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Barrow Neurological Institute at
St. Joseph's Hospital and Medical Center

Innovative bench and clinical research at Barrow
Neurological Institute is extending our knowledge
of the brain and spinal cord and developing new
techniques for better patient outcomes. As a result,
Barrow is recognized internationally as a leader

in neuroscience research.

Research statistics
* 300+ active research protocols
* 30 research laboratories

* 200 staff members in laboratory and clinical
research, including 30 laboratory faculty members,
10 junior faculty members, 30 postdoctoral fellows

* 75,000 square feet of laboratory and support space
dedicated to the research enterprise

* $25 million in extramural funding for research,
including $8 million in federal and state funding

In this booklet, you will find an overview of the
innovative research currently underway at Barrow.
Please consider making a gift to a project of interest
to you or an unrestricted gift that may be used
where the need is greatest.

Every gift contributes to Barrow’s efforts to unlock
the mysteries of the brain and spine. And, because
Barrow Neurological Foundation is a non-profit
501(c)(3) foundation, your donation will be tax
deductible, as allowed by law.

For more information, contact Barrow Neurological
Foundation at 602-406-3041 during normal business
hours or send an email to Kathleen.Norton@chw.edu.









Center for Adaptive Brain Function
Legacy Project of Robert Spetzler, MD

Scientists involved:

Leslie Baxter, PhD
Yongchang Chang, MD, PhD
Arthur D. (Bud) Craig, PhD
Josef Debbins, PhD

Alan Gibson, PhD

John Kerrigan, MD

Ronald J. Lukas, PhD
Stephen Macknik, PhD
Susana Martinez-Conde, PhD
Jim Pipe, PhD

Mark Preul, MD

Jong Rho, MD

Andrew Shetter, MD

Kris Smith, MD

Peter Steinmetz, MD, PhD
David Treiman, MD

Jie Wu, MD, PhD

A new frontier in neuroscience is helping many
patients whose conditions were previously unrespon-
sive to all treatments. Deep brain stimulation (DBS)
applies electrical stimulation to areas deep within the
brain that influence neural networks. It has been
remarkably effective in decreasing the tremors and
other symptoms of movement disorders such as
Parkinson’s disease, essential tremor, and dystonia.

Now, researchers and physicians are investigating

the use of DBS in treating other perplexing disorders,
including neuropsychiatric disorders such as depression
and bipolar disorder; acquired brain injury; aging brain
disorders; and neurodevelopmental disorders. Early
results are very promising.

Barrow Neurological Institute proposes to build upon
its strength in functional neurosurgery, structural and
functional neuroimaging, and neuropsychology to
establish the Center for Adaptive Brain Function
(CABF). The CABF would strive to restore quality

of life and alleviate human suffering in patients with
chronic neurological disorders.

continues next page
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Center for Adaptive Brain Function
(continued)

The Center’s work would focus on (1) significantly
increasing the availability of DBS for patients with
movement disorders and chronic pain, and (2)
conducting innovative research into the use of DBS
for the treatment of:

* Neuropsychiatric disorders, such as depression,
bipolar disorder, anxiety disorder, obsessive
compulsive disorder, addiction, schizophrenia,
and Tourette’s syndrome

* Acquired brain injury, including stroke and
traumatic brain injury

* Aging brain disorders, such as Alzheimer’s disease
and dementias

* Neurodevelopmental disorders, including autism,
attention deficit hyperactivity disorder, and mental
retardation

¢ Other disabling disorders, including chronic pain
syndromes, cluster headaches, and addictions.

This project requires $25 million in funding for the
initial phase of development. The Center for Adaptive
Brain Function will mandate perhaps the greatest
integration of resources from physicians, scientists,
nurses, rehabilitation specialists, and other medical
specialists ever assembled at Barrow. The Center will
collaborate extensively with other medical and
research institutions and universities.

The next 20 years will bring a revolution in the ability
to manipulate the brain, using new electrical, genetic,
and drug therapy delivered with pinpoint accuracy,
for the treatment and cure of devastating neurological
disorders.

Barrow seeks to be at the heart of this revolution.

Center for Adaptive Brain Function
Steering Committee

Susan Aberbach Bruce Merrill, PhD
Donald Budinger F. Francis Najafi
Nancy Hanley Daryl Weil

Dick Mallery Julie Wrigley

For more information, visit
www.AdaptiveBrainFunction.org



The B.R.A.L.N.S. Clinic

Clinicians and scientists involved:
Stephen Macknik, PhD

Javier Cardenas, MD
Child Neurology

Christina Kwasnica, MD
Neurorehabilitation

George Prigatano, PhD
Neuropsychology

Gina Warren, EdD
Arizona State University, College of Teacher Education
and Leadership

Mattie Cummins
Executive Director, the Brain Injury Association of Arizona

The B.R.A.LN.S. Clinic is an essential component of the
Barrow Resource for Acquired Injury to the Nervous
System (B.R.A.LN.S.) Program. The mission of the
B.R.A.LLN.S. Program is to provide comprehensive,
patient-centered care through collaboration and
translational research to those who have suffered

a traumatic brain or spinal-cord injury.

The B.R.A.LN.S. Clinic provides outpatient follow-up
for adults and children who have been hospitalized
at Barrow for a traumatic brain or spinal-cord injury.
It also offers clinical assessment for patients with
mild or moderate traumatic brain injury from the
community.

The B.R.A.LN.S. Clinic is staffed by a multidisciplinary
team of Barrow clinicians from Child Neurology,
Neuropsychology, and Neurorehabilitation. This
ambitious endeavor also includes on-site collaborations
with the Brain Injury Association of Arizona (BIAAZ)
and Arizona State University (ASU). The most unique
component of the clinic is the presence of an educator,
who will provide children and their families the tools
needed to return to school.

