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Sequential MR Imaging and Proton MR Spectroscopy in
Patients Who Underwent Recent Detoxification for
Chronic Alcoholism: Correlation with Clinical and

Neuropsychological Data

Martin Bendszus, Heinz-Gerd Weijers, Gerd Wiesbeck, Monika Warmuth-Metz, Andreas J. Bartsch, Stephan Engels,
Jobst Böning, and Laszlo Solymosi

BACKGROUND AND PURPOSE: Chronic alcohol abuse may cause neuropsychological dis-
orders and result in brain atrophy. The purpose of this study was to evaluate the metabolic,
morphologic, and functional cerebral changes in the early stage of abstinence from chronic
alcoholism.

METHODS: Seventeen alcohol-dependent patients underwent MR imaging and MR spec-
troscopy on days 1 through 3 and days 36 through 39 of abstinence. In addition, psychological
performance measures testing intelligence, concentration, attention, and memory were applied.
Neuropsychological data were correlated with spectroscopic and volumetric results by using a
Pearson’s product moment correlation. The same measurements were also performed in 12
healthy, age-matched control subjects. Peak integral values for N-acetylaspartate (NAA) and
choline (Cho) were referred to the peak integral value of creatine (Cr) as the internal reference.

RESULTS: NAA/Cr was decreased in the patients in both the frontal lobes and cerebellum
immediately after cessation of drinking (days 1 through 3). After 36 to 39 days of abstinence,
NAA/Cr had significantly increased in the patients and corresponded to performance on psy-
chological tests. The Cho/Cr ratio was decreased in the cerebellum during early abstinence but
was recovered on days 36 through 39. The patients had enlarged CSF spaces 1 to 3 days after
detoxification, which decreased during sobriety. The extent of brain atrophy did not correspond
to performance on psychological performance tests.

CONCLUSION: Regression of brain atrophy and metabolic recovery occurs at an early stage
after abstinence from chronic alcohol abuse. MR spectroscopy findings return to normal met-
abolic levels within weeks after detoxification. The recovery of NAA/Cr is associated with im-
proved performance on neuropsychological tests.

Chronic alcoholism may result in brain atrophy and
a variety of neuropsychological disorders (1). Re-
versibility of brain atrophy has been described in
these patients when they abstain from alcohol (2).
The structural basis for brain shrinkage in patients
with chronic alcoholism and its reversibility in so-
briety are poorly understood. Sprouting of den-
drites and axons (2), glial hyperplasia (2), and re-
hydration of brain tissue (3) have been suggested
as possible mechanisms. Proton MR spectroscopy
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allows a biochemical in vivo characterization of
brain tissue. Recent MR spectroscopy studies have
shown decreased levels of N-acetylaspartate (NAA)
in alcohol-dependent subjects (4–6). As yet, it has
not been clarified whether this NAA decrease re-
flects an irreversible neuronal loss or if it is poten-
tially reversible. The purpose of this study was to
sequentially analyze the metabolic and morpholog-
ic changes in alcohol-dependent patients undergo-
ing detoxification and compare the findings with
those in healthy control subjects and to correlate
the results with clinical and neuropsychological
findings.

Methods

Participants

After providing written informed consent, 21 inpatients (14
men and seven women) consecutively admitted to an alcohol
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Characteristics of alcohol-dependent patients (n 5 17)

Men
Women
Mean age, y (SD)

11
6

40.5 (8.4)
ICD-10 criteria for alcohol dependence, mean

(SD) 6.0 (1.4)
Duration of dependence, y (SD) 9.9 (6.2)
No. of alcoholic drinks* per day during 3

months before treatment, mean (SD) 26.9 (12.7)
No. of drinking days per months during 3

months before treatment, mean (SD) 27.7 (4.5)
Mean corpuscular volume at admission, mean

(SD) in IU/L 98.7 (4.5)
g-Glutamyltransferase at admission, mean (SD)

in IU/L 259.0 (344.5)

