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Introduction

With the aging of the population, stroke has become a major 
killer threatening human life, in which ischemic stroke accounts 
for 60%-80%, while the mortality of patients with acute ischem-
ic stroke within one year is as high as 10%, and the disability 
rate is as high as 20% ~ 25% [3]. Among the patients with is-
chemic stroke, 28%-46% [4] belong to acute severe ischemic 
stroke. Patients with acute CT-confirmed ischemic stroke were 
classified as either mild or severe according to National Insti-
tutes of Health Stroke Scale (NIHSS) score and clinical symp-
toms (e.g., presence of binocular gaze, tongue extension to one 
side, facial paresis, and tetraplegia). Patients with acute mild 
ischemic stroke with significant disabling deficits (e.g., aphasia 
or hemiparesis) are treated with thrombolysis, [5] and patients 
with acute mild ischemic stroke without disabling deficits are 
treated with short-term dual antiplatelet therapy [6]. Patients 
with severe acute ischemic stroke are treated with endovascular 
intervention.

Acute mild ischemic stroke

The definition of acute mild ischemic stroke: [7] It is the 
sudden focal mild neurological deficits and neurological dys-

function caused by vascular causes are caused by ischemic in-
farction associated with imaging and clinical symptoms, rather 
than cerebral hemorrhage detected by imaging. However, specif-
ic quantifiers are not standardized and are usually based on the 
NIHSS, which requires a score ≤1 [8] each or utilizes certain lim-
itations, primarily NIHSS ≤6 [9]. It is difficult to distinguish acute 
mild ischemic stroke from transient ischemic attack. The funda-
mental difference between the two definitions is whether there 
is focal ischemic focus in brain tissue. Early local lesions may not 
have been found by imaging examination, or the location of local 
lesions has little impact on the patient’s physical function, so it 
is sometimes difficult to distinguish the two, but the treatment 
measures are basically the same.

Two treatments: Currently, there are two controversial 
treatments for acute mild ischemic stroke. One is intravenous 
thrombolysis, and a pooled analysis of nine trials showed that in 
patients with significant disabling impairments such as aphasia 
or hemiplegia, the chance of good functional outcomes after 3 
months of thrombolysis increased by nearly 10% [10,11]. There-
fore, current guidelines still recommend thrombolysis only for 
mild stroke patients with significant disabling symptoms. The 
other is dual-antibody therapy, [12] IST-3 found evidence that 
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thrombolysis was beneficial for patients presenting within 6 
hours of stroke symptoms, but this benefit increased with NIHSS, 
whereas for patients with mild stroke symptoms patients were 
less beneficial. Therefore, dual antiplatelet secondary prophy-
laxis is used for minor stroke and TIA-treated patients without 
disabling symptoms. However, both treatments have advantages 
and disadvantages. The PRISMS trial, a randomized controlled 
trial (RCT), suggested that in patients with low NIHSS and no 
disabling deficits, rtPA may provide no benefit and may increase 
the risk of symptomatic intracranial hemorrhage [9]. Because 
symptoms of the posterior circulation (eg, dizziness, gait imbal-
ance) are underrepresented in the NIHSS, strokes in this region 
are more likely to be defined as “minor” when using the NIHSS 
score. If the patient is not treated with thrombolytic therapy, but 
only dual-antibody therapy may be given to the patient, which 
may delay the patient’s condition. Advanced imaging techniques 
may help to better assess the risk-benefit ratio of thrombolytic 
therapy in mildly symptomatic acute ischemic stroke patients. 
Further trial results on this topic are expected shortly.

Thrombolytic drugs: First generation thrombolytic 
drugs: urokinase (UK), streptokinase (SK); Second generation 
thrombolytic drugs: rt-PA, Pro-UK; Third generation thrombo-
lytic drugs: r-PA, TNK-tPA. The first generation of thrombolyt-
ic agents belong to non-specific plasminogen activators, which 
can induce many inactive plasminogen to change into active 
plasminogen after injection into blood vessels. A large amount 
of plasmin can not only degrade fibrin in thrombus, but also 
fibrinogen and coagulation factors in blood [13]. α2-antiplas-
min cannot completely antagonize the large amount of plasmin 
produced, so the risk of bleeding is high. The second and third 
generation thrombolytic agents belong to specific plasminogen 
activators. After being injected into blood vessels, they can only 
activate plasminogen into plasmin after binding with fibrin in 
thrombus. So, it can specifically degrade fibrin in thrombus. A 
small amount of plasmin degrades fibrinogen and coagulation 
factors in the blood, which will also be α 2-antiplasmin antago-
nism, so the risk of bleeding is small.

