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From Bench to Brain 

Acute Ischemic Stroke: Pre-Clinical 
Investigations for Devices – Does it 

Translate to Humans? 



• Pre-Clinical Modeling has had an Impact: 

Two Approved Treatments: 
Both Target Vessel Revascularization 

 (Wakhloo A.K. and  Gounis M.J.,Neurosurgery 

2008,62(5 Suppl 2): ONS390–ONS394.  
With and without treatment with IV-tPA 

Zivin, Fisher, DeGirolami. Science 1985; 230:1289-1292 



Considerations 

Safety 
1. Distal Emboli 

 2. Vascular Trauma 
3. Brain/BBB (energy) 

Patient 
1. Pt selection 

2. Co- morbidities 
… 

Efficacy 
1. Ability to restore 

flow 
2. Speed  



Normal Occlusive clot Fragmentation* 

Thrombectomy  

<8hrs 
Partial Recovery  

or Deterioration 

Occlusion 

Occlusion 
13% Occlusion 

9% 

* Bonafe: ESMINT 2012 

Distal Emboli 



Distal Emboli 

Trials 
Embolization in New 

Vascular Territory 

Clinical Signs of New 

Ischemic Stroke in Different 

Vascular Territory w/in 90 

Days 

EXTEND-IA 6% 
--- 

 

MR CLEAN 8.6% 5.6% 

REVASTAT 4.9% --- 

Address thrombus embolization with Stentrievers 



In Vitro Assessment of Safety and 
Efficacy 

Circulation 
Loop 

Imaging/ 
Medical 
Device 

Bench-top 
Treatment 

Optimizat ion 

Vascular 
Model 

Clot Model 



Population Based Vascular 

Replica 

MRA Dataset Computer Core-Shell 

Model 

Fused Deposit 

Manufacturing 

Physical Core-Shell 

Model 

Silicone Replica 

J Chueh, AK Wakhloo, and MJ Gounis. AJNR  2009 



Mechanical Analysis of Clot 

Modeling 

• 64 y-o M, Acute Ischemic Stroke 
• Entered ED >4.5hrs after symptom onset 
• CBV-MTT Mismatch 

 Thrombus retrieved from R MCA with Penumbra Aspiration 

Device 



0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

-5

0

5

10

15

20

25

30

35

40

0 5 10 15 20 25

Strain

recovery
Length

Time (min) 

S
tr

a
in

 R
e
c
o
ve

ry
 
(%

) 

L
e
n
g
th

 (
m

m
) 

Mechanical Analysis of Clot 

• Clot modeling – Need to 
know bulk mechanical 
properties 

 
– Stress-Strain: DMA 
compression test 

 

– Stress relaxation: 
Propensity for 
fragmentation 

Chueh, Silva, Hendricks, Wakhloo, 
Gounis. AJNR 2011 32:1237 



“Model System” 

• Efficacy 
•Measures time and amount of flow restoration 
to thrombosed MCA in model 

 Safety 
Blood analog fluid is captured for 
particle/fragmentation analysis 



Hemodynamic Variables 
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Vascular Occlusion 



Translation? 

= 

Experimental Clinical 

Stroke 2009;40:2761 Chueh J.Y. et al. AJNR. 2012; 33: 1998 



Size and number of emboli produced in the stent-triever study. A, The 
total number of clot fragments with size >200 µm. B, The mean size of 
the large clot fragments. C, The average number of microemboli. D, The 
mean size of the microemboli. 

 
Chueh J.Y. et al. Stroke. 2013; 44: 1396-1401 

Use of balloon guide 
catheter as compared to 
standard 6 Fr access 
reduces the number of 
distal emboli, depending 
on clot characteristics 



Translation? 

= 

Experimental Clinical 

Nguyen T et al. Stroke 2014;45:141-5 Chueh J.Y. et al. Stroke. 2013; 44: 1396-1401 



New Devices for Reduction of Distal 
Emboli 



The Cover 

*Figure 1: 

Mokin M, et al. J NeuroIntervent Surg 2015;0:1-5.doi:10.1135/neurointsurg-2014-011617 

CE Mark. 510(k) pending. Not available for sale in the United States. 



6 Fr Access,  
Solitaire 

8-200µm 200-1000µm >1mm 

Movie 121,450 4 18 

Stroke, 2013 (n=16) >100,000 5 3 



6 Fr Access,  
Solitaire + Cover 

8-200µm 200-1000µm >1mm 

Movie 18,731 0 0 



The Toothpaste Effect 



COMPARISON 

>1mm 

0.2 – 1 mm 



In Vivo Assessment of Safety 



Safety Evaluation: Canine  

Vertebro-Basilar System 

Spinal 
Ramus 
Artery 

Anterior Spinal 
Artery 

Vertebral 
Artery 

Basilar Artery 
Mean dia ~ 1.4mm 

Merci V2.0 Firm Enterprise VRD 
4.5mm X22mm 

Solitaire  
4.0mm X20mm 

Ultrasonic 
Waveguide 



Angiographic Assessment 

Pretreatment Fourth Pass 
Grade 0 

BA 

ASA 

First Pass 
Grade 3 

First Pass  

Stent-trievers Merci V2-Firm 



Histology Assessment 

Stent-triever 

Merci V2 

Control 
microcatheter 



Stent-Thrombectomy 

1 Pass     2 Pass                               3 Pass 



• Each pass causes more injury. 