The needs of the B.R.A.L.N.S. clinic include:
* Funding for the collaborators from ASU and BIAAZ

* An electronic database to ensure that patients
receive the care and services they need

* Evaluation tools to determine each patient’s severity
of injury and cognitive abilities.
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Drug Discovery

Scientists involved:

Denise Campagnolo, MD Jong Rho, MD
Yongchang Chang, MD, PhD  Fu-Dong Shi, PhD
Steven Chung, PhD Jiong Shi, MD

John Kerrigan, MD David Treiman, MD
Ronald J. Lukas, PhD Lucy Treiman, PhD
Yu-Tze Ng, MD Jie Wu, MD, PhD

Drug discovery is a classic example of translational
research, and Barrow is uniquely positioned to provide
optimal collaborations among laboratory and clinical
specialists who are highly knowledgeable about specific
diseases and disease mechanisms, and who are pursu-
ing the most promising drug targets. At Barrow,
researchers are conducting investigations into how
and why substances impact brain functions. Examples
of drug discovery work at Barrow include

the following:

* Nicotinic acetylcholine receptors and gamma-
aminobutyric acid (GABA) receptors. Drs. Chang,
Lukas, Wu, and Rho, in collaboration with colleagues
around the world, are conducting research into the
potential of these chemical signaling molecules in
the treatment of a wide range of conditions, includ-
ing multiple sclerosis, epilepsy, depression, anxiety,
schizophrenia, Tourette’s syndrome, attention deficit
hyperactivity disorder, pain, Parkinson’s disease,
and Alzheimer’s disease.

Novel epilepsy medications in the laboratory and
clinic. Research in this area is being conducted by
Drs. Lucy and David Treiman, Kerrigan, Rho,
Chung, and Ng.

Innovative therapies for multiple sclerosis and other
neuroimmune disorders under the leadership of
Drs. Fu-Dong Shi and Campagnolo

* New approaches to drug therapy for Alzheimer’s
and other diseases, researched by Dr. Jiong Shi

¢ Structural modeling and virtual drug screening,
conducted by Dr. Chang.



Extended Education Programs

Scientists involved:

Shez Partovi, MD
Adrienne Scheck, PhD
Eric Vu, PhD

Since its inception, Barrow has been a leading graduate
medical education site, with the largest neurosurgery
residency program in the U.S., a premier neurology
residency program, and dozens of postdoctoral
tellowship opportunities in laboratory research

and clinical subspecialties.

As Barrow’s collaborations have expanded, new
programs have been added to address graduate
training in the neurosciences and to introduce high
school and college students to careers in research
and the neurosciences.

Important areas of development include:

* The research and education network providing
Barrow researchers and educators restricted and
controlled, but valuable, access to a variety of
services. These include worldwide web casting
of lectures or other teaching mechanisms, and
robust research data gathering and sharing
(Dr. Partovi).

Development of the ASU-Barrow Neuroscience
collaboration that offers an ASU graduate degree
in neurosciences, with Barrow providing the
specialty faculty for that program. This program
is being extended to offer a very unique master’s
degree in translational neuroscience for medical
doctors, which may serve as the template for
similar initiatives in other biomedical areas

(Dr. Vu).

Internships in bioinformatics in collaboration
with ASU (Dr. Partovi)

A community-based program to give high school
students exposure to neuroscience research and
opportunities to present their findings (Dr. Scheck)

A mentoring program for high school teachers
with an interest in neuroscience education
(Dr. Scheck)

Summer internships for college students considering
careers in laboratory or clinical work in the
neurosciences (Dr. Scheck).



Genomics, Proteomics, Metabolomics

Scientists involved:

Leslie Baxter, PhD Vinodh Narayanan, MD
Richard Burns, MD Jim Pipe, PhD
Yongchang Chang, PhD Adrienne Scheck, PhD
Burt Feuerstein, MD Lucy Treiman, PhD
Ronald J. Lukas, PhD Jon Valla, PhD

Stephen Macknik, PhD

Genomics—the study of genes and their function—
has become increasingly important in biomedical
research. Clearly, this field has the potential to revolu-
tionize clinical practice. Two other fields that are now
emerging may have an equally significant or greater
impact on the care of patients in the future. Proteomics
involves the study of the even larger number of human
proteins derived from genes. Proteomics defines the
differences in forms, numbers, and activity of proteins
between individuals, as these may influence disease
susceptibility and responses to therapy. Metabolomics
investigates small molecules produced in a cell and can
be used to provide an energy fingerprint of cell health.

Barrow is a leader in genomics, proteomics, and
metabolomics, in many cases via significant
collaborations with colleagues at the Translational
Genomics Research Institute, Arizona State University,
and other facilities. Current areas of activity include:

* Development of improved tissue collection procedures
and preservation methods from victims of Alzheimer’s
disease through a new brain bank

* More genetic sample capturing through the Human
Specimen Procurement Service

* The genomics of brain cancer (Drs. Feuerstein

and Scheck)

* Proteomic studies in Parkinson’s disease and other
neurological disorders (Dr. Burns)

* Gene variations and mutations in child neurology
(Dr. Narayanan) and gene expression changes in
early development (Dr. L. Treiman)

* Gene variations and mutations affecting chemical
signaling (Drs. Chang and Lukas)

* Metabolomic markers for early detection of
Alzheimer’s disease (Drs. Valla, Baxter and Pipe)

* Metabolic indicators of visual function or seizure
foci (Dr. Macknik).



Motor Function and Movement Disorders

Scientists involved:

Irina Beloozerova, PhD Alan Gibson, PhD
Richard Burns, MD Thomas Hamm, PhD
Denise Campagnolo, MD Fu-Dong Shi, PhD

Understanding how movement is initiated and
controlled has been a focus of Barrow investigators
for many years. This understanding is key to improving
the treatment of traumatic brain injury, spinal injuries,
cerebral palsy, Parkinson’s disease, and stroke.

At Barrow, laboratory research into movement is
augmented and enhanced by specific research into
injury and diseases that impact movement, and
includes collaborations with scientists at ASU,
particularly in the area of the development of

detailed models of movement control mechanisms.

Key areas of focus are:

* Neural control of movement, central to understand
ing how diseases of the basal ganglia, such as
Parkinson’s disease, produce disabling motor
symptoms (Dr. Gibson)

The spinal cord processes involved in coordinating
movements such as walking, which could help in
the development of treatments for patients who
have lost movement due to neurological injury

or disease (Dr. Hamm)

The motor cortex and other brain areas that coordi-
nate and impact movements, essential to understand-
ing mind-controlled robotic or prosthetic devices for
brain- or spinal-cord-damaged individuals

(Dr. Beloozerova)

Protein markers of Parkinson’s or other motor
diseases (Dr. Burns)

The basic mechanisms of multiple sclerosis and
promising routes for new therapies (Drs. Shi and
Campagnolo)

Research of specific diseases, such as Parkinson’s
disease and multiple sclerosis, that seeks to under-
stand how these diseases are triggered, to develop
diagnostic tools, and to discover alternative
treatments.



