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Abstract

The Cooperative Agreement entitled “Advanced Neuroscience Interface Research,” was
generated out of a recognized need for a neuroscience institute in the Dayton area to
address research and technology issues concerning both public and military health, and

human factors concerns.

The Advanced Neuroscience Interface Research Program is divided into three separate
project categories that each has a demonstrated list of technologies with potential
neuroscience and military applications which focus on improved targeting and
recognition of abnormalities in the brain. Specifically, all three projects investigate the
unexpected similarities in the specialized skills required of pilots and neurosurgeons,
including the improvement of effective instantaneous decision-making utilizing multiple
sources of data, minimization of distractions and stress, and the use of hand-eye

coordination to make delicate, decisive maneuvers.

The objective of the Advanced MR Imaging Visualization and Segmentation project
was to develop, and more importantly integrate, advances in neuroscience imaging,
processing and data management in order to improve clinical outcoes for patients with
additional applications for advancing neuroscience capabilities for the USAF. Advanced-
imaging techniques were developed to detect neurological changes in a variety of
diseases in a clinical setting. These and existing techniques were combined, compared
and contrasted to give the most complete visual and biochemical view of what was
occurring in patients, incorporating several MR imaging techniques including
spectroscopy both of patients and surgically-excised tissue. While each method, or
modality, gave a certain amount of information, combining methods complemented each
other to give a more thorough understanding of pathological changes for decision-making
by the clinician. In order to make this new information useful, the data had to be put in
forms that it could be combined, compared and contrasted; computer programs were

developed and implemented to achieve this.



The information had to be made available in an intelligible, user-friendly interface.
Software programs were developed and implemented to securely share information and
provide the clinicians with the ability to access and analyze the information with speed
and ease. In addition, claustrophobia and excessive noise, obstacles that have deprived
some patients of these valuable assays, were addressed through development and use of

new devices.

The overall purpose of the Next Generation Image-Guided Neuronavigation System
project was to enhance the neurosurgical capabilities at Kettering Medical Center by
integrating hardware and software with elements potentially useful in both military and
civilian applications. The Air Force pilot requires a wide variety of information from
different sources to navigate through a predefined air space around barriers to a
predefined target. This is analogous to a neurosurgeon accessing multiple sources of
information, such as MR and PET images, input to image-based computer guidance
systems to enable precise navigation through brain anatomy during surgery. Using
multiple data inputs, this project sought to obtain and couple (co-register) data from these
disparate sources thus augmenting the ability to accomplish a successful surgery or

mission to the operator (pilot or surgeon).

The IGNS project was executed along two parallel tracks involving hardware assessment
and acquisition along with software development and deployment. Time is a mission-
critical factor for both pilots and neurosurgeons. A drawn-out mission leads to increased
exposure, potential detection and unnecessary conflict for the pilot, whereas an extended
surgery increases the rate of infection and complications due to anesthesia. Fatigue
translates to a greater probability for human error in both disciplines. Therefore, a
primary goal in this project was to investigate technologies to input information from a
number of sources and integrate them into'a single sensory display system, culminating in -
reduced fatigue and increased attention levels throughout the operating field. The
Principle Investigator studied improvements in man-machine interface by electronically
combining input from disparate components and presenting information in approximate

real-time where possible to the surgeon and the surgical team.



Using AFRL input and participation where possible, we developed a set of instruments
combined with software development that allows for the rapid co-registration and display
of 3-D image data. In addition, we sought to update computer images based on the
position of the aircraft or surgeon’s tools, thereby presenting the operator with the most

relevant data at a specific time and place.

The PET Biochemical Imaging project focuses on using biochemical imaging of tumors

for improved diagnosis, target delineation and treatment evaluation.

By measuring chemical changes within the body, PET biochemical imaging offers many
advantages over other technologies available for the detection and treatment of brain
tumors and other neurological diseases. Noninvasive biochemical brain mapping
performed by PET scan can immediately elucidate the marked differences between
normal brain tissue and tumor tissue for the physician, long before the anatomical
changes recorded by computerized tomography or magnetic resonance imaging can be

detected.

In order to understand the biochemical processes in tumor, PET allows the use of
selective radiotracers (or biomarkers) that enables the analysis of tumor pathology,
location and volume. Biochemical imaging thus assists in the efficacy of neurosurgery,
radiotherapy, and chemotherapy. The development of new radiotracers for use in PET
scanning aids studies of patients with brain tumors, schizophrenia, stroke, Alzheimer’s
disease (AD) and Parkinson’s disease. A protocol was developed to utilize three target
radiotracers to study brain tumors in human subjects: 18F-ﬂuorodeoxyglucose (lSF-FDG)
for glucose metabolism; !'C-methionine (*'C-MET) for amino acid transport and protein
synthesis and; ''C-choline for lipid synthesis. The uptake and incorporation of these
radiotracers were evaluated using PET in astrocytoma patients who were suspected of
having World Health Organization (WHO) grade II or grade III tumors.
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Foreward

Cooperative Agreement Number F33615-98-2-6002 was generated from a
recognized need for the development of an advanced neuroscience institute in the
Dayton area, and the unique opportunity for collaboration between the Air Force
Research Laboratory and the Wallace Kettering Neuroscience Institute on
demonstration projects that have potential mutual benefit to both the medical and

military communities.

