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METHODOLOGY OF MAGNETIC RESONANCE SPECTROSCOPY

Graeme F.  Mason

 Magnetic Resonance Spectroscopy (MRS) allows the non-invasive measurement of chemicals and their rates of synthesis in the body, without ionizing radiation, employing the physical principles of Magnetic Resonance Imaging (MRI) to detect isotopes that have non-zero nuclear spin.  One such isotope is the abundant 1H of hydrogen, and another is a rare but naturally occurring, non-radioactive isotope of carbon, 13C.  1H MRS allows the detection of hydrogen-containing chemicals whose abundance is on the order of millimolar or tenths of millimolar.  The hydrogen content and abundance requirements allow the detection of many neurochemicals, as well as ethanol itself.  13C MRS allows the measurement of rates of synthesis of neurochemicals, as well as unambiguous separation of glutamate and glutamine.  The combination of kinetic and static measurements forms a powerful tool with which to evaluate biochemical hypotheses.

   Chemicals that can be detected readily with 1H MRS include N-acetylaspartate (NAA), total creatine (Cr​tot), and triethylamines (often labeled choline or Cho).  NAA is found mainly in neurons and neuronal processes.  Although its function remains unknown, its concentration appears to be related to energetic state and viability of the neurons.  Crtot is an unresolved combination of creatine and phosphocreatine.  Cho is believed to represent turnover of cell membranes.  Other chemicals that can be detected with varying degrees of difficulty are lactate, glutamate, glutamine, GABA, aspartate, and homocarnosine.

   The chemicals most easily detected with 13C MRS are glutamate and glutamine during infusions of 13C-labeled substrates.  Rates of metabolism can be derived from the time courses of appearance of label in these and other neurochemicals.  Metabolic rates can be measured relative to one another with steady-state isotopic enrichments.  The measured rates include glutamate-glutamine neurotransmitter cycling, astrocytic or neuronal oxidation, carbon fixation, or other parameters, depending on the identity and labeling pattern of the infused substrate.

   In addition to the above topics, this presentation will cover issues relating to magnetic field homogeneity, volume localization, and signal contamination by water, fat, and macromolecules, and magnetic field strength.

1H MR SPECTROSCOPY AND MR MORPHOMETRY IN EARLY SOBRIETY: 
CORRELATION WITH NEUROPSYCHOLOGICAL DATA

Martin Bendszus

With: AJ Bartsch

This report will focus on evaluation of short term metabolic and morphometric brain changes after beginning of abstinence from alcohol abuse and to correlate these findings with neuropsychological changes. In the morphometric analysis, we aimed to extend the previously established SIENA-method (part of FSL / www.fmrib.ox.ac.uk/fsl) for global detection of longitudinal brain volume changes to a voxel-based morphometry (VBM) of local cerebral edge motion applicable to multi-subject analyses. 

We examined 15 alcohol-dependent patients (DSM-IV & ICD-10 criteria; age 42 ±8 years, 10 males) immediately upon admission to inpatient treatment for detoxification and after about 6 weeks of abstinence (38 ±3 days) morphometrically (1x1x1mm³ T1-w MP-RAGE), spectroscopically (PRESS, TE=135ms; 1.5T Magnetom Vision) and neuropsychologically (d2, AVLT). MR spectroscopy included single voxel measurements in the frontal lobe and cerebellum that were analyzed by LC-Model. For morphometric analysis SIENA derived a global estimate of percent brain volume change (PBVC [%]) for intra-individual follow-ups. The corresponding flow-images of cerebral edge motion underwent spatial non-binary dilatation, full affine coregistration to MNI152 standard space by FLIRT, masking by a standard edge image, smoothing by a Gaussian kernel of 10mm FWHM and re-masking. These standardized cerebral edge flow images were fed into voxel-based, nonparametric statistical analysis (SnPM{Pseudo-t}). 

MR-spectroscopy revealed a significant increase in the NAA/Cr and Cho/Cr ratios during sobriety. Global brain volume increased significantly by 1.85±1.32% upon short-term abstinence. Cerebral water integrals, absolute creatin- as well as blood electrolyte and hematocrit values remained constant. Thus, total brain gain through abstinence is probably no simple rehydration effect. Regeneration focussed on borders to inner supra- and infratentorial cerebrospinal fluid spaces. PBVC correlated significantly with infra- und supratentorial cholin change ([%]) as well with neuropsychological testing parameters (p(0.05).

