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MAIN AREAS OF INNOVATION IN 

INTERVENTIONAL NEUROSURGERY 

Robotics 

Imaging 
 

Stroke 

Electro- 

physiology 
 

Gene 

therapy 
 

Immune 

therapy 



• Pain Treatment 

• Spine Intervention 

• Training Standards in INS 

• Politics of INS 

• Changes in Healthcare and Impact on INS 

 

 

…but our perspective and our ongoing Research 
and Future in INS…  

 

RESEARCH FRONTIERS AND FUTURE IN  

INTERVENTIONAL NEUROSURGERY 

 
OTHER AREAS ARE ….. 



Starts generally in a well know environment 

Motivation (“role model”) 

Different answers to same existing problems 

Great changes begin with few supporters 

Perseverance needed for execution 

Ordinary people in extraordinary circumstances 
(self proof, alienation, poverty, minority, etc.) 

Sensitivity (for observant, perceptive, understanding, connection, 

open-mindedness, etc.) 

Inspiration (inspīrō: breath in)– the “divine dust”? 

  

 

 

Innovation- the driving force 



Inspiration leads to Innovation and is driven by 

unexpected observations and connections thereof  



Dr. Burt Lane, NYU in “The Exorcist” 

That’s how I was doing angiograms... 
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Source: 2002 Heart and Stroke Statistical Update, AHA; literature review 

DEATH 
10-25% 

75-90% 
Moderate

18%

Minor

35%

None

29%

Major 

18%

7 M Stroke survivors:  
Level of disability 

Major risk factors 

• Hypertension 

• Atrial Fibrillation 

• Carotid Artery 

Disease 

• Intracerebral 

stenosis 

• PFO 

• CABG 

• Aneurysms 

 

Ischemic  

(blockage) 
80-85% 

Hemorrhagic 

(bleeding) 
15-20% 

• 795,000 strokes annually 

• 37,000 bleeds 
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4-6 hours 

Fluoroscopy, CE XperCT, 

XperCT, 

Perfusion X-ray 

T1/T2, 

Perfusion, 

Diffusion 

MRI 

Morphological, 

Perfusion 

CT 

Stroke 

Diagnostics 

0-4.5 hours 

MULTIMODALITY STROKE WORKFLOW 

http://www.google.com/imgres?imgurl=http://www.urmc.rochester.edu/news/story/uploadedimages/CT Perfusion.jpg&imgrefurl=http://www.urmc.rochester.edu/news/story/index.cfm?id=2440&usg=__C2pePpTWHNd_xs5frtDVlKgz8OI=&h=207&w=198&sz=25&hl=en&start=2&um=1&itbs=1&tbnid=w-tD2VknuiNiNM:&tbnh=105&tbnw=100&prev=/images?q=CT+perfusion&um=1&hl=en&rlz=1T4IRFC_en___US355&tbs=isch:1


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 

1

1 

http://www.google.com/imgres?imgurl=http://www.urmc.rochester.edu/news/story/uploadedimages/CT Perfusion.jpg&imgrefurl=http://www.urmc.rochester.edu/news/story/index.cfm?id=2440&usg=__C2pePpTWHNd_xs5frtDVlKgz8OI=&h=207&w=198&sz=25&hl=en&start=2&um=1&itbs=1&tbnid=w-tD2VknuiNiNM:&tbnh=105&tbnw=100&prev=/images?q=CT+perfusion&um=1&hl=en&rlz=1T4IRFC_en___US355&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.urmc.rochester.edu/news/story/uploadedimages/CT Perfusion.jpg&imgrefurl=http://www.urmc.rochester.edu/news/story/index.cfm?id=2440&usg=__C2pePpTWHNd_xs5frtDVlKgz8OI=&h=207&w=198&sz=25&hl=en&start=2&um=1&itbs=1&tbnid=w-tD2VknuiNiNM:&tbnh=105&tbnw=100&prev=/images?q=CT+perfusion&um=1&hl=en&rlz=1T4IRFC_en___US355&tbs=isch:1


Ischemic Stroke – “Singular Unit” 

Imaging Integration: Flat-Detector (FD) Technology Enables in 

situ: 
CT-like Imaging 

High Resolution Stent 

Visualization 

Functional Imaging 

Struffert, Strother et al. AJNR, 2012 



Voxel-Based Mapping of C-arm CT Cerebral Blood Volume to 

Infarct Probability in a Canine Model of Ischemic Stroke 
 

Kajo van der Marel, Ju-Yu Chueh, Ajay K Wakhloo, Matthew J Gounis 
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Potentially a less-invasive 

3D imaging technique for 

follow-up. 



