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Abstract
Objective:Todisentangle, among the structural damage observed in Korsakoff‟s
syndrome (KS), those related to alcoholism, and therefore shared between AL and
KS, from thosespecific to KS.
Methods: Magnetic resonance imaging (MRI) data were collected in11alcoholic
patients with KS, 34 non-Korsakoff alcoholic patients (AL) and 25 healthy control
subjects (CS). Gray and white matter volumes were compared in the three groups
using a voxel-based approach.
Results: Aconjunction analysis indicated a large pattern of shared gray and white
matter volume deficits in AL and KS. There were graded effects of volume deficits
(KS<AL<CS) in the medial portion of the thalami, hypothalamus (mammillary bodies),
left insula andgenu of the corpus callosum.Abnormalities in the left thalamic radiation
wereobservedonly in KS.
Conclusions: Our results indicate considerable similarities in the pattern of gray and
white matter damage in AL and KS. This finding confirms the widespread neurotoxic
effect of chronic alcohol consumption. Only a few cerebral regions, including the
medial thalami, mammillary bodies and corpus callosum, were more severely
damaged in KS than in AL. The continuum of macrostructural damage from AL to KS
is therefore restrictedto key brain structures. Longitudinal investigations are required
to determine whether AL with medial thalamic volumes that are comparable to those
of KS are at increased risk to develop Korsakoff‟s syndrome.
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Introduction
Korsakoff‟s syndrome (KS) is characterized by a disproportionate impairment of
episodic memory compared with other aspects of cognitive function (1).Itresults from
the combinationof heavy alcohol consumptionand thiamine deficiency.
Macrostructural abnormalities were initially examined by neuropathological studies,
which concluded that specific thalamic nuclei and mammillary bodies play a key role
in the pathophysiology of KS(2, 3).In vivo neuroimaging investigations confirmed
reduced volume in thalami and mammillary bodies in KS(4, 5)and revealed
widespread cerebral damage with the nodes and connections of thefronto-cerebellar
and limbic circuits being especially affected(6).These circuits are also classically
described damaged in non-Korsakoffalcoholics (AL;(7)). A direct comparison of brain
damage in KS and ALwas conductedin several regions of interest and revealed
acontinuum of brain damage, from mild in AL to moderate or severe in KS, notably in
the mammillary bodies and thalami(8). However,the comparison between AL and KS
has never been conducted throughout the whole brain.The goalof the present study
was thusto compare gray and white matter abnormalities in patients with AL and KS
using a voxelwise approach to disentangle brain damage related to chronic alcohol
consumption, and therefore shared between AL and KS, from those selectively
damaged in KS.

Method
Sample
Eleven patients with KS (5 women, age=56.00±10.55), 34 patients with AL (6
women, age=43.47±8.36) and 25 healthy control subjects (CS, 14 women,
age=43.88±11.24) were enrolled. None of the participants were taking psychotropic
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medication, or presented withhistory of psychiatricor medical problems (head injury,
coma, epilepsy, depression, hepatic encephalopathy etc.),which might affect
cognitive function.KS patients were older than AL and controls (F= 7.37, p=0.001;
Tukey‟s test: KS>controls, p=0.003 and KS>AL, p=0.001).
KS patients were diagnosed with reference to the DSM IVcriteria for „„Persisting
Amnestic Disorder‟‟. A detailed neuropsychological examination confirmed that all
KSpresenteddisproportionately severe episodic memory disorders comparedwith
other cognitive functions (see (6)for more details). All KS patients had a history of
heavy drinking but it was difficult to gain an accurate picture of their drinking history
because of the amnesia.
AL patients were recruited by clinicians on the basis of the DSM-IV criteria for alcohol
dependencewhile they were receiving treatment for alcohol dependence as inpatients at Caen University Hospital(see (9)for more details). All patients were at an
early stage of abstinence (12.67 ± 6.94 days of sobriety prior to inclusion). They were
interviewed to specify the length of time they had drunk to excess (16.09 ± 10.29
years) and their usual daily alcohol consumption (23.36 ± 15.01 “standard drinks” per
day, i.e. any drink that contains approximately 10 grams of pure alcohol).
Controls were social drinkers as defined by the NationalInstitute on Alcohol Abuse
and Alcoholism.

Standard Protocol Approvals, Registrations, and Patient Consents
The participants gave their informed consent prior to their inclusion in the study,
which was conducted in line with the Declaration of Helsinki and was approved by
the local ethical committee for human investigations.
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MRI acquisition and preprocessing
For each subject, a high-resolution T1-weighted volumeMRI scan was obtained,
which consisted of a set of 128 adjacentaxial slices parallel to the AC-PC line,
covering the whole brainand with a 1.5-mm slice thickness and a 0.94x0.94mm pixel
size,through the use ofthe spoiled gradient echo sequence (TR = 10.3 ms;TE =2.1
ms; FOV= 240x180 mm2; matrix= 256x192). All theMRI datasets were acquired on
the same scanner (1.5T SignaAdvantage Echospeed; General Electric), and based
onthe sameacquisition protocol.
The MRI data were analyzed according tothe VBM5 toolbox implemented in
Statistical Parametric Mapping 5 software (SPM5; Wellcome department of cognitive
Neurology, Institute of Neurology, London, England). Briefly, the procedure included
segmentation,registration (spatial normalization) of original MRI datasetsusing the
default MNI template of SPM5 as priors,modulation (to correct only for non-linear
warping so that values in the resultant images are expressed as volume corrected for
global brain size) andsmooth(10 mm Gaussian kernel).

