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Regional cerebellar metabolism (18FDG PET)
predicts the clinical outcome of the short-term
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Abstract

OBJECTIVES: The acute and maintenance treatment of alcohol addiction repre-
sents the clinical challenge. The aims of our study were to evaluate the influence
of alcohol consumption on regional brain metabolism and the predictive value
of PET by means of the duration and quality of remission which followed the
sub-acute treatment.

METHODS: PET investigation with !3fluoro-deoxyglucose (18FDG) were per-
formed in detoxified patients with alcohol dependence at the end of short-term
treatment. Abstinence was evaluated in patients during the one year follow-up
period.

RESULTS: We detected the positive correlation between 3FDG uptake in the
cerebellar vermis (FWE, p<0.05) and duration of abstinence within one year.
DISCUSSION: Our findings support the assumption that the cerebellum would be
involved in the maintenance of abstinence in alcohol dependent subjects. Cerebel-
lar connections with cortical areas critical for addiction such as frontal, parietal,
temporal regions would mediate the influence of the cerebellum on emotional
systems related to addiction.

CONCLUSIONS: Our study is the first to document that the cerebellum and
particularly the vermis is involved in the clinical outcome in terms of abstinence
during one year. Our findings support the role of the cerebellum in addiction and
the possibility to predict therapeutic outcome.

INTRODUCTION

The acute and maintenance treatment of alcohol
addiction represents the clinical challenge. Burden
of alcohol abuse and its treatment ranks among
the top ten most expensive illnesses in the world
(Rehm and Schield 2012). Alcohol addiction is a

.........................

chronic relapsing disorder. Short-term abstinence
during one year is 23% in untreated subjects and
40% in patients who are under specialized thera-
peutic programs (Weisner et al. 2003). The patho-
genesis of addiction involves complex interactions
between biological and environmental factors. The
development of addiction comes from genetic pre-
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dispositions, repeated exposure to addictive substance
and withdrawal, accompanying stress and reinforce-
ment of motivational experience of pleasure (Heinz et
al. 2009).

The past two decades have brought accumulating
evidence supporting the role of several cortico-sub-
cortical circuits in reward, conditioning and addiction
development. The disruption of these circuits mediated
by the reduction of D2 receptors leads to dysfunctional
inhibitory control and compulsive behavior, essential
mechanisms for addiction (Parvaz et al. 2011). It is
hypothesized that initial frontal vulnerability for drug
or alcohol abuse together with repeated exposure to
these substances reduce striatal D2 receptors avail-
ability. The reduction of the striatal D2 receptors has
been associated with the decreased metabolism in orbi-
tofrontal cortex, anterior cingulate gyrus and dorsolat-
eral prefrontal cortex. Vice versa the normal prefrontal
function would protect against the drug and alcohol
dependence development (Volkow et al. 2009). Alcohol
addiction is also associated with subsequent morpho-
logical and metabolic cerebellar abnormalities, par-
ticularly in the vermis (Durazzo and Mayerhoff 2008,
Sullivan and Pfefferbaum 2005). However, the role of
alcohol mediated neurotoxic cerebellar abnormalities
in the mechanism of alcohol addiction has yet to be
clarified (Durazzo et al. 2010).

The !8fluoro-deoxyglucose (18FDG) positron emis-
sion tomography (PET) evaluating the regional brain
glucose metabolism (Thanos et al. 2008) represents
an important tool for alcohol dependency research
(Schiffer et al. 2005). 18FDG PET in resting condition
primarily reflects the regional glutamate turnover at the
synaptic (particularly, presynaptic) level and provides
a probe for relative synaptic strength and consequent
metabolic activity (Rocher et al. 2003, Shulman 2001).

The aims of our study were to evaluate the influence
of alcohol consumption on regional brain metabolism
(18FDG PET) and the predictive value of PET means
of the duration and quality of remission which fol-
lowed the sub-acute treatment. We hypothesized that
the length and severity of alcohol abuse would result
in the impairment of frontal lobe metabolism. We also
expected that the clinical outcome of treatment in terms
of the length of abstinence could be predicted by 13FDG
utilization specifically within the brain region involved
in reward control. Persons with lower distributions
should be likely to reach better outcome than persons
with more disturbed control mechanism.

MATERIAL AND METHODS

Study population

Patients included in the study fulfilled the follow-
ing criteria: 1) aged 18-65 years diagnosed of alcohol
dependence according to the ICD-10 (International
classification of Diseases, 10th revision) and DSM IV
criteria (Diagnostic and Statistical Manual of Mental

Disorders, 4th revision), 2) no other concomitant drug
abuse or dependence, 3) the absence of other psychiat-
ric disorders than alcohol dependence. The co-morbid-
ities were excluded by structured interview 4) patients
hospitalized at the detoxification unit of the Psychiat-
ric Department of the University Hospital in Pilsen,
Czech Republic, who continued short-term treatment
of addiction for 7 weeks between 2009 and 2010.

