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Scientific Commentaries

Thalamus: a key player in alcohol use disorder
and Korsakoff’s syndrome

Although alcohol is consumed worldwide as part of recreational or ceremonial activities, alcohol misuse or
dependency is also a signiﬁcant
global public health problem. At
least 280 million people worldwide
are thought to have alcohol use disorder (AUD) (WHO, 2018). Heavy or
excessive drinking is deﬁned by the
Centers for Disease Control and
Prevention as 15 or more drinks per
week for males and eight or more
drinks per week for females (CDC,
2016). The effects of AUD on cognition vary greatly, with some individuals retaining intact cognitive
function while others show global
cognitive impairment, including deﬁcits in executive function (Sullivan
et al., 2010). Korsakoff’s syndrome
is a form of brain damage caused
mainly by severe vitamin B1 deﬁciency due to chronic excessive alcohol consumption in combination with
malnutrition (Kopelman et al., 2009).
The key neuropsychological feature of
Korsakoff’s syndrome is profound
memory impairment resulting in anterograde and retrograde amnesia
(Kopelman et al., 2009). The pathophysiology of the cognitive sequelae
in AUD and Korsakoff’s syndrome is
still not fully understood. Two brain
networks are particularly affected, the
Papez circuit and the frontocerebellar
circuit (FCC) (Pitel et al., 2015)
(Fig. 1). The thalamus plays an
important role in both of these networks. In this issue of Brain,
Segobin and co-workers provide
evidence of speciﬁc, differential thalamic alterations in patients with
Korsakoff’s syndrome versus those
with
AUD
without
severe

neurological impairments (Segobin
et al., 2019).
Previous neuroimaging studies have
shown structural damage in AUD and
Korsakoff’s syndrome, including atrophy of the entire brain and in particular of regions within the FCC and the
Papez circuit. However, the thalamus
appears to be affected to a greater
degree in patients with Korsakoff’s
syndrome than in those with AUD
without severe neurological impairments (‘uncomplicated alcoholics’)
(Pitel et al., 2015). The thalamus consists of multiple subregions and contributes to a broad array of functions via
reciprocal connections to and from
areas including the cortex and the cerebellum (Haber, 2003). The anterior
thalamic nuclei form part of the
Papez circuit, while the mediodorsal
nuclei belong to the FCC (Pitel et al.,
2015). The FCC is thought to be
involved in executive and motor functions, while the Papez circuit has been
implicated in episodic memory. Given
that dysfunction of the FCC and the
Papez circuit have different clinical
consequences, this raises the question
of whether speciﬁc structural abnormalities within the thalamic nuclei exist
in uncomplicated AUD and Korsakoff’s
syndrome. Identifying the different
nuclei of the thalamus using conventional MRI techniques, i.e. T1- or T2weighted images, is challenging due to
the small size of the nuclei and the
low contrast signal in these images.
An alternative technique for parcellation of the thalamus into its various
subdivisions is probabilistic tractography based on diffusion-weighted imaging data. Diffusion-weighted imaging
is a non-invasive technique that measures local water diffusion proﬁles,
and provides valuable information
on tissue integrity. Based on connectivity patterns, this technique reveals
distinct thalamic subdivisions that
closely resemble those shown in

histological data (Behrens et al.,
2003). In recent years, there have
been several attempts to further
reﬁne the technique to advance the
quantitative segmentation of the thalamus (Lambert et al., 2017).
Segobin et al. recruited patients with
Korsakoff’s syndrome, uncomplicated
alcoholics and healthy control subjects
to investigate the speciﬁc mechanisms
underlying the thalamic alterations in
AUD. To this end, they conducted
quantitative MRI using an innovative
approach in which they performed
probabilistic tractography on diffusion
imaging data to segment the thalamus
according to its connectivity to key
brain regions within the FCC and
Papez circuits (Behrens et al., 2003)
(Fig. 1). Key regions in the FCC
included regions involved in frontalexecutive, cerebellar-executive, frontal-motor and cerebellar-motor functioning, while the key region
considered in the Papez circuit was
the hippocampus. This technique
enabled Segobin et al. to calculate the
volumes and connectivity of thalamic
subregions, which in turn allowed
them to disentangle the different biological processes in their three groups of
subjects.
The topology and connectivity of
thalamic nuclei are complex (Haber,
2003). The connections of the nodes
of the FCC and Papez circuit were
not conﬁned to one nucleus within
the thalamus. For example, Segobin
et al. were able to show that in the
Papez circuit, the hippocampus was
not only connected to the anterior
nuclei via the fornix, but also to
the ventral midline nuclei, and the pulvinar and latero-dorsal nuclei via nonfornical connections, as shown in previous human and animal studies. To
verify their ﬁndings a posteriori, the
authors used a histological atlas to
show that anterior nuclei are mainly
connected to the hippocampus,
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This scientiﬁc commentary refers to
‘Dissociating thalamic alterations in
alcohol use disorder deﬁnes speciﬁcity
of Korsakoff’s syndrome’, by Segobin
et al. (doi:10.1093/brain/awz056).
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whereas mediodorsal nuclei are connected to frontal-executive regions.
Aside from revealing the complex
topological structure of the thalamus
with MRI, the ﬁndings of Segobin
et al. suggest that the harmful effects
of alcohol predominantly involve the
mediodorsal and anterior nuclei. A
graded effect of decreasing connectivity
strength between the anterior nuclei
and the hippocampus was observed
from controls to uncomplicated alcoholics to patients with Korsakoff’s syndrome. Atrophy of the mediodorsal
nuclei was seen in both uncomplicated
alcoholics and those with Korsakoff’s
syndrome, while atrophy of anterior
nuclei was found only in the latter.
One potential explanation for this
observation is that disconnection

