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Abstract A profound anterograde memory deficit for infor-
mation, regardless of the nature of the material, is the
hallmark of Korsakoff syndrome, an amnesic condition
resulting from severe thiamine (vitamin B1) deficiency.
Since the late nineteenth century when the Russian
physician, S. S. Korsakoff, initially described this syn-
drome associated with “polyneuropathy,” the observed
global amnesia has been a primary focus of neurosci-
ence and neuropsychology. In this review we highlight

the historical studies that examined anterograde episodic
memory processes in KS, present a timeline and evidence
supporting the myriad theories proffered to account for this
memory dysfunction, and summarize what is known about the
neuroanatomical correlates and neural systems presumed
affected in KS. Rigorous study of KS amnesia and
associated memory disorders of other etiologies provide
evidence for distinct mnemonic component processes
and neural networks imperative for normal declarative
and nondeclarative memory abilities and for mnemonic
processes spared in KS, from whence emerged the apprecia-
tion that memory is not a unitary function. Debate continues
regarding the qualitative and quantitative differences between
KS and other amnesias and what brain regions and neural
pathways are necessary and sufficient to produce KS amnesia.

Keywords Korsakoff syndrome . Amnesia . Episodic
memory . Anterograde memory

Persistent global amnesia is the hallmark of Korsakoff
syndrome (KS) (Butters and Cermak 1980; Corkin et al.
1985; Squire 1982; Talland 1968; Victor et al. 1971). In
his initial description of 30 alcoholic and 16 non-alcoholic
patients suffering from polyneuropathy, Korsakoff docu-
mented gross memory impairments concomitant with
psychiatric symptoms of anxiety, depression, and mania
(Korsakoff 1887; Korsakoff 1889a; Korsakoff 1889b;
Korsakoff 1955). He reported that both recent and remote
memories were affected, with particular impairment in ability
to recall when events occurred.

Although it is now known that KS is generally preceded
by an acute neurological condition, Wernicke’s encephalop-
athy (WE) (Jung et al. 2012; Kril and Harper 2012; Lough
2012; Thomson et al. 2012), the link between WE and KS
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was not appreciated until the mid-twentieth century (Victor
et al. 1989). WE is a serious and potentially life-threatening
condition, with upwards of 20 % of untreated WE cases
being fatal (Harper et al. 1986). WE is characterized by an
abrupt onset of confusion—particularly disorientation to
time and place, lethargy, inattention, ataxia, and eye move-
ment abnormalities. Thiamine (vitamin B1) deficiency, the
cause of WE, can result from conditions such as persistent
vomiting (e.g., hyperemesis gravidarum), intestinal malab-
sorption or, more commonly, chronic alcoholism with con-
comitant malnutrition; however, the position that chronic
alcoholism underlies the majority of WE/KS cases has been
recently challenged (Thomson et al. 2012). Regardless of its
etiology, initial treatment of WE with parenteral thiamine is
imperative to stave off KS. Unfortunately, accurate clinical
diagnosis of WE is often difficult because of its presenting
signs of delirium and confusion confounded by acute
intoxication in those cases (cf., Caine et al. 1997; Lough 2012;
Thomson et al. 2012).

Anterograde Episodic Memory Impairment of KS:
Evidence

The memory impairment that is pathognomonic of KS pri-
marily affects declarative memory, explicitly remembered
personally experienced events specific to time and place
(episodic memory) and facts (semantic memory) from both
the present (anterograde memory) and the past (retrograde
memory) (Fig. 1). By contrast, nondeclarative or implicit
memory (often procedural in nature) is left relatively intact
in KS (Butters and Stuss 1989; Cave and Squire 1992;
Cermak et al. 1991; d’Ydewalle and Van Damme 2007;
Fahle and Daum 2002; Fama et al. 2004; Fama et al. 2006;
Hayes et al. 2012; Kopelman 1995a; Race and Verfaellie
2012; Verfaellie et al. 1996; Warrington and Weiskrantz
1968; Warrington and Weiskrantz 1970). Evidence for the
preservation of certain memory processes in the face of severe
anterograde episodic memory dysfunction served as an

impetus in experimental paradigms to parse components
of memory.