We included 29 patients (12 males, 17 females, mean
age 42.21 years, SD=9.76, range=21-6lyears). The
duration of alcohol abuse ranged from 2 to 30 years
(mean 10.45 years, SD=7.88).

Study design.

The PET examinations were performed at the end of
the short-term intensive psychotherapeutic and detoxi-
fication treatment lasting for 7 weeks in all subjects.
Patients abstained from alcohol and other illicit drugs
during the entire treatment program. The abstinence
was verified by alcohol breath tests and toxicological
analyses (including ethylglucuronide) in urine on a reg-
ular weekly basis. The severity of alcohol dependence
was evaluated by Severity Dependence Scale (SDS,
Lawrinson et al. 2007).

All patients were without any withdrawal symptoms
at the time of scanning. During the follow-up period
of the study we re-evaluated the clinical conditions and
the length of total abstinence following the discharge
from the inpatient program. Patients were contacted
(repeatedly if necessary) by phone. The relapse was
defined as the consumption of 5 or more drinks (alco-
hol units) for men and 4 or more drinks for women per
one occasion (drinking day) (O’Malley et al. 1992).
The data on alcohol consumption and severity of alco-
hol dependence were obtained from patients, medical
examination records and verified by their relatives.

The written informed consent was obtained from all
patients, and the local Ethics committee of Faculty of
Charles University in Pilsen, Czech Republic approved
the study.

PET investigation

Patients were fasted for at least 6 hours before the inves-
tigation. In a dimly-lit and quiet room, BFDG was
administered via a peripheral vein catheter. Applied
activity (= dose of 18FDG) (MBq) = recommended
activity for 70kg (= 250 MBq) x coefficient of EANM
(European Association of Nuclear Medicine). The coef-
ficient of EANM is defined for concrete weight of exam-
ined patient (Jacobs et al. 2005). The patients rested
for 30 min in a specified condition that is described as
Random Episodic Silent Thinking (REST, Andreasen
1995). The subjects were instructed to avoid focus-
ing on any specific mental process during scanning to
eliminate stimuli and the undesirable (unwanted) activ-
ity of brain structures. PET images were acquired with
a dedicated PET/CT scanner (Biograph LSO, Siemens
Medical Solutions/CTI). The 2D “hot” transmission
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scans were immediately followed by 3D emission scan-
ning which lasted 15 minutes.

PET data preprocessing and statistical analyses

PET data analyses were performed using Statistical
Parametric Mapping, SPMS5 (http://www.fil.ion.ucl.
ac.uk/spm) implemented in Matlab (Mathworks, USA).
The PET scans were normalized into standard stereo-
tactic space and smoothed with an isotropic Gaussian
filter (full width at half maximum of 12 mm). The global
intensity differences were corrected by proportional
scaling (global mean to 50, analysis threshold 0.8) and
global calculation was performed by the mean voxel
value. The t-test was used to determine the differences
between responders and non-responders by the means
of the full abstinence during the one year follow-up
period after discharge from hospital. The associations
between previous duration of alcohol consumption,
age and the length of abstinence during the follow-up
period were tested by regression models. Age was used
as a nuisance covariate if appropriate. For rigorous con-
trol of type I error we accepted only findings corrected
for the multiple comparisons by conservative family-
wise error (FWE) correction with p-level <0.05 and the
extent threshold consisting of 30 voxels per cluster as
being significant. The coordinates for local maxima in
MNI (Montreal Neurological Institute) template were
converted to stereotactic Talairach x, y, z coordinates
(Lancaster et al. 2007).

Statistical analyses

All statistical analyses were performed using the Sta-
tistica 9 program. The analyses were performed by
t-tests in comparisons between responders and non-
responders in terms of age, duration and severity (SDS)
of alcohol abuse. We used Pearson and M-V chi-square
test for categorical measures as education. The p-values
<0.05 were considered as significant.

RESULTS

Treatment response

The demographic data of 29 inpatients included in this
prospective study are displayed in Table 1. PET inves-
tigation was performed in 28 patients, because 1 par-
ticipant finished the treatment prematurely. 26 patients
completed over the 12 months period of monitoring;
14 abstained for 12 months and 12 patients relapsed.
These two groups did not significantly differ in age,
the duration of alcohol abuse, the severity of alcohol
dependence (measured by SDS) and gender before the
treatment and in clinical status evaluated by scales.
They differed in age and education, abstainers were
more educated (see Table 1).

