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Chapter

Thrombolysis in Acute Stroke
Mustafa Çetiner

Abstract

The first step in stroke care is early detection of stroke patients and recanalization 
of the occluded vessel. Rapid and effective revascularization is the cornerstone of 
acute ischemic stroke management. Intravenous thrombolysis is the only approved 
pharmacological reperfusion therapy for patients with acute ischemic stroke. 
Patient selection criteria based on patient characteristics, time, clinical findings and 
advanced neuroimaging techniques have positively affected treatment outcomes. 
Recent studies show that the presence of salvageable brain tissue can extend the 
treatment window for intravenous thrombolysis and that these patients can be 
treated safely. Recent evidence provides stronger support for another thrombolytic 
agent, tenecteplase, as an alternative to alteplase. Endovascular thrombectomy 
is not a contraindication for intravenous thrombolysis. Evidence shows that the 
bridging approach provides better clinical outcomes. It is seen that intravenous 
thrombolysis is beneficial in stroke patients, whose symptom onset is not known, 
after the presence of penumbra tissue is revealed by advanced neuroimaging tech-
niques. Reperfusion therapy with intravenous thrombolysis is beneficial in selected 
pregnant stroke patients. Pregnancy should not be an absolute contraindication for 
thrombolysis therapy. This chapter aims to review only the current evaluation of 
intravenous thrombolytic therapy, one of the reperfusion therapies applied in the 
acute phase of stroke.

Keywords: acute strokes, collateral flow, ischemic penumbra, thrombolysis, 
reperfusion

1. Introduction

Stroke is a very common global health problem causing mortality and long-
term disability [1]. It is a devastating disease and a significant economic burden on 
society [1–4]. It is an infarction of the central nervous system and approximately 
85% of all strokes are ischemic in nature [4, 5].

For this reason, stroke treatment has a narrow time frame in the acute process, 
and therefore is very important. Acute ischemic stroke (AIS) is defined by loss 
of neurological function as a result of arterial occlusion and sudden loss of blood 
flow in an area of the brain. It occurs as a result of thrombosis or embolism [6–8]. 
After the occlusion, infarct tissue forms in the center of the irrigation area of the 
vessel within minutes. In its periphery, there is a reversible ischemic area that can 
be saved by recanalization of the vessel called the penumbra, where cell death has 
not yet occurred thanks to the collateral flow. This blood flow is usually weak and 
can sustain the penumbral region only for a limited time. Unless recanalization is 
provided, the region is doomed to progress to infarction [9].

Purpose in the treatment of acute ischemic stroke is to recanalize the occluded 
vessel as soon as possible and to ensure reperfusion in this region without cell death, 
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because more irreversible cell damage occurs with each passing minute [10]. Collateral 
flow and reperfusion time are the most important factors affecting the outcome [9]. 
The emergence of effective pharmacological and endovascular reperfusion treatment 
strategies has revolutionized the treatment of stroke over the past two decades. Today, 
death and disability in stroke can be significantly reduced with intravenous thrombo-
lytic therapy (IVT) followed by endovascular recanalization treatments [11, 12].

2. Neuroimaging in acute stroke

Neuroimaging is essential for the diagnosis and treatment of stroke. Since 
whether the etiology of the patient presenting with the stroke clinic is ischemic or 
hemorrhagic origin cannot be distinguished, urgent brain imaging is needed. Non-
contrast brain computed tomography (NCCT) is recommended as soon as possible 
(ideally within 20 min) [8, 12].

CT is sufficient to decide on thrombolysis in acute strokes within 4.5 h after 
the onset of the symptom. It remains the only mandatory radiological examina-
tion before IVT [12, 13]. Noninvasive intracranial vascular imaging should also be 
performed in patients with suspected large vessel occlusion and who may require 
endovascular recanalization therapy, without delaying IV thrombolytic therapy 
[8, 13]. Diffusion-weighted imaging (DWI) can be used because it shows the infarct 
tissue most accurately. Stroke patients with large infarct volumes (>100 ml) at 
baseline are at increased risk of bleeding after reperfusion [7]. A study with uncer-
tain onset time reported a better functional improvement with IV thrombolytic 
therapy based on the discordance between diffusion and FLAIR-weighted magnetic 
resonance imaging (MRI) [14].

CT and MR perfusion have been used in recent studies to select patients who 
may benefit from treatments in stroke patients outside the typical time windows 
for reperfusion therapy (4.5 h for intravenous alteplase versus 6 h for endovascu-
lar therapy) [15–17]. Perfusion imaging is used to evaluate the amount and timing 
of blood flow to specific areas of the brain. It gives us information about the 
infarct area and penumbra. Thus, it contributes to better patient selection, higher 
rates of reperfusion therapy, and better functional results in more stroke patients 
[15, 16, 18]. Perfusion studies present various parameters such as cerebral blood 
volume and flow (CBV and CBF), mean transit time (MTT), and time to peak 
(Tmax). CBV indicates irreversibly damaged brain tissue while Tmax and MTT 
indicate hypoperfused tissue at risk of infarction [19–21]. These studies may also 
be helpful in distinguishing acute cerebrovascular events from common stroke 
mimics [22]. Therefore, further imaging is critical in identifying the patient 
profile that will benefit most from endovascular thrombectomy (EVT) and IVT. 
Today, CT and MR-based advanced imaging have become ideal acute stroke imag-
ing tools and have been considered the standard in many stroke centers around 
the world [13, 20, 23].

3. Acute reperfusion strategies

The main purpose of AIS treatment is to save brain tissue at risk for ischemia 
by recanalizing occluded cerebral arteries and providing reperfusion. IV throm-
bolysis and EVT have been proven to improve neurological outcomes. Now, the 
use of multimodal CT and MRI is going beyond the known therapeutic time 
window by applying individualized treatment to appropriate stroke patients 
[17, 18, 21, 22, 24].
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3.1 Alteplase

Recombinant human tissue plasminogen activator (r-tPA) converts plasmino-
gen to plasmin and cleaves the formed thrombus. IV alteplase has a half-life of 
less than 5 min and is cleared primarily by the liver [25]. In 1995, a study of The 
National Institute of Neurological Disorders and Stroke (NINDS) demonstrated 
the effectiveness of IV thrombolytic therapy in patients with acute ischemic stroke 
within 3 h after the symptom onset [26]. IV thrombolytic therapy has been shown 
to be beneficial among patients of different age groups, different types of ischemic 
stroke, and stroke severity [27]. Later studies extended the treatment window to 
4.5 h [28].