Within the declarative memory domain, episodic memory
processes in KS are more severely affected than semantic
memory processes and anterograde memory processes are
more severely affected than retrograde memory processes
(Butters and Stuss 1989; Kopelman 1995a; Squire and Zola
1997; Wheeler et al. 1997). Although cognitive deficits in
nonmnemonic domains can occur in KS (Oscar-Berman
2012), overall intellectual ability, attentional focus, and
short-term memory are generally intact in these patients
(Kopelman 1995a; Kopelman and Stanhope 2002; Lishman
1990). The disproportionate severity in anterograde episodic
memory processes compared with other cognitive pro-
cesses is what defines the syndrome and differentiates it
from conditions such as alcohol-related dementia.

Because of the profound and selective global amnesia
and its effects on daily life, many early studies of KS
specifically examined the extent, pattern, and nature of the
anterograde episodic memory deficit. The resulting discov-
eries led to the delineation of concepts regarding the com-
ponent processes of memory and the principal tenet that
memory is not a unitary function. This depiction laid the
basis for seeking selective and differential brain structures
and neural systems underlying these component mnemonic
processes. This review focuses on anterograde episodic
memory processes in KS, with additional attention to
cognitive processes and neural systems that enhance the
central anterograde episodic memory impairment.

Anterograde Episodic Memory Impairment of KS:
Theories

Overlapping stages exist between learning and memory of
new information and these consist of at least three general
stages and operations: (1) registration/encoding, (2) storage
with or without consolidation, and (3) retrieval with or
without cueing. Several hypotheses have been proffered to
describe the specific features of the anterograde episodic
memory disorder in KS. These theories have generally
focused on which stages, mechanisms, and operations
underlie KS amnesia (Fig. 2). From the earliest formal
studies of KS, debate has ensued as to whether retrieval

Fig. 1 Component processes of memory. In KS, declarative (explicit)
memory components (in the red box) are impaired while nondeclar-
ative (implicit) memory components (in the green box) are relatively
spared. This review focuses on anterograde episodic memory processes

Fig. 2 A number of theories have been proposed to identify the
principal mechanisms responsible for the amnesia of KS
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processes (cf., d’Ydewalle and Van Damme 2007; Irle et
al. 1990; McDowall 1981; Warrington and Weiskrantz
1968) or encoding processes (cf., Cermak and Butters
1972; Kopelman 1985; van Asselen et al. 2005) cause
KS anterograde episodic memory dysfunction.

In the late 1950s and 1960s, Talland (cf., Talland 1959;
Talland 1960; Talland 1968) performed a series of experi-
ments demonstrating the severity of anterograde episodic
memory impairment in KS. In a classic list-learning task
consisting of 10 single syllable words Talland showed that
KS patients learned fewer words than non-KS alcoholic
patients after a learning trial of 3 min (5 words compared
with 8 words). Further, KS patients demonstrated a greater
rate of forgetting than non-KS alcoholics; 60 % reten-
tion (3 out of 5 words) after 3 min compared with 88%
retention (7 out of 8 words). After a 12-minute delay, KS
patients, on average, did retain some information (2 of 5
words or 40 % savings), reflecting learning, albeit severely
impaired compared with the control group (7 of 8 words or
88 % savings).

These same KS patients were subsequently tested on
recall of 10-word sentences to assess whether different
levels of distraction between learning/encoding and retrieval
conditions differentially influenced retention of information.
Four different interference conditions were tested between
immediate recall and 5-minute delayed recall; the patients
was either engaged in no activity, a motor activity, an
interview about emotionally neutral childhood events or
another learning activity. Although the KS group was able
to recall 10-word sentences immediately after presentation
at control levels, KS patients were consistently impaired in
delayed recall and performance depended on the type of
interference task, with the interview task resulting in the
greatest interference effect. These findings comported with
the clinical observation that KS patients can hold information
for short periods of time (minutes) but that once attention is
diverted from the task at hand they are unable to recall the
information they just held in short-term memory and that the
more demanding or engaging the interference task the
more difficult it is for KS individuals to retain this
information. These results also supported the position
that retrieval deficits are the root cause of the KS
anterograde episodic memory deficit.

