THE AMERICAN ACADEMY OF NEUROLOGICAL SURGERY

81T ANNUAL SCIENTIFIC MEETING
WALDORF ASTORIA CAVALIERI ROME
SCIENTIFIC PROGRAM AT A GLANCE

WEDNESDAY, SEPTEMBER 18, 2019

ITALIAN NEUROSURGICAL SOCIETY & AMERICAN ACADEMY OF NEUROLOGICAL

SURGERY - COMBINED SCIENTIFIC PROGRAM

‘ 1:00 - 1:20 Welcome and Introduction - Alex Olivi & Michael McDermott ‘
Welcome Remarks from the SINch: Roberto Delfini and Alberto Delitala

Moderators: Michael McDermott & Francesco Tomasello

‘ 1:20 - 1:45 Neurotraumatology and Neurosurgery: A Worldwide Approach ‘

Franco Servadei (Italy)

‘ 1:50 - 2:10 Trends & New Developments in Glioma Therapy ‘
E. Antonio “Nino” Chiocca (AAcNS)

‘ 2:15 - 2:35 The Treatment of Pediatric AVMs ‘
Marco Cenzato (Italy)

‘ 2:40 - 2:55 Trends & New Developments in Endovascular Therapy ‘
Howard Riina (AAcCNYS)

| 2:55 - 3:15 - BREAK |

Moderators: Antonio Raco & Alex Olivi

‘ 3:20 - 3:40 Endonasal Approaches to Craniopharyngiomas ‘

Paolo Cappabianca (Italy)

‘ 3:45 - 4:05 Trends & New Developments in Spinal Surgery ‘
Mark Hadley (AACNS)

4:10 - 4:30 Changing Paradigms in Neurosurgical Education. The Case of Virtual Reality and
Surgical Simulation

Francesco DiMeco (Italy)

4:35 - 4:55 Trends & New Developments in Functional - Epilepsy
G. Rees Cosgrove (AAcNS)

5:00 - 5:20 Intraoperative Neurophysiological Monitoring in Spinal Cord Tumor Surgery: How
Much Evidence Do We Need?
Francesco Sala (Italy)

5:30 Adjourn




Evening Social Event:
Opening Reception ~ 6:30 pm - 9:00 pm
Terraza Aranci, Waldorf Astoria Cavalieri Hotel
Business Casual Attire recommended

NCZCNO &

THURSDAY, SEPTEMBER 19, 2019

7:30 - 7:35 WELCOMING REMARKS

Michael McDermott (Scientific Program Chair) & Alex Olivi (Local Arrangements Chair)

7:35 - 8:45  Peer Reviewed Abstract Session I: Functional Science
Moderators: Daniel Yoshor

7:35 - 7:45 Safety/Efficacy of Bone Marrow-Derived Mesenchymal Stem Cell (SB623) Implantation
After Chronic Traumatic Brain Injury

Gary Steinberg

7:45-7:55 Extracellular microRNAs in Blood Differentiate Between Ischemic and Hemorrhagic
Stroke

Yasar Kalani

‘ 7:55 - 8:05 Hemodynamic Predictors of Long-Term Patency in Cerebral Revascularization Surgery

Fady Charbel

‘ 8:05 - 8:15 Early Results of Clinical Testing of a Visual Cortical Prosthetic in Blind Subjects

Daniel Yoshor

8:15 - 8:25 Nerve transfers to improve upper extremity function and quality of life in tetraplegic

patients

Wilson Ray

‘ 8:25 - 8:35 Mapping brain response patterns to Deep Brain Stimulation with fMRI

Andres Lozano

‘ 8:35 - 8:45 Trigeminal Nerve Stimulation as a Neuroprotectant

Raj Narayan

8:45-9:25 Peer Reviewed Abstract Session II: Spine Science
Moderators: Nicholas Theodore & Mark Shaffrey
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8:45 - 8:55 12-Month Safety and Efficacy Results from the SCiStar Study - A Phase 1/2a Trial of

Richard Fessler

8:55 - 9:05 Early Surgery and Recovery in Central Cord Syndrome: Analysis of 211 Patients from a
Prospective, Multi-Center Dataset

Michael Fehlings
‘ 9:05 - 9:15 Transpedicular vertebrectomy for thoracic spine metastasis
Ehud Mendel

| 9:15-9:35  Break

9:35-10:45 Peer Reviewed Abstract Session III: Tumor Science
Moderators: Nino Chiocca & Mitchel Berger

9:35 - 9:45 Meningioma Genomic Subgroup and Predicting Post-operative Patient Outcomes:
Implications for Treatment and Follow-up

Jennifer Moliterno

‘ 9:45 - 9:55 Oncolytic G207 Produces immunologic Signature Predicting Response to Therapy

James Markert

‘ 9:55 - 10:05 Evolution of Low Grade Gliomas During Malignant Transformation

Mitchel Berger

‘ 10:05 - 10:15  Flies, worms and fish: What do these have to do with brain tumours?

Jim Rutka

10:15-10:25 Neurosurgical management of sinonasal malignancies involving the skullbase. A 25-year
experience.

Franco DeMonte

10:25-10:35 Opening of blood brain barrier in the hippocampus and entorhinal cortex in
Alzheimer’s disease with focused ultrasound

Ali Rezai

10:35-10:45 CAR T cell therapy for glioblastoma: Current observations and future directions

Don O’Rourke

10:50-11:50 Peer Reviewed Abstract Session 4: Vascular Science
Moderators: Elad Levy & Robert Spetzler
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‘ 10:50- 11:00  Functional Connectivity Deficits After Subarachnoid Hemorrhage ‘
Greg Zipfel

‘ 11:00- 11:10  Microbiome Signatures of Cavernous Angioma ‘

Sean Polster

11:10-11:20 The New Generation Hydrogel Endovascular Aneurysm Treatment Trial (HEAT): Final
Results
Bernard Bendok

11:20-11:30 The R2eD AVM score: a novel predictive tool for arteriovenous malformation
presentation with hemorrhage

Judy Huang

‘ 11:30-11:40 Cerebral Aneurysm Formation and Rupture: Role of Nrf2 Signaling

Aaron Dumont

11:40- 11:50  Early Gene Deletion Generates a High-Fidelity Transgenic Mouse Model of Familial
Brain Arteriovenous Malformations

Michael Lawton

11:50-12:00 Break

12:00 - 12:50 Special Lecture 1
Moderator: Alex Golby / James Rutka
The Rhetoric of Medicine: Lessons on Professionalism From Ancient Greece
Nate Selden/Nigel Nicholson

Evening Social Event:
Visit to the Musei Vaticani and Sistine Chapel
Dinner at the Paolo VI Residence and Terrace
Buses depart from hotel at 5:30 pm- Business casual attire recommended

ACZcNOZ%

FRIDAY, SEPTEMBER 20, 2019

7:30 - 7:35 WELCOME & REMARKS
Michael McDermott (Scientific Program Chair) & Alex Olivi (Local Arrangements Chair)
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7:35-8:35 Peer Reviewed Abstract Session V: Vascular
Moderators: Michael Lawton & E. Sander Connolly

‘ 7:35 - 7:45 Deletions in CWH43 Cause Sporadic Idiopathic Normal Pressure Hydrocephalus