3.1.1 Efficiency

Results from major randomized trials of IV r-tPA (alteplase) for AIS showed a 
significant reduction in disability. The benefit from IV thrombolysis is much greater 
in the first 90 min from the onset of symptoms [9]. To achieve excellent functional 
outcome [modified Ranking Scale (mRS ≤ 1)], the number of patients required to be 
treated increases from 4.5 within the first 90 min to 15 between 3 and 4.5 h [29]. The 
diminished effect is related to the loss of salvaged penumbral tissue over time [10]. 
The susceptibility of thrombus to lysis may also decrease over time, which may reduce 
the effectiveness of treatment in late administration [30]. Recent evidence suggests 
that there may be patients with ongoing ischemic penumbra on perfusion imaging 
and that IV r-tPA may still be beneficial up to 9 h from the symptom onset [31].

3.1.2 Risks

The most feared complication of IV thrombolysis is symptomatic intracerebral 
hemorrhage (sICH). The current definition of sICH requires that the hemorrhage 
reach at least 30% of the infarct volume and cause a mass effect. Accordingly, data 
suggest that the risk of sICH is 1.7% [11, 32]. Intracerebral hemorrhage occurs 
mostly in the first 12 h. It is associated with age, diabetes, severe hyperglycemia, 
uncontrolled hypertension, and greater hypodensity at baseline CT scan, stroke 
severity, and concomitant antiplatelet therapy. Patients with cerebral microhemor-
rhage may also be at increased risk of sICH. When the patient is diagnosed with sICH 
after thrombolysis is made, blood pressure regulation should be established immedi-
ately. Cryoprecipitate should then be given until fibrinogen levels return to normal. 
Tranexamic acid or aminocaproic acid can also be used in therapy [9, 13, 33].

Orolingual angioedema occurs in approximately 1% of patients (5% if taking 
angiotensin converting enzyme inhibitors). Treatment includes diphenhydramine 
(50 mg IV), ranitidine (50 mg IV), and dexamethasone (10 mg IV) [9]. Icatibant 
(a bradykinin receptor antagonist) can be used in severe cases to avoid the need for 
intubation [34, 35].

Evidence-based current indications and contraindications of IV r-tPA in acute 
stroke are presented in Table 1 [9, 12].

3.2 Tenecteplase

Tenecteplase (TNK) is a newer thrombolytic agent with some pharmacological 
advantages over alteplase. It is infused faster and is cheaper. It is a variant of r-tPA 
with a longer half-life, higher affinity for fibrin, and administered as an IV bolus 
(0.4 mg/kg, maximum 40 mg dose) only once [36]. Randomized clinical trial 
results demonstrated that tenecteplase is safe and effective in stroke patients. It was 
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observed that it had higher reperfusion rates compared to alteplase in patients with 
large vessel occlusion [36, 37].

The NOR-TEST randomized trial evaluated the safety and efficacy of 0.4 mg/
kg tenecteplase (max. 40 mg) versus standard dose alteplase over a 4.5 h time 
frame. The rates of sICH and functional recovery in 3 months were similar in both 
groups [38].

In the EXTEND-IA TNK Part 2 study, it was reported that increasing the 
dose from 0.25 mg/kg to 0.40 mg in patients with large vessel occlusion before 
endovascular treatment was not an advantage [39]. In case of implementation of 
tenecteplase, since many patients are transferred between hospitals for treatment, a 
single bolus administration will facilitate the transport process and ensure that the 
full dose of the thrombolytic agent can be administered [37, 40].

Current guidelines indicate tenecteplase as an alternative to r-tPA only in patients 
with mild stroke [41]. A meta-analysis of five randomized studies (1585 patients (828 
TNK, 757 alteplase) provided strong evidence that TNK is noninferior to alteplase in 
functional improvement in the treatment of acute ischemic stroke. These findings 
provide stronger support for considering TNK as an alternative to alteplase [42].

3.3 Low-dose IV thrombolytic therapy

IV rtPA at standard dose (0.9 mg/kg−90 mg maximum dose) is effective in all 
stroke types [26, 43–45]. The most feared complication among clinicians is sICH [28]. 

Indications Contraindications

• Clinical diagnosis of ischemic stroke • Acute intracerebral, subarachnoid, subdural hemorrhage

• Age: 18 • Presence of extensive hypodensity in CT

• Time from the stroke onset? 4.5 h • Systolic blood pressure > 185 mm/Hg or diastolic blood 
pressure > 110 mm/Hg and uncontrolled hypertension

• Absence of bleeding on entry CT scan • Thrombocytopenia (<100.000/mm3)

• Wake-up stroke with diffusion-weighted 
imaging-FLAIR mismatch on MRI

• INR > 1.7, aPTT >40 s

• Gastrointestinal bleeding in the last 3 weeks

• Cranial/spinal surgery in the last 3 months

• Cranial/spinal trauma in the past 3 months

• Ischemic stroke in the last 3 months

• History of intracranial bleeding

• Active internal bleeding

• Bleeding diathesis

• Aortic dissection

• Infective endocarditis

• Intracranial intraaxial tumor

• Use of NOAC (non-vitamin K antagonist oral anti-
coagulant) in the last 48 h

• Low-molecular-weight heparin full treatment dose within 
previous 24 h

CT: computed brain tomography.

Table 1. 
Indications and contraindications for the use of alteplase in acute ischemic stroke.
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 Therefore, low-dose thrombolysis applications have come to the fore. In the 
non-randomized Japanese Alteplase Clinical Trial (J-ACT) [46], in which 0.6 mg/
kg (maximum 60 mg) r-tPA therapy was administered to patients in the first 3 h 
of acute ischemic stroke, compared to the standard dose, equivalent clinical results 
and a reduced risk of sICH were found. After J-ACT and other reports in Japan [47, 48], 
the use of 0.6 mg/kg alteplase as a treatment regimen in acute ischemic stroke was 
approved by the Japanese Pharmaceuticals Safety Authority [49].