We concluded that, in short-term abstinence from alcohol abuse, a significant morphological and metabolic regeneration is present which correlates with neuropsychological improvement.

ALCOHOL TRANSPORT AND MRS VISIBILITY IN THE BRAIN

Hoby P. Hetherington

 
One of the mechanisms by which ethanol achieves its intoxicating effects is hypothesized to be through its interaction with cerebral membrane lipids. As such, the nature of ethanol’s interaction with cerebral membrane lipids, and their effect on the NMR relaxation properties of ethanol are of considerable interest.  Specifically alcohol’s pharmacologic effects including long and short-term tolerance have been linked to the amount of “invisible” ethanol. This “invisibility” is believed to result from a very short T2, arising from the interaction of ethanol with membrane lipids. However, after nearly a decade of investigation, measures of the visibility of brain alcohol in vivo vary widely, ranging from 21% to 100% depending upon pulse sequence and biological model used. Thus the exact visibility of ethanol in the in vivo brain remains controversial. 

 
The goal of this study was develop a pulse sequence that minimizes uncertainties in J-modulation, T1 and T2 relaxation to obtain a more accurate measurement of the kinetics of brain alcohol uptake and visibility. Using a short TE  (24msec) spectroscopic imaging sequence (16x16) with semi-selective refocusing pulses to minimize the J-modulation of ethanol, we have measured the appearance of brain ethanol levels from 1.44cc nominal voxels with ten-minute time resolution. Blood and brain ethanol concentrations from eight volunteers were corrected for tissue water composition using literature values and quantitative T1 based image segmentation to identify gray matter, white matter and CSF content. Over the first 65 minutes after drinking (0.5g/kg alcohol), the ratio of brain to blood alcohol exceeded 1.0. During that time the brain/blood alcohol ratio declined exponentially to a final value of 0.93(0.16 at 85 minutes post drinking. These data indicate that brain alcohol visibility is approximately 100%.
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DIRECT OR INDIRECT?  

DISTINGUISHING HEPATIC FROM ALCOHOLIC ENCEPHALOPATHY

Brian Ross

With: S Bluml, K Kanamori, A Lin

Multinuclear NMR spectroscopy (MRS) has contributed to a clearer understanding, and immediate diagnosis of hepatic encephalopathy (HE). As a result, MRS can now be applied to a central problem of alcoholic brain disease (ABD), namely the relative importance of direct and indirect (post-cirrhotic) neurotoxic effects of alcohol.  Many MRS studies point to reversible changes in NAA, indicating neuronal injury/loss in ‘pure’ alcoholic encephalopathy (AE). This presentation focuses on HE.

MRI is not specific but proton MRS is uniquely specific and 100% sensitive to the neurochemical effects of porta-systemic shunting which lead to HE in alcoholic or non-alcoholic cirrhosis. Myoinositol (mI), a glial osmolyte, glutamine (Glx) a glial metabolite of the neurotransmitter glutamate, and “choline” (Cho), a ?hepatocellular metabolite, alone or in combination, define subclinical, overt and fulminant HE. All are normalized by liver transplantation. Altered mI provides a speculative link between HE and fatal cerebral edema in hepatic coma.

Proton decoupled 31Phosphorus MRS confirms this underlying disorder of glial osmoregulation since hyponatremia and HE share a common metabolite profile with reduced GPC and GPE (glycerophosphocholine/ ethanolamine), two of the principal constituents of “Cho” already identified by 1H MRS. Significant reduction of [ATP] and free inorganic phosphate (Pi) conclusively identify energy failure in human HE.

13Carbon MRS of humans with chronic HE indicate the cause of energy failure to be reduced oxidation of glucose.  Impaired glutamate neurotransmission also identified with 13C MRS appears to explain neurocognitive deficits and ultimately hepatic coma in human HE.

15Nitrogen MRS (in animals) suggests that HE grade 4 (coma) occurs only when glial glutamine synthetase (GS) is saturated with ammonia.