Indications for thrombolytic drugs: 1) The age must be 
greater than or equal to 18 years. 2) The time from the onset of 
first symptoms to the administration of the drug, usually within 
3-4.5 hours for the application of alteplase, and within 6 hours 
for the application of urokinase thrombolysis. 3) The patient 
must be a patient with ischemic stroke with CT exclusion of cere-
bral hemorrhage. 4) The patient or family must sign an informed 
consent form.

Complications and treatment measures after thrombolytic 
drugs

Allergy: [14] usually mild, which can be manifested by skin 
rash, urticaria, bronchospasm, angiogenic edema, hypotension, 
shock and other symptoms related to allergic reactions. Treat-
ment methods: 1) Once severe allergy is found, stop thrombo-
lytic drugs immediately and monitor vital signs. 2) Mild cases 

were treated with steroids and antihistamines; In severe cases, 
adrenal hormone shall be used and tracheal intubation shall be 
conducted if necessary, and rescue team shall be started.

Vessel reocclusion: [15] acute ischemic stroke is a common 
complication of thrombolytic therapy, which is related to the de-
terioration of clinical symptoms. Early reocclusion predicts poor 
long-term prognosis. It may be related to the activation and ag-
gregation of exposed platelets of lipid core after thrombolysis or 
vascular endothelial injury, inadequate use of antiplatelet drugs 
during perioperative period or resistance to antiplatelet drugs. 
Treatment methods: the treatment measures for re occlusion 
of blood vessels within 24 hours include arterial thrombecto-
my, early antiplatelet, early anticoagulation and combined an-
tithrombotic therapy. The 2014 edition of the Chinese expert 
consensus on intravascular treatment of acute ischemic stroke 
points out that thrombolysis combined with antiplatelet therapy 
may reduce the occurrence of re occlusion; Combined applica-
tion of GP IIb / IIIa inhibitors can reduce the incidence of reoc-
clusion and treat reocclusion.

Systemic hemorrhage: [16] systemic hemorrhage is an-
other potential complication after thrombolysis. Patients with 
recent large-scale surgery may have a higher risk of systemic 
hemorrhage. The common bleeding sites in clinic include gastro-
intestinal tract, urogenital tract, subcutaneous, retroperitoneal 
and epistaxis. Treatment methods: 1) Stop rt-PA immediately, 
detect PT, APTT, fibrinogen, whole blood count and blood match-
ing. 2) Appropriate supportive therapy: monitoring blood pres-
sure, rehydration, blood transfusion and improving circulation. 
3) Antifibrinolytic therapy: tranexamic acid, if fibrinogen is too 
low (<1 g / L), can be given cold cryoprecipitate.

Acute severe ischemic stroke

Discussion on the definition of acute severe ischemic 
stroke: Acute severe ischemic stroke can be defined according 
to the comprehensive analysis of clinical symptoms, NIHSS score 
and auxiliary examination. 1) Severe clinical symptoms. The pa-
tient has coma, disappearance of eye reflex to light, double eye 
gaze, limb muscle strength grade 1-2, etc. Most studies show 
that the NIHSS score of this kind of ischemic stroke is ≥ 8 ~ 10 
[17]. 2) The load of thrombus was large, and the opening rate of 
intravenous thrombolysis was low. For example, the reopening 
rate of middle cerebral artery occlusion is 30%, the internal ca-
rotid artery terminal is only about 6%, and the basilar artery is 
30% [18]. When the thrombus length is ≥ 8mm, the reopening 
rate of intravenous thrombolysis is less than 1% [19]. 3) The le-
sion is large in size. The ischemic core area can be seen through 
CT imaging examination, but the size of the ischemic core area 
is not specified as severe, which needs to be judged in combi-
nation with physical signs. The above three points are the key 
points and difficulties in the treatment of acute ischemic stroke. 
Patients with acute ischemic stroke who meet the above three 
points should be classified as acute severe ischemic stroke.
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Endovascular therapy

Arterial thrombolysis: There are several potential advan-
tages of intra-arterial thrombolysis, including angiographic eval-
uation of thrombus, obstruction and collateral circulation sites, 
improvement of recanalization, provision of local concentration 
of higher concentration thrombolytic agents, and prolongation 
of treatment time. Intra-arterial thrombolysis has great hope 
[20]. Patients with middle cerebral artery occlusion with NIHSS 
score of 16 were treated with intra-arterial thrombolysis within 
3h. The average time to start treatment was 106 minutes (range: 
10-180 minutes). During the follow-up of 1-3 months, 66% of 
the treated patients had a modified Rankine scale (mRS) score of 
2 or less, a recanalization rate of 77%, a symptomatic intracra-
nial hemorrhage rate of 11%, and a mortality rate of 23% [21]. 
Arterial thrombolysis is still unable to overcome the shortcom-
ings of narrow time window, low recanalization rate and poor 
prognosis. It is generally not used alone in clinical practice.