Also, in a comprehensive meta-analysis study, it was reported that low-dose rtPA 
is effective and more reliable, and low-dose tPA is recommended in patients with 
acute ischemic stroke [50]. However, in another randomized study (3310 patients), 
comparing these two doses on mostly Asian patients, although the risk of symptom-
atic intracerebral hemorrhage in the low dose group decreased from 2–1%, low-dose 
thrombolytic therapy could not be shown to be effective [51].

In a retrospective study of 1486 patients by Zhao et al., there was no significant 
difference in rates of good clinical outcome between the low-dose and standard-
dose groups (36.1% vs. 37.6%; p = 0.89). However, the incidence of sICH in the 
low-dose group was significantly lower than in the standard-dose group (2.2% vs. 
5.9%. p = 0.001). The results showed that low-dose thrombolysis was safer in acute 
stroke [52].

In a meta-analysis that included retrospective, prospective, observational, and 
randomized controlled trials, the low-dose strategy was also found to be as effective 
as standard-dose tPA (good functional outcome: 43.4% vs. 45.4%; p = 0.38). There 
was also no significant difference between the rates of sICH (4.2% vs. 4.9%; p = 0.94). 
This meta-analysis study also showed that AIS patients receiving low-dose IV-rtPA had 
similar efficacy and safety compared to those receiving standard-dose IV-rtPA [53].

In the treatment of acute ischemic stroke, the licensed dose for alteplase in Japan 
is 0.6 mg/kg, and in all treatment guidelines except Japan, it is recommended that 
10% is bolused, followed by the remaining 90%, with a total dose of 0.9 mg/kg 
(maximum 90 mg), to be administered as an infusion in 1 h [40].

3.4  Combination of intravenous thrombolytic therapy and endovascular 
treatment

EVT has become the standard treatment for patients with acute ischemic 
stroke caused by major vessel occlusions. EVT therapy is not a contraindication 
for IV thrombolysis. IVT prior to endovascular therapy can rapidly recanalize the 
occluded vessel, thus eliminating the need for EVT and shortening the ischemia 
time. Moreover, even if it does not dissolve the thrombus, it alters the clot struc-
ture, making it more susceptible to endovascular removal of the thrombus. The 
newly embolized thrombi in the distal vessels that may occur at the end of the EVT 
procedure generally cannot be accessed by mechanical thrombectomy. IVT can also 
successfully resolve these thrombi. However, IVT application before EVT may cause 
adverse effects. Initiation of endovascular therapy may be delayed if the time taken 
to initiate IVT is not done in parallel with the steps required to initiate EVT. IVT 
causes partial disintegration of the thrombus, resulting in distal emboli. Access to 
these areas may not be possible with endovascular intervention. Thus, it can turn 
a treatable thrombus into an incurable condition. In addition, the combined use of 
EVT and IVT causes increased treatment costs [54].

In observational and meta-analysis studies, it has been reported that the bridg-
ing treatment approach provides better clinical results [55–57].

Recent evidence contributes to the fact that EVT alone is non-inferior to the 
functional outcomes achieved with combined IVT + EVT for patients with large 
vessel occlusion with acute stroke [58, 59].
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Currently, bridging therapy is recommended in large vessel occlusions with 
anterior circulation in current guidelines. However, this should not delay the initia-
tion of endovascular treatment [41, 60].

4. Special situations

Evidence is insufficient to determine the treatment approach in some specific 
clinical situations. Until definitive data are available, individual factors should be 
considered in the approach to these patients and clinical experience should be taken 
into account.

4.1  Intravenous thrombolysis in patients with acute ischemic stroke with 
unknown onset time

Wake-up stroke (WUS) is a stroke whose exact onset time is unknown. They 
constitute 20% of all ischemic strokes. Patients with acute ischemic stroke whose 
neurological deficit is recognized upon awakening and whose onset is unknown 
pose a particular challenge for the clinician. Until recently, WUS was considered a 
contraindication to reperfusion therapy due to its unknown onset time and intrace-
rebral hemorrhage that may be associated with thrombolytic therapy. The clinical 
efficacy of reperfusion therapy in selected patients with WUS was displayed by 
demonstrating the presence of salvageable brain tissue in advanced brain imaging 
[61]. Also, in a recent meta-analysis study (77,398 patients), stroke patients with 
unknown symptom onset were proven to be safely and effectively treated with 
IV-tPA guided by imaging evaluation [62]. In the WAKE-UP randomized study, IV 
thrombolytic therapy was administered to acute stroke patients. In these patients, 
onset time was unknown, and it was based on the discrepancy between diffusion 
and FLAIR-weighted MRI in the ischemia region. The treatment group showed 
a better functional recovery at 90 days compared to the placebo [14]. The use of 
WAKE-UP study criteria (DWI—FLAIR mismatch) to select patients in symptom-
atic strokes for intravenous alteplase treatment was recommended as class IIa in the 
2019 AHA/ASA guidelines [12]. ESO IVT guidelines also advocate thrombolytic 
therapy in patients with DWI/FLAIR mismatch in recovery strokes [63].

In the EXTEND randomized trial, it was shown that if there is evidence of sal-
vageable brain tissue that has not yet been transformed into infarct, with perfusion 
imaging between 4.5 h and 9.0 h (within 9 h from the midpoint of sleep on wake-up 
stroke) from the last time the patients were seen well, the treatment window could 
be expanded andbetter functional results were obtained than the standard treat-
ment. Symptomatic intracerebral hemorrhage rates were similar to patients who 
received IV thrombolytic therapy in the classical time window [17].

The THAWS study evaluated whether low-dose alteplase 0.6 mg/kg was effec-
tive and safe for stroke of unknown onset. There was no difference in functional 
outcomes when compared with the placebo group [64].

In another randomized trial (ECASS-4), administering intravenous alteplase to 
patients selected with advanced brain imaging following 4.5–9 h after the onset of 
symptoms did not provide a significant benefit over the placebo [65].

