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Stroke in USA 
 

 • Stroke is the third cause of death and leading cause of 

disability in the United States 

• 800,000 new or recurrent stroke per year  

• Approximately 87% ischemic 

• 40% due to large vessel occlusions 

• Every 45 seconds someone in the U.S. has a stroke 

• 160,000 fatal per year 

• Stroke cost estimated at $62.7 billion in 2007 

• iv t-PA only approved treatment of acute ischemic stroke 

within 3 h after symptom onset and approved in the US, 

Canada, Australia, and European Union 

•  April 1998 – March 1999 out of 14,295 inpatient with acute 

stroke, only 1.7% received t-PA (National Project of the US 

Centers for Medicare and Medicaid Service) 

• 5-year recurrence rate for stroke 24-42% 

 

 



Overview 



Successful Randomized Stroke 

Trials (2015) 

• MR CLEAN 

• ESCAPE 

• EXTEND-IA 

• SWIFT PRIME 

• REVASCAT 







Stroke Program at UMASS 

• Education (and the 6 As) 
 

• Initial Assessment (EMS / 1st Responders) 

• Arrival (ED - Dedicated stroke space) 

• Activation (Stroke Pager - Coordination ED, Stroke 
Neurologist, INR, Neuroradiologist, X-ray 
technologist, NP, PA, etc.) 

• Assessment  (NIHSS) 

• Advanced Imaging (CT, CTA, CTP, MRI) 

• Advance to Treatment (iv tPA; Thrombectomy) 

Goal: time to 
needle <30 min   

currently ~60min  



Time matters 



Formation of a 

team at UMASS 

 

> 60 people 

involvement at 
various levels 

including 

administration, 

MBAs, 

physicians, PA, 
NP, technologist 

 

Goal: 

Duplication of 

STEMI project 
UMASS 

Development of Stroke Centers 



Market Size and Development 















2. STROKE TREATMENT ACADEMIC INDUSTRY 
ROUNDTABLE - The Next Generation of 
Endovascular Trials 
  
Tudor G. Jovin1, MD, Gregory W. Albers2, MD, 

David S. Liebeskind3, MD for the STAIR IX 
Consortium 

1. Consensus Statement on Imaging 
Selection and Outcomes in Acute Stroke 
Reperfusion Clinical Trials 
  
Steven J. Warach, Marie Luby, Gregory W. 
Albers, et al.  for the STAIR IX Consortium 



In the MR CLEAN trial, the key imaging findings included a 
 
1) clear benefit of endovascular therapy for NCCT ASPECTS 
scores of 5-10 
 
2) good and moderate collateral score was also associated 
with a large benefit of endovascular therapy 
 
3) Perfusion CT (PCT) mismatch (CBV and MTT thresholds) 
predicted functional outcome, the relative treatment effect 
in patients with and without mismatch was similar.  
 
4) The use of an ischemic core volume >70mL on PCT 
criterion did identify a group of patients with very low rates 
of independent outcome (1/13 [8%])  



Proposed imaging methods for patient selection 
TRAIT Proposed imaging methods 

Artery occlusion  CTA 

 MRA 

 Catheter angiography 

Core  ASPECTS on NCCT 

 Volume of severely decreased CBV or CBF from 

PCT 

 Volume of acute DWI lesion from MRI 

Mismatch  Volume of perfusion lesion (by PCT, MRP or ASL) 

to core volume 

Cerebral collaterals  CTA source images 

 Single- or multiphasic CTA 

 Contrast-enhanced MRA 

 Catheter angiography 



I. Imaging Selection 

1. Non contrast CT (NCCT) 
ASPECTS *  
 

0-4 poor outcome 
> 6 good outcome 
>70 mL ischemic core volume 
predict low rate of independent 
outcome (<10% mRS 0-2) 
 

* Alberta Stroke Program Early CT Score 

Orbito-meatal line 
FOV 240mm 
KV 140 
mAS 450 
Collimation 1x50 
Slice thickness 5mm 
Window setting cerebrum and bone 



I. Imaging Selection 
2. CT-Angiography (multiphase) 

 
Extracranial 
 occlusion (CAS) 
 tortuosity   
 selection of access products 
 
Intracranial 
 occlusion site 
 occlusion length 
 plaque characteristics  
 collaterals 
  (poor, moderate, good) 
 

3. Role of MRI/DWI/FLAIR 
 posterior circulation  
 delayed treatment (>6 hrs) 
 CT questionable 
 MRI availability 
 
 
 

extracranial  
R ICA occlusion 



I. Imaging Selection 

4. Role of collaterals  
 

poor 
moderate 
excellent 
 



Paradigm shift related to Collaterals 

• IMS 3: every 30 min delay in reperfusion is 
associated with a 10% relative reduction in 
probability of good clinical outcome (mRS 0-2, 
Khatri et al.) 

 

• REVASCAT: 5% reduction for every 30 min 
delay (Tudor et al.) 

