVO MT trials, such as the EXTEND IA, SWIFT PRIME,

CRISP, DEFUSE 2 and 3, and DAWN trials 404251 79-81

The RAPID software operates by analyzing CT and MRI perfusion
studies to generate a colorimetric perfusion map detailing the infarct core and
ischemic penumbra regions dichotomously. RAPID is able to predict with 83%
accuracy the post-thrombectomy infarct core volume and the MRI core to
penumbra mismatch with outstanding sensitivity and specificity 42 798283 |t
was only recently that an ASPECTS component, a CTA vessel density

detection application and binary output thrombectomy selection guide were

introduced, but validation data remains unavailable.

The newest Al LVO stroke and perfusion analytics software is from
Viz.ai, receiving FDA clearance in 2018. The functionalities and output from
the Viz LVO and Viz CTP platforms are similar to ones provided by Brainomix
and iSchemaView. However, Viz provides additional interface features to
expedite stroke care, including automatic LVO detection and delivery of
dynamic CTP or CTA images to relevant healthcare professionals’ mobile
devices. Despite demonstrating increased efficiency in notification and earlier
LVO treatment 3, there remains a lack of evidence surrounding the accuracy

of LVO stroke detection and perfusion analysis to justify routine clinical use.

In summary, further validation studies and clinical trials are warranted
to enable a more robust comparison and application into routine clinical use.
In contrast to the Al in imaging perfusion and ASPECTS, literature regarding
the use of Al in LVO detection be it directly or indirectly, remains confined to

mainly conference abstracts and thus will benefit enormously from peer-



reviewed validation studies. The diagnostic validation, management and

future directions of these software applications are summarized in Table 2.

6. Antiplatelets

Despite the early efforts of IVT and MT, many patients still suffer from
residual functional deficits as well as neurological and medical complications,
which are major causes of morbidity and mortality if not -managed

appropriately % 8.

Multiple trials and meta-analyses have confirmed the benefits of
antiplatelet therapy in patients with ischemic strokes and transient ischemic
attacks (TIAs) ®”. The anchor antiplatelet therapy has always been aspirin %,

8 and clopidogrel . The

followed by newer options such as ticagrelor
CAPRIE trial was the only randomized, blinded trial that did a head to head
comparison between clopidogrel and aspirin in patients with ischemic stroke.
Despite the relative risk reduction of 7.3% favoring clopidogrel, it was not
found to statistically significant. There was no significant difference in

complication rate between the two treatment arms '

. Conversely with
ticagrelor, even though no significant difference in the composite outcome
(stroke, myocardial infarction and death) was seen, a significant reduction in

ischemic stroke occurrence was seen when compared to aspirin monotherapy

89

Further trials have investigated the optimal antiplatelet monotherapy,
dual therapy and triple therapy regimes for preventing stroke recurrences % %.
In a 2018 meta-analysis, Hao et al. reported three trials consisting of more

than 10,000 patients, to compare aspirin monotherapy against aspirin and



clopidogrel dual therapy ®. Dual antiplatelet therapy showed a 2% absolute
reduction in subsequent strokes with only a 0.2% absolute increase in risk of
moderate to severe bleeding. Based on the trials involved, it has been
recommended that dual antiplatelet therapy can be stopped after 10 to 21
days . Another meta-analysis regarding non-cardioembolic ischemic strokes
also supported the utility of dual antiplatelet therapy over monotherapy, but
found a significant increase in risk of major bleeding %.

Previous trials have documented the effectiveness of Cilostazol, a
phosphodiesterase 3 inhibitor, to be effective in stroke prevention % %. A
recent randomized controlled trial comparing monotherapy (aspirin or
clopidogrel) to dual therapy (cilostazol with either aspirin and clopidogrel)
suggested effective reduction in ischaemic stroke recurrence with similar risk
of bleeding with cilostazol dual therapy " In a recent phase 3 randomised
trial, the effectiveness of triple antiplatelet therapy with aspirin, clopidogrel and
dipyridamole was assessed, which concluded that the benefits of preventing
stroke recurrence plateaus with two antiplatelet medications and adding an
additional antiplatelet confers not only a significant increase in bleeding risk

but no reduction in the incidence and severity of recurrent strokes or TIAs %.

7. Anticoagulation

The introduction of anticoagulants is indicated usually for preventing
recurrent ischemic strokes of cardiac origin, specifically in patients with atrial
fibrillation (AF). Clinical practice with warfarin tends to aim for an INR between

2.0 and 3.0 in patients with AF with good quality anticoagulation control (Time



in Therapeutic Range, TTR >70%), which has been reported to decrease the
odds of recurrent strokes by two-thirds 8. Chao et al. have also discussed the
use of lower INR ranges, especially in an Asian population *. This notion
stemmed from a sub-analysis of the ENGAGE AF-TIMI 48 trial, which found
Asian patients to be more susceptible to intracranial hemorrhage despite a
lower INR range '®. The adoption of a lower INR range can be seen in
guidelines provided by several Asian societies, especially in elderly patients
101102 |n 3 recent meta-analysis of 79 randomized controlled trials, it was
suggested a target INR range between 2.0 and 3.0 should remain across all
ethnic groups. Despite a lower risk of intracranial bleeding and similar risk of
mortality, a lower INR range in the East Asian population was associated with
an increased risk of thromboembolism '°. However, Pandey et al. only
compared between patients with a target INR range of 1.5 to 2.0 and 2.0 to
3.0, giving rise to a proposed prophylactic range of 2.0 to 2.5. This was
subsequently addressed by McDowell et al., who found the combined rates of
intracranial hemorrhage and ischemic stroke to be lowest when INR was
observed between 2.0 to 2.5 ' Regardless, this finding is based on a
combination of several observational studies and would greatly benefit from

higher quality, prospective and randomized ones.

Several scoring tools such as the CHA;DS,-VASc and HAS-BLED
score have been routinely used to guide clinicians in prescribing

anticoagulation '%° 1%

Multiple Phase Il clinical trials of DOACs compared to
warfarin have been conducted, showing that they are non-inferior to Warfarin,
with lower rates of major bleeding """, Ruff et al '"? performed a meta-

analysis of the 4 major trials (RE-LY, ROCKET AF, ARISTOTLE and



ENGAGE AF TIMI 48), showing that DOACs were associated with lower
stroke/systemic embolism and major bleeding compared to warfarin, as well
as significantly fewer hemorrhagic strokes, intracranial bleeding and all-cause
mortality. Wang et al reported a meta-analysis of the same 4 trials, which
compared standard and low dose DOACs to warfarin in Asian versus non-
Asian populations ''3. There is no significant difference in outcome measures
between the two populations with low-dose DOACs but standard-dose
DOACs was found to be superior for both stroke prevention and safety profile

in the Asian population.

These findings were further complemented by large real world
observational data, for example, the ARISTOPHANES (Anticoagulants for
Reduction in Stroke: Observational Pooled Analysis on Health Outcomes and
Experience of Patients) and NAXOS (Evaluation of Apixaban in Stroke and
Systemic Embolism Prevention in Patients with Nonvalvular Atrial Fibrillation)
studies " '"°. The ARISTOPHANES study reinforced the non-inferiority of
DOACs to warfarin in stroke prevention but only Apixaban and Dabigatran
were associated with a lower risk of major bleeding. Comparisons between
different DOACs were also done to demonstrate apixaban as the preferred
DOAC of choice when rates of stroke and major bleeding are considered .
The NAXOS study similarly found DOACs to be associated with superior
safety, effectiveness and lower mortality than warfarin; however, apixaban
was not more effective than other DOACs (rivaroxaban and dabigatran) but
had a superior safety profile was only seen when compared against

rivaroxaban 1.



Over the years, other areas of uncertainty regarding DOACs have also
emerged such as (i) the dosing regimens in patients with concurrent chronic
kidney disease (ii) restarting anticoagulation in patients with post-intracranial
hemorrhage (iii) the optimal time to start anticoagulation post-cardioemobolic

stroke and (iv) adherence and compliance.

AF and chronic kidney disease (CKD) are becoming increasingly
prevalent given the many risk factors in common "8 However, the landmark
clinical trials have excluded patients with severe or end-stage CKD '®. In
patients with early-stage CKD, despite evidence suggesting a superior
benefit-risk profile of DOACs compared to VKAs, data was insufficient for late
or end-stage CKD and were mainly derived from sub-analysis of trials '"".
Even though there have been attempts in proposing management guidelines

"8 the need for more robust clinical trials to decipher anticoagulation use in

this subset of patient’s remains.

Similarly, with restarting anticoagulation in patients post intra-cerebral
bleeds, there is currently still a lack of high-quality evidence to guide clinical
decision-making. This is especially pertinent to patients with mechanical heart
valves, high risk of pulmonary embolism or AF with high CHA,DS,-VASc
scores 1'% as prolonged cessation of anticoagulation predisposes these
patients to a significantly higher risk of thromboembolism '%°. As such, Li et al.
21 proposed that clinical decisions as well as future research efforts should

focus mainly on the risk evaluation of thromboembolism and hemorrhage,

choice of anticoagulation and the appropriate time to reinitiate anticoagulation.

The optimal time to start anticoagulation post- cardioembolic stroke

remains the subject of investigation in several ongoing trials %°. The RAF



study was the first observational study to shed some insight into this,
proposing that anticoagulation treatment for secondary prevention should be
initiated between 4 and 14 days from stroke onset '??, but also pointed to the
CHA;DS,-VASc score, National Institutes of Health Stroke Scale (NIHSS),
size of ischemic lesions and type of anticoagulation as independent predictors
of stroke recurrence and bleeding. In 2016, the RAF study proposed a model
for anticoagulation initiation based solely on the size of the lesion from CT or
MRI findings: for small, medium and large lesions, anticoagulation can be
started after 3 to 4 days, 7 days and 14 days respectively while concurrently
stopping antiplatelet therapy '?3. Recently, several protocols for ongoing trials
have been published and are currently underway to better determine the
optimal time delay for anticoagulation, namely the START, TIMING,
OPTIMAS and ELAN trials '**'?". The summary flow of anticoagulation and
antiplatelet administration based on the current evidence can be seen in

Figure 1.

Despite the well-documented benefits of anticoagulation in secondary
stroke prevention, it is highly dependent on patient adherence and compliance
to taking prescribed anticoagulants to reflect the outcomes outlined in studies.
A meta-analysis by Shehab et al. reported that suboptimal adherence to
anticoagulants, especially amongst AF patients, is associated with more
adverse outcomes . In a recent review by Raparelli et al., adherence and
persistence to warfarin and the various types of DOACs were discussed '%°.
In a recent study based off a small Korean cohort (n=719), an overall
compliance (prescribed doses taken >80%) of 92.2% was achieved in once
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and twice daily DOAC groups When compared to a countrywide



observational study conducted in the United Kingdom, the overall compliance
was only 55.2%. This study also supported the previous finding that
adherence rates have generally declined over time "*'. The reasons for non-
compliance spans over a wide range of bio-psycho-social factors, which
suggest that the strategy required to address non-adherence has to be
personalized to individual patients '*°. The use of several scoring systems
such as MMAS-8 and SAMe-TT2R; for vitamin-K antagonist treatment in AF
has also been proposed for a more targeted approach '*2. By identifying
specific patients or patient groups who are more susceptible, greater attention

and patient specific strategies can be developed to improve adherence.

8. Hypertension management

The hemodynamic management post stroke remains controversial,
especially with regard to blood pressure ' 4. In one study with more than
250,000 patients, approximately 75% of patients with ischemic stroke had a
systolic blood pressure greater than 140mmHg '*. Observational studies
have shown that elevated blood pressure in patients with ischemic stroke
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confers worse clinical outcomes , similarly for patients with low blood

pressure '°° and abrupt systolic blood pressure decline (>20 mmHg) *° %

The International Stroke Trial advised to maintain a systolic blood

pressure between 140 and 179 mmHg '

. However, the optimal blood
pressure range has varied significantly between different studies ™° ™. In the
2018 American Heart Association (AHA) guidelines, it was recommended that

blood pressure up to 220/120 mmHg can be permitted only if patients have no

contraindications to elevated blood pressure and are not for IVT or intra-



arterial therapy (IAT) %. Further blood pressure targets depending on the

clinical status of the patient have also been recommended %°.