DSA VasoCT OCT 



Hemorrhagic Stroke 

Flat-Detector Technology Enables in situ: 

3D Angiography 

Color-Coded DSA 

DSA-derived Flow 

Pereira et al. AJNR, 2012 



 
|

  

 
|

  

• 1. what are our current tools in the 

angiography suite ?  

•   

• 2. what do we want to do with the 

angiography suite?  

 

• 3. what are our limitations and how should 

the future Neurovascular Unit look like? 

KEY QUESTIONS 





EPIGENETICS 

Source: Wikipedia April 2012 



MORPHOLOGICAL AGE-DEPENDENT 

DEVELOPMENT OF THE HUMAN CAROTID 

BIFURCATION 

Seong J, Lieber BB, Wakhloo AK. J Biomech Eng 38:453-465, 2005 
 

1-y-o-m 5.5-y-o-m 15.7-y-o-m 33-y-o-m 



ETIOLOGY 



WHERE ARE WE TODAY WITH 

ATHEROSCLEROSIS? 

• ATVB in focus life after GWAS: Functional genomics in vascular biology 
– Recent studies of the human chromosome 9p21 locus, which is 
associated with atherosclerosis in human population. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 2012;32:196-206 

 

• Meta-analysis of genome-wide association studies from the CHARGE 
consortium identifies common variants associated with carotid intima 
media thickness and plaque. Nat Genet. 2011;43:940-7 

 

• A gene expression signature that classifies human atherosclerotic plaque 
by relative inflammation status. Circ Cardiovasc Genet. 2011;4:595-604 

 

• Carotid plaque and candidate genes related to inflammation and 
endothelial function in hispanics from Northern Manhattan. 
Stroke.2011;42:889-896 



Hypertension 

Atherosclerosis 

Infection 

Trauma 

Structural abnormalities , degradation of internal elastic lamina 

Congenital Diseases 5% Acquired Diseases 95% 

Collagen disorders 

ADPKD 

Aneurysm formation 

Repair and stabilization Progressive degeneration and rupture 

Inflammation 

Expression of MCP-1 

Expression MMP-2;9 

Complement activation, 
lipid accumulation, 

neovascularization 

Immune 

system 



MONOCYTE CHEMOATTRACTANT PROTEIN-1 

(MCP-1) 



ROLE OF ANTI-INFLAMMATORY DRUGS 



STATIN’S ROLE IN INHIBITION OF INFLAMMATION 
HYDROXY-3-METHYLGLUTARYL COENZYME A REDUCTASE 

INHIBITORS (STATINS) 



• Transfection of 7ND (dominant negative DNA of MCP-1)  into 
skeletal muscle for anti-MCP-1 gene therapy . May prevent 
aneurysm growth and rupture.  

 

• Anti-inflammatory drug, e.g., Aspirin (Corticosteroids?) 

– Inhibiting of MMP-2 and MMP-9 

– Inhibition of TNF-α 

– Reduction of NF κB 

– Antiplatelet effect? 

 

• Statins 

– Reduced expression o MCP-1 and VCAM-1 

– Increased expression of eNOS 

– Reduced infiltration of Macrophages 

 

 

 

 

 

PROPOSED NON-INVASIVE TARGETED 

TREATMENT 



SUMMARY 

• Understanding Epigenetics may be critical in CV disease 
including brain aneurysms 

• Carotid atherosclerotic disease and brain aneurysms may 
be linked  

• NF κB plays a role in cellular response to stress, to 
cytokines, lipid deposition and immune response 

• miRNA important regulatory molecule involved in 
dysregulation of NF κB 

• Drugs targeted at inhibition of MCP-1, VCAM-1, iNOS, 
MMP-2 and MMP-2  

• Flow diverter may serve as an excellent endovascular 
bypass to repair CV diseased segments 
 





 
|

  

 
|

  

Parkinson's 

Tay Sachs 

ALS 

Huntington’s   

 

II. NEURODEGENERATIVE DISORDERS 



 Developments in genetics and virology have resulted in new 

therapeutic agents (viral vectors, antibodies, and 

immunotoxins) for neurodegenerative disorders 

(Huntington’s, Tay-Sachs, Parkinson’s). 

 Because of their macromolecular size, these drugs cannot be 

given systemically. 

 Convection enhanced delivery (CED): Drugs are forced 

directly into the anatomy of interest through a needle/cannula 

(localized and small volume). 