Mark Johnson

7:45-7:55 NEWTON-2: Randomized, Double-blind, Placebo-controlled study of EG 1962 in
Aneurysmal Subarachnoid Hemorrhage
R. Loch MacDonald
7:55-8:05 When Flow Diversion Fails: Predictive Factors of Incomplete Aneurysm Occlusion after
Pipeline Embolization
Chris Ogilvy
‘ 8:05-8:15 Transradial Cerebral Angiography: A Safer Alternative
Felipe Albuquerque
‘ 8:15-8:25 Somatic mutations in cerebral aneurysms
Rose Du
‘ 8:25-8:35 Intracranial Aneurysms: Does Size Really Matter?
Phil Stieg

8:35-9:15 Peer Reviewed Abstract Session VI: Tumor
Moderators: Henry Brem & Don O’Rourke

8:35-8:40 Long-Term Outcomes in the Treatment of Pediatric Skull Base Chordomas
Paul Gardner
8:40-8:50 MRI Perfusion Radiomic Machine Learning Identifies Pseudoprogression in

Glioblastoma - A Multicenter Study

Pascal Zinn

8:50-9:00 The evolution of epilepsy surgery for children: lessons from tuberous sclerosis complex
over 20 years

Howard Weiner

9:00-9:10 Stimulated Raman Histology for Rapid Neurosurgical Intraoperative Histology: A
Prospective Series
Allan Levi
‘ 9:10-9:20 Role of Visual Cortex in Essential Tremor
Jean Regis
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9:20-9:30 Break

9:30-10:30  Peer Reviewed Abstract Session VII: Spine
Moderators: Kevin Foley & Praveen Mummaneni

9:30-9:40 Early Results from the CSM-S RCT: Quality of Life, Cost, and Complications

Zoher Ghogawala

9:40-9:50 Fusion for Spondylolisthesis Is Associated with Greater Improvements: A Multicenter
Registry Study

Kevin Foley

9:50-10:00 Frailty, Long-Term Outcomes and Management Implications for Type II Odontoid
Fractures in the Elderly

Michelle Clarke

10:00-10:10  The use of intraoperative sodium fluorescein for diagnostic biopsy of intramedullary
spine cord lesions

Timothy Ung

10:10-10:20 Robot-Assisted vs Freehand Instrumentation in Short-Segment Lumbar Fusion:
Experience with Real-Time, Image-Guided Spinal Robot

Nicholas Theodore

10:20-10:30 Maximal Safe Resection in Thalamic Gliomas is Superior to Biopsy: Personal Reflections
on 40 Cases

Mustafa Baskaya

10:30-11:30  Peer Reviewed Abstract Session VIII: Functional/Trauma/Vascular
Moderators: Bernard Bendok / Sepi Amin-Hanjani

10:30-10:40 Dopamine, serotonin, and norepinephrine micro-fluctuations during conscious choice
and subjective experience in humans

Charles Branch

10:40-10:50 Intracranially delivered IL-12 secreting CAR T cells recruit host immunity to eradicate
heterogeneous GBM

John Sampson

10:50-11:00 A New Treatment for Acute TBI - a phase II multicenter trial using novel MRI
derivatives as surrogate outcome measures

Howard Eisenberg

11:00-11:10 Dynamic blood brain barrier regulation in mild traumatic brain injury

Gerald Grant

11:10-11:20 Computer-Learning to Identify High Risk Unruptured Aneurysms and Guide Decision
Making: Rupture Resemblance Score

Elad Levy
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11:20-11:30 Distribution and radiologic features of SEDAVFs in a modern single-center series of
patients with spinal vascular shunts

Giuseppe Lanzino

‘ 11:30-11:40  HDFT as a tool to enhance outcomes in the management of hypereloquent lesions

Robert Friedlander

| 11:40-11:50  Break

11:50-12:20 Special Lecture 2
Introduction of Academy Special Lecturer: Alex Olivi & Mike McDermott
Fast cars and fast trains: The Ferrari and Italo stories
Luca Cordero di Montezemolo

12:20 - 1:20 Presidential Address
12:20-12:30 Introduction of the Academy President : Mark Johnson
12:30- 1:20 Quo Vadis, Academia?

Nino Chiocca, MD

Evening Social Event:
Academy Gala Dinner
Villa Miani
Attire: Black Tie Optional

NCZCNO 2
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SATURDAY, SEPTEMBER 21, 2019

7:30 - 8:25

Special Lecture 3: The Oldfield Lectureship

7:30 - 7:35 Introduction, Moderator: Nino Chiocca

7:35 - 8:05 Oldfield Lecture: Bench to bedside development of a novel STAT3 inhibitor for CNS
malignancies - Amy Heimberger

8:05 - 8:15 NIH Funding Overview: Russell Lonser

8:15 - 8:20 NREF Funding Overview: Reg Haid

8:20 - 8:25 AAcNS/NREF Young Clinician Award Update - Brian JA Gill

8:25 - 8:30 AAcNS/NREF Research Fellowship Grant Update - Benjamin Grannan

8:30 - 8:40 American Academy Young Clinician Investigator Award - North America
Single-cellular representations of semantic meaning during natural language perception
Benjamin L. Grannan

8:40 - 8:50 American Academy Young Clinician Investigator Award - Italy

Monitoring language networks in the asleep patient during surgery: an electrophysiological
approach - Davide Giampiccolo

8:55 - 9:30
8:55-9:00
9:009:30

Special Lecture 4:
Introduction of Academy Special Lecturer: Alex Olivi
Thirty generations of winemaking and still feeling young

Lamberto Frescobaldi, President
Azienda Agricola “Marchesi Frescobaldi” Firenze

9:30 - 10:30

Peer Reviewed Abstract Session 9: Various topics
Moderators: Jacques Morcos / Robert Harbaugh

9:30-9:40 Brain growth and developmental outcome after treatment of post-infectious
hydrocephalus in infants in Uganda

Abhaya Kulkarni

9:40-9:50 Impact on Facial Nerve Outcomes and Extent of Resection Using Subperineural
Dissection Technique for Surgical Resection

James Liu

9:50-10:00

Phase 0/1 Clinical Trial of Low-Dose Capecitabine in Recurrent GBM: Global Immune
Fingerprinting of Tissue and Blood

Michael Vogelbaum
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10:00-10:10 Sexual Dysfunction: Prevalence, Prognosis, and Predictors of Outcomes in Patients
Operated for Lumbar Spondylolisthesis

Praveen Mummaneni

10:10-10:20 Cerebro-vascular remodeling following ischemic stroke: cellular and molecular
mechanisms.
Robert Dempsey

‘ 10:20-10:30 Glioblastoma organoids: A model system for patient-specific therapeutic testing

Ryan Salinas

| 10:30-10:45  Break

10:45-11:55  Peer Reviewed Abstract Session 10: Various topics
Moderators: Michael McDermott / Aviva Abosch

10:45-10:55 Outcomes from Asleep and Awake Dominant Temporal Lobe Glioma Surgery: Risk,
Extent of Resection, and Survival

Michael McDermott

10:55-11:05 Real-time CED of Nanoliposomal CPT-11 for recurrent GBM: Interim results of a phase
I clinical trial

Manish Aghi

11:05-11:15 Leptomeningeal dissemination, a sinister pattern of medulloblastoma growth

Daniel Fults

11:15-11:25 Characteristics of Clots Retrieved by Mechanical Thrombectomy Associated with Stroke
Etiology and Device Performance

Adnan Siddiqui

11:25-11:35 Integration of 5-ALA and CEUS in the Surgical Resection of High Grade Glioma

Alex Olivi

11:35-11:45 Mesenchymal Stem Cell Delivery of Oncolytic Adenovirus Delta-24-RGD Following
Surgical Resection of Glioblastoma