Following initial assessment, the Society of Neuroscience in
Anesthesiology and Critical Care maintain a systolic blood pressure between
140 and 180 without an aggressive drop in blood pressure during the
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revascularization process . This was based on observational studies

suggesting aggressive blood pressure drops and higher average maximal
systolic blood pressure to be associated with unfavorable outcomes ' ™. It
is also commonly seen in patients who underwent IAT whilst on general
anesthesia to have more significant blood pressure fluctuations, especially
during the induction phase "*'*’. This risk of hypotension is not restricted to
general anesthesia and can be seen with conscious sedation as well .
Further validation that general anesthesia is associated with more frequent
mean arterial pressure drops can also be seen in randomized controlled trials
149131 " Despite blood ~pressure variations with general anesthesia and
conscious sedation, several randomized controlled trials (GOLIATH, SIESTA
and ANSTROKE) have found no significant difference in safety, short-term
(24 hours post procedure) and long-term (3 months) efficacy outcomes

150152 Bgased on these trials and

between the two sedation methods
observational studies, the use of either general anesthesia or conscious
sedation is reasonable and also emphasizes the need for tight blood pressure

control during revascularization.

There is usually a physiological decline in blood pressure over the 24
hours following recanalization therapy 193 Similar to non-recanalized patients,

recanalized patients with persistently raised blood pressure are at an



increased risk of intracranial hemorrhage '™* '°. As such, the 2018 AHA
guidelines suggested maintaining a blood pressure less than 180/105 mmHg
to mitigate the risk of intracranial hemorrhage and reperfusion injury ° "%
However, since the rates of early revascularization are significantly lower with
IVT when compared to IAT, maintaining a blood pressure closer to 180/105 to
ensure adequate perfusion should be prioritized with IVT treatment '’
Conversely, with IAT where recanalization is achieved in the majority of

patients '°®, having a blood pressure closer to 180/105 might increase the risk

of reperfusion injury.

Currently, there are no randomized trials that ‘specifically examine
blood pressure control following IAT. The only available evidence comes from
a single center observational study by Goyal et al., which focused on IAT
patients with good recanalization status. This study showed that despite
requiring antihypertensive medications, patients within the lower blood
pressure brackets (<160/90mmHg) have lower rates of mortality at 3 months
%9 This leaves the question of blood pressure management in patients with
incomplete or poor perfusion post-IAT. Even though the data available for this
group of patients are scarce, lessons can be drawn from the approach with
IVT, aiming for a target systolic blood pressure close to 180 to ensure
adequate perfusion. Table 3 summarizes the current evidence pertaining to
blood pressure management at different time points in relation to the patient’s

operative status.

9. Conclusion



It is evident that the management of an acute ischemic stroke is still
evolving, with research efforts spanning from timely diagnosis with
appropriate imaging and Al, use of thrombolytic agents and IAT to secondary
prevention strategies and improving patient adherence and compliance to
prescribed medication. This narrative review focused on the progress of three
core components following an ischemic stroke: (i) investigations and
interpretation (ii) acute management and (iii) secondary prevention. Within
each component, a summary of known and validated concepts, new areas of
concern and future direction(s) has been explained. It is clear however, that
ischemic stroke diagnosis and treatment is advancing and as much as new
management options such as the use of artificial intelligence are being
introduced, there is research potential for guiding patient-specific clinical

decisions.

10. Expert opinion

The management of an ischemic stroke, from investigations to
secondary prevention, has been evolving and adapting to the constant influx
of new evidence. With the introduction of new medical or surgical
interventions, initial research efforts will mainly focus on validating its
effectiveness and complications before progressing to cater for patient
specific factors. The efficacy of thrombolysis has been validated before the
advent of Mechanical Thrombectomy (MT), allowing for current research
questions in thrombolysis to revolve around patient specific differences such
as ethnicity and anticoagulation status '? '® ' 22 Conversely, the efficacy in

MT faced an initial backlash due to the lack of patients with adequate imaging



evidence *** before trials with more stringent patient selection criteria were
done to validate its use in 2015 %, Even then, the patient population who
met this criterion was limited. Given the relative longevity of thrombolysis,
anticoagulation and antiplatelets, future research goals will likely pertain to
optimizing their use in patients with confounding factors while newer
interventional and investigative modalities such as MT and Al will require
further validation studies to confirm its efficacy. We believe that there is
potential for a validated and optimized Al software to identify patients who are
most likely to benefit from novel interventions, such as MT. Future research to
compare the short and long term outcomes of MT between patient
populations selected by healthcare professionals and the optimized Al
software is needed. In terms of novel agents, ongoing trials into new neuro-
protective agents are also currently underway, which we believe will synergize
with current measures to achieve early recanalization ' '®'.

Based on the current evidence, the additive benefits of antiplatelet
therapy plateaus at two antiplatelet drugs with additional agents conferring
increased bleeding risk. However, Ticagrelor was introduced as the new
antiplatelet therapy in 2011 '®2. Ticagrelor-aspirin has been compared to
Clopidogrel-aspirin dual therapy in a recent trial '® to show similar efficacy but
significantly increased risk of non-severe bleeding in patients with acute minor
or transient ischemic stroke. Even though there are currently ongoing trials
evaluating the effectiveness of Ticagrelor dual antiplatelet therapy, the trials
thus far were based predominantly on a Caucasian population. As such, the
applications of Ticagrelor in the non-Caucasian population should also be

further explored. Given that benefits of dual antiplatelet therapies are found to



be most pronounced within 7 days '®*

, concurrent studies into the optimal
duration for dual antiplatelet therapy are also needed.

Similar to anticoagulation timing, the optimal time to initiate
anticoagulation therapy post-stroke has not been explored in great detail and
is currently the subject of multiple ongoing trials (Supplementary Table 3).
The issue is to strike a balance between adequate secondary prevention of a
recurrent ischemic stroke while also limiting the bleeding risks from
prematurely starting anticoagulation. Another area that has received a large
amount of attention is the use of anticoagulation in. patients with renal
dysfunction. This is understandable because as research aims at tailoring
existing therapies to specific patient factors, and in this case, CKD has a high
global prevalence of approximately 12% with majority at stage 3 '®°. Multiple
trials have confirmed DOACs to be safe in CKD stages 1 to 3 but the choice
of DOACs versus warfarin still remains as a point of contention in patients
with advanced end stage or stage 4 CKD '®°. Given the risk of AF and
secondary stroke is greater as renal function worsens, it is becoming
increasingly important for research into this specific area to be prioritized 167,

It is worth noting that the management of ischemic strokes is not
limited to the measures discussed in this narrative review. Other areas such
as lipid-lowering medications and lifestyle factor optimization also play a
pivotal role in the management and secondary prevention of ischemic stroke
168189 ranging from statin selection to the potential application of the new
proprotein convertase substilisin/kexin type 9 (PCSK9) inhibitors '"° ', Under

more specific circumstances, evidence is also vastly available for managing

patients with ischemic stroke secondary to carotid stenosis, dissections and



patent foramen ovale '"*'"* This is to illustrate the breath of literature
available that dwells into the management of ischemic strokes, but also to
highlight that it is beyond the remit of this narrative review and expertise to
cover all possible established and speculative management strategies in
sufficient detail. Further narrative and systematic reviews into various aspects
of ischemic stroke management are periodically warranted to provide

comprehensive yet succinct updates.

Funding
This paper was not funded.
Declaration of interests

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with the
subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

A reviewer on this manuscript has previously received honoraria for lectures
relevant to this review. Peer reviewers on this manuscript have no other
relevant financial relationships or otherwise to disclose.

References

Papers of special note have been highlighted as either of interest (*) or of
considerable interest (**) to readers.

1. Group GNDC. Global, regional, and national burden of neurological
disorders during 1990-2015: a systematic analysis for the Global
Burden of Disease Study 2015. The Lancet Neurology 2017;16:877-97.
doi: 10.1016/s1474-4422(17)30299-5 [published Online First:
2017/09/22]

2. Yan LL LC, Chen J, et al. Chapter 9 Stroke. Cardiovascular, Respiratory,
and Related Disorders. Washington (DC): The International Bank for
Reconstruction and Development / The World Bank 2017.

3. Donnan GA, Fisher M, Macleod M, et al. Stroke. Lancet (London, England)
2008;371:1612-23. doi: 10.1016/s0140-6736(08)60694-7 [published
Online First: 2008/05/13]



4. Easton JD, Saver JL, Albers GW, et al. Definition and evaluation of
transient ischemic attack: a scientific statement for healthcare
professionals from the American Heart Association/American Stroke
Association Stroke Council; Council on Cardiovascular Surgery and
Anesthesia; Council on Cardiovascular Radiology and Intervention;
Council on Cardiovascular Nursing; and the Interdisciplinary Council on
Peripheral Vascular Disease. The American Academy of Neurology
affirms the value of this statement as an educational tool for
neurologists. Stroke 2009;40:2276-93. doi:
10.1161/strokeaha.108.192218 [published Online First: 2009/05/09]

5. Collaborators GS. Global, regional, and national burden of stroke, 1990-
2016: a systematic analysis for the Global Burden of Disease Study
2016. The Lancet Neurology 2019;18:439-58. doi: 10.1016/s1474-
4422(19)30034-1 [published Online First: 2019/03/16]

6. Grysiewicz RA, Thomas K, Pandey DK. Epidemiology of ischemic and
hemorrhagic stroke: incidence, prevalence, mortality, and risk factors.
Neurologic clinics 2008;26:871-95, vii. doi: 10.1016/j.ncl.2008.07.003
[published Online First: 2008/11/26]

7. Shuaib A, Hachinski VC. Mechanisms and management of stroke in the
elderly. CMAJ : Canadian Medical Association journal = journal de
I'Association medicale canadienne 1991;145:433-43. [published Online
First: 1991/09/01]

8. Stam J. Thrombosis of the cerebral veins and sinuses. The New England
journal of medicine 2005;352:1791-8. doi: 10.1056/NEJMra042354
[published Online First: 2005/04/29]

9. Group NIoNDaSr-PSS. Tissue plasminogen activator for acute ischemic
stroke. The New England journal of medicine 1995;333:1581-7. doi:
10.1056/nejm199512143332401 [published Online First: 1995/12/14]

10. Wahlgren N, Ahmed N, Davalos 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
(London, England) 2007;369:275-82. doi: 10.1016/s0140-
6736(07)60149-4 [published Online First: 2007/01/30]

11. Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 3 to 4.5
hours after acute ischemic stroke. The New England journal of
medicine 2008;359:1317-29. doi: 10.1056/NEJMo0a0804656 [published
Online First: 2008/09/26]

12. Anderson CS, Robinson T, Lindley R, et al. Low-Dose versus Standard-
Dose Intravenous Alteplase in Acute Ischemic Stroke. The New
England journal of medicine 2016;374:2313-23. doi:
10.1056/NEJMo0a1515510 [published Online First: 2016/05/11]

13. 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 (London,
England) 2012;379:2352-63. doi: 10.1016/s0140-6736(12)60768-5
[published Online First: 2012/05/29]

14. *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 (London, England) 2014;384:1929-35.
doi: 10.1016/s0140-6736(14)60584-5 [published Online First:
2014/08/12]

- A meta-analysis of 9 thrombolysis randomised controlled trials to

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

confirm the efficacy of alteplase in ischemic stroke when used
within 4.5 hours.

