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Stroke 

 “apoplexy” 
 discovery by Hippocrates over 2500 years ago.  

 Greek means “struck by violence”  

 fifth leading cause of death in the United States 

 “time is brain”  

 timely evaluation, treatment, and care, early recognition of 
stroke signs is paramount 
 





Cell death ~ 6min central 
infarct area or umbra,  
surrounded by a penumbra of 
ischemic tissue that may 
recover  



Stroke 



Mobile Stroke Unit & 

Hospital Stroke Team 



MSU 

 MSU 
 diagnostic equipment  

 point-of-care blood tests 

 CT scanning 

 telemedicine capability 

 Alteplase 

 stroke team members 

: potential to decrease door-to-needle times 

  High cost & limited availability 

 



Hospital Stroke Teams 

 lead by vascular neurologists 
 multidisciplinary, including trained staff 

 emergency medicine, neurology. neuroradiology  

 Pharmacy, nursing, physical, occupational, and speech 
therapy  

 physicians who are on-call for acute cerebrovascular 
interventions  

 All members should be trained and certified to the NIHSS 

 quality performance measures through continual chart 
audits 



Hospital Stroke Teams 

 Performance measures 

 anticoagulation for atrial fibrillation 

 thrombolysis when indicated 

 timely initiation and discharge on antithrombotic drugs 

 discharge on a statin 

 stroke education 

 assessment by rehabilitation.  



Emergency Evaluation and Treatment 

 Eligible for reperfusion therapy? 
 Hyperacute stage stroke  

 LKWT & wake up stroke  

 : 24-hour clock time 
 Ways to avoid -  “30 minutes ago” or “2 hours ago” 

 stroke team to operate in the same time window 

 decreases the possibility of errors 

 TIA  
 completely resolved before re-setting 

 

 Confirmation of time is very very important  

 

 



Hospital Stroke Teams 

 Laboratory evaluation 

 stroke mimics DDx. 

 blood glucose, electrolytes, CBC, PT, PTT, INR, and renal 
function 

 absolutely required lab is a finger-stick blood glucose test 
to exclude either significant hyper- or hypoglycemia 
(glucose <50 mg/dL or >400 mg/dL, respectively) 

 Other laboratory tests should not delay of IVT and or 
EVT 

 



Brain and vascular 

imaging 



Brain and Vascular Imaging 

 Non-contrast CT 
 acute management decisions 

 DW-MRI 
 more sensitive  

 initial routine use is neither practical nor cost effective 

 CT based or MR based 
 CTA 

 CT or MR perfusion  

 MRA  

 Performed within 15-20 minutes of arrival in the ED 

 minimize the time to treatment initiation 

 

 



Brain and Vascular Imaging 

 CTA 
 confirm or exclude LVO 

 clinical syndrome consistent with MCA occlusion 
and a corresponding hyperdense MCA  
 Direct DSA  

 decrease time by an average of 26 minutes 

 Collateral flow assessments 
 Multicenter Randomized Clinical Trial of Endovascular 

treatment for acute ischemic stroke in the Netherlands 
(MR CLEAN) and Interventional Management of Stroke 
(IMS) III trials 권고사항 

 



Clot Imaging Technique 

• CTA  

 assessing the clot burden score 

a. semiquantitative method of measuring the 
extent of thrombus  

b. Delayed phase CTA is particularly useful in 
assessing clot burden and thrombus length  

-> because it can take time for contrast to make it 
to the distal face of the clot  
[Tan IY, Demchuk AM, Hopyan J, Zhang L, Gladstone D, Wong K, Martin M, Symons SP, Fox AJ, Aviv RI. CT 

angiography clot burden score and collateral score: correlation with clinical and radiologic outcomes in acute middle 

cerebral artery infarct. AJNR Am J Neuroradiol. 2009;30:525-31.] 

[Kaschka IN, Kloska SP, Struffert T, Engelhorn T, Gölitz P, Kurka N, Köhrmann M, Schwab S, Doerfler A. Clot 

Burden and Collaterals in Anterior Circulation Stroke: Differences Between Single-Phase CTA and Multi-phase 4D-

CTA. Clin Neuroradiol. 2016;26:309-15.] 

 



Clot Imaging Technique : CBS 

Illustration of CBS. A, A 10-point score is normal, implying absence of thrombus. Two points (as indicated) are subtracted 

for thrombus found on CTA in the supraclinoid ICA and each of the proximal and distal halves of the MCA trunk. One 

point is subtracted for thrombus found in the infraclinoid ICA and A1 segment and for each affected M2 branch. B, 

Occlusion of infra- and supraclinoid ICAs with a CBS of 7. C, Distal M1 and 2 M2 branch occlusions produce a CBS of 6. 

