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Abstract

Ischemic stroke is the most frequent cause of disability in adults in the world and its treatment remains a challenge. The care management
of stroke patients in organized stroke units has improved and various revascularization approaches have emerged during the past
decades. Stroke patients cared in organized stroke units are more likely to survive, to return home and to be functional independency.
It is recommended that all patients with stroke, regardless of age, should be cared in a stroke unit. Intravenous thrombolysis with
recombinant tissue plasminogen activator delivered within 4.5 hours after symptom onset is the only approved and effective medical
therapy in patients of acute ischemic stroke. However, the narrow therapeutic window, contraindications and low recanalization rate
of intravenous thrombolysis in proximal intracranial arterial occlusion result in consistently low utility rate among stroke patients.
The endovascular therapy with or without intravenous thrombolysis has proved to achieve high rates of recanalization in a short
period of time, without increased detrimental effects when intravenous thrombolysis is low efficacy in the location of terminal internal
carotid artery, M1 or M2 portions of the middle cerebral artery. More researches evaluating the optimal timeframe, the effects among
stroke patients with the posterior circulation or among elderly stroke patients, and the cost-effectiveness of adjunctive endovascular
mechanical thrombectomy are expected before its widespread implementation in clinical. Presently, neurologists or neuroradiologists
should make the best use of available resources to maximally benefit as many stroke patients as possible.
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Introduction

Stroke is a major public health-care challenge that is considered to be the second leading cause of death and the prime cause of
acquired disability worldwide [1]. It is reported that almost 800,000 people are suffered with stroke every year in the United States,
leading to 200,000 deaths, approximately every one of sixteen deaths [2]. In the developing countries, the situation is more serious
[3]. In China, 2.5 million new stroke patients are reported each year, making stroke becoming the leading cause of adult death
and disability [4]. For the survivors, the annual costs of stroke care are as high as 40 billion RMB in China, which, without doubt,
placing a substantial health and economic burden on the society [5-7].

It is estimated that more than 80% of incident stroke are of ischemic type, due to an occlusion in a cerebral artery caused by a
thrombus or thromboembolism [8]. Ischemic stroke is a continuous and dynamic process of infarct expansion that varies as elapse
of the time, deprivation of blood flow and other factors [9]. The well-known term of “time is brain” underlines the rapidity of loss
of neural structures during an ischemic stroke, which is reported, on average, to be 13.6 billion synapses, 11.9km of neuronal fibers
and 1.9 billion of neurons with each passing minute [10]. Therefore, timely recanalization in the occluded artery often makes for
the salvage of ischemic penumbra, the restoration of cerebral perfusion and improvement of clinical outcomes [11].

The evolution of treatment for acute ischemic stroke (AIS) could be a long and complicated process. Before CT/MRI was applied to
clinic, neutral treatments both for ischemic stroke and hemorrhage stroke became the treatment options for AIS. However, these
treatments like hypervolemia treatment and anti-edema therapy were futile to lower mortality and morbidity as the existence
of secondary vascular damage and complications related to AIS. Along with the development of imaging technology, specific
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treatments for AIS have been emerged during the past several decades. All the attempts of treatment in AIS aimed to reduce the
mortality, lessen the dependency and minimize the complications caused by stroke; promote neurologic functional outcomes and
improve health-related quality of life of stroke survivors; lower the risk of recurrence of AIS. Here, we propose that the evolution
of treatment in AIS could be summarized to be three landmark emergences: organized stroke unit care, intravenous thrombolysis
(IVT) and endovascular therapy (EVT), called AIS Therapy 1.0, AIS Therapy 2.0 and AIS Therapy 3.0, respectively. This article will
review the development and progression of these three treatment options and discuss the implications for future comprehensive
treatment in clinical for AIS with special emphasis on patient selection and treatment strategy.