Campbell BCV, Ma H, Ringleb PA, et al. Extending thrombolysis to 4-5-9 h
and wake-up stroke using perfusion imaging: a systematic review and
meta-analysis of individual patient data. Lancet (London, England)
2019;394:139-47. doi: 10.1016/s0140-6736(19)31053-0 [published
Online First: 2019/05/28]

Yamaguchi T, Mori E, Minematsu K, et al. Alteplase at 0.6 mg/kg for acute
ischemic stroke within 3 hours of onset: Japan Alteplase Clinical Trial
(J-ACT). Stroke 2006;37:1810-5. doi:
10.1161/01.STR.0000227191.01792.e3 [published Online First:
2006/06/10]

Whiteley WN, Slot KB, Fernandes P, et al. Risk factors for intracranial
hemorrhage in acute ischemic stroke patients treated with recombinant
tissue plasminogen activator: a systematic review and meta-analysis of
55 studies. Stroke 2012;43:2904-9. doi: 10.1161/strokeaha.112.665331
[published Online First: 2012/09/22]

Tsivgoulis G, Katsanos AH, Mavridis D, et al. Intravenous Thrombolysis
for Ischemic Stroke Patients on Dual Antiplatelets. Ann Neurol
2018;84:89-97. doi: 10.1002/ana.25269 [published Online First:
2018/07/27]

Siedler G, Sommer K, Macha K, et al. Heart Failure in Ischemic Stroke:
Relevance for Acute Care and Outcome. Stroke 2019;50:3051-56. doi:
10.1161/strokeaha.119.026139 [published Online First: 2019/09/29]

Findler M, Molad J, Bornstein NM, et al. Worse Outcome in Patients with
Acute Stroke and Atrial Fibrillation Following Thrombolysis. The Israel
Medical Association journal : IMAJ 2017;19:293-95. [published Online
First: 2017/05/18]

Pollack CV, Jr., Reilly PA, Eikelboom J, et al. Idarucizumab for Dabigatran
Reversal. The New England journal of medicine 2015;373:511-20. doi:
10.1056/NEJM0a1502000 [published Online First: 2015/06/23]

Shahjouei S, Tsivgoulis G, Goyal N, et al. Safety of Intravenous
Thrombolysis Among Patients Taking Direct Oral Anticoagulants: A
Systematic Review and Meta-Analysis. Stroke 2020;51:533-41. doi:
10.1161/strokeaha.119.026426 [published Online First: 2019/12/31]

Sanak D, Jakubigek S, Cernik D, et al. Intravenous Thrombolysis in
Patients with Acute Ischemic Stroke after a Reversal of Dabigatran
Anticoagulation with Idarucizumab: A Real-World Clinical Experience.
Journal of stroke and cerebrovascular diseases : the official journal of
National Stroke Association 2018;27:2479-83. doi:
10.1016/j.jstrokecerebrovasdis.2018.05.004 [published Online First:
2018/05/29]

Toyoda K, Yamagami H, Koga M. Consensus Guides on Stroke
Thrombolysis for Anticoagulated Patients from Japan: Application to
Other Populations. J Stroke 2018;20:321-31. doi:
10.5853/j0s.2018.01788 [published Online First: 2018/10/13]



25. Chausson N, Soumah D, Aghasaryan M, et al. Reversal of Vitamin K
Antagonist Therapy Before Thrombolysis for Acute Ischemic Stroke.
Stroke 2018;49:2526-28. doi: 10.1161/strokeaha.118.020890
[published Online First: 2018/10/26]

26. 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-e110.
doi: 10.1161/str.0000000000000158 [published Online First:
2018/01/26]

27. Haley EC, Jr., Thompson JL, Grotta JC, et al. Phase 11B/Ill trial of
tenecteplase in acute ischemic stroke: results of a prematurely
terminated randomized clinical trial. Stroke 2010;41:707-11. doi:
10.1161/strokeaha.109.572040 [published Online First: 2010/02/27]

28. Parsons M, Spratt N, Bivard A, et al. A randomized trial of tenecteplase
versus alteplase for acute ischemic stroke. The New England journal of
medicine 2012;366:1099-107. doi: 10.1056/NEJMoa1109842
[published Online First: 2012/03/23]

29. Huang X, Cheripelli BK, Lloyd SM, et al. Alteplase versus tenecteplase for
thrombolysis after ischaemic stroke (ATTEST): a phase 2, randomised,
open-label, blinded endpoint study. The Lancet Neurology
2015;14:368-76. doi: 10.1016/s1474-4422(15)70017-7 [published
Online First: 2015/03/03]

30. 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. The Lancet Neurology
2017;16:781-88. doi: 10.1016/s1474-4422(17)30253-3 [published
Online First: 2017/08/07]

31. Campbell BCV, Mitchell PJ, Churilov L, et al. Tenecteplase versus
Alteplase before Thrombectomy for Ischemic Stroke. New England
Journal of Medicine 2018;378:1573-82. doi: 10.1056/NEJM0a1716405

32. *Burgos AM, Saver JL. Evidence that Tenecteplase Is Noninferior to
Alteplase for Acute Ischemic Stroke: Meta-Analysis of 5 Randomized
Trials. Stroke 2019;50:2156-62. doi: 10.1161/strokeaha.119.025080
[published Online First: 2019/07/19]

- Meta-analysis of 5 recent randomised controlled trials showing that
Tenecteplase is non-inferior to alteplase in both primary efficacy
and secondary safety outcomes.

33. Zitek T, Ataya R, Brea I. Using Tenecteplase for Acute Ischemic Stroke:
What Is the Hold Up? The western journal of emergency medicine
2020;21:199-202. doi: 10.5811/westjem.2020.1.45279 [published
Online First: 2020/03/20]

34. Campbell BC, Mitchell PJ, Churilov L, et al. Determining the optimal dose
of tenecteplase before endovascular therapy for ischemic stroke
(EXTEND-IA TNK Part 2): A multicenter, randomized, controlled study.
International journal of stroke : official journal of the International Stroke
Society 2020;15:567-72. doi: 10.1177/1747493019879652 [published
Online First: 2019/10/01]

35. Broderick JP, Palesch YY, Demchuk AM, et al. Endovascular therapy after
intravenous t-PA versus t-PA alone for stroke. The New England



journal of medicine 2013;368:893-903. doi: 10.1056/NEJMo0a1214300
[published Online First: 2013/02/09]

36. Ciccone A, Valvassori L, Nichelatti M, et al. Endovascular treatment for
acute ischemic stroke. The New England journal of medicine
2013;368:904-13. doi: 10.1056/NEJMoa1213701 [published Online
First: 2013/02/08]

37. Kidwell CS, Jahan R, Gornbein J, et al. A trial of imaging selection and
endovascular treatment for ischemic stroke. The New England journal
of medicine 2013;368:914-23. doi: 10.1056/NEJMo0a1212793
[published Online First: 2013/02/12]

38. Christou |, Burgin WS, Alexandrov AV, et al. Arterial status after
intravenous TPA therapy for ischaemic stroke. A need for further
interventions. International angiology : a journal of the International
Union of Angiology 2001;20:208-13. [published Online First:
2001/09/27]

39. Berkhemer OA, Fransen PS, Beumer D, et al. A randomized trial of
intraarterial treatment for acute ischemic stroke. The New England
journal of medicine 2015;372:11-20. doi: 10.1056/NEJMoa1411587
[published Online First: 2014/12/18]

40. Campbell BC, Mitchell PJ, Kleinig TJ, et al. Endovascular therapy for
ischemic stroke with perfusion-imaging selection. The New England
journal of medicine 2015;372:1009-18. doi: 10.1056/NEJMoa1414792
[published Online First: 2015/02/12]

41. Goyal M, Demchuk AM, Menon BK, et al. Randomized assessment of
rapid endovascular treatment of ischemic stroke. The New England
journal of medicine 2015;372:1019-30. doi: 10.1056/NEJMoa1414905
[published Online First: 2015/02/12]

42. Saver JL, Goyal M, Bonafe A, et al. Stent-retriever thrombectomy after
intravenous t-PA vs. t-PA alone in stroke. The New England journal of
medicine 2015;372:2285-95. doi: 10.1056/NEJMoa1415061 [published
Online First: 2015/04/18]

43. Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy within 8 hours after
symptom onset in ischemic stroke. The New England journal of
medicine 2015;372:2296-306. doi: 10.1056/NEJMoa1503780
[published Online First: 2015/04/18]

44.* Chen CJ, Ding D, Starke RM, et al. Endovascular vs medical
management of acute ischemic stroke. Neurology 2015;85:1980-90.
doi: 10.1212/wnl.0000000000002176 [published Online First:
2015/11/06]

- Meta-analysis using multiple randomised controlled trials to reinforce
the efficacy of using endovascular therapy in conjunction with
IVT.

45. 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 (London, England)
2016;387:1723-31. doi: 10.1016/s0140-6736(16)00163-x [published
Online First: 2016/02/24]

46. Alonso de Lecifiana M, Martinez-Sanchez P, Garcia-Pastor A, et al.
Mechanical thrombectomy in patients with medical contraindications for
intravenous thrombolysis: a prospective observational study. Journal of



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

neurointerventional surgery 2017;9:1041-46. doi: 10.1136/neurintsurg-
2016-012727 [published Online First: 2016/11/09]

Yang P, Zhang Y, Zhang L, et al. Endovascular Thrombectomy with or
without Intravenous Alteplase in Acute Stroke. New England Journal of
Medicine 2020;382:1981-93. doi: 10.1056/NEJM0a2001123

Bridging Thrombolysis Versus Direct Mechanical Thrombectomy in Acute
Ischemic Stroke [Available from:
https://ClinicalTrials.gov/show/NCT03192332.

The TESLA Trial: Thrombectomy for Emergent Salvage of Large Anterior
Circulation Ischemic Stroke [Available from:
https://ClinicalTrials.gov/show/NCT03805308.

Endovascular Therapy for Low NIHSS Ischemic Strokes [Available from:
https://ClinicalTrials.gov/show/NCT04167527.

Lansberg MG, Straka M, Kemp S, et al. MRI profile and response to
endovascular reperfusion after stroke (DEFUSE 2): a prospective
cohort study. The Lancet Neurology 2012;11:860-7. doi:
10.1016/s1474-4422(12)70203-x [published Online First: 2012/09/08]

Takasawa M, Jones PS, Guadagno JV, et al. How reliable is perfusion MR
in acute stroke? Validation and determination of the penumbra
threshold against quantitative PET. Stroke 2008;39:870-7. doi:
10.1161/strokeaha.107.500090 [published Online First: 2008/02/09]

Lin L, Bivard A, Levi CR, et al. Comparison of computed tomographic and
magnetic resonance perfusion measurements in acute ischemic stroke:
back-to-back quantitative analysis. Stroke 2014;45:1727-32. doi:
10.1161/strokeaha.114.005419 [published Online First: 2014/05/31]

Pepper EM, Parsons MW, Bateman GA, et al. CT perfusion source
images improve identification of early ischaemic change in hyperacute
stroke. Journal of clinical neuroscience : official journal of the
Neurosurgical Society of Australasia 2006;13:199-205. doi:
10.1016/j.jocn.2005.03.030 [published Online First: 2006/02/07]

Kucinski T, Koch C, Eckert B, et al. Collateral circulation is an
independent radiological predictor of outcome after thrombolysis in
acute ischaemic stroke. Neuroradiology 2003;45:11-8. doi:
10.1007/s00234-002-0881-0 [published Online First: 2003/01/15]

Buchman SL, Merkler AE. Basilar Artery Occlusion: Diagnosis and Acute
Treatment. Current treatment options in neurology 2019;21:45. doi:
10.1007/s11940-019-0591-0 [published Online First: 2019/09/27]

van der Hoeven EJ, Schonewille WJ, Vos JA, et al. The Basilar Artery
International Cooperation Study (BASICS): study protocol for a
randomised controlled trial. Trials 2013;14:200. doi: 10.1186/1745-
6215-14-200 [published Online First: 2013/07/10]

Mak CH, Ho JW, Chan KY, et al. Intra-arterial revascularization therapy
for basilar artery occlusion-a systematic review and analysis.
Neurosurgical review 2016;39:575-80. doi: 10.1007/s10143-015-0693-
4 [published Online First: 2016/01/27]

Gory B, Eldesouky I, Sivan-Hoffmann R, et al. Outcomes of stent retriever
thrombectomy in basilar artery occlusion: an observational study and
systematic review. Journal of neurology, neurosurgery, and psychiatry
2016;87:520-5. doi: 10.1136/jnnp-2014-310250 [published Online First:
2015/05/20]




60. Wyszomirski A, Szczyrba S, Tomaka D, et al. Treatment of acute basilar
artery occlusion: Systematic review and meta-analysis. Neurologia i
neurochirurgia polska 2017;51:486-96. doi:
10.1016/j.pjnns.2017.07.012 [published Online First: 2017/08/22]

61.7 Zi W, Qiu Z, Wu D, et al. Assessment of Endovascular Treatment for
Acute Basilar Artery Occlusion via a Nationwide Prospective Registry.
JAMA neurology 2020;77:561-73. doi: 10.1001/jamaneurol.2020.0156
[published Online First: 2020/02/23]

- Given the poor prognosis of basiliar occlusions, this prospective study
provides some insight that MT is of some benefit, which will
hopefully pave the way for future randomised controlled trials in
this area.