In the late 1960s, Warrington and Weiskrantz demonstrat-
ed that not all types of learning and memory were impaired
in KS patients (Warrington and Weiskrantz 1968). These
authors examined 6 amnesic patients, 5 of whom were
diagnosed with KS and one patient had become amnesic
after a right temporal lobectomy, and 5 patients with periph-
eral neural disease over 3 successive days on a test of
fragmented pictures and words. Learning was evident across
trials and days for KS subjects in that pictures and words
were identified at more fragmented levels after repeated

presentation, albeit not at the level of the controls. Explicit
memory for this information, however, was severely im-
paired, demonstrating a clear dissociation between implicit
and explicit episodic memory processes for both verbally
and visually based information. In another study these
researchers investigated the extent to which encoding and
retrieval processes were associated with overall memory
performance in these same patients (Warrington and
Weiskrantz 1970). Five of the 6 original amnesics were re-
examined; learning occurred regardless of whether the
target words tested were visually presented in fragmented
form or aurally read by the examiner during learning trials.
The amnesic patients, however, could only retrieve infor-
mation if they were presented with a fragmented form of the
target word or given the first three of the words’ five letters,
but could not retrieve the same information under free recall
or recognition (choosing the target word from a pair of
words) conditions. Warrington and Weiskrantz concluded
that learning can occur in amnesic subjects and that
the memory disorder associated with KS may be more
an issue of retrieval than an issue of encoding. These
findings lent further support to the hypothesis that retrieval
deficits underlie KS amnesia.

In the 1970s and 1980s, Butters, Cermak, and colleagues
examined encoding processes in KS in a series of experi-
ments designed to assess how different conditions at stimuli
presentation can affect learning and subsequent retrieval
(cf., Butters and Cermak 1976; Butters and Stuss 1989;
Cermak 1987; Cermak and Butters 1973; Cermak et al.
1971; Cermak 1987; Cermak et al. 1977). This focus on
information processing provided some of the earliest data on
the effects of depth of processing on encoding and retrieval.
One study (Cermak and Uhly 1975) revealed that, when the
examiner taught KS patients how to form a visual image that
linked two words in a word pair at encoding and retrieval,
recall for these word pairs was enhanced. In other studies
(e.g., Cermak and Reale 1978), using the depth of process-
ing paradigm, whereby information processed at semanti-
cally “deep” levels (e.g., use of the target word in a
sentence) was more readily recalled than information pro-
cessed at perceptual or phonological “shallow” levels (e.g.,
attending to the sound or physical quality of the target word)
reiterated the importance of encoding condition on retrieval
performance. Overall, these studies demonstrated that KS
patients were able to learn, albeit at severely impaired levels
compared with controls, and that information once learned
could be retrieved, if not by free recall, then by recognition
or with use of cues in particular circumstances. These results
supported the position that encoding, rather than retrieval,
was the primary problem underlying the memory impair-
ment of KS.

At about this same time, the concept of temporally-linked
memories was proposed. Temporal gradients, with
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information learned in the past better recalled than informa-
tion learned more recently, were noted in KS patients
(Marslen-Wilson and Teuber 1975; Seltzer and Benson
1974). These temporal gradients were generally demonstrated
in tests of recall and recognition for famous events or faces
from prior decades (cf., Kessels and Kopelman 2012) and
were interpreted as support of an encoding deficit in KS
(Butters and Cermak 1980). Warrington and her colleagues
(Sanders and Warrington 1971; Warrington and Weiskrantz
1970), however, questioned whether these temporal gradients
were due to task demands. They postulated that individuals
recalled or recognized more information from earlier time
periods because the items assessing those time periods were
easier than items assessing more recent time periods. Their
position was that KS patients would be equally impaired in
retrieval of information across decades for personal and
public information if all questions were matched on
difficulty level. Contrary to these findings, however,
Albert and colleagues (Albert et al. 1979) subsequently
tested KS and normal controls on items standardized on
healthy controls as being ‘easy’ (e.g., people whose
fame spanned decades) or ‘hard’ items (e.g., people
whose fame was limited to a single decade) and found
that classic temporal gradients existed in KS despite the
difficulty level of the items. These data supported the
position that at least in some cases of KS temporal
gradients existed, and that this phenomenon was unlikely
entirely due to task demands.