Fred Lang

11:45-11:55 An Epigenetic Liquid Biopsy Machine Learning Algorithm to Predict Glioma and
Glioma Subtypes

Steve Kalkanis

12:00 Closing Remarks Meeting Adjourn
2020 Scientific Chair - Aviva Abosch
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Immediately following Adjournment, Lamberto Frescobaldi will host a wine

tasting entitled “A Journey Through Tuscany”’
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SCIENTIFIC PROGRAM

815" ANNUAL MEETING OF THE AMERICAN ACADEMY OF NEUROLOGICAL SURGERY

ITALIAN NEUROSURGICAL SOCIETY & AMERICAN ACADEMY OF NEUROLOGICAL
SURGERY - COMBINED SCIENTIFIC PROGRAM

‘ 1:00 - 1:20 Welcome and Introduction - Alex Olivi & Michael McDermott ‘
Welcome Remarks from the SINch: Roberto Delfini and Alberto Delitala

Moderators: Michael McDermott & Francesco Tomasello

‘ 1:20 - 1:45 Neurotraumatology and Neurosurgery: A Worldwide Approach ‘

Franco Servadei (Italy)

‘ 1:50 - 2:10 Trends & New Developments in Glioma Therapy ‘
E. Antonio “Nino” Chiocca (AAcNS)

‘ 2:15 - 2:35 The Treatment of Pediatric AVMs ‘
Marco Cenzato (Italy)

‘ 2:40 - 2:55 Trends & New Developments in Endovascular Therapy ‘
Howard Riina (AAcNYS)

| 2:55 - 3:15 - BREAK |

Moderators: Antonio Raco & Alex Olivi

‘ 3:20 - 3:40 Endonasal Approaches to Craniopharyngiomas ‘

Paolo Cappabianca (Italy)

‘ 3:45 - 4:05 Trends & New Developments in Spinal Surgery ‘
Mark Hadley (AAcNS)

4:10 - 4:30 Changing Paradigms in Neurosurgical Education. The Case of Virtual Reality and
Surgical Simulation

Francesco DiMeco (Italy)

4:35 - 4:55 Trends & New Developments in Functional - Epilepsy
G. Rees Cosgrove (AAcNS)

5:00 - 5:20 Intraoperative Neurophysiological Monitoring in Spinal Cord Tumor Surgery: How
Much Evidence Do We Need?

Francesco Sala (Italy)

5:30 Adjourn

46



THURSDAY, SEPTEMBER 19, 2019

7:30 - 7:35 WELCOMING REMARKS

Michael McDermott (Scientific Program Chair) & Alex Olivi (Local Arrangements Chair)

7:35 - 8:45  Peer Reviewed Abstract Session I: Functional Science
Moderators: Robert Gross & Daniel Yoshor

7:35 - 7:45 Safety/Efficacy of Bone Marrow-Derived Mesenchymal Stem Cell (SB623) Implantation
After Chronic Traumatic Brain Injury

Albert Lai, Achal Achrol, MD, Alan Weintraub, Susan Paadre, Hideaki Imai, Robert Gross, Gary Steinberg,
Laroslav Zinkevych, MD, Mena Niakian, David Okonkwo, Takehiko Kaneko, Masahito Kawabori, MD, PhD,
Damien Bates, Jefferson Chen, MD, PhD, Peter McAllister, MD, Daniel Lu, Ihor Semeniv, MD, Benjamin
Frishberg, MD, Takao Yasuhara

Introduction

Traumatic brain injury (TBI) is a major cause of neurologic disability with no effective treatments.

Objective

This double-blind, randomized, sham-controlled, Phase 2 trial evaluated efficacy and safety of stereotactic
intracerebral implantation of allogeneic modified bone marrow-derived mesenchymal stem cells (SB623) in
patients with chronic motor deficits secondary to TBI.

Methods

Sixty-one subjects (mean age 34 years) from 18 sites (US, Japan and Ukraine) received 2.5x106, 5.0x106, or
10x106 SB623 cells or sham procedure (1:1:1:1) ratio; n=46 SB623, 15 controls). Primary outcome was mean
change from baseline in the Fugl-Meyer Motor Scale (FMMS) of pooled SB623 subjects ¢/w controls at 24
weeks. MR at 8 days post-implant was evaluated for new FLAIR signal changes.

Results

Mean (SE) change from baseline in FMMS (Week 24) was 8.3 (1.4) for SB623 versus 2.3 (2.5) in the control
group (p=0.04). Eight (17.4%) serious adverse events (SAEs) in five (10.9%) SB623-treated subjects occurred
versus three (20%) SAEs in three (20%) controls. No abnormal MR FLAIR signal changes were observed in
any patients at post-implant Day 8.

Conclusion

The primary efficacy endpoint of improved motor function at 6 months was achieved. SB623 cell
implantation was well tolerated. Unlike a prior Phase 1/2a study of patients with chronic ischemic stroke
undergoing intracerebral implantation of SB623 cells, where a new transient premotor cortex MR FLAIR
signal at 1 week postimplantation was highly correlated with neurologic recovery at 6, 12, and 24 months
post-implantation, no new MR FLAIR signal was detected at 1 week postimplant in any of the patients.

7:45-7:55 Extracellular microRNAs in Blood Differentiate Between Ischemic and Hemorrhagic
Stroke

Robert Spetzler, Yashar Kalani

Introduction
Rapid identification of patients suffering from cerebral ischemia, while excluding intracerebral hemorrhage,
can assist with patient triage and expand patient access to chemical and mechanical revascularization.
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Objectives
We sought to identify blood-based, extracellular microRNAs (ex-miRNAs) predictive of major stroke subtypes

using clinical samples from subjects with intraparenchymal hemorrhage (IPH), subarachnoid hemorrhage
(SAH), and ischemic stroke due to cerebral vessel occlusion.

Methods

We collected blood from patients presenting with IPH (n=19), SAH (n=17) and ischemic stroke (n=21). We
isolated extracellular vesicles from plasma, extracted RNA cargo, sequenced the small RNAs, and performed
bioinformatic analyses to identify exmiRNA biomarkers predictive of the stroke subtypes.

Results

67 miRNAs were significantly variant across the stroke subtypes. A subset of exmiRNAs differed between
hemorrhagic and ischemic strokes, and LASSO analysis could distinguish SAH from the other subtypes with
an accuracy of 0.97 p&lt; 0.002. Further analyses predicted miRNA classifiers that stratify IPH from ischemic
stroke with accuracy of 0.81 p&lt; 0.004 and distinguish hemorrhagic from ischemic stroke with accuracy of
0.81 P&lt; 0.003.

Conclusion

Blood-based, ex-miRNAs have predictive value, capable of distinguishing between major stroke subtypes. Such
a biomarker may serve as point-of-care tests to rapidly and reliably differentiate between major stroke subtypes
and aid with the triage of patients to expand the pool eligible for chemical and mechanical revascularization.

7:55 - 8:05 Hemodynamic Predictors of Long-Term Patency in Cerebral Revascularization Surgery

Christopher Stapleton, Ahmed Hussein, Sepideh Amin-Hanjani, Fady Charbel

Introduction

Cerebral revascularization remains an important part of neurovascular surgery, but large cohort analyses with
robust hemodynamic data and long-term angiographic follow-up are lacking in the literature.

Objectives

We sought to evaluate hemodynamic factors that predict long-term patency in a large cohort of cerebral
bypasses.

Methods

All intracranial bypass procedures performed between 2001 and 2018 were reviewed.

