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Applying Grid Computing to Schizophrenia Research

Introduction	
Team Schizo has completed research into Grid Computing and Schizophrenia. This introduction describes the research description, scope of our research, and format for this report.
Research Description
	Treatment of schizophrenia is a trial and error process. It involves diagnosing the effects of the disease on the brain through MRI scans, applying treatment, and then seeing the results of said treatment. Grid computing is used for processing large amounts of data. The research obtained in this report pertains to the grid computing applied to schizophrenia MRI scan data.
Scope of Research
	The purpose of this research was to determine whether grid computing can be used to aid in the diagnosis of schizophrenia. Initial research was performed using the World Wide Web. Furthermore, we performed an interview with Dr. Sven Kroener of The University of Texas at Dallas was performed. 
Report Format
	This report includes three main sections:
1. Schizophrenia: research pertaining to schizophrenia
2. Grid Computing and neuGRID: what it is and how it can be used to aid with schizophrenia research
3. Recommendations and Conclusion


Schizophrenia
What is Schizophrenia?
In proper medical terms, schizophrenia is characterized by psychosis, hallucinations, delusions, disorganized speech and behavior, flattened affect, cognitive deficits, and occupational and social dysfunction (Merck Sharp & Dohme Corporation, 2010 - 2011).
This means that schizophrenia is a brain disorder that affects the way a person acts, thinks, and sees the world. People with schizophrenia have an altered perception of reality, often a significant loss of contact with reality. They may see or hear things that do not exist, speak in strange or confusing ways, believe that others are trying to harm them, or feel like they are being constantly watched.
Diagnosis
Most cases of schizophrenia appear in the age group of 15 – 35 years.  In the year 2009, about one percent of the world’s population was diagnosed with schizophrenia, and approximately 1.2% of Americans (3.2 million) had the disorder (Nemade & Dombeck, 2009).  This statistical figure means about 7.2 people per 1,000 are diagnosed.
Doctors believe that schizophrenia has a strong hereditary component. Schizophrenia is only influenced by genetics, not determined by it. While schizophrenia runs in families, about 60% of schizophrenics have no family members with the disorder (Nemade & Dombeck, 2009).
1. 
2. 
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Prognosis
During the first five years after onset of symptoms, mental functioning may deteriorate and social and work skills may decline with progressive neglect of self-care. Negative symptoms may increase in severity, and cognitive functioning may decline. Some evidence suggests that severity of illness may lessen in later life, particularly among women.
[bookmark: v1029214][bookmark: v1029215]Overall, 80% of people with schizophrenia experience one or more episodes of major depression at some time in their life. 35% are much improved and living independently. At least 10% of schizophrenics are hospitalized and another 15% are dead, mostly of suicide (Tracy, 2012).
[bookmark: v1029218]MRI Scans
A group of scientists implemented a project called Differential Targeting of the CA1 Subfield of the Hippocampal Formation by Schizophrenia and Related Psychotic Disorders. The objective of the project was to use markers in magnetic resonance imaging and cerebral blood volume to identify brain sites differentially targeted by schizophrenia.
In medical terms a marker is a piece of DNA that lies on a chromosome so close to a gene that the marker and the gene are inherited together. A marker is thus an identifiable heritable spot on a chromosome. A marker can be an expressed region of DNA (a gene) or a segment of DNA with no known coding function. All that matters is that the marker can be detected and trailed. The term "marker" may be used in other contexts such with a blood marker or a tumor marker (MedicineNet.Inc, 2011). In this case study, scientists use the cerebral blood volume (CBV) as their identifiable marker when studying the brain.