Aside from the retrieval versus encoding debate and
partially emerging from the temporal gradient findings, an-
other set of hypotheses emerged, positing that the anterog-
rade episodic memory impairment in KS is due primary to a
deficit in contextual memory (Kessels and Kopelman 2012;
Kopelman 1989; Mayes et al. 1985; McKone and French
2001). KS amnesics often encode temporal (Kopelman
1995b; Kopelman et al. 1997) and spatial (Kopelman et al.
1997; Mayes et al. 1991; Shoqeirat and Mayes 1991) con-
textual information less efficiently than healthy controls. KS
patients also often have difficulty integrating contextual
attributes with target items (Postma et al. 2006), sup-
porting an hypothesis that the KS memory impairment
may be one of inability to bind together item and
contextual information to form complex memories
(Chalfonte et al. 1996). The notion that KS patients
are unable to associate the correct timing with specific
events was initially commented on by Korsakoff when
he wrote, “In some cases the facts themselves are re-
membered, but not the time when they occurred …”
(Victor et al. 1989) and later by Talland, “These patients
cannot pick up the thread after dropping it for the merest
moment and this defect seems closely related to their inability
to structure temporally sequential impressions into unitary
experiences.” (Talland 1968) (p. 127).

The inability to encode spatiotemporal context or explicitly
retrieve episodic information led to yet another hypothesis
characterizing KS amnesia as a deficit in conscious recollec-
tion abilities (McKone and French 2001). d’Ydewalle and Van
Damme assessed the state of consciousness associated with
memories using a Remember (R)/Know (K)/Guess (G)
paradigm (Gardiner et al. 2002), which enabled differ-
entiation of autonoetic (associated to episodic memory)
and noetic (associated to semantic memory) conscious-
ness (d’Ydewalle and Van Damme 2007). The R/K/G
paradigm requires subjects to indicate whether they re-
member the specific episode (autonoetic consciousness),
know that this episode happened to them (noetic con-
sciousness), or guess that they may have experienced
this episode, with KS patients consistently providing
significantly fewer R answers than controls, indicating
deterioration in autonoetic (episodic) consciousness.

Using a complex paradigm involving encoding and re-
trieval abilities, contextual memory, and autonoetic con-
sciousness, Pitel and colleagues (Pitel et al. 2008b)
reported that KS patients were impaired on both encoding
and retrieval compared with controls, with encoding being
disproportionately more impaired than retrieval. KS patients
also provided fewer R (i.e., Remember) responses than
controls, indicating impaired autonoetic consciousness
and recollection deficits. Further, KS patients were im-
paired on recognition of factual, temporal, and spatial
information, with temporal and spatial recognition even
more severely impaired than factual recognition, and
contrary to previous findings (Postma et al. 2006) recognition
for temporal information was more impaired than rec-
ognition for spatial information.

These different hypotheses on the nature of the ante-
rograde episodic memory disorder in KS are not neces-
sarily inconsistent with one another. To date, no one
theory has adequately explained all findings in these
amnesic cases. The various components of episodic
memory may be differentially impaired based on the specific
neuropathology of an individual’s condition and the nature
and manner of the learning task employed. Heterogeneity in
mnemonic and nonmnemonic processes among KS patients
has been noted (Victor et al. 1989), and this heterogeneity
likely reflects differences associated with the specific locus
and size of lesions resulting from differential patterns of
alcohol use, concomitant conditions, and individual sus-
ceptibility of thiamine deficiency (cf., Pitel et al. 2011).

Cognitive Correlates of Anterograde Memory Processes
in KS

Semantic and procedural memory processes, although rela-
tively intact in KS, are often compromised compared with
healthy controls. The severe anterograde episodic memory
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impairment in KS may contribute to poorer performance
in semantic and procedural memory tasks due to task
demands. Dissociating learning and memory processes
in empirical designs is essential for isolating core defi-
cits and strengths free of confounding influences from
the non-target process. Creative paradigms that assess
multiple component processes can reveal the potential of
their independent and interactive influences.