The influence of previous alcohol consumption on PET

The correlation between age and 18FGD uptake was not
significant at the voxel FWE corrected level. However,
by the use of less conservative corrections for mul-
tiple comparisons FDR (p=0.05) and cluster correction
(p=0.05) we detected a negative correlation with age for
a cluster consisting of right cerebellum (1602 voxels in
cluster, local maximum xyz= 8, -74, -28). The positive
correlation with age was found in one region on the
right (1382 voxels covering lentiform nc., insula and
caudate (local maximum xyz= 34, -6, 6) and one on the
left side (972 voxels located in precuneus and superior
temporal gyrus (local maximum xyz=-22, -32, 44).
Due to the fact that these regions correspond with the
expected effect of alcohol consumption we covariated
out age in all other analysis even if the effect of age did
not reach FWE level.

The length (years) and severity of alcohol abuse
measured by SDS (Severity Dependence Scale) did
not result in any significant regional brain metabolic
changes detected by 13FDG PET.

Tab. 1. Sample description for demographic and clinical data. Data are displayed in means (standard deviation).

Whole sample Abstainers Non-abstainers p-value p-value
(n=29) (n=14) (n=12) (t-test) (Mann-Whitney U test)

Age (years) 42.21(9.76) 4486 (11.53) 38.62 (6.24) 0.096 0.07
Duration of alcohol abuse (years) 10.45 (7.88) 8.93(8.16) 12.38 (7.95) 0.26 0.15
SDS 8.62 (3.66) 9.46 (2.93) 7.71(3.81) 0.20 035

p-value p-value

(Pearson x2 test) (M-V x2 test)

M/F 12/15 5/9 5/7 0.58 0.58
Education U/S/P 4/21/4 4/10/0 0/10/2 0.03 0.01

Abbreviations: SDS, Severity Dependence Scale; U/S/P, University/Secondary/Primary school education.
Significant results (p<0.05) are in bold font.
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Tab. 2. Regional brain metabolism (PET) results.

RorlL cluster ) voxel Talairach coordinates BA
Brain region p(cor) Cluster size p(FWE) X y z
Abstinence dutarion (posit.)
Cerebellum (Vermis, Lob. 6) R 0.000 1517 0.005 6 -69 -24 -
Cerebellum (Vermis, Lob. 7) L 0.006 -3 -69 -20 -
Lingual Gyrus R 0.933 6 -88 -15 18
Supramarginal Gyrus L 0.486 113 0.799 -55 -48 22 40
Cerebellum (Hemisphere, Lob. 1) L 0.780 56 0.943 -42 -70 -26 -
Fusiform Gyrus L 0.983 -38 -75 -16 19
Abstinence dutarion (negat.)
Claustrum R 0.006 624 0.077 28 -1 18 -
Caudate R 0.567 23 -35 16 -
Lentiform Nucleus R 0.980 27 -13 -2 -
Cerebellum (Hemisphere, Lob.6) 0.874 38 0.906 31 -58 =21 -
Lingual Gyrus R 0.888 35 0.973 21 -64 4 19
Responders < non-responders
Cerebellum (Hemisphere, Lob. 6) R 0.540 102 0.309 38 -54 -25 -
Caudate L 0.853 42 0.722 -16 -7 18 -
Caudate R 0.481 115 0.728 15 -7 18 -
Responders > non-responders
Cerebellum (Hemisphere, Lob.6) R 0.151 240 0.360 7 -67 -25 -
Supramarginal Gyrus L 0.239 190 0.647 -57 -49 24 40
Middle Frontal Gyrus L 0.535 103 0.844 -44 7 47 6
Postcentral Gyrus L 0.887 35 0.870 -60 -6 15 43
Parahippocampal Gyrus L 0.265 179 0.887 -38 -30 -10 36

The results for clusters consisting of > 30 voxels and exceeding p-level <0.001 for height threshold T=3.48 (comparison between
responders and non-responders) and T=3.50 (positive and negative correlation with duration of abstinence in the follow-up period) are
displayed. The significant findings corrected for the multiple comparisons by family-wise error (FWE, p<0.05) are in bold.

Abbreviations: L or R, left or right hemisphere; Lob., Lobulus; X, y, z, Talairach coordinates of voxel of maximum significance; BA, Brodmann's
area; -, no BA for the cluster.