D, Occlusion of the terminal ICA, proximal M1, and A1, with a resultant CBS of 5. 

[Tan IY, Demchuk AM, Hopyan J, Zhang L, Gladstone D, Wong K, Martin M, Symons SP, Fox AJ, Aviv RI. CT 

angiography clot burden score and collateral score: correlation with clinical and radiologic outcomes in acute middle 

cerebral artery infarct. AJNR Am J Neuroradiol. 2009;30:525-31.] 

 



Clot Imaging Technique : MRA 

Illustrations of the extent of blooming effect measurement. (a) Magnitude image shows a middle cerebral artery (MCA) susceptibility vessel sign (SVS) (red arrow). (b) Raw axial images of 

time-of-flight magnetic resonance angiography (TOF-MRA) indicate an MCA occlusion. (c) The magnitude image was co-registered and then merged to the raw axial image of TOF-MRA. 

[Yan S, Chen Q, Zhang X, Xu M, Han Q, Shao A, Liebeskind DS, Lou M. Extensive blooming artifact predicts no recanalization after intravenous thrombolysis. Eur J Neurol. 2016 ;23:737-43. ] 

 

 

 

 

 

 

 

 

 

 

 

 The extent of SVS width beyond the lumen might reflect the 
content of hemosiderin  

 Extreme overestimation ratio might indicate aged thrombus 
 May be resistant to thrombolysis  



Brain and Vascular Imaging:  

Advanced imaging  

 Advanced imaging with multiphase CTA, CTP, and MRI 

 should not cause any delay IVT and or EVT 

 CTP measures of penumbral imaging, diffusion-perfusion 
mismatch, or vessel imaging 

 Within 6 hours  

 no benefit 



Brain and Vascular Imaging:  

Advanced imaging  



Brain and Vascular Imaging:  

Advanced imaging  

 Wake-up stroke or within 6 to 24 hours 
 useful screening tool for MT  

 Thrombectomy 6 to 12 Hours After Stroke with Mismatch Between Deficit 
and Infarct (DAWN) trial 

 Between 6 and 16 hours 
 Endovascular Therapy Following Imaging Evaluation For Ischemic Stroke 

(DEFUSE 3) trial 

 perfusion-core mismatch and maximum core size with CTP or MRI 
perfusion  

 Gold standard key  
 Catheter angiography 



Thrombolytic agents 



Thrombolysis: IVT 

 Recombinant tissue plasminogen activator (r-tPA) 
 cornerstone treatment  

 recombinant forms of the endogenous circulating 
fibrinolytic enzyme  

 convert the circulating proenzyme, plasminogen, into 
plasmin 

 plasmin degrades polymerized fibrin cross-linking of 
activated platelets 



Thrombolysis: IVT 

 1996, FDA approved the use of IV-rtPA for patients with AIS 
presenting within 3 h of symptom onset 

 

 2008, ECASS (European Cooperative Acute Stroke Study) III 
showed benefit of IV-rtPA over placebo among those treated 
within 3 to 4.5 h of symptom onset 

 

 2015, stroke guidelines from AHA recommended using it up 
to 4.5 h from onset of symptoms in eligible patients 



Thrombolysis: IVT 

• Tenecteplase (TNK) 
 variant form of recombinant tPA 

: originates from three amino acid residue substitutions (T = 
threonine, N = asparagine, K = lysine) that differentiate the 
enzyme from alteplase  

 longer plasma half-life, increased affinity to fibrin, and 
increased resistance to plasminogen activator inhibitor-1 

 hypothesized to form a superior thrombolytic 

 single bolus 



Thrombolysis: IVT 

• Tenecteplase (TNK) 
 NOR-TEST (Tenecteplase Similar to Altplase in Stroke) 

: compared alteplase to TNK in 1100 patients 

: did not find any benefit in 3 month mRS 

 EXTEND-IA (Extending the time for Thrombolysi in Emergency 
Neurological Deficits Intra-Arterial) TNK study 

: compared alteplase to TNK before thrombectomy in 200 patients 

: increased rates of angiographic reperfusion  

: similar rates of 90-day functional independence 

 Systematic review 

: five prospective clinical trials more than 1500 subjects 

: non-inferiority to tPA 



Thrombolysis: IVT - LIMITATIONS 

 ICA and M1 occlusions have lower rate of recanalization than M2–
M4 occlusions. 