Note.—ICD-10 indicates
* Standard drink: 8 g of ethanol

treatment unit were included in this study. Four patients were
excluded because of noncompliance, leaving 17 patients (11
men and six women) in the study population. Inclusion criteria
consisted of long-lasting primary alcohol dependence (at least
5 years) and satisfaction of at least five of eight International
Statistical Classification of Diseases, 10th Revision (ICD-10)
criteria for dependence. The disease was diagnosed by a
trained interviewer using the Semi-Structured Assessment for
the Genetics of Alcoholism (7). This assessment garnered de-
mographic information, personal history of alcohol and/or drug
abuse, and occurrence of major alcohol-related life problems.
Alcohol consumption was calculated as the average number of
drinks per day (one drink corresponds to 8 g of ethanol) during
the 3 months before admission. All patients had to be between
21 and 60 years of age. Exclusion criteria were as follows: any
concomitant psychiatric disorder other than nicotine depen-
dence, an antisocial personality disorder, and organic liver fail-
ure. Characteristic patient data are delineated in the Table.

After providing written informed consent, 12 control sub-
jects (seven men and five women) who had been recruited via
newspaper advertisement were enrolled in the study. These
subjects ranged in age from 30 to 56 years, with a mean age
of 43 (SD 7.9) years. Total abstinence was not required; how-
ever, they were carefully screened for any past or present al-
cohol-related problems, leading to exclusion. Additionally, al-
cohol-sensitive laboratory parameters (g-glutamyltransferase,
mean corpuscular volume, carbohydrate deficient transferrin)
had to be within normal range and the CAGE questionnaire
(8) had to be negative.

Patients and control subjects were studied at two time
points, including measurements on days 1 through 3 and days
36 through 39 after detoxification (same interval for control
subjects).

Psychological Performance Measures

Neuropsychological performance testing included the as-
sessment of concentration, attention, memory, and intelligence.
The following instruments were applied.

Standard Progressive Matrices (SPM).—The subject is
asked to select from a group of six to eight choices of a design
that best completes a matrix according to a given principle.
The test reflects a person’s nonverbal abstracting ability and is
regarded as a measure of general intelligence and cognitive
functioning (9).

Vocabulary Test (WST).—Since verbal ability is assumed to
be relatively resistant to current neuropsychological distur-
bance, the WST (10) was used to estimate mental ability. The
WST is a multiple-choice vocabulary test consisting of 42
items of increasing difficulty. Each item contains one authentic

word and five fictitious ones. The number of correctly identi-
fied words is regarded as an indicator of verbal mental ability
(10).

Concentration-Load Test (d2).—This is a paper-and-pencil
test requiring heightened concentration for the quick detection
of three subtly different target stimuli. The subject is asked to
mark the targets as fast and with as few errors as possible.
Apart from testing coordination, the test measures an individ-
ual’s attention span and concentration ability (11). The total
number of letters scanned minus the total number of mistakes
were evaluated and standardized using the test manual norm
table. Patients were assessed with the d2 test 10 days after
admission.

Auditory-Verbal-Learning Test (AVLT).—This test requires
a subject to learn a repeatedly presented list of 15 nouns and
to recall as many as possible. The nouns are presented verbally
and repeatedly. The number of items on the original list re-
called immediately after presentation of an intrusion word list
is regarded as an indicator of long-term memory (12).

All psychological tests were administered by the same psy-
chologist. The SPM, WST, and AVLT were administered after
at least 20 days of in-patient treatment. At this time, all patients
were detoxified and without any symptoms of prolonged with-
drawal. They were carefully controlled for abstinence and re-
ceived no psychoactive medication.

