2nd International Conference on Applications of Neuroimaging to Alcoholism


	Session 2: MRI/DTI/MRS      

 Saturday Afternoon Abstracts

Chair- Graeme Mason


	Brian Schweinsburg


	Exploring the relationship between white matter fiber integrity and computational morphometry of gray matter across a range of alcohol exposure

	Dieter Meyerhoff


	MRI- and DTI- guided spectroscopic imaging in alcoholism



	Graeme Mason
	Acute effects of nicotine and ethanol on brain GABA

	Elfar Adalsteinsson


	In vivo MR approaches for tracking the effects of scheduled alcohol exposure on brain structure and chemistry in a rodent model



	Armin Biller
	Early brain recovery associated with abstinence from alcoholism


EXPLORING THE RELATIONSHIP BETWEEN WHITE MATTER FIBER INTEGRITY AND COMPUTATIONAL MORPHOMETRY OF GRAY MATTER ACROSS A RANGE OF ALCOHOL EXPOSURE

Brian C. Schweinsburg, Ph.D.

Purpose: Alcohol exposure is associated with structural and functional brain change. Yet, the dynamic nature of these changes that occur during exposure in utero, during adolescence, and continuing through heavy adulthood drinking are not completely understood. This is particularly true in the context of white matter tract damage, which is commonly observed in alcohol exposure, and its relationship to projecting gray matter structure and cortical region change. A detailed approach to examining “network” micro- and macrostructural alterations may shed light on the brain changes that underlie neuropsychological dysfunction so often associated with alcohol exposure. Therefore, the goal of this study was to utilize a multimodal magnetic resonance imaging approach to identify white matter fiber tract change and relate these findings to estimates of cortical thickness and subcortical gray matter volumes in prenatal alcohol exposed individuals, teens with a history of binge drinking, and recently detoxified adult alcoholics.
Methods and Results: Individuals in the study received a multimodal magnetic resonance imaging examination that included high resolution T1-weighted anatomical imaging and diffusion tensor imaging (DTI). Diffusion tensor images were subjected to tract based spatial statistics (Smith et al., 2006) that identified shared fiber structure across the individuals in this study for voxelwise comparisons of fractional anisotropy (FA). In addition, T1-weighted images were subjected to probabilistic estimation of subcortical labeling (Fischl et al., 2002) and cortical thickness (Fischl et al., 2000) in order to examine their relationship to DTI measures of white matter microstructure. Results from voxelwise group analyses of FA data were back projected to individual brains in standardized space to identify corresponding fiber pathways that were impacted. This helped identify cortical and subcortical endpoints, which allowed a focused analysis of the relationship between white matter path integrity and cortical/subcortical change.

Conclusion: In summary, the specific goals of this discussion will be to: 1.) describe macro- and micro-structural change across a spectrum of alcohol exposure using computational morphometry methods, 2.) explore the relationship between white matter pathway change in the context of related gray matter structures, and 3.) describe the unique changes associated with type of exposure (e.g., prenatal alcohol exposure, binge drinking during adolescence, and chronic adulthood drinking). The results will be presented in light of their utility to understand the neuropsychological and everyday functioning consequences of alcohol exposure.

Work was supported by 5R01AA010417-12 to Dr. Edward P. Riley, San Diego State University, 2R01AA013419-06A1 and 5R01DA021182-02 to Dr. Susan F. Tapert, University of California, San Diego, and a VA Merit Review grant to Dr. Igor Grant, University of California, San Diego. Dr. Schweinsburg is Assistant Adjunct Professor of Psychiatry at the University of California, San Diego School of Medicine, 9500 Gilman Drive, 0603, La Jolla, CA 92093.

MRi- and dti-guided spectroscopic imaging in alcoholism 

Dieter J. Meyerhoff, Dr.rer.nat. 