AIS Therapy 1.0: The Organized Stroke Unit Care Era Definition of Organized Stroke Care

Stemming from 1950s, the term organized stroke unit care has been used to describe the focusing of care for stroke patients in
hospital that is provided by a multidisciplinary team who specialize in stroke management, including neurologists, professional
nurses, language trainers and physical therapists, and neural psychological doctor [12]. Stroke unit care is a centralized management
mode for stroke patients and is capable to provide patients with drug therapy, language training, physical rehabilitation,
psychological treatment and health education, aiming to reduce stroke-related mortality and morbidity, reduce the complications
and the recurrence rate, improve patient’s quality of life, the family member satisfaction, and improve patients awareness of risk
factors for stroke prevention and effects [13,14].

Effects of Organized Stroke Care

It has been reported that the short-term effects of stroke unit care include the lowered mortality, and shortened hospitalization
stay [15]; the long-term effects refers to improving patients’ independency, five-year survival rate and decreased the need for
institutionalization [16-20]. A large randomized controlled trial (RCT, n=1241) showed that stroke unit care significantly decreased
patients’ hospital stay, improved the survival rate of hospitalization period, survival rate of half-year and survival rate of one-year.
Also, patients cared in stroke units were more likely to return home after discharge [15]. Further analysis of the study reported that
five-year survival rate of the patients increased by 40% [16]. An observational study retrospectively examined 11572 acute stroke
patients from 260 Italian hospitals [17]. Compared with care on a general ward (n=6636), stroke unit care (n=4936) was associated
with a reduced likelihood of death or being disabled (Rankin score>2) at the end of two-year follow-up period (OR=0.81; 95% CI:
0.72-0.91; P=0.0001). Similar conclusions were reported in studies.

A latest systematical review and meta-analysis identified 28 trials of 5855 patients and indicated that patients in stroke unit
care are more apt to survive their stroke (OR=0.76; 95% CI: 0.66-0.88; P=0.0001), return home (OR=0.76; 95% CI: 0.67-0.86;
P=0.0001) and have greater ability to take care of themselves (OR=0.74; 95% CI: 0.61-0.90; P=0.002) [18-20]. Moreover, the
potential beneficial effects of organized stroke unit care are independent on sex, age, time of admission or stroke severity [14].
Actually, the European Stroke Organization (ESO) recommends that all patients with stroke, regardless of age, should be cared in
a stroke unit (class I, level A evidence) [21-23].

Potential Mechanisms of Effects of Organized Stroke Care

Several underlying mechanisms of short-term and long-term effects of stroke unit care have been implicated: patients receive
rehabilitation training at the early stage after stroke [24]; closely relationship between patients and the multidisciplinary team
of stroke unit care, and active participation of family members in the process of treatment have a positive psychology effects on
patients, which, in turn, enhance patients’ confidence and motivation [25]; weekly meetings among a multidisciplinary team
to further understand patients’ condition and disease change tend to lower the risk of complications [26]; stroke-related health
education among patients and family members make for mobilize their subjective initiative [27].

Management Items of Organized Stroke Care
Blood Pressure Control

Due to elevated intracranial pressure, mental stress, injury to automatic control systems, or attenuated parasympathetic activity
[28-30], as high as 80% of stroke patients’ manifest arterial blood pressure above 140/90mmHg on admission [31-32]. Even
though results of several trials indicated that decreasing blood pressure was not associated with more beneficial outcomes [33-
34], it is recommended that blood pressure should be carefully lowered when diastolic pressure>110 mmHg or systolic pressure
>220mmHg to acquire a conservative effect. For post-thrombolytic stroke patients, management of blood pressure should be
more cautious as patients with post-thrombolytic symptomatic intracerebral hemorrhage (sICH) have significantly higher systolic
blood pressure within 48 h after thrombolysis than patients without sICH [35].

Glucose Control

Numerous studies have documented the increased glucose level associated with poor outcomes at the acute stage [36-38]. A large
investigational study which aimed to explore dynamics of glucose levels and the association of hyperglycemia with outcomes
after thrombolysis among ischemic stroke patients demonstrated that glucose level >8.0 mmol/l within 48 h after intravenous
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thrombolysis is strongly associated with sSICH and death [39]. On the other hand, strict glycemic control during the 3 months after
stroke was not associated with decreased death or dependence (OR=.99; 95% CI: 0.79-1.23), while a higher risk of symptomatic
hypoglycemia among stroke patients was found (OR=14.6; 95% CI:6.6-32.2) according to a systematical review and meta-analysis
[40]. Still, blood glucose level is recommended to be less than 11mmol/L [41].