Localized Proton MR Spectroscopy and MR Imaging

In alcohol-dependent patients, measurements were per-
formed on days 1 through 3 (median day, 2) and days 36
through 39 (median day, 38) after abstinence from drinking.
In the control group, the same protocol was applied twice, with
an interval of 36 to 39 days (median, 37 days) in between. All
measurements were done on a 1.5-T unit using a circularly
polarized head coil. T2-weighted localizer images (TR/TE 5
4000/110, slice thickness 5 5 mm) throughout the whole brain
were acquired in the axial, coronal, and sagittal planes. Ad-
ditionally, a T1-weighted multiplanar reconstruction (MPR) se-
quence (TR/TE 5 11.4/4.4, slice thickness 5 1 mm, in-plane
resolution 5 0.98 3 0.98 mm) was obtained in the sagittal
plane. Localized proton MR spectroscopy included single-vox-
el measurements in the frontal lobes (30 3 40 3 20 mm) and
in the left cerebellar hemisphere (20 mm3). To achieve a re-
producible position, the frontal voxel was placed with its in-
ferior edge at the callosomarginal sulcus and its posterior edge
at the central sulcus (Fig 1). The cerebellar voxel was placed
with its medial edge in the left cerebellar hemisphere, adjacent
to the fourth ventricle, and its superior edge adjacent to the
tentorium (Fig 2). For every voxel position, a point-resolved
spectroscopy (PRESS) sequence (1500/135, with 128 signals
acquired) was applied with water suppression (chemical-shift
selective, 128 acquisitions). Representative spectra are shown
in Figures 1 and 2. Moreover, non–water-suppressed sequences
(four acquisitions) with fixed receiver values (receiver gain,
100; receiver amplitude, 0) were applied in the same voxel
positions. Typically, resonance linewidths were on the order of
5 Hz. For the assessment of signal-to-noise ratios of the spec-
tra, the postprocessing software VAPRO was used to calculate
the SDs of the metabolites from the residual after fit. The SDs
were below 5% for all metabolites.

Image Segmentation

For volumetric MR analysis, the 3D-MPR sequence was
transferred to a workstation (Silicon Graphics, Mountain View,
CA) and images were segmented into external and internal
CSF space and brain parenchyma for every section by using
the semiautomatic threshold algorithm of a postprocessing
software (Virtuoso, Siemens, Erlangen, Germany). Identical
thresholds were chosen for all patients. After image segmen-
tation, a 3D model of the internal and external CSF spaces was
calculated.
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FIG 1. Position and representative spec-
trum of the frontal voxel of a 35-year-old
man 2 days after abstinence from 7 years
of alcohol abuse. The voxel was placed
with its inferior edge at the callosomarginal
gyrus and its posterior edge at the central
sulcus.

FIG 2. Position and representative spec-
trum of the cerebellar voxel of the same
patient in Figure 1 on the same day. The
voxel was placed with its medial edge in
the left cerebellar hemisphere and its up-
per dorsal corner at the tentorium.
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FIG 3. Metabolite ratios for NAA/Cr and
Cho/Cr in the frontal voxel on days 1
through 3 (1) and days 36 through 39 (2)
after abstinence.

FIG 4. Metabolite ratios for NAA/Cr and
Cho/Cr in the cerebellar voxel on days 1
through 3 (1) and days 36 through 39 (2)
after abstinence.

Spectral Postprocessing

Spectral postprocessing was performed using MRUI
(v.99.1b) and included 4k zero-filling, gaussian apodization,
Fourier transformation, water-reference processing, frequency
shift correction, and phase and baseline correction. For the wa-
ter-suppressed sequences, peak integral values were deter-
mined by a fit curve algorithm at 3.0 ppm for creatine (Cr),
3.2 ppm for choline-containing compounds (Cho), and 2.0 ppm
for NAA. For the non–water-suppressed PRESS sequences, the
peak integral for the water peak at 4.7 ppm was determined.
All data postprocessing was performed blinded to the patient
data.

Statistical Analysis

Statistical analysis used SPSS version 9.0. A paired Stu-
dent’s t test was applied for the intraindividual comparison
between the first and second examinations. A non-paired Stu-
dent’s t test was chosen for comparison between patients and
control subjects. To correlate neuropsychological, clinical, and
MR data, Pearson’s product moment correlation was applied.

Results

MR Spectroscopy

MR spectroscopy data for the frontal and cere-
bellar voxels are shown in Figures 3 and 4. In com-
parison with the control group, MR spectroscopy
revealed significantly decreased levels of NAA/Cr
in the patients upon the beginning of detoxification,
both in the frontal lobe (1.57 [SD, 0.13] vs. 1.89
[0.11], P , .001) and in the cerebellum (1.25
[0.14] vs. 1.51 [0.07], P , .001). However, at the
second examination, NAA/Cr had increased signif-
icantly both in the frontal lobe (from 1.57 [0.13] to
1.81 [0.16], P , .005) and in the cerebellum (from
1.25 [0.14] to 1.5 [0.16], P , .001) of the patients.
At this time, there were no significant differences
between the patients and control subjects. Com-
pared with the control group, the Cho/Cr ratio was
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FIG 5. Volume of the external and internal
CSF spaces (mL) on days 1 through 3 (1)
and days 36 through 39 (2) after
abstinence.