University of California San Francisco and DVA Medical Center San Francisco

Introduction: Our group has studied the downstream effects of chronic alcohol consumption and recovery thereof using several complementary magnetic resonance modalities and comprehensive neurocognitive testing.  Here we will describe functionally significant effects of alcohol dependence and comorbid chronic smoking on the structural and metabolite characteristics of the medial temporal lobe (MTL), including the hippocampus, and how it recovers during abstinence from alcohol.  Furthermore, our recent analyses of diffusion tensor imaging (DTI) data from this cohort reveal region-specific white matter tract abnormalities.  The second part of this presentation will describe the power of using these microstructural abnormalities to guide the retrospective analyses of proton MR spectroscopic imaging (1H MRSI) data from these or similar individuals.  This novel approach enables the targeted metabolic examination of macrostructurally unremarkable but functionally impacted white matter. 

Methods: For the MTL study, 13 smoking alcoholics in treatment (sALC) and 11 non-smoking alcoholics (nsALC) underwent quantitative MRI (including hippocampal voluming) and short-echo PRESS volume pre-selected 1H MRSI (TE = 25 ms) at one week and one month of abstinence from alcohol. MTL outcome measures were compared to 14 nonsmoking light-drinkers (nsLD) and were related to visuospatial learning and memory at both scan occasions.  For the DTI-guided retrospective analyses of 1H MRSI data, we compared 22 nsALC, 26 sALC (both groups abstinent for about 4 weeks), and 26 nsLD on several small regions of interest (ROI) that corresponded to white matter of significantly lower fractional anisotropy (FA) and a control region with normal FA. 

Results: Our MRI-guided MTL analyses showed that N-acetylaspartate (NAA), a neuronal marker, and membrane-associated choline-containing metabolites (Cho) normalized in the MTL of nsALC over one month of abstinence, but remained low in the MTL of sALC. Metabolite concentration changes in both groups were associated with improvements in visuospatial memory. Hippocampal volumes increased in both groups during abstinence, but increasing volumes correlated with visuospatial learning improvements only in nsALC. Our DTI-guided 1H MRSI analyses showed that white matter ROIs with low FA in alcoholics had also significantly lower NAA concentrations. The greatest NAA losses were generally observed in sALC vs. nsLD, while NAA in nsALC had intermediate NAA concentrations.  These NAA losses were observed immediately adjacent to white matter with normal NAA and FA.

Conclusions: Our MTL data provide additional evidence that chronic cigarette smoking exacerbates chronic alcohol-induced brain injury and arrests brain recovery during short-term abstinence from alcohol. The longitudinal MTL measures appear functionally significant, as they are associated with improvements in cognitive performance.  DTI-guided 1H MRSI analyses of small white matter regions that have lower FA in DTI studies reveal spatially localized NAA deficits in white matter regions that are structurally unremarkable on standard clinical MRI. It appears that the main substrate of tract-specific lower FA in alcoholics is related to disturbances in cellular bioenergetics and demyelination.  The additional microstructural information provided by DTI helps the characterization of clinical groups based on region-specific MR metabolite data.

Taken together, multi-modality MR examinations contribute unique information to functionally relevant brain injury in alcoholism and to its potential reversibility with abstinence from alcohol. 


Sponsored by NIH AA10788.

Acute effects of nicotine and ethanol on bRAIN GABA 

Graeme F. Mason, June Watzl, Fawzi Boumezbeur, Gerard Sanacora, Elizabeth Guidone, Rosane Gomez, Stuart Weinzimer, Gerald Shulman, Douglas Rothman, Ismene Petrakis, Stephanie O’Malley, John H. Krystal
Yale University, School of Medicine, New Haven, CT

Introduction: A variety of studies suggest that the concentrations of brain GABA and possibly glutamate can change over periods of weeks, hours, or even tens of minutes.  Potential effectors of such changes include functional and pharmacologic factors, and here we present studies of acute effects of nicotine and ethanol on GABA in the human occipital cortex in vivo.  Both studies began with assessments of the compounds’ abilities to change concentrations of brain GABA, as detected with 1H MRS.  The nicotine component has progressed to the point of evaluating effects on GABA synthesis, as measured by 13C MRS.

