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Introduction

Stroke is the leading cause of adult disability in the developed 

world.1, 2 In ischemic stroke, a blood clot (thrombus) leads to an 

area of brain experiencing a signicant drop in cerebral blood 

�ow, which can ultimately result in death of this hypoperfused 

tissue. Collateral blood �ow gives rise to the ischemic penum-

bra, which is dened as an area of hypoperfused tissue that is at 

risk of death (infarction) if hypoperfusion persists, and is sepa-

rate from tissue that has already died (or programmed to die) 

soon after stroke onset (core).3 The concept of the ischemic 

penumbra led to the notion that opening an occluded blood ves-

sel in order to re-establish blood �ow to the ischemic area (re-

perfusion) would rescue the ischemic penumbra from death3,4 

(Figure 1). Reperfusion can be achieved through the use of sys-

temic thrombolytic drugs, although thrombolytic agents may 

theoretically be more e�ective if delivered directly into the clot 

(intra-arterial delivery) or if assisted with ultrasound insonation 

of the clot (sono-thrombolysis). 

Thrombus formation and �brinolysis

A thrombus can originate from several di�erent causes, which 

may alter its susceptibility to thrombolytic drugs. The main 

causes of thrombus formation in ischemic stroke are atheroscle-

rosis (in-situ thrombus or thromboembolic) or forming in the 

heart (cardioembolic). It was originally hypothesized that the 

source of thrombi had a large determining influence on clot 
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The cornerstone of acute ischemic stroke treatment relies on rapid clearance of an offend-

ing thrombus in the cerebrovascular system. There are various drugs and different methods 

of assessment to select patients more likely to respond to treatment. Current clinical guide-

lines recommend the administration of intravenous alteplase (following a brain noncontract 

CT to exclude hemorrhage) within 4.5 hours of stroke onset. Because of the short therapeu-

tic time window, the risk of hemorrhage, and relatively limited efficacy of alteplase for large 

clot burden, research is ongoing to find more effective and safer reperfusion therapy, as 

well as focussing on refinement of patient selection for acute reperfusion treatment. Stud-

ies using advanced imaging (incorporating perfusion CT or diffusion/perfusion MRI) may al-

low us to use thrombolytics, or possibly endovascular therapy, in an extended time window. 

Recent clinical trials have suggested that Tenecteplase, used in conjunction with advanced 

imaging selection, resulted in more effective reperfusion than alteplase, which translated 

into increased clinical benefit. Studies using Desmoteplase have suggested its potential ben-

efit in a sub-group of patients with large artery occlusion and salveageable tissue, in an ex-

tended time window. Other ways to improve acute reperfusion approaches are being ac-

tively explored, including endovascular therapy, and the enhancement of thrombolysis by 

ultrasound insonation of the clot (sono-thrombolysis).
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composition and therefore potentially upon susceptibility to 

thrombolytic treatment as thromboembolic clots tend to be 

platelet and brin rich and were formed in high �ow areas (of-

ten referred to white clots), whilst cardioembolic can contain 

tissue debris such as fat, air or bacteria interwoven inside the 

platelet and fibrin mesh which were formed in low flow areas 

(often referred to as red clots).5,6 However recent histological 

studies analyzing the thrombi extracted from patients using in-

tra-arterial clot retrieval showed thrombi composition was simi-

lar between cardiac and arterial origins.7 

Atherosclerotic plaque rupture or cardio-embolic thrombosis 

(typically due to atrial brillation) leads to activation of the co-

agulation cascade as well as platelet activation. In the cascade, 

zymogens (free �oating inactive coagulation factor precursors) 

are converted to an activated coagulation factor by interaction 

with the atherosclerotic plaque/thrombus.8 Each active zymo-

gene is able to activate nearby zymogens, leading to a large lo-

calized reaction of coagulation factors. Activated platelets then 

catalyze an interaction between activated coagulation factors 

(zymogens) to aid in the generation of thrombin by conversion 

of the soluble protein brinogen to insoluble brin, forming a 

blood clot. �ere are two blood coagulation cascades (intrinsic 

and extrinsic pathways), that have separate initial pathways but 

converge on a common pathway9 (Figure 2).10

Thrombolytic drugs

�rombolytic drugs dissolve (lyse) thrombi in the vascular 

bed by activating plasminogen to form plasmin. Plasmin is a 

proteolytic enzyme that breaks the crosslinks between fibrin 

molecules to destabilise the structural integrity of blood clots. 

