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BackgroundBackground
 Recanalization remains an issue in aneurysms coiling
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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BackgroundBackground The mesh of coils is still exposed to the
 blood flow The “pathological” arterial wall is not
 treated
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Detachable balloons
 SimpleCoiling
 Stent-AssistedCoiling
 Flow DiversionVessel Repair
 1985 1990 2005 2010
 Cebral JR, Putman C - G. Mason Univ., Fairfax, VA
 BackgroundBackground
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Non-covered stents and flow Non-covered stents and flow modificationmodification
 Low Porosity Stents (porosity ~70%) : Silk, Balt Pipeline, Ev3
 High Porosity Stents (porosity > 90%) Wingspan, Neuroform, Boston Scientific
 Enterprise, Cordis Leo, Balt Solitaire AB, Ev3
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Low porosity StentsLow porosity Stents
 Ionita et al. Stroke, 2008 Fernandez et al. , ESAIM 2008 Lieber et al., Neurol Res 2002
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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High Porosity Stents (HPS)High Porosity Stents (HPS)
 Effect of high porosity stents on intra aneurysmal flowvery few data in the literature
 HPS stents are often deployed after coiling with the goal of diverting and decreasing the flow inside the aneurysm
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Flow analysisFlow analysis
 In Vitro Studies In Vivo Studies Particles Intensity
 Velocimetry (PIV) Tracer studying
 (dyings, hydrogene bubbles…)
 DSA, post processing: Animals models Patients*,**
 * Tenjin et al., AJNR 1998** Asakura et al. Surg Neurol, 2003
 Computational Flow Dynamics (CFD) Simple Models Realistic models
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Purpose of the StudyPurpose of the Study
 To analyse intra-aneurysmal flow modification after HPS auto-expandable stent deployment across the neck of swine model aneurysms
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010

Page 10
                        

Material and MethodsMaterial and Methods
 Surgical creation of swine model aneurysms
 Sequences acquisition: Morphologic (3D acquisition): determine the
 "working incidence" Dedicated “flow acquisition” (2D acquisition
 60i/s) before and after stenting
 DSA Imaging post processing for flow analysis
 Solitaire AB™ (ev3, inc)
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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SurgerySurgery
 Swines: 8 operated Mortality : 3 (37,5%) Aneurysms: 12 sides aneurysms created Ø mean neck: 7,9 mm Ø biggest length mean de 8,66 mm Mean Volume: 0,29 cc Stents: Solitaire AB®, Ev3, Inc. 8 stents deployed 0 stent in 1 swine 1 Stent in 6 swines 2 stents in 1 swine
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Dedicated "flow acquisition"Dedicated "flow acquisition"
 Flat panel (Philips Allura, Netherlands)
 60 images per second Before and after stenting « Working incidence » Contrast bolus : 4cc/s, 2 seconds
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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ExamplesExamples
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Images post-processing (1)Images post-processing (1)
 ImageJ Software: Public software Medical imaging oriented Open architecture with
 possible extensions in Java Plugins
 Time intensity curves obtained before and after stenting
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Images post processing (3)Images post processing (3) Drawing ROI:
 The whole aneurysm Some regions inside the aneurysm
 Time intensity curve for each ROI Curves fitted with a gamma function Coefficient calculation (max
 intensity -MI-, time to max intensity -TMI-, mean transit time -MTT- time peak to peak)
 Comparison of the coefficients before and after stenting
 BEFORE
 AFTER
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Flow analysis (1)Flow analysis (1) « Whole aneurysms » ROI
 8 analysis performed (16 curves)
 No significant modification between TIC before
 and after stentingXIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Flow analysis (2)Flow analysis (2)
 Intra-aneurysmal ROI (in large aneurysms):
 Cas n°5: 12% increasing of flow velocity in the shear stress region
 Cas n°7: 18% increasing of flow velocity in the shear stress region
 Focal fast flow stream may be induced by
 HPS stent placement (not significant)
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Study limitations Surgery:
 Acquisitions: Swine (movement, hemodymanic) Contrast infusion variation Arterial Vasopasm
 Image post-processing: Slow, time consuming Non automated Only few aspects of the flow were analyzed
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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What the eye can see…but the study was not able to quantify.
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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Conclusion (1)Conclusion (1)
 Lack of significant flow modification in our study
 Adverse effect due to HPS deployment: focal fast flow stream can be induced
 HPS stents deployment based on the only argument of flow modification may not be justified.
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010

Page 21
                        

Conclusion (2): unanswered Conclusion (2): unanswered questionsquestions What flow modifications are needed to lead to intra aneurysmal
 thrombosis? Flow velocimetry? Flow structure and/or shape? What is the threshold required? Is this modification needed to be progressive? Immediate? Adjunctive medical treatment required: anti inflammatory? Anti
 platelet?.... Research on flow analysis and thrombosis formation is
 mandatory: To determine what are the goals of flow modifications. To develop a Flow Analysis Tool based on DSA which will allow
 to adapt treatment in real time.
 XIX Symposium Neuroradiologicum, Bologna, Italy, 2010
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