The Advanced Neuroscience Interface Research Program is divided into three
separate project categories that each has a demonstrated list of technologies with potential
neuroscience and military applications which focus on improved targeting and
recognition of abnormalities in the brain. Specifically, all three projects investigate the
unexpected similarities in the specialized skills required of pilots and neurosurgeons,
including the improvement of effective instantaneous decision-making utilizing multiple
sources of data, minimization of distractions and stress, and the use of hand-eye

coordination to make delicate, decisive maneuvers.

The Advanced MR Visualization and Segmentation project includes studies in the
evaluation of brain function and alertness in healthy as well as impaired pilots, and
patients to determine and enhance the ability to function in a challenging environment.
Through studies with functional magnetic resonance imaging, stimulus and response,
visual perception pathways and degenerative disease, hippocampal pathways were
investigated. Human factors issues were also addressed in the stroke protocol, such as the

effective and rapid communication techniques to improve overall team performance.

Technological developments and advancements in the Next Generation Image-Guided
Neuronavigation System project investigated issues of man-machine interface, and the
importance to the operator of having critical information pre-processed and delivered
rapidly and in an easily, accessible manner, as well as making complex information

available in real-time to various people on the team. Human effectiveness issues were
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researched and addressed in order to afford the surgeon or pilot a more user-friendly
environment, thereby increasing the operator’s overall effectiveness in the completion of
the mission. Surface mapping, and global deployment of supplies and resources and
other areas of common interest were also studied to improve overall mission

effectiveness.

The PET Biochemical Imaging project included investigation of neuroreceptors and the
use of radiotracers in PET imaging to target abnormalities such as tumor or other central
nervous system disorders in the brain. The technologies investigated and developed have
potential military application in the areas of posttraumatic stress disorder, the detection
and counteraction of neurotoxins, modulation of tissue sensitivity to radiation used in

both the medical and nuclear power environment.

The development of all of these technologies in the various neuroscience interfaces have
potential dual use in both the medical and military environments, and therefore provide

opportunities to leverage DoD and private sector resources for economic and military

benefit.
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Advanced MR Imaging and Visualization

1.0 Executive Summary

1.1 Overview

The objective of the Advanced MR Imaging Visualization and Segmentation project was
to develop, and more importantly integrate, advances in neuroscience imaging,
processing and data management in order to improve clinical outcomes for patients with
additional applications for advancing neuroscience capabilities for the USAF. Advanced-
Imaging techniques were developed to detect neurological changes in a variety of
diseases in a clinical setting. These and existing techniques were combined, compared
and contrasted to give the most complete visual and biochemical view of what was
occurring in patients, incorporating several MR imaging techniques including
spectroscopy both of patients and surgically-excised tissue. While each method, or
modality, gave a certain amount of information, combining methods complemented each
other to give a more thorough understanding of pathological changes for decision-making
by the clinician. In order to make this new information useful, the data had to be put in
forms that it could be combined, compared and contrasted; computer programs were

developed and implemented to achieve this.

The information had to be made available in an intelligible, user-friendly interface.
Software programs were developed and implemented to securely share information and
provide the clinicians with the ability to access and analyze the information with speed
and ease. In addition, claustrophobia and excessive noise, obstacles that have deprived
some patients of these valuable assays, were addressed through development and use of

new devices.

1.2 Major Accomplishments and Key Products and Deliverables

Major accomplishments and key products and deliverables include the following:

1) Utilizing a multimodal approach including in vivo and in vitro magnetic resonance
spectroscopy (MRS), chemical shift imaging (CSI), fluid-attentuated inversion recovery
(FLAIR), fast spin echo sequence-inversion recovery (FSE-IR) MR, and functional
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magnetic resonance imaging (fMRI) in the characterization of neurological diseases
studied, this project demonstrated clinical advances affecting patient outcomes. Our
understanding of heretofore unknown biochemical changes sheds insight into disease

progression and may impact the search for prevention and cure.

2) Advances in image segmentation, database development, and creation of Internet
Browser-Based Imaging Access networks and programs allowed for optimal remote
communication and utilization of data by clinicians in a rapidly and easily acquired

environment.

