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Abstract

Ischemic stroke often occurs in middle-aged and elderly people, 
leading to brain tissue ischemia, hypoxia and necrosis. The clini-
cal manifestations are a series of neurological deficits, such as 
aphasia, hemiplegia and disturbance of consciousness, with high 
morbidity, mortality, disability rate, recurrence rate and multiple 
complications. This article aims to review current treatment ad-
vances, analyze current challenges and propose coping strategies. 
The literature on stroke treatment and the latest technological pro-
gress were reviewed. Combined with clinical and epidemiologi-
cal to analyze the current challenges, the coping strategies were 
proposed before, during and after thrombolysis. Early intravenous 
thrombolysis and bridging treatment can restore blood perfusion 
in time and save the ischemic penumbra of brain tissue. However, 
the current proportion of patients receiving thrombolytic therapy 
is very low. The main challenges are as follows: easy to miss the 
time window, door-to-needle time is too long and there is a lack of 
understanding of the safety and efficacy of thrombolysis, especially 
the hemorrhagic transformation. A clinical decision-making system 
is established for stroke rescue by improving the popularization 
rate of stroke thrombolytic therapy, optimizing the green channel 
process of stroke and improving the executive ability of clinicians, 
to shorten the rescue time. Advanced imaging techniques are used 
to identify potential patients for thrombolysis. Acute intravascu-
lar bridge therapy is used to improve the efficacy of thrombolysis. 
Screening before thrombolysis, timely thrombolytic therapy, re-
examination after thrombolysis and active response to hemorrhagic 
transformation can effectively improve the safety and acceptability 
of treatment.
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Introduction

Acute ischemic stroke (AIS) accounts for 70-80% of strokes, 
with high morbidity, mortality, disability rate, recurrence rate 
and multiple complications. It often occurs in middle-aged and 
elderly people [1-3].

Acute cerebrovascular occlusion leads to brain tissue is-
chemia, hypoxia and necrosis. The clinical manifestations are 
a series of neurological deficits such as aphasia, hemiplegia 
and disturbance of consciousness. The internal carotid artery 
occlusion may have hemiplegia, hemianopia and partial sen-
sory disturbance, and aphasia can also occur in the dominant 
hemisphere. Vertebral-basal artery occlusion leads to interrup-
tion of blood supply to the occipital lobe, thalamus, corpus cal-
losum, cerebellum and brainstem, especially in the brainstem 
(respiratory, circulatory center and descending nerve fiber bun-
dles are concentrated here). If not treated in time, the mortality 
rate is as high as 80-90%, seriously affecting the quality of life 
and endangering life [4, 5].

In addition, acute cerebral infarction patients are often left 
with severe neurological deficits which are life-long. As the 
population ages and the lifestyle changes, acute stroke has be-
come a disease of first disability and second mortality. Accord-
ing to statistics, only in China, the annual incidence is up to 120 
- 180/100,000, and the mortality rate is up to 60 - 120/100,000. 
More seriously, the age of onset is getting younger in recent 
years [6-8].

Pathogenesis, Pathologic Process and Thera-
peutic Targets of Stroke

Brain tissue has almost no glucose or oxygen reserves, and 
is therefore very sensitive to ischemia and hypoxia. In order 
to maintain the normal nerve function of the brain tissue, a 
constant supply of blood must be provided. In AIS cases, the 
pathophysiological mechanism of neuronal necrosis is very 
complex, mainly involving energy failure, loss of ion balance, 
intracellular Ca2+ overload, excitatory neurotoxicity, activa-
tion of free radicals, release of cytokines, disruption of blood-
brain barrier, activation of glial cells, inflammatory responses, 
etc. This series of cascade events synergistically lead to apo-
ptosis and necrosis. However, cerebrovascular occlusion does 
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not immediately lead to cerebral infarction, and the specific 
development trend is closely related to the severity of ischemia 
and ischemic time [9, 10].

