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Abstract

Chemical shift imaging (CSI) is a magnetic resonance imaging technique that allows one to measure the concentration of metabolites in the brain. Previous studies in schizophrenia using single voxel techniques to measure brain metabolites found changes in markers for neuronal integrity, abnormal cell membrane structure and neuronal disruption in chronic medicated patients with schizophrenia. The advantage of using CSI over single voxel spectroscopy is the ability to acquire information over the whole brain, the potential to study subjects longitudinally since the placement of the imaging volume is not as critical as the placement of the single voxel, and the ability to co-register the metabolite maps with high resolution structural images allowing for partial volume corrections to be incorporated. This study proposes to use three dimensional chemical shift imaging to acquire a mapping of brain metabolites using 1H in a sample of 30 first episode neuroleptic naive patients with schizophrenia and 30 matched normal controls. High resolution structural MR scans that were previously acquired will be used to account for the tissue composition in each voxel since metabolite concentrations also vary with respect to tissue type. Metabolite maps for NAA, creatine and choline will be created and compared to normal controls to determine the areas where patients with schizophrenia have different metabolite concentrations suggesting areas that may be affected by developmental insults leading to the symptoms of schizophrenia.

Requested MRI resources (max 1/2 page)

This study will utilize the Siemens Trio 3T scanner to collect CSI data. A total of 30 first episode subjects with schizophrenia and 30 age, sex, and parental SES matched controls will be imaged over a two year period. This study will require the 3D CSI imaging and CSI evaluation package on the Trio scanner.

Background and Significance (max 1/2 page)
The use of CSI imaging in schizophrenia is potentially very powerful and may start to bring together some of the contradictory findings that have existed in the past when data was acquired in only a single voxel1-6 and therefore suffers from partial volume of mixed tissue types within the voxel of interest. Single voxel spectroscopy has two main drawbacks for its application to schizophrenia. The first is that the size of a structures may influence the spectrum if they are partial volumed in the voxel of interest. The partial volume contribution from each tissue type is difficult to determine precisely based upon the location of the voxel of interest unless it is placed in the center of a fairly large structure like the caudate, thalamus, or major white matter tracts. The second drawback is the ability to acquire the same voxel of interest in the brain, especially if subjects are being imaged for a longitudinal study. 

While CSI does not solely solve any of the problems described above, the integration of multiple modalities of information provide a means to account for these issues through an image processing pipeline. The tissue classification algorithm7 utilized in the BRAINS image analysis software provides the ability to correct for partial volume of grey matter, white matter and cerebral spinal fluid in CSI voxel. This software provides a continuous scale for measuring the percentage of each tissue type that exists in a voxel. This is different from the approach taken by many groups where the classification is purely discrete or can have only a limited mixing of tissue types. While this study will focus on 1H imaging and obtaining NAA, creatine and choline maps at 3T, other metabolites like glutamate or phosomonesters and phosodiesters using 31P CSI could be investigated as well. The same techniques developed as part of this study could be applied to those metabolites and nuclei.

Methods and Approach (max 1 pages)

This protocol will draw from the first episode sample being collected as part of the Iowa Schizophrenia Longitudinal Grant (5RO1 MH031593). The patients enrolled into this study are first episode patients with a DSM IV diagnosis of schizophrenia spectrum disorder and have had limited exposure to neuroleptic medications. Based on the current enrollment demographics we expect to acquire approximately 20 males and 10 females. As part of the longitudinal grant imaging protocol, the subjects will undergo a high resolution morphological imaging protocol that includes both T1 and T2 weighted image sets. The data collected, as part of this project, will be acquired using the following protocol: 3 Plane Localizer, axial VIBE 3D T1 weighted, 3D CSI, and diffusion tensor images. The axial VIBE 3D T1 weighted volume will be acquired with the following parameters: TE=3.5ms, TR=7.25ms, flip angle=12(, FOV=256x192mm, matrix=256x160, partitions=64, slice thickness=3.0mm, NEX=2, bandwidth=200Hz/pixel, acquisition time=3:56. For the 3D CSI data a spin-echo sequence used with the following parameters: TE=135ms, TR=1500ms, NEX=4, flip angle=90(, FOV=160x160x120mm, VOI=80x80x60mm, Matrix=12x12x8, bandwidth=1000Hz, water suppression, acquisition time=12:24. Finally, the DTI images will be acquired with the following parameters: TE=80ms, TR=9500ms, flip angle=90(, FOV=256x256, slice thickness=2.2mm, # slices=65, NEX=4, iPAT=2, B values=1000, bandwidth=1346Hz/pixel, # directions=6, acquisition time=8:25. The CSI data will be prescribed on the axial T1 weighted volume providing an image set sufficient in resolution for co-registration with the previously acquired structural data. The VOI will be placed centrally in the brain. This protocol is estimated to require approximately 45 minutes in duration.

The CSI data will be used to generate metabolite maps of creatine, choline and NAA using the Spectroscopy evaluation software provided by Siemens. This tool allows the operator to perform a series of processing steps on the CSI data including baseline correction, filtering, and curve fitting to generate the desired CSI maps.

Data Analysis (max 1/2 page)
As part of the longitudinal study the structural images will have the standard image analysis pipeline applied to the images. This includes rotating the brains into a standard orientation along the AC-PC line and along the interhemispheric fissure with resampling of the datasets at 0.5x0.5x0.5 mm. The image sets will be co-registered and tissue classification will be performed. The resulting tissue classified image is a continuous representation of the amount of each tissue type (grey matter, white matter, CSF, blood and other) at every voxel in the image7. A neural network region identification algorithm will be used to define the region of the brain.8
The axial 3D T1 weighted images will be co-registered to the tissue classified images. The CSI maps to the morphometric MR images. Once the CSI maps are co-registered with the structural MR images the tissue classified image will be used to correct the CSI maps based on the amount of tissue in each voxel. This will help to measure differences in the concentrations seen in grey matter and white matter of metabolites such as NAA. Regional differences in the concentrations of the metabolites will be done using two approaches. The first is an ROI based approach where the metabolite maps can be measured regionally in areas such as the frontal and temporal lobe using a Talairach box based approach. Other more refined regions of interest will also be defined using an artificial neural network algorithm. 18 The mean concentrations of NAA, creatine and choline will be measured in the caudate, putamen, thalamus, hippocampus, and cerebellar lobes. The second approach will be similar to a voxel based morphometry approach. The high resolution structural images will be used by a high dimensional inverse consistent linear elastic algorithm to generate an average space that minimizes the structural differences between scans and shape differences between the populations. Group differences between patients with schizophrenia and normal controls will then be obtained on a voxel by voxel basis through the use of a nonparametric randomization statistical analysis. 

Based on previous studies (typically 10-14 subjects)1-6 the proposed study is a fairly large. These studies had found fairly consistent findings with NAA decreased throughout the brain including frontal lobe, temporal lobe, and cerebellum. Findings in regards to creatine and choline are mixed with about half of the studies finding differences between patients with schizophrenia and half not finding any differences. Assuming that interesting findings result from the subjects as they are enrolled into this study, it may lead to a supplemental grant to follow these subjects over time. 
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