significantly decreased in the cerebellum of the pa-
tients on days 1 through 3 after abstinence (0.75
[0.2] vs. 0.91 [0.04], P , .05), whereas in the fron-
tal lobes there was only a tendency toward lower
Cho/Cr levels in the patients (0.71 [0.14] vs. 0.8
[0.06], P 5 .05). Thirty-six to 39 days later, Cho/
Cr had increased in the cerebellum of the patients
(from 0.75 [0.2] to 0.87 [0.2], P , .05). At this
time, no significant differences in the Cho/Cr ratio
were detected between patients and control subjects
in the cerebellum or frontal lobes. In the control
group there were no relevant spectroscopic changes
between the first and second examinations (Figs 3
and 4). The peak integral value of the water signal
in non–water-suppressed sequences did not show
any relevant intraindividual differences between
the first and second examination in the patients
(883 [79] vs. 881 [97] for the cerebellum, and 948
[74] vs. 943 [81] for the frontal lobe; P . .10) or
in control subjects (902 [75] vs. 916 [51] for the
cerebellum, and 916 [73] vs. 927 [52] for the fron-
tal lobe; P . .10).

MR Imaging

MR data are shown in Figure 5. At the first ex-
amination, both external (223 [39] vs. 159 [37] mL,
P , .05) and internal (24.9 [4.1] vs. 16.7 [3.2], P
, .01) CSF spaces were increased in the patients
as compared with those in the control group. Thir-
ty-six to 39 days later, enlargement of both the ex-
ternal (from 223 [39] to 191 [31] mL, P , .001)
and internal (from 24.9 [4.1] to 21.6 [4.0] mL, P
, .05) CSF spaces had decreased significantly. In
the second examination, only the internal CSF
spaces were enlarged in the patients as compared
with the control group (21.6 [4.0] vs. 16.7 [3.1], P
, .05) whereas the external CSF spaces no longer
showed a significant difference (191 [31] vs. 162
[36] mL, P . .05).

Clinical Data and MR Imaging/MR Spectroscopy
The quantity of drinking (number of alcoholic

drinks per day during the last 3 months of drinking)
correlated with overall CSF volume immediately
after abstinence (rp 5 .57, P , .05). Moreover, the
decrease of the CSF spaces during abstinence
showed a negative correlation with the quantity of
drinking (rp 5 2.53, P , .05), and the Cho/Cr
ratio in the frontal lobe was negatively correlated
with the amount of drinking (rp 5 2.51, P , .05).
The duration of dependency had a highly signifi-
cant negative correlation with the Cho/Cr increase
during abstinence (rp 5 2.84, P , .001). The
NAA/Cr regeneration in the cerebellum was nega-
tively correlated with the age of the patient (rp 5
2.58, P , .05).

Psychological Performance and MR Imaging/MR
Spectroscopy

The NAA/Cr values in the cerebellum were pos-
itively correlated with performance on the d2 test
both on days 1 through 3 (rp 5 .58, P , .05) and
on days 36 through 39 (rp 5 .54, P , .05). More-
over, the NAA/Cr increase in the frontal lobes be-
tween days 1 through 3 and days 36 through 39
was related to performance on the AVLT (rp 5 .62,
P , .05).

Intelligence (WST and SPM measures) was not
related to findings at MR spectroscopy or MR im-
aging. Psychological performance values were not
correlated with volumetric data of the CSF.

Discussion
Chronic alcohol abuse is associated with brain

atrophy, as demonstrated both neuroradiologically
(13) and neuropathologically (14). This has mainly
been attributed to a loss of cerebral white matter
(15, 16). Neuronal loss due to chronic alcohol
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abuse has been the subject of debate. Several au-
thors have shown a reduction of large pyramidal
neurons in the superior frontal cortex, cingulate gy-
rus, and inferior temporal cortices (17, 18). Others
have not been able to identify significant differenc-
es in the neuron count between patients with al-
coholism and control subjects (15, 19), and have
attributed the cerebral atrophy in these patients to
a degeneration of dendrites and axons, which has
been demonstrated in humans (20) and animals
(21) after long-term alcohol abuse. If the nerve-cell
bodies are preserved, regeneration of impaired neu-
ronal connections is, at least in principle, possible.
By contrast, regeneration is unlikely in case of lost
neurons. MR spectroscopy allows a limited in vivo
evaluation of cerebral metabolism. NAA is found
exclusively in neuronal tissue (22) and is dimin-
ished in conditions associated with loss of neurons,
such as cerebral infarction (23). However, NAA is
also reduced in potentially intact neurons with an
impaired function, such as in an acute multiple
sclerosis plaque (23). In this case, a decrease of
NAA/Cr may be reversible (24).