between the hippocampus and the
anterior nuclei may result in atrophy
of the anterior nuclei, eventually leading to the clinical symptoms that deﬁne
Korsakoff’s
syndrome.
However,
because of the cross-sectional design
of the study, this hypothesis cannot
be tested directly. An alternative explanation may also be possible in that
atrophy of the anterior nuclei could
lead to decreased connectivity between
these nuclei and the hippocampus. A
potential limitation of the study is the
presence of atrophy throughout the
brain, which may affect the connectivity proﬁles derived from the probabilistic tractography data. However, the
atrophy of the anterior nuclei seems
to exceed what one would expect due
to alcohol-associated global brain

atrophy. Future studies should be prospective and preferably use serial imaging such that the origin of the
structural damage and the propagation
of the damage can be investigated,
independent of overall brain atrophy.
Limitations aside, this study adds an
important piece to the puzzle of alcohol-related
thalamic
pathology.
However, a number of issues remain
to be resolved. These include identifying the most important pathophysiological mechanisms by which excessive
alcohol use leads to speciﬁc thalamic
damage, particularly in combination
with thiamine deﬁciency, as well as
the course of structural changes
throughout different periods, including
periods of drinking and abstinence.
Longitudinal MRI studies and in-
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Figure 1 Schematic overview of two brain networks. Top: A schematic overview of the two brain networks implicated in uncomplicated
alcohol use disorder and Korsakoff’s syndrome, and their role in cognitive functioning. The thalamus plays an important role in both networks.
Middle and bottom: Highlighting the findings of Segobin et al. in uncomplicated alcoholics (atrophy of the mediodorsal nuclei) and patients with
Korsakoff’s syndrome (atrophy of the mediodorsal nuclei and more specifically atrophy of the anterior nuclei with associated decreased connectivity between anterior nuclei and hippocampus) compared to healthy controls.
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then, public health interventions
must ensure that people are informed
about the harmful effects of chronic
excessive alcohol consumption—not
only neuropsychological sequelae but
also an increased risk of cancer and
cardiovascular disease—to try to
reduce the impact of alcohol (Day
et al., 2015).
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Theoretically meaningful models can answer
clinically relevant questions
This scientiﬁc commentary refers to
‘The ease and sureness of a decision:
evidence accumulation of conﬂict
and uncertainty’, by Mandali et al.
(doi:10.1093/brain/awz013).

One of the most dominant models of
human decision-making over the past
decades has been the diffusion model
(Ratcliff, 1978; Ratcliff et al., 2016).
However, the diffusion model may

not be familiar to all readers of
Brain, as the model has primarily
been applied within the ﬁeld of cognitive psychology. The diffusion
model proposes that decision-making

ß The Author(s) (2019). Published by Oxford University Press on behalf of the Guarantors of Brain. All rights reserved.
For Permissions, please email: journals.permissions@oup.com.

Downloaded from https://academic.oup.com/brain/article-abstract/142/5/1170/5481094 by Radboud University Nijmegen user on 14 February 2020

depth phenotyping of patients with
uncomplicated AUD and Korsakoff’s
syndrome are required to address
these issues. Furthermore, it is important to better understand the pathophysiology of alcohol craving and
addiction, in which the thalamus—
especially the anterior nuclei—may
also be involved (George et al.,
2001). For example, could addictive
behaviour be reinforced by a self-propelling process in which the thalamic
alterations per se are involved in the
pathophysiology of addiction? In this
light, can speciﬁc MRI ﬁndings be
identiﬁed in patients with AUD that
could be used to provide more personalized treatment or information on
prognosis?
Taken together, the ﬁndings of this
study point to a central role for structural abnormalities in both the mediodorsal and anterior thalamic nuclei
observed in uncomplicated AUD and
Korsakoff’s syndrome. In the FCC,
atrophy of the mediodorsal nuclei is
the most prominent ﬁnding, while
decreased connectivity between the
anterior nuclei and hippocampus
was observed in the Papez circuit.
This disconnection may result in atrophy of the anterior nuclei, which
seems to be speciﬁc to Korsakoff’s
syndrome, and thus could potentially
be used as a neuroimaging marker for
this
disorder.
Future—preferably
longitudinal—studies will be necessary to better understand the pathophysiology and heterogeneity of
AUD, and to assist the development
of evidence-based treatments. Until
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