Neurorehabilitation Art and Healing Initiative

Patients recovering from neurological injuries often
benefit greatly from making art. The creative process
can help them reduce stress, express their feelings,
release inner conflicts, and increase self-esteem. Art
making can also support the recovery process of fine
and gross motor skills, as well as cognitive abilities.
The opportunity for neuro-rehabilitation patients to
express themselves artistically can be a powerful,
healing, and uplifting process.

The proposed art project is designed to enhance the
recovery of children and adults being treated by
Barrow Neurorehabilitation Services. Barrow
Neurological Institute would partner with Young Arts
Arizona Ltd. to bring this art project to neurorehabili-
tation patients. Young Arts is a unique, community-
based non-profit that publicly exhibits the art of at-risk
children throughout Arizona as a means to increase
their positive self-image. Young Arts also offers art
workshops to organizations that don’t have an art
program in place.

For this project, a skilled teaching artist would work
with neurorehab patients of all ages by introducing

a variety of art techniques. The art workshops would
be developed to support the physical and emotional
well-being of the participating patients. The patients’
art would be exhibited by Young Arts Arizona in public
gallery venues where it would be seen by thousands of
community members. The participants would even
have the opportunity to display the art in their rooms
and throughout the hospital to help lift their spirits.

This enriching art project would be offered across the
Barrow neurorehabilitation continuum of services.



Neurosurgery

Scientists involved:

Felipe Albuquerque, MD Mark Preul, MD

F. David Barranco, MD Andrew Shetter, MD
Leslie Baxter, PhD Kris Smith, MD
Cameron McDougall, MD Robert Spetzler, MD
Peter Nakaji, MD Nicholas Theodore, MD
Stephen Papadopoulos, MD  William White, MD
Shez Partovi, MD Joseph Zabramski, MD

Randall Porter, MD

Neurosurgery research at Barrow is designed to
improve surgical outcomes for patients at the institute.
For example, anatomical studies, conducted by
Research Fellows, identify new routes into the brain
that improve access to lesions while minimizing harm
to healthy brain tissue. Collaborative research with
biomedical companies results in new and improved
surgical devices. Clinical studies compare different
methods of treating a particular brain lesion, leading
to best-of-practice standards.

Specific areas of neurosurgical research at Barrow

include:

* Investigations of new neurosurgical procedures,
such as neuroendovascular procedures that place
cranial stents into diseased arteries to prevent
stroke and to eliminate aneurysms

Studies of new substances for use in neurosurgery,
such as a liquid that gels rapidly to help a blood
vessel heal after the removal of a lesion

Research that compares the effectiveness and safety
of microsurgical clipping to that of endovascular
coiling in the treatment of ruptured aneurysms

The development of new image-guided technology
that improves visualization for physicians during
surgery

The pre-surgical use of functional MRI to map
critical areas of the brain for improved patient safety
during surgery

The development of new surgical tools that enable
surgeons to enter the brain more precisely and safely

Anatomical studies that enable Barrow to identify
improved routes into the brain and develop
animated learning modules

The study of gene and protein expression in brain
arteriovenous malformations using DNA microarray
analysis.
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Personalized Medicine

Scientists involved:

Richard Burns, MD
Yongchang Chang, PhD
Arthur D. (Bud) Craig, PhD
Burt Feuerstein, MD, PhD
Ronald J. Lukas, PhD
Vinodh Narayanan, MD
Adrienne Scheck, PhD

Kris Smith, MD

Personalized medicine is the concept that information
about a patient’s genetic make-up can be used to pre-
dict disease susceptibility and tailor medical care to
achieve the best clinical outcome for that individual.
The goal of personalized medicine is to increase the
effectiveness of diagnosis and treatment protocols,
while minimizing negative impacts on patients.

Highly publicized in the medical and general press,
personalized medicine efforts rely on the availability
of samples of tissue from affected and unaffected
individuals, highly sensitive equipment to identify
clinically relevant differences, and the best minds
from around the world to evaluate and apply the
information gathered.

Key components of the Barrow’s personalized
medicine program include:

* A well-established and productive tissue
procurement service, with plans to expand the
capacity of the program as funding is available

* Brain cancer work by Dr. Feuerstein and his team
in the Bruce and Diane Halley Neuro-Oncology
Laboratory and by Dr. Scheck

* Dr. Smith’s work in resistance to radiation therapy

* Clinical and laboratory work led by Dr. Burns in the
areas of Parkinson’s disease and movement disorders
in the Proteomics Laboratory

* Dr. Bud Craig’s research on pain and perception in
the Atkinson Laboratory

* Genetics and genomics studies by several Barrow
investigators, including Drs. Narayanan, Chang,
and Lukas.



Research Technology

Scientists involved:
Stephen Coons, MD Ronald J. Lukas, PhD

Josef Debbins, PhD Shez Partovi, MD
Jenny Eschbacher, MD  Jim Pipe, PhD
Alan Gibson, PhD Mark Preul, MD

Thomas Hamm, PhD Peter Steinmetz, MD, PhD

As Barrow’s research programs have grown in size
and scope, the technology and information needed

to remain competitive also have grown. Development
of programs and infrastructure that can be shared by
scientists with many interests has become an impor-
tant priority for Barrow because such sharing encour-
ages effective collaboration, conserves precious capital
resources, and expands the reach and influence of
Barrow throughout the world. Programs in need of
investment include:

* Imaging technology, including magnetic resonance
imaging equipment dedicated to research (Drs. Pipe
and Preul)

Enhanced imaging methods (Drs. Pipe and Debbins)

The Barrow Human Specimen Procurement Service,
which collects and stores samples of tumors and
other diseased tissue for use in research programs

at Barrow and around the world

Development of a research database for images of
unique, rare, and challenging neurosurgical cases
that have been sent to Barrow for review and
opinion (Dr. Partovi)

