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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 



Stent-Retriever Thrombectomy 

MR CLEAN, NEJM Jan 2015 

ESCAPE, NEJM March 2015 

EXTEND IA, NEJM March 2015 

SWIFT PRIME, NEJM June 2015 



Devices for Recanalization 

US FDA Cleared 

Merci 

Penumbra 

Solitaire 

pREset 

MindFrame Capture 

Revive 

Trevo 

Phenox (AJNR 2011) 

Restore 

Penumbra Separator 3D 



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 



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 
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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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Efficacy Metrics 

100 

83 

67 

17 

90 
81.6 

57.3 

93.6 92.5 100 
86.6 

1. Chueh, Wakhloo, Gounis. AJNR 2012 
2. Castaño C, Dorado L, Guerrero C, et al., Stroke 2010,41(8):1836 
3. Penumbra Pivotal Stroke Trial Investigators. Stroke. 2009;40:2761–2768. 
4. Smith WS, Sung G, Saver J, et al., for the MERCI Trial Investigators. Stroke 2008, 39: 1205 

2 

3 
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Distal Emboli: A Modifiable Risk 



Translation? 

= 

Experimental Clinical 

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



Translation? 

= 

Experimental Clinical 

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



Flow Restoration Procedure 
• Group 1:  

Thrombectomy through an 8Fr balloon 
guide catheter (BGC) positioned at 
the cervical ICA 

• Group 2:  

Thromboaspiration via a 5Fr intracranial 
guide catheter (Solumbra) in the 
origin of the MCA 

• Group 3:  

Thrombectomy through a 6Fr guide 
catheter (CGC) with the tip placed at 
the origin of the cervical ICA 

• Group 4:  

A Direct Aspiration first Pass 

Technique (ADAPT). Aspiration through 
a 5MAX 

 

 

Group 1: BGC Group 2: Solumbra 

Group 3: CGC Group 4: ADAPT 



Emboli >1000 µm 

• Using CGC during mechanical thrombectomy 
significantly increased the risk of hard emboli 
formation.  

• There was no statistical difference in the creation 
or large particle emboli in the soft clot group 
between all four different access techniques. 

 

Hard  
Clot 

Soft 
Clot 



Emboli with size between 

200-1000 µm 

• Average number of emboli (regardless of clot type): 

– ADAPT<Solumbra<CGC<BGC 

– Significant difference was seen between the BGC 
and the ADAPT techniques in the soft clot group 

 

Hard  
Clot 

Soft 
Clot 



Emboli with size between 50-

200 µm 

• Figure A and B 

---Size range: 100-
200µm 

 

• Figure C and D 

--- Size range: 
50-100µm 



Emboli <50 µm 

• The majority of the emboli (>90%) generated during 
the thrombectomy procedure had a size <50µm 
(mean size: 12.3µm). 

• There was a significant increase in the number of 
particles generated during thrombectomy using the 
soft clot model 

Hard  
Clot 

Soft 
Clot 



• PComA and ACA present, temporary ICA occlusion provided by 
the BGC during mechanical thrombectomy didn’t significantly 
change the restored MCA flow 

• Temporary occlusion with the BGC and direct aspiration 
through the 5MAX resulted in flow reversal in the MCA (Figure 
B).  

MCA Flow during Aspiration 



Total Number of Distal Emboli 

• Hard clot model: Solumbra or BGC  were most 
effective in reducing the rate of forming clot 
fragments compared to the CGC or the ADAPT 
technique.  

• Soft clot model: Thrombectomy with the BGC 
technique reduced total embolic particle creation by 
at least 2-fold compared to the other techniques.  

 

 

 Hard  
Clot 

Soft 
Clot 



Conclusion 

• Use of the BGC technique during a SR thrombectomy 
was associated with statistically lower rates of soft distal 
emboli across a broad range of embolic particle sizes. 

 

• The Solumbra technique was shown to be numerically, 
although not statistically, superior in several hard clot 
subgroups.  

 

• When encountering hard clot, use of the Solumbra or 
ADAPT techniques in addition to the BGC may provide 
an additional reduction in distal emboli and may be 
considered for comprehensive distal emboli reduction. 

 
JY Chueh et al. Stroke. 2013; JY Chueh et al. JNIS 2016 



ARTS 



Balloon guide catheter improves revascularization and 

clinical outcomes with the Solitaire device: analysis of 

the North American Solitaire Acute Stroke Registry 

 
Nguyen TN, Malisch T, Castonguay AC, Gupta R, Sun CH, Martin CO, Holloway WE, Mueller-Kronast 

N, English JD, Linfante I, Dabus G, Marden FA, Bozorgchami H, Xavier A, Rai AT, Froehler MT, 

Badruddin A, Taqi M, Abraham MG, Janardhan V, Shaltoni H, Novakovic R, Yoo AJ, Abou-Chebl A, 

Chen PR, Britz GW, Kaushal R, Nanda A, Issa MA, Masoud H, Nogueira RG, Norbash AM, Zaidat OO. 