Temperature Control

Hyperthermia is a frequent complication in patients with AIS. Moderate evidence for ESO suggests that it might be a means to
elevate survival or improve functional outcomes in patients with AIS by using antipyretics to routine prevention of hyperthermia
[42]. It is recommended to avoid temperature above 37.5 "C [41].

Antiplatelet Therapy

Aspirin has long been established as the standard treatment for patients with AIS [43]. Data from a recently meta-analysis indicated
that dual antiplatelet therapy (aspirin plus clopidogrel) was more likely to lower the risk of numerous vascular events, especially
in the prevention of recurrence stroke or transient ischemic attack (TTIA) compared with aspirin alone when administrated for
a short time period, but when given for a long time period, the elevated bleeding risk outweighed the beneficial effects [44].
Hence, timeframe is crucial to administrated dual antiplatelet therapy. A study published in the New England Journal of Medicine
demonstrated that dual antiplatelet therapy was superior to single-antiplatelet therapy (a dose of 75mg aspirin) when administrated
for a timeframe of 90 days [45].

Number of studies compared the treatment effects of aspirin associated with clopidogrel (dual antiplatelet therapy, DAPT)
with aspirin alone. In 2006, the study Clopidogrel and Aspirin versus Aspirin Alone for the Prevention of Atherothrombotic events
(CHARISMA) further established the role of aspirin in the prevention and control of cardiovascular disease. Besides, the study
reported that compared with aspirin, DAPT not only achieved no extra treatment effects (OR=0.93.; 95% CI: 0.83-1.05; P=0.22),
but also increased the risk of hemorrhage (OR=1.62; 95% CI: 1.27-2.01; P<0.0001). In 2012, the Secondary Prevention of Small
Subcortical Strokes (SPS3) study was terminated early because DAPT (aspirin plus clopidogrel) bought higher risk of hemorrhage
(5.5% vs 2.5%) and all-cause mortality (5.8% vs 4.1%) than aspirin alone [46]. However, in 2013, Wang et al. reported that for
patients with high risk of TIA or acute minor stroke, the risk of early recurrence was reduced following treatment with DAPT
which is taken within 24 h after symptom onset and taken for 3 months compared with aspirin alone, and the risk of massive
bleeding did not increased [47]. In addition, RCTs weighting combination of dipyridamol plus aspirin over aspirin alone are
needed before the addition of dipyridamol to aspirin in widely accepted for prevention of stroke [48].

Lipid-Lowering Therapy

Findings of a latest meta-analysis of observational study and randomized trials showed that statin (a lipid-lowering agent) used
in hospitalization period was prone to improve functional outcomes (OR=1.31; 95% CI: 1.12-1.53, P=0.001) and reduce mortality
(OR=0.41; 95% CI: 0.59-0.58, P<0.001) [50]. However, current guidelines do not provide specific recommendations on statin
initiation in AIS owing to the scarce of large RCTs.

Mobilization

There is no agreement about the optimal time point to start mobilization after stroke. It has been reported mobilization within 24
hours of stroke seems to be safe, could help to reduce complications associated with immobility, and place obvious psychological
effects [52-56]. Nevertheless, some researchers suggest that it is critical to lie flat during the first 72 hours to maintain cerebral
blood flow to the salvageable ischemic tissue [57]. Further researchers are needed to make clear guidelines on when to initiate
mobilization after stroke [58].