�e main types of thrombolytic drugs used in ischemic stroke 

to activate plasminogen are urokinase/streptokinase and tissue 

plasminogen activators (eg, Alteplase). �rombolytic drug de-

velopment has undergone at least three generations with the aim 

of enhancing brin specicity or reducing inhibition of throm-

bolysis by plasminogen activator inhibitor type 1 (Table 1).

Tissue Plasminogen activator (tPA) is a serine protease found 

on the endothelial cells lining blood vessels and is involved in 

the breakdown of blood clots (thrombus). A thrombus is com-

posed of brin monomers that are cross-linked through lysine 

side chains which tPA binds too. Lysine binding of tPA results 

in a activation of plasminogen only around a thrombus, which 

minimises activation of circulating plasminogen. �e lysine side 

Figure 1. Clinical imaging of the (infarct) core and penumbra in two hyperacute stroke patients with proximal M1 middle cerebral artery territory occlusion. The right 

column shows the core (red) and penumbra (green) which are derived from the cerebral blood �ow map (left column) and delay time map (middle column). The top 

patient one has a very large acute core (red) and very little penumbra (green). Their total core volume exceeded 70 mL and the patient had a poor outcome from 

thrombolysis – which was entirely predictable due to the large core. This illustrates the concept of ‘futile reperfusion’ where reperfusion will not help the patient and 

possibly it may even harm them. Patient two on the bottom row has a very large acute penumbra (green) and small core (red) and clearly will bene�t substantially 

from thrombolysis (should it be effective at opening the vessel).
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chains have a high a�nity for binding with plasminogen, mak-

ing the thrombus plasminogen rich. �e tPA enzyme binds to 

fibrin components of a thrombus and catalyses plasminogen 

conversion to plasmin by cleavage of the arginine-valine bond 

at positions 560 and 561 to break down a clot by degrading the 

brin matrix of a thrombus. Plasmin then breaks the thrombus 

down into brin degradation products due to the plasmin’s pro-

tease action in dissolving the thrombus.11 However, on fibrin 

bound plasmin, the inhibitory e�ect of alpha 2-antiplasmin and 

type 1 plasminogen activeator inhibitor restricts lysine binding.12

Streptokinase is a rst generation thrombolytic agent. Strepto-

kinase is an antigenic compound isolated and derived from pu-

ried streptococci bacteria. �erefore streptokinase is not a pro-

tease but binds to plasminogen for the generation of plasmin 

and is not restricted at the site of thrombus formation. Because 

of its non lysine specicity, Streptokinase, produces more brin 

degradation products (brinogensis) as a result of widespread 

lytic action in the body. Fibrinogensis occurs when there are 

high levels of fibrin in the blood and can cause thrombosis, 

haemorrhage or tissue oedema. Although much less expensive, 

this makes Streptokinase a less a�ractive agent for acute treat-

ments in ischemic stroke than tPA products. Studies of strepto-

kinase in acute stroke were stopped due to an increase in mortal-

ity compared to placebo due to increased haemorrhage rates.13,14 

�e specicity of tPA drugs (Alteplase, Retaplase, Tenecteplase 

and desmoteplase) for plasminogen bound fibrin means that 

conversion of plasminogen to plasma occurs in clots with mini-

mal circulating plasma. 