For WUS patients and the ones with unknown symptom onset, IV thrombolysis 
is beneficial only after the presence of penumbra tissue is revealed by advanced 
neuroimaging techniques. Patients with small infarct core and large penumbra 
tissue are selected prior to IV thrombolysis application. It has been reported that IV 
thrombolytic therapy in these patients provides a decrease in infarct volume and 
better functional results without an increase in bleeding risk in recovery strokes [66]. 



7

Thrombolysis in Acute Stroke
DOI: http://dx.doi.org/10.5772/intechopen.101252

However, imaging-based late thrombolytic treatment recommendations are not com-
monly at the level of guideline [60].

A summary of imaging-based IV thrombolysis studies in wake-up strokes 
beyond the therapeutic window and strokes of unknown symptom onset is pre-
sented in Table 2.

An 84-year-old male patient with a wake-up stroke, whose symptoms were 
noticed 5 h after his last known well-being, had NIHSS:20. Significant penumbra 
was detected as a result of MRI-based multimodal imaging. Clinical and advanced 
imaging findings for IV thrombolysis therapy meet the patient selection criteria in 
the WAKE-UP and EXTEND studies. In the 6th hour of the clinic IV, thrombolysis 
was started and successful recanalization was achieved (Figure 1).

4.2 Stroke in pregnancy

The incidence of stroke in pregnancy is about 9–34 per 100,000 deliveries. 
Strokes are three times more common in pregnant women than in non-pregnant 
individuals aged 15–44 [67, 68]. Causes of pregnancy-related stroke include 
pregnancy-specific causes such as preeclampsia/eclampsia, postpartum angiopathy, 
amniotic fluid embolism and postpartum cardiomyopathy, and other causes like 
hypertension, diabetes, vasculitis, arteriovenous malformations or aneurysms [69].

4.2.1 Brain imaging in pregnancy stroke

MRI should be the first-line imaging modality of choice in pregnancy as it does 
not expose the pregnant woman to radiation. Up to 3 tesla MRI has no harmful 
effects on the fetus [70].

Access to CT is easier. Therefore, it is also preferred during pregnancy in acute 
neurological conditions. The fetal radiation dose on non-contrast CT is approxi-
mately 5% of the naturally occurring radiation dose during a pregnancy (on aver-
age, this is 0.5–1.0 mGy) [68]. Studies report that a dose of fetal radiation less than 
0.1 Gy (100 mGy) has no risk of adverse effect in humans [68, 71]. The radiation 
effect on the fetus will be minimized by using a 0.5 mm thick lead apron during the 
shooting [68].

Clinical trial Patients, (n) Imaging modality Time window (h) sICH Outcome

ECASS-4 119 MRI/MRP ischemic 
core <70 ml, PWI lesion 

minimum volume of 20 ml

4.5–9 1.6% No significant 
difference between 

functional outcomes

WAKE-UP 503 DWI-positive FLAIR 
negative

Unknown time of 
symptom onset

2% 90 day mRS < 2 
alteplase 53.3%; 
placebo 41.8%; 

p = 0.02

EXTEND 225 MRI/MRP CT/CTP 
ischemic core <70 ml and 
mismatch volume > 10 ml

4.5–9 6.2% 90 day mRS < 2; 
alteplase 35.4%; 
placebo 29.5%; 

p = 0.04

THAWS 131 DWI-positive FLAIR 
negative

4.5–12 1.4% 90 day mRS < 2; 
alteplase 47%; placebo 

48%; p = 0.89

CT: computed brain tomography, CTP: CT perfusion, DWI: diffusion-weighted imaging, MRI: magnetic resonance 
imaging, MRP: MR perfusion, sICH: symptomatic intracerebral hemorrhage.

Table 2. 
Summary of randomized controlled trials of late (beyond 4.5 h) IV thrombolysis.
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4.2.2 Thrombolysis in pregnancy

Alteplase and tenecteplase, in animal studies, are large molecules that do not 
cross the placenta and are not teratogenic at stroke treatment doses [72]. There are 
no randomized controlled trials of the treatment of acute stroke with thrombolysis 
or mechanical thrombectomy to guide decision-making in the pregnant population 
[72–74]. Successful reperfusion with IV thrombolysis and good clinical results were 
reported in pregnant acute stroke patients in case series. With the help of advanced 
neuroimaging techniques, Erin et al. also reported good clinical outcome with suc-
cessful reperfusion with IV rt-PA in a pregnant patient with acute ischemic stroke 
outside the therapeutic window (>4.5/<9 h) [75].

According to the (AHA/ASA) guidelines, treatment of acute ischemic stroke 
with intravenous alteplase during pregnancy is recommended when the expected 
benefit of treatment for moderate to severe stroke outweighs (class IIb) [41].

The dose of IV thrombolysis for a pregnant patient with acute stroke should be 
calculated considering the pre-pregnancy or early pregnancy weight. Close moni-
toring of the pregnant patient during IV thrombolysis is important because of the 
risk of placental abruption. Blood pressure should be closely monitored during IV 
thrombolysis. During pregnancy, it is recommended to maintain it between 140 and 

Figure 1. 
(A) Hyperintensity in the right lentiform nucleus on diffusion MRI (black circle). (B) The infarct does not 
appear to be reflected in Flair MRI. (C) Left MCA M1 segment is occluded in CTA (red arrow). (D) In MR 
perfusion imaging calculated with RAPID automatic software program, infarct volume: 5 ml, Tmax > 6 s, 
volume (critical hypoperfused area): 140 ml, mismatch volume: 135 ml. Mismatch ratio: 28. (E) Left MCA 
was recanalized after IV thrombolysis (Istinye University Liv Hospital Neurology Clinic Archive-Istanbul/
Turkey).
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160/90–110 mmHg during tPA therapy. Intravenous nicardipine and labetalol are 
recommended agents for BP control [76].

Reperfusion therapy with IV thrombolysis in acute stroke in pregnant women 
remains controversial, but pregnancy should not be a contraindication for mechani-
cal thrombectomy and tPA therapy in selected patients.

4.3 Thrombolysis In posterior circulation stroke

IVT is the standard treatment for both anterior circulation ischemic strokes 
(ACIS) and posterior circulation ischemic strokes (PCIS) [77, 78]. In PCIS, the rate of 
intravenous thrombolysis administered is between 5% and 19% [77]. Basilar artery 
occlusion (BAO) is a devastating disease causing high mortality and serious disability. 
Even among patients treated with reperfusion strategies, mortality is high [79, 80]. 
Therefore, clinicians consider that these patients should be treated with aggressive 
treatment approaches and go beyond the reperfusion treatment window [79, 81].