3) An advance in noise reduction in the MR environment holds promise for making MR
available to greater numbers of patients and with greater safety at the present and as
higher power MR becomes available. A joint patent was filed for this device in

conjunction with Wright-Patterson Air Force Base (WPAFB), Department of Acoustics.

4) We provided the community with the first state-of -the-art neuroimaging capability

for the management of hyperacute stroke.

5) A prototype device to alleviate claustrophobia in the MR environment was developed
and tested. This device may make MR available to a large category of patients for whom

this essential diagnostic tool was previously unavailable.

6) A new MR instrument equipped with Echo-Planar Imaging (EPI) was acquired and
utilized in each of the following portions of the project.

7) In vivo characterization of human brain tumors by MRS is now regularly performed
to evaluate tumor classification in monitoring response to treatment, and WKNI/KMCN
surgeons have begun using MRS data as a valuable tool in the operating room to

determine tissue state and mapping.
8) Advanced MRI techniques in management of stroke: CT examination is ineffective in

the diagnosis of hyperacute stroke. Recently, a significant body of evidence suggests that
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the combined application of the diffusion-weighted imaging (DWI) and perfusion-
weighted imaging (PWI) can be effective in detecting ischemic changes in early time-
points post the onset of stroke. We developed an original experimental design to
examine the feasibility of advanced MR techniques in the management of hyperacute
stroke in our community-oriented hospital. In order to conduct and accommodate such a
large-scale study, a CT/MRI suite was built adjacent to the emergency department (ED).
Indeed, we are pleased that our hyperacute MR stroke sequences are matched only by the
leading stroke research centers in the world. Unfortunately, we were challenged by our
ability to recruit patients into the study. Nonetheless, we were able to provide our
community with the state of the art stroke imaging. Work is in the progress to reengage
our stroke study by including the identification of a highly skilled stroke team who will
help us educate the community regarding the importance of time in management of

stroke.

9) Choline metabolism in human brain tumors with BC-Positron Emission Tomography
(PET) and 'H-CSI: the need for prompt and accurate recognition of a low to high grade
progression and/or of a post-therapeutic recurrence in cerebral neoplasms has given
impetus to the search for novel neuroimaging methods. This is the first documented
study of complementing in vivo choline metabolism determined from MRS with radio-
labeled PET imaging. Data from our investigation clearly showed the feasibility of
performing correlative investigations with PET and MRS. Such data may prove useful for

characterizing tumor proliferation status in vivo.

10) Feasibility of performing in vivo choline metabolism studies in biological tissue was
investiagted. The results of the pilot kinetic study indicated that metabolites derived from
exogenous choline can be monitored using MRS. Future studies will increase our
understanding of the biosynthesis and metabolism of choline-derived phospholipids (PL)
that affect processes of signal transduction, cell proliferation, differentiation and

apoptosis, including carcinogenesis in brain tumors.
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11) CSI of human central neurocytoma (CN): We were able to provide an in vivo profile
of this rare brain tumor. Our studies were presented to American Society of
Neuroradiology in the spring of 2001. Our work will aid clinicians in better diagnosing
this brain tumor. In addition, our in vitro MRS data provided a more detailed
biochemical profile of CN brain tumors. Our original work further emphasized the
importance of quantitation in proton ("H)-MRS studies for detecting altered brain

metabolism.

12) PL changes in hippocampus of epileptics were investigated. In a multi-center and
multi-institutional investigation involving scientists at the Wallace-Kettering
Neuroscience Institute (WKNI), Wright State University (WSU) and Harvard Brain Bank

(Boston, MA), the underlying mechanism of sei.. ¢ in patients was explored.

13) A comparative analysis of CT and FLAIR for the detection of hemorrhage was
completed. Our results reflect the fact that more work is needed to determine MR
FLAIR’s role in the detection of hematoma. The higher percent error rates for the
radiologists’ interpretation of the MR FLAIR images suggest that this method may not be
as diagnostically accurate for the detection of acute and hyperacute intracranial
hemorrhage (HICH). However, the limited number of patient cases led to us to search
our databases to retrieve more patients with active intracranial hemorrhage (as defined by
CT scan) who also had a MR-FLAIR within 24 h. In a blinded investigation, radiologists
at WKNI/KMCN and WPAFB are further evaluating these images.

14) Hippocampal volumetric measurements. Hippocampus is a brain structure involved
in short-term memory processing. Unfortunately, the hippocampus is known to be
severely affected by the characteristic neuropathology of mesial temporal lobe epilepsy
(MTLE), Alzheimer’s disease (AD), schizophrenia and many others central nervous
system (CNS) related pathologies [1-5]. In a productive partnership among research
scientists and epileptologists at WKNI and Department of Radiology at WPAFB, several
major clinical research projects were completed. The results had immediate clinical

benefit, they include:
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a. We demonstrated that 3-D spoiled gradient recalled acquisition steady state-
inversion recovery (SPGR-IR) MR sequence using a standard head coil could
enhance clinical utilization of hippocampal volumetric measurements when
used in conjunction with Vitrea™ (Vital Images; Minneaplis, MN).

b. A newly developed and optimized MR pulse sequence was developed and
utilized to determine asymmetrical atrophy associated with hippocampal

sclerosis.