AIS Therapy 2.0: the Intravenous Thrombolysis Era

Establishment of Intravenous Thrombolysis for Patients with AIS

Thrombolysis with intravenous administrated tissue plasminogen activator (IV t-PA) remains the only proven effective drug
treatment for AIS [59], which was based on the landmark National Institute of Neurological Diseases and Stroke - Il (NINDS-1I)
trial of 333 stroke patients treated with IV t-PA within 3 hours of stroke onset published in 1995 [60]. It was randomized, placebo-
controlled trial and showed that patients treated with IV t-PA (0.9 mg/kg) were 30% more likely to have minimal or no disability
at 3-months outcomes. Even though the symptomatic intracranial hemorrhage (sSICH) was 6.4%, compared with 0.6% of placebo
(P<0.001), no significant difference was found regarding mortality at 3 months between the groups. Earlier the same year, another
randomized, placebo-controlled trial conducted by the European Cooperative Acute Stroke Study (ECASS-I) failed to found
beneficial outcomes among 620 stroke patients treated with 1.1 mg/kg IV t-PA versus placebo within 6 hours of stroke onset [61].
In the next year, the Food and Drug Administration (FDA) approved the IV t-PA for the treatment of AIS within 3 hours after
stroke onset.
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Benefits and Time Window of IV t-PA

In the following decades, studies were conducted to verify treatment effects of NINDS trial and to expand the 3-hour time window
of IV t-PA. ECASS- II (n=800, 6-hour window), the Alteplase Thrombolysis for Acute Noninterventional Therapy in Ischemic
Stroke (ATLANTIS) part A (n=142, 6-hour window) and part B (n=613, 5-hour window) reported no beneficial effects or early
terminated due to harm [62-64]. A pooled analysis of 2775 patients included in NINDS (I and II), ECASS (I and II) and
ATLANTIS (A and B) demonstrated that IV t-PA the OR for good outcome was greatest when the treatment was initiated within
90 min of symptom onset (OR=2.8; 95% CI: 1.8-4.5 ), but benefit was remain found up to 270 min (0-90 min, OR=2.8, 95% CI:
1.8-4.5; 91-180 min, OR=1.55, 95% CI: 1.14-2.42; 181-270 min, OR=1.4, 95% CI: 1.05-1.85) [65]. The Safe Implementation of
Thrombolysis in Stroke Monitoring Study (SITS MOST) investigated the safety of IV t-PA among 6483 stroke patients treated in
the community. Data from this study showed 1.7% of 24-hour sICH using the SITS MOST definition (parenchymal hematoma 2
with NTHSS >4 or death), 7.3% of 7-day sICH based on the Cochrane definition (hemorrhage with any neurological deterioration
or death in 7 days), and 11.3% of mortality [66]. ECASS-was a randomized placebo-controlled trial in patients of AIS treated
with IV t-PA during 3 to 4.5 hours after stroke onset [67], and showed a favorable clinical outcomes (OR=1.34; 95% CI: 1.02-1.76;
P=0.04) and relatively low rate of sICH (IV t-PA versus placebo: 2.4% vs 0.2%). Despite this, the FDA has not authorized IV t-PA
for the extended time window. It is worth noting that, patients of potential high risk of SICH were excluded in this study, including
patients over the age of 80 years, with NIHSS >25, taking anticoagulants, with both diabetes and prior stroke, or imaging with
over one third of the territory of the middle cerebral artery (MCA) involved. Echoplanar Imaging Thrombolytic Evaluation Trial
(EPITHET) was another randomized controlled-placebo trial aimed to expand the time window up to 6 hours using diffusion-
weights imaging (DWI)/ perfusion-weights imaging (PWI) mismatch [68], in which 101 patients were randomized assigned
to alteplase (n=52) and placebo (n=49). Results showed that alteplase was significantly associated with increased reperfusion
(P=0.001), which was correlated with improved clinical outcomes, but not associated with attenuated infarction growth (OR=0.69;
95% CI: 0.38-1.28; P=0.239).

However, a post hoc case-control study, which pooled patients data from the EPITHET and the Diffusion and Perfusion Imaging
Evaluation for Understanding Stroke Evolution Study (DEFUSE) showed that alteplase was significantly associated with lower
infarct growth and increase reperfusion versus placebo in the time window of 3 to 6 hours in the patients with DWI-PWI mismatch
[69,70].