Fig. 1. The positive correlation between 18FDG uptake and abstinence duration after discharge from the inpatient treatment program.
The bar on the left represents T-value. Significant results (p<0.001, uncorrected) are displayed. The arrow indicates the FWE corrected
association in cerebellar vermis. For list of anatomical specifications and technical details, see Table 2. L or R, left or right hemisphere.
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Regional brain metabolism (PET) and the duration of
abstinence in the follow-up period

The 18FDG uptake in cerebellar vermis (FWE p<0.05)
exerted the positive correlation with abstinence in
terms of its duration after discharge from the inpatient
treatment program. Other regions did not reach the
conservative corrected p-level (Table 2, Figure 1).

The predictive role of the cerebellum was also sup-
ported to be the comparison between responders and
non-respoders to the therapeutic program. Patients
who relapsed during 12 month after discharge com-
pared to successful abstainers exerted lower regional
metabolism in the cerebellum (Table 2). However, these
findings did not survive FWE correction.

DISCUSSION

The main finding of this study is represented by the
positive association between the duration of abstinence
after discharge from hospitalization and 8FDG uptake
in cerebellar vermis. In other words, the higher the
metabolism in vermis is, the better the prognosis is in
terms of the duration of abstinence. The fact that the
differences between responders and non-responder
in cerebellar metabolism did not reach the conser-
vative FWE level supports the assumption that the
continual measure of remission (duration) is more sen-
sitive for the detection of neurobiological (metabolic)
parameters.

The cerebellum has been attributed mainly to its
sensitivity for neurotoxic changes in heavy drink-
ers (Cardenas et al. 2007) and its role in the patho-
physiology of alcohol dependence was neglected. The
cerebellum plays an important role in many control
mechanisms of emotional reactivity and cognitive
functions (Kaufman et al. 2009). Our findings support
the assumption that the cerebellum would be involved
in the maintenance of abstinence in alcohol dependent
subjects. Cerebellar connections with cortical areas
critical for addiction such as frontal, parietal, temporal
regions would mediate the influence of cerebellum on
emotional systems related to addiction. The cerebellum
could play an essential role in addiction, as well as in
executive skills, learning, memory and reward process-
ing in general (Harper et al. 2009, Kaufman et al. 2009).
It is still unclear whether morphological and metabolic
cerebellar abnormalities, particularly in the vermis are
made by the direct neurotoxic effect of alcohol only or
other mechanisms are involved (Durazzo and Mayer-
hoff 2008, Sullivan and Pfefferbaum 2005). It has not
been clarified yet whether the cerebello-thalamo-cor-
tical and cortico-ponto-cerebellar circuits are involved
in the initiation or maintenance of alcohol addiction
(Durazzo et al. 2010).

The cerebellar changes are a clinical problem spe-
cific for alcohol addiction (Harper et al. 2009). Our data
indicate that improvement of disrupted cerebellum and
its connections could lead to a better outcome and the

course of the addiction (and emotional consequences)
not only as a simple marker of long-term sobriety. The
possible explanation of this finding is the destruction
of the cerebellum as a direct consequence of high alco-
hol drinking and outcome of the life before treatment.
Brain atrophy of the fronto-ponto-cerebellar network is
less pronounced in patients who maintained long-term
sobriety (Cardenas et al. 2007).

The vermis not only plays an important role in
reward processing, memory and cue reactivity, but in
maintaining attention as well (Yalachkov et al. 2010,
Allen et al. 2009). Reciprocal connection between the
cerebellum and frontal circuits are involved in moti-
vational behavior and its tuning (Zahr et al. 2010).
Regarding high sensitivity these structures are involved
not only in addiction behavior but in extinction as well.

The change in the vermis may be connected with
the ability to manage emotions/stress and/or reflect
ability in cognitive functions. This is an important part
in treatment of alcohol addiction. To receive such infor-
mation as soon as possible could be used for the indi-
vidualization of treatment. Early individualization and
change in treatment intensity and strategy may lead to
improving in outcome of the overall care.

We did not find any association between the length
and severity of preceding alcohol abuse and regional
brain metabolism at the baseline of our study. The pos-
sible explanation is that our patients were selected to
be suitable for this short term therapeutic intervention.
Hence, the more severe cases with longer term history
of abuse and severe cognitive deficit were not included
in this treatment program. Frequently relapsed, heavy
drinkers and older patients would have significantly
different outcomes, the long term destruction of the
functional and structural connection of the cerebellum
and the rest of the brain could lead to another connec-
tivity between those regions.

CONCLUSION

Our study is the first to document that the cerebellum
and particularly the vermis is involved in the clinical
outcome in terms of abstinence during one year. The
treatment stability during long-term out-patient treat-
ment is the key factor for improving the outcome of
addiction treatment. Our findings support the role of
the cerebellum in addiction and the possibility to pre-
dict therapeutic outcome.
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