Results

A total of 308 consecutive bypasses were performed during the study period, of which 300 (aneurysm, n=112;
atherosclerosis, n=94; moyamoya, n=92) had angiographic follow-up. At a mean follow-up of 2.3 &plusmn;
3.0 (range: 0-15.9) years, 225 (75.0%) bypasses were patent. While male sex was associated with long-term
bypass patency (patent: 100 [44.4%]; non-patent: 18 [24.0%]; p=0.002), there were no significant differences
in patient age (p=0.99), indication for bypass (p=0.81), bypass type (p=0.68), number of bypasses (p=0.21), or
number of anastomoses (p=0.45). With respect to hemodynamic factors, there were no significant differences
in intra-operative bypass flow (p=0.63), post-operative bypass flow (p=0.41), or ratio of post-operative bypass
flow to intra-operative bypass flow (p=0.96). For all EC-IC bypasses (n=223), the cut flow index (CFI), or ratio
of bypass flow to donor vessel cut flow, was significantly higher for patent (0.89 &plusmn; 0.50) than non-
patent (0.71 &plusmn; 0.42) bypasses (p=0.008), especially when performed for flow augmentation (i.e.,
moyamoya or atherosclerosis) purposes (p=0.001).

Conclusion

In this cohort of 300 cerebral revascularization procedures, the CFI was most closely associated with long-
term bypass patency, especially when performed for the purpose of flow augmentation.
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8:05 - 8:15 Early Results of Clinical Testing of a Visual Cortical Prosthetic in Blind Subjects

William Bosking, Daniel Yoshor, Michael Beauchamp, Denise Oswalt

Introduction

It has long been recognized that a visual cortical prosthesis (VCP) has the potential to restore vision to patients
with acquired blindness due to damage to the eyes or optic nerves.

Objectives

Here we report on initial findings in the first FDA-approved early feasibility trial of a VCP.

Methods

Two blind subjects at Baylor were implanted with an Orion VCP system, and visual function testing was
conducted following implantation.

Results

Using the standard stimulation methods for Orion, subjects demonstrated the ability to locate a bright square
on a computer touchscreen. Subject performance was much better using the Orion (3.5-4.5cm) than before
implantation or with the system off (12-15cm). One subject also demonstrated the ability to identify the
direction of motion of a high contrast bar moving across the touchscreen, with an average error of ~ 22&deg;,
far better than the ~ 94&deg; average error (chance level performance) with the device off. While the standard
Orion settings have not succeeded in produced form vision, we have found that novel electrical stimulation
protocols may be used to significantly enhance the functionality of Orion toward this goal . The use of
dynamic sequences of stimulation can improve perception of visual forms, and current steering can be
effectively used to activate the cortex at a location in between the location of the two physical electrodes.
Conclusion

Early testing of the Orion VCP demonstrate efficacy in performing several basic visual tasks. Novel
stimulation paradigms, including the use of dynamic stimulation and current steering, offer the promise of
enhanced functionality, including potential for the perception of visual forms.

8:15 - 8:25 Nerve transfers to improve upper extremity function and quality of life in tetraplegic
patients

Christopher Dibble, Martin Boyer, Wilson Ray, Jawad Khalifeh

Introduction

Spinal cord injury (SCI) is a public health problem. Greater than 50% of SCI occur in the cervical spine
resulting in some form of tetraplegia. Recently nerve transfers have been considered as a treatment option to
restore upper extremity function in tetraplegic patients.

Objectives

Motor nerve transfers traditionally used to treat peripheral nerve injuries are increasingly used to treat patients
with tetraplegia (Figure 1). We present our early results of a prospective clinical trial using nerve transfers to
restore upper extremity function in tetraplegia.

Methods

Participants with American Spinal Injury Association (ASIA) A &ndash; B cervical SCI) were prospectively
enrolled at a single institution and nerve transfer(s) were performed based on pre-operative function and level
of injury. Functional recovery and strength were independently assessed and prospectively tracked.

Results

Seventeen participants with a median age of 28.4 years who underwent nerve transfers at a median 18.2
months after injury were included. Median follow-up was 24.9 months. Patients who underwent transfers to
median nerve motor branches achieved finger flexion strength MRC 3/5 in 4/15 (26.7%) and wrist flexion
strength MRC 3/5 in 5/15 (33.3%) treated upper limbs. Nerve transfers to the posterior interosseous nerve
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restored MRC 3/5 strength in finger extension in 5/9 (55.6%) and 3/5 strength in thumb extension in 5/9
(55.6%) patients.

Conclusion

Nerve transfers are a promising treatment option to restore upper extremity function in chronic tetraplegia.
Our early experience suggests, nerve transfers for the reinnervation of hand and finger flexors provide variable
functional recovery. Transfers for the reinnervation of arm, hand, and finger extensors provide more
consistent and meaningful return of function.

8:25 - 8:35 Mapping brain response patterns to Deep Brain Stimulation with fMRI

Suresh Joel, Vijayashankar Paramanandam, Mojgan Hodaie, Walter Kucharczyk, David Xu, Sreeram Prasad,
Alexandre Boutet, Manish Ranjan, Ailish Coblentz, Jeffrey Ashe, Gavin Elias, Suneil Kalia, Radhika
Madhavan, Robert Gramer, Eugen Hlasny, Andres Lozano, Alfonso Fasano

Introduction

Deep brain stimulation (DBS) modulates dysregulated brain circuits. Commonly used in Parkinson&rsquo;s
disease (PD), this surgical treatment can produce striking clinical benefits when the stimulation is
appropriately programmed. However, DBS programming often requires numerous clinic visits to test the
large number of possible stimulation parameters.

Objectives

Here, we examined whether optimal DBS stimulation settings produce a characteristic functional magnetic
resonance imaging (fMRI) pattern that could inform DBS programming.

Methods

We performed 3T fMRI in PD patients with either subthalamic nucleus or internal globus pallidus DBS
(n=28), obtaining the brain activation patterns with each of the four DBS contacts activated. fMRI brain
response patterns to stimulation at clinically determined optimal and non-optimal contacts were compared,
and subsequently integrated into a machine learning (ML) framework for optimal contact identification.
Results

Optimal contact stimulation recruited motor areas such as primary motor cortex, thalamus, and anterior
cerebellum. In contrast, stimulation through non-optimal contacts resulted in more variable brain circuit
engagement accompanied by spillover to non-motor brain areas. The ML model predicted the optimal contact
in both previously programmed (76%) and stimulation-na&iuml;ve patients (75%).

Conclusion

There is a specific and reproducible fMRI brain response pattern in PD-DBS patients at settings associated
with optimal clinical benefits. The pattern of fMRI brain responses to stimulation can help elucidate
DBS&rsquo; mechanism of action and perhaps serve as a step towards more effective programming and
improved clinical outcomes.

8:35 - 8:45 Trigeminal Nerve Stimulation as a Neuroprotectant

Chunyan Li, Raj Narayan

Introduction

Pharmacological interventions to block cortical spreading depolarization (CSD) typically have significant side
effects. Therefore, new strategies are needed to reduce CSDs in the injured brain. The trigeminal nerve is
unique because of its intimate connection with cerebral and meningeal blood vessels, referred to as the
trigemino-cerebrovascular system. It is also capable of activating the so called &lsquo;diving reflex&rsquo;,
whose primary role is to conserve oxygen for sensitive brain tissue.

Objectives
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We aim to investigate the effect of trigeminal nerve stimulation (TNS) to minimize CSD-induced brain
injuries.