The rate of sICH in PCIs after IVT is between 0 and 6.9%. Good functional 
outcome is reported in 38–49% (mRS 0–1) of the patients with PCIS. Better clinical 
outcomes are seen more often in patients with PCIS than the ones with ACIS. There 
is no significant difference between mortality rates. Results from retrospective clini-
cal studies and case series report that IVT is safer for use in PCIS than ACIS [81].

5. Conclusion

AIS is a medical emergency where every minute counts. Rapid recanalization of 
the clogged vessel is the most effective treatment. IV thrombolysis is effective and 
safe in suitable candidates. IV thrombolysis is one of the two reperfusion strategies 
in acute stroke. Unless there is an absolute contraindication, eligible patients with 
acute stroke should be treated with IV r-tPA. Even in severe strokes, reperfusion 
can improve neurological dysfunction and enable patients to live independently. In 
studies, the time from stroke onset to treatment time is critical, although advanced 
neuroimaging techniques identify patients who will benefit most from intravenous 
thrombolysis and enable stroke patients whose onset time cannot be determined 
to be treated with intravenous thrombolysis. From this perspective, more efforts 
should be made to ensure that more patients reach treatment faster. Much bet-
ter clinical results can be achieved with the continuous education of the society 
and stroke personnel, the rapid assessment of patients with a multidisciplinary 
approach in the emergency department, early recognition of stroke patients, and 
the best management of in-hospital and out-of-hospital stroke algorithms. The 
expansion of mobile stroke units, experienced clinicians and stroke centers will 
contribute to this issue.

Conflict of interest

The author declare no conflict of interest.



Cerebrovascular Diseases - Elucidating Key Principles

10

Author details 

Mustafa Çetiner
Department of Neurology, Faculty of Medicine, Kütahya Health Sciences 
University, Kütahya, Turkey

*Address all correspondence to: drcetiner76@gmail.com

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



11

Thrombolysis in Acute Stroke
DOI: http://dx.doi.org/10.5772/intechopen.101252

References

[1] Saver JL, Hankey GJ. Stroke 
Prevention and Treatment. 2nd ed. 
United Kingdom: Cambridge University; 
2021. 570 p. DOI: 10.1017/9781316286234

[2] Lopez AD, Mathers CD, Ezzati M, 
et al. Global and regional burden of 
disease and risk factors, 2001: 
Systematic analysis of population health 
data. Lancet. 2006;367:1747-1757. 
DOI: 10.1016/S0140-6736(06)68770-9

[3] Feigin VL, Forouzanfar MH, 
Krishnamurthi R, et al. Global and 
regional burden of stroke during 
1990-2010: Findings from the Global 
Burden of Disease Study 2010. Lancet. 
2014;383:245-254. DOI: 10.1016/
s0140-6736(13)61953-4

[4] Mikulik R, Wahlgren N. Treatment 
of acute stroke: An update. Journal of 
Internal Medicine. 2015;278:145-165. 
DOI: 10.1111/joim.12387

[5] Benjamin EJ, Muntner P, Alonso A. 
Heart disease and stroke statistics-2019 
update: A report from the American 
Heart Association. Circulation. 2019; 
139(10):e56-e528. DOI: 10.1161/
CIR.0000000000000659

[6] Saver JL. Time is brain—Quantified. 
Stroke. 2006;37(1):263-266. DOI: 
10.1161/01.STR.0000196957.55928.ab

[7] Kamalian S, Lev MH. Stroke imaging. 
Radiologic Clinics of North America. 
2019;57:717-732. DOI: 10.1016/j.
rcl.2019.02.001

[8] Phipps MS, Cronin CA. Management 
of acute ischemic stroke. BMJ. 
2020;368:l6983. DOI: 10.1136/bmj.l6983

[9] Rabinstein AA. Update on treatment 
of acute ischemic stroke. Continuum 
(Minneap Minn). 2020;26(2):268-286. 
DOI: 10.1212/CON.0000000000000840

[10] Campbell BCV, De Silva DA, 
Macleod MR, et al. Ischaemic stroke. 

Nature Reviews Disease Primers. 
2019;5:70. DOI: 10.1038/s41572-019- 
0118-8

[11] Campbell BC. Advances in stroke 
medicine. Medical Journal of Australia. 
2019;210:367-374. DOI: 10.5694/
mja2.50137

[12] Powers WJ, Rabinstein AA, 
Ackerson T, et al. Guidelines for the 
early management of patients with acute 
ischemic stroke: 2019 update to the 2018 
guidelines for the early management of 
acute ischemic stroke: A guideline for 
healthcare professionals from the 
American Heart Association/American 
Stroke Association. Stroke. 2019;50(12): 
e344-e418. DOI: 10.1161/STR. 
0000000000000211

[13] Morotti A, Poli L, Costa P. Acute 
stroke. Seminars in Neurology. 
2019;39:61-72. DOI: 10.1055/s-0038- 
1676992

[14] Thomalla G, Simonsen CZ, 
Boutitie F, et al. MRI-guided 
thrombolysis for stroke with unknown 
time of onset. The New England Journal 
of Medicine. 2018;379:611-622. 
DOI: 10.1056/NEJMoa1804355

[15] Albers GW, Marks MP, Kemp S, et 
al. Thrombectomy for stroke at 6 to 16 
hours with selection by perfusion 
imaging. The New England Journal of 
Medicine. 2018;378:708-718. 
DOI: 10.1056/NEJMoa1713973

[16] Nogueira RG, Jadhav AP, Haussen DC, 
et al. Thrombectomy 6 to 24 hours after 
stroke with a mismatch between deficit 
and infarct. The New England Journal of 
Medicine. 2018;378:11-21. DOI: 10.1056/
NEJMoa1706442

[17] Ma H, Campbell BCV, Parsons MW, 
et al. Thrombolysis guided by perfusion 
imaging up to 9 hours after onset 
of stroke. The New England Journal of 