The Third International Stroke Trial (IST-3)-including 3035 patients randomized allocated to alteplase or placebo-was designed
to examine to the benefits and harms among a wider range of patients (including the patients age over 80 years) of the treatment
of IV t-PA within 6 hours after stroke onset [71]. The primary outcome was mortality or independency of enrolled patients at 6
months based on Oxford Handicap Score (OHS). IV t-PA showed no superior to placebo in 6-month independency (01 OHST 2)
and survival (adjusted OR=1.13; 95% CI: 0.95-1.35; P=0.181), but was significantly associated with fatal or non-fatal sSICH within
7 days (adjusted OR=6.94; 95% CI: 4.07-11.8; P<0.0001), or death within 7 days (adjusted OR=1.60; 95% CI: 1.22-2.08; P=0.001).
A separate study, which followed up the participants of IST-3 for 18 months, showed that the difference of mortality at the end of
follow-up between alteplase and placebo was insignificant (P=0.85), but the differences in the proportion of patients with OHS of
0-2 (adjusted OR=1.28; 95% CI: 1.03-1.57; P=0.024) and overall self-reported health based on the EuroQol instrument (P=0.019)
were significantly [72]. Both of the trials reported a favorable shift in the distribution of OHS grades with adjusted common OR of
1.27 (95% CI: 1.10-1.47; P=0.001) at 6 months and 1.30 (95% CI: 1.10-1.55; P=0.002) at 18 months [72].

A pooled analysis inclusive of patients from NINDS (I and II'), ECASS (1,1l and I), ATLANTIS and EPITHET further
reinforced the time-dependent benefits of IV t-PA up to 4.5 hours (0-90 min, OR=2.55, 95% CI: 1.44-4.52; 91-180 min, OR=1.64,
95% CI: 1.12-2.40; 181-270 min, OR=1.34, 95% CI: 1.06-1.68) [73]. Conclusion of this study was in line with those of the previous
two meta-analyses published in the year of 2004 and 2009, respectively [65,74], the later analyzed 1622 patients included only in
ECASS I,II and IIl, and ATLANTIS. Although it is recommended the routine use of alteplase within 4.5 hours after stroke onset
in patients of AIS in Europe, Australia and Japan [75-77], the FDA still approves the use of alteplase in the time window of only
3 hours [78]. A meta-analysis published in 2014 reviewed 27 randomized trials, involving 10187 patients either treated with any
thrombolytic agents or placebo, to explore safety and efficacy of thrombolytic therapy [79]. Pooled analysis of individual trials
exploring I'V t-PA versus placebo showed a significant reduction in death or dependency with treatment up to 6 hours (OR=0.84;
95% CI; 0.77-0.93; P=0.0006; 8 trials, 6729 participants ); treatment within 3 hours was more beneficial (OR=0.65; 95% CI: 0.54-
0.80; P<0.0001; 6 trials, 1779 participants). Once again, the time-dependent beneficial effects of IV t-PA administrated within 4.5
hours after stroke onset were further reinforced in a pre-specified meta-analysis of 6756 patient data from nine randomized [80].

Complications of IV t-PA

A lot of clinical trials have demonstrated IV t-PA was significantly associated with the increased rate of sSICH. Results from a
latest meta-analysis showed that alteplase significantly increased the odds of sSICH versus placebo (OR=5.55; 95% CI: 4.01-7.70;
P<0.0001) [80]. Independent high risk factors of sSICH include elderly patients, patients with hypertension, diabetes mellitus, high
baseline NTHSS score, long onset and thrombolysis time, atrial fibrillation, low level of fibrinolytic enzyme inhibitors, or signs of
early infarct demarcation on CT /MRI [81,82]. For stroke patients with atrial fibrillation, anticoagulation agents, such as Warfarin,
should be taken 24 h after IV t-PA.
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Limitations of IV t-PA

The major limitation of IV t-PA is the narrow treatment time window, which has been considered to be the main cause of consistent
low rate utilization of this therapy [83]. Survey showed that only 3% to 7% stroke patients were treated with IV t-PA [84,85].
Poor public awareness of stroke signs and symptoms, late hospital arrival of patients and limited facilities and access to acute
neuroimaging make patients miss the time window [86]. Additionally, relatively low recanalization rates in patients with proximal
vessels occlusions also restrict the use of IV t-PA. It has been showed that the recanalization rates in internal carotid artery (ICA),
M1 or M2 segment of MCA and basilar artery (BA) are as low as 6%, 30%and 30%, respectively [86-89]. Furthermore, the rates of
timely recanalization in patients with initial severe stroke rated by NIHSS score and thrombus lengths over 8mm are unsatisfying
[90,91].