 Objective: accurate placement of microcannula using 

multimodal image-guidance by machine calibration 

 

IMJ Bom et al., J Neurointerv Surg. 2013 Jan 1;5(1):69-72 

 



Delivery of Therapeutics for Neurodegenerative Disease 

Multi-Modal Image-Guidance of Localized Drug Delivery in 

Huntington’s Disease 



 
 

 

 

 

Materials & Methods 

 Pre-clinical trail to test safety and efficacy of adeno-associated viral 
vector (AAV) delivery of shRNAmir for knockdown mutant Huntington 

in brain of sheep. 

 Prior to CED surgery, MR imaging (T2w-TSE, T1w-TSE, and 

MPRAGE) was performed for surgery planning. 

 Non-invasive frame to hold and manipulate cannula was mounted onto 

the skull. 

 

 



 
 

 

 

 

Materials & Methods 

 Pre-clinical trail to test safety and efficacy of rAAV-mediated gene 
therapy for treatment of Tay-Sachs disease in non-human primates. 

 Prior to CED surgery, MR imaging (T2w-TSE, T1w-TSE, and 

MPRAGE) was performed for surgery planning. 

 Non-invasive frame to hold and manipulate cannula was mounted onto 

the skull. 

 

 



 
 

 

 

 

Materials & Methods 

 Incisions and burr holes were created for bilateral thalamic injections 

and unilateral ventricle injection. 

 CBCT data was acquired and registered with MRI data. 

 Cannula placement was planned on registered CBCT and MRI data. 

 

 

 

+ = 



Real-Time Imaging Feedback During 

Cannula Placement 

van der Bom et al. JNIS, 2013 

Delivery of Therapeutics for Neurodegenerative Disease 



High-Resolution Cone Beam CT (CBCT) Enables Visual Confirmation  

Delivery of Therapeutics for Neurodegenerative Disease 

Huntington’s Disease 

 Microcannula tip (300 
µm)  position was 

confirmed with CBCT 

registered with MRI 



PERCUTANEOUS TRANSCATHETER AORTIC VALVE 

REPLACEMENT 

Multi-Modal Image-Guidance 

Courtesy of Philips Healthcare 
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• Astrocytomas account for 80% of all malignant brain 
tumors 

• 18,500 new cases of malignant primary CNS tumors in 
USA in 2005 

• 43,800 new cases of both malignant and non-malignant 
primary CNS tumors in 2005 

• Primary brain tumors account for 2% only of all cancers 
however 

• 5-year survival rate 30% for anaplastic astrocytoma and 

• 5-year survival rate 3.3% for gliobastoma 

• 12,820 deaths associated with CNS tumors in 2006 

BRAIN TUMORS 



MINIMALLY-INVASIVE TUMOR THERAPY 

Ahmed et al, Radiology, 2008 

Automatic Feeder Detection using Contrast-Enhanced 

CBCT for 
Ultraselective Chemoembolization 

Miyayama et al, JVIR, 2012 

Dual-Phase CBCT Immediate pre- and post TACE 

Predicts Tumor Response 

Loffroy et al, Radiology, 2013 

Intravascular: Percutaneous: 

CBCT-based Thermometry 

Abi-Jaoudeh et al, RSNA, 2012 







Apollo Penumbra Aspiration catheter and Ultrasound 

Minimally invasive clot suction under Angioscope and 

Cone Beam CT guidance 

With courtesy of Dr. Sam Hoh and Dr. Zauner, Santa Barbara, CA 





Patient radiation doses  

is a major issue in  

Interventional Neuroradiology 





Equipment 

• Biplane Philips Allura Xper FD20/20 
(Allura Clarity, just received FDA approval) 

 

• DoseReductionSystem 

– Increased tube filtration 

– Automatic mask alignment 

– New reconstruction algorithm 

– Noise reduction 
 

 

 

Söderman et al. Radiology 2013 (June 4, 2013 published on line before pint) 



ONYX 

WITHOUT DOSE  WITH DOSE 
REDUCTION   REDUCTION 



WITHOUT DOSE  WITH DOSE 

REDUCTION   REDUCTION 
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WITHOUT DOSE  WITH DOSE 
REDUCTION   REDUCTION 



STEREOTAXY 

WITHOUT DOSE  WITH DOSE 
REDUCTION   REDUCTION 



NOISE REDUCTION (NR) PROGRAM 
CUMULATIVE DAP (DOSE AREA PRODUCT) 

DoseReductionSystem allows up to a 75% radiation dose 

reduction with equal or improved image quality when compared 

to standard DSA 



That’s probably how you will be doing….. 

From “Startrack” 