Stent-Thrombectomy 



Mechano-Pharmacological 
Endovascular Treatment 



Hypothesis 

• Combination of a less traumatic 
endovascular approach, using temporary 
endovascular stent- bypass and targeted 
thrombolytic drug delivery can recanalize 
a large vessel occlusion 
– Primary efficacy endpoint: vessel 

recanalization 

– Primary safety endpoint: vascular pathology 
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Fabrication of Nano-particle Aggregates 

Spontaneous Controlled 
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Nanoparticle  

Aggregates 

(~ 4.5 um) 

PLGA  

Nanoparticles 

(~ 200  nm)) 

1 mm 

10 mm 



Shear induced particle activation 

Shear Induced Drug Delivery 

Shear 

Shear 

Targeted drug delivery 

2rFhydro 

3d

Q


Korin et al. ,Science, 2012 

Shear induced platelet activation 



Technology 

N Korin et al. Science 2012 and JAMA Neurol 2014 



Combined Therapy: Stent Bypass & 

Pharmacological Thrombolysis in a 

Large Vessel Occlusion Model 



Rabbit CCA Thromboembolic 

Occlusion Model- Materials and Methods 

 Coagulation profile and 
response to tPA closer to 
humans*. 

 Controllable occlusion for a 
systematic analysis of the 
various treatment methodologies  

 Diameter rabbit CCA ~ 2-2.5 
mm comparable to the human 
MCA.  

 Angiographic confirmation of the 
occlusion and revascularization 

 Histological and SEM evaluation 
of vascular safety 

* SA Yakovlev, Thromb Res.1995;79:423 



Materials and Methods 

1. Create Stenosis 2. Inject allogenic clot 
(2.8x10 mm) 

3. Remove Stenosis 

Gounis, Nogueira, Mehra, Chueh, Wakhloo. JNIS 2013 



Stent Bypass + SA-NP 



WSS with Stent Bypass 



• 7 --- 2 mg tPA 

• 7 --- Stent only 

• 7 --- Stent + 2 mg tPA 

• 7 --- Stent + 20 mg tPA 

• 7 --- Stent + NPA 2 mg tPA 

• 7 --- Stent + NPA 20 mg tPA 

100% reperfusion --- 11 point (max.) 

missing vessel -1 pont 

N of distal 
vessels 

mTICI 
score 

0% reperfusion 0 0 
Partial recan, but 

no distal perfusion 0 1 

less than 50% 1-5 2A 

more than 50% 6-10 2B 

100% perfusion 11 3 

Materials and Methods 



4 points – mTICI: 2A  

PRE 

 

POST 

 

S+20mg tPA 



Results 

 



Continued Lysis 

• SA-NT 2 mg: 29% had 
improvement of rmTICI 
after average of 36 min 

 

• TEB-tPA 2 mg: 14% 
showed worsening after 
average of 36 min 



Results 



Results 

Shear-targeted delivery of r-tPA using the SA-NT 
resulted in the highest rate of complete 
recanalization when compared to controls 
(p=0.0011). 

 SA-NT (20 mg) had a higher likelihood of obtaining 
complete recanalization (rmTICI:3) as compared to: 
 stent-bypass alone (OR: 65.019,95% CI:[1.77,>1000], 
p=0.0231),  

intra-arterial r-tPA alone (OR: 65.019, 95% 
CI:[1.77,>1000], p=0.0231),  

stent-bypass with soluble r-tPA (2 mg) (OR: 18.78, 
95%CI: [1.28,275.05], p=0.0322).   



Vessel Wall Histology Results 

• Stent-bypass versus stent-
retriever: Significantly less 
chance to have trauma 
score > 4  

– OR 27.36, 95% CI 
9.286-80.64; p<0.0001) 



Stent-Bypass Zone 

Stent-Bypass 

IA tPA only 



Endothel 

distal -3 proximal -2 



Summary 

 
• Complete recanalization is associated 

with better clinical outcomes 

 

• SA-NT in the rabbit model of vascular 
occlusion with temporary stent bypass 
is associated with high rates of 
complete recanalization 

 

• SA-NT + temporary stent bypass 
therapy has reduced vascular trauma 
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