62. Abou-Chebl A, Yeatts SD, Yan B, et al. Impact of General Anesthesia on
Safety and Outcomes in the Endovascular Arm of Interventional
Management of Stroke (IMS) Il Trial. Stroke 2015;46:2142-8. doi:
10.1161/strokeaha.115.008761 [published Online First: 2015/07/04]

63. llyas A, Chen CJ, Ding D, et al. Endovascular Mechanical Thrombectomy
for Acute Ischemic Stroke Under General Anesthesia Versus
Conscious Sedation: A Systematic Review and Meta-Analysis. World
neurosurgery 2018;112:e355-e67. doi: 10.1016/j.wneu.2018.01.049
[published Online First: 2018/01/23]

64. Wu L, Jadhav AP, Zhao W, et al. General anesthesia vs local anesthesia
during mechanical thrombectomy in-acute ischemic stroke. J Neurol
Sci 2019;403:13-18. doi: 10.1016/j.jns.2019.05.034 [published Online
First: 2019/06/09]

65. Powers CJ, Dornbos D, 3rd, Mlynash M, et al. Thrombectomy with
Conscious Sedation Compared with General Anesthesia: A DEFUSE 3
Analysis. AUONR American journal of neuroradiology 2019;40:1001-05.
doi: 10.3174/ajnr.A6059 [published Online First: 2019/05/11]

66. Higashida R, Alberts MJ, Alexander DN, et al. Interactions within stroke
systems of care: a policy statement from the American Heart
Association/American Stroke Association. Stroke 2013;44:2961-84.
doi: 10.1161/STR.0b013e3182a6d2b2 [published Online First:
2013/08/31]

67. Zinkstok SM, Roos YB. Early administration of aspirin in patients treated
with alteplase for acute ischaemic stroke: a randomised controlled trial.
Lancet (London, England) 2012;380:731-7. doi: 10.1016/s0140-
6736(12)60949-0 [published Online First: 2012/07/04]

68. Sivan-Hoffmann R, Gory B, Rabilloud M, et al. Patient Outcomes with
Stent-Retriever Thrombectomy for Anterior Circulation Stroke: A Meta-
Analysis and Review of the Literature. The Israel Medical Association
journal : IMAJ 2016;18:561-66. [published Online First: 2017/05/05]

69. Papanagiotou P, Haussen DC, Turjman F, et al. Carotid Stenting With
Antithrombotic Agents and Intracranial Thrombectomy Leads to the
Highest Recanalization Rate in Patients With Acute Stroke With
Tandem Lesions. JACC Cardiovascular interventions 2018;11:1290-99.
doi: 10.1016/j.jcin.2018.05.036 [published Online First: 2018/07/07]

70. Zoppo GJd, Saver JL, Jauch EC, et al. Expansion of the Time Window for
Treatment of Acute Ischemic Stroke With Intravenous Tissue



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Plasminogen Activator. Stroke 2009;40:2945-48. doi:
doi:10.1161/STROKEAHA.109.192535

Albers GW. Late Window Paradox. Stroke 2018;49:768-71. doi:
10.1161/strokeaha.117.020200 [published Online First: 2018/01/26]

Murray NM, Unberath M, Hager GD, et al. Artificial intelligence to
diagnose ischemic stroke and identify large vessel occlusions: a
systematic review. Journal of neurointerventional surgery 2020;12:156-
64. doi: 10.1136/neurintsurg-2019-015135 [published Online First:
2019/10/09]

Herweh C, Ringleb PA, Rauch G, et al. Performance of e-ASPECTS
software in comparison to that of stroke physicians on assessing CT
scans of acute ischemic stroke patients. International journal of stroke :
official journal of the International Stroke Society 2016;11:438-45. doi:
10.1177/1747493016632244 [published Online First: 2016/02/18]

Nagel S, Sinha D, Day D, et al. e-ASPECTS software is non-inferior to
neuroradiologists in applying the ASPECT score to computed
tomography scans of acute ischemic stroke patients. International
journal of stroke : official journal of the International Stroke Society
2017;12:615-22. doi: 10.1177/1747493016681020 [published Online
First: 2016/12/03]

Goebel J, Stenzel E, Guberina N, et al. Automated ASPECT rating:
comparison between the Frontier ASPECT Score software and the
Brainomix software. Neuroradiology 2018;60:1267-72. doi:
10.1007/s00234-018-2098-x [published Online First: 2018/09/17]

Guberina N, Dietrich U, Radbruch A, et al. Detection of early infarction
signs with machine learning-based diagnosis by means of the Alberta
Stroke Program Early CT score (ASPECTS) in the clinical routine.
Neuroradiology 2018;60:889-901. doi: 10.1007/s00234-018-2066-5
[published Online First: 2018/08/02]

Seker F, Pfaff J, Nagel S, et al. CT Reconstruction Levels Affect
Automated and Reader-Based ASPECTS Ratings in Acute Ischemic
Stroke. Journal of neuroimaging : official journal of the American
Society. of Neuroimaging 2019;29:62-64. doi: 10.1111/jon.12562
[published Online First: 2018/09/20]

Olive-Gadea M, Martins N, Boned S, et al. Baseline ASPECTS and e-
ASPECTS Correlation with Infarct Volume and Functional Outcome in
Patients Undergoing Mechanical Thrombectomy. Journal of
neuroimaging : official journal of the American Society of Neuroimaging
2019;29:198-202. doi: 10.1111/jon.12564 [published Online First:
2018/09/20]

Albers GW, Marks MP, Kemp S, et al. Thrombectomy for Stroke at 6 to 16
Hours with Selection by Perfusion Imaging. The New England journal
of medicine 2018;378:708-18. doi: 10.1056/NEJMoa1713973
[published Online First: 2018/01/25]

Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to 24
Hours after Stroke with a Mismatch between Deficit and Infarct. The
New England journal of medicine 2018;378:11-21. doi:
10.1056/NEJMo0a1706442 [published Online First: 2017/11/14]

Lansberg MG, Christensen S, Kemp S, et al. Computed tomographic
perfusion to Predict Response to Recanalization in ischemic stroke.



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Ann Neurol 2017;81:849-56. doi: 10.1002/ana.24953 [published Online
First: 2017/05/10]

Straka M, Albers GW, Bammer R. Real-time diffusion-perfusion mismatch
analysis in acute stroke. Journal of magnetic resonance imaging : JMRI
2010;32:1024-37. doi: 10.1002/jmri.22338 [published Online First:
2010/10/30]

Austein F, Riedel C, Kerby T, et al. Comparison of Perfusion CT Software
to Predict the Final Infarct Volume After Thrombectomy. Stroke
2016;47:2311-7. doi: 10.1161/strokeaha.116.013147 [published Online
First: 2016/08/11]

Barreira CM, Bouslama M, Haussen DC, et al. Abstract WP61: Automated
Large Artery Occlusion Detection IN Stroke Imaging - ALADIN Study.
Stroke 2018;49(Suppl_1):AWP61-AWP61. doi:
doi:10.1161/str.49.suppl_1.WP61

Hankey GJ. Stroke. Lancet (London, England) 2017;389:641-54. doi:
10.1016/s0140-6736(16)30962-x [published Online First: 2016/09/18]

Balami JS, White PM, McMeekin PJ, et al. Complications of endovascular
treatment for acute ischemic stroke: Prevention and management.
International journal of stroke : official journal of the International Stroke
Society 2018;13:348-61. doi: 10.1177/1747493017743051 [published
Online First: 2017/11/25]

Collaboration ATs. Collaborative meta-analysis of randomised trials of
antiplatelet therapy for prevention of death, myocardial infarction, and
stroke in high risk patients. BMJ (Clinical research ed) 2002;324:71-86.
doi: 10.1136/bm|.324.7329.71 [published Online First: 2002/01/12]

Rothwell PM, Algra A, Chen Z, et al. Effects of aspirin on risk and severity
of early recurrent stroke after transient ischaemic attack and ischaemic
stroke: time-course analysis of randomised trials. Lancet (London,
England) 2016;388:365-75. doi: 10.1016/s0140-6736(16)30468-8
[published Online First: 2016/05/23]

Johnston SC, Amarenco P, Albers GW, et al. Ticagrelor versus Aspirin in
Acute Stroke or Transient Ischemic Attack. The New England journal of
medicine 2016;375:35-43. doi: 10.1056/NEJMoa1603060 [published
Online First: 2016/05/11]

Paciaroni-M, Ince B, Hu B, et al. Benefits and Risks of Clopidogrel vs.
Aspirin Monotherapy after Recent Ischemic Stroke: A Systematic
Review and Meta-Analysis. Cardiovasc Ther 2019;2019:1607181. doi:
10.1155/2019/1607181 [published Online First: 2019/12/24]

Committee CS. A randomised, blinded, trial of clopidogrel versus aspirin in
patients at risk of ischaemic events (CAPRIE). CAPRIE Steering
Committee. Lancet (London, England) 1996;348:1329-39. doi:
10.1016/s0140-6736(96)09457-3 [published Online First: 1996/11/16]

Bath PM, Woodhouse LJ, Appleton JP, et al. Antiplatelet therapy with
aspirin, clopidogrel, and dipyridamole versus clopidogrel alone or
aspirin and dipyridamole in patients with acute cerebral ischaemia
(TARDIS): a randomised, open-label, phase 3 superiority trial. Lancet
(London, England) 2018;391:850-59. doi: 10.1016/s0140-
6736(17)32849-0 [published Online First: 2017/12/25]

- An essential randomised trial that demonstrated that the benefits of

antiplatelet therapy plateaus at two anti-platelets, with a third



conferring a high bleeding risk with no improvement in the
primary outcome.

93. Hao Q, Tampi M, O'Donnell M, et al. Clopidogrel plus aspirin versus
aspirin alone for acute minor ischaemic stroke or high risk transient
ischaemic attack: systematic review and meta-analysis. BMJ (Clinical
research ed) 2018;363:k5108. doi: 10.1136/bmj.k5108 [published
Online First: 2018/12/20]

94. Yang Y, Zhou M, Zhong X, et al. Dual versus mono antiplatelet therapy for
acute non-cardioembolic ischaemic stroke or transient ischaemic
attack: a systematic review and meta-analysis. Stroke and vascular
neurology 2018;3:107-16. doi: 10.1136/svn-2018-000168 [published
Online First: 2018/07/20]

95. Gotoh F, Tohgi H, Hirai S, et al. Cilostazol stroke prevention study: A
placebo-controlled double-blind trial for secondary prevention of
cerebral infarction. Journal of stroke and cerebrovascular diseases :
the official journal of National Stroke Association 2000;9:147-57. doi:
10.1053/jscd.2000.7216 [published Online First: 2000/07/01]

96. Shinohara Y, Katayama Y, Uchiyama S, et al. Cilostazol for prevention of
secondary stroke (CSPS 2): an aspirin-controlled, double-blind,
randomised non-inferiority trial. The Lancet Neurology 2010;9:959-68.
doi: 10.1016/s1474-4422(10)70198-8 [published Online First:
2010/09/14]

97. Toyoda K, Uchiyama S, Yamaguchi T, et al. Dual antiplatelet therapy
using cilostazol for secondary prevention in patients with high-risk
ischaemic stroke in Japan: a multicentre, open-label, randomised
controlled trial. The Lancet Neurology 2019;18:539-48. doi:
10.1016/s1474-4422(19)30148-6 [published Online First: 2019/05/28]

98. Saxena R, Koudstaal PJ. Anticoagulants for preventing stroke in patients
with nonrheumatic atrial fibrillation and a history of stroke or transient
ischaemic attack. The Cochrane database of systematic reviews
2004:Cd000185. doi: 10.1002/14651858.CD000185.pub2 [published
Online First: 2004/04/24]