 



New Trials to understand collaterals 

• DEFUSE 3: NIH-funded, prospective, randomized, 
multicenter, adaptive blinded endpoint trial, 
diffusion and perfusion mismatch, mismatch ratio 
>1.8, mismatch volume ≥15cc, core <70ml,  

 

• DAWN: single device trial (Trevo embolectomy 
device), window 6-24 hours (M1, ICA T occl) core 
and clinical mismatch type selection and 
consideration of age 

 

Goal: understanding 
collaterals to 

differentiate “fast 
progressors” from 

“slow progressors” (20-
30% of pat with 

ELVO???) 



I. Imaging Selection 

5. CT-Perfusion 
 
Cerebral Blood Volume (CBV) 
 
Cerebral Blood Flow (CBF) 
 
Mean Transit Time (MTT) 
 
Time to Peak (TTP) 
 
Time to Drain (TTD) 
 
 
 

CBV 

MTT 

TTD 



Stroke CBV 
Case #11 

XperCT 
no contrast 

XperCT 
with contrast 

Pre-treatment MRI 
DWI 

XperCT 
CBV 

Female, 78 y/o 
NIHSS: 20 
Left MCA mid-distal M2-segment 
i.v. TPA 
Thrombectomy/aspiration (TICI 3) 



Stroke 
CBV 

Case #21 

Head CT 
no contrast 

XperCT 
no contrast 

CT Perfusion 
CBV 

XperCT 
CBV 

MRI 
follow-up 

contrast 

ADC 

FLAIR 

DWI 

CBF 

TTP 

Female, 37 y/o 
NIHSS: 21 
ASPECTS: 6-7/10 
Mismatch CBV-CBF on CT Perfusion 
Left M2/MCA superior division occlusion 
i.v. TPA 
2-pass thrombectomy/aspiration (TICI 2B) 



II. Anesthesia 

1. Conscious Sedation 
Cooperative patients 
Non-dominant hemisphere 
 

2. MAC 
Not cooperative patient 
Dominant hemisphere 
Posterior circulation 
 

3. GA Intracranial 
Not cooperative patient 
Dominant hemisphere 
Posterior circulation 
Large infarct 
  
  
 
 
 
 

Blood pressure control (systol > 
160 mm Hg until revasc) 

 
A-line generally not needed 

 
Airways protection 

 
NG tube for antiplatelets if needed 



III. Technology and IV. Techniques 

 
1. Femoral Access 8 F Sheath  

 
2. 8 F Balloon Guide Catheter  

 
3. 6 F Intermediate catheter for 

suction 
 

4. Microcatheter over microwire 
 

5. Thrombectomy device 
 
 

ICA 



II. Solitaire/Trevo 

mechanical Thrombectomy 

Device Selection 



Stent-like clot retriever 



Stent-like systems dedicated to remove clots 





Representative cases in a hard clot model with different 

Trevo deployment techniques (left, straight unsheathing; 

right, initial unsheathing followed by pushing the device 

and spontaneous retraction of the microcatheter).  



VasoCT 
Clot Integration Factor 

Related publications: 
van der Marel et al., 
“Quantitative assessment 
of device-clot interaction 
for stent retriever 
thrombectomy”, J 
Neurointerv Surg (2016; in 
press) 
 

Conference presentations: 

“Clot Integration Factor For In-
Vitro Quantification Of Stent-
Retriever Configuration Using 
Cone-beam CT”; International 
Stroke Conference; February 
2016 (poster) 

“Clot Integration Factor for in-
vitro quantification of stent-
retriever configuration using 
cone-beam CT”; Summer 
Biomechanics, Bioengineering, 
and Biotransport Conference; 
July 2016 (abstract submitted) 

Clot Integration 
Factor = 0.25 

Three marker wires 
Segmented clot 

Intersection device-
clot 

High-resolution 
reconstruction of 
cone-beam CT image 

Extraction of visible 
marker wires 

Segmentation of the 
contrast-enriched 
clot 

Determination of the 
inner volume of the 
stent-retriever 

Clot Integration Factor   =   
Volume of Clot−Device Intersection

Volume of Clot
 



75 year old patient with NIHSS 
of 21.  

Use of Stent- 

Trievers  

NIHSS at 90 days- 0 



Patient Selection 

Two Subjects 

Clinical Decision Making 



Subject # D.S. 

• 91 y o f  

• Previous history of exertional dyspnea, HTN, 
HLD, DM, remote history of smoking mRS=1 

• Acute onset of aphasia, right facial droop and 
right hemiparesis 

• At ED new onset of A-Fib 

• NIHSS 23 

 



Imaging 

ASPECTS >7 
CTA left M1 occlusion 
Modest collaterals 



Treatment 

8 F Femoral sheath 
Flowgate 8 F BGC  
ARC 6 F IC catheter 
Trevo 4x20mm , 1 pass  
 



Treatment 

8 F Femoral sheath 
Flowgate 8 F BGC  
ARC 6 IC catheter 
Trevo 4x20mm , 1 pass  
TICI 3 
 
Outcome at 24 hrs: NIHSS 3 



Imaging – Outcome following Thrombectomy 

ASPECTS >7 pre treatment 

24-hr Follow-up  Study 

Outcome at 24 hrs: NIHSS 3 



Subject # J.J. 