After cerebral arterial thrombosis, the brain tissue in the 
infarct center area is irreversibly damaged, while the surround-
ing tissue is in a low perfusion state. The brain tissue between 
electrical failure and membrane failure can maintain the basic 
function of the ion pump and the basic structure of the cells, 
and have the dual possibility of returning to normal tissue and 
progressing to infarct tissue, namely the ischemic penumbra 
(IP). According to the study, 1.9 million nerve cells are per-
manently lost in function in this area every minute, and the 
recovery time of cerebral perfusion is delayed by 30 min, and 
the neurological recovery rate is reduced by 10%. After 6 h of 
ischemic stroke, there are still 70% of the IP, and 44% of the 
IP after 18 h. In IP, there are a large number of brain cells in 
the state of dormancy or semi-dormancy, which is a dynamic 
process of evolution. If blood supply is restored, the develop-
ment of infarction can be prevented. Therefore, the treatment 
of cerebral infarction focuses on the rescue of IP, and time is 
the brain [11-13]. However, the onset time of some patients 
is unknown. The DAWN trial and the DEFUSE-3 trial found 
that some patients had better 90-day functional outcomes for 
endovascular treatment than untreated patients, even though 
they exceeded the thrombolysis time window[14].

At present, for the evaluation of IP, imaging is often per-
formed by diffusion-weighted imaging (DWI), perfusion-
weighted imaging (PWI) and susceptibility-weighted imaging 
(SWI). DWI shows an irreversible cytotoxic edema lesion (i.e. 
infarct core); PWI shows the hypoperfusion area of cerebral 
ischemia, reflecting the sensitivity of brain tissue to ischemia. 
Studies have shown that a mismatch between a larger PWI le-
sion and a smaller DWI lesion is considered an IP image. SWI 
shows abnormal vascular changes in and around the ischemic 
foci, contrast enhanced between venous vessels and surround-
ing tissues can show collateral circulation vessels [15-18]. 
There have been clinical trials (EXTEND: NCT01580839; 
POSITIVE: NCT01852201) to use advanced neuroimaging to 
select patients whose symptoms appear greater than the throm-
bolytic window, but less than 24 h, and conduct the experiment 
in order to benefit more patients [14, 19, 20].

Current Progress in Thrombolysis and Bridging 
Therapy

Effective measures are taken within the treatment time win-
dow, and the IP tissue can be restored in time to save the 
neurons, reduce the infarct size and improve the nerve func-
tion. In the super early stage, the removal of thrombosis is the 
most important measure to restore blood perfusion in the in-
farct area, significantly improving patient survival, reducing 
mortality and disability and improving prognosis. Molecular 
studies have demonstrated the advantages of reperfusion: the 
activation of heat shock protein 70 and the mitogen-activated 
protein kinase pathway reduces intravascular glutamate ex-
pression and membrane aspartate transport receptor activity in 
ischemic brain tissue, thereby reducing the hyperexcitability 

damage to brain tissue. The restored blood flow activates the 
Na+ channels on the cell membrane and reduces Ca2+ influx 
and reduces intracellular Ca2+ overloading through Na+-Ca2+ 
competitive inhibition. The above mechanisms work together 
to significantly shrink the IP around the cerebral infarction le-
sions and retain most of the normal cerebral cortex functional 
areas [21, 22].

Currently, a number of clinical trials (MR CLEAN, ES-
CAPE and EXTEND-IA) have shown that in addition to intra-
venous thrombolysis (IVT), there are intravascular treatments: 
arterial thrombolysis (IAT), combined arterial and venous 
thrombolysis (ICT + IAT), microcatheter and microcatheter 
thrombolysis, balloon dilatation, stent-assisted thrombectomy, 
thrombolysis, ultrasound-assisted thrombolysis and the com-
bination of various techniques. By using images to select the 
appropriate patients and time window concept the vascular re-
canalization rate has been significantly improved, and a large 
number of patients have benefited [14, 23-25].

Comprehensive treatments in the stroke unit (SU) include: 
antiplatelet aggregation therapy, anti-coagulation, defibration, 
strengthening lipid-lowering, dilating blood vessels, improv-
ing microcirculation, removing oxygen free radicals, estab-
lishing collateral circulation and preventing complications. In 
terms of establishing collateral circulation, studies have shown 
that butylphthalide can promote the establishment of collateral 
circulation around the ischemic region, increase arterial blood 
flow velocity and increase blood supply to the ischemic area. 
At the same time, it can improve intracellular mitochondrial 
membrane stability, enhance the activity of ATP enzyme in 
mitochondria, stabilize the mitochondrial structure and play a 
role in reducing the death of neurons. In addition, neuropro-
tection, traditional Chinese medicine, hyperbaric oxygen and 
mild hypothermia have also been included in the guidelines.

