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Mapping Morphological Concomitants to Brain Disease

Arthur W. Toga

The extreme variability in the structural conformation of the human brain poses significant challenges for the creation of population based atlases.  The ability to statistically and visually compare and contrast brain image data from multiple individuals is essential to understanding normal variability and differentiating normal from diseased populations.  This talk introduces the application of probabilistic atlases that describe specific subpopulations, measures their variability and characterizes the structural differences between them.  Utilizing data from structural MRI, we have built atlases with defined coordinate systems creating a framework for mapping data from functional, histological and other studies of the same population.  This talk describes the basic approach and some of the underlying mathematical constructs that enable the calculation of probabilistic atlases and examples of their results from several different normal and diseased populations.  

Sponsored by NIMH, NINDS, NLM, NCRR

DIFFUSION TENSOR MRI – WHAT CAN IT TELL US ABOUT WHITE MATTER?

Derek K. Jones

   Several techniques have been developed for studying the white matter or ‘wiring’ of the human brain. Dejerine for example, by carefully studying histological brain sections in which the myelin had been Weigert-stained, was able to produce a detailed two-dimensional atlas of the neuroanatomy of the brain.  Three-dimensional visualization of the trajectories of particular white matter fasciculi has been possible through the Klingler technique of freezing the brain prior to dissection4, while study of the route of particular fibers has been possible through the use of active axonal transport of exogenous tracer materials.  All of these methods, however, are necessarily invasive and therefore unsuitable for the clinical environment.

   One technique that shows great promise for learning more about the network of white matter pathways in the living human brain is diffusion tensor MRI.  In white matter, the diffusivity of water molecules is much less hindered along the long axes of ordered axons than perpendicular to the long axes, where molecules take a more tortuous route.  In this situation, the diffusivity is not the same in all directions (i.e. it is ‘anisotropic’).  The self-diffusivity of water in such systems cannot be adequately described by a single scalar quantity, but can be more fully described by a diffusion tensor - a symmetric matrix with 6 unique elements that characterizes the three-dimensional diffusion process. From the diffusion tensor, it is possible to calculate various measures of diffusion anisotropy - that reflect the degree of tissue structure, and also the orientation of the diffusion tensor - that has been shown to be parallel to the dominant orientation of anisotropic structures in vivo thereby allowing ‘fiber orientation’ to be determined within each voxel.  

   DT-MRI ‘tractography’ is a general term for a family of approaches that take these discrete (voxel-wise) estimates of fiber orientation and attempt to infer continuous fiber trajectories from them.  It is tempting to speculate that DT-MRI may be able to provide useful information regarding connectivity between different cortical regions – and that this will be useful supplementary information to that obtained from ‘functional connectivity’ studies.  

   We will conclude with a discussion of what measures obtained from DT-MRI have already been used to study the brain in alcoholism and what measures may prove useful in future studies, together with their respective limitations.

MRI VOLUMETRIC STUDIES IN ALCOHOLISM AND PSYCHOPATHOLOGY: 

FOCUS ON MEDIAL TEMPORAL LOBE STRUCTURES
Hannu J. Aronen

   Medial temporal lobe pathology has been suggested to be a part dysfunction of the neural systems, which is observed as violent and psychopathic behavior. Animal and human studies suggest different functional organization within the hippocampus along its longitudinal axis. Identification of damage that is localized to certain parts of the hippocampus may provide in vivo evidence about the pathological basis from a given disease. MRI techniques offer a reliable method to measure the volumes of structures in the medial temporal lobe accurately.

   We have measured the volumes of various parts of hippocampus and amygdala in alcoholics and habitually violent offenders correlating the MRI data with behavioral assessments. 

   MRI was used to measure volumes of the hippocampus in late-onset type 1 alcoholics and early-onset type 2 alcoholics as proposed by Cloninger. The type 2 alcoholic subjects were also violent offenders with antisocial personality disorder, derived from a forensic psychiatric sample.  There was tendency towards decreased volumes with aging and also with the duration of alcoholism in the type 1 alcoholic subjects. Surprisingly, there was a significant positive correlation between the right hippocampal volume and age in the type 2 alcoholics.

   In a subgroup of habitually violent offenders with antisocial personality disorder and type 2 alcoholism regional volumes along the anteroposterior axis of the hippocampus were correlated with the subjects' degree of psychopathy. Strong negative correlations were observed between the psychopathy scores and the posterior half of the hippocampi bilaterally.

   In our preliminary study MRI was used to examine amygdaloid volumes in violent offenders that were divided into two groups according the Psychopathy Checklist Revised. The high psychopathy personality traits offenders had significantly smaller amygdaloid volumes on the right compared with the offenders with low psychopathy traits.