Development of a neural engineering program
(Drs. Hamm, Gibson, Steinmetz, Preul, and Lukas)

Augmentation of high capital, core equipment
resources, and facilities, such as confocal and other
sophisticated microscopes and imaging equipment,
histology facilities, and cell and molecule detection
devices (Dr. Lukas)

Neuropathology services, which are critical not only
to the proper diagnosis and treatment of neurological
disorders, but also to integrated research studies
(Drs. Coons and Eschbacher).
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Spine Surgery

Scientists involved:

Neil Crawford, PhD
Curtis Dickman, MD
Mark Preul, MD

Volker Sonntag, MD
Nicholas Theodore, MD

Barrow Neurological Institute offers the most advanced
techniques to correct surgical disorders of the spine
and spinal cord. The cutting-edge techniques used

by spine surgeons at Barrow are dependent on
ongoing research.

In addition to advanced research into the biomechanics
of spinal diseases, researchers at Barrow are also heavily
involved in the latest research into spinal-cord injury
and rehabilitation. Such research offers the hope of
future breakthroughs to those afflicted with severe
spinal-cord injury.

Spine research projects at Barrow include:

« Studies of the potential for neural repair after an
injury to the central nervous system, through the use
of growth factors, precursor cells, and other agents

The development of a computerized planning tool
that creates a three-dimensional model of a patient’s
spine for improved surgical planning

The development and testing of new surgical devices,
such as plates, screws, artificial disks, and other
implants, used to correct spine disorders

Investigations into the effectiveness of new medica-
tions and new biomaterials in restoring functional
movement after a spinal—cord injury

A study of the impact of lumbar drainage on the
management of traumatic spinal-cord injury

Research into how surgical procedures alter the
biomechanics of the spine and the testing of new
methods of stabilizing and correcting the spinal cord,
conducted in the Spinal Biomechanics Laboratory.
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The TelePresence System

The TelePresence System has ushered in a new era
in medical education and remote patient care at
Barrow Neurological Institute.

In the past, neurosurgery residents crowded into
Barrow’s surgery suites, straining for a view of a live
operation. Now, thanks to the TelePresence video-
conferencing system, residents and visiting physicians
enjoy an unsurpassed view of a live Barrow surgery
from the comfort of leather chairs in a conference
room across campus from the institute’s

neurosurgery suites.

Large-screen monitors cover one wall of the
TelePresence Conference Suite and walls in two
Barrow neurosurgery suites, allowing interaction
between the surgeon and residents. In addition,
desk-sized monitors mounted on tables around the
conference room capture the surgeon’s view through
the microscope and give residents a bird’s eye view
of the surgery.

TelePresence also can be used to make Barrow’s
clinical expertise available globally. A portable
TelePresence unit can be shipped to another site
and linked via the Internet to Barrow. Thus,
neurosurgeons in Japan can watch a new
procedure at Barrow.

The TelePresence technology is now being expanded
to address the need for subspecialty care in remote
areas of the Southwest. For example, TelePresence
enables Barrow specialists to consult with physicians
in rural areas of Arizona during patients’
appointments.

13
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Vision and Visual Cognition

Scientists involved:

Stephen Macknik, PhD
Susana Martinez-Conde, PhD
Jim Pipe, PhD

Studies about how the eyes and brain function
together to sense, perceive, and interpret visual

stimuli have tremendous importance. Vision research
contributes to an improved understanding not only

of vision disorders, but also of attention, awareness,
visual cognition, and other higher-order consequences
of brain function. Vision research requires sophisticated
equipment to support investigations based on electro-
physiological, psychophysical, and brain imaging

approaches augmented by computational simulations.

Key work being done in this area includes:

+ Development of a unique experimental multi-photon
imaging system, capable of monitoring blood flow
through the smallest vessels in the brain. This work
is related to mechanisms involved in epilepsy and
metabolic changes reflective of brain-cell activity
(Dr. Macknik).

Definition of spatial and time-dependent accuracy
of vision. This work is needed to reveal brain areas
and processes involved in vision. Information gained
also can be used to optimize lighting devices to
minimize energy consumption and reduce adverse
responses to lighting sources (Dr. Macknik).

Collaborative studies with scientists in the Keller
Imaging Center using functional MRI
(Drs. Macknik, Martinez-Conde, and Pipe)

Studies of the neural correlates of visual experience
involving definition of how the electrical spiking
activity of a nerve cell or nerve-cell population
conveys the presence or absence of an object

(Dr. Martinez-Conde)

Investigations of how minute eye movements make
vision possible and how their loss leads to the loss
of visual awareness. Deficits in these movements
may be diagnostic of ophthalmic diseases

(Dr. Martinez-Conde).



Alzheimer’s Disease and Memory Loss

According to the Alzheimer’s Association, as many

as 5.2 million people in America are living with
Alzheimer’s disease, and 10 million baby boomers
will develop the disease in their lifetime. Alzheimer’s
disease (AD) is a looming medical and financial crisis
for individuals, families, and our society.

Scientists at Barrow are collaborating with other
members of the Arizona Alzheimer’s Consortium on
research designed to enable neurologists to diagnose
AD in its earliest stages and to provide effective
treatments and ultimately a cure. Studies currently
underway at Barrow are looking at patients with a
gene that puts them at risk for Alzheimer’s disease.

Researchers are investigating:

+ Energy production in at-risk patients. Jon Valla, PhD,
is conducting research based on the study of bioener-
getics, or energy production and capacity, in
Alzheimer’s disease, how changes in energy produc-
tion can contribute, or even cause the disease, and
whether we can use these changes to detect AD in
people before they develop any outward symptoms.
Ultimately, therapies that can keep energy produc-
tion normal may be useful in treating or preventing
Alzheimer’s disease.

Blood flow in at-risk patients. Leslie Baxter, PhD,
is conducting functional MRI scans of people at
risk for Alzheimer’s disease. Study participants are
given memory tests while undergoing an fMRI scan,
enabling researchers to see what areas of the brain
are functioning during the tests and to correlate
brain activity with memory-test performance.