IVT is currently the only clinical solution with evidence-
based medicine for the treatment of cerebral infarction. Re-
combinant tissue plasminogen activator (rt-PA) has become 
the preferred drug recommended in the treatment guidelines 
for AIS. Thrombolytic therapy within 3 - 4.5 h of onset can 
effectively improve the neurological deficits, and becomes the 
gold standard for the treatment of AIS. The advantages are as 
follows: simple technical equipment, quick and convenient 
time for drug administration, easy to master operation technol-
ogy, relatively small trauma, low cost, and patients are easy to 
accept. The disadvantages are as follows: the occlusion rate of 
the internal carotid artery and middle cerebral artery (MCA) is 
low; a large dosage of medicine and low local blood drug con-
centration; the possibility of concomitant hemorrhage transfor-
mation and systemic adverse reactions is high. What’s worse, 
the treatment window is only 3 - 4.5 h, and most patients do 
not benefit [26, 27].

Arterial thrombolysis refers to the most direct method to 
quickly restore cerebral blood flow by using Seldinger tech-
nology, digital subtraction angiography (DSA) and local ad-
ministration to the infarct site to promote thrombolysis. The 
advantages are as follows: it can determine the location, degree 
and vascular compensation of vascular lesions, with high se-
lectivity; it can maintain a relatively high drug concentration in 
the embolus, and have a high recanalization rate; it can reduce 
systemic thrombolytic concentration, reduce the risk of bleed-
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ing, with better safety; treatment time window can be extended 
to 6 h, while patients with infarction of basilar artery, posterior 
circulation of brain and anterior circulation with better collat-
eral circulation can extend the time window of thrombolysis 
appropriately, benefiting more patients. The disadvantages are 
as follows: it can only reach the proximal end of the occlusion 
vessel; the amount of local thrombolytic drugs is too large (the 
drug concentration in the infarct site is nine times that of IVT) 
and can increase the risk of intracranial hemorrhage; what’s 
worse, it has high equipment requirements, complicated opera-
tion, high cost, and is difficult to promote [28, 29].

Arteriovenous combined thrombolysis refers to the prac-
tice of total cerebral angiography on the basis of IVT, followed 
by arterial thrombolysis if residual thrombolysis is found, tak-
ing into account the advantages of simple and rapid IVT and 
high recanalization rate of arterial thrombolysis, and its effec-
tiveness and safety are relatively high, so it has been highly 
valued by scholars [30, 31].

Thrombolysis combined with ultrasound refers to the use 
of ultrasonic pulse to fracture emboli during thrombolysis. It 
increases the contact area of emboli and drug, promotes the 
dissolution of thrombus and makes good blood vessel dredg-
ing, which has become a hot spot of current research [32, 33].

Intravascular thrombus extraction is achieved by using the 
thrombolytic device combined with balloon stents, which ena-
bles the thrombolytic drugs to have greater contact area with 
emboli, rapidly increases the local drug concentration in the 
embolic artery, reduces the dosage of thrombolytic drugs and 
shortens the time of thrombolysis. It has the characteristics of 
high vascular recirculation rate and high safety [34].

Solitaire AB stent thrombectomy can directly remove 
thrombotic tissue from the body. Roth et al reported that pa-
tients with cerebral infarction were treated with Solitaire AB 
stent. The mean vascular opening time was 277 ± 118 min, 
and the effective rate of opening blood vessels was 90.9%. For 
blood vessels less than 2.0 mm in diameter, Solitaire AB stents 
could not be used [35].

Mechanical fragmentation uses the mechanical cutting 
action of micro-guide wires and micro-catheters to directly 
fragment some non-mechanized thrombus, which can acceler-
ate the recanalization of occluded blood vessels. Micro-guide 
wires and catheter thrombi can be applied to small blood ves-
sels less than 1 mm, but mechanical thromboembolism may 
leave some thrombotic plaques, and cerebral infarction may 
still occur if the blood vessels are not completely reconnected.

Angioplasty can be divided into balloon-expandable and 
self-expanding. The use of vascular stenting in patients with 
obvious vascular stenosis can significantly improve the reca-
nalization rate.