15) Alleviating claustrophobia with 3-D Audio Display. A mockup MRI machine was
constructed to appear similar to a real MRI, and a 3-D audio display for virtual
environment (VE) was constructed. Subjects’ subjective ratings of comfort were higher in
the VE condition than in the non-VE condition, but this difference failed to reach
significance. However, subjective ratings of their ability to cope with the situation were
significantly higher in the VE than the non-VE condition. This display may prove

valuable in reducing obstacles that deny claustrophobic patients of this valuable tool.

16) Active noise reduction in the MRI environment. An active noise reduction device,
improving noise reduction from previous devices, was designed and patented. This
device may improve safety and allow MRI of patients that previously could not tolerate

this examination.

17) Distributed neuroscience database project. A database software and application was
developed, with an engaging, easy-to-use interface, in which common data can easily be

shared between all users.

18) Internet Browser-Based Imaging Access. The WKNI and WPAFB Hospital, in
conjunction with KMCN, implemented a cost-effective solution to resolve the issue of
broad image distribution. This solution was the Stentor’s iSite web server, which is fed

directly from KMCN’s PACS system.
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19) Multi-modalities biochemical imaging in tumefaction of multiple sclerosis (MS).
Using MRI, MRS and positron emission tomography (PET), we were able to distinguish
an unusual case of MS from a tumor. These findings determined a successful treatment
and outcome, and demonstrate clear benefits to utilizing a multiplicity of modalities in

distinguishing clinical conditions.

20) Software tool development for MRS analysis. To integrate the area under the spectral
peaks, we developed a new software tool at WKNI called Integrex. This software is easy,
flexible and capable of input from various data format, which subsequently eased our

data analysis.

21) A pattern recognition software tool kit was developed. This unique program
recognizes common signals in MR spectra and associates them with common findings
through mathematical modeling. Such association will aid in diagnosis and follow-up,

and help to ensure consistency and precision in evaluating images and spectra.

22) 3-D brain functional imaging data were delivered to stereotactic neuronavigational
instruments utilized in neurosurgery operating theatre. The main objectives of this
projects were accomplished in a close collaborative effort among between the
neuroimaging team and neurosurgeons in the following three phases:

a. Optimizing MR data acquisition methods;

b. Image transformation and post-processing; and

c. 3-D neuronavigational compatibility of functional data.

23) Publications and meetings: The works of this project were published, patented,
presented and recognized at national and international meetings including: International
Society of Magnetic Resonance in Medicine and the American Society of

Neuroradiology.
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2.0

Summary of Objectives

In order to provide for the improved imaging visualization and segmentation to support

optimum patient diagnosis, treatment and care, the following objectives were determined:

15

Utilize existing as well as develop new magnetic resonance (MR) technologies to
improve the medical imaging environment by allowing for image data acquisition
in a more rapid and precise manner;

Employ the techniques of diffusion and perfusion imaging, task activation and
spectroscopy to improve information differentiation and classification at the
beginning of patient examination for optimum diagnosis, treatment, and care;
Advance functional imaging modalities, particularly multi-nuclear spectroscopy
(MNS) and chemical shift imaging (CSI) to determine the behavioral
characteristics of several prominent neurological disorders including tumors
(specifically the aggressiveness of tumor), multiple sclerosis (MS) and epilepsy;
Utilize a headset developed by the USAF and the Wright State University (WSU)
that produces an auditory 3-D display as a means to abate claustrophobia
experienced by patients subject to magnetic resonance imaging (MRI) and MR
spectroscopy (MRS);

Compare and contrast the utility and accuracy of MR-fluid attenuated inversion
recovery (FLAIR) to computerized tomography (CT) in brain hemorrhage
detection; and

Develop software and integrate the database and imaging modalities to optimize
use of the multi-parametric data acquired from a multiplicity of sources in a user-

friendly, secure computer environment.
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3.0 Background

3.1 Overview

Existing MR technology did not provide for the necessary imaging visualization and
segmentation to support optimum patient diagnosis, treatment and care. Neurosurgeons
and neurologists are now able to more accurately identify anatomical, functional, and
biochemical markers for defining targets for therapeutic action. A primary consideration
was the development of a medical-imaging environment suitable for 3-D interaction of
data in a more rapid and precise manner for use by the physician end-user. A
neurovascular optimized MRI instrument equippec . 1th echo planar imaging (EPI)
capability was acquired in the first year of this project that allows the techniques of
perfusion and diffusion imaging, task activation and spectroscopy to accomplish this task.
At the same time, valuable information from new techniques was becoming more readily
available. However, integration of these new data was either virtually impessible or the

time interval for integration so great as to make the new information useless.