Statistical analyses
Preprocessed data were analyzed in SPM5 in twofull factorial designs (for gray and
white matter independently) using age and gender as covariates.We first
examinedregions with reduced volume in each patient group compared to controls.
We then conducted a conjunction analysis of the two previous comparisons (AL<CS
andKS<CS)to reveal brain abnormalities shared betweenthe two patient groups.For
these analyses, we used a p value of p<0.05 corrected for False Discovery
Rate(FDR). We thenassessed whether there was any area of significantly greater
brain damage in KS compared to AL (within the regions significantly damaged in KS
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compared to controls). We thus assessed the contrast KS-AL with the contrast KSCS as a mask and using a less stringent p value p<0.001 uncorrected for multiple
comparisons. Indeed, the differences between these two pathologies are more subtle
than the differences between each of these pathologies and the controls,so that a
more permissive threshold should be employed to avoid false negative. When
necessary, average signal within significant clusters were extracted and post-hoc
tests (Tukey‟s test) were conducted. For all analyses, we used an extended threshold
of 200 voxels.
A confirmatory analysiswas also conducted in age-matched subgroups of participants
with equal sample sizes (supplementary data e-1).

Results
Analyses of gray matter volume
As illustrated in Figure1A and B, the analysis revealed widespread gray matter
damage in both AL and KS patientscompared tocontrols.The conjunction analysis
indicated extended areas of shared gray matter volume deficitsbetweenAL and KS
patients,notably bilaterally in the orbitofrontal cortex extending to the parietal lobe,
and in the cingulate cortex, insula, medial temporal lobes, thalami,hypothalamus, and
cerebellum (p<0.05 FDR corrected, Figure 1C).Graded effects of volume
deficits(KS<AL<CS; p<0.01 in all cases)were found in the medial portion of the
thalami, hypothalamus (mammillary bodies) and left insula (Figure 2A). Using a 6 mm
Gaussian kernel yielded similar results.
Figure 1 about here
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Analyses of white matter volume
Figure 1D and E illustrates white matter volume deficits in AL and KS patients
compared tocontrols.The conjunction analysis revealedsharedwhite matter volume
deficits in AL and KS patients in the corpus callosum and cerebellar peduncles and
bilaterally in the fornix and cingulum (Figure 1F).There were graded effects of brain
damage in the corpus callosum (KS<AL<CS; p<0.01 in all cases) but the left thalamic
radiation was exclusively affected in the KS (Figure 2B).
Figure 2 about here.

Discussion
The present voxel-based comparison of gray and white matter
indicatedstriking similarities in the regional distribution and severityof brain damage in
AL and KS. This finding confirms the widespread direct or indirect (dietary
deficiencies) neurotoxic effects of chronic alcohol consumption on the structure of the
brain.The frontocerebellar circuit was affected to the same extent in AL and KS, in
agreement with neuropsychological data collected in other groups of AL and KS,
whichindicatedsimilar pattern of working memory deficits and executive dysfunction
in each of the two groups(10). Even though we found volume deficits in Papez‟s
circuit in both patient groups, this circuit was more severely damagedin KS than in AL
in agreement with a previous neuroimaging investigation (8). Moreover, the left
thalamic radiation was the only brain region to be exclusively altered in KS (with the
statistical threshold used here). These findings fit with the fact that episodic memory
is impaired both in AL and KS but that the main neuropsychological feature that
distinguishes AL and KS is the severity of amnesia (10).
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Only a few cerebral regions, including the medial thalami, mammillary bodies
and corpus callosum, were more severely damaged in KS than in AL, suggesting that
the continuum of macrostructural damage from AL to KS is selective to key brain
structures. Statistical cluster analyses (Supplementary data e2) indicated that
alcoholics with medial thalamic volume inferior to 2 standard deviations from controls
were included within the same cluster as KS patients. Longitudinal investigations are
required to determine whether those AL are at risk to develop Korsakoff‟s syndrome.
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Figure 1: Gray and white matter abnormalities in AL, KS and shared between
AL and KS
KS:alcoholics with Korsakoff‟s syndrome; AL:non-Korsakoff alcoholics; CS: control
subjects
A: AL<CS; B: KS<CS; C: AL<CS and KS<CS(gray matter)
D: AL<CS; E: KS<CS; F: AL<CS and KS<CS(white matter)
We used a p value cut-off of p<0.05 corrected for False Discovery Rate (FDR, larger
images) but also displayed the results using a restrictive p<0.05 corrected for FamilyWise Error (FWE, smaller images)to highlight the most significant regions.
Cluster size > 200 voxels

Figure 2: Gray (A) and white (B) matter regions more severely damaged in
KSthan in AL
KS:alcoholics with Korsakoff‟s syndrome; AL:non-Korsakoff alcoholics; CS: control
subjects
For the gray and white matter clusters that most significantly differentiate AL and KS,
a 3D representation of the brain region and results of the post-hoc comparisons are
also provided. The average signal within the cluster was used for this analysis.
P<0.001 uncorrected; Cluster size > 200 voxels
*: significant difference compared to controls
†: significant difference compared to alcoholics