Neurochemistry of early events in Alzheimer’s
disease. Jie Wu, MD, Yongchang Chang, MD, PhD,
and Ronald J. Lukas, PhD, have taken several
approaches in molecular and cellular neuroscience
to identify chemical signaling events that are most
sensitive to the effects of amyloid-beta, accumulation
of which is thought to be a cause of Alzheimer’s
disease. Continuing work also seeks to find ways to
prevent these early effects and slow the progression
of the disease.
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Center for Transitional Neurorehabilitation

The Center for Transitional Neurorehabilitation
(CTN) at Barrow helps people with brain injuries
learn to understand, accept, and realistically adapt
to the significant effects of an aneurysm, stroke,
traumatic brain injury, tumor, seizure, infection,
or other neurological injury. Older adolescents and
adults learn to regain function through one of two
main programs: the Home Independence Program
or the Work/School Re-entry Program. Participants
attend group and individual sessions at CTN four
to five days a week, seven to eight hours a day. The
average length of stay is six months.

The staff of CTN is dedicated to continually improving
the care they provide and optimizing patient recovery
from neurological injuries and disorders. As leaders in
the field of neurorehabilitation, the staff, led by clinical
director Pamela Klonoff, PhD, is currently conducting
research that seeks to:

* Analyze and identify neurorehabilitation processes
that contribute to successful work/school outcomes
for patients

¢ Compare neurobehavioral and psychological variables
at admission and discharge, and correlate these with
work/school outcomes

* Assess patients’ sense of self after a brain injury.



Community Outreach and Injury Prevention

Barrow's Community Education, Outreach, and
Prevention Department provides a full continuum of
programs to educate individuals of all ages, community
leaders, and public policy makers on how to prevent
brain, spinal-cord, and other traumatic injuries.

* ThinkFirst is a brain and spinal-cord injury-
prevention program that reaches more than 100,000
elementary, junior high, and high school students
each year. The philosophy of the award-winning
program is that young people should use their
minds to protect their bodies. ThinkFirst focuses
on preventing motor-vehicle accidents, gun violence,
recreational and water-related injuries, falls, and
bicycle crashes.

Helmet Your Head promotes helmet use for
children in a variety of classroom settings. Students
learn about the consequences of sustaining severe
brain injury in common activities such as bicycling,
rollerblading, skateboarding, horseback riding, rock
climbing, and other sports.

Oliver Otter, You Otter Be Water Wise is a water-
safety program that teaches important water-safety
rules to young children and adults. The program’s
goal is to prevent death and disabling brain injuries
resulting from drowning or near drowning by
teaching children and adults the importance of
following good water-safety rules.

The Stroke Prevention Program offers informative
presentations and educational materials to increase
adults’ awareness of the causes, signs, and symptoms
of stroke. The goal of the program is to reduce the
incidence of stroke by increasing awareness of
lifestyle habits that can reduce the risk of stroke and
by emphasizing the importance of seeking prompt
medical attention when early warning signs occur.
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Epilepsy

More than 53,000 Arizonans and two million
Americans have epilepsy, making it the second most
common neurological disorder after stroke. Despite
significant advances in epilepsy care, many patients
continue to struggle with their condition. In fact,

about 30 percent of people with epilepsy have difficulty
controlling their seizures with medications alone, and
about 15 percent have seizures that are truly refractory
—resistant to all treatments.

To help them, Barrow epilepsy specialists an
researchers are working to develop a better under-
standing of the disease and new ways of treating and
curing it. Researchers are focusing on the following
topics:

+ Status epilepticus (SE), the most serious type of
seizure activity in which a patient has one seizure
after another without fully recovering. David
Treiman, MD, is leading research into the
underlying mechanism of SE and promising treat-
ments, including one innovative therapy that
detects an oncoming seizure and stimulates the
brain to prevent it.

The ketogenic diet (KD), a novel epilepsy
treatment that controls seizures in some children
with refractory epilepsy. This unusual diet consists
of high-fat, low-carbohydrate foods, such as cream,
butter, and mayonnaise. Researchers, led by

Jong Rho, PhD, are studying the genetics, electrical
activity, and anatomy of epileptic tissue exposed to
the KD with a goal of developing new treatments
that offer the benefits of the KD without its

side effects.

Hypothalamic hamartoma (HH), a brain tumor
that causes increasingly severe seizures, rages, and
cognitive decline. Kevin Chapman, MD, is studying
the use of calcium channel blockers in the treatment
of HH’s characteristic gelastic seizures.Jong Rho, MD,
John Kerrigan, MD, Jie Wu, MD, PhD, and other
researchers are examining HH tissue to identify the
gene responsible for the disease, to understand the
tissue’s electrical activity and micro-architecture,
and to determine if HH affects the wiring of

the brain.



Fellowships

Barrow Neurological Institute offers a number of
Fellowships to bright, young neurosurgeons and
neurologists who have completed their residency
training. These Fellowships enable brain and spine
specialists to delve deeply into a particular subspecialty
area of neuroscience. They learn about the latest
research, diagnostic tools, treatments, and medical
education in their chosen area, and they care for
patients alongside experienced senior practitioners.

Ultimately, Barrow Fellowships give young neurologists
and neurosurgeons the tools they need to practice
state-of-the-art clinical care, medical education, and
research in our community, as well as in cities around
the country, thus contributing to the advance of neuro-
science. Barrow also benefits from having inquisitive
young physicians involved in research, patient care,
and medical education at the institute.

Barrow offers Fellowships in the following areas:
* Cerebrovascular/Skullbase

¢ Clinical Neurophysiology

* Endovascular Surgical Neuroradiology

* Epilepsy

* Movement Disorders (Parkinson’s disease)
* Neuro-Immunology (multiple sclerosis)

* Neuro-Oncology

* Neuro-Ophthalmology

* Neuropathology

* Neuroradiology

* Pediatric Epilepsy

* Spine

* Stroke.
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Hypothalamic Hamartoma Center

Barrow researchers have the unique opportunity to
study a benign but severely debilitating brain tumor
that may shed light on treating other more common
causes of epilepsy. The tumor under study is the
hypothalamic hamartoma (HH), a rare condition that
causes increasingly severe seizures, rage behaviors,
and mental deterioration, often beginning in infancy.
Children with HH who do not receive effective treat-
ment can face a grim future, including daily seizures
and mental retardation. Unfortunately, medications
are rarely effective in treating HH.