Methods

Studies were performed on 32 rats. Animals were randomized following middle cerebral artery occlusion
(MCAOQ): (1) control animals with MCAOQO; (2) MCAQO animals with Pre-TNS; (3) MCAO with 3-hour post-
TNS (open-loop); (4) MCAO with targeted TNS (closed-loop). The number of CSDs, CBF and oxygen
tension were recorded . Brains were collected at 24h after MCAO to measure the lesion volume.

Results

MCAQ resulted in a sequence of changes in CBF and DC potentials. Upon occlusion, CBF immediately fell
by 68&plusmn;11%. Spontaneous waves of depolarization appeared in the ischemic penumbra zone,
averaging about eight events (8.1&plusmn;2.1; n=8) over the 3 h after occlusion. The first CSD episode
appeared at 7.1&plusmn;3.6 min after occlusion. TNS significantly lengthened the latency until the
appearance of the first CSD almost 7-fold, and decreased their number by 53% (3.8&plusmn;0.8 vs.
8.2&plusmn;2.1; n=8). Both open-loop and closed-loop postTNS also significantly reduced infarction
volumes by 47% and 39%, respectively.

Conclusion

Our study demonstrate that TNS can selectively reduce the deleterious consequences of CSDs in the injured
brain.

8:45-9:15 Peer Reviewed Abstract Session II: Spine Science
Moderators: Nicholas Theodore & Mark Shaffrey

8:45 - 8:55 12-Month Safety and Efficacy Results from the SCiStar Study - A Phase 1/2a Trial of
AST-OPC1

Ed Wirth, Richard Fessler, Charles Liu, Gary Steinberg, Shekar Kurpad

Introduction

Spinal cord injury (SCI) causes disruption of motor, sensory, and autonomic function. Cellular
transplantation offers a new and promising method of reconstituting the architecture of the damaged cord
by providing a permissive substrate, replacing lost cells, enhancing tissue preservation, supporting axonal
regeneration, and modulating the inflammatory response.

Objective

The purpose of this study is to evaluate the 12 month outcome data for the 10 million cell AST-OPC1 cohort
group in the SCI-Star study.

Methods

The SCiStar study is an open-label, single-arm trial evaluating three escalating doses of AST-OPC1 (2, 10
&amp; 20 million cells) administered to five cohorts of subjects via direct intraparenchymal injection
bwtween 21 and 42 days post-SCI. A total of 27 subjects across the five cohorts have been dosed. All subjects
in cohort 1 (N=3, 2 million cells) have completed 2 year follow up. All subjects in cohort 2 (N=6 10 million
cells) have completed 1 year follow up.

Results

To date, there have been no intraoperative complications or safety issues associated with the cells. No patient
demonstrated decreased neurological function or experienced a serious SAE. At 2 year follow up, sujcects in
cohort 1 gained 1 motor level relative to baseline. In cohort 2, 100 % of subjects gained at least 1 motor level
and 67 % regained two motor levels on at least one side, compared to 26 % in the comparison group.
Conclusion
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The results of the SCiStar study demonstrate a strong safety profile. The 2 year efficacy data indicate a dose-
dependent increase in recovery of upper extremity motor function.

8:55 - 9:05 Early Surgery and Recovery in Central Cord Syndrome: Analysis of 211 Patients from a
Prospective, Multi-Center Dataset

Michael Fehlings, Jefferson Wilson, Jetan Badhiwala

Introduction

There remains a paucity of data on the contemporary outcomes of central cord syndrome (CCS) and their
predictors. Further, the efficacy of early surgical decompression for CCS remains unclear.

Objectives

We sought to: 1) develop a prediction model for neurological outcome; and 2) evaluate the effect of early
surgery (&lt;24 hrs) on neurological recovery.

Methods

Patients with CCS (AIS C or D; LEMS&ndash;UUEMS&ge;5) were identified from two prospective multi-
center datasets. A prediction model was developed by multiple linear regression; the outcome was change in
ASIA motor score (AMS) at 1-year. Covariates were chosen a priori: 1) age; 2) AMS; 3) AIS; 4) time to surgery
(early [&It;24 hrs] vs. late [&ge;24 hrs]); and 5) time to surgery&acute;AlS. Effect sizes were summarized by
&beta; coefficients. Internal validation was by bootstrapping.

Results

In total, 211 patients were eligible. &beta; coefficients were significant for all variables in the model: age (-
0.12, P=0.04); AMS (-0.71, P&lt;0.01); AIS (9.69, P=0.01); time to surgery (12.67, P&It0.01); time to
surgery&acute;AlS (-13.18, P&It;0.01). The mean R2 value across bootstraps was 0.66. In patients with AIS
C injury, early surgery resulted in significantly improved motor recovery (marginal mean: 12.7, 95%CI
5.8&ndash;19.6); there was no difference in recovery with early surgery in patients with AIS D injury.
Conclusion

To our knowledge, this is the largest study to date to examine central cord syndrome. We found motor
recovery after CCS may be predicted by age, AMS, AIS grade, and time to surgery. Early surgery improves
recovery, particularly in patients with more severe injury.

9:05 - 9:15 Transpedicular vertebrectomy for thoracic spine metastasis

Tarush Rustagi, Hazem Mashally, Asad Akhter, Ehud Mendel, Ranjit Ganguly

Introduction

To study the feasibility, outcomes and complications of Transpedicular vertebrectomy (TPV) and
reconstruction for metastatic lesions to the thoracic spine.

Objectives

From 2008-16, consecutive cases (single-surgeon) undergoing TPV for thoracic spine metastasis (T2 -12) were
included. Demographic, surgical and clinical data was collected through chart review. MRI, CT, PET images
were used to identify extent of disease, epidural spinal cord compression (ESCC), and degree of vertebral
body collapse. Hall-Wellner confidence band was used for the survival curve.

Methods

96 patients were studies with a median age 60 years. Most patients 56 (58%) presented with mechanical pain.
29% cases had Lung metastasis. Single level TPV was performed in 73 patients (76%). Anterior reconstruction
included PMMA in 78 patients (81.25%), and titanium cage in 18 patients (18.25%).

Results
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Frankel grade improvement was seen in 16 cases (P=0.013). ESCC improved by a median of 5.9 mm
(P&It;0.001). Kyphosis reduced by median of 7.5&ordm; (P&lt;0.001). VAS improved by median of 7
(P&It;0.001). Total 59 deaths were observed. The median survival time was estimated to be 6 months (95%
CI [5, 10]). Surgical outcome and complication rates are similar between the two construct types. Correction
of kyphosis was seen to be slightly better with the use of PMMA. Overall 29.16% cases developed
complications (11.4% major). Two cases developed neurological deficit following epidural hematoma
requiring surgery. One case had instrumentation failure from cement migration, needing revision.
Conclusion

The result of our study shows good clinical and radiological outcomes for TPV for thoracic metastatic lesions.

9:15 - 9:35 Break

9:35-10:45 Peer Reviewed Abstract Session III: Tumor Science
Moderators: Nino Chiocca & Mitchel Berger

9:35 - 9:45 Meningioma Genomic Subgroup and Predicting Post-operative Patient Outcomes:
Implications for Treatment and Follow-up

Daniel Duran, Amar Sheth, Koray Ozduman, Zeynep Erson-Omay, Chang Li, Julio Montejo, Evgeniya
Tyrtova, Murat Gunel, Bulent Omay, Michel Kalamarides, Julien Boetto, Mark Youngblood, Jennifer
Moliterno, Matthieu Peyre, Amy Zhao

Introduction

Previous studies have classified meningiomas into six molecular subgroups, including NF2, SMARCBI,
KLF4, POLR2A, PI3K-activated and Hedgehogactivated. Each subgroup carries specific associations with
clinical and molecular features, such as tumor location and histology.