Bridging treatment refers to a series of combined treat-
ments such as arterial thrombolysis and stent thrombectomy in 
the case of poor effect after IVT. For embolization vessels that 
cannot be opened due to repeated advance and retreat of guide 
wire and catheter during mechanical thrombolysis, balloon 
dilatation technique can be directly applied, and stent implan-
tation can be considered for the treatment of severe residual 
stenosis. However, whether mechanical thromboembolism, 
balloon dilatation angioplasty, or stent angioplasty, the broken 
thrombus may be impacted to the distal end. Postoperative 

infusion of thrombolytic drugs, the broken thrombus can be 
quickly decomposed to avoid thrombosis and reduce the inci-
dence of secondary cerebral embolism [36, 37].

Early thrombolysis and endovascular treatment can re-
open the blood vessels and restore local blood perfusion, which 
can save the ischemic endangered brain tissue and reduce mor-
tality and disability. Thrombolytic therapy has become the pre-
ferred treatment for acute cerebral infarction.

However, recanalization of the artery may not cause rep-
erfusion of brain tissue. On the other hand, sudden brain tissue 
reperfusion can also be harmful, leading to blood-brain barrier 
disruption, hemorrhagic transformation and large-area cere-
bral edema, which is called “reperfusion injury”. Studies have 
shown that the earlier IVT or intravascular treatment begins 
and completes within the time window, the higher the success 
rate and fewer complications. The failure rate increases by 3% 
for each 1 h delay from onset to onset of puncture. For every 
1 h delay from onset to perfusion, the failure rate increases by 
7% [38, 39].

Current Challenges

How to choose the appropriate treatment plan to rescue the 
IP in the shortest time, in order to effectively target the indi-
vidualized treatment of patients, which requires the clinician 
to compare the treatment time window, efficacy, safety and 
prognosis of different thrombolysis methods, and familiar with 
and master the relevant treatment processes and techniques. In 
order to find individualized thrombolytic treatment methods, 
so that more patients can benefit from it, this is the current 
research hotspot [40-43].

However, the proportion of thrombolytic therapy in pa-
tients with AIS is low. Kaste [44] reported that only 1.6-2.7% 
of AIS patients in US community hospitals received thrombo-
lytic therapy, and even in stroke treatment centers of teaching 
hospitals or large hospitals, the thrombolytic rate was only 4.1-
6.3%. According to the New Zealand National Stroke Network 
data, in 8,857 patients with ischemic and undefined stroke, alt-
plase was administered to 623 patients, and the thrombolytic 
rate was 7.0% [45]. Scherf et al analyzed the data of 121,887 
stroke admissions in 65 hospitals in the Netherlands, and 
found that the national average thrombolysis rate increased 
from 6.402% to 14.602% [46]. Qiang et al reported that the 
use of tissue plasminogen activator in China was only about 
1.6% in the real world. In conclusion, it is urgent to improve 
thrombolysis rate [47].

Main Reasons for Low Thrombolysis Rate

First, on the patient side, 1) patients lack medical knowledge 
and do not know how to recognize the symptoms of acute 
stroke; 2) some patients do not go to the hospital as soon as 
possible after onset, resulting in a delay in the hospital; 3) pa-
tients are unable to determine the specific onset time; 4) pa-
tients are worried about risks, unable to clearly understand the 
benefits and safety of thrombolysis, unwilling to sign; 5) dif-
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ferences in age, gender, culture and race, and family financial 
status. Second, on the hospital side, 1) the first doctor lacks 
professional knowledge of acute stroke; 2) green channel is not 
smooth enough; 3) some emergency centers lack SUs; 4) long 
waiting time for blood glucose measurement, blood routine, 
blood coagulation function and electrocardiogram [48, 49]. 
Third, on the doctor’s side, 1) concerned about complications 
such as hemorrhagic transformation (HT) after thrombolysis; 
2) some doctors are not familiar with the thrombolytic process.

Currently, thrombolytic model is widely used in the treat-
ment of patients with cerebral infarction under the guidance of 
time window. Multiple factors can affect the time window of 
thrombolytic treatment, such as the type of cerebral infarction, 
collateral circulation state, clinical condition, body tempera-
ture and cerebral metabolic rate, and so on. At present, it is 
found that patients with infarction of basilar artery, posterior 
circulation of brain and anterior circulation with better collat-
eral circulation can extend the time window of thrombolysis 
appropriately. There are also large differences in the time win-
dow of thrombolytic therapy in different individuals. In some 
patients, the IP has disappeared completely only after 2 h of 
onset, while in other patients, most of the IP still exists even af-
ter 9 h of onset. Therefore, it is urgent to explore a new throm-
bolytic therapy window mode. Previous studies have used im-
age-based pathophysiological window as the guidance mode 
to evaluate the efficacy and safety of thrombolysis [50, 51].