MR spectroscopy (MRS) utilizes the same hardware as conventional MRI. However,
where MRI delineates well-detailed anatomical and pathological information, MRS
provides insight into the biochemical changes that precede morphological changes
detected in MRI or other imaging modalities. Rather than generating an image, MRS
produces a graph of the peaks of various brain metabolites. Each brain metabolite has its
own unique resonance frequency. Therefore, unlike other imaging techniques, MRS can
provide both qualitative and quantitative information, as the areas of metabolite peaks are
related to the steady-state cellular concentration of metabolites visible with MRS, which
changes with pathology. Any nucleus that has a nonzero spin such as: 'H (proton), '*C
(carbon) and *'P (phosphorous) can be used for MRS analysis. Currently, our
spectroscopic capabilities at WKNI are limited to performing only 'H spéctroscopy.
However, we are in the process of upgrading our system to a multi-nuclear package, so
we can detect a significant number of other brain metabolites including those that contain

phosphorous such as ATP and inorganic phosphate (Pi).
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In the brain, "H-MRS allows detection of several compounds including N-acetly-aspartate
(NAA), lipids, choline, creatine (Cr), glutamate, glutamine, lactate and myo-inostitol
(Figure I). Changes in choline resonance intensities are likely related to changes in
levels of phosphocholine (Pcho) and glycerophosphocholine (GPC), and probably reflect
alterations in cell membrane integrity. Increases in lactate resonance intensity are found
in the presence of impaired energy metabolism or inflammation. Changes in NAA are
indicative of expression of neuronal or axonal loss or dysfunction, as NAA in found

exclusively in neurons and the neuronal process in the mature brain.

Figure 1: Normal Proton-MRS of Human Braln

NAA
Myo~inositol choline !R
Taurine c e i
g | \ || Bl s |
('Jf WA 'U/\/ ‘\J H‘ I\NF\.’“ Y | f/\
o s V2V o VT PRI
- P i R S S RN PPm

Figure 1. TH MRS allows detection of several brain metabolites including NAA, lipids,

choline, Cr, glutamate, glutamine, lactate, and myo-inositol.

We use two 'H-MRS techniques routinely at WKNI, the single-voxel (SV-MRS)
technique and CSI. In the SV-MRS, a volume of interest (VOI) is identified on the
anatomical MRI, and a single MR spectrum is obtained from that VOI. The VOI can be
as small as 1 cm®. Recently, we have begun using a more advanced 'H-MRS technique
in which we can generate metabolic images showing the distribution of metabolites in the
spectrum over one or more slices of brain. This technique is called CSI and offers
marked improvements over SV-MRS by providing images of the regional distribution of
metabolites with increased spatial resolution. CSI is analogous to conventional MRI
except that the signal intensity of each voxel is based on the proton signal from
metabolites, other than water. Because the concentration of metabolites is at least 10,000
times less than of water, the resolution and signal to noise of metabolite images are much

less than of water-based images. Currently, we are capable of generating 2-D CSI
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(Figure 2) and we are working hard to provide our clinicians with multi-slice CSI and 3-

D CSL

Figure 2. CSI of a Patient with a Brain Tumor.

MRS has diagnostic value for evaluating and monitoring the progression of stroke,
intracranial tumors, epilepsy, multiple sclerosis (MS), AD, Parkinson’s disease and many
others. Herein, we describe some of the applications of this imaging modality as it relates

to brain tumors, MS and epilepsy that were utilized throughout our project.

Furthermore, we were able to integrate various conventional/anatomical MR imaging
techniques with MRS in hope of providing a more complete view of the changes
occurring in patients suffering with various neuropathologies. MRS has significantly
advanced our understanding, as we were able to identify specific biochemical changes.
While each MR imaging type, or MRS spectrum, provided a certain amount of
information by itself, adding, comparing and contrasting modalities truly provided “a

whole that was greater than the sum of the parts.”
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This integrative approach has promise for clinical and military application. Treatments
can be improved through improved biochemical and anatomical characterization of
disease. Military application may include better characterization in neurotoxicological
circumstances, as well as overcoming problems such as claustrophobia that may be
encountered by personnel in enclosed settings such as cockpits. Improved image
segmentation and database integration and sharing will benefit utilization of the

information gathered from each study.