   It is concluded that the total volume of hippocampus is not, generally, markedly decreased in type 2 alcoholics. The age and laterality should be taken into account when considering the results. Decreased bilateral posterior hippocampal and decreased right amygdaloid volumes are associated with the severity of personality psychopathology in habitually violent offenders.

Sponsored by the Academy of Finland and Kuopio University Hospital, EVO-funding.

BRAIN GROWTH AND SHRINKAGE

Daniel W. Hommer

With: JM Bjork, R Momenan, M Schottenbauer

   Brain size during adulthood is a function of two processes: brain growth and brain shrinkage.  Brain growth determines the maximum size an individual’s brain achieves, usually during early adolescence.  Brain shrinkage begins late in the second or early in the third decade of life and continues over the remaining lifespan.  The intra-cranial volume (ICV) provides an accurate estimate of maximum brain growth while ratio of brain volume to ICV provides a good measure of how much the brain shrinks from its maximum size.  Thus, by measuring ICV and brain volume we are able to determine how much pre-morbid differences in brain growth and brain shrinkage during adulthood contribute to the differences in brain volume between alcoholics and healthy non-alcoholic controls. 

   Alcoholics (male and female) have significantly smaller ICV than healthy non-alcoholics.  This suggests that alcoholics have less brain growth than non-alcoholics and that this may be a pre-morbid risk factor for alcoholism. Among White male alcoholics and non-alcoholics (the only homogeneous group for which we had a large sample) ICV, independently of age, significantly predicted verbal IQ, but not performance IQ. Verbal IQ did not decrease with age in either group.  These results suggest that both verbal IQ and ICV are modestly related and low values of both may be risk factors for the development of alcoholism.  

   Among alcoholics but not controls increasing brain shrinkage, independently of age, predicted performance IQ.  Performance IQ decreased and brain shrinkage increased with age among alcoholics, and both were significantly different from non-alcoholics.  It appears that brain shrinkage is associated with a decrease in performance IQ as alcoholics age, and that both brain growth and shrinkage independently contribute to differences in brain volume between alcoholics and non-alcoholics.  

   We also compared ICV and brain shrinkage among male alcoholics with differing co-morbid substance abuse.  We found no significant differences in ICV or brain shrinkage among alcoholics with alcohol dependence alone, alcohol dependence plus cocaine or cannabis dependence.  We also found that years of heavy drinking, independently of age, predicted brain shrinkage among all three groups.  Among individuals with alcohol dependence it appears that cumulative alcohol exposure and is more important than other drug use as a cause of brain volume loss during adulthood.

Sponsored by the NIAAA Intramural Research Program.

NEUROANATOMICAL EFFECTS OF ALCOHOL EXPOSURE IN 

DEVELOPMENT AND ADULTHOOD

Terry L. Jernigan

  Definite and sometimes dramatic effects on brain structure have been shown to result from either severe prenatal alcohol exposure or chronic heavy alcohol use during adulthood.   Persisting neurocognitive effects of severe fetal alcohol exposure have now been well established; and alcohol-related neurocognitive deficits, while mild in many chronic alcoholic individuals, can sometimes (as in Korsakoff’s Syndrome) be incapacitating.  Although there are similarities in the regional patterns of structural effects across these different syndromes, there are also striking differences.  In attempting to understand how alcohol exerts effects on the brain in these different contexts, and how these effects mediate the neurocognitive impairments, it may be helpful to compare and contrast the regional patterns of abnormality.  In this presentation, such comparisons (i.e., of fetal alcohol effects, effects of chronic alcoholism, and effects associated with alcoholic amnesia) will be presented and discussed.

   A number of studies have revealed effects of alcohol exposure on cerebral and cerebellar white matter, and the prominence of this effect is similar across the syndromes compared; however the extent of cortical involvement, the effects on subcortical nuclei, and the regional pattern of effects across the cerebral lobes differ significantly across the syndromes.  These differences presumably relate to interactions between alcohol effects and ongoing processes of maturation, and/or to distinct roles for different alcohol-related neuropathological factors within each of the syndromes.  Some possibilities are suggested by the results summarized in the presentation. 

Sponsorship:  Medical Research Service of the Department of Veterans Affairs and grants AA09465 "Memory Function in Alcoholism: Processes and Brain Systems" (P.I., A. Ostergaard, Ph.D.) and AA10417 "Behavioral, EEG, and MRI Evaluation After Prenatal Alcohol" (P.I., E. Riley, Ph.D.) sponsored by NIAAA. 

























