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Purpose : With the use of localized, water-suppressed in vivo 'H magnetic resonance
spectroscopy (MRS}, we evaluated the proton metabolic alterations in patients with
chronic alcoholism and healthy normal controls.

Material and Methods : Patients with chronic alcoholism (N =10} and normal control
subjects (N=10) underwent MRS examinations using a stimulated echo acquisition
mode (STEAM) pulse sequence with 2X2X2 cm?® volume of interest (VOI} in the left
cerebellum and basal ganglia. Proton metabolite ratios relative to creatine (Cr} were
obtained using a Marquart algorithm.

Results : The specific feature in patients with chronic alcoholism was a significant
decrease of N-acetylaspartate (NAAJ/Cr ratio in the left cerebellum, compared with
normal controls. No clear correlation of other metabolite ratios such as choline (Cho)/Cr
and inositols (Ins)/Cr was established.

Conclusion : Our preliminary study suggests that the reduction of NAA/Cr ratio may
indicate neuronal loss in patients with chronic alcoholism. Thus, in vivo 1H MRS may
be a useful modality in the clinical evaluation of patients with chronic alcoholism based
on the proton metabolite ratios.
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than age- and sex-matched adults with no history of alco-
Introduction holism and that chronic alcohol consumption leads to
cellular changes, resulting in abnormalities in brain mor-
It has been known that patients with chronic alco- phology {1). Severe central nervous system (CNS} com-

holism have smaller, lighter and more shrunken brains ~ plications can be affected by a variety of specific process-
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es related to ethanol intoxications such as Wernicke's en-
cephalopathy, hepato-cerebral degeneration, central
pontine myelinolysis and Marchiafava-Bignami syn-
drome. Cerebral atrophy and ventricular dilatation are
well known lesions that can be detected in patients with
chronic aleoholism by MRI (2) and PET (3). Atrophy of
the mamillary bodies has been identified in approximate-
ly 80% of alcoholics with a history of classic Wernicke's
encephalopathy {4). However, the neuropathological
mechanisms of attentional disorders and CNS dysfunc-
tion associated with chronic alcoholism are not fully elu-
cidated yet.

The technique of localized in vivo 'TH MRS has become
practical in the clinical environment through the judi-
cious use of commercial 1.5 T MR systems in conjunc-
tion with the improved pulse sequences (5}. This tech-
nique is a rapid, sensitive, non-invasive and potentially
risk-free method which can identify and quantify the
level of biochemical compounds, and to investigate the
metabolism and biochemistry of a variety of brain dis-
eases and disorders (6, 7). This application opens up the
possibility of observing major proton metabolites such
as N-acetylaspartate (NAAJ, creatine/phosphocreatine
{Cr), choline-containing compounds {Cho) and inositols
(Ins). Information may be obtained about local cellular
metabolism by determining peak metabolite ratios of
the neurochemical compounds detected in the MR spec-
tra.

The purpose of this study was to investigate the pro-
ton metabolic differences of cerebellum and basal gan-
glia in patients with chronic alcoholism compared with
normal controls, and to test the possibility that 'H MRS
could provide neuropathologic criteria in the diagnosis
of chronic alcoholism. Employing image-guided, water-
suppressed in vivo 'H MRS with a 1.5 T whole body M-
RI/MRS system, we have studied the spectral patterns in
patients with chronic alcoholism without evidence of
neurological and neuropsychological impairment.

Materials and Method

Subjects

Ten male patients with chronic alcoholism (age range
31-64 years) were recruited from Catholic Medical
Center detoxication unit. The average amount of alcohol
consumed was 155 cans of beer per week (SD = 36). All
of the patients fulfilled DSM III-R criteria for alcohol de-

pendence, had a family history of alcoholism in at least
one first-degree relative, had an early onset history of al-
coholism, had at least a 10-year history of alcohol abuse,
and had undergone detoxification 7-50 days before the
study. After complete description of the study to the pa-
tients or family members, written informed consent was
obtained. Patients with a history of another neuropsy-
chiatric disorder or a drug abuse were excluded from
the study.

None of the patients were past or present users of any
drug other than alcohol. The normal control group con-
sists of 10 healthy male volunteers (age range 27-61
years) who were recruited from the Catholic University
Medical Center (CUMC] staff, residents, interns and
medical students. None of the control subjects had any
serious drinking habit or any known neurological or
psychiatric deficits.

