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Clot Integration Factor

Unsheathing Unsheath-Push



Clot Integration Factor



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: 

Reperfusion versus 

Recanalization



In Vitro Assessment of Safety and 
Efficacy

Circulation 
Loop

Imaging/ 
Medical 
Device

Bench-top 
Treatment 

Optimization

Vascular 
Model

Clot Model



6 Fr Access, Solitaire
8-200µm 200-1000µm >1mm

Movie 121,450 4 18

Stroke, 2013 
(n=16)

>100,000 5 3



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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Translation?

=

Experimental Clinical

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



Translation?

=

Experimental Clinical

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



Proximal Flow Control: Embolic 
Protection Evidence



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



Total Number of Distal Emboli

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

• Soft clot model: BGC technique reduced 2-fold 
total embolic particle creation 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



Clinical Translation



ARTS Technique

Massari, et al. Interv Neuroradiol 2016





Evidence: Proximal Flow Control

NASA ESCAPE Velasco et al

Design Multicenter
Registry

RCT 2-center, retrospective 
case series

Procedure 
Time

25% (40 
min)

21% (8
min)

50% (21 min)

Recanalization 
Rate

21% (TICI 3) N/A 21.3% (TICI≥2b 
within 3 passes)

mRS≤2 @90 
days

30% N/A N/A

Ref Stroke 2013 Circulation 
2016

Radiology 2016



Results from cases studies are not 
predictive of results in other cases. Results 
in other cases may vary.



Vascular Safety



A Brain Artery is NOT Just an Artery

 Well developed internal elastic lamina

 Higher percentage of smooth muscle cells and a 
paucity of elastic fibers in the media

 Absent external elastic lamina

 Less adventitia

 Float freely in the cerebrospinal fluid within the 
subarachnoid space unsupported by muscle, bone or 
deep fascia and experience significant vessel 
straightening during endovascular access

Tunica media

IEL

Tunica externa

Color Atlas of Microscopic Anatomy. Urban & Schwarzenberg, Baltimore. pgs. 128-129.



Standard Approach

Baseline TICI 0 Flow 
Injection of Clot

• Endpoints:

– Acute vascular safety of 
a systemic artery

– Angiographic 
recanalization

Nogueira, et al. JNIS 2011



Angiographic Assessment

Pretreat-
ment

Fourth 
Pass

Grade 0

BA

ASA

First Pass
Grade 3

First Pass

Stent-trievers Merci V2-Firm

Gounis, et al. Stroke 2013



Histology Assessment

Stent-triever

Merci V2

Control
microcatheter



Stent-Thrombectomy

(Rabbit CCA)

1 Pass     2 Pass                               3 Pass

Marosfoi, et al. Stroke 2015



• Each pass causes more injury.

Stent-Thrombectomy

Marosfoi, et al. Stroke 2015



Future for Endovascular Therapy

• Rapid diagnosis-Systems of Care

• Couple with Neuroprotection

• FASTER

1. First-pASs

2. TICI = 3

3. Easy to use

4. Reliable results (~95%)
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