Scientists discovered three areas of the schizophrenic brain that differed from normal brains using markers. The two areas are in the frontal lobes and one very small area of the hippocampus, known as CA1. Schizophrenics have a more active hippocampus, the area used for memory and learning, but this study pinpoints the exact spot of hyperactivity in patients with the illness (Schobel, et al., 2009). 
GRID Technology
Test Grid computing is used to solve complex problems by combining the resources of many computers in a network at the same time. It allows all authorized users to access the processing power, memory and data storage to perform a desired task. 
Mechanics (See Grid Computing Terminology)
Grid Technology is a well-orchestrated system that requires complex networks to share data to maximize efficiency. Grid technology operates by dividing a workload to perform a specific task.
First, main cluster servers divide task into subtasks to local cluster. To accomplish this job the main cluster servers use the server virtualization technique. This technique allows grid computing systems with many servers to handle various jobs, helping to cut down on hardware use by utilizing servers that are not running anywhere close to full capacity.
Secondly, local cluster servers find available processing power on local PCs and distribute subtasks to those PCs. Local PCs use parallel processing as shared computing which utilizes untapped resources on a the local network to complete a task.
Lastly, local cluster servers gather completed tasks from local PCs and send data back to the main cluster server. The main cluster server collects completed tasks and sends to database farm. While the data is being collected, the researcher can start analyzing it; however, the data can be easily updated with new data collected at the database farm.
A usual grid computing system runs at 500 gigaflops or more, depending on the networks linked to the system (Cycle Stealing). A gigaflop is measures of one billion floating point operations or instruction per second. The iPad2 is capable of 171 megaflops so it would require about 2,942 iPad2s to match the performance of a simple computing grip (Pingdom, 2011).
neuGRID – Alzheimer’s Disease
Alzheimer’s Disease
Alzheimer’s disease is another form of brain disease that is closely related to schizophrenia. Like schizophrenia, it is extremely hard to diagnose early, and little is known about the disease. Researchers have used grid technology to create a marker for Alzheimer’s disease in record time.
neuGRID
Information and brain scans necessary to conduct Alzheimer’s disease research exists in Europe as part of the neuGRID database. neuGRID is grid computing designed for research into Alzheimer’s and other neurodegenerative diseases. It allows researchers to extract medical information, to process brain images, and access a database of 3D brain scans.
User-friendly network integrated in neuGRID offers neuroscientists the ability to analyze data in their desktops and can be used without any assistance of an IT specialist. These features make extraction of disease markers faster and more efficient. Researchers can efficiently follow patients and get quicker understanding of a drug’s efficiency. Neuroscientists can collaborate and/or elaborate on the current research through neuGRID, making this an effective tool for neurodegenerative disease research.
Digital Markers
Digital Imaging markers are specific patterns of the brain that are used to detect Alzheimer’s. As shown in Figure 1, CIVET software used the neuGRID to construct a digital marker to track disease progress. Another great example, September 2009, neuGRID successfully extracted a sophisticated Alzheimer’s disease digital marker in a record time of two week from the largest ever database of brain scan, 6,500 (neugrid Fact Sheet).
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Figure 1: The standard output of a CIVET algorithm run by neuGRID. CIVET is a software program used to exact the measure of the cortical thickness, a promising candidate biomarker to track disease progress (neuGRID Fact Sheet). 