Pitel and colleagues (Pitel et al., 2009b) assessed the role
of anterograde episodic memory in the learning of new
semantic information using a paradigm of errorful learning
of new complex semantic information of real world but rare
novel concepts, (e.g., a ‘ratel’ or honey badger). Each con-
cept to be learned was depicted by a photograph and con-
sisted of a name or label, its superordinate category, and
three specific features of the target. KS patients learned
fewer than two concept labels on average out of the ten
compared to over nine concept labels learned by the
controls, demonstrating a limited ability to acquire new
semantic information. Further, the KS group exhibited
deficits in category and feature learning compared with
the nonamnesic alcoholics and the healthy controls.
Episodic memory scores accounted for a significant
amount of the variance in label learning scores, but
not category or feature scores. Taken together, these
findings suggest that learning of different types of information
needed to form a semantic concept (name, category, and
features) likely requires different cognitive processes, with
the level of episodic memory involvement in semantic learn-
ing depending on the nature of the information to-be-learned.
Efficient new label learning may require the involvement of
episodic memory, and when episodic memory is severely
impaired in conditions such as KS learning of semantic
information may be affected.

Cognitive procedural learning can also be affected by
the anterograde episodic memory impairment in KS.
The type of learning refers to the acquisition of new
abilities for knowing how to perform a task rather than
for remembering the explicit information about the task
itself, that is, learning “how” rather than “what” (Cohen
and Squire 1980). Beaunieux and colleagues showed an
indirect relationship between episodic memory abilities
and performance on the Tower of Hanoi task, reporting
preserved cognitive procedural learning abilities in a KS
patient when declarative aids were provided to compen-
sate for episodic memory deficits (Beaunieux et al.
1998). In another visuoperceptual procedural learning
task consisting of a series of line drawings presented
in fragmented form, Fama and colleagues found that,
although overall performance was impaired in KS, the
actual learning slope across trials and sessions were
comparable to controls (Fama et al. 2006). They speculated
that the overall performance in the KS group was affected by

explicit memory impairment; although the control subjects
could use explicit memory abilities to enhance their
identification of the fragmented pictures at follow-up trials
and sessions, the KS individuals could not. Thus, deficits in
episodic memory can likely hamper the acquisition of
new cognitive procedural information in KS by altering
the underlying learning dynamics (Anderson 1992).

Just as the severe anterograde episodic memory impair-
ment in KS can affect performance in other cognitive
domains, so too can deficits in other cognitive domains
affect anterograde episodic memory performance. Executive
functions are often impaired in KS, likely reflecting frontal
system dysfunction associated with KS and chronic alcohol-
ism in general (Brand et al. 2005; Brokate et al. 2003;
Jacobson et al. 1990; Kopelman 1995b; Noel et al. 2001;
Oscar-Berman et al. 2004; Shimamura et al. 1988).
Frontal lobe dysfunction in KS amnesia can affect com-
ponent processes such as attention, working memory,
retrieval strategies, and organization, all of which can
play a role in anterograde episodic memory function or
even masquerade as an anterograde episodic memory
deficit itself (Oscar-Berman 2012).

Executive dysfunction has been associated with the
occurrence of confabulation in KS (Gilboa et al. 2006;
Kopelman 1987). It was appreciated even in the earliest
KS studies of Talland (Talland 1965) and Victor et al.
(Victor et al. 1971) that confabulation in KS could be
due to “inappropriate recall of genuine memories, jumbled in
temporal sequence” (Kopelman 1995b), a deficit that has been
associated with frontal lobe dysfunction. Borsutzky and col-
leagues examined the presence and nature of confabulations in
KS using a Confabulation Interview that contained questions
from different memory domains (e.g., episodic, semantic)
(Borsutzky et al. 2008). Their KS patients produced a greater
number of confabulations than healthy controls. Further, these
confabulations were associated with questions concerning
episodic and autobiographical memories rather than semantic
information, which would have been consolidated before the
onset of KS. Thus, confabulation may be a distinct clinical
symptom of KS and when provoked, by direct questioning,
occurs even years after onset. In so far as the occurrence of
confabulations indicates impaired executive functions and
associated frontal systems, these data provide support of
frontal lobe involvement in the clinical picture of KS amnesia.

Brain Structures and Neural Systems Underlying
Anterograde Episodic Memory Deficits

Historically, diencephalic amnesia, resulting from lesions of
midbrain structures including the thalamus and mammillary
bodies, was heuristically contrasted with medial temporal
lobe amnesia (MTL), resulting from lesions of midline brain
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structures including the hippocampal formation. Whether
diencephalic and MTL amnesias were fundamentally
different from one other began to be questioned in the
1970s (cf., Hirst 1982). Differential patterns of retrieval
deficits were noted between patients with KS versus
those with Alzheimer’s disease (AD), which was
thought of as an example of an MTL amnesia, with
AD patients showed more gradual loss of information
than KS patients (Butters and Cermak 1980) supporting
the position that diencephalic and MTL amnesias dif-
fered qualitatively.