99. Chao TF, Guo Y. Should We Adopt a Standard International Normalized
Ratio'Range of 2.0 to 3.0 for Asian Patients with Atrial Fibrillation? An
Appeal for Evidence-Based Management, Not Eminence-Based
Recommendations. Thrombosis and haemostasis 2020;120:366-68.
doi: 10.1055/s-0040-1702230 [published Online First: 2020/03/07]

100. Chao TF, Chen SA, Ruff CT, et al. Clinical outcomes, edoxaban
concentration, and anti-factor Xa activity of Asian patients with atrial
fibrillation compared with non-Asians in the ENGAGE AF-TIMI 48 trial.
European heart journal 2019;40:1518-27. doi:
10.1093/eurheartj/ehy807 [published Online First: 2018/12/28]

101. Group JJW. Guidelines for Pharmacotherapy of Atrial Fibrillation (JCS
2013). Circulation journal : official journal of the Japanese Circulation
Society 2014;78:1997-2021. doi: 10.1253/circj.cj-66-0092 [published
Online First: 2014/06/27]

102. Dalal J, Bhave A, Oomman A, et al. The Indian consensus guidance on
stroke prevention in atrial fibrillation: An emphasis on practical use of
nonvitamin K oral anticoagulants. Indian heart journal 2015;67 Suppl



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

2(Suppl 2):S13-34. doi: 10.1016/j.ihj.2015.10.380 [published Online
First: 2015/12/22]

Pandey AK, Xu K, Zhang L, et al. Lower versus Standard INR Targets in
Atrial Fibrillation: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Thrombosis and haemostasis
2020;120:484-94. doi: 10.1055/s-0039-3401823 [published Online
First: 2020/01/16]

McDowell TY, Lawrence J, Florian J, et al. Relationship between
International Normalized Ratio and Outcomes in Modern Trials with
Warfarin Controls. Pharmacotherapy 2018;38:899-906. doi:
10.1002/phar.2161 [published Online First: 2018/06/20]

Lip GY, Nieuwlaat R, Pisters R, et al. Refining clinical risk stratification
for predicting stroke and thromboembolism in atrial fibrillation using a
novel risk factor-based approach: the euro heart survey on atrial
fibrillation. Chest 2010;137:263-72. doi: 10.1378/chest.09-1584
[published Online First: 2009/09/19]

Pisters R, Lane DA, Nieuwlaat R, et al. A novel user-friendly score (HAS-
BLED) to assess 1-year risk of major bleeding in patients with atrial
fibrillation: the Euro Heart Survey. Chest 2010;138:1093-100. doi:
10.1378/chest.10-0134 [published Online First: 2010/03/20]

Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in
patients with atrial fibrillation. The New England journal of medicine
2009;361:1139-51. doi: 10.1056/NEJM0a0905561 [published Online
First: 2009/09/01]

Connolly SJ, Wallentin L, Yusuf S. Additional events in the RE-LY trial.
The New England journal of medicine 2014;371:1464-5. doi:
10.1056/NEJMc1407908 [published Online First: 2014/09/25]

Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in
patients with atrial fibrillation. The New England journal of medicine
2013;369:2093-104. doi: 10.1056/NEJM0a1310907 [published Online
First: 2013/11/21]

Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus
warfarin in patients with atrial fibrillation. The New England journal of
medicine 2011;365:981-92. doi: 10.1056/NEJMoa1107039 [published
Online First: 2011/08/30]

Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in
nonvalvular atrial fibrillation. The New England journal of medicine
2011;365:883-91. doi: 10.1056/NEJM0a1009638 [published Online
First: 2011/08/13]

Ruff CT, Giugliano RP, Braunwald E, et al. Comparison of the efficacy
and safety of new oral anticoagulants with warfarin in patients with
atrial fibrillation: a meta-analysis of randomised trials. Lancet (London,
England) 2014;383:955-62. doi: 10.1016/s0140-6736(13)62343-0
[published Online First: 2013/12/10]

Wang KL, Lip GY, Lin SJ, et al. Non-Vitamin K Antagonist Oral
Anticoagulants for Stroke Prevention in Asian Patients With
Nonvalvular Atrial Fibrillation: Meta-Analysis. Stroke 2015;46:2555-61.
doi: 10.1161/strokeaha.115.009947 [published Online First:
2015/08/26]



114. Lip GYH, Keshishian A, Li X, et al. Effectiveness and Safety of Oral
Anticoagulants Among Nonvalvular Atrial Fibrillation Patients. Stroke
2018;49:2933-44. doi: 10.1161/strokeaha.118.020232 [published
Online First: 2018/12/21]

115. Van Ganse E, Danchin N, Mahé |, et al. Comparative Safety and
Effectiveness of Oral Anticoagulants in Nonvalvular Atrial Fibrillation:
The NAXOS Study. Stroke 2020;51:2066-75. doi:
10.1161/strokeaha.120.028825 [published Online First: 2020/06/17]

116. Potpara TS, Ferro CJ, Lip GYH. Use of oral anticoagulants in patients
with atrial fibrillation and renal dysfunction. Nature reviews Nephrology
2018;14:337-51. doi: 10.1038/nrneph.2018.19 [published Online First:
2018/03/27]

117. Ha JT, Neuen BL, Cheng LP, et al. Benefits and Harms of Oral
Anticoagulant Therapy in Chronic Kidney Disease: A Systematic
Review and Meta-analysis. Ann Intern Med 2019;171:181-89. doi:
10.7326/m19-0087 [published Online First: 2019/07/16]

118. Kumar S, Lim E, Covic A, et al. Anticoagulation in Concomitant Chronic
Kidney Disease and Atrial Fibrillation: JACC Review Topic of the
Week. Journal of the American College of Cardiology 2019;74:2204-
15. doi: 10.1016/j.jacc.2019.08.1031 [published Online First:
2019/10/28]

119. Murthy SB, Gupta A, Merkler AE, et al. Restarting Anticoagulant Therapy
After Intracranial Hemorrhage: A Systematic Review and Meta-
Analysis. Stroke 2017;48:1594-600. doi:
10.1161/strokeaha.116.016327 [published Online First: 2017/04/19]

120. Cannegieter SC, Rosendaal FR, Briét E. Thromboembolic and bleeding
complications in patients with mechanical heart valve prostheses.
Circulation 1994;89:635-41. doi: 10.1161/01.cir.89.2.635 [published
Online First: 1994/02/01]

121. Li YG, Lip GYH. Anticoagulation Resumption After Intracerebral
Hemorrhage. Current atherosclerosis reports 2018;20:32. doi:
10.1007/s11883-018-0733-y [published Online First: 2018/05/22]

122. Paciaroni M, Agnelli G, Falocci N, et al. Early Recurrence and Cerebral
Bleeding in Patients With Acute Ischemic Stroke and Atrial Fibrillation:
Effect of Anticoagulation and Its Timing: The RAF Study. Stroke
2015;46:2175-82. doi: 10.1161/strokeaha.115.008891 [published
Online First: 2015/07/02]

123. Paciaroni M, Agnelli G, Ageno W, et al. Timing of anticoagulation therapy
in patients with acute ischaemic stroke and atrial fibrillation.
Thrombosis and haemostasis 2016;116:410-6. doi: 10.1160/th16-03-
0217 [published Online First: 2016/06/28]

- The first study that looked into the importance of timing of
anticoagulation initiation, which is now the topic of interest in
three ongoing radnomised controlled trials.

124. King BT, Lawrence PD, Milling TJ, et al. Optimal delay time to initiate
anticoagulation after ischemic stroke in atrial fibrillation (START):
Methodology of a pragmatic, response-adaptive, prospective
randomized clinical trial. International journal of stroke : official journal
of the International Stroke Society 2019;14:977-82. doi:
10.1177/1747493019870651 [published Online First: 2019/08/20]



125. Asberg S, Hijazi Z, Norrving B, et al. Timing of oral anticoagulant therapy
in acute ischemic stroke with atrial fibrillation: study protocol for a
registry-based randomised controlled trial. Trials 2017;18:581. doi:
10.1186/s13063-017-2313-9 [published Online First: 2017/12/05]

126. Optimal timing of anticoagulation after acute ischaemic stroke : a

randomised controlled trial (OPTIMAS). [Available from:
https://clinicaltrials.gov/ct2/show/NCT03759938 accessed 20 July
2020.

127. Early Versus Late Initiation of Direct Oral Anticoagulants in Post-
ischaemic Stroke Patients With Atrial fibrillatioN (ELAN): an
International, Multicentre, Randomised-controlled, Two-arm, Assessor-
blinded Trial (ELAN) [Available from:
https://clinicaltrials.gov/ct2/show/NCT03148457 accessed 20 July
2020.

128. Shehab A, Bhagavathula AS, Abebe TB, et al. Patient Adherence to
Novel Oral Anticoagulants (NOACSs) for the Treatment of Atrial
Fibrillation and Occurrence of Associated Bleeding Events: A
Systematic Review and Meta-analysis. Current vascular pharmacology
2019;17:341-49. doi: 10.2174/1570161116666180123111949
[published Online First: 2018/01/24]

129. Raparelli V, Proietti M, Cangemi R, et al. Adherence to oral anticoagulant
therapy in patients with atrial fibrillation. Focus on non-vitamin K
antagonist oral anticoagulants. Thrombosis and haemostasis
2017;117:209-18. doi: 10.1160/th16-10-0757 [published Online First:
2016/11/11]

130. Hwang J, Han S, Bae HJ, et al. NOAC Adherence of Patients with Atrial
Fibrillation in the Real World: Dosing Frequency Matters? Thrombosis
and haemostasis 2020;120:306-13. doi: 10.1055/s-0039-1697954
[published Online First: 2019/10/30]

131. Banerjee A, Benedetto V, Gichuru P, et al. Adherence and persistence to
direct oral anticoagulants in atrial fibrillation: a population-based study.
Heart (British Cardiac Society) 2020;106:119-26. doi: 10.1136/heartjnl-
2019-315307 [published Online First: 2019/10/12]

132. Proietti M, Lane DA. The Compelling Issue of Nonvitamin K Antagonist
Oral Anticoagulant Adherence in Atrial Fibrillation Patients: A
Systematic Need for New Strategies. Thrombosis and haemostasis
2020;120:369-71. doi: 10.1055/s-0040-1702231 [published Online
First: 2020/03/07]

133. Qureshi Al, Ezzeddine MA, Nasar A, et al. Prevalence of elevated blood
pressure in 563,704 adult patients with stroke presenting to the ED in
the United States. The American journal of emergency medicine
2007;25:32-8. doi: 10.1016/j.ajem.2006.07.008 [published Online First:
2006/12/13]

134. Britton M, Carlsson A, de Faire U. Blood pressure course in patients with
acute stroke and matched controls. Stroke 1986;17:861-4. doi:
10.1161/01.str.17.5.861 [published Online First: 1986/09/01]

135. Ishitsuka K, Kamouchi M, Hata J, et al. High blood pressure after acute
ischemic stroke is associated with poor clinical outcomes: Fukuoka
Stroke Registry. Hypertension (Dallas, Tex : 1979) 2014;63:54-60. doi:




136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

10.1161/hypertensionaha.113.02189 [published Online First:
2013/10/16]

Vemmos KN, Tsivgoulis G, Spengos K, et al. Association between 24-h
blood pressure monitoring variables and brain oedema in patients with
hyperacute stroke. J Hypertens 2003;21:2167-73. doi:
10.1097/00004872-200311000-00027 [published Online First:
2003/11/05]

Yong M, Kaste M. Association of characteristics of blood pressure
profiles and stroke outcomes in the ECASS-II trial. Stroke 2008;39:366-
72. doi: 10.1161/strokeaha.107.492330 [published Online First:
2007/12/22]

Leonardi-Bee J, Bath PM, Phillips SJ, et al. Blood pressure and clinical
outcomes in the International Stroke Trial. Stroke 2002;33:1315-20.
doi: 10.1161/01.str.0000014509.11540.66 [published Online First:
2002/05/04]