Methods: For the nicotine study, 6 healthy smokers were abstinent 10-18 hours.  1H MRS measurements of occipital GABA were conducted for 22 minutes in a 13.5-cc volume, and the subjects were removed from the magnet and asked to take 10 minutes to use an inhaler containing 10 mg of nicotine (1-2 mg available systemically).  At the end of that time, the subjects were placed immediately back into the scanner and scanned for an additional 20-40 minutes.  10 healthy non-smokers were studied twice without nicotine for comparison.  9 healthy smokers, abstinent 10-18 hours, were studied during infusions of [1-13C]glucose while the 13C labeling of the C2 position of GABA was carried out in a 90-cc volume.  Five of them were studied on a different day after administration of the inhaler.  Metabolic modeling was performed to derive rates of GABA synthesis.  In a separate study to address acute effects of ethanol, 3 healthy, non-dependent, light drinkers were studied during infusions of IV ethanol designed to raise the breath alcohol concentration to 60 mg/dL in 20 minutes and maintain it at that level for an additional 40 minutes (method provided by S. O’Connor, University of Indiana).

Results: By 20 minutes after administration of nicotine GABA had risen to 10 ± 4% above baseline (mean ± SD, two-tailed t-test p = 0.004).  By 40 minutes, GABA returned to 97 ± 6% of baseline (p = 0.378 compared to baseline).   In the 10 subjects who underwent repeated scans without nicotine administration, the mean change for GABA, relative to the starting level, was 2.6% ± 5.3% (mean ± SD).  From the 13C kinetic studies, nicotine increased the rate of GABA synthesis from 0.03 ± 0.02 to 0.12 ± 0.01 mmol/kg/min by nicotine (p = 0.0000013).  Three subjects have been infused successfully with ethanol during MRS, showing a sustained increase of 37 ± 28% in brain GABA.
Conclusions: Nicotine shows a marked effect on levels of brain GABA and the rates of synthesis and degradation of occipital cortical GABA.  Although the data with ethanol are preliminary, ethanol also appears to have an impact on brain GABA.  The marked impact of nicotine and ethanol on GABA may provide a key to the comorbidity of dependence on these two substances.  The occipital cortex is not traditionally believed to play a role in addiction, and the effects suggest that the GABAergic observations reflect global influences of these drugs.

Supported by K02 AA13430, P50 AA12870, P50-AA15632, M01-RR00125, and the Dana Foundation.

IN VIVO MR APPROACHES FOR TRACKING THE EFFECTS OF SCHEDULED ALCOHOL EXPOSURE ON BRAIN STRUCTURE AND CHEMISTRY IN A RODENT MODEL

Elfar Adalsteinsson

A Wistar strain of rats has been selectively bred to yield the alcohol-preferring (P) rat, which can voluntarily consume large amounts of alcohol. Although this animal model of human alcoholism has been studied extensively for decades, the associated brain morphology has been estimated in postmortem studies. In vivo brain magnetic resonance imaging (MRI) offers noninvasive means of examining the longitudinal effects of voluntary alcohol consumption on growth of brain structures in this model while controlling for other factors, including age and nutrition.  In this work we used MR approaches for acquiring structural images and spectroscopy data to examine longitudinal brain changes in P rats, given various regimens of alcohol exposure. This lecture will provide examples of MRI and MRS protocols that have yielded robust changes related to alcohol exposure and nutritional deficiency in brain macrostructure and chemistry moiety and identify MR data acquisition considerations requiring further development.

The MRI scans yielded 0.5-mm thick sections with high anatomical contrast throughout the rat brain in a protocol that took 1.5-2 hour per rat. All imaging data were interpolated to in-plane pixel dimension of 78μm, and the brains extracted and oriented by a rigid-body transformation in coordinate system with a common origin so that brain size was preserved. Alcohol-consuming animals and their water-consuming controls were studied as adults for about 1 year and consumed high doses of alcohol for most of the study duration. The paradigm involved a 3-bottle choice with 0, 15 (or 20%), and 30% (or 40%) alcohol available in several different exposure schemes: continuous exposure, cycles of 2 weeks on followed by 2 weeks off alcohol, and binge drinking in the dark. Growth in whole-brain volume for the control P rats reached maximal levels by about 450 days of age and was not uniform across the brain structures; body weight continued its gain without asymptote. Factors affecting growth rate estimates included litter effects, MR image signal-to-noise ratio, and measurement error. Growth of brain structures of the adult P rats was attenuated in a few measures in the alcohol-exposed groups, most notably in the corpus callosum. 