3.2 In Vivo Characterization of Human Brain Tumors by MRS

An extensive amount of research in the past decade has shown that in the nearly 100% of the
primary brain tumors at time of presentation, the 'H-MRS is abnormal [1]. Therefore, MRS
could be a more sensitive imaging modality in detection of neoplasia than CT or MRI. 'H-
MRS has also shown to be a promising technique for the early detection of metabolic changes
in tumor tissue during the course of radiotherapy and chemotherapy [2, 3]. Such alterations in
brain metabolism post-radiation can aid clinicians in distinguishing between the areas of
induced brain necrosis from recurrent tumor (Figure 3). Although, further research is needed,
MRS can potentially provide a method for the tailoring of radiation, chemotherapy and
treatment schedules to the needs of the individual patients.

Analysis of Intracranial Tumors via MRS 7
Actively Growing Tumors Vs. Radiation Injury

Figure 3
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At WKNI, image data obtained using MRI are routinely used supplemented with MRS data to
evaluate brain tumors. More importantly, several studies have suggested that MRS can also
improve the in vivo classification of intracranial tumors and monitoring response to treatment
[4]. Indeed, we are among several other research laboratories which are in the process of
developing mathematical models to perform pattern recognition (PR) analysis of MRS spectra
for the characterization of brain tumor types. We are correlating the in vivo spectroscopic
data with surgical pathologic findings and supplemental MRS studies performed on surgical
tissue specimens to determine the clinical value of the MRS in characterization of tumor types

in vivo.

3.3 Choline Metabolism in Human Brain Tumors with 'C-PET and 'H-CSI
Choline is a precursor for cellular membranes and acetylcholine synthesis [5]. Choline
metabolism has shown to be impacted by various neuropathologies including
neurodegenerative diseases and neoplasms [5]. It is therefore important to gain
knowledge about choline metabolism in vivo in an attempt to understand the role of this
important metabolite in disease processes. Herein, we report the first documented study
of in vivo choline metabolism with MRS in conjunction with ''C-positron emission

tomography (PET).

Despite the inherent advantages of in vivo MRS imaging, this technique has some
drawbacks. Perhaps the most complex problem with the in vivo MRS is a compounding
of observable metabolic signals. For example, the elevation in choline signal within
pathological tissue does not solely represent free choline. Many different choline-
containing compounds such as GPC, Pcho or CDP-choline are represented in one choline
signal. One way to address the issues associated with in vivo MRS is to extract specific
metabolites from the tumor tissue and examine them in vitro. Herein, we also report on
the utilization of in vitro high-resolution MRS of a specimen of the same tumor with the

expectation of providing better interpretation of the in vivo spectra.

34 Choline Metabolism in Human Brian Tumors
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Choline is a precursor for cellular membranes and acetylcholine synthesis. Choline
metabolism has been shown to be influenced by various neuropathologies including
neurodegenerative diseases and neoplasms. It is therefore important to gain knowledge
about choline metabolism in vivo and in vitro in an attempt to understand the role of this
important metabolite in disease processes. We have developed several important
techniques at WKNI in understanding choline metabolism in our tumor patients,
including ''C-labled choline for PET studies. We have presented our work at major

international scientific conferences.

Phosphatidylcholine (PtdC) is the major component of biological membranes.
Biosynthesis and metabolism of this PL affect processes of signal transduction, cell
proliferation, and differentiation and apoptosis, including brain carcinogenesis. Yet our
understanding of this metabolism and its regulation is far from complete. PtdC is
synthesized mainly from choline via the CDP-choline pathway (de novo). Recent studies
suggest that processes that control PtdC biosynthesis may play a role in cell proliferation
and carcinogenesis [6]. Radioisotope methods have previously been used to measure
rates of PtdC synthesis, but these methods lack the specificity to analyze the metabolic

pathways.

This is a multi-phase investigation that will be conducted in the following order: 1)
feasibility of studying choline incorporation into PL by in vivo MRS and developing the
kinetic models to describe fluxes; 2) choline metabolism in tumor cell lines and analyzing
data using the kinetic models developed in the first phase; and 3) 13C-labled choline
studies in patients using BC-multi-nuclear spectroscopic (MNS) imaging in hope of in

vivo grading of tumors based on the fluxes through PL biosynthetic pathways.

Herein we report on the completion of the first phase of these studies. In collaboration
with the Department of Biochemistry/Molecular Biology and Department of Physics at
Wright State University (WSU), we used >C and *'P-MRS to investigate the biosynthesis
of PtdC in vivo during a 60-min infusion of [*C]choline, and conducted a kinetic model

analysis of the data. We concluded that, because of our ability to optimize the techniques
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and analysis, we were ready to begin the second phase of our investigations, in vitro brain

tumor cells.

3.5 CSI of Human CN

Although CN accounts for only 1% of all central nervous system (CNS) tumors, it is
responsible for nearly half of all of the supratentorial intraventricular tumors. The five-
year survival rate for all CNs is 81%, with 100% survival rate, without recurrence, being
reported with total resection of the tumor. CN differentiation and diagnosis have become

vital. Herein, we report the first documented 'H-CSI of a human CN.