Urokinase is formed by kidneys and is found in urine. Like 

Streptokinase, Urokinase has limited clinical use due to its fi-

brinogensis. �e 1999 Prolyse in Acute Cerebral �romboem-

bolism II trial (PROACT II) tested the benet of intra arterial 

Table 1. A comparison of the current thrombolytic drugs that are available in 

term of plasma half life, �brin speci�city and susceptibility to inhibition57

Agent Half-life (min Fibrin selectivity PAI-1 inhibition

Urokinase 15 - +++

Alteplase 4-8 ++ +++

Staphylokinase 6 --- -

Monteplase 23 +/- +++

Pamiteplase 30-47 ++ +++

Lanoteplase 23-37 + -

Reteplase 14-18 + ++

Tenecteplase 11-20 +++ -

Desmoteplase 138 ++++++ ?

Figure 2. The coagulation process. The intrinsic pathway involves activation of components from within the vasculature (activation of Factor IX by Factor IXa). The 

extrinsic pathway is the principal initiating pathway for in vivo blood coagulation. The pathway involves the exposure of Tissue Factor (TF), a glycoprotein, and phos-

pholipids to blood, these components are from the surface membranes of �broblasts that are within and around blood vessels. TF and phospholipids, when exposed 

to blood, interact with Factor VIIa to convert Factor IX to Factor IXa (from the intrinsic system). Factori VIIIa is then formed from interactions between Factor IX and 

phospholipids. Factor VIIIa and Factor X then combine to form Factor Xa. Factor Xa then interacts with phospholipids to form Factor Va and a “prothombinase”. This is 

the stage where the intrinsic and extrinsic pathways converge and form the common pathway. Prothombinase the uses feedback mechanism for Factor VIIIa and Fac-

tor XIa as a check to ensure that coagulation is still required, and if so, forms a thrombin. Thrombolytic drugs have action of factor XIII to break the �brin crosslinks.55
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delivery of 9 mg of recombinant prourokinasea (r-proUK) in 

180 patients. Despite an increased rate of symptomatic intracra-

nial haemorrhage the study found a significant benefit in pa-

tients treated with r-proUK at 90 days.15 To date, the PROACT 

II study is the only positive phase III intra-arterial trial. Some 

centres use r-proUK intravenously due to its low cost compared 

to other thrombolytic drugs.

 �e second generation thrombolytic drug Alteplase, is a re-

combinant form of human rtPA and has undergone the most 

study in the clinical stroke setting. Recombinant techniques 

mean that molecular cloning is used to bring genetic material 

together from multiple sources that would not otherwise be 

found together, to create new DNA sequences, which can be 

used to manufacture drugs. Alteplase is a puried glycoprotein 

(a protein with sugar chains covalently a�ached to polypeptide 

side chains) of 527 amino acids that is synthesised from the 

complementary DNA (cDNA) of natural human tissue-type 

plasminogen activator found in human melanoma cells and is 

made up of ve structural components : a protease, epidermal 

growth factor (EGF) and two kringle domains (Figure 3). �e 

lysine binding sites of alteplase are on the kringle 2 domain and 

are why alteplase has a high binding a�nity to thrombi. In terms 

of pharmacodynamics, rtPA has a short half life of around 5 

min, and therefore requires an infusion a¥er a bolus injection in 

the acute ischemic stroke se�ing. 

�e majority of ischemic stroke clinical research has revolved 

around alteplase, as it is the only Food and Drug Administration 

(FDA) approved drug for ischemic stroke. FDA approval for 

Alteplase was licensed for the management of acute myocardial 

infarction in 1987, acute massive pulmonary embolism in 1990 

and acute ischemic stroke in 1996.16 �e total dose of Alteplase 

for acute ischemic stroke is divided into a 10% bolus and 90% as 

an infusion over 60 min. Small dose-range studies for Alteplase 

in human stroke found increasing neurological benet up to a 

dose of 0.85 mg/kg, but an increased rate of haemorrhage with 

a dose of 0.95 mg/kg.17 The ground-breaking NINDS-rtPA 

study was the rst positive phase III acute stroke trial. �is trial 

showed that early treatment (within 3 hours) of an ischemic 

stroke with alteplase substantially improved clinical outcomes. 