Castillo J, Leira R, Garcia MM, et al. Blood pressure decrease during the
acute phase of ischemic stroke is associated with brain injury and poor
stroke outcome. Stroke 2004;35:520-6. doi:
10.1161/01.str.0000109769.22917.b0 [published Online First:
2004/01/17]

Manning LS, Rothwell PM, Potter JF, et al. Prognostic Significance of
Short-Term Blood Pressure Variability in Acute Stroke: Systematic
Review. Stroke 2015;46:2482-90. doi: 10.1161/strokeaha.115.010075
[published Online First: 2015/08/06]

Gonzalez-Martinez F, Navarro-Gutierrez S, de Ledn-Belmar J. Initial
emergency department blood pressure as predictor of survival after
acute ischemic stroke. Neurology 2006;66:1609; author reply 09. doi:
10.1212/01.wnl.0000226828.27499.ac [published Online First:
2006/05/24]

Talke PO, Sharma D, Heyer EJ, et al. Republished: Society for
Neuroscience in Anesthesiology and Critical Care expert consensus
statement: Anesthetic management of endovascular treatment for
acute ischemic stroke. Stroke 2014;45:e138-50. doi:
10.1161/strokeaha.113.003412 [published Online First: 2014/07/30]

Léwhagen Hendén P, Rentzos A, Karlsson JE, et al. Hypotension During
Endovascular Treatment of Ischemic Stroke Is a Risk Factor for Poor
Neurological Outcome. Stroke 2015;46:2678-80. doi:
10.1161/strokeaha.115.009808 [published Online First: 2015/07/16]

John S, Hazaa W, Uchino K, et al. Lower Intraprocedural Systolic Blood
Pressure Predicts Good Outcome in Patients Undergoing
Endovascular Therapy for Acute Ischemic Stroke. Interv Neurol
2016;4:151-7. doi: 10.1159/000444098 [published Online First:
2016/04/07]

Abou-Chebl A, Zaidat OO, Castonguay AC, et al. North American
SOLITAIRE Stent-Retriever Acute Stroke Registry: choice of
anesthesia and outcomes. Stroke 2014;45:1396-401. doi:
10.1161/strokeaha.113.003698 [published Online First: 2014/03/29]

Davis MJ, Menon BK, Baghirzada LB, et al. Anesthetic management and
outcome in patients during endovascular therapy for acute stroke.



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Anesthesiology 2012;116:396-405. doi:
10.1097/ALN.0b013e318242a5d2 [published Online First: 2012/01/10]

Treurniet KM, Berkhemer OA, Immink RV, et al. A decrease in blood
pressure is associated with unfavorable outcome in patients
undergoing thrombectomy under general anesthesia. Journal of
neurointerventional surgery 2018;10:107-11. doi: 10.1136/neurintsurg-
2017-012988 [published Online First: 2017/04/14]

Whalin MK, Halenda KM, Haussen DC, et al. Even Small Decreases in
Blood Pressure during Conscious Sedation Affect Clinical Outcome
after Stroke Thrombectomy: An Analysis of Hemodynamic Thresholds.
AJNR American journal of neuroradiology 2017;38:294-98. doi:
10.3174/ajnr.A4992 [published Online First: 2016/11/05]

Simonsen CZ, Yoo AJ, Sgrensen LH, et al. Effect of General Anesthesia
and Conscious Sedation During Endovascular Therapy on Infarct
Growth and Clinical Outcomes in Acute Ischemic Stroke: A
Randomized Clinical Trial. JAMA neurology 2018;75:470-77. doi:
10.1001/jamaneurol.2017.4474 [published Online First: 2018/01/18]

Schénenberger S, Uhimann L, Hacke W, et al. Effect of Conscious
Sedation vs General Anesthesia on Early Neurological Improvement
Among Patients With Ischemic Stroke Undergoing Endovascular
Thrombectomy: A Randomized Clinical Trial. Jama 2016;316:1986-96.
doi: 10.1001/jama.2016.16623 [published Online First: 2016/10/28]

Léwhagen Hendén P, Rentzos A, Karlsson JE, et al. General Anesthesia
Versus Conscious Sedation for Endovascular Treatment of Acute
Ischemic Stroke: The AnStroke Trial (Anesthesia During Stroke).
Stroke 2017;48:1601-07. doi: 10.1161/strokeaha.117.016554
[published Online First: 2017/05/20]

Saerensen LH, Speiser L, Karabegovic S, et al. Safety and quality of
endovascular therapy under general anesthesia and conscious
sedation are comparable: results from the GOLIATH trial. Journal of
neurointerventional surgery 2019;11:1070-72. doi:
10.1136/neurintsurg-2019-014712 [published Online First: 2019/03/31]

Delgado-Mederos R, Ribo M, Rovira A, et al. Prognostic significance of
blood pressure variability after thrombolysis in acute stroke. Neurology
2008;71:552-8. doi: 10.1212/01.wnl.0000318294.36223.69 [published
Online First: 2008/06/14]

Maier IL, Tsogkas |, Behme D, et al. High Systolic Blood Pressure after
Successful Endovascular Treatment Affects Early Functional Outcome
in Acute Ischemic Stroke. Cerebrovascular diseases (Basel,
Switzerland) 2018;45:18-25. doi: 10.1159/000484720 [published Online
First: 2017/11/28]

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;46:3362-9. doi:
10.1161/strokeaha.115.010319 [published Online First: 2015/10/22]

Ahmed N, Wahlgren N, Brainin M, et al. Relationship of blood pressure,
antihypertensive therapy, and outcome in ischemic stroke treated with
intravenous thrombolysis: retrospective analysis from Safe
Implementation of Thrombolysis in Stroke-International Stroke



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Thrombolysis Register (SITS-ISTR). Stroke 2009;40:2442-9. doi:
10.1161/strokeaha.109.548602 [published Online First: 2009/05/23]

Bhatia R, Hill MD, Shobha N, et al. Low rates of acute recanalization with
intravenous recombinant tissue plasminogen activator in ischemic
stroke: real-world experience and a call for action. Stroke
2010;41:2254-8. doi: 10.1161/strokeaha.110.592535 [published Online
First: 2010/09/11]

Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations on angiographic
revascularization grading standards for acute ischemic stroke: a
consensus statement. Stroke 2013;44:2650-63. doi:
10.1161/strokeaha.113.001972 [published Online First: 2013/08/08]

Goyal N, Tsivgoulis G, Pandhi A, et al. Blood pressure levels post
mechanical thrombectomy and outcomes in large vessel occlusion
strokes. Neurology 2017;89:540-47. doi:
10.1212/wnl.0000000000004184 [published Online First: 2017/07/09]

Meloni BP, South SM, Gill DA, et al. Poly-Arginine Peptides R18 and
R18D Improve Functional Outcomes After Endothelin-1-Induced Stroke
in the Sprague Dawley Rat. Journal of neuropathology and
experimental neurology 2019;78:426-35. doi: 10.1093/jnen/niz014
[published Online First: 2019/03/20]

Dabrowska S, Andrzejewska A, Lukomska B, et al. Neuroinflammation
as a target for treatment of stroke using mesenchymal stem cells and
extracellular vesicles. Journal of neuroinflammation 2019;16:178. doi:
10.1186/s12974-019-1571-8 [published Online First: 2019/09/14]

Henriksson R, Bjorklund F, Mooe T. The introduction of ticagrelor is
associated with lower rates of recurrent ischemic stroke after
myocardial infarction. PloS one 2019;14:e0216404. doi:
10.1371/journal.pone.0216404 [published Online First: 2019/05/07]

Wang Y, Lin Y, Meng X, et al. Effect of ticagrelor with clopidogrel on high
on-treatment platelet reactivity in acute stroke or transient ischemic
attack (PRINCE) trial: Rationale and design. International journal of
stroke : official journal of the International Stroke Society 2017;12:321-
25. doi: 10.1177/1747493017694390 [published Online First:
2017/04/07]

Stringberg A, Camden R, Qualls K, et al. Update on Dual Antiplatelet
Therapy for Secondary Stroke Prevention. Missouri medicine
2019;116:303-07. [published Online First: 2019/09/19]

HillNR, Fatoba ST, Oke JL, et al. Global Prevalence of Chronic Kidney
Disease - A Systematic Review and Meta-Analysis. PloS one
2016;11:e0158765. doi: 10.1371/journal.pone.0158765 [published
Online First: 2016/07/08]

Kulkarni N, Gukathasan N, Sartori S, et al. Chronic Kidney Disease and
Atrial Fibrillation: A Contemporary Overview. J Atr Fibrillation
2012;5:448. doi: 10.4022/jafib.448 [published Online First: 2012/06/15]

Baber U, Howard VJ, Halperin JL, et al. Association of chronic kidney
disease with atrial fibrillation among adults in the United States:
REasons for Geographic and Racial Differences in Stroke (REGARDS)
Study. Circulation Arrhythmia and electrophysiology 2011;4:26-32. doi:
10.1161/circep.110.957100 [published Online First: 2010/11/16]



168.

169.

170.

171.

172.

173.

174.

Zhao J, Zhang X, Dong L, et al. The many roles of statins in ischemic
stroke. Current neuropharmacology 2014;12:564-74. doi:
10.2174/1570159x12666140923210929 [published Online First:
2015/05/16]

Boehme AK, Esenwa C, Elkind MS. Stroke Risk Factors, Genetics, and
Prevention. Circ Res 2017;120(3):472-95. doi:
10.1161/circresaha.116.308398 [published Online First: 2017/02/06]

Wang L, Wang Z, Shi J, et al. Inhibition of proprotein convertase
subtilisin/kexin type 9 attenuates neuronal apoptosis following focal
cerebral ischemia via apolipoprotein E receptor 2 downregulation in
hyperlipidemic mice. International journal of molecular medicine
2018;42:2098-106. doi: 10.3892/ijmm.2018.3797 [published Online
First: 2018/08/02]

Christophe B, Karatela M, Sanchez J, et al. Statin Therapy.in Ischemic
Stroke Models: A Meta-Analysis. Translational stroke research
2020;11:590-600. doi: 10.1007/s12975-019-00750-7 [published Online
First: 2019/12/04]

Borghese O, Pisani A, Lapergue B, et al. Early Carotid Endarterectomy
for Symptomatic Stenosis of Internal Carotid Artery in Patients Affected
by Transient Ischemic Attack or Minor-to-Moderate Ischemic Acute
Stroke: A Single-Center Experience. Annals of vascular surgery
2020;65:232-39. doi: 10.1016/j.avsg.2019.10.088 [published Online
First: 2019/11/11]

Farouk M, Sato K, Matsumoto Y, et al. Endovascular Treatment of
Internal Carotid Artery Dissection Presenting with Acute Ischemic
Stroke. Journal of stroke and cerebrovascular diseases : the official
journal of National Stroke Association 2020;29:104592. doi:
10.1016/j.jstrokecerebrovasdis.2019.104592 [published Online First:
2019/12/31]

Mojadidi MK, Zaman MO, Elgendy 1Y, et al. Cryptogenic Stroke and
Patent Foramen Ovale. Journal of the American College of Cardiology
2018;71:1035-43. doi: 10.1016/j.jacc.2017.12.059 [published Online
First: 2018/03/03]



Thrombolysis

Key Findings

Clinical Benefits

Thrombolysis leads to better stroke outcomes (no significant disability
at 3—6 months, modified Rankin Score of 0 or 1) '*"
Immediate efficacy determines long-term benefits °

Timing of
administration

Earlier administration associated with bigger proportional benefit '
Best outcomes if treated within 3 hours '

Good outcomes up to 4.5 hours after stroke onset '*'!