A significant body of evidence suggests that CSI could provide a more sensitive
complementary imaging modality in detection of neoplasia with CT or MRI. The results
of our current investigation provide an in vivo biochemical profile of this rare brain

tumor.

One of the major drawbacks of utilizing CSI in routine clinical setting is the absolute
quantitation of alterations in metabolite concentrations. Most in vivo brain MRS studies
describe the impact of disease on living tissue in terms of ratio of metabolites. However,
the interpretation of the data is difficult because the signal intensity of the in vivo MR
spectra is significantly dependent upon the acquisition parameters. Herein, we also report
on utilization of in vitro high-resolution MRS of a human CN tumor extract in hope of

providing a better interpretation of the spectra obtained by CSI-MR.

3.6 PL Changes in Hippocampus of Epileptics

Epilepsy surgery is one of the most effective treatments in patients with intractable partial
epilepsy. Partial seizures emanate from the temporal lobe structures of the brain in
approximately 80% of patients evaluated for such a surgery [7]. The most epileptogenic
region in the temporal lobe is the medial temporal lobe structures involving the amygdala

and hippocampus.
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The hippocampus is a complex curved structure with an elongated shape and variable
angle. The hippocampus has been and continues to be a major target structure for the
investigation of links between brain processes and psychologically-experienced memory.
Unfortunately, the hippocampus is known to be severely affected by the characteristic
neuropathology of mesial temporal lobe epilepsy (MTLE), AD, schizophrenia and many
others CNS-related pathologies [8-12]. In fact, hippocampal sclerosis is the most
common abnormality associated with MTLE [8]. The MRI characteristics of
hippocampal sclerosis include increased T, signal intensity (i.e., indicative of atrophy) in

the hippocampus and decreased size of the hippocampus.

Furthermore, 'H-MRS has also shown to be a useful adjunctive pre-surgical test for the
localization of the epileptogenic foci in patients with partial epilepsy, especially those
with extratemporal foci [13]. The reduction in the NAA signal is due to the loss of
neurons associated with hippocampal atrophy. However, the source of the elevation of
the choline and Cr signals in the "H-MRS in vivo of epileptic foci is not clear. Several
possibilities that will be examined in this study will include choline and Cr-containing
brain metabolites such as: GPC, phosphatidylcholine (PC), Pcho, CDP-choline and
phosphocreatine (PCr).

Apoptosis or programmed cell death is an inducible and organized, form of cellular
demise that results in the removal of apoptotic cells by macrophages. Interestingly, recent
evidence implicating apoptosis in the etiology and pathophysiology of known human
diseases, such as heart diseases, cancer, AIDS, and neurodegenerative and autoimmune
diseases are continually surfacing [14, 15]. Apoptosis is induced when cells undergo
severe injury to their nucleus, as occurs following exposure to radiation. One of the early
responses to apoptotic signals involves exposing phosphatidylserine (PS) on the outer
leaflet of the plasma membrane. PS is an important component of cell membrane PL, and
is normally restricted to the inner leaflet. PS exposure to the outer leaflet has several
potential biological consequences, two of which are recognition and removal of the
apoptotic cell by phagocytes. Thus, membrane-bound PS expression serves as a signal to

surrounding cells, identifying the expressing cell as undergoing apoptosis [15-17].
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Whether PS is the sole ligand recognized by phagocytes or it is associated with other
molecules to form a complex ligand remains to be determined. Conversely, excessive PS
exposure may lead to thrombosis or may explain formation of so-called antiphospholipid

(aPL) antibodies as occurring in patients with aPL syndrome [18, 19].

Based on the in vivo MRS data and immunohistochemical studies, it is well established
that atrophy associated with hippocampal sclerosis is connected to neuronal loss. We,
thus, hypothesize that neuronal loss associated with hippocampal sclerosis in TLE
patients might be due to a shift in the PS distribution in the bilayer membrane.
Interestingly, in animal models, several investigators have demonstrated that during
seizures, levels of PS-associated second messengers and their precursors in neuronal
membranes are altered. More specifically, the levels of diacylglycerol (DAG), as well as
free fatty acid levels, have shown to be elevated in rats undergoing evoked seizures. PS is
an anionic membrane PL integral to protein kinase C (PKC) activation via interactions

with DAG [20].

During seizures, levels and distribution of PS and other PL in neuronal membranes are
altered. PS is an important component of cell membrane PL, and is normally restricted to
the inner leaflet. Early responses to apoptotic signal cause PS to migrate to the outer

leaflet of the plasma membrane.
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Herein, we report on alteration in the PS distribution in cells and MRS observed PL that

may contribute to mechanisms in hippocampal sclerosis associated with MTLE. By
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studying MTLE patient biopsies with normal control brain tissue, we expect to uncover
correlations previously unknown. The Harvard Brain Bank (Boston, MA) provided us

with the normal human brain hippocampi.