An Alteplase dose of 0.9 mg/kg was used in the NINDS trial.18 

and found no signicant increase in the risk of haemorrhage.19 

�e ideal dose of alteplase is still under debate with the original 

alteplase dose-ranging studies being quite small. It is felt that 

Asian people may be more prone to haemorrhage from tPA, al-

though this is not based on level one evidence. To this point, 

the standard dose of alteplase in Japan in 0.6 mg/kg based on a 

single Japanese study.20 On the other hand, there is justifiable 

concern that a reduced dose of alteplase will not successfully 

lyse larger clots, typically in more proximal locations. It has 

been reliably demonstrated that long clots on non contrast com-

puted tomography (NCCT) show a reduced rate of reperfusion 

and subsequent clinical improvement.21 Indeed, a recent study 

of 130 patients using non-contrast CT to measure occlusion 

length identied that the tPA dose was independently predica-

tive of thrombus resolution, with complete resolution in only 

8% of patients. The average occlusion reduced by 20%, while 

15% of patients had an increase in clot length following tPA ad-

ministration. �erefore tPA dose was associated with thrombus 

resolution and improved clinical outcome.22

Following the NINDS study, which showed that early treat-

ment (within 3 hours) was the key to improving ischemic stroke 

outcome, there have been several studies investigating extend-

ing this treatment time window. The European Cooperative 

Acute Stroke Study (ECASS) I and II looked at administering 

alteplase between 0 and 6 hours a¥er ischemic stroke onset and 

did not nd an overall benet, with an increased rate of haem-

orrhage in ECASS I. However ECASS I and II did not use ad-

vanced imaging and may have had a high rate of patients with 

very li�le penumbra to salvage, especially in the 3-6 hours time 

window. ECASS III subsequently demonstrated evidence of 

good outcome following treatment with 0.9 mg/kg Alteplase 

between 3 and 4.5 hours in patients < 80 years a¥er symptom 

onset using only NCCT to exclude patients with haemorrhage 

or oedema. As a result of ECASS III, many countries have 

amended the license for stroke treatment with rtPA to 4.5 hours 

following NCCT assessment.

Figure 3. The molecular structure of alteplase.56
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�ere has been much interest in using advanced imaging to 