Although AD has been historically classified an MTL
amnesia, brain damage in this neurodegenerative condition
occurs throughout areas of the cortex (e.g., parietal lobes),
Papez circuit, as well as in MTL regions. The case of HM,
with surgically excised bilateral resection of the hippocam-
pus and surrounding tissue (Scoville and Milner 1957), is a
clearer and less complicated example of MTL amnesia.
Corkin and colleagues tested whether amnesia resulting
from a number of different etiologies (including cases of
anterior communicating aneurysms, closed head injury, an-
oxia, herpes simplex encephalitis, KS, stroke, and bilateral
MTL resection) differed from one another in severity of
impairment (quantitatively) or pattern of deficits (qualita-
tively) (Corkin et al. 1985). The pattern of deficits was
similar across amnesia types; what differed was the severity
of amnesia which was interpreted to reflect the extent of
neural damage. Behavioral similarities between diencephalic
amnesia andMTL amnesia positioned theorists to hypothesize
that the brain structures and related neural systems involved in
these different conditions may be connected in an extended
mnemonic network and that these memory conditions were
not qualitatively different from one another.

Episodic memory processes rely on a number of neural
systems and an extended mnemonic network that includes
the hippocampus, diencephalon, and prefrontal cortex
(Aggleton and Brown 1999; Aggleton and Saunders 1997;
Dickerson and Eichenbaum 2010). Early neuropathological
studies of KS reported shrinkage of certain thalamic nuclei
and mammillary bodies (Mair et al. 1979; Mayes et al. 1988;
Sheedy et al. 1999; Victor et al. 1971), leading to the debate
on which structures and neural systems contributed to the
physiopathology of KS. Neuroimaging and neuropathological
studies have documented abnormalities in a number of brain
regions, shown in brain-behavior studies to affect memory
functions, including thalamic nuclei (particularly the anterior
and dorsomedial regions) (Harding et al. 2000), mammillary
bodies (Reed et al. 2003; Shimamura et al. 1988; Squire et al.
1990; Sullivan et al. 1999; Visser et al. 1999), frontal lobes
(Colchester et al. 2001; Pitel et al., 2009a; Reed et al. 2003;
Shimamura et al. 1988), cingulate cortex (Joyce et al. 1994),
cerebellum (Sullivan et al. 2000), hippocampus (Sullivan and
Marsh 2003; Visser et al. 1999), amygdala (Kril and Harper),

fornix (Charness and DeLaPaz 1987), and nucleus basalis of
Meynert (Arendt et al. 1983).

Although the role of hippocampal damage in Korsakoff-
related amnesia had been minimized, Sullivan and
Marsh (Sullivan and Marsh 2003) found that KS
patients exhibited a bilateral deficit in hippocampal vol-
umes equivalent to that observed in patients with
Alzheimer’s disease and more than twice that previously
reported in nonamnesic alcoholic patients (Sullivan et
al. 1995). In these KS patients, an amnesia index,
calculated as the difference between the Intelligence
Quotient of the Wechsler Intelligence Scale and the
Immediate Memory Index of the Wechsler Memory
Scale, (cf., Oscar-Berman 1990) correlated with hippo-
campal volumes but not volumes of the mammillary
bodies or temporal cortex, despite brain volume deficits
in all of these structures. The hippocampal deficits
associated with KS support both the consolidation the-
ory (cf., Squire and Alvarez 1995) and the multiple
trace theory (cf., Nadel et al. 2000) and suggest that
these mechanisms of storage and retrieval may not be
mutually exclusive. The nature of the information to be
recalled, that is, whether it is a true episodic memory
versus one that has become semantic in nature (cf.,
Cermak et al. 1978), may be what differentiates if and
how that information will be retrieved. Moscovitch, Levine,
and colleagues have demonstrated that episodicmemories rely
on hippocampal systems regardless of the age of the memory
(cf., Levine et al. 2002). Semantic memories, on the other
hand, are hypothesized to be distributed throughout the
cortex. Because semantic memories do not require tem-
poral or spatial context for recall they are independent
of hippocampal/diencephalic neural systems (cf., Ungerleider
1995) and thus can remain relatively intact in conditions such
as KS (Fama et al. 2004).