AIS Therapy 3.0: the Endovascular Therapy Era

Intra-artery Pharmacological Thrombolysis

The evolution of EVT for AIS initiated with intra-artery pharmacological thrombolysis (IAT), effects of which were demonstrated
in the Prolyse in Acute Cerebral Thromboembolism II (PROACT 11I) and the International Management of Stroke I1(IMS
II) trials [92,93]. The PROACT I randomly assigned 180 patients within 6 hours of onset of large MCA occlusion either to
intra-arterial recombinant pro-urokinase (r-pro UK) or intra-venous heparin, and showed significantly increased rate of partial
or complete recanalization (T1M1 2-3) (P<0.001) and improvement in functional outcomes (modified Rankin Score, mRSt
2) (P=0.04)in the r-pro UK group at 90 days [92]. The IMS II, a single-arm, historical control study, examined the effects and
safety of low dose intravenous t-PA (0.6 mg/kg) and intra-arterial t-PA (up to 22 mg) delivered via a microcatheter navigated by a
microwire to the occlusion site among 81 patients within 3 hours from symptom onset. The rate of recanalization (T1M1 2-3) was
60% and the proportion of patients with mRST 2 at 90 days was 46% in this study, which was 39% in the NINDS IV t-PA group.
Although high rate of sSICH (9.9%) was reported, it was low mortality at 90 days (16%) [93]. Similar results were demonstrated
in a meta-analysis involving 395 patients data from five individual trials published in Stroke in 2010 [94]. Local IAT appears to
provide an economical approach when the occlusion happens in distal artery, endovascular access is difficult, or the diameter of
the vertebral or carotid artery is short, but the therapy has been widely substituted by the mechanical retrieval of thromboembolus
due to long recanalization time, high rate of SICH and low rate of recanalization in proximal vessels [95].

Mechanical Thromboectomy Devices

As the first generation mechanical retriever devices, the MERCI retriever (Stryker Neurovascular, Mountain View, CA, USA) and
Penumbra Stroke System (Penumbra, Alameda, CA, USA) were approved by the FDA for mechanical thrombectomy within 8
hours after stroke onset in 2004 and 2007. The FDA’s decision was based on the high rate of recanalization in large vessels occlusion
of AIS using these devices rather than on the efficacy in improving functional outcomes. The Mechanical Embolus Removal in
Cerebral Ischemia (MERCI) and multi-MERCI studies, which assessed the safety and efficacy of the MERCI device [96,97], showed
arevascularization rate of 48% and 55% after thrombectomy alone; this increased to 60% and 68% with the use of adjunctive intra-
arterial thrombolytics, respectively. The Penumbra System utilizes mechanical clot separators coupled with aspiration from a
reperfusion catheter and works proximally to the thrombus versus the MERCI devices [98]. The Penumbra Stroke Trial-designed
to examine the safety and efficacy of the Penumbra System-reported recanalization and good clinical outcomes (mRST 2) were
obtained in 82% and 25% of all the patients [99]. However, no significant difference in the rate of favorable clinical outcome
was identified compared to the PROACT II control arm. The delayed time of treatment of the patients may be the cause of the
disappointing improvement in functional outcome.