Establishing Clinical Rescue Decision for AIS

Early revascularization is an important treatment strategy for 
AIS. Combined application of multiple treatment methods can 
improve the therapeutic effect. Then: 1) How to improve the 
popular science efficiency of AIS treatment; 2) How to coor-
dinate the seamless connection of clinical departments and 
shorten DNT; 3) How to explore the IP over time window; 4) 
How to predict the risk of hemorrhagic transformation and re-
occlusion after thrombolysis. We present the following clinical 
rescue decisions.

When patients with suspected acute stroke come to the 
hospital, whether they are from outpatient clinic or emergen-
cy department, it is necessary to immediately enter the green 
channel for stroke treatment, conduct National Institutes of 
Health stroke scale (NIHSS) score, blood pressure and blood 
glucose monitoring, urgently check craniocerebral computed 
tomography (CT), platelets and coagulation function, and 
quickly establish venous channels.

If the CT shows cerebral hemorrhage, neurosurgical con-
sultation should be urgently requested. For patients with sur-
gical indications, drilling and drainage should be performed 
immediately to remove hematoma. For those without surgical 
indications, comprehensive treatment can be performed in the 
SU.

If no cerebral hemorrhage is seen on CT, the diagnosis of 
ischemic stroke is considered and the stroke treatment team is 
immediately notified. If the onset time within 4.5 h and there 
are no contraindications, IVT (rt-PA 0.9 mg/kg) is given im-
mediately. After thrombolysis, if the NIHSS score decreases, 

it indicates that thrombolysis is effective and the patient is 
transferred to the SU for further treatment. If the symptoms do 
not improve, immediate bridging therapy (arterial thromboly-
sis, stent thrombolysis and other intravascular interventional 
therapy) is required. If the onset time is greater than 4.5 h or 
the exact onset time is unknown, then computed tomography 
perfusion (CTP), DWI and SWI screening for patients with 
IP can be immediately treated with arterial thrombolysis, stent 
thrombectomy, etc.; if there is no IP, then the patient can be 
transferred directly to the SU.

After treatment, if the patient has no discomfort, the crani-
ocerebral CT examination can be conducted 24 h later to find 
out whether there is bleeding. NIHSS score should be per-
formed for 2 h, 6 h, 24 h and 7 days after thrombolysis to 
observe the changes of the disease, and mRs will be used to 
evaluate the limb recovery of the patient.

After treatment, if the patient has headache, vomiting, gin-
giva bleeding and other conditions, it is necessary to be alert 
to the possibility of bleeding transformation, and immediately 
review the brain CT. If there is no bleeding transformation, it is 
necessary to continue to observe the changes of the disease. If 
there is bleeding transformation, neurosurgery department and 
blood transfusion department should be consulted immediate-
ly, and cross matching should be prepared if necessary. Surgi-
cal treatment should be carried out immediately if there is an 
operative pointer. If there is no operation pointer, the dynamic 
changes of blood pressure and coagulation function should be 
closely detected, and cryoprecipitation, platelets, plasma, vi-
tamin K1, tranexamic acid, etc. should be input if necessary. 
Whether surgical treatment is performed or not, it is neces-
sary to transfer to the neurological intensive care unit (ICU) 
for comprehensive treatment (Fig. 1).

In order to improve the safety and effectiveness of throm-
bolysis, we propose strategies including: preparation before 
thrombolysis, observation during thrombolysis and response 
after thrombolysis. The specific operations are as follows.