Correlates to worse
outcomes following

Atrial fibrillation *°
Heart failure *°

thrombolysis Renal impairment '’
Leukoaraiosis '’
Visible acute cerebral ischemic lesion on pretreatment brain imaging '’
Stroke severity *
Important Intracranial haemorrhage '*'>>'H17-13
complications Intracranial haemorrhage less common in low-dose alteplase '*
Overall 6-month mortality rate similar between thrombolysed patients
vs. controls '
Thrombectom indi
y Key Findings . \ J
Clinical Benefits Thrombectomy alone or as thrombolysis adjunct leads to better rates of

functional independence up to 3 months post-stroke. **4!##4344

Good outcomes irrespective of patient characteristics or geographical
location.®’

Factors supporting
use of

Aged 80 years or older.”
>300 minutes after symptom onset.*

thrombectomy If not eligible for intravenous thrombolysis.***®

Timing of Earlier reperfusion leads to better clinical outcomes.”’
administration Treatment within 6-8 hours appears effective and safe.***
Important No si§niﬁcant difference in mortality nor intracerebral haemorrhage
complications rates, 041424344

Potentially leads to reduced mortality rates.”*’

Table 1. Key findings for thrombolysis and thrombectomy




Brainomix iSchemaView
Diagnosis - e-ASPECTS -ASPECTS and CTA
(2015) - well vessel density
validated for software (2018) -
contrast CT insufficient
interpretation and validation
ASPECTS -RAPID (2013) - well
- GO, validated for
introduced to .
detect LVOs i analysis of CT and
ctee s MRI perfusion
CTA scans - studies
insufficient
validation
Management -Aids decision making -Further aids decision

-Predicts post-
thrombectomy
infarct volume and
function
independence

making about
endovascular
stroke treatment

Future directions

-Further validation of
e-CTA

-Possible
implementation of
an automated
communication
interface

-Further Validation
studies for
ASPECTS and
CTA vessel density
software

-Possible
implementation of
an automated
communication
interface

Table 2. Summary table of commercial Artificial Intelligence (AI) software for stroke imag
communication. ASPECTS = Alberta stroke program early CT scoring. CT = Computed Tomography. C
LVO = Large Vessel Occlusion. MRI = Magnetic Resonance Imaging.




Acute Ischaemic Stroke

Intra-Operative

Blood Pressure and Outcomes in Acute Ischaemic Stroke

First Author (Year)

(Ref. #) Study Type
Ishitsuka et al. (2014) .
(135) Prospective
Vemmos et al. (2003) .
(136) Prospective
Yong et al. (2008) .
(137) Retrospective
Leonardi-Bee et al. RetrosncchR
(2002) (138) P
Castillo et al. (2004) .
(139) Prospective
Gonzalez et al. (2006) .
(141) Prospective
Lowhagen et al. .
(2015) (143) Retrospective
John et al. (2016) .
(144) Retrospective
Treurniet et al. (2018)  Subgroup

Sample Size

n = 4345 ischaemic
stroke

n = 1874 with inpatient
outcome

n = 240 hyperacute
stroke

n = 793 acute ischaemic
stroke

n = 17398 acute
1schaemic stroke

n = 304 acute ischaemic
stroke

n = 357 acute ischaemic
stroke

n = 180 acute ischaemic
stroke

n = 147 anterior
circulation acute
ischaemic stroke
receiving AT

n = 60 thrombectomy

Findings

Systolic BP (% good neurol
recovery):

- 133-143: 61%

- 144-153:57%

-~ 154-165: 51%

- >166:47%

24-Hour Systolic BP signifi
associated with brain oeden
Odds Ratio 1.25 between ez
mmHg increase and brain o

Placebo-treated patients:
favourable outcome at day ¢
inversely associated with hi
maximum 24-hour BP (Odd
Ratio 0.76).

Early death increased by 17
per 10 mmHg below 150 mu
SBP, and by 3.8% per 10 m
above 150 mmHg SBP.

Recurrent ischaemic stroke
14-days increased by 4.2% |
mmHg increase in SBP.

SBP drop > 20 mmHg withi
first day most important
prognostic factor of poor ou

Emergency Department: BF
155/70 mmHg more likely t
at 90 days.

In patients undergoing

endovascular therapy receiv
general anaesthesia, fall in 1
arterial BP of > 40% predic
poor neurological outcome.

Lower maximum intraproce
SBP (proposed target < 160
mmHg) was an independent
predictor of good outcome (
0.93)

Decrease of 10 mmHg meat



Post-Operative

(147)

Whalin et al. (2017)
(148)

Delgado et al. (2008)
(153)

Maier et al. (2018)
(154)

Ahmed et al. (2009)
(156)

Goyal et al. (2017)
(159)

Retrospective

Prospective

Prospective

Retrospective

Prospective

patients who underwent
GA (MR-CLEAN)

n = 256 anterior
circulation acute
1schaemic stroke

n = 80 with stroke with
known middle cerebral

artery occlusion treated
with IV tPa

n = 168 acute 1schaemic
stroke with successful
endovascular therapy

n =11080 acute
1schaemic strokes with
BP recorded post-
thrombolysis

n =217 acute ischaemic
strokes treated with
thrombectomy

arterial pressure during genc
anaesthesia (versus baseline
to 1.67 lower odds of a goo
neurological outcome.

During monitored anaesthet
(conscious sedation), >10%
arterial pressure below base
associated with poor outcon
4.38).

Blood pressure variability is
associated with greater diffi
weighted imaging lesion gr«
and worse patient prognosis

In the first 24-hours post- E
higher mean (cut-off 141 m
and maximum (cut-off 159
mmHg) SBP were associate
poorer recovery.

Maintained systolic BP of 1
mmHg from 2 to 24 hours p
thrombolysis associated wit
favourable outcomes (p < 0.

Increase of 10 mmHg in
maximum SBP in the 24-ho
post-mechanical thrombectc
associated with poorer func
independence (OR 0.70) an
higher mortality (OR 1.49) .
months. BP <160/90 mmHg
hours post-MT is associated
lower 3-month mortality (O
0.08).




Table 3 - Table highlighting the outcomes associated with blood pressure and its variations in acute ischaemic
during endovascular therapy, post-thrombolysis and thrombectomy. An important recurring theme across al
subsections describes the U-shaped trend (too low or high of a systolic blood pressure associated with poor neurc
outcomes). BP = blood pressure, SBP = systolic blood pressure, OR = Odds Ratio, IAT = intra-arterial thrombolysi
general anaesthesia. EVT = endovascular therapy. MT = mechanical thrombectomy. tPa = tissue plasminogen activa




Thrombolysis

n=49 placebo

Trial (ref #) First Author  [Study Type Sample Size [Main findings
. n= 144 PA Inves'tiggted the 'efﬁcacy of_' tPA f_or ischz}e}nic str
ININDS (Part 1) (14) [NINDS (1995) |RCT double-blinded _ > No significant differences in clinical activity (def
n =147 placebo
tPA and placebo at 24 hour.
Investigated the long-term efficacy of tPA for isc
n=168 At 3 months: significantly more favourable outcc
ININDS (Part 2) (9) |NINDS (1995) |RCT double-blinded tPA (Wald Test: OR 1.7, 95% CI 1.0 -1.7, p = 0.026).
n =165 placebo In terms of safety, symptomatic ICH within 36 h
mortality at 3 months.
1= 6483 (50% g:;f;(rirrlfg;hrzsszlftesty and efficacy of IV Alteplas
SITS-MOST (10) gg(l)l;g)ren ctal POrl;)sSeI:)ri(:tli‘g?al ‘f;?tr; l?tetT;res At 24 hours, symptomatic ICH noted in 1.7% (n
experience) pooled RCT 8:6% (n = 40/465, 95% CI 6.3-11.6)
Mortality was 11.3% (n=701/6218, 95% CI 10.:
Investigated the efficacy and safety of higher-dos
Hacke cf al At 90 days, excellent mRS (p = 0.035) and comb
ECASS I (14) (1995) ’ IRCT double-blinded n =620 placebo.
No difference in mortality or ICH at 30 days notc
were noted in patients receiving tPA.
Investigated the efficacy of tPA when administer
cko ot al ‘ n =391 placebo irllétri?fli :;alltl.yms revealed the tPA group had favou
ECASS I (14) (1998) RCT double-blinded nP;409 Post-hoc analysis revealed the tPA group (n = 22
t placebo (n = 180/391, 46.0%, p = 0.024). Differe
Symptomatic ICH seen in 8.8% of tPA and 3.4%
— | =418 Klv;:(s)tiégated t.he 'effﬁcacly and saf};e[tg of .tPA whep
acke et al. . t ays, significantly more t atients attair
ECASSIIL(ID — }1008) R o N A analysing 90-§ay NIHSS, GOS, mRS, Barthel's
Q “gtebo Symptomatic ICH was more frequent with tPA (.
Investigated the efficacy of tPA when administer
n=1515 (PA No significant differences in favourable Oxford !
IST-3 (13) [ST-3 (2012) IRCT open-label n= 1520 control 7-day mortality in the tPA group was higher (119
mortality in the tPA group from 7 days to 6 mont
group (common OR 1.27,95% CI 1.10-1.47,p =
n=272 Investigated the efﬁcacy of tPA when administer
ATLANTIS (A) (14) Clark et al. RCT double-blinded (PA At 30 and 90 days, 1o dlfferenc_es between tPA a
(1999) . The tPA group experienced an increased rate of s
versus placebo, but there was no significant diffe
N | n=38 Klvge(s)ti(;gated tl}e efﬁcicly of tPSAS when administer
JAlbers et al. . t ays, a favourable NIHSS outcome was se
ATLANTIS (B) (14) (2002) R(g double-blinded tPé Symptomatic and fatal ICH were more frequent i
n =23 placebo . .
in mortality at 90 days.
Investigated the impact of tPA (when administers
Davis et al n=>52 with penumbral mismatch (n = 85/101).
[EPITHET (14,15) (2008) ' RCT double-blinded tPA There were no significant differences in infarct g

versus placebo. However, reperfusion was signif
(p <0.001) and better functional outcomes (p = (

EXTEND (15)

[Ma et al. (2019)

IRCT open-label

n=113
tPA
n =112 placebo

Terminated early due to positive results from pre
9 hours of ischaemic stroke to patients with radic
At 90 days, excellent mRS outcomes (0-1) were
29.5%, RR 1.44, 95% CI 1.01-2.06, p = 0.04).
Symptomatic ICH was increased with tPA (n=7
there was no difference in 90-day mortality.

ECASS4-EXTEND
(15)

|Amiri et al.
(2016)

IRCT double-blinded

In progress

Ongoing trial investigating the efficacy of tPA w
penumbral mismatch on MRI.

TNK-S2B (27)

Haley et al.
(2010)

RCT double-blinded

n=112

Trial was prematurely terminated for slow enroll
Demonstrated potential efficiency of a novel des
No significant difference between in 3-month eff
Symptomatic intracranial haemorrhage highest ir

IAustralian TNK (28)

Parson et al.
(2012)

IRCT open-label

n=25
tPA
n=>50
TNK

TNK associated with significantly better reperfus
0.1mg/kg TNK had greater clinical improvement
0.25mg/kg TNK associated with improvement or




ATTEST (29)

Huang et al.
(2015)

RCT open-label

n=49
tPA
n=47
TNK

Neither radiological or clinical outcomes differec
Safety outcomes also did not differ between the t

INOR-TEST (30)

Logallo et al.
(2017)

[RCT open-label

n=551
tPA
n =549

Primary outcome (excellent functional outcome ¢
Safety outcome (serious adverse events), TNK v
TNK was not superior to tPA and showed a simil

EXTEND-IA TNK
(31)

(Campbell et al.
(2018)

RCT open-label

n=101
tPA
n=101
TNK

The primary outcome was reperfusion of greater
time of the initial angiographic assessment.

The primary outcome occurred in 22% of the pat
difference, 12 percentage points; 95% confidenc:
noninferiority; P=0.03 for superiority)
Tenecteplase resulted in a better 90-day function
ratio, 1.7; 95% CI, 1.0 to 2.8; P=0.04).

No significant difference in symptomatic intracer

EXTEND-IA TNK
Part II (34)

(Campbell et al.
(2020)

[RCT open-label

In progress

Ongoing trial comparing the efficacy of 0.4mg/k;
within 4.5 hours.