In 2003, Barrow established the first clinical program
in the U.S. for the treatment of these tumors. More
than 120 patients from around the world, primarily
children, have undergone surgical treatment, with
excellent success rates. Barrow continues to be the
premier center in the world for treating this condition
and, as a result, has unparalleled access to HH tissue
for research.

HH research at Barrow is active in several areas:

* Barrow researchers Jie Wu, MD, PhD, DoYoung Kim,
PhD, and Jong Rho, MD, are studying the electrical
activity in HH tissue with microelectrode recordings.
Their work has resulted in a model for how HH
tissue generates seizures and has thus far resulted
in five peer-reviewed publications.

Steve Coons, MD, John Beggs, PhD, and John
Kerrigan, MD, examine the microanatomy of HH
tissue to define cell types and neuron relationships.
This work has resulted in the first scientific papers

describing the neuropathology of HH.

Dr. Kerrigan, in collaboration with researchers
at T-Gen, has discovered the genetic mutation
responsible for the HH lesion in a subgroup of
affected patients.

Peter Steinmetz, MD, PhD, is recording the activity
of single HH neurons within the HH lesion prior

to surgical resection, complementing the microelec-
trode studies performed on resected HH tissue slices.

continues next page



Hypothalamic Hamartoma Center
(continued)

* Leslie Baxter, PhD, is studying HH patients with
innovative imaging techniques, including voxel-
based morphometry, to determine how HH affects
the wiring of the brain.

* Neuropsychologists Jennifer Wethe, PhD, and
George Prigatano, PhD, are Conducting pre-operative
and post-operative evaluations on HH patients to
determine the impact of surgery on cognitive and
behavioral functioning.
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Imaging Innovation

The new Keller Center for Imaging and Innovation

at Barrow is making waves throughout the field of
radiology. The $5.2-million imaging research facility

is dedicated to developing new medical technology
and innovations for improved diagnostic care. Barrow
imaging scientists, led by Jim Pipe, PhD, are collaborat-
ing with engineering faculty from Arizona State
University and engineers from GE Healthcare on

the following research projects:

* Measuring the amount of flow in the blood vessels,
which could help physicians better predict the
formation of atherosclerosis

* Creating better images for functional MRI research,
which helps map different parts of the brain and
their functions, and is used in pre-surgical planning
and research at Barrow

* Applying PROPELLER technology—which currently
enables hospitals to get clear MRI head scans of
patients who cannot stay still, such as those with
Parkinson’s disease—to other parts of the body.
PROPELLER was developed by Dr. Pipe at Barrow
and is now incorporated into MRI scanners produced
by GE Healthcare (which worked with Dr. Pipe on
the technology), Siemens Medical Solutions, and
Philips Medical Systems.



Multiple Sclerosis

Multiple sclerosis (MS) develops in one out of 1,000
people, usually before age 45. The disease causes
patients” immune systems to suddenly turn on their
own nerve cells and attack them as foreign invaders.
Victims suffer tremors, muscle weakness, paralyzing
fatigue, blurred vision, incontinence, unsteady balance,
and other symptoms. Perhaps most disheartening,
treatments for the most advanced stages of MS have
been limited or non-existent.

Researchers at Barrow, led by Denise Campagnolo, MD,
and Fu-Dong Shi, PhD, are studying the basic mecha-
nisms of MS and testing promising new therapies,
including:

* A possible MS vaccine. The vaccine contains the
DNA blueprint for a protein that tells the immune
system not to attack its own cells. The hope is that
once injected into the patient, the protein will be
internalized by the body’s cells, where it will
reeducate the cells. The vaccine originated at
Stanford University and is in clinical trials
at Barrow.

An oral medication that may be an alternative to the
injections that MS patients currently give themselves
to prevent relapses. Phase III clinical trials of

a promising drug called fingolimod are now
underway at Barrow.

A promising combination drug regimen. The first
drug—mitoxantrone—Kkills the immune system cells
that are attacking their own cells, while the second
drug—glatiramer acetate—keeps the replacement
cells manufactured by bone marrow from also turn-
ing against fellow cells.

Two drugs that may help patients with the progres-
sive form of MS. Myelin basic protein is a selective
therapy that affects the immune system as it is
involved with the brain, and rituximab is an antibody
that destroys B lymphocytes, one part of the

immune system.
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Neural Engineering

With the recruitment of Peter Steinmetz, MD, PhD,
Barrow has the opportunity to benefit from rapid
developments in the field of neural engineering.
Principles drawn from engineering are becoming
increasingly important for the clinical neurosciences.
New devices for drug delivery, neurosurgery, diagnosis,
and electrical stimulation of the central nervous system
often incorporate advanced electronics and signal
processing, which require highly technical engineering
designs. Indeed, a new discipline within engineering,
neural engineering, has evolved to meet these needs.
This program is designed to provide the support of
neural engineering to the clinical services.

Support for this project will fund the development
of neural engineering, including the acquisition of
specialized equipment and continued work in:

+ Intracranial microwire recording of single neuron
correlates of memory in human epilepsy patients.
The overall goal of this work is to determine how the
population of neurons in the human hippocampus
encodes memory.

+ Research to understand and refine deep brain
stimulation (DBS) for the treatment of Parkinson's
disease and neuro-psychiatric disorders. This work
seeks to determine the mechanism of action of deep
brain stimulation when used for treating Parkinson’s
disease and to use this understanding in applying
DBS to the treatment of other illnesses.



Neuro-Oncology

One of the areas in which Barrow has forged numerous
advancements is brain tumor diagnosis and treatment.
Every year, Barrow treats many patients with brain
tumors, including some of the most difficult cases

in the world.

« Neuroscience specialists at Barrow, including
Kris Smith, MD, and Adrienne Scheck, PhD, are
studying mechanisms that contribute to abnormal
uncontrolled cell growth, why some tumors do not
respond to radiation or chemotherapy, and what
causes brain tumor cells to attack normal cells.
Barrow researchers are engaged in numerous basic
and clinical research trials to understand the
causes—and help discover treatments and cures—
for brain tumors.