neuGRID – Applied to Schizophrenia
Prodromal Subjects
The first challenge with studying MRI scans to study schizophrenia is finding subjects prior to critical stages of diagnoses (Sven, 2012).  The goal of studying the MRI scans is to identify the primary abnormality of the brain in the early stages of schizophrenia.  Unfortunately, as the subject progresses further into the disease, more of the brain gets damaged making it hard to pinpoint exactly which part of the brain was damaged first (Schobel, et al., 2009).
Fortunately, there have been many studies to help identify at-risk subjects who are likely to be diagnosed with schizophrenia in the next two to three years.  One type of these studies is called prodromal studies (Parmanand Kulhara, 2008).  Prodromal studies use different criteria to categorize subjects into different levels of risk such as illustrated in Table 1.
[image: ] (Parmanand Kulhara, 2008)

Selecting these subjects based on the criteria can yield a much higher percentage of subjects being diagnosed with schizophrenia.  This higher percentage can allow for a narrowed pool of relevant subjects.
Grid Access to Large Databases of Prodromal Subjects
One very useful application of the Grid is the ability to pool prodromal subjects from all over the world, allowing for a very large sample selection. Having a large sample selection helps the analysis of the scans to be much more accurate. NeuGRID is connected to many large databases of MRI scans.
CA1 Subfield and CBV Values
There are many different research studies in existence that have sought out the correlation of brain activity and schizophrenia, but only one case will be highlighted here. An article in Gen Psychiatry (Schobel, et al., 2009) focuses specifically on the CA1 subfield of the hippocampus.  More specifically the study measured the cerebral blood volume in the CA1 subfield of 36 subjects over the course of two years (Schobel, et al., 2009).
The group studied several parts of the brain over the course of the years but found a significant correlation of the development of the psychosis and a concentration of CBV only in one part of the brain. This was the CA1 subfield. The correlation in the CA1 subfield can be seen as compared to other regions in Figure 2[image: Image not available.] (Schobel, et al., 2009)
While the researchers of this particular study considered their experiment a success, they did admit that the results could have been more conclusive if they had more digital markers as well as a larger selection (Schobel, et al., 2009).
Grid Computing to Create Digital Markers
In order to develop more of these digital markers, either more time is needed or more computing power. This is especially true as the sample size increases to large quantities. This is where grid computing can truly make the difference in the study of early diagnosis of schizophrenia. Grid computing is capable of processing at 500 gigaflops which is more efficient than a standard computer. As was seen in the case of Alzheimer’s where researchers were able to compile a sophisticated marker in a matter of weeks instead of the years it would normally take (neuGrid).
So the first step that would be needed is to locate what databases have relevant prodromal MRI scans that are accessible by neuGRID. This will be even more effective as the neuGRID branches out to other countries via their outGRID program (neuGrid). The potential of the grid can increase the Schobel study’s sample size from the minimal 36 into the thousands.
After the databases have been selected and the MRI scans picked, researchers can now use neuGRID to perform the complex algorithms to create digital markers based on correlations of the CBV in the CA1 subfield. These markers will be much more accurate and worthwhile than the ones created in the Schobel study. Second, the researchers will be able to create digital markers at more frequent points in the study allowing for a clearer picture on the rate of change in the CA1 subfield over time.
Another notable field of research uses different MRI scans than those used in the previous study and Alzheimer’s. In Alzheimer’s, structural MRI scans are used to examine the determination of the hippocampus. But the brain does not go through such notable changes with schizophrenia.  Instead functional MRI scans will be used in order to examine the activity of the brain given specific situations; the grid can then compute markers that show certain activity specific to those with schizophrenia (Sven).
Lastly, this same approach can be used on the many other studies currently in action to find other useful states of the brain that can lead to early diagnosis of schizophrenia such as the Ho study of the possible higher concentrations of grey and white matter in the brains of prodromal subjects (Ho, 2007). 

Recommendation for further actions
The next step to see this done is to expand the current neuGrid into research institutes here in the United States through the OutGrid program. This will allow researchers here to access the power of the grid. Also, as the grid gets larger more databases become accessible allowing more samples to be collected. Therefore the first next step is to expand the grid here to the United States.
Furthermore, we will need to educate current researchers on how to use the software. If we offer these services for free then more researchers will opt into the grid technology allowing for greater collaboration and access to even more scans. As the grid expands and we have more researchers on board, we can start to perform collaborative studies on the activities of the brain using functional MRI scans.
Conclusion
	In conclusion, through extensive research including our primary interview with Sven Kroener we have determined that the application of grid technology to the research of schizophrenia is both feasible and useful. While grid technology may not be the revolutionary technology that will cure schizophrenia, we believe that it is a powerful tool that can be used by researchers in this pursuit. By giving researchers instant access to large amounts of data and powerful computing power, great gains in research can be made with much lower financial costs and amounts of time than are currently required.


Grid Computing Terminology
· Cluster: A group of networked computers sharing the same set of resources. (Strickland, 2008)
· Interoperability: The ability for software to operate within completely different environments. (Strickland, 2008)
· Parallel processing: Using multiple CPUs to solve a single computational problem. (Strickland, 2008)
· Platform: The foundation upon which developers can create applications. A platform can be an operating system, a computer’s architecture, a computer language or even a Web site. (Strickland, 2008)
· Server farm:  A cluster of servers used to perform tasks too complex for a single server. (Strickland, 2008)
· Server virtualization: A technique in which a software application divides a single physical server into multiple exclusive server platforms. Each virtual server can run do not have to be the same system; therefore a single machine could have a virtual server acting as a Linux server and other one running a Windows platform. (Strickland, 2008)
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Table 1

Prospective diagnostic criteria for prodromal syndromes (as given by PACE Ciinic,
Melbourne) - diagnosed using comprehensive assessment of symptoms of at-risk
mental states (CAARMS)

Attenuated  Unusual thought content, suspiciousness, grandiosity, perceptual

positive abnormalities, andor formal thought disorder that does not satisfy
symptom  frank psychosis; occurring at least once a week in last month; with
syndrome  worsening course in past 12 months

(APSS)

Brief Clearly psychotic thought content, paranoia, grandiosity,
intermittent  perceptual abnormalities, and/or formal thought disorder; with
psychotic  onset within last 3 months

syndrome

(BIPS)

Geneticrisk  History of any psycholtic disorder infirst-degree relative OR
+functional  Schizotypal personality disorder in patient

deterioration

(GID)
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