MRS examination

Alllocalized, water-suppressed in vivo '"H MRS studies
were performed on a 1.5 T MRI/MRS system (GE Signa
Advantage, version 4.8; GE Medical Systems,
Milwaukee, Wisconsin) using a stimulated echo acquisi-
tion method (STEAM) sequence after water suppression
with three chemical-shift-selective saturation (CHESS)
RF pulse and dephasing gradients (8-9). Using T1 (20 ms
TE, 400 ms TR) and T2-weighted (90 ms TE, 2500 ms
TR) MR images, 2 X 2 X 2 cm® (8 ml} voxels in the left
cerebellum and basal ganglia were selected while avoid-
ing the lateral ventrical (Figure 1). All of the water-sup-
pressed in vivo 1H MR spectra were obtained from vox-
els localized in the left cerebellum and basal ganglia in
patients with chronic alcoholism and control subjects.
Spectral parameters were: 20 ms TE, 2000 ms TR, 30 ms
TM, 128 averages, 2500 Hz spectral width, and 2048 data
points. The total examination time per case was approxi-
mately 30 minutes. All 'H MR spectra were acquired
with use of the standard birdcage quadrature head coil
(GE Medical Systems, Milwaukee, Wisconsin) that pro-
duces a uniform RF field (63.86 MHz). Raw data were
transferred to a Sun SPARC station IPC {Sun Microsys-
tems, Mountain View, California) and processed by the
SAGE data analysis package {GE Medical Systems,
Milwaukee, Wisconsin)..

Shimming with the water signal was performed to ob-
tain a uniform and homogeneous magnetic field by ad-
justment of the linear shims. Typical line width (full
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width at half maximum) was 3-4 Hz. Special attention
was given to locating the water signal frequency to max-
imize the water suppression. Exponential line broaden-
ing (0.5 Hz) was used for apodization of the FID. Time
domain data were converted to frequency domain by
Fourier transformation. Frequency domain spectra
were phased by hand, with use of frequency-indepen-
dent phase corrections only. Phased absorption spectra
are reported directly without baseline correction or reso-
lution enhancement. Since water suppression was done
upto 99 %, baseline correction was not necessary in the
study. All of the '"H MR spectra were plotted and ana-
lyzed in the absorption mode, and fitted to Lorentzian
lineshapes. Peak areas for each proton metabolite were
measured using a Marquart algorithm (10). Proton reso-
nances in the spectra obtained from brain tissues were
assigned on the basis of prior assignments (11).
Resonance peak assignments of major proton metabo-
lites were CH; of NAA, 2.00 ppm; N-CHj of Cr, 3.00
ppm; N-(CH,); of Cho, 3.20 ppm; H4 and H6 of Ins, 3.50
ppm. The quantitative results were evaluated with the
intensity of the Cr resonance as a reference (12). After
blindly processed, we calculated the metabolite ratios of
NAA/Cr, Cho/Cr and Ins/Cr in the cerebellum and basal
ganglia of the brain, and compared with those of normal
controls. The ratio of GIx/Cr was not estimated due to
the negligible alterations in the cerebellum and basal
ganglia of the brain.

Statistics
Statistical analysis was performed using SPSS (SPSS

for Windows, Version 6.0, SPSS Inc., Chicago, Illinois).
The data were analyzed with two-tailed t-tests, where
p<0.05 was considered statistically significant.

Results

Figure 1 shows typical axial MR images in patients
with chronic alcoholism with the voxels selected from
the left cerebellum and basal ganglia for localized in vi-
vo 1H MRS. Brain atrophy and ventrical enlargement
were well demonstrated in the spin echo MR images.
Unlike spectral patterns of the basal ganglia, those of the
cerebellum were substantially different between pa-
tients with chronic alcoholism and control subjects in
Figure 2. In particular, NAA signal intensity in patient
with chronic alcoholism showed a marked decrease
compared with that in normal control. Figure 3 shows a
comparison of proton metabolite ratios (NAA/Cr and
Ins/Cr) between patients with chronic alcoholism and
normal controls. The specific feature in patients with
chronic alcoholism was a significant decrease of
NAA/Cr (p=0.001} ratios compared with normal con-
trols. In Table 1, the ratio of NAA/Cr in patients with
chronic alcoholism was 0.99+0.17, while that in
normal controls was 1.35+0.18. However, no signifi-
cant difference of Ins/Cr (p=0.125) and Cho/Cr
{p=0.831) was established between patients and control
subjects. The ratios of Ins/Cr and Cho/Cr in patients
with chronic alcoholism were 0.57+0.21 and 0.65 +
0.11, while those in normal controls were 0.64+0.16
and 0.67+0.12, respectively.