3.7 Comparative Analysis of CT and FLAIR for the Detection of

Hemorrhage

Presently, patients who present to the emergency room (ER) with acute neurological
deficits are entered into the area “stroke protocol.” This is generally centered on the
results of the CT scan. The usefulness of multiple mode (diffusion, perfusion, and fluid-
attenuated inversion recovery; FLAIR) MRI in the diagnosis of acute ischemic stroke has
already been proven [11]. Barber et al. discussed the superiority of DWI and PWI in the
diagnosis of major cerebral ischemic changes [21]. Conversely, many authors have
stated and reiterated their confidence in the CT scan as the initial and primary assessment
tool for the diagnosis of spontaneous intracerebral hemorrhage [22, 23]. Until recently,

the superiority of the CT scan has not been challenged.

Many researchers have used animal models to show that MR1 is a superior tool to the CT
scan for the diagnosis of both ischemic and hemorrhagic strokes [24]; researchers have
found these same results with human models. The issue now is whether the MRI is as
accurate of a medium as the CT scan for diagnosis of intracerebral hemorrhage and if so,
what form of MRI should be used. Indeed, several authors have demonstrated that MR-
FLAIR is an accurate diagnostic instrument in the diagnosis of acute, subacute, and
chronic subarachnoid hemorrhage [25, 26]. Bakshi et al. showed that MR-FLAIR could
also be used to detect intraventricular hemorrhage at the acute and subacute phases [27].
Linfante et al. proved that MRI could be both diagnostically accurate and practically
feasible even within the hyperacute 2-h onset window [28]. We are building our research

on the foundation provided by these studies.
This study was designed to be done retrospectively using readily available patient data.

The null hypothesis for this study was that the MR-FLAIR is just as effective at detecting

both intraparenchymal and extraparenchymal intracranial hemorrhage as the CT scan.
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We searched our databases and medical records of hundreds of patients who were
admitted to KMCN since 1995. Our criterion was finding a subgroup of patients who had
known brain hemorrhage as determined from CT examination and also had a MR-FLAIR

within 30 h.

3.8 Hippocampal Volumetric Measurements

As previously stated, the hippocampus has been and continues to be a major target
structure for the investigation of links between brain processes and psychologically-
experienced memory. Unfortunately, the hippocampus is known to be severely affected
by the characteristic neuropathology of AD [29, 30], TLE [29, 30], schizophrenia [29]
and many others CNS-related pathologies [29]. In fact, hippocampal sclerosis is the most
common abnormality associated with TLE [29]. Several studies have established a high
degree of correlation among MR visual analysis of hippocampal sclerosis, pathology and
the electroencephalographic (EEG) focus [29, 30]. The MR characteristics of
hippocampal sclerosis include increased T signal intensity in the hippocampus and
decreased size of the hippocampus. However, detection of subtle unilateral hippocampal
atrophy or bilateral symmetrical atrophy is difficult by simple visual inspection even on
the high-resolution MRI exams. Several studies have suggested the utilization of
quantitative MRI-based volume measurements of the hippocampus to improve the
sensitivity of hippocampal atrophy detection in TLE. Hippocampal atrophy detected by
volumetric MRI has also been found to be a sensitive feature of early AD [29, 30]

Precise in vivo volumetric measurements of small brain structures such as basal ganglia,
amygdala, and hippocampus have been possible due to a significant improvement in the
resolution of MR images. However, hippocampal volumetric measurements have been
difficult in routine clinical settings due to the complex anatomical nature of the
hippocampus. Furthermore, there is concérn that since the volumes have to be measured -
manually .vith contouring, the variability of the inter-operator and intra-operator could

cause a problem.
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This project addressed the following questions: 1) Could improved volumetric
measurements with improved clinical utility be produced from enhanced hippocampal
imaging by MRI1? 2) Would a localized temporal coil prove more effective than the
conventional MRI head coil? and 3) Would radiologists in a clinical setting find
hippocampal volumetric measurement by either method equally or more valuable in

determining patient care and outcome?

3.8.1 Phase 1 Objectives

Our neuroimaging team has recently demonstrated a simple method for fully interactive
3-D segmentation and brain volumetric measurements using a single modified pulse
sequence. The fast 3-D-Spoiled Gradient Recalled Acquisition Steady State (SPGR) is a
fast pulse sequence and thus can easily be added in a clinical setting. By using an
inversion recovery time of 500ms (TI = 500 ms), we have demonstrated a good contrast
between white/gray matter and cerebral spinal fluid (CSF) in a series of contiguous T -
weighted (T, W) images (i.e., without any space gap). By reconstructing the images with
commercially available 3-D analysis state-of-the-art image-pr