Barrow researchers under the leadership of

Mark Preul, MD, have succeeded in using new
imaging technology to monitor the metabolism of
a brain tumor under treatment, tracking whether

a patient is failing or responding to chemotherapy
much earlier than using standard imaging. This
group also was the first to match the metabolic
imaging signature of a tumor to its genetic profile.
Such techniques will pave the way for non-invasive
profiling of brain tumors, new means to treat tumors,
and improved surgery to remove brain tumors.

Under the leadership of Burt Feuerstein, MD, PhD,
another group is studying the molecular mechanisms
underlying brain tumor progression and resistance to
radiation and chemotherapy with a goal of eventually
developing improved diagnostics and therapeutics.
The program should be able to successfully compete
for National Institutes of Health funds within five

to seven years.
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Neuro Rehab Pool

The Bruce and Deborah Downey Neuro Rehabilitation
Center at Barrow provides excellent clinical programs
for patients with disabling conditions as a result of
spinal cord and brain injuries and diseases. However,
the Center lacks one major element of a comprehen-
sive neuro rehabilitation program—aquatic therapy.
The current pool at St. Joseph’s Hospital is inadequate-
ly equipped, usable only six months of the year, and
located across campus from the Neuro Rehabilitation
Center.

Plans have been developed for a new neuro rehabilita-
tion pool at 222 W. Merrill Street on the St. Joseph’s
campus. This location would enable the neuro rehab
pool to serve a wide range of patients at Barrow and
St. Joseph’s, including patients in the following
programs:

* The Bruce and Deborah Downey
Neuro Rehabilitation Center

* The Center for Transitional Neurorehabilitation
* Outpatient rehabilitation

¢ Children’s Rehabilitative Services

* The Muhammad Ali Parkinson Center

* The Arthritis Foundation

* The orthopedics program at St. Joseph’s

* Ryan’s House, a palliative and hospice care facility for
children, opening on the St. Joseph’s campus in 2009.

For more information about the proposed Ashlyn Dyer
Aquatics Center, visit SupportBarrow.org and click on
“Events and Campaigns” on the left-hand navigation bar.



Nutrition Center

Specialized diets are increasingly being recognized

for their ability to complement pharmaceutical and
surgical treatments for chronic diseases. One notable
example is the ketogenic diet (KD), which since the
1920s has been prescribed to treat some cases of
refractory childhood epilepsy. The diet is challenging
to administer correctly, but it can be extremely
effective in reducing or eliminating seizures in some
children whose epilepsy does not respond to traditional
treatments. Researchers are studying the diet to deter-
mine how it works and to develop treatments that
offer the benefits of the KD without its side effects.

Barrow Neurological Institute and St. Joseph’s Hospital
and Medical Center propose to create a Metabolism
and Nutrition Center that will:

* Conduct research into specialized diets to identify
the mechanisms by which certain diets work,
determine the long-term effects of restrictive diets,
and develop products that offer the benefits of
specialized diets without the compliance difficulties

* Contribute through education and publication to the
body of knowledge of nutrition and its impact on
neurological diseases

* Make specialized diets available to more patients in
a clinical setting staffed by trained and experienced
nutrition specialists.

Initially, the Center will focus on providing services
and conducting research related to refractory epilepsy.
Other areas where diet intervention could be of
value—Alzheimer’s disease, Parkinson’s disease, brain
tumors, for example—would be added in the future.
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Parkinson’s Disease

The Muhammad Ali Parkinson Center at Barrow is a
National Parkinson Foundation Center of Excellence
that is committed to providing excellence in treatment,
research, and education for patients and families
affected by Parkinson’s disease (PD) and other
movement disorders. Led by internationally renowned
Parkinson’s specialist Abe Lieberman, MD, the MAPC
provides:

* Innovative and leading-edge diagnostic and
therapeutic services

* Research studies directed at improving treatment
options and finding a cure

* Educational services and resources for people with
PD and their family members, the medical, healthcare,
and pharmaceutical communities, and the public

* Recreational programs and support services for
people with PD and their families

* Public awareness programs to enhance the
understanding of PD and other movement disorders.

Researchers at MAPC are involved in a number of
projects designed to increase our understanding of
movement disorders and to develop new therapies.
These include the following:

* Clinical trials of promising new drugs for people
with PD

* Studies to determine if there is a genetic cause or
basis in some cases of Parkinson’s disease. These
studies could provide a better understanding of what
causes PD and lead to better ways to treat it.

The Parkinson’s Registry, the world’s largest database
of information about the ways that people with
Parkinson’s are managing the care and treatment

of their disease. Data collected by the registry will

be used to develop new therapies and healthcare
services.

A Brain Proteomics Laboratory, headed by

Richard S. Burns, MD, which studies proteins and
how they interact. The goals of the laboratory are
to unravel the biological basis of neurodegenerative
diseases, discover new diagnostic and prognostic
markers, and develop new clinical tests and
treatments.



Pediatric Neurogenetic Disease Research

Vinodh Narayanan, MD, is the lead researcher in the
Barrow Pediatric Neurogenetics Center. The Center’s
research focus includes both broad research in the
workings of pediatric neurogenetic disease and detailed
research in specific syndromes.

Broad studies include a clinical research project in
collaboration with the Neurogenomics Division of the
Translational Genomics Research Institute (T-Gen)
that will examine gene dosing abnormalities in small
families with neurogenetic disorders.

Work is underway in the following diseases:

* Rett syndrome, an X-linked dominant neurogenetic
disorder that predominantly affects females. Rett
syndrome is caused by mutations in the MeCP2 gene,
which is a DNA binding protein. The goal of this
research, a collaborative project with T-Gen, is to
understand how mutations in the MeCP2 gene
lead to the exclusively neurological symptoms of
Rett syndrome.

Tuberous sclerosis complex (TSC). Major goals of
this area of research are to understand how cortical
tubers develop in children with TSC and to determine
the pathogenesis of intractable epilepsy and mental
retardation.