Stent-retriever thrombectomy: In 2015, the results of four 
prospective trials [22-25] showed that endovascular therapy 
(EVT) was beneficial to some acute severe ischemic stroke pa-
tients, and then EVT became the standard treatment. The time 
window of intravascular interventional therapy < 4.5h, so re-
searchers from the Netherlands conducted a multicenter rand-
omized clinical trial of endovascular treatment of acute ischemic 
stroke (MR CLEAN) [26]. This study shows that intra-arterial 
treatment within 6 hours is safe and effective for patients with 
acute ischemic stroke caused by anterior circulation intracrani-
al artery occlusion. In the 6h treatment window, patients with 
stent thrombectomy and reperfusion had a high rate, low mor-
tality, and a good prognosis at 90 days. Saver et al. [27] random-
ly divided the patients with proximal occlusion of intracranial 
vessels into a control group only receiving intravenous throm-
bolysis and an intervention group receiving stent thrombectomy 
within 6 hours of onset. The reperfusion rate in the interven-
tion group was 88%. Both the final control group and the inter-
vention group reduced the disability degree of patients after 90 
days, but the mRS score (0[asymptomatic] to 6[death]) of the 
intervention group was lower than that of the control group. The 
results showed that patients with intracranial proximal large 
vessel occlusion who received stent thrombectomy within the 
6h treatment window could greatly reduce the mortality and 
disability degree of patients. Stent thrombectomy has become a 
class IA indication for patients with acute severe ischemic stroke 
symptoms [28]. The interventional thrombolytic therapy win-
dow is a time set by retrospective analysis of previous throm-
bolytic patients and comparison of the survival value of patients 
at various time periods after thrombolytic therapy. However, 
the situation of each person is different. For adult patients with 
acute ischemic stroke caused by occlusion of large vessels of the 
anterior circulation more than 6 hours after onset, mechanical 
thrombectomy is combined with optimal medical management, 
is it possible to improve functional outcomes more than medica-
tion alone? [29]. The DEFUSE-3 study, and the dawn study con-

ducted clinical trials under their established inclusion criteria. 
Screening criteria for patients in the DEFUSE-3 study: CTA or 
MRA at 6-16 hours after onset confirmed that the extracranial or 
intracranial segment of the carotid artery or the proximal end of 
the middle cerebral artery was occluded, with small infarct core 
and large ischemic penumbra (CTP / DWI and MRP assessment: 
infarct core volume ≥ 70 ml, ischemic tissue / infarct volume ≥ 
1.8, and ischemic penumbra volume ≥ 15 ml). Screening criteria 
for patients in dawn study: CTA or MRA confirmed occlusion of 
intracranial segment of internal carotid artery or M1 segment of 
middle cerebral artery or two segments at the same time with-
in 6-24 hours after onset does not match the severity of clinical 
symptoms and infarct volume (the judgment of infarct volume 
is based on magnetic resonance DWI or CT perfusion, and the 
rapid software is used for automatic calculation), age ≥ 18 years, 
and pre-stroke mRS 0-1 point. The results showed that the on-
set time of acute ischemic stroke caused by anterior circulation 
large vessel occlusion was 6-24 hours, and it met the screening 
criteria of patients in DEFUSE-3 or dawn study. It was recom-
mended to adopt mechanical thrombectomy combined with the 
best medical management, rather than the best medical manage-
ment, to improve the functional prognosis (quality of evidence: 
medium + + +; recommendation level: strong ↑). Nogueira et al. 
[30] included 206 patients whose clinical symptoms were incon-
sistent with imaging findings. 107 patients who received stent 
thrombectomy within 6-24 hours after the onset of the disease 
constituted the experimental group, and the other 99 patients 
who received conservative treatment constituted the control 
group. The 90-day mRS score of the experimental group was 5.5, 
while that of the control group was 3.4. There was no difference 
in the rate of intracranial hemorrhage and mortality after 90 
days between the two groups. The results showed that the effect 
of interventional therapy for stroke patients beyond the treat-
ment window was better than that of conservative therapy only. 
Because stent thrombectomy has the advantages of high vascu-
lar recanalization rate, good 90-day prognosis and wide treat-
ment window, it has become the first choice for the treatment of 
acute severe ischemic stroke.