In the present study, we found a decrease of
NAA/Cr both in the frontal lobe and in the cere-
bellum in the patients immediately after detoxifi-
cation as compared with healthy control subjects.
Within 5 weeks of abstinence, however, a signifi-
cant increase in NAA/Cr occurred, indicating either
an augmentation of neuronal tissue or reversibility
of neuronal dysfunction. The extent of NAA in-
crease in the supratentorial cortex was linked to
performance on the AVLT. Moreover, performance
on the d2 test, which apart from concentration is
dependent on coordination, was related to the
NAA/Cr ratios in the cerebellum, also indicating a
relationship between biochemical and neuropsy-
chological performance values.

A decrease of NAA/Cr, which has been attribut-
ed mainly to neuronal loss, has been described in
patients with chronic alcoholism previously (4–6).
In the present study, we have demonstrated a nor-
malization of decreased NAA/Cr levels in patients
with alcoholism who had abstained. In the only se-
quential MR spectroscopy study on alcoholic ab-
stinence, Martin et al (25) reported increasing lev-
els of Cho/NAA. They favored the idea of
increasing Cho and stable NAA levels as an ex-
pression of gliosis or a partially reversible cholin-
ergic deafferentation. In that study, however, the
first examination was between days 1 and 41 after
abstinence. Neuropsychological (26) and imaging
(13) studies have shown that the most extensive
functional and morphologic changes in the brain of
these patients occur within the first weeks of ab-
stinence. Thus, different intervals from abstinence
may alter the spectroscopic results.

Like other investigators (5, 6), we found a de-
creased Cho/Cr ratio in the cerebellum in patients
with chronic alcoholism, which has been attributed
to an altered cerebral metabolism of lipids in mem-
branes or myelin. We observed an increase of Cho/

Cr in abstinent patients, which was negatively cor-
related with the duration of dependency, perhaps
indicating a limited potential for membrane regen-
eration in patients with chronic alcoholism.

We did not observe relevant changes in the water
signal on non–water-suppressed sequences in pa-
tients or control subjects, which opposes the hy-
pothesis that the reversibility of brain atrophy in
these patients is due to rehydration (3). The integral
areas of metabolite peaks are directly proportional
to the concentration of the nuclei; however, other
variables, such as TE and relaxation time, also in-
fluence the relation between intensity of the signal
and concentration of the nuclei (27). We are well
aware that our approach of measuring the water
integral area on non–water-suppressed images is
limited from a methodological point of view. How-
ever, use of the same sequence parameters with
identical receiver values may allow an intraindivid-
ual semiquantitative estimate of the intravoxel wa-
ter content.

We did not perform measurements of the T1 and
T2 relaxation times, so we cannot exclude the pos-
sibility that the observed metabolite changes were
due to changes in relaxation time. However, mea-
surements of the T1 and T2 relaxation times would
have at least doubled the study time, which, espe-
cially in recently detoxified images, was
impracticable.

Reversibility of brain shrinkage in patients with
alcoholism has been documented in the early stages
of abstinence (13). In the present study, there was
also a significant reduction in the CSF volume
within 5 weeks of abstinence. The degree of alco-
holic brain damage (ie, quantity of drinking) was
correlated with the extent of brain atrophy and the
regression of brain atrophy. Neuropsychological
and metabolic findings did not correlate with the
extent of brain atrophy, which may indicate differ-
ent patterns of alcoholic brain damage.

Conclusion
Our data indicate that in the early stage of ab-

stinence from chronic alcoholism reversibility of
brain atrophy occurs. Moreover, regeneration of de-
pleted NAA/Cr levels is accompanied by improved
performance on neuropsychological measures. The
extent of regression of brain atrophy is associated
with the quantity of drinking but not with changes
in psychological performance values.
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