 

 30% of MCA occlusions recanalize with IV tPA only within 2 hours 

 

 ICA occlusions recanalize only at 1/3 of the rate of MCA occlusions 

 

 The absolute reduction in chance of poor outcome in patients 
treated with IV-rtPA within 3 h is 10% (NNT-10) 

 

 In a 3- to 4.5-h time window, the effect is reduced further, to 7% 
(NNT-14) 



Endovascular 

Thrombectomy 



Christian H. Riedel et al. Stroke. 2011;42:1775-1777 

Logistic regression curve 
representing an estimate of 
the probability for successful 
recanalization of occluded 
vessels by IVT depending on 
thrombus length 



Thrombolysis: EVT 

 MR CLEAN 
 First study 

 6 hr EVT favorable data 

 
 HERMES publication 

 Meta analysis 
 5 positive trials conducted between 2010 to 2014 
 MR CLEAN, ESCAPE, REVASCAT, SWIFT PRIME, and 

EXTEND IA 
 Astounding result  



Thrombolysis: EVT 

  Increase the rate of recanalization  
 Stent-based retrieval devices (“stentrievers”) 

 direct clot aspiration 

 combinations of the two 



Thrombolysis: EVT 

 Stent Retriever Thrombectomy 
 placement of an expandable stent-like device 

 tines of the stent engage the thrombus 

 Procedure 
 8-Fr or 9-Fr balloon-guided catheter (BGC) 

: placed into the cervical ICA or VA 

 microcatheter is advanced across the occluded segment 

: range from 0.021-0.027 inches ID 

: accommodates up to 4-6 mm diameter stentriever 

: good position across the occlusion 

: proximal aspect of the occlusion 



Paradigm Shift 

 Since 2015, the first-line treatment for ischemic stroke has 
changed dramatically  

 

 MR CLEAN 

 ESCAPE 

 EXTEND IA 

 SWIFT PRIME 

 REVASCAT 



TICI  



Thrombolysis: EVT 

 Direct Aspiration Thrombectomy 
 direct aspiration first pass technique (ADAPT) 

: highly trackable neuro sheath (usually 6 Fr) is placed into ICA or 
VA  

: proximal end of the thrombus is engaged directly 

: Aspiration performed either manually with a large syringe or with 
an aspiration pump system 

 ADAPT versus stent retriever  
 decreased time to reperfusion, increased TICI 3 reperfusion, and 

decreased cost  

 More recent studies have suggested parity 



Thrombolysis: EVT 

 Combined Thrombectomy Techniques 
 “Solumbra” technique 

 placing a sheath or a BGC in ICA or VA 

 advancing an intermediate catheter (reperfusion catheter) 

 deploying a stent retriever across the occlusion 

 aspiration of the reperfusion catheter along with the stent 
retriever 



 The Solitaire™ FR device Parametric™ 
design that may provide multiple planes of 
clot contact. 

 Trevo - straight cut tube ; struts of the 
Trevo™* device to cut into the clot 

Consistent 
Cell Size 

Variable 
Cell Size 



REPERFUSION STRATEGIES 

Endovascular treatment of acute ischemic stroke: the 

end or just the beginning? Neurosurg Focus. 2014 

Jan;36(1):E5. doi: 10.3171/2013.10.FOCUS13374. 

Maxim Mokin et al.  



Major steps in evolution of thrombectomy devices 



Non-treatment 

candidates 



DAPT 

 The Clopidogrel with Aspirin in Acute Minor Stroke or 
Transient Ischemic Attack trial, (CHANCE) 
 minor stroke (NIHSS≤3) or high-risk TIA (ABCD2 score≥4)  

 first 24 hours of symptoms onset 

 3 weeks  

 Chinese population 

 

 Clopidogrel and Aspirin in Acute Ischemic Stroke and High-
Risk TIA trial (POINT trial)  
 Multicenter, randomized  

 Similar with CHANCE 

 3months 



ADP inhibiotor  

 Clopidogrel 
 polymorphism of the CYP2C19 gene 

 

 Ticagrelor and Aspirin or Aspirin Alone in Acute Ischemic 
Stroke or TIA trial (THALES trial) 
 ticagrelor and aspirin vs. aspirin only 

 lower risk of stroke or death at 30 days 

 D/C due to the bleeding rates in the combination group 

 



Clinical Trials  



Protocol 



Michael S Phipps et al. 2020 



Acute stroke triage 

Times are symptom onset to needle times at a stroke center. CTA = CT angiogram head and neck. 

NIHSS = National Institute of Health Stroke Scale. VAN = Vision, Aphasia, Neglect tool 