Before thrombolysis

First of all, in terms of popular science, the awareness rate of 
the people should be increased, by using the media platforms 
such as TV, radio, WeChat and brochures to expand the scope 
and depth of stroke science, and make FAST deeply popular. 
Improve the people’s understanding of the necessity of throm-
bolysis, time urgency and safety, and fully understand that the 
benefits of early thrombolysis far outweigh the risks [52, 53]. 
Secondly, at the hospital level, 1) popularize the knowledge of 
cerebral infarction, improve the awareness of early thrombo-
lytic therapy for patients and medical staff; 2) establish a refer-
ral mechanism for network hospitals; 3) open a green chan-
nel for thrombolytic therapy in patients with acute ischemic 
cerebral infarction; 4) train relevant professionals to improve 
clinical execution; 5) take a door-to-needle time (DNT) throm-
bolysis management system to shorten or eliminate in-hospi-
tal delay time and improve the response rate of thrombolytic 
therapy [54, 55]. Third, in terms of doctors, 1) fully understand 
the importance of thrombolysis in AIS; 2) quickly identify pa-
tients with acute stroke, and grasp the emergency thrombolysis 
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time window, indications and contraindications; 3) for patients 
with unknown onset time, IP can be determined by imaging; 4) 
be skilled in arterial thrombolysis and endovascular treatment 
and other related technologies, and can successfully complete 
bridging treatment; 5) can have the ability to cope with hemor-

rhagic transformation after thrombolysis.
The proportion of thrombolytic therapy used by clinicians 

is relatively low, most of which is due to the fear that hemor-
rhagic transformation will aggravate the symptoms of neuro-
logical deficits and increase the mortality rate. In order to en-

Figure 1. Acute stroke treatment strategy process.

.
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sure the safety and effectiveness of thrombolysis, according to 
the January 2018 AHA/ASA issued “2018 Early Management 
Guide for Acute Ischemic Stroke” [56], it is important to clear-
ly identify patients with indications and contraindications.

Early identification of patients at high risk of bleeding is 
an important issue for clinicians. In order to effectively predict 
the risk of hemorrhagic transformation, in addition to routine 
examination of blood routine, blood glucose, liver and kidney 
function, myocardial zymogram, coagulation function, elec-
trocardiogram, etc., if necessary, also interleukin-6 (IL-6), tu-
mor necrosis factor-α (TNF-α) and matrix metalloproteinase-9 
(MMP-9) should be detected, homocysteine (HCY), C-reac-
tive protein (CRP) and other factors associated with hemor-
rhagic transformation and blood-brain barrier disruption and 
microvascular injury should be checked to assess the risk of 
hemorrhagic transformation. More importantly, patients with 
intracranial hypertension, hyperglycemia, high blood pressure, 
electrolyte and acid-base balance disorders, dysphagia and uri-
nary system diseases require timely symptomatic supportive 
care. For patients with AIS with unknown onset time, head 
CT excludes cerebral hemorrhage, and the mismatch between 
DWI and PWI is more than 20%, which can be considered as 
the pathophysiological basis of IP. Even beyond the traditional 
thrombolytic treatment time window, thrombolytic therapy for 
these patients can still improve the blood perfusion in the pe-
numbra, which is conducive to the further recovery of nerve 
function.

In the process of thrombolysis

Patients with AIS within 3 h (level I recommendation, level 
A evidence) and 3 - 4.5 h (level I recommendation, level B 
evidence) will be given rt-PA thrombolysis as soon as possible. 
The use of rt-PA is 0.9 mg/kg (maximum dose is 90 mg) intra-
venous drip, maintained for 1 h, 10% of which is intravenously 
injected within 1 min, and patients should be closely moni-
tored during medication and within 24 h (level I recommenda-
tion, level A evidence) [56]. Blood pressure measurements and 
neurologic function assessments are performed every 15 min 
during and after IVT therapy, and then once every 30 min for 6 
h, once every hour thereafter until 24 h after treatment.

If systolic blood pressure ≥ 180 mm Hg or diastolic blood 
pressure ≥ 100 mm Hg, the frequency of blood pressure moni-
toring should be increased, and antihypertensive drugs should 
be given. Nasal feeding tubes, catheters and intra-arterial pres-
sure measuring tubes should be delayed in case of permission 
[57].

If IVT is not successful, immediate use of bridging ther-
apy can increase the success rate of treatment [58]. Arterial 
thrombolysis is performed with 10 mL local anesthesia with 
1% lidocaine, and the responsible vessel is identified by digital 
subtraction angiography (DSA) examination. Seldinger tech-
nology punctures the unilateral femoral artery, inserts the 6F 
catheter sheath, and then inserts the 6F catheter (or balloon 
catheter) into the responsible artery under guided wire guid-
ance. The microcatheter is inserted into the proximal end of 
occluded vessels or to the distal end of the thrombus under 
the guidance of the microcatheter, injecting with urokinase 

10,000 U/min (maximum 1 million units) or rt-PA 1 mg/min; 
withdraw catheter buried in the thrombus, inject 100,000 U of 
urokinase; withdraw the catheter to the proximal end of the 
thrombus, and inject 100,000 U of urokinase. During the op-
eration, the angiography is performed once every 10 min. If 
the angiographic stenosis rate after lysis is ≥ 70%, stent place-
ment is performed.