Supplementary table 1: Key thrombolysis trials used in the manuscript and its key findings



Endovascular

Trial (ref#) |First Author Study Type Sample Size [Main findings
‘ =434 (PA + . ‘Investigaﬁed the efﬁca_cy of tPA (administered within 3
IMS-3 (35) [Broderick et al. IRCT open-label, endovascular interventions (mechanical thrombectomy or IA-tPA).
(2013) blinded end-point =220 (PA . At 90 days, there were no significant differences in fun
in rate of symptomatic ICH within 30 hours of interven
0 Investigated the efficacy of tPA versus endovascular int
n=181 4.5 hours of ischaemic stroke.
SYNTHESIS Ciccone et al, (2 013)RCT open-label, endovascular 0 Median onset-to-treatment time was significantly lower
(36) ’ blinded end-point n= 181 (PA (3.75 hours). At 90 days, there were no differences in fz
versus 30.4% endovascular (n = 55/181, OR 0.71, 95%
0 There was no significant difference in rate of fatal ICH.
n=64 . Investigated the efficacy of endovascular interventions
MR-RESCUE RCT open-label endovascular delivered within 8 hours of large vessel, anterior circula
[Kidwell et al. (2013)] ;. . - according to penumbral pattern.
(37) blinded end-point n = 54 usual . .
care . At 90 <_iays, there were no differences mortality, sympto
according to favourable and non-penumbral patterns.
0 Investigated the efficacy of endovascular interventions |
n=233 when delivered within 6 hours of ischaemic stroke to pz
IMR-CLEAN [Berkhemer et al. RCT open-label, endovascular 0 At 90-days, 32.6% of the endovascular group (n = 76/2:
(39) (2015) blinded end-point n =267 usual usual care alone (n = 51/267, OR 2.16, 95% CI 1.39-3.-
care intervention (OR 1.67, 95% CI 1.21-2.30).
0 There were no differences in rate of symptomatic ICH «
. Terminated early due to results of interim analysis. Inve
n=35 versus tPA alone when administered within 4.5 hours o
EXTEND-IA |Campbelletal.  [RCT open-label, thrombectomy . ffvourfl‘ble penmffbrafl e, i ]
(40) (2015) blinded end-point +PA t 24 hours, 100 /0.0 ischaemic territory was repfr use
n=35PA The 3-day NIHSS improvement (80% vs 37%, p = 0.00
5 0.01) were increased with thrombectomy.
. There were no differences in rate of mortality or symptc
. Terminated early due to results of interim analysis. Inve
usual care alone when delivered within 12 hours of isch
RCT open-label n= 165 intracranial occlusion.
[ESCAPE (41) |Goyal et al. (2015) blinded en d—poir,l t endovascular 0 At 90 days, endovascular intervention was significantly
n = 150 control and reduced mortality (10.5% vs 19.0%, p = 0.04) verst
2.6,95% CI 1.7-3.8, p < 0.001.
0 There was no difference in rate of symptomatic ICH.
. Terminated early due to results of interim analysis. Inve
_ with tPA versus tPA alone when delivered within 6 hou
SWIFT- L (201 RCT Jabel n B 28 tgﬁ circulation occlusions and small infarct core.
PRIME (42) Saveretal. (2015) RCT open-labe ?h_ 98]; ! M . At 90 days, shift analysis revealed tPA with thrombectc
rombectomy functional independence (mRS 0-2) was significantly h
. There were no significant differences in 90-day mortali
. Terminated early due to positive results from earlier tric
n=103 retriever) versus usual care alone, when delivered withi
thrombectomy occlusion and absence of large infarct on neuroimaging
5§¥ASCAT Jovin et al. (2015) Eﬂ:ﬁiﬁfﬁﬁt + usual care . At 90 days, higher rates of favourable mRS (0-2) seen v
n = 103 usual Shift analysis yielded significant association with thromn
care 1.7, 95% CI 1.05-2.8).
. No difference in mortality or symptomatic ICH
. Investigated the utility of CT perfusion imaging for sele
Lansberg et al (small ischaemic core and large penumbra) up to 18 hot
CRISP (51) 2017) ' [Prospective Cohort n=190 . Reperfusion was significantly more associated with fav
versus those without mismatch (44%, p = 0.002). This t
6 hours or > 6 hours within ischaemic stroke.
. Investigated the utility of MRI for selecting endovascul
ischaemic stroke.
ggUSE g éa(;lls;; B EHEL [Prospective Cohort n=99 . Reperfusion was significantly more associated with fav
=46/78, 59%, OR 8.8, 95% CI 2.7-29.0), versus those
0.003).
. Terminated early due to results of interim analysis. Inve
n=92 tc~are alolr;le, when d;:livered within 6 - 16 hours of ischac
avourable penumbra.
gngSE 3 Albers et al. (2018) bRIiIleocli) Zﬁj?;ﬂ;lt znj(;‘(/)az:l‘iﬁr . At 90-days, shift analysis revealed thrombectomy was s

care

and the thrombectomy group (45%) was significantly mr
p <0.001).
No significant differences in 90-day mortality or sympt




[DAWN (80)

(2018)

[Noguiera et al.

IRCT open-label,
blinded end-point

n=107
thrombectomy
n =99 control

Terminated early due to results of interim analysis. Inve
care alone, when delivered within 6 - 24 hours of ischac
clinical deficit-infarct volume mismatch.

At 90 days, mean utility-weighted mRS favoured throm
outcome). Rate of favourable 90-day mRS (0-2) was sig
21-44; PPoS >0.999).

No difference in symptomatic ICH or 90-day mortality.

SWIFT-

DIRECT (48)

[Fischer et al.

IRCT open-label,
blinded end-point

In progress

Specific to patients with AIS secondary to large vessel ¢
Comparison between direct mechanical thrombectomy :
Primary outcome: 90-day functional outcome; Seconda
in AIS patients

TESLA (49)

Yoo et al.

IRCT open-label,
blinded end-point

In progress

Specific to patients with moderate-large infarcts
Comparison of best medical management alone against
Outcome measures yet to be clearly stated

ENDOLOW
(50)

[Nogueira et al.

IRCT open-label,
blinded end-point

In progress

Specific to patients presenting within 8 hours of ischem
scores (0-5)

Group comparisons: immediate mechanical thrombecto
90-day clinical outcomes (mRS distribution)

Supplementary table 2: Key endovascular trials used in the manuscript and its key findings



Trial (ref #) [First Author Study Type [Sample Size [Main findings
E Open-label n = 1081 In tPA-eligible patients, investigated the outcomes of
§ ElN2CHANTED A;(q)(iegrson ctal. RCT, blinded 1n£e:1;511¥§ BP i BP (sBP < 180 mmHg) control over 72-hours, startin
n i (12) ( ) end-point EI: routme At 90-days, no significant differences in mRS or occt
= >
<=
" Investigated the efficacy of Clopidogrel 75 mg OD vq
5 . _ MI, or symptomatic PVD. Patients were followed-up
= g CARHIEEL) CAIARIE (RG] R, Eiest = 1D Clopidogrel therapy had a 5.32% annual risk of ischa
S = versus aspirin (5.83% annual risk) with a relative risk
_ Investigated the efficacy and safety of Edoxaban BD
n=7036 . . L
. patients with moderate-high risk AF.
A RCT, double- Wiirfarln . Annual rate of stroke/systemic embolism was signific
%IVIGSGE AF-[Giugliano etal. {1, fo 4 n = 7035 high- Edoxaban (HR 0.79, 97.5% CI 0.63 - 0.99, p < 0.001
8(112)  ](2013) oublo-d dose Edoxaban 131 p = 0005
ouble-dummy _ .31, p=0.005).
n= 7034 low- . . .
dose Edoxaban Annual rate of major bleed was hlgher for‘ Warfarin a
0.91, p<0.001). There was no difference in annual ri:
n=6015 Investigated the efficacy and safety of Dabigatran BL
RCT, . . .
. Dabigatran 110 patients with AF.
[Dabigatran . . ..
Ceitpat mg BD Annual rate of stroke /systemic embolism was signifi
RE-LY (112) Connolly et al. blinded n= §076 110mg (RR 0.91, 95% C10.74 - 1.11, p < 0.001) anc
(2009) Warfari’n e Dabigatran 150 0.001).
label. blinded mg BD Annual rate 'of bleed was higher only for 3.36% Wart
en d-1;0in " n= 602_2 haemorrhagic stroke at 0.38% for Warfarin, 0.12% D
Warfarin 0.001).
Investigated the efficacy of Rivaroxaban 20 mg OD
n=7131 patients with non-valvular AF.
ROCKET AF Patel et al. (2011) RCT double- Rivaroxaban Annual rate stroke/systemic embolism was significan
(112) ’ blinded n="7133 0.79, 95% CI 0.66-0.96, p <0.001), this was preserve
Warfarin There was no difference in clinically-relevant bleedin
(0.5% versus 0.7% Warfarin, p = 0.02) and fatal blee
Investigated the efficacy of Apixaban 5 mg BD versu
n=9120 with AF + min. 1 risk factor for stroke.
IARISTOTLE Granger et al. RCT double- Apixaban Apixaban when compared to Warfarin significantly r
(112) (2011) blinded n=9081 1.60%, HR 0.79, 95% CI 0.66-0.95, p < 0.001 non-in
Warfarin 3.09%, HR 0.69 95% CI 0.6-0.8, p <0.001) and annu:
95% C1 0.35-0.75, p <0.001).
Investigated the efficacy and safety of NOAC and W
Lower rates of stroke/systemic embolism were obser
IARISTOPHANE Lip ct al. (2018) Retrospective n=434,046 (6 0.82, 95% CI 0.71-0.95) and Rivaroxaban (HR 0.79,
S (114) ' (Observational matched cohorts) Apixaban (HR 0.60, 95% CI 0.56 - 0.63) and Dabiga
rates of major bleed versus Warfarin. Rivaroxaban (k
Warfarin.
Investigated the efficacy and safety of NOAC and W:
_ 35% VKA, 27.2% Apixaban, 31.1% Rivaroxaban, 6."
[Van Ganse et al. . n _.321’ e Apixaban displayed a lower propensity-score matche
NAXOS (115) 5} 5020) Ok Raud gg?i“;%ll’gtween 0.46) and Rivaroxaban (HR 0.67, 95% CI 0.63-.0.72)
) ’ Apixaban had a reduced risk of stroke/systemic embc
Rivaroxaban (HR 1.05, 95% CI 0.97-1.15) or Dabiga
Investigated the efficacy and safety associated with a
ischaemic stroke.
Paciaroni et al Prospective Commencement of anticoagulation 4-14 days after st
RAF (122) ’ n=1029 embolism/major ICH (HR 0.53, 95% CI 0.30-0.93, p
(2015) cohort days
Only 7% of patients receiving oral anticoagulation ex
reduction (p = 0.003) versus LMWH alone (16.8%) o
Ongoing trial investigating the optimal time for initia
. Bec open- risk of AF-related stroke versus haemorrhagic transfc
SITALRTT (1) i @l (0D | el bllnded LG Mild-moderate strokes are randomised to Day 3/6/10,
P randomised to Day 6/10/14/21.
= Ongoing trial investigating the optimal time for initia
£ Asberg et al. risk of AF-related stroke versus haemorrhagic transfc
% TIMING (125) (2017) RCT open-label In progress Patients are randomised to early (< 4 days) or delayec
£ safety of both arms.
S Chief investigator: RCT. partial- Ongoing trial investigating the optimal time for initia
'é (OPTIMAS (126) |Professor David blin d,eg In progress risk of AF-related stroke versus haemorrhagic transfc
< [Werring Patients are randomised to early (< 4 days) or standar




ELAN (127)

Chief investigator:
g IRCT, assessor-
Professor Urs X
. blinded
[Fischer

In progress

Ongoing trial investigating the optimal time for initia
risk of AF-related stroke versus haemorrhagic transfc
Patients are randomised to early (<48 hours for mild/
minor, day 6 for moderate, day 12 for major infarcts)

Supplementary table 3: Key anti-hypertensive, anti-platelet and anticoagulation trials used in the manuscript and its key findings.
BP = blood pressure, tPA = tissue plasminogen activator. mRS = modified rankin scale, MI = myocardial infarction, PVD =
peripheral vascular disease, AF = atrial fibrillation, VKA = vitamin k antagonists, RR = risk ratio, HR = Hazard Ratio, ITT =

intention to treat, NOAC = new oral anti-coagulant, LMWH = low molecular weight heparin
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Figure 1