Fig. 1. Typical axial MR images in
patients with chronic alcoholism
with the voxels of left {a) cerebel-
lum and (b) basal ganglia selected
for localized in vivo '"H MRS.b
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Discussion

In vivo '"H MRS is most sensitive to unbound, freely
mobile metabolites, and has clinical applications to cate-
gorize noninvasively the various states of metabolic or
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Fig. 2. Localized, water-suppressed in vivo '"H MR spectra
obtained from the left cerebellum of a normal control
and a patient with chronic alcoholism. Chemical shifts
are indicated in parts per million (ppm). A marked re-
duction in the NAA signal intensity is noted in the pa-
tient with alcoholism.

biochemical disorders. A spatially localized, water-sup-
pressed STEAM pulse sequence that samples the rela-
tive levels of mobile metabolites from a VOI defined
from an MR image has provided a valuable biochemical
basis for integrating anatomical and pathological infor-
mation obtained from MRI. Our preliminary study
shows that it is possible to monitor proton metabolites
including neurochemical compounds that may be in-
volved in patients with chronic alcoholism. In vivo 'H
MR spectra were used to study proton metabolites of
the left basal ganglia and cerebellum in patients with

Table 1. Comparison of Proton Metabolite Ratios in the Cerebel-
lum between Patients with Alcoholism and Normal Controls

Inc/Cr Cho/Cr NAA/Cr

Controls 0.64+0.16 0.671+0.12 1.35+£0.18
Pt #1 0.46 0.54 0.90
Pt#2 0.75 0.64 0.85
Pt #3 0.27 0.68 1.22
Pt #4 0.96 0.73 0.99
Pt #5 0.75 0.71 1.08
Pt #6 0.67 0.77 1.29
Pt #7 0.51 0.53 0.87
Pt #8 0.45 0.67 0.81
Pt #9 1.35 0.65 1.10
Pt #10 0.53 0.57 0.80

Mean+SD 0.57+0.21 0.651+0.11 0.99£+0.17
P 0.125 0.831 0.001

Note. - Ratios for the controls are mean SD (standard deviation).

Ins/Cr

Fig. 3. Comparison of NAA/Cr and
Ins/Cr ratios in the cerebellum be-
tween patients with chronic alco-
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chronic alcoholism. The combination of anatomical and
biochemical metabolic information offers a new means
for understanding the neuropathologic progression in
patients with chronic alcoholism.

Like other previous studies {13-14}, we observed that
patients with chronic alcoholism had decreased ratio of
NAA/Cr, particularly in the cerebellum. The ratio of
NAA/Cr was within normal range in two patients who
had detoxication more than 45 days. These patients
showed improved clinical symptoms which indirectly
indicated the correlation between the ratio of NAA/Cr
and clinical improvement. However, the ratios of Ins/Cr
and Cho/Cr did not show any good clinical correlation.
Thus, the ratio of NAA/Cr seems to be quite sensitive
for metabolic evaluation in patients with chronic alco-
holism, and the ratio of NAA/Cr may serve as a metabol-
ic criterion that can specify the grade in patients with
chronic alcoholism and predict the patient’s clinical out-
come.

The proton metabolite ratios (i.e., NAA/Cr) of the cere-
bral white matter for normal controls are generally in
good agreement with other groups {15-16). The proton
metabolite ratio, particularly NAA/Cr ratio, was signifi-
cantly reduced in the left cerebellum in patients with
chronic alcoholism, compared with normal controls
{p=0.007). The decrease of NAA signal intensity may in-
dicate neuronal loss or dysfunction in the cerebellum in
patients with chronic alcoholism since NAA is located
almost exclusively in neurons (17}, and is believed to be
a neuronal marker.

Despite the limited number of patients included in
this study, our results strongly suggest that in vivo 'H
MRS may be a useful modality for clinical evaluation in
patients with chronic alcoholism based on the proton
metabolite ratios, in particular NAA/Cr ratio. Moreover,
in vivo '"H MRS could aid in better understanding the
neuropathologic process in patients with chronic alco-
holism and enhance the ability to accurately assess post-
alcoholic brain damage. It is necessary to investigate the
spectral alterations in various stages in patients with
chronic alcoholism for further detailed analysis
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