Neurofibromatosis 1, an autosomal dominant
neurogenetic disorder caused by mutation of the
NF1. Much of the research on NF1 has focused on
the pathogenesis of brain tumors; however, the most
common clinical problems in NF1 are related to
cognitive impairment (learning disability, attention
deficit hyperactivity disorder, and behavior problems).
The primary goal of the neurofibromatosis research
program is to understand how Nfl gene mutation
results in cognitive impairment in human patients.
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Ruptured Aneurysms

A brain aneurysm is a weak spot in a vessel that fills
with blood, becoming a balloon-shaped bulge on the
vessel wall. As the bulge grows larger, the likelihood
of rupture increases, and when brain aneurysms
rupture, the results are often devastating. As many

as 40 percent of people with ruptured aneurysms die,
and as many as 35 percent end up with moderate to
severe brain damage. Unfortunately, most people

are unaware that they have a brain aneurysm until

it ruptures.

Scientists and surgeons at Barrow are conducting
research to improve outcomes for patients with
ruptured aneurysms. Current aneurysm research
at Barrow includes:

+ The Marguerite Clark Hobbs Ruptured Aneurysm
Trial, which compares the outcomes of two different
approaches to correcting ruptured aneurysms:
traditional neurosurgery in which the neck of the
aneurysm is clipped to stop blood flow into the
abnormality, and endovascular neurosurgery, which
fills the aneurysm with small wires, delivered
through the vascular system via a catheter. More
than 500 patients have been randomly assigned
to this trial. Robert Spetzler, MD, leads the trial.

The Pipeline Trial, which is testing a new way of
treating brain aneurysms. The Pipeline stent is
delivered endovascularly to the area of the vessel
where the aneurysm is located. The stent directs
blood flow away from the aneurysm, emptying
the abnormality of blood, while also reinforcing
the vessel walls. A trial of the new device, led by
David Fiorella, MD, began last year.



Traumatic Brain Injury

Neuropsychology deals with the relationship between
the brain and behavior. The Department of Clinical
Neuropsychology at Barrow works with both adults and
children to facilitate recovery after an injury or disease
that has affected the brain. Patients include those with
traumatic brain injury, stroke, and other types of cere-
brovascular accidents; aneurysms and arteriovenous
malformations; brain tumors; hydrocephalus; and
diseases such as Parkinson’s disease, Alzheimer’s
disease, multiple sclerosis, and epilepsy.

George Prigatano, PhD, heads up the department and
holds the Newsome Neuropsychology Chair. The
department’s research efforts include:

* The development of a new screening test for children
with brain injuries, based on Barrow’s adult version.
The BNI Screen for Higher Cerebral Functions in
School-Age Children determines cerebral deficits in
children by sampling memory, concentration, and
language and problem-solving skills.

A three-year study on parental perceptions of a
child’s recovery and social integration following

a traumatic brain injury. Barrow will use findings
from the study to help families assist their children
in obtaining and maintaining friendships after a
traumatic brain injury.

Research that asks why some patients make a good
recovery after a brain injury while others do not.
These findings will help Barrow improve patient
outcomes.
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Robert Spetzler, MD
Director, Barrow Neurological Institute

By the early 1980s, John Green, MD, one of the
founders of Barrow Neurological Institute, had begun
his search for a successor. He chose Robert F. Spetzler,
MD, from Case Western Reserve University School of
Medicine, who, in 1983, assumed the J.N. Harber Chair
of Neurological Surgery at Barrow. Two years later,

Dr. Spetzler became director of Barrow. Under

Dr. Spetzler’s leadership, Barrow has grown from a
regional center to an internationally recognized center
of excellence, attracting healthcare professionals and
patient referrals from around the world.

Dr. Spetzler was born in Stierhoefstetten, Germany,
and moved to the U.S. at the age of 11. He attended
college and medical school in Illinois and trained as
a resident under Charles B. Wilson at the University
of California at San Francisco, where he developed
an interest in neurovascular surgery.

Dr. Spetzler's has contributed significantly to Barrow
and the field of neuroscience:

® He has been instrumental in creating a highly
respected neurosurgical residency program at
Barrow.

* In February of 2007, he performed his 5,000th
aneurysm procedure, the most of any neurosurgeon.

* He played a leading role in developing the cardiac
standstill into an effective surgical technique for
treating large or dangerous cerebral aneurysms. He
has performed more of these operations than any
other physician in the world.

* He has published more than 300 articles in refereed
journals, 169 book chapters, and 13 neurosurgical
textbooks. He has made more than 850 professional
presentations.

* He has developed several tools and pieces of
equipment used in neurosurgical suites around the
world, including a 3-D microscope and a titanium
aneurysm clip.

Dr. Spetzler can be reached at RSpetzler@thebni.com.
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Roy Patchell, MD, Chair of Neurology

Roy Patchell, MD, served as Professor of Neurology
and Neurosurgery at the University of Kentucky before
joining Barrow Neurological Institute in 2009 as chair
of Neurology.

Dr. Patchell has a wide range of research interests

and has had continuous National Institutes of Health
funding for more than 20 years. He is internationally
recognized for his clinical investigations into a number
of topics within the field of neuro-oncology, including:

e The study and treatment of tumors that have
metastasized to the nervous system

» The management of metastatic brain tumors and the
treatment of spinal-cord compression caused by
metastatic cancer

 Neurological complications of systemic cancer and
neurological complications of organ transplantation

e Primary brain tumors, including the evaluation of
neutron brachytherapy for high grade gliomas and
the invention of an implantable, refillable, sustained-
release device for delivering chemotherapy and other
substances directly into primary brain tumors.

Dr. Patchell has published more than 170 articles and
abstracts in the field of neuro-oncology in the most
prestigious medical journals. His work has changed

the standard of care for some of the most common
problems in neuro-oncology and has improved the lives
of thousands of patients worldwide. He has spoken to
physician groups all over the world on topics ranging
from “Neurological complications of systemic cancer”
to “Novel treatments for primary brain tumors.”

Born in New York, he moved to Lexington, Kentucky,
at age seven. Dr. Patchell received a bachelor’s degree
in Philosophy from the University of Kentucky where
he also attended medical school. He completed a
neurology residency at Johns Hopkins and a fellowship
in neuro-oncology at Memorial Sloan-Kettering
Cancer Center.

Dr. Patchell can be reached at Roy.Patchell@chw.edu.
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