visualise the volume of the penumbra and infarct core, particu-

larly with a view to extending the treatment window for throm-

bolysis. �e EchoPlanar Imaging �rombolytic Evaluation Trial 

(EPITHET) randomised ischemic stroke patients 3-6 hours af-

ter symptom onset to alteplase or placebo and used acute mag-

netic resonance imaging (MRI) to dene the core and penum-

bra (‘di�usion-perfusion mismatch’). �e primary hypothesis 

of this phase II trial was that patients with perfusion-di�usion 

mismatch would have less infarct growth with alteplase than 

with placebo. Although the primary outcome was negative 

(mean geometric infarct growth) all secondary outcomes were 

positive and conrmed that alteplase a�enuated infarct growth 

in mismatch patients. Other analyses from the EPITHET data-

set have shown that the diffusion infarct core is the strongest 

predictor of response to thrombolysis, with a chance of good 

outcome dropping if the core > 25 mL and there being virtually 

no benefit > 70 mL.23,24 Pooled analysis from EPITHET and 

another trial of alteplase 3-6 hours after ischemic stroke, the 

Di�usion and Perfusion Imaging Evaluation for Understanding 

Stroke Evolution Study (DEFUSE), showed that patients in the 

3-6 hours time window with a favourable imaging prole, i.e. a 

large penumbra, and small infarct core.25

As stroke occurs predominantly in the aged population, with 

> 45% of patients receiving Alteplase being over 70 years old,26 

there is a concern about decreasing benet from thrombolysis 

with age. �e main concerns are over the possibility of aged re-

lated renal and hepatic impairments a�ecting the metabolising 

and clearance of alteplase as well as the possibility of an increased 

risk of haemorrhagic transformation of the infarct following Al-

teplase administration. There is also concern that the elderly 

tend to have subtle pre-morbid cognitive dysfunction and also 

may have less capacity for brain plasticity and recovery after 

stroke. However, the International stroke trial 3 (IST3), recently 

found there was no direct association between Alteplase admin-

istration and haemorrhage rate in elderly patients selected for 

alteplase treatment using NCCT imaging.27 �is was the largest 

stroke thrombolytic trial ever, and randomised 0-6 hours pa-

tients to 0.9 mg/kg alteplase or placebo (without using ad-

vanced imaging selection). Although the primary outcome was 

negative, IST3 conrmed that patients treated within 3 hours of 

symptom onset clearly beneted from alteplase, and the elderly 

had as much benet as did younger patients. 

Tenecteplase (TNK-tPA) is a third generation point mutation 

tissue plasminogen activator created by recombinant DNA 

technology from a mammalian cell line. Like Alterphase, Te-

necteplase is a 527 amino acid glycoprotein. Tenecteplase has 

modications at three sites of the protein structure on the com-

plementary DNA template that di�erentiate TNK from Alter-

phase, such as substitution of threonine 103 with asparagine, 

and a substitution of asparagine 117 with glutamine, both with-

in the kringle 1 domain, and a tetra-alanine substitution at ami-

no acids 296-299 in the protease domain (Figure 4). These 

structural and functional changes to the cDNA mean that Te-

necteplase has a longer half life and greater binding a�nity for 

fibrin and better resistance to inactivation by endogenous in-

hibitor (PAI-1) compared to Alteplase. The amino acids that 

were replaced at the three positions are called T, N, and K ac-

cording to the one le�er code for amino acids, giving the drug 

the name TNK. Tenecteplase is expressed with carbohydrate 

side chains linked to the glycosylation sites of the polypeptide. 

�e carbohydrate side chains enlarge the molecule, reducing its 

elimination and prolonging its plasma half life. Tenecteplase can 

be administered by IV bolus, without the need for follow-up in-

fusion, with a half life of 17 minutes. Tenecteplase has been ap-

proved for acute myocardial infarction, and was demonstrated to 

be superior to Alteplase.28,29

In ischemic stroke, the tenecteplase dose used for myocardial 

infarction (0.5 mg/kg) initially did not show benet when us-

ing standard clinical criteria to select patients for treatment, with 

an increase in symptomatic haemorrhage.30 However when pa-

tients were selected for treatment based on acute computed to-

mography perfusion imaging to identify the volume of the in-

farct core and penumbra within 3-6 hours of symptom onset, 

treatment with tenecteplase at low dose (0.1 mg/kg) appeared 

to be superior to alteplase in a non-randomised study.31 A sub-

sequent randomised phase IIb study using multimodal CT to 

Figure 4. Molecular structure of tenecteplase.
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select patients (vessel occlusion, small core, large penumbra) 

found that moderate (0.25 mg/kg) and low (0.1 mg/kg) doses 

did lead to signicantly be�er patient outcomes than standard 

dose Alteplase (0.9 mg/kg). Tenecteplase was associated with 

signicantly increased reperfusion, early neurological improve-

ment and improved 3 month functional outcome32 with a strong 

dose-dependent relationship, with a 0.25 mg/kg dose achieving 

significant reperfusion and neurological improvement com-

pared to 0.1 mg/kg. Furthermore, despite the enhanced e�cacy 

of tenecteplase for the larger proximal clots, there was not an in-

crease in ICH (in fact a trend towards lower rates). 

Desmoteplase is extracted from the saliva of vampire bats (des-

modus rotundus). It was noted in 1932 that vampire bat saliva 

interfered with the haemostatic mechanisms of the host.33 �e 

DNA sequencing of four plasminogen activators in vampire bat 

saliva were completed in 1991, with activator alpha 1 (rDSPAα1, 

desmoteplase) being the most active34 and shows a 72% homol-

ogy to human t-PA.35 Desmoteplase is structurally similar to Al-

teplase, but is missing the plasmin sensitive cleavage site and ly-

sine binding kringle 2 domain. �is results in Desmoteplase be-

ing more selective for brin (2 × increase in catalytic activity), 

and having no known effect on the blood brain barrier. Des-

moteplase has a half life of 4 hours (compared to Alteplase 5 

minutes, Reteplase 13 minutes, Tenecteplase 17 minutes).