Cerebrovascular Diseases - Elucidating Key Principles

12

Medicine. 2019;380:1795-1803. 
DOI: 10.1056/NEJMoa1813046

[18] Ryu WHA, Avery MB, 
Dharampal N, et al. Utility of perfusion 
imaging in acute stroke treatment: A 
systematic review and meta-analysis. 
Journal of NeuroInterventional Surgery. 
2017;9:1012-1016. DOI: 10.1136/
neurintsurg-2016-012751

[19] Vilela P, Rowley HA. Brain ischemia: 
CT and MRI techniques in acute 
ischemic stroke. European Journal of 
Radiology. 2017;96:162-172. 
DOI: 10.1016/j.ejrad.2017.08.014

[20] Rudkin S, Cerejo R, Tayal A, et al. 
Imaging of acute ischemic stroke. 
Emergency Radiology. 2018;25(06):659-
672. DOI: 10.1007/s10140-018-1623-x

[21] Campbell BCV, Parsons MW. 
Imaging selection for acute strokes 
intervention. International Journal of 
Stroke. 2018;13(06):554-567. 
DOI: 10.1177/1747493018765235

[22] Campbell BCV, Weir L, 
Desmond PM, et al. CT perfusion 
improves diagnostic accuracy and 
confidence in acute ischaemic stroke. 
Journal of Neurology, Neurosurgery, 
and Psychiatry. 2013;84(06):613-618. 
DOI: 10.1136/jnnp-2012-303752

[23] Hollist M, Morgan L, Cabatbat R, 
et al. Acute stroke management: 
Overview and recent updates. Aging 
and Disease. 2021;12(4):1000-1009. 
DOI: 10.14336/AD.2021.0311

[24] Etherton MR, Gadhia RR, 
Schwamm LH. Thrombolysis beyond  
4.5 h in acute ischemic stroke. Current 
Neurology and Neuroscience Reports. 
2020;20(8):35. DOI: 10.1007/
s11910-020-01055-1

[25] StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 
2021. Editorial Board. Available from: 

https://www.ncbi.nlm.nih.gov/books/
NBK431128/

[26] National Institute of Neurological 
Disorders and Stroke rt-PA Stroke Study 
Group. Tissue plasminogen activator for 
acute ischemic stroke. The New England 
Journal of Medicine. 1995;333:1581-1587. 
DOI: 10.1056/NEJM199512143332401

[27] Liaw N, Liebeskind D. Emerging 
therapies in acute ischemic stroke. 
F1000Research. 2020;9:546. 
DOI: 10.12688/f1000research.21100.1

[28] Emberson J, Lees KR, Lyden P, et al. 
Effect of treatment delay, age, and 
stroke severity on the effects of 
intravenous thrombolysis with alteplase 
for acute ischaemic stroke: A meta-
analysis of individual patient data from 
randomised trials. Lancet. 2014;384: 
1929-1935. DOI: 10.1016/S0140- 
6736(14)60584-5

[29] Lees KR, Bluhmki E, von Kummer R, 
et al. Time to treatment with intravenous 
alteplase and outcome in stroke: An 
updated pooled analysis of ECASS, 
ATLANTIS, NINDS, and EPITHET 
trials. Lancet. 2010;375:1695-1703. DOI: 
10.1016/S0140-6736(10)60491-6

[30] Me M, Luna DR, Pagol J, et al. 
Impact of time to treatment on tissue-
type plasminogen activator-induced 
recanalization in acute ischemic stroke. 
Stroke. 2014;45:2734-2738. 
DOI: 10.1161/STROKEAHA.114.006222

[31] Campbell BCV, Ma H, Ringleb PA, 
et al. Extending thrombolysis to 4.5-9 h 
andwake-up stroke using perfusion 
imaging: A systematic review and 
meta-analysis of individual patient data. 
Lancet. 2019;394(10193):139-147. 
DOI: 10.1016/S0140-6736(19)31053-0

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



13

Thrombolysis in Acute Stroke
DOI: http://dx.doi.org/10.5772/intechopen.101252

An observational study. Lancet. 
2007;369:275-282. DOI: 10.1016/
S0140-6736(07)60149-4

[33] Yaghi S, Willey JZ, Cucchiara B, et al. 
Treatment and outcome of hemorrhagic 
transformation after intravenous alteplase 
in acute ischemic stroke a scientific 
statement for healthcare professionals 
from the American Heart Association/
American Stroke Association. Stroke. 
2017;48(12):e343-e361. DOI: 10.1161/
STR.0000000000000152

[34] Myslimi F, Caparros F, 
Dequatre-Ponchelle N, et al. Orolingual 
angioedema during or after 
thrombolysis for cerebral ischemia. 
Stroke. 2016;47:1825-1830. 
DOI: 10.1161/STROKEAHA.116.013334

[35] Cheong E, Dodd L, Smith W, et al. 
Icatibant as a potential treatment of 
life-threatening alteplase-induced 
angioedema. Journal of Stroke and 
Cerebrovascular Diseases. 2018; 
27:e36-e37. DOI: 10.1016/j.
jstrokecerebrovasdis.2017.09.039

[36] Bivard A, Huang X, Levi CR, et al. 
Tenecteplase in ischemic strokeoffers 
improved recanalization: Analysis of 2 
trials. Neurology. 2017;89:62-67. DOI: 
10.1212/WNL.0000000000004062

[37] Campbell BCV, Mitchell PJ, 
Churilov L, et al. Tenecteplase versus 
alteplase before thrombectomy for 
ischemic stroke. The New England 
Journal of Medicine. 2018;378:1573-
1582. DOI: 10.1056/NEJMoa1716405

[38] Logallo N, Novotny V, Assmus J, et 
al. Tenecteplase versus alteplase for 
management of acute ischaemic stroke 
(NOR-TEST): A phase 3, randomised, 
open-label, blinded endpoint trial. 
Lancet Neurology. 2017;16(10):781-788. 
DOI: 10.1016/S1474-4422(17)30253-3

[39] Campbell BCV, Mitchell PJ, 
Churilov L, et al. Effect of intravenous 
tenecteplase dose on cerebral 

reperfusion before thrombectomy in 
patients with large vessel occlusion 
ischemic stroke: The EXTEND-IA TNK 
part 2 randomized clinical trial. Journal 
of the American Medical Association. 
2020;323:1257-1265. DOI: 10.1001/
jama.2020.1511