Most, but not all effects of HE can be explained by disordered glial function.  Indirect (HE) and direct (AE) effects of alcohol probably co-exist in chronic alcoholic humans.  ABD therefore reflects the close interplay between glia and neuronal pathologies in a final common pathway.  We propose that to be  impairment of glutamate (and GABA) neurotransmission.
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Brain spectroscopic imaging, MORPHOMETRY, and cognition in recovering alcoholics and active heavy drinkers

Dieter J. Meyerhoff

   Proton MR spectroscopic imaging (1H MRSI )allows measuring the distribution of metabolites throughout several sections of the brain simultaneously.  Here we describe regional brain metabolite concentrations in chronic active heavy drinkers who are not in treatment and in treated alcoholics as they go through recovery from drinking.  

   A short MRSI spin-echo time (25 ms) together with effective lipid suppression strategies enables measurement of cortical and subcortical myo-inositol in addition to N-acetylaspartate, choline, and creatine-containing metabolites.  Metabolite concentrations are atrophy corrected (using spatially co-registered tissue-segmented MRIs), lobe- and tissue-specific, and reflect regional neuronal/axonal damage, gliosis, and possible osmotic imbalances associated with recent alcohol use. 

   Chronic heavy drinkers, most of them alcohol-dependent according to DSM-IV, but younger than the typical alcoholic in treatment, have subtle structural and metabolite changes, which are associated with cognitive impairments that are likely of behavioral significance. Qualitative comparisons suggest that brain MR changes in heavy drinkers are not as pronounced as those in treated alcoholics.  

   Alcoholics in treatment studied 1 week into abstinence have regional tissue volume losses and widespread metabolite abnormalities, which suggest cortical and subcortical neuron damage, axonal/dendritic damage in WM, especially frontally, and widespread glial and cell membrane damage.  Abnormal myo-inositol may also suggest cellular changes associated with osmotic imbalance.  Within 3 weeks of sobriety and beyond, lobar WM and subcortical GM volumes increase, while frontal glial and axonal abnormalities recover.  The corresponding volumetric or metabolite improvements are not observed in relapsers. 

   Within 3 weeks of sobriety, cognitive improvements are found in visuospatial and incidental learning, visuomotor speed, and attention/concentration.  Cognitive function improves further within 6-9 months of abstinence in the domains of executive skills, information processing speed, auditory-verbal learning, and global intellectual functioning. Cognitive recovery is associated with regional structural improvements and metabolite recovery. 
   We conclude that quantitative atrophy-corrected short-TE 1H MRSI informs about brain metabolite abnormalities in heavy drinkers and treated alcoholics that recover with prolonged abstinence and are of clinical significance.

Brain Abnormalities in Chronic Adult Alcoholics Meausured 

with Proton MR Spectroscopy

Michael J. Taylor

   Our laboratory has conducted a series of studies using proton MR spectroscopy to evaluate the deleterious effects of chronic alcoholism on the brain and subsequent improvement with long-term abstinence. We have shown evidence of significantly higher myo-Inositol in frontal gray matter and deep gray matter (thalamus) in recently detoxified alcoholics. Alcoholics who achieve long-term abstinence have similar levels of myo-Inositol to controls. These results are consistent with an acute alcohol cytotoxicity model. The observed elevation in myo-Inositol may also reflect proliferation or activation of glia. The comparable level of myo-Inositol in long-term abstainers compared to controls may reflect osmolar stability in abstinent alcoholics and/or a reduction in glial cell activation.

   Several structural MR, neuropathological, and neuropsychological studies have suggested a particular vulnerability of the frontal lobes to alcoholism. This issue of possible differential vulnerability of frontal lobe white matter in alcoholics was addressed using MRS to measure concentrations of N-acetylaspartate in frontal white matter and parietal white matter of recently detoxified alcoholics and controls matched on age. A significant 14.7% reduction in frontal white matter NAA of alcoholics was observed, while NAA levels in parietal white matter were similar in alcoholics and controls. Reductions in NAA were also associated with a longer drinking history. 

   Examination of alcoholics who have had alcohol withdrawal seizures may provide indirect evidence of excitotoxicity mediated brain injury. In a study of alcoholics with a past history of alcohol-related seizure we found significantly lower NAA in frontal white matter regions of alcoholics with a history of withdrawal seizures compared to controls and their alcoholic counterparts without a history of withdrawal seizures. 

  We have recently completed a longitudinal study which provides evidence for improvement in NAA in alcoholics who maintain abstinence over a two-year period compared to alcoholics who relapsed during the follow-up period.
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