Overall, the studies of amnesia associated with dien-
cephalic and medial temporal lobe dysfunction, the con-
cept of an extended hippocampal system (Aggleton and
Brown 1999), and the debate concerning the similarities
and differences between diencephalic amnesias and me-
dial temporal lobe amnesias have expanded our under-
standing of the neural systems underlying anterograde
episodic memory, the neuropathology of these different
conditions, and the role of dysfunction in other brain
regions (e.g., frontal lobes in KS) on anterograde epi-
sodic memory functions. Animal models of amnesia
have also extended our knowledge of mnemonic sys-
tems by elucidating the extensive connections between
structures of the diencephalon and medial temporal
lobes (Aggleton and Brown 1999; Vann and Aggleton
2004) and demonstrating that damage to anterior tha-
lamic nuclei directly disrupts hippocampal activity in
KS animal models (Savage et al. 2012).
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Similarities and Differences in Alcoholics
with and Without KS: Cognition and Brain

Whether the profile of cognitive deficits in KS are
quantitatively continuous or qualitatively different from
the profile of deficits typically observed in chronic
alcoholism has remained controversial (Ryan and Butters
1980; Ryback 1971). Vetreno and colleagues reported that
over 50 % of detoxified nonamnesic alcoholics display some
degree of learning and memory impairment (Vetreno et al.
2012); however, the disproportionately severe impairment in
anterograde memory processes in KS differentiates it from
alcohol related cognitive decline (including alcohol-related
dementia). Overall nonmnemonic abilities in KS are generally
at the same level of impairment to those of chronic alcoholics
(cf., Kapur and Butters 1977; Ryan and Butters 1986).

From a neuropsychological perspective, alcoholics with
and without KS differ in severity of episodic memory deficits
for encoding. Pitel and colleagues demonstrated differences
between amnesic and nonamnesic alcoholics when they ex-
amined 14 KS alcoholic, 40 non-KS alcoholic, and 55 control
subjects on lists and pairs of words (Pitel et al. 2008a). They
reported that individuals with KS were impaired in all com-
ponents of episodic memory including encoding, retrieval,
contextual memory, and recollection. Although the episodic
memory impairments were more severe in alcoholics with KS
than without KS, the overall profile and pattern of deficits
were similar between the two groups with the exception of
encoding, which were disproportionately more impaired than
retrieval in the KS relative to the non-KS alcoholics. In
addition, length of sobriety did not differentiate the alcoholics
on overall intellectual ability, regardless of the presence of KS.
Further, KS were impaired in principal components of
working memory—the phonological loop, visuospatial
sketchpad, and central executive (Baddeley and Wilson
2002), deficits that neither quantitatively nor qualitatively
differed from non-KS alcoholics.

Neuroradiological comparison of alcoholics with versus
without KS can provide leads in identifying the selective
brain regions underlying the anterograde episodic memory
impairment of KS. Guided by the hypothesis that brain
regions more severely damaged in KS than non-KS alco-
holics indicate neuroanatomical substrates of KS amnesia.
Using manual delineation of brain structures, Sullivan and
Pfefferbaum found graded volume deficits in the mammil-
lary bodies, thalamus, hippocampus, medial septum/diago-
nal band, pons, cerebellar hemispheres, and vermis from
mild to moderate volume deficits in nonamnesic alcoholics
to more severe volume deficits in KS (Sullivan and
Pfefferbaum 2009). A later study compared gray and white
matter abnormalities in nonamnesic alcoholics and KS alco-
holics using a voxelwise approach to identifying overlap-
ping and non-overlapping regions of volume shrinkage in

search of the structural substrates of amnesia (Fig. 3) (Pitel
et al. 2012). Striking similarities emerged in the regional
distribution and severity of brain damage in nonamnesic
alcoholics and KS. Moreover, even though volume deficits
were found in Papez’s circuit in both patient groups, key
structures of this circuit (thalamus, mammillary bodies, and
thalamic radiation) were more severely damaged in KS than
in nonamnesic alcoholics. These findings suggest that the
severity of the episodic memory disorder observed in KS is
related to degradation of structures of or to the integrity of
Papez’s circuit (cf., Pitel et al. 2009a).

