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TJC Requirements and Brain Attack Coalition Guidelines for 
Comprehensive Centers:

•Key Personnel –
•Neurologists

•Neurosurgeons
•Vascular Surgeons

•Intensivists (Neuro-Critical Care Specialists)
•Advanced Practice Nurses (Masters or Doctoral degree)

•Endovascular Specialists
•Ultrasound Technicians

•Physical Medicine/Rehabilitation Physicians & Therapists
•Endovascular Treatment –

•Angioplasty/Stents
•Coil embolization

•Intra-arterial lytic and mechanical clot retrieval/disruption
•Expanded Neuroradiology Capabilities –

•MRI/MRA/DWI
•CT Angiography

•Digital Angiography
•Echocardiography (TTE/TEE)

•Carotid and Transcranial Doppler
•Stroke Unit & ICU

•Rehabilitation Program
•Formal Patient and Staff Education

•Stroke Registry with Outcomes/Process Tracking



TCD, CDUS, CTA, MRA

H&P         Head CT       ECG, blood work-up    

Evaluation of a Stroke Patient

Invasive Angiography



NIHSS is sensitive to clot presence (>10 points)

CLOTBUST: Find Thrombus Fast

Portable TCD and duplex 

Fast track protocol

Use full power

High PRF, gate > 10 mm

Occlusion(s) location

The worst residual flow

Monitoring set



Carotid US + TCD: 
Lesions Amenable to Intervention

Chernyshev et al. Stroke 2005:36:32-37.
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Neurovascular US exam yields excellent
agreement with urgent DSA



Acute vs Chronic



Carotid Occlusion: Acute or Chronic
 Acute: normal vessel diameter, preserved intima-media complex, some 

distensibility
 Chronic: fibrosis, vessel collapse, lack of vessel wall pulsations

Cerbrovascular Ultrasound in Stroke Prevention and Treatment (2nd Ed)
Oxford: Wiley-Blackwell Publishers. 2011. ISBN 9781405195768 

Acuson P300



Normal MCA and 
MCA/ACA Waveforms



Normal MCA and ACA 
Waveforms with Severe ICA Stenosis 



TCD and CTA in Acute Ischemia
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TCD and CTA in Acute Ischemia

Tsivgoulis G. et al. Stroke 2007:38:1245-1249.



PMD in Acute Posterior Ischemia



PMD in Acute Posterior Ischemia

Tsivgoulis G. et al. Stroke 2008:39:1197-1204.



Mikulik R, et al. Stroke 2006;37:229-230.

TCD&CDUS via Telemedicine



CTA

H&P         Head CT       ECG, blood work-up    

Evaluation of a Stroke Patient

Invasive Angiography



Good or Bad Collaterals?



mgoyal@ucalgary.ca

• Refine CTA
• 3 phases
• One injection
• Relatively easy to standardize and train
• Minimal post processing time

Multiphase CTA



Multiphase CTA



Collateral Scoring on 
mCTA

Figure. Upper panel shows a patient with a left M1 MCA occlusion (arrow) and good collaterals (backfilling arteries) on multi-phase 
CTA. Middle Panel shows a patient with a left M1 MCA occlusion (arrow) and intermediate collaterals. Lower panel shows a patient
with a right M1 MCA occlsion (arrow) and poor collaterals (minimal backfilling arteries) on multi-phase CTA.



Collaterals in Stroke Research

Cerebrovascular Dis 2006;21:74-78.



Cerebrovascular Dis 2006;21:74-78.



Upward and 
anterior 

probe 
angulation

Transtemporal
insonation

Transducer
position

Insonation 
focus (gate)

TCD Monitors the Residual Flow Signals 

50 mm

Stroke 2000;31:610-14. Circulation 2000;100:2282-83.





Neurology 2001;56:568-570.



-Reocclusion occurs in up to 27% of TPA   
treated patients with MCA occlusions

-Reocclusion accounts for 2/3 of early clinical 
deterioration following improvement



Case illustration

60 y.o. AA man
NIHSS 17
ASPECTS 9
iv tPA at 3 hrs
CTA persisting LMCAO                                  
after transfer

Images courtesy of Dr Nitin Goyal



Case illustration

Images courtesy of Dr Nitin Goyal

Symptom onset to TICI 3 246 min



Case illustration

Images courtesy of Dr Nitin Goyal

Post MT SBP 170s-180s up to 8 hrs; decreasing LOC

• 3 month mRS 4



Knowns from bp mgmt for iv tPa

vgoulis G, et al. Stroke 2009;40:3631-3634. TUCSON Trial. Ann Neurol 2009;66:28-38.
Tsivgoulis G, et al. Stroke 2007;38:961-966. 

BP goals before bolus below<185/110 mm 
Hg and <180/105 for 24 hrs post treatment 
were set by NINDS-rt-PA Stroke Study. 
Violations increase sICH risk OR 2.59; 95% CI, 
1.07 to 6.25; P=0.034
Pre-bolus SBP inversely associated with 
recanalization: OR per 10-mm Hg increase 
0.85; 95% CI: 0.74 to 0.98, P=0.022



Lessons learned with monitoring

Upward 
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anterior 
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50 mm

Demchuk AM, et al. Circulation 2000;100:2282-83. 