[40] Campbell BCV, Khatri P. Stroke. 
Lancet. 2020;396(10244):129-142.  
DOI: 10.1016/S0140-6736(20)31179-X

[41] Powers WJ, Rabinstein AA, 
Ackerson T, et al. 2018 guidelines for the 
early management of patients with acute 
ıschemic stroke: A guideline for 
healthcare professionals from the 
American Heart Association/American 
Stroke Association. Stroke. 
2018;49(3):e46-e110. DOI: 10.1161/
STR.0000000000000158

[42] Burgos AM, Saver JL. Evidence that 
tenecteplase is noninferior to alteplase 
for acute ischemic stroke: Meta-analysis 
of 5 randomized trials. Stroke. 
2019;50(8):2156-2162. DOI: 10.1161/
STROKEAHA.119.025080

[43] Hacke W, Kaste M, Fieschi C, et al. 
Randomised double-blind placebo-
controlled trial of thrombolytic therapy 
with intravenous alteplase in acute 
ischaemic stroke (ECASS II). Second 
European-Australasian Acute Stroke 
Study Investigators Lancet 1998;352: 
1245-1251. DOI: 10.1016/s0140- 
6736(98)08020-9

[44] Clark WM, Wissman S, Albers GW, 
et al. Recombinant tissue-type 
plasminogen activator (Alteplase) for 
ischemic stroke 3 to 5 hours after 
symptom onset. The ATLANTIS study: 
A randomized controlled trial. Alteplase 
thrombolysis for acute 
noninterventional therapy in ischemic 
stroke. Journal of the American Medical 
Association. 1999;282:2019-2026. 
DOI: 10.1001/jama.282.21.2019

[45] Hacke W, Kaste M, Bluhmki E, et al. 
Thrombolysis with alteplase 3 to 4.5 



Cerebrovascular Diseases - Elucidating Key Principles

14

hours after acute ischemic stroke. The 
New England Journal of Medicine. 
2008;359(13):1317-1329. DOI: 10.1056/
NEJMoa0804656

[46] Yamaguchi T, Mori E, Minematsu K, 
et al. Alteplase at 0.6 mg/kg for acute 
ischemic stroke within 3 hours of onset: 
Japan alteplase clinical trial (J-ACT). 
Stroke. 2006;37(7):1810-1815. 
DOI: 10.1161/01.STR.0000227191. 
01792.e3

[47] Toyoda K, Koga M, Naganuma M, 
et al. Routine use of intravenous low-
dose recombinant tissue plasminogen 
activator in Japanese patients: General 
outcomes and prognostic factors from 
the SAMURAI register. Stroke. 
2009;40(11):3591-3595. DOI: 10.1161/
STROKEAHA.109.562991

[48] Minematsu K, Okada Y, et al. 
Thrombolysis with 0.6 mg/kg 
intravenous alteplse for acute ischemic 
stroke in routine clinical practice: The 
Japan post-marketing alteplse 
registration study (J-MARS). Stroke. 
2010;41(9):1984-1989. DOI: 10.1161/
STROKEAHA.110.589606

[49] Sharma VK, Kawnayn G, Sarkar N. 
Acute ischemic stroke: Comparison of 
low-dose and standard-dose regimes of 
tissue plasminogen activator. Expert 
Review of Neurotherapeutics. 
2013;13:895-902. DOI: 10.1586/14737175. 
2013.827412

[50] Cheng JW, Zhang XJ, Cheng LS, 
et al. Low-dose tissue plasminogen 
activator in acute ischemic stroke: A 
systematic review and meta-analysis. 
Journal of Stroke and Cerebrovascular 
Diseases. 2018;27:381-390. 
DOI: 10.1016/j.jstrokecerebrovasdis

[51] Anderson CS, Robinson T, 
Lindley RI, et al. Low-dose versus 
standard-dose intravenous alteplase in 
acute ıschemic stroke. The New England 
Journal of Medicine. 2016;374(24):2313-
2323. DOI: 10.1056/NEJMoa1515510

[52] Zhao G, Huang T, Zheng M, et al. 
Comparative analysis on low- and 
standard-dose regimes of alteplase 
thrombolytic therapy for acute ischemic 
stroke: Efficacy and safety. European 
Neurology. 2018;79(1-2):68-73. 
DOI: 10.1159/000485460

[53] Liu H, Zheng H, Cao Y, et al. 
Low- versus standard-dose intravenous 
tissue plasminogen activator for acute 
ischemic stroke: An updated meta-
analysis. Journal of Stroke and 
Cerebrovascular Diseases. 
2018;27(4):988-997. DOI: 10.1016/j.
jstrokecerebrovasdis.2017.11.005

[54] Saver JL, Adeoye O. Intravenous 
thrombolysis before endovascular 
thrombectomy for acute ischemic 
stroke. Journal of the American Medical 
Association. 2020;325(3):229-231.  
DOI: 10.1001/jama.2020.22388

[55] Chalos V, LeCouffe NE, 
Uyttenboogaart M, et al. Endovascular 
treatment with or without prior 
intravenous alteplase for acute ischemic 
stroke. Journal of the American Heart 
Association. 2019;8(11):e011592

[56] Vidale S, Romoli M, Consoli D, et al. 
Bridging versus direct mechanical 
thrombectomy in acute ischemic stroke: 
A subgroup pooled meta-analysis for 
time of intervention, eligibility, and 
study design. Cerebrovascular Diseases. 
2020;49:223-232

[57] Young-Saver DF, Gornbein J, 
Starkman S, et al. Magnitude of benefit 
of combined endovascular 
thrombectomy and intravenous 
fibrinolysis in large vessel occlusion 
ischemic stroke. Stroke. 2019;50: 
2433-2440

[58] Yang P, Zhang Y, Zhang L, et al. 
Endovascular thrombectomy with or 
without intravenous alteplase in acute 
stroke. The New England Journal of 
Medicine. 2020;382(21):1981-1993. 
DOI: 10.1056/NEJMoa2001123



15

Thrombolysis in Acute Stroke
DOI: http://dx.doi.org/10.5772/intechopen.101252

[59] Zi W, Qiu Z, Li F, et al. Effect of 
endovascular treatment alone vs 
intravenous alteplase plus endovascular 
treatment on functional independence 
in patients with acute ischemic stroke. 
Journal of the American Medical 
Association. 2021;325(3):234-243. 
DOI: 10.1001/jama.2020.23523

[60] TC-Sağlık Bakanlığı Sağlık 
Hizmetleri Genel Müdürlüğü. Akut 
iskemik inme tanı ve tedavi rehberi. 
Ankara; 2020. Available from: https://
sbu.saglik.gov.tr/Ekutuphane/Yayin/566.