If arterial thrombolysis is still ineffective, mechanical 
thrombolysis can be taken. First, the micro-guide wire is used 
to slowly advance from the occluded blood vessel stump to the 
distal end. After the micro-guide wire is completely passed, 
the micro-catheter is followed, and the advancing and retreat-
ing is repeated two or three times to break up the thrombus. 
DSA examination confirmed the vascular dredging effect; if 
the distal blood vessels have been unobstructed, the microcath-
eter should be used to slowly push rt-PA 10 mg. After about 10 
min, the micro-guide wire and micro-catheter are reapplied to 
open the blood vessel.

For patients with obvious thrombus or plaque in the blood 
vessels, Solitaire AB stent is used to remove the thrombus, re-
lease the Solitaire AB stent at the distal end of the thrombus, 
and pull back to the body. Repeated operations are performed 
several times to remove the thrombus in whole or in pieces. 
In the above operation, the rt-PA is continuously pushed, and 
the total amount is ≤ 30 mg. DSA examinations are performed 
during the procedure until it is determined that the occluded 
vessels are fully open.

Patients should be closely monitored during IVT and 
bridging therapy. In case of severe headache, hypertension, 
nausea or vomiting, or deterioration of neurological function, 
thrombolytic drugs should be stopped immediately and brain 
CT examination should be conducted [59].

Treatment after thrombolysis

After thrombolysis, patients are admitted to the ICU or SU for 
monitoring. Close observation includes oral mucosa, punc-
ture site, urine color, traumatic site and vomiting. The NIHSS 
scores before thrombolysis and 24 h and 7 days after throm-
bolysis are recorded. CT examination will be conducted at 
any time for patients with disease changes. If NIHSS score 
more than four points at baseline is defined as hemorrhagic 
transformation after thrombolysis, according to the amount of 
bleeding, whether surgery is needed to do is immediately eval-
uated; if there is no indication for surgery, cold precipitation, 
platelets, plasma, vitamin K1, tranexamic acid and other drugs 
can be used for symptomatic treatment, and the patient’s vital 
signs and NIHSS score changes should be closely monitored 
[60-62]. If there is no bleeding, anti-platelet aggregation drugs 
(aspirin 100 mg/day, clopidogrel 75 mg/day) are given 24 h af-
ter surgery. For those with stent implantation, low-molecular-
weight heparin calcium anticoagulation therapy (subcutaneous 
injection 0.4 mL/day, continuous use of 3 days) is required to 
prevent the formation of thrombus. In order to prevent vasos-
pasm, calcium channel antagonists are given (nimoton 6 mL/h, 
adjusted according to blood pressure, 1 - 3 days), to control 
systolic blood pressure 110 - 140 mm Hg. In the SU, cause 
should be found actively, comprehensive treatment should be 
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given, and if nerve function deficiency, rehabilitation exercise 
should be done as soon as possible.

Conclusion

There are many methods for thrombolytic therapy and endo-
vascular treatment in ischemic stroke. Most patients receiving 
thrombolytic therapy quickly restore neurological function at 
an early stage, but the rate of thrombolysis in patients with cer-
ebral apoplexy is still very low, and the reason is no AIS treat-
ment decision-making system research. This article breaks the 
traditional time-based treatment plan, uses biochemical and 
imaging indicators to examine the hemorrhagic transforma-
tion and blood-brain barrier destruction and microvascular 
damage closely related factors, and evaluates the penumbra 
and the risk of hemorrhagic transformation after thromboly-
sis, establishing a clinical decision for acute stroke with “the 
thrombolysis mode under the guidance of time window” com-
bined with the “thrombotic mode under the guidance of patho-
physiology window”, to explore the opportunity of reperfusion 
treatment for patients who have exceeded the time window but 
still have the IP, which is conducive to the recovery of neuro-
logical function. The treatment of hemorrhagic transformation 
after thrombolysis is proposed with clear countermeasures, 
and the treatment plan and clinical strategy for acute stroke are 
systematically expounded, which can improve the safety and 
effectiveness of thrombolysis.
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