Objectives

We sought to ascertain whether underlying genomic subgroup may provide prognostic value in meningioma
management.

Methods

The genomic subgroup of over 500 meningiomas was determined based on targeted sequencing data and
clinical annotations were retrospectively collected, including grade, recurrence, extent of resection (EOR),
post-operative radiation, and follow-up. Statistical relationships were investigated between genomic subgroup
and recurrence using Kaplan-Meier, Fisher&rsquo;s exact tests, and Cox proportional hazards modeling,
including stratification based on the aforementioned variables.

Results

During the first five post-operative years, meningiomas in the PI3K subgroup exhibited higher rates of early
recurrence. PI3K activating mutations were found to be an independent predictor of recurrence free survival
and irrespective of grade, Ki-67, and other clinical features. Conversely, recurrence was rare in KLF4,
POLR2A, and SMARCB1 mutant tumors, and these tumors were typically associated with use of post-
operative radiation. The longest average recurrence free survival was observed in POLRZA mutant
meningiomas.

Conclusion

These results indicate divergence in meningioma patient outcomes based on underlying driver mutation and
suggest patients with PI3K activating events may require closer surveillance. These cases, which often occur
along the sphenoid wing and can encase critical neurovascular structures, may benefit from consideration of
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radiation and emerging targeted medications. By contrast, for other subgroups which rarely recur, caution
may be entertained before use of potentially morbid adjuvant therapies.

9:45 - 9:55 Oncolytic G207 Produces immunologic Signature Predicting Response to Therapy ‘

Elaine Mardis, Naomi Barker, Kathleen Schieffer, Dragan Maric, Anthony Miller, G. Yancey Gillespie, Justin
Roth, Josh Bernstock, James Markert, Nripesh Prasad, Kristen Leraas, Jianmei Leavenworth, Jennifer
Coleman, Kevin Cassady, Gary Cutter, Bernard Roizman, Richard Whitley, Katherine Miller

Introduction

Our Phase I trials of experimental virotherapy for recurrent glioblastoma (GBM) have shown that inoculation
with a conditionally replication-competent early generation oncolytic herpes simplex virus (cHSV), G207, is
safe. However, while 17 of 37 subjects experienced objective clinical responses, the highly attenuated oHSV
did not uniformly improve survival.

Objectives

We sought to identify predictors that would identify mechanisms contributing to survival and improve future
trial design, by studying accrued samples.

Methods

We analyzed pre-treatment biopsy and post-G207-treatment tumor samples (collected D2-5 post injection)
banked from the patients enrolled in the phase IB G207 trial. RNAseq and Nanostring transcriptome analysis
with deconvolution using Cibersort was used to determine differences in immune response between samples.
Multiplex fluorescent immunohistochemistry using immunocompatible primary antibodies and highly cross-
absorbed secondary antibodies conjugated to spectrally-compatible dyes was also performed.

Results

The key findings from these analyses suggest that productive G207 infection and G207-induced changes in
gene expression were predictive of oHSV therapeutic success in the G207-treated patients. RNAseg-based
transcriptome analysis of these samples revealed that both the intrinsic IFN mediated antiviral response and
adaptive immune functional response in patients correlated significantly with improved survival following
G207 inoculation. Further, GBM tissue stained using multiplex fluorescent immunohistochemistry
supported differences in the tumor microenvironments that were identified from RNAseq data analysis.
Conclusion

Our data indicate that both viral gene expression and the resulting intrinsic anti-viral and recruited adaptive
response were critical for survival after G207 inoculation and predict survival with this early generation oHSV
in patients with recurrent malignant glioma.

9:55-10:05 Evolution of Low Grade Gliomas During Malignant Transformation.

Joseph Costello, Mitchel Berger

Introduction

Newly diagnosed IDH mutant LGG may remain indolent for a decade after initial surgery, or may undergo
malignant transformation (MT) to high grade glioma (HGG).

Objectives

We sought to elucidate the mechanisms and cause of malignant transformation as a critical step towards
preventing MT and positively impacting overall survival for patients whose original diagnosis is LGG. In some
cases this occurs at the first progression but in others there are multiple surgeries or other treatments before
the diagnosis is made. Herein we discuss three distinct but related genetic mechanisms leading to malignant
transformation, and one potential cause of malignant transformation.

Methods
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Next generation sequencing was applied to primary and recurrent tumor pairs, along with multiple
intratumoral samples to discover mutations and gene expression patterns during malignant transformation.
Tumor evolution was elucidated using phylogenetic analysis.

Results

Phylogenetic analyses show that heterozygous mutations in IDH1 or IDH2 are the earliest genetic alteration
in LGG and appear to be fully clonal. However, data from spatiotemporal tumor samples and in vitro and in
vivo model systems showed deletion of the locus containing the IDH mutation during malignant progression.
We also discovered Temozolomide induced hypermutation in LGG was strongly associated with malignant
transformation.

Conclusion

We will discuss translational implications of the dynamic molecular, cellular, metabolic and clinical features
of initially IDH1-mutant LGG as they undergo MT. The data also shows that Temozolomide induced
hypermutation drives the outgrowth of tumor clones with increasingly malignant genotypes, and is associated
with malignant transformation

10:05-10:15 Flies, worms and fish: What do these have to do with brain tumours?

James Rutka

Introduction

Although mammalian models have been commonly used to study cancer, the advent of molecular genetic
manipulations in lower species has led to the development of a variety of highly reproducible and informative
cancer models.

Objectives

To establish novel brain tumor models in lower species organisms; and to use high-throughput drug screening,
and RNAI screening to identify novel drugs that are effective against these brain tumour models.

Methods

We used a let-60 (KRAS) and daf-18 (PTEN) mutant model of GBM in C. elegans in which the worms develop
a highly invasive phenotype. We also developed a Drosophila Gal4/UAS transgenic line which overexpresses
the fly homologues of human phosphoinositide-3 kinase (P13K) and epidermal growth factor receptor (EGFR)
in Drosophila.

Results

In the let-60 (KRAS) and daf-18 (PTEN) mutant model of GBM in C. elegans, we demonstrate enhancement
of a multi-vulvar phenotype, indicative of a highly invasive alteration in cellular function that resmbles
invasion in cancer cells. Our RNAI screen in C. elegans has uncovered several novel "hits" which are being
explored. The developing pupae in the Drosophila model of GBM develop a highly proliferative and
aggressive glial tumor resembling GBM. By treating these flies with anti-metabolic and novel
chemotherapeutics, we show a reduction in tumor size and enhanced survival of the organism.

Conclusion

Just as science has advanced inordinately from taking advantage of the genetic manipulations in lower species,
so it is hoped that these brain tumour models can be used to advance novel drug and therapeutics that would
not be imaginable using conventional mammalian models to date.

10:15-10:25 Neurosurgical management of sinonasal malignancies involving the skullbase. A 25-year
experience.

Franco DeMonte, Ehab Y Hanna, Gautam Mehta, Shaan M Raza

Introduction
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Neurosurgical management of sinonasal malignancies extending to the skull base has a rich 6 decade long
history. Early reports described high rates of morbidity and mortality. The most recently published large
studies now date back over a decade.

Objectives

This longitudinal 25-year single institution study was undertaken to highlight how changes in patient
demographics, practice patterns and outcomes have evolved. Over this time there has been a significant
evolution in surgical instrumentation and techniques without a clear assessment of their impact on patient
outcomes.