Lessons learned with monitoring

13:02 Time 13:38
TPA bolus

NIHSS 15                                    NIHSS 15GCS 3                            15:25

Demchuk AM, et al. Circulation 2000;100:2282-83. 



Hyperemic reperfusion after mt

Analogous to cerebral hyperperfusion syndrome 
after carotid endarterectomy leading to headache, 
seizures and SAH/blood extravasation
Contributes to hemorrhagic transformations, sICH, 
edema, neurological decline and seizures after 
stroke
Directly detectable by TCD during or after MT: 
normal or elevated MFVs with abnormally low 
resistance flow pattern (PI decrease >30% vs 
unaffected side) in the previously occluded vessel1

1Rubiera M, et al. Stroke 2010;41:695-699. 



Until RCT(s) become available…

TICI 3 + Dramatic neurological recovery < 140/80
TICI 3, no Neurological improvement      <160/90
TICI 2 + Neurological improvement         <160/90
No recanalization                                    <160/90 or     

permissive hypertension <180/90
Strict BP control to avoid variability in all groups

Personal opinion.



An 85 year old woman with Hx of HTN 
had a sudden onset of right sided weakness 
and speech arrest. 

Normal CT scan at 1 hr. 
TPA given at 82 minutes from Sx onset.

TCD monitoring initiated prior to TPA bolus. 

N Engl J Med 1999;340:894-895.



16:05  Mean flow velocity 20 cm/s   16:46    Mean flow velocity 67 cm/s   

N Engl J Med 1999;340:894-895.



14:50 – sudden onset right sided weakness/speech arrest.
15:32 – arrival to the hospital, NIHSS 12.
15:50 – normal CT scan.
16:12 – TPA bolus iv.
16:46 – sudden MCA recanalization on TCD.
16:51 – began to regain anti-gravity strength in R arm. 
17:00 – began to smile, laugh, and use single words. 
17:10 – able to speak in full sentences and had no residual 

motor weakness. 
17:26 – mild comprehension and repetition difficulties. 
By the next morning she had no residual deficit and 
MRA showed normal intracranial vessels 
with no ischemic abnormalities on DWI or T2 sequences.

N Engl J Med 1999;340:894-895.



Dramatic Recovery
Resolution of neurological
deficit to the total NIHSS
score <3 points within 2 hr
after TPA bolus

Stroke 2000;31:610-14.

Early Recovery
Reduction of neurological
deficit by >10 NIHSS
points within 24 hr after 
TPA bolus

NEJM 1995;333:1581-1587.





Dx US Enhances Thrombolysis

Portable 
2 MHz TCD

Possible Mechanisms:
• Reversible changes in 

fibrin structure
• Plasma streaming 

through thrombus
• ↑TPA delivered to 

binding sites

Stroke 2004;35:2722-25.

US

Control



Houston  Barcelona  Edmonton   Calgary



New Engl J Med 2004;351;2170-2178.



CLOTBUSTER: Results

NCT#01098981



CLOTBUSTER: Results



CLOTBUSTER: Subgroup Analysis

NCT#01098981



CLOTBUSTER: Subgroup Analysis

Ther Adv Neurol Disord 2019;12:1-12.

1. centers with 24/7 available endovascular services; and 
2. decline in equal randomization rates between sonothrombolysis and endovascular trials or 
3. decline in preference to randomize patients with  LVO to CLOTBUST-ER (opting instead to 
treat them with interventional treatment as standard of care)

7 centers that met criteria below enrolled 52 patients (7.7%)



CLOTBUSTER: Subgroup Analysis

Ther Adv Neurol Disord 2019;12:1-12.



CLOTBUSTER subgroup: 0-3 hrs

Ther Adv Neurol Disord 2019;12:1-12.



CLOTBUSTER subgroup: 0-4.5 hrs

Ther Adv Neurol Disord 2019;12:1-12.



CLOTBUSTER: Subgroup Analysis

Ther Adv Neurol Disord 2019;12:1-12.



A Phase 3, Randomized, Placebo-Controlled, Double-
Blind Study of the Aureva Transcranial Ultrasound 
Device with Tissue Plasminogen Activator in Patients 
with Acute Ischemic Stroke (TRUST)

Andrei Alexandrov, MD
Global principal investigator

Joyce su, sr. Director, clinical affairs
Sponsor: Cerevast Medical, Inc



 3 TRANSDUCERS
 RIGHT TEMPORAL
 LEFT TEMPORAL
 SUBOCCIPITAL

Aureva Transcranial Ultrasound 
Therapeutic Device



 Pilot Study: Lead-in Phase
 40 subjects to be enrolled @ 4 stroke/telemed-networks in US

TRUST Trial Design



 N = 556
 MULTI-CENTER GLOBAL RANDOMIZED (SHAM CONTROL) 

BLINDED TRIAL

TRUST Trial Design



Sonothrombolysis: 
Current Status

Feasible, safe
Has to be delivered to patients with occlusions
Publication of the only phase III trial pending
New trial being launched (TRUST)

In the mean time:
TCD monitoring can be used safely
Real time information is complimentary to CTA
Ultrasound aids decisions beyond reperfusion



CLOTBUSTER 



Stroke Patient Evaluation with US

Extension of neurological examination
Bedside testing
Real time assessment of hemodynamics
Ascertaining stroke pathogenesis 
Continuous monitoring
Aid therapies



Any questions?
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