Mechanical Stent Retrievers Devices

Two stent retrievers devices, Solitare (Covidien/ev3, Dublin, Ireland) and Trevo (Stryker Neurovascular, Mountain View, CA,
USA), were approved by the FDA in 2012 for treatment of AIS caused by large vessel occlusions (LVO). Solitare and Trevo are
superior to the first generation mechanical devices for two reasons: first, they can entrap and displace thrombus against the vessels
wall, allowing immediate restoration of blood flow without the clot removed; additionally, these devices engage the thrombotic
material in multiple sites, even in small peripheral vessel branches [100]. Two multicenter prospective RCTs comparing Solitare
and Merci (the Solitaire with Intention for Thrombectomy, SWIFT study) and comparing Trevo and Merci (Trevo-2 study) have
showed superiority to the Merci retriever devices [101,102]. In SWIFT study, both recanalization rates of TIMI 2 or greater (89%
versus 67%) and 3-month functional outcomes assessed by mRS 0-2 (36% versus 29%) were better in the Solitaire group compared
to the control group [101]. Similar results were acquired in Trevo-2 trial (reperfusion rate of 86% versus 60%; 3-month clinical
outcomes of 40% versus 22%) [102]. Because of the advantages of higher arterial recanalization rate and shorter procedure times,
stent retriever devices have become the mainstream.

Negative Results of Randomized Controlled Trials
In 2013, three RCTs comparing EVT with or without IV t-PA versus IV t-PA for AIS failed to show any beneficial functional
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outcomes. These trials are the International Management of Stroke IIl (IMS-1III) [103], the Mechanical Retrieval and Recanalization
of Stroke Clots Using Embolectomy (MR RESCUE) and the Synthesis Expansion: A Randomized controlled Trial on Intra-Arterial
Versus Intra-venous Thrombolysis in Acute Ischemic Stroke (SYNTHSIS Expansion) studies [104-105]. The IMS III study
compared IV t-PA alone with combined IV t-PA and EVT, either IAT or mechanical endovascular techniques approved by the
FDA. The study was early terminated after inclusion of 656 within 3 hours after symptom onset of an intended 900 patients owing
to nonsignificant difference of preliminary results at 3 months (mRS 0-2 in 40.8% in EV'T group versus 38.7% in the IV t-PA group,
P=0.25) [103]. The MR RESCUE trial comparing standard medical care with EVT using Merci or Penumbra devices included
118 patients within 8 hours after stroke onset, 69% (TICI 2a 3) of which achieved recanalization. No difference was identified in
mean score of mRS between two groups (3.9 versus 3.9; P=0.99) [104]. In the SYNTHSIS Expansion trial, 362 patients within 4.5
hours after the onset of stroke randomly assigned IV t-PA group or EVT group (mechanical clot disruption or retriever, IAT, or a
combination). This study remains the only one which, up to now, compared the IV t-PA alone with EVT alone. The proportion of
disability-free survival at 3 months (mRS of 01) were similar between two groups (30.4% in EVT group versus 34.8% in IV t-PA
group, P=0.16). The occurrence rates of sSICH were 6% in both groups (P=0.99). No effectiveness were found in these three studies
partly due to the limitations of the trials: delayed initiation of treatment, no requirement on the presence of LVO (only the IMS-1II
study selected patients based on the CT angiographic evidence), the majority of patients treated by EVT using the first-generation
mechanical retriever devices, and constantly changes in stroke care owing to long duration of patients inclusion [105-108].

Positive Results of Randomized Controlled Trials

In 2015, five published trials and two conference proceeding articles, assessing the safety and efficacy of the EVT without or with IV
t-PA comparing with IV t-PA, presented positive results and revolutionized the endovascular therapy. They are the Endovascular
treatment for acute ischemic stroke in the Netherlands (MR CLEAN) [109], the Endovascular Treatment for Small Core and
Proximal Occlusion Ischemic Stroke (ESCAPE) [110], the Extending the Time for Thrombolysis in Emergency Neurological
Deficits-Intra-Arterial (EXTEND-IA) [111], Solitaire With the Intention For Thrombectomy as PRIMary Endovascular Treatment
(SWIFT-PRIME) [112], the Endovascular Revascularization With Solitaire Device Versus Best Medical Therapy in Anterior
Circulation Stroke Within 8 Hours (REVASCAT) [113], and the Assess the Penumbra System in the Treatment of Acute Stroke
(THERAPY) and the Trial and Cost Effectiveness Evaluation of Intra-arterial Thrombectomy in Acute Ischemic Stroke (THRACE)
[114,115]. These trials are multicenter RCTs and have several characteristics in common on the design methods: radiological
confirmation of LVO based on CTA or MRA; 3-months clinical outcomes assessed by mRS 0-2; only focus on occlusion involving
the anterior circulation (the THRACE trial also included patients with occlusion in the posterior circulation); high rate of stent
retriever devices use (more than 86% of overall average use rate among these seven trials). Subgroups analysis of a latest meta-
analysis of these seven RCTs, comparing EVT versus medical care (IV t-PA) alone for AIS, showed the pooled risk ratio for
these seven trials was 1.56, with 95% CI 1.38 to 1.75 for the proportion of patients with mRS 0-2 at 3 months (P<0.001), without
increased mortality at 3 months (P=0.16) [116].