A small phase three trial of Desmoteplase in Acute Ischemic 

Stroke (DIAS 2) has been completed and but demonstrated no 

benefit in patients selected for treatment biased on acute ad-

vanced neuroimaging ndings.17,36 �e trial randomised patients 

to desmoteplase or placebo 3-9 hours after stroke onset using 

imaging selection with CT perfusion or MRI, assessed visually 

for mismatch between core and penumbra volume of > 20% by 

the local investigator. �is patient selection paradigm followed 

the promising phase 2 studies, DIAS and DEDAS, which dem-

onstrated increased reperfusion and strong trends to improved 

outcome with desmoteplase compared to placebo. However, the 

primary clinical outcome DIAS 2 was negative. Apart from a 

very small sample size for a phase III study, it is thought the pre-

dominant reason for lack of benet seen with desmoteplase was 

the lack of standardisation of the advanced imaging assessment. 

Additionally, DIAS 2 did not have a minimum or maximum 

volume of infarct or penumbra volume as inclusion criteria, as 

such, many patients had small perfusion lesions with a favour-

able natural history that would have made detecting a di�erence 

with desmoteplase treatment challenging even with a larger 

sample size. Subsequent analyses of pooled data from DIAS and 

DIAS-2 identied that patients with a proximal cerebral vessel 

occlusion or high grade stenosis had much greater mismatch tis-

sue volumes and a positive response to desmoteplase compared 

to placebo.37

Enhancing thrombolysis delivery

�e e�ectiveness of tPA treatment decreases the more proxi-

mal an occlusion becomes. �e rate of early (e�ective) recanali-

zation using alteplase is 25% in patients with a proximal middle 

cerebral artery occlusion and 10% in patients with an internal 

carotid occlusion.38 Additionally, the rate of re-occlusion, a situ-

ation where a thrombus moves down a vascular tree but does 

not dissolve and re-occludes a distal blood vessel, is as high as 

30% with alteplase.39 �erefore, methods to enhance recanaliza-

tion are required.

Intra Arterial (IA) thrombolysis and more recently clot re-

trieval have become increasingly popular acute stroke treat-

ments, albeit without strong evidence. The PROACT II trial 

was the rst IA thrombolysis trial to show benet (compared to 

placebo). Subsequent phase II trials such as Interventional Man-

agement of Stroke (IMS) I and II suggested benet of a ‘bridg-

ing’ IV/IA approach when compared to IV rtPA alone. With 

evolution of technology, there has been an increased interest in 

mechanically removing clots.40 However, three recent IA clot 

retrieval tials using first generation endovascular devices have 

recently been published including, IMS III, SYNTHESIS and 

MR RESCUE, all failed to show benet compared to IV rtPA. 

This mostly likely relates to delays in revascularisation com-

pared to IV treatment, and also to poor patient selection. For 

example, MR RESCUE not only had a very late time to endo-

vascular treatment (median > 6 hours), but the pre-treatment 

baseline infarct core volume was exceptionally large (median 60 

mL).41,42 �ese trials with the rst generation clot retrieval de-

vices (MERCI and Penumbra) had quite poor recanalization 

rates, which may be another reason why they failed to show im-

proved clinical outcomes compared to IV tPA alone. However, 

there is unbridled enthusiasm for the newer ‘thrombectomy’ 

devices such as Solitaire43 and Trevo,44 with phase II studies 

showing much be�er recanalization than with the rst genera-

tion devices. However, it is unlikely any device will prove supe-

riority to IV tPA unless clot retrieval can occur at a similar time 

point to IV treatment. However there is still a trend towards in-

creased haemorrhage in patients undergoing IA treatments re-

gardless of time to treatment. 