Methods

Patients with malignancies arising from the sinonasal cavities and extending to involve the skullbase who
underwent surgical resection between 1993 and 2018 were included in this study. Only patients with at least
a 6 month followup were included.

Results

191 patients met criteria for inclusion. Mean age was 51yrs and did not significantly change over time.
Olfactory neuroblastoma was the most commonly encountered neoplasm. A trend of an increasing number
of neuroendocrine tumors vs fewer SCCs and adenocarinomas was seen. More extensive/higher stage disease
was seen over time. Surgical approaches evolved from open transcranial/transfacial to
transcranial/endoscopically-assisted and endoscopic-only approaches. Median OS was 10.1 years and did not
change over time. Complications were significantly reduced in those patients not undergoing lumbar spinal
CSF drainage.

Conclusion

There has been an evolution over the past 25 years in the managment of patients with sinonasal malignancies
extending to the skull base. Changes in surgical technique and management has lowered morbidity. Survival
has remained unchanged despite treating patients with higher staged disease.

10:25-10:35 Opening of blood brain barrier in the hippocampus and entorhinal cortex in
Alzheimer’s disease with focused ultrasound

Jeff Carpenter, Marc Haut, Ali Rezai, Manish Ranjan, Rashi Mehta, Umer Najib

Introduction

There are no effective treatments for Alzheimer&rsquo;s disease (AD). Animal studies have demonstrated
that MR-guided focused ultrasound (FUS) reversibly opens the blood brain barrier (BBB)~reducing amyloid
plaques, improving memory and allowing targeted drug delivery. A phase I safety study demonstrated opening
of BBB in frontal lobe in five patients with AD.

Objectives

We report the initial results of a phase II study in AD evaluating if FUS treatment can safely and reversibly
open the hippocampal BBB, and reduce amyloid plaques and cognitive decline.

Methods

The study was FDA and IRB approved. Three patients with early AD and positive amyloid PET each
underwent three treatment sessions at two-week intervals with FUS (220 kHz ExAblate, Insightec) to the
hippocampus/entorhinal cortex. Outcome assessments included MRI evaluating BBB opening, fMRI,
adverse events, behavior/cognition, and amyloid PET.

Results

Three female participants (61-73 years) completed all treatments successfully. Three FUS treatments of the
hippocampus/entorhinal cortex was performed in 3 seperate target regions (5X5X7 mm each) in the first,
and four targets in the subsequent two subjects. There was no hemorrhage, edema, or treatmentrelated
adverse effects. Immediate post FUS MRI with gadolinium revealed parenchymal contrast enhancement in
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all target regions indicating BBB opening. Contrast enhancement was not present 24 hours after each
treatment. Additional follow -up clinical, MRI, and PET outcomes will be available for presentation.
Conclusion

This is the first report demonstrating the safety, reversibility, reproducibility of multiple openings of BBB in
the hippocampus/entorhinal cortex in AD with FUS. FUS provides a unique opportunity for targeted
neurosurgical treatment approaches.

10:35-10:45 CAR T cell therapy for glioblastoma: Current observations and future directions

Donald O'Rourke

Introduction

Our work at the University of Pennsylvania involves the clinical application of chimeric antigen receptor T
(CAR-T) cells for the treatment of glioblastoma (GBM). We identified antigen heterogeneity and adaptive
immunosuppression in the tumor microenvironment (TME) as major challenges, based on our phase Ib study
of a single peripheral infusion of CAR-T cells targeting EGFRVIII in recurrent GBM. We have defined
strategies to overcome these challenges, representing the basis of a portfolio of new CAR-T clinical trials.
Objectives

First, we hypothesized that using a combination of CART-EGFRVIII cells and immune checkpoint blockade
(ICB) would abrogate the TME response and improve clinical efficacy. Next, we have developed both cross-
reactive scFvs in CAR constructs and multivalent CAR-T cells to address target heterogeneity and antigen
escape.

Methods

Our single-arm, open-label, phase Ib trial is enrolling patients with newly diagnosed, MGMT-unmethylated,
EGFRvIII+ GBM. Following maximal safe tumor resection, patients receive short course adjuvant radiation
(40Gy), followed by three separate peripheral IV infusions of 2x108 CART-EGFRVIII cells and 200mg
pembrolizumab.

Results

Kinetics of engraftment of EGFRvIII CAR-T cells was comparable in newly diagnosed GBM and recurrent
GBM and resulted in disease stability. Combination of CAR-T cells with the PD-1 inhibitor pembrolizumab
has not resulted in significant adverse events. Multivalent CARs, in parallel or tandem, resulted in activation
by GBM cells expressing multiple antigens.

Conclusion

Combination of CAR-T cells and ICB presents a viable route to address TME immunosuppression while
multivalent CAR constructs enable broader tumor targeting. Multivalent CAR-T cells with ICBs will likely
improve clinical efficacy in GBM.

10:50-11:50 Peer Reviewed Abstract Session 4: Vascular Science
Moderators: Elad Levy & Robert Spetzler

10:50- 11:00  Functional Connectivity Deficits After Subarachnoid Hemorrhage

Deepti Diwan, Ananth Vellimana, Annie Bice, Lindsey Brier, Joseph Culver, Gregory Zipfel, Julian Clarke

Introduction

Previously, we showed that hypoxic conditioning is a novel therapy against two components of SAH-induced
delayed cerebral ischemia (DCI), and that this protection is SIRT 1-mediated. Functional connectivity (FC)
refers to correlation analysis across cortical regions and is commonly used as a readout of coordinate neural
activity. FC can be measured via Optical Intrinsic Signal (OIS) imaging, which measures correlations in
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vascular reactivity via quantitation of fluctuations in oxy- and deoxy-hemoglobin. The impact of experimental
SAH and conditioning on FC has yet to be examined.

Objectives

This study examined three questions: 1) Does experimental SAH induce FC deficits; 2) Does hypoxic
conditioning provide protection against these FC deficits and is this protection SIRT I-mediated; and 3) does
treatment with the SIRT1 activator, resveratrol, mimic the protective effect of hypoxic conditioning against
these FC deficits?

Methods

Cranial windows were adhered on C57BL/6 mice. Mice underwent sham or SAH surgery. Mice were then
treated with hypoxic conditioning (with or without EX527, a SIRT l-inhibitor) or resveratrol beginning 3hr
after surgery. Mice were serially imaged post-surgery.

Results

We found that experimental SAH induces global and network-specific deficits in FC by day 3, corresponding
with the time of DCI in mice; and that hypoxic conditioning provides SIRT 1-mediated protection against
these SAH-induced FC deficits (see Figure). We also found that the SIRT1 activator, resveratrol, mimics the
protective effect of hypoxic conditioning on SAH-induced FC deficits.

Conclusion

OIS imaging is a useful technique for identifying FC deficits following experimental SAH. SIRT1 targeted
therapies attenuate FC deficits observed post:SAH and may be an important step in treatment of DCI after
SAH.

11:00- 11:10  Microbiome Signatures of Cavernous Angioma

Le Shen, Amy Akers, Sean Polster, Issam Awad, Kimberly Yan, Julian Carrion-Penagos, Helen Kim,
Agnieszka Stadnik, Jack Gilbert, Connie Lee, Anukriti Sharma, Ying Cao, Romuald Girard, Myranda
Robinson, Leslie Morrison, Sean Lyne, Atif Zafar, Mark Kahn, Patricia Mericko, Alan Tang

Introduction

Cavernous angiomas (CA) can result in hemorrhage and/or seizure. The disease course is variable which may
be affected by immune and inflammatory processes. Mouse studies have linked CA to the microbiome, but
its clinical relevance has not been defined.