[61] Peter-Derex L, Derex L. Wake-up 
stroke: From pathophysiology to 
management. Sleep Medicine Reviews. 
2019;48:101212. DOI: 10.1016/j.
smrv.2019.101212

[62] Wang C, Wang W, Ji J, et al. Safety 
of intravenous thrombolysis in stroke of 
unknown time of onset: A systematic 
review and meta-analysis. Journal of 
Thrombosis and Thrombolysis. 2021. 
Online ahead of print. DOI: 10.1007/
s11239-021-02476-6

[63] Berge E, Whiteley W, Audebert H, 
et al. European Stroke Organisation 
(ESO) guidelines on intravenous 
thrombolysis for acute ischaemic stroke. 
European Stroke Journal. 2021;6(1): 
I-LXII. DOI: 10.1177/2396987321989865

[64] Koga M, Yamamoto H, Inoue M, et 
al. Thrombolysis with alteplase at 0.6 
mg/kg for stroke with unknown time of 
onset: A randomized controlled trial. 
Stroke. 2020;51(5):1530-1538. DOI: 
10.1161/STROKEAHA.119.028127

[65] Ringleb P, Bendszus M, Bluhmki E, 
et al. Extending the time window for 
intravenous thrombolysis in acute 
ischemic stroke using magnetic 
resonance imaging-based patient 
selection. International Journal of 
Stroke. 2019;14(5):483-490. 
DOI: 10.1177/1747493019840938

[66] Furlanis G, Ajčević M, Buoite 
Stella A, et al. Wake-up stroke: 

Thrombolysis reduces ischemic lesion 
volume and neurological deficit. Journal 
of Neurology. 2020;267:666-673. 
DOI: 10.1007/s00415-019-09603-7

[67] Swartz RH, Cayley ML, Foley N. 
The incidence of pregnancy-related 
stroke: A systematic review and meta-
analysis. International Journal of Stroke. 
2017;12(7):687-697. DOI: 10.1177/ 
1747493017723271

[68] Khalid AS, Hadbavna A, 
Williams D, et al. A review of stroke in 
pregnancy: Incidence, investigations 
and management. The Obstetrician & 
Gynaecologist. 2020;22:21-33. 
DOI: 10.1111/tog.12624

[69] Tate J, Bushnell C. Pregnancy and 
stroke risk in women. Womens Health. 
2011;7(3):363-374. DOI: 10.2217/
whe.11.19

[70] Little JT, Bookwalter CA. Magnetic 
resonance safety: Pregnancy and 
lactation. Magnetic Resonance Imaging 
Clinics of North America. 2020;28(4): 
509-516. DOI: 10.1016/j.mric.2020. 
06.002

[71] Anderson A, Singh J, Bove R. 
Neuroimaging and radiation exposure 
in pregnancy. Handbook of Clinical 
Neurology. 2020;171:179-191. DOI: 
10.1016/B978-0-444-64239-4.00009-6

[72] Gartman EJ. The use of 
thrombolytic therapy in pregnancy. 
Obstetric Medicine. 2013;6(3):105-111. 
DOI: 10.1177/1753495X13488771

[73] Landais A, Chaumont H, Dellis R. 
Thrombolytic therapy of acute ischemic 
stroke during early pregnancy. Journal 
of Stroke and Cerebrovascular Diseases. 
2018;27(2):e20-e23. DOI: 10.1016/j.
jstrokecerebrovasdis

[74] Rodrigues R, Silva R, Fontão L. 
Acute ischemic stroke in pregnancy. 
Case Reports in Neurology. 
2019;11(1):37-40. DOI: 10.1159/ 
000496386



Cerebrovascular Diseases - Elucidating Key Principles

16

[75] Dinehart E, Leon Guerrero C, 
Pham A. Extending the window for 
thrombolysis for treatment of acute 
ischaemic stroke during pregnancy: A 
review. BJOG : An International Journal 
of Obstetrics and Gynaecology. 
2021;128:516-520. DOI: 10.1111/ 
1471-0528.16495

[76] Pacheco LD, Hankins GDV, Saad AF. 
Acute management of ischemic stroke 
during pregnancy. Obstetrics and 
Gynecology. 2019;133(5):933-939. 
DOI: 10.1097/AOG.0000000000003220

[77] Keselman B, Gdovinová Z, 
Jatuzis D. Safety and outcomes of 
intravenous thrombolysis in posterior 
versus anterior circulation stroke: 
Results from the safe implementation of 
treatments in stroke registry and 
meta-analysis. Stroke. 2020;51(3):876-
882. DOI: 10.1161/STROKEAHA. 
119.027071

[78] Dorňák T, Sedláčková Z, Čivrný J, et 
al. Brain imaging findings and response 
to intravenous thrombolysis in posterior 
circulation stroke. Advances in Therapy. 
2021;38(1):627-639. DOI: 10.1007/
s12325-020-01547-z

[79] Rabinstein AA. Treatment of acute 
ischemic stroke. Cerebrovascular 
Disease. 2017;23:62-81. DOI: 10.1212/
CON.0000000000000420

[80] Pallesen LP, Khomenko A, 
Dzialowski I, et al. CT-angiography 
source images indicate less fatal 
outcome despite coma of patients in the 
Basilar Artery International 
Cooperation Study. International 
Journal of Stroke. 2017;2:145-151.  
DOI: 10.1177/1747493016669886

[81] Dornak T, Kral M, Sanak D, et al. 
Intravenos thrombolysis in posterior 
circulation stroke. Frontiers in 
Neurology. 2019;10:417. DOI: 10.3389/
fneur.2019.00417