Sono enhanced thrombolysis has been shown in vitro and in 

vivo to accelerate the enzymatic activity of thrombolysis.45 One 

proposed method of action, is that ultrasound pops the micro-

bubbles in a targeted blood vessel to generate micro-streaming 

of blood to the occlusion as a delivery mechanism for tPA. Ad-

ditionally, ultrasound causes enlargement of the brin mesh to 

allow be�er binding and penetration of tPA into a thrombus.46
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Phase 2 clinical trials have shown that continuous transcranial 

ultrasound at 2 MHz signicantly increased the rate of early re-

canalisation in patients treated with alteplase.47 However these 

studies did not use the gold standard of angiography to assess 

recanalisation, rather they relied on transcranial ultrasound 

changes, which are less well validated. A phase III trial of sonol-

ysis (CLOTBUSTER) is soon to commence. There has also 

been interest in administering intravenous micro-bubbles as a 

contrast agent in order to increase the available volume of mi-

cro-bubbles for ultrasound to a�ect, however this approach may 

increase risk of ICH.48 

Glycoprotein IIb/IIIa inhibitors may prevent platelet activa-

tion induced by thrombolysis and promote a more complete 

and rapid action of thrombus breakup.49 Glycoprotein inhibi-

tors are used to prevent platelet activation to stop new blood 

clots forming to avoid re-occlusion. Platelet activation by Ade-

nosine diphosphate (ADP, stored in blood platelets and is re-

leased on platelet activation which can be blocked by clopido-

grel) leads to a conformational change in platelet gpIIb/IIIa re-

ceptors that induces binding to fibrinogen. However recent 

myocardial studies have shown that gpIIb/IIIa inhibitors lead 

to more e�ective reperfusion, but also increased the rate of in-

tracranial haemorrhage.50 For ischemic stroke there is currently 

little clinical data, with only small case series indicating a low 

rate of symptomatic intracranial haemorrhage after duel al-

teplase and gpIIb/IIIa administration.51,52

Nanotherapeutics aim to increase tPA delivery to the vessel 

occlusion. The current concept of thrombolysis is to inject a 

thrombus dissolving drug into the blood stream and hope that 

it reaches the occlusion site in a high enough concentration to 

totally dissolve the thrombus. �e chosen doses of clot-lysing 

drugs that can be administered are a trade o� between the po-

tential risk of bleeding and the required dosage to have an e�ect. 

However, the more distal an occlusion is, the less likely there is 

to be e�ective drug delivery regardless of dose. One recent ap-

proach to guide tPA delivery is through the use of shear-activat-

ed nanotherapeutics (SA-NTs).53 However nanoparticles are 

only in phase one clinical trials.

Treatment of ischemic stroke with thrombolysis is a trade o� 

between the risk of haemorrhage and the possible benet. Clin-

ical trials have shown that treatment with tPA in selected pa-

tients results in highly clinically signicant improvement. How-

ever the criteria on how we best identify these highly treatment-

responsive patients are still undergoing investigation. �ere is 

much interest in the use of neuroimaging to enhance our ability 

to identify these responders but this approach is yet to be prov-

en in a phase III clinical trial.54 While be�er thrombolytics and 

drug delivery mechanisms such as sono-thrombolysis may in-

crease the breakdown of a thrombus, there is still the major risk 

of haemorrhage brought about by damaged to the blood brain 

barrier by the stroke. It is unknown if a resulting haemorrhage is 

caused by interactions of thrombolytic drugs and the blood 

brain barrier, or extensive brain damage brought on by an estab-

lished infarct. �erefore it is unknown if be�er drugs or mecha-

nisms will reduce the risk of haemorrhage a¥er stroke, or if ap-

propriately selecting patients with a large penumbra and with-

out a large core using imaging reduces the rate of post lysis 

haemorrhage. The recent failure of the endovascular trials to 

show benefit compared to IV alteplase demonstrate that we 

should focus on early treatment with lytics and concentrate on 

either enhancing their delivery, and/or on be�er agents such as 

tenecteplase.
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