In general, results and recommendations from four published systematic reviews of RCTs evaluating the efficacy and safety of EVT
for AIS consistently demonstrated that EVT, especially thrombectomy using stent retrievers, as an adjunctive treatment to IV t-PA
is associated with the increased likelihood of favourable functional outcomes at 3 months after AIS caused by occlusion of anterior
large vessels, without increased adverse impacts versus IV t-PA alone [116-119].

Complications of EVT

The rate of SICH of EVT with or without IV t-PA is equivalent to IV t-PA alone [120]. However, the risk of procedure-related
complications is of particular concern in mechanical thrombectomy, mainly including hemorrhage, perforation of artery, rapture of
vessel wall and contrast media extravasation [121,122]. In addition, attentions should be paid to the risk of embolic complications,
which could affect the blood supply to the infarction area, reduce the salvable brain tissue, and result in additional ischemic lesions
[123].

Limitations of EVT

Endovascular therapy appears to have expanded the therapeutic window up to 6 hours after stroke onset for stroke patients with
LVO in the anterior circulation according to recent recommendations (class I a, lever A evidence) [124,125]. Nevertheless, the
efficacy and safety of EVT among stroke patients caused by occlusion in posterior circulation remain uncertain due to the lack of
RCTs regarding basilar artery occlusion (BAO). The Basilar Artery International Cooperation Study (BASICS) registry, evaluating
one-month functional outcomes after treatment of EVT, IV t-PA or antithrombotic therapy alone, showed that outcomes are
similar in patients with mild or moderate deficits among three groups, but severity patients treated with EVT or IV t-PA gained
significant benefits comparing to those treated by conservative therapy alone, and no significant difference was identified between
EVT and IV t-PA [126]. More RCTs are needed to examine the effects of EVT among patients with BAO [127]. Additionally, the
implementation of EVT necessitates a patient-centred multidisciplinary organization in which all those involved (neurologists,
diagnostic and interventional neuroradiologists, anesthetists) are available and can take immediate action [128].
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Conclusion

The treatment of acute ischemic stroke has been the subject of numerous researches during the past several decades consisting
of diverse care managements, medical and surgical approaches. Organized stroke unit care, intravenous thrombolysis with tissue
plasminogen activator and endovascular mechanical thrombectomy have been confirmed to be highly effective therapies of AIS
up to date. If conditions permit, all the stroke patients, regarding of age, sex, severity of stroke and time of admission should be
cared in an organized stroke unit. One of main challenges of reperfusion therapies is how to safely extend the therapeutic window
and allow as many patients as possible to benefit from the therapies. Approaches to shorten the treatment time of intravenous
thrombolysis can also be implemented in endovascular treatments. It is crucial to improve of patient selection for intravenous
thrombolysis or endovascular therapy. Endovascular mechanical thrombectomy and recanalization strategies are only effective
and rapid when conducted in stroke patients with proximal large vessels occlusion, where intravenous thrombolysis is less
effective. They can be applied as an adjunctive to the intravenous thrombolysis to increase the likelihood of revascularization.
Studies investigating the optimal time window, the effects among stroke patients with the posterior circulation occlusion or old
populations, and costs of adjunctive endovascular mechanical thrombectomy are anticipated before its application to clinical
treatment. Currently, it is not only an exciting time, but also a critical moment for neurologists or neuroradiologists to make
comprehensive consideration and cautious determinate what acute ischemic stroke intervention is the best option for individual
patients of acute stroke to slow the ischemic cascade and improve clinical functional outcomes.
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