• 83 y o m  

• Early dementia mRS=1 

• Acute onset of dysarthria, right facial droop 
and right hemiparesis 

• At outside facility iv t-PA and transferred to 
UMASS 

• NIHSS 28 

 



Imaging 

ASPECTS < 4 
CTA left M1 occlusion 
L ICA occlusion 
Poor collaterals 
 

No intervention 



Evolution of Newer Endovascular 

Techniques we have adapted 

Few Examples 







Penumbra 5 Max ACE 

132cm 

M2 
M1-MCA 



ARTS (ACE-Retriever Technique for Stroke) 

  
Initial Clinical Experience 

 



Method 

We report a retrospectively collected clinical data 

utilizing a new recanalization technique based on 

combined large lumen aspiration catheter and 

partially resheathed stent retrievers for 

thrombectomy (ARTS: ACE-Retriever Technique for 

Stroke) 
 

Chueh JY, Wakhloo AK, Gounis MJ. Effectiveness of mechanical endovascular thrombectomy 

in a model system of cerebrovascular occlusion. AJNR Am J Neuroradiol 2012;33:1998–2003 

Puri AS et al. SNIS 2015 



Aspirate from BGC, deflate BGC and aspirate again (VacLok® syringe) 

Inflate BGC then connect IGC to aspiration pump (at 4-5 min) 

At 4-5 min-Retract SR into IGC till resistance  
Lock and pull IGC-SR as single assembly under 

constant aspiration 

Deploy SR with initial unsheathing and then pushing at the level of the clot 

Timer on Strip micro after 2-3 minutes 

BGC in cervical ICA 

Microcatheter past the clot 
Advance intermediate catheter proximal to clot 

over MC 



ARTS & Balloon Guiding Catheter 

ARTS Illustration  



ARTS & Balloon Guiding Catheter 



Post-procedural Angiography (TICI 3 recanalization) 

Post-ARTS Clot Removal 



Post-ARTS Clot Removal 

Pre-procedural 

Angiogram  

(distal right MCA  

M1 occlusion)  

Cone Beam CT 

Perfusion  

Mechanical 

Thrombectomy 

(AP) 

Mechanical 

Thrombectomy 

(LT) 

Post-procedural 

Angiogram  

(TICI 3 recanalization)  



Distal M2/M2 occlusions 



Distal M2/M2 occlusions 



Distal M2/M2 occlusions 



Distal M2/M2 occlusions 
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Three key directions for advancing the 
field were identified   
1) development of systems of care for ET in LVO stroke  
2) development of therapeutic approaches  adjunctive to ET and  
3) expanding the patient population that may derive benefit from 
ET. beyond conventional time windows, in patients with large 
baseline ischemic core lesions and in other important subgroups  
 
Methodological issues such as optimal trial design and outcome 
measures have also been addressed. Development of systems of 
care strategies should be geared both towards ensuring broad 
access to endovascular therapy for eligible patients and towards 
shortening time to reperfusion to the minimum possible. 
Adjunctive therapy development includes neuroprotective 
approaches, adjuvant microcirculatory/collateral enhancing 
strategies and peri-procedural management.  



  

Unmet clinical needs 
from patient 

admission to rehab 













 Needed Tools 

• “Stroke bed” from Ambulance – ER – cath-lab-
stroke unit 

• Headrest  

• Anesthesia unit 

• Shunts EVD 

• Decompression 

• Clot removal (Apollo, Nokia) 

• Larger bore suction catheters 



 Needed Tools 

• “Stroke bed” from Ambulance – ER – cath-lab-
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• Shunts EVD 
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• Larger bore suction catheters 

 



 Needed Tools 

• “Stroke bed” from Ambulance – ER – cath-lab-
stroke unit 

• Headrest  

• Anesthesia unit 

• Shunts EVD 

• Decompression 

• Clot removal (Apollo, Nokia) 

• Larger bore suction catheters 

 







Ceretome Siemens 





Cooling for Penumbra Freeze 



Envisioned Stroke Workflow 

 

2D Fluoro 

+ Rotational 

Angiography 

Xper CT 

VasoCT 

3D Roadmap 

on VasoCT 

Hemorrhagic 

Stroke 

Ischemic 

Stroke 

2D Perfusion 

CBV 

XperGuide 

For  

Ventricular 

Drainges 

CBV 

2D Perfusion 

Xper CT 

XperCT 

78 
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Conclusions 
 Historic times in Endovascular treatment of acute stroke 

 

 Development of Stroke Center of Excellence and Education 

 

 Quantification of Imaging for better patient selection – Define the 
infarct volume 

 

 Better devices and techniques, better outcomes 

 

 We need to be fasteER from symptom onset to recanalization 
(<60min), goal 30 min 

 

 Hypothermia? Neuroprotection?  

 

 Goal: Penumbra Freeze and patient transfer to Comprehensive 
Stroke Centers  
 
 

 



Thank you for all the critical 
support and advancing STROKE 