Contact thrombus aspiration: Contact thrombus aspira-
tion is increasingly accepted in the treatment of intravascular 
stroke. Gory et al. [31] in a prospective single center series of 
20 patients with large vessel occlusive stroke, we retrospectively 
evaluated the safety and effectiveness of arc intracranial cathe-
ter for first line contact aspiration. The median NIHSS score of 
20 patients with large vessel occlusion was 15 at admission, and 
12 patients (60%) had been treated with intravenous thrombol-
ysis before. Proximal occlusion was in the anterior circulation in 
16 patients (80%). In a median time of 26 minutes, primary in-
halation was successful in 10 (67%) of 15 patients. In a median 
time of 31 minutes, 16 patients (80%) achieved overall success-
ful reperfusion. The median discharge score of patients with suc-
cessful reperfusion was 2.5. Six (35%) of the 17 patients were 
independent and six (35%) died within 90 days. Symptomatic 
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cerebral hemorrhage occurred in 5% of the patients. Kim et al. 
[32] retrospectively analyzed 189 stroke patients who under-
went contact thrombus aspiration. Among them, doctors used 
penumbra thrombectomy system to remove thrombi for 90 pa-
tients, and Sofia catheter to remove thrombi for 99 patients. The 
success rate of reperfusion was 94.4% vs 92.9%, p=0.656; Sofia 
group achieved more first pass effect (20.0% vs 39.4%, p=0.004). 
The clinical results showed no significant difference in mortality 
(11.1% vs 6.1%, p=0.213). Thrombus aspiration technology has 
the advantages of high vascular recanalization rate, low postop-
erative complications and good 90-day prognosis. BGC catheter 
can block the proximal blood flow and reduce the risk of distal 
occlusion caused by small emboli broken during thrombectomy. 
Kang et al. [33] retrospectively analyzed 429 patients (mean age 
over 68.4 years; m/f ratio 215:214). BGC was used in 45.2% of 
patients. Compared with the non BGC group, the BGC group had 
less distal or different site embolization (0.5% vs. 3.4%). Accord-
ing to many retrospective analyses, contact thrombus aspiration 
can be used as the first-line treatment for acute intracranial large 
vessel occlusion. In order to improve its distal navigability and 
further reduce the risk of mortality and bleeding complications, 
it is worth conducting a large-scale prospective study.

TRAP technology: TRAP technology is the combination of 
thrombectomy and aspiration. The principle is that BGC blocks 
the proximal blood flow, the middle catheter is pumped, and the 
distal stent is pulled. The therapeutic effect of multiple acute se-
vere ischemic stroke patients has also been affirmed in clinical 
work. A retrospective analysis of 353 patients, including 215 
patients in the stenting group, 32 patients in the thrombus aspi-
ration group and 106 patients in the combined stent aspiration 
group. There was no significant difference in age and admission 
rate between groups. The successful recanalization rate was 
35.8% in the stent pulling group, 34.4% in the thrombus aspi-
ration group and 55.7% in the stent combined with thrombus 
aspiration group. Compared with these technologies, the com-
bination of stent and catheter can improve the single success-
ful recanalization rate [34]. In addition to this, there are also 
high-quality randomized controlled trials of ASTER 2 studies 
supporting the TRAP technique [35].

Bridge therapy: The treatment was a combination of Me-
chanical thrombectomy (MT) and intravenous thrombolysis 
(IVT) [36]. The aim of the THRACE trial was to compare the clini-
cal prognosis of intravenous therapy alone and bridging therapy 
in 414 patients with moderate to severe stroke due to large ar-
tery occlusion enrolled from 26 centers in France and randomly 
assigned during rt-PA reperfusion therapy. The results showed 
that the proportion of patients with a good 3-month prognosis 
(mRS score 0 to 2) was significantly higher in the IVT+MT group 
than in the IVT alone group, but the incidence of sICH at 24 h 
and 3 months was not significantly different between the two 
groups.