  

Stroke. 2014 Jan;45:141-5 
 



NASA Balloon Guide Catheter 
  Balloon Guide 

Catheter(N=14

9 

No Balloon 

Guide 

Catheter(N=189

) 

P Value 

   Emboli in new territory 8 (5) 10 (5.2) 0.9 

   Recanalization TICI3 80 (53.7) 61 (32.5) <0.0001 

   Recanalization TICI2b-3 113 (76) 133 (71) 0.3 

Procedural factors       

 Procedure time (SD) 120 (28.5) 161 (35.6) 0.02 

 Time onset to groin or first angio 

(SD) 

348 (230.7) 375 (252.7) 0.3 

 General anesthesia 97 (84.4) 99 (60) <0.001 

 Number of passes (mean, SD) 

                             (Median, IQR) 

1.8 (1.2) 

1 (1-2) 

1.9 (1) 

2 (1-3) 

0.3 

 IA tPA  40 (26.9) 60 (31.8) 0.3 

 Simultaneous Penumbra & 

Solitaire 

18 (12.1) 34 (18.1) 0.1 

 Rescue therapy 29 (20) 54 (28.6) 0.05 

Clinical Outcome       

   Discharge NIHSS 

     Mean (SD) 

     Median (IQR) 

  

12 (14.5) 

6 (1-18) 

  

17.5 (16) 

11 (4-42) 

  

0.002 

   Good clinical outcome (3 months) 65 (51.6) 62 (35.8) 0.02 

   Symptomatic hemorrhage 18 (12.2) 17 (9) 0.4 

   Mortality 33 (26.2) 55 (31.8) 0.3 

                                    Nguyen T et al, Stroke  



• 183 consecutive patients with MCA/ ICA T 
occlusion in Germany. 

 
• stent retriever with a balloon guide catheter (n 

= 102) at one center vs non–balloon guide 
catheter (n = 81) at the other center. 

 
Aglaé Velasco et al Radiology 2016 



Results 

• Recanalization with BGC in 89.2% of 
thrombectomies (91 of 102) versus 67.9% 
(55 of 81) NBGC (P = .0004). 

 

• 1-pass thrombectomy rate with BGC was 
higher (63.7% [65 of 102] vs 35.8% NBGC 
[29 of 81] respectively; P = .001). 

Aglaé Velasco et al Radiology 2016 
 



• Procedure duration was significantly shorter 
with BGC than NBGC group(median, 20.5 
minutes vs 41.0 minutes, respectively; P 
<.0001) 

 

• Median number of passes in the BGC group 
was one (range 1–6 ) versus two passes 
(range, 1–7) in the NBGC group (P = .0002). 

Results 

Aglaé Velasco et al Radiology 2016 
 



Clot-Device Interaction 



SR Deployment Technique 

 Stroke. 2015;46:2838-2842. 



• Max. TREVO 
diameter-1.9 mm, 

with SUT.  
• PFT-max. 

diameter of 3.3 
mm (75% larger) 
with 25% device 

foreshortening 
versus SUT.  

 
• Mean cell size 

area was 2.4 

mm2 for the SUT 
compared with 
3.7 mm2 in the 
PFT (51% larger) 

 Haussan et al. Stroke. 

2015;46:2838-2842. 



Results 

• PFT -higher rate of first pass reperfusion (54% 
versus 36%; P=0.03) and a lower number of 
passes (1.3±0.8 versus 1.8±1.0; P<0.01).  

 

• mTICI-3 reperfusion was achieved more frequently 
in the PFT group (58% versus 40%; P=0.03).  

 

• PFT was independently associated with a lower 
number of Trevo passes (P=0.01) and higher rates 
of first-pass reperfusion (P=0.01) and complete 
(mTICI-3) reperfusion 



Hypothesis 

• Altering technique change clot-device 
interaction (cheese-grating) 

 

• With NiTi devices, there is temporal 
increase in clot-device interaction 

 

 



Clot Integration Factor 

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 

  

Kajo van der Marel, et al. JNIS 2016 



Clot Integration Factor 

Unsheathing Unsheath-Push 

Kajo van der Marel, et al. JNIS 2016 



Clot Integration Factor 

Kajo van der Marel, et al. JNIS 2016 



Pushing increases CIF in Hard 

Clot 

* 



CIF Increases with Time in all Clot 

* 



No Change in Clot Fragmentation 

Kajo van der Marel, et al. JNIS 2016 



Summary 

CIF: pushing vs. unsheathing 

• Hard clot: higher CIF with pushing 
technique 

 

CIF: Time 

• Hard clot & pushing technique 
significantly increased CIF over 
time between the post-
deployment (early) and the final 
(late) time points. 

 



Summary 

 

• Regardless of delivery 
technique, CIF increased 
over time for both hard 
inelastic clot and soft elastic 
clot models 

 



• Device development has evolved rapidly (Avg 
life for a medical device is ~18 months). 

• We need better models to address: 
– Combined therapies 

– Subtle differences between technologies 

– What technology to use for what underlying 
disease 

• Unlikely that one model will address all 
questions. Select a model appropriate to the 
question asked. 

• Multicenter preclinical trials – the way of the 
future 
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