To test the effects of nutritional deficiency, which is a common concomitant of alcoholism causing Wernicke's encephalopathy (WE), we conducted a thiamine deprivation experiment in the P rats, which had previously consumed large amounts of alcohol, and performed serial MRI and MRS examinations to track the progression of thiamine deficiency (induced by pyrithiamine administration) and repletion.  MRI identified significant enlargement of dorsal ventricles and increase in signal intensities in thalamus, inferior colliculi, and mammillary nuclei of pyrithiamine-treated (PT) compared with thiamine-treated (TT) groups from MRI 1 to 2, followed by significant normalization from MRI 2 to 3 in thalamus and colliculi, but not mammillary nuclei or lateral ventricles. MRS showed a significant decline and then partial recovery in thalamic N-acetylaspartate, a marker of neuronal integrity, in PT compared with TT rats, with no change detected in creatine, choline, or glutamate. Thus, parenchymal and ventricular changes with thiamine manipulation produced in the rat concur with human radiological signs of WE.
Determining normal regional growth patterns of brain, biochemical profile of brain regions, and the substantial variance exerted by litter differences, even in selectively bred rats, is essential for establishing baselines against which normal and aberrant dynamic changes can be detected with MR techniques in animal models of aging and disease. 

Support:  NIAAA:  AA005965, AA012388, AA013521-INIA, AA017168.

early brain recovery associated with abstinence from alcoholism

Armin Biller, Andreas Bartsch and Martin Bendszus
Chronic alcohol abuse results in morphological, metabolic, and functional brain damage which may, to some extent, be reversible with early effects upon abstinence. Although morphometric, spectroscopic, and neuropsychological indicators of cerebral regeneration have been described previously, the overall amount and spatial preference of early brain recovery attained by abstinence and its associations with other indicators of regeneration are not well established. We investigated global and local brain volume changes in a longitudinal two-timepoint study with T1-weighted MRI at admission and after short-term (6–7 weeks) sobriety follow-up in 15 uncomplicated, recently detoxified alcoholics. 

Volumetric brain gain was related to metabolic and neuropsychological recovery. On admission and after short-term abstinence, structural image evaluation using normalization of atrophy (SIENA), its voxelwise statistical extension to multiple subjects, proton MR spectroscopy (1H-MRS), and neuropsychological tests were applied. Upon short-term sobriety, 1H-MRS levels of cerebellar choline and frontomesial N-acetylaspartate (NAA) were significantly augmented. Automatically detected global brain volume gain amounted to nearly two per cent on average and was spatially significant around the superior vermis, perimesencephalic, periventricular and frontal brain edges. It correlated positively with the percentages of cerebellar and frontomesial choline increase, as detected by 1H-MRS. Moreover, frontomesial NAA gains were associated with improved performance on the d2-test of attention. In 10 age and gender-matched healthy control subjects, no significant brain volume or metabolite changes were observed. 

Increases of cerebellar choline and frontomesial NAA levels detected at stable brain water integrals and creatine concentrations, serum electrolytes and red blood cell indices in our patient sample suggest that early brain recovery through abstinence does not simply reflect rehydration. 

The findings reveal a distinct capacity of adult human brains to recover in form, metabolism and function at least in part from the toxic insults of alcoholism. Thereby, they have substantiated early measurable benefits of therapeutic sobriety and indicate that even the adult human brain and particularly its white matter seem to possess genuine capabilities for regrowth. Driven primarily by increasing cholin levels, the brain volume gain associated with abstinence prevails especially along periventricular edges, i.e. the white matter regions known to harbour multipotential progenitor cells.