In chronic alcoholics, brain damage can result indepen-
dently or in concert with the presumed neurotoxicity of
alcohol (Riley and Walker 1978) and from thiamine defi-
ciency (Harper 2006). These two pathophysiological mech-
anisms, and their possible additive or synergistic effects (cf.,
He et al. 2007; Pfefferbaum et al. 2007), have been hypoth-
esized as mechanisms underlying the profound memory
impairment in KS. Alcohol toxicity may preferentially affect
hippocampal and cortical circuitry whereas thiamine de-
ficiency results in diencephalic lesions and disruption of
function of the hippocampal and cortical neural path-
ways (Harper et al. 2005; Vetreno et al. 2012). Lower
levels of thiamine and a greater number of subtle neu-
rological signs have both been associated with greater
memory deficits in non-KS alcoholic patients providing
further support that thiamine directly affects mnenonic
processes (Pitel et al. 2011).

Clinical Ramifications of the Profound Memory
Impairment in KS

The level of impairment in anterograde episodic memory in
KS has major repercussions for daily living. Compensatory
strategies, using relatively preserved cognitive functions
to aid or assist memory disabilities has been explored
with varying success. Mimura and colleagues examined
whether KS patients could benefit when individuals
actually performed a task as opposed to learning the
task via verbal instruction (e.g., “fill a glass of water”)
(Mimura et al. 1998). In the subject-performed task
condition, objects were used according to the description
of the action, whereas in the verbal task condition, patients
only heard the phrases without manipulating the objects.
On the retrieval tasks, KS performed better when they had
learned the task via enactment than from the verbal condition,
although they were impaired compared with alcoholic
controls.

Errorless learning, a paradigm that “refers to a learning
condition that involves the elimination of errors during the
learning process” (Clare and Jones 2008) is another tech-
nique that has been used to aid episodic memory deficits in
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KS. According to Baddeley and Wilson (Baddeley and
Wilson 1994), amnesic patients are unable to correct their
errors in the course of acquisition because error elimination
involves episodic memory; rather they repeat the erroneous
answers and learn them instead of the correct answers,
which results in learning impairments. Errorless learning
has been applied to KS patients for new face-name learning
(Komatsu et al. 2000) and route learning (Kessels et al.
2007). Komatsu and colleagues taught 7 KS patients ficti-
tious face-name associations under four study conditions
that differed from one another in the error and effort re-
quired to fulfill the task demands (Komatsu et al. 2000). The
results showed an advantage of errorless learning methods
but little effect of the effort factor on new face-name asso-
ciations learning. In a route-learning task (Kessels et al.
2007), 10 KS patients learned two routes within a hospital
setting that were similar with respect to complexity and
comparable in length. These two routes were randomly
taught using an errorless learning and a trial-and-error con-
dition. In the errorless learning condition, the experimenter

told the patients which way to go at each decision point,
whereas in the trial-and-error condition the experimenter
asked the patient which way to go. The patient had to guess
the correct answer, until the correct response was made.
These authors reported that two patients showed an advan-
tage of errorless learning, four patients an advantage of
trial-and-error learning, and four patients showed equal
performance between errorless and trial-and-error learn-
ing. These authors speculated that the discrepancy between
their findings and those of Komatsu et al. (Komatsu et al.
2000) who showed enhanced learning performance with an
errorless learning paradigm may be related to the nature of the
task (explicit versus implicit) and the nature of the information
to-be learned (verbal versus visuospatial).

Conclusions

Identification of the different mnemonic processes spared
and impaired in KS amnesia have expanded our

Fig. 3 Gray matter brain abnormalities in Korsakoff syndrome (KS),
‘uncomplicated’ alcoholism (ALC), and shared between KS and ALC.
Brain data were collected on a high-resolution T1-weighted MRI (1.5-
T Signa Advantage Echospeed; General Electric) and analyzed accord-
ing to the VBM5 toolbox (SPM5; Wellcome Department of Cognitive
Neurology, Institute of Neurology, London, UK). Gray matter volumes
in 11 patients with KS and 34 patients with ALC were compared with
25 control subjects (corrected for False Discovery Rate, p<0.