Objectives
Here we investigate the composition of the microbiome of CA patients and its relationship to clinical disease.

Methods

Fecal samples from 123 CA patients, across four centers, were assayed using metagenomic 16S rRNA and
shotgun sequencing. Following taxonomic classification microbiome composition was compared with those
of a non-CA population (n=263), or between subgroups of CA patients based on clinical characteristics.
Univariate and random forest identified species were assembled to compare with plasma biomarkers of
angiogenic and inflammatory cytokines.

Results

Analyses of microbiome composition identified groups and networks of bacterial species that identify CA
from non-CA patients. Four species differentiate CA from non-CA by receiver operating characteristic
classification [area under the curve (AUC)=0.875, specificity=0.890, sensitivity=0.815]. Within CA cohorts,
a combination of microbiome and a plasma biomarker improved our ability to differentiate patients with
unique CA characteristics; sporadic vs. familial (AUC=0.71), aggressive vs. non-aggressive (AUC=0.90) and
those with a symptomatic hemorrhage (CASH) in the last year (AUC=0.86).

Conclusion

This data is the first to show that CA patients have a distinct microbiome that is strongly associated with CA
disease and CA behavior. This study supports further investigation into the mechanistic link between CA
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disease and the microbiome for a better understanding of the brain-gut axis and as a potential biomarker of
disease behavior.

11:10-11:20 The New Generation Hydrogel Endovascular Aneurysm Treatment Trial (HEAT): Final
Results

Bernard Bendok, Salah Aoun, Jason Kniss, Jennifer Ward, Karl Abi-Aad, Tarek El Ahmadieh, Samer G.
Zammar, Rudy Rahme, Najib El Tecle, Mary Kwasny, Rami James Aoun

Introduction

Aneurysm recurrence after coiling has been associated with (re)hemorrhage and a greater need for follow-up.
The second-generation HydroCoil Embolic System (HES) consists of a platinum core with integrated hydrogel
and was developed to reduce recurrence through enhancing packing density and healing within the aneurysm.
Objectives

To compare the imaging and clinical outcomes of the second-generation HES to bare platinum coils in a long-
term study of 600 patients.

Methods

HEAT is a randomized, controlled clinical trial that enrolled subjects with ruptured or unruptured
intracranial small-to-medium aneurysms amenable to endovascular coiling. Subjects were randomized in a 1:1
fashion at 46 participating sites. The primary endpoint was aneurysm recurrence using the Raymond-Roy
scale at final follow-up. Secondary endpoints included minor and major recurrence, packing density, adverse
events related to the procedure and/or device, mortality, initial complete occlusion, aneurysm retreatment,
hemorrhage from target aneurysm during follow-up, aneurysm occlusion stability, and clinical outcome at
final follow-up.

Results

A total of 600 patients were randomized including 28% with ruptured aneurysms. Recurrence occurred in
11 (4.4%) subjects in the HES arm and 44 (15.4%) subjects in the BPC arm (p=0.002). While the initial
occlusion rate was higher with BPC, the packing density and both major and minor recurrence rates were in
favor of HES. Secondary endpoints including adverse events, retreatment, hemorrhage, mortality and clinical
outcome did not differ at follow-up.

Conclusion

Coiling of 3-14 mm ruptured and unruptured aneurysms with second-generation HES resulted in significantly
less recurrence when compared to BPC, without increased harm.

11:20-11:30 The R2eD AVM score: a novel predictive tool for arteriovenous malformation
presentation with hemorrhage

Wuyang Yang, Cameron McDougall, Jason Liew, Rafael Tamargo, Risheng Xu, Justin Caplan, Judy Huang,
James Feghali

Introduction
The management of unruptured brain arteriovenous malformations(AVMs) remains unclear.

Objectives
We developed a predictive tool to determine risk factors predictive of AVM hemorrhage on presentation.

Methods

789 AVM patients presenting between 1990 and 2017 were analyzed. A hold-out method of model building
and validation split the data randomly in half into training and validation datasets. Factors significant at the
univariable level in the training dataset were utilized to construct a model based on multivariable logistic
regression. Model performance was assessed using receiver operating curves(ROC) on the training, validation,
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and complete datasets. The model predictors and the complete dataset were used to derive a formula for risk
prediction and scoring system where every risk factor was worth 1 point except race, worth 2 points (total
score varies from O to 6), comprising acronym R2ZeD AVM.

Results

Among 755 patients, 272(36%) presented with hemorrhage. From the training dataset, a model was derived
containing the following: non-white race (odds ratio [OR]=1.8,P=0.02), small nidus size (OR=1.47,P=0.14),
deep location (OR=2.3,P&lt;0.01), single arterial feeder (OR=2.24,P&lt;0.01), and exclusive deep venous
drainage (OR=2.07,P=0.02). Area under the curve from ROC analysis was 0.702, 0.698, and 0.685 for
training, validation, and complete datasets, respectively. In the study population, the predicted probability of
hemorrhagic presentation increased in a stepwise manner from 16% for patients with no risk factors (score
0) to 78% for patients having all the risk factors (score 6).

Conclusion

A score ranging from 0-6, known by acronym R2eD AVM, can be used as predictive tool that supplements
clinical judgement and assists in patient counselling.

11:30-11:40 Cerebral Aneurysm Formation and Rupture: Role of Nrf2 Signaling

Christopher Carr, Crissey Pascale, Peter Amenta, Alejandra Martinez, Aaron Dumont

Introduction

Oxidative stress and chronic inflammation have been implicated in cerebral aneurysm (CA) formation and
rupture. Nrf2 is an endogenous anti-oxidant/anti-inflammatory mediator that normally promotes vascular
homeostasis.

Objectives

The objective of this study is to evaluate the role of Nrf2 signaling in CA formation and rupture and to
specifically examine the therapeutic potential of the Nrf2 activator, dimethyl fumarate (DMF), in preventing
cerebral vascular smooth muscle cell (VSMC) damage and CA formation and rupture.

Methods

The therapeutic potential of DMF was evaluated in vitro and in vivo. Cultured cerebral VSMC were treated
with TNF-&alpha; and/or DMF . Gene and protein expression for Nrf2, cytokines and VSMC markers were
then evaluated using real-time RT-PCR and a Bio-Plex Immunoassay. Mitochondrial function was assessed
using the Seahorse analyzer to evaluate oxygen consumption rate. Aneurysms were induced in C57BL/6 mice
using the elastase model. The mice were then treated with either DMF at 100mg/kg/day or vehicle for two
weeks. Subsequently, the circles of Willis were harvested for gene expression analysis and mass spectrometry.
Results

DMF treatment protected VSMCs from TNF-&alpha; induced inflammation as demonstrated by its
downregulation of cytokines and upregulation of Nrf2 and smooth muscle cell markers. Furthermore, DMF
appeared to mitigate TNE-&alpha; induced oxidative stress and preserved mitochondrial dysfunction. In
mice, DMF treatment increased vascular Nrf2 expression and significantly decreased the incidence of CA
formation and rupture through suppression of inflammation and oxidative stress while preserving
mitochondrial function.

Conclusion

Nrf2 activation with DMF represents a novel medical therapy to prevent CA formation and rupture through
suppression of inflammation/oxidative stress and preservation of mitochondrial function.

60



11:40-11:50  Early Gene Deletion