Complications and treatment measures after endovascular 
therapy

Ischemia-reperfusion injury: [37] The substances in-
volved in ischemia/reperfusion injury include white blood cells, 
Ca2+and free radicals [38]. During ischemia, the blood flow 
slows down, resulting in white blood cells more easily contact-
ing the blood vessel wall, thus crossing the blood vessel wall and 
entering the brain tissue, causing immune response [39]. In the 
ischemic environment of brain cells, the transport rate of sodi-
um and potassium pump on the cell membrane decreases, caus-
ing the reverse work of sodium and calcium transporters, thus 
overloading the intracellular calcium ions. These mechanisms 
are the main mechanisms of cell injury during ischemia, but the 
opening of blood vessels can also cause brain cell injury when 
blood is left in ischemic brain tissue [40]. During blood reper-
fusion, damaged cells will produce many reactive oxygen free 
radicals, which will cause damage to brain cells.

Hemorrhagic transformation: [41] When the occlud-
ed blood vessel is reopened, the reperfusion blood can exude 
through the damaged blood vessel wall. For the transformation 
of symptomatic hemorrhage, antithrombotic therapy and other 
bleeding drugs should be stopped and CT, Pt and APTT should 
be performed. The general antithrombotic therapy for asympto-
matic bleeding can be continued.

Malignant brain edema: [42] Definition: 1. At least 50% of 
the blood supply areas of the middle cerebral artery have low 
density changes with disappearance of the sulcus and gyrus and 
compression of the lateral ventricle; 2. Midline structures such 
as septum pellucidum or pineal gland are displaced ≥ 5mm, ac-
companied by disappearance of basal cistern. Once malignant 
brain edema occurs, the mortality rate is as high as 80%, so we 
should strictly grasp the indications for thrombectomy, optimize 
the stroke treatment process, open blood vessels faster and op-
erate fewer times, which are important preventive measures for 
malignant brain edema.

Piercing damage: In the process of endovascular mechan-
ical opening, improper operation of catheters, guidewires, bal-
loons, stents and other endovascular treatment devices may 
lead to vascular perforation; Secondly, intravascular treatment 
devices are easy to cause vasospasm during intravascular oper-
ation, and the occurrence of vasospasm will further increase the 
risk of vascular perforation. Once vascular perforation occurs, 
intracranial hemorrhage occurs. The blood pressure of patients 
should be strictly controlled so as not to be too high, but at the 
same time, cerebral tissue hypoperfusion should be prevented. 
Heparin is generally used during the treatment of intravascular 
opening. Heparin should be stopped immediately after vascular 
perforation and protamine should be used to neutralize the anti-
coagulant effect of heparin. For those who use antiplatelet drugs 
during operation, the transfusion of antiplatelet drugs should be 
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stopped immediately. If necessary, platelet transfusion can help 
to reverse the antiplatelet effect. For the vascular perforation 
complications that cannot be effectively stopped by conserv-
ative drug treatment, it is also an effective hemostatic method 
to use balloon low-pressure continuous expansion to compress 
the bleeding point. However, long-term compression of the per-
forated blood vessels is likely to lead to the occurrence of distal 
ischemia. Covered stent implantation can also achieve hemo-

static effect by blocking the perforation of the bleeding artery. 
Stent implantation can easily lead to thrombosis in the stent and 
occlusion of the perforating artery. For the vascular perforation 
with small internal diameter that is not suitable for balloon or 
stent implantation treatment, it is also an important method to 
quickly occlude the perforated vessels by embolizing the perfo-
rated vessels with materials such as spring coils, gel sponges and 
thrombin (Figure 1 & 2).

Figure 1: Timeline of AIS Therapy. Schedule of high quality RCT studies of thrombolytic drugs and endovascular interventions.

Figure 2: Mechanism of action of thrombolytic drugs. Non-specific thrombolytic drugs (SK, UK) enter the blood and directly activate inactive 
fibrinolytic zymogens into active fibrinolytic enzymes; specific thrombolytic drugs (rt-PA) enter the blood and bind to fibrin in the thrombus 
and then activate inactive fibrinolytic zymogens into active fibrinolytic enzymes.

Conclusion

Intravenous thrombolytic drugs are mainly indicated for 
acute mild ischemic strokes. Intravascular interventional thera-
pies are mainly applicable to large vessel occlusion, such as seri-
al occlusion, end of internal carotid artery occlusion and basilar 
artery occlusion [43-50]. The treatment of acute ischemic stroke 

is becoming more available and more effective. However, pa-
tients may still have some sequelae, such as hemiparesis, slurred 
speech and cognitive impairment. Therefore, it is important for 
physicians to adequately assess patients for compliance with 
treatment principles and to fully explain possible complications 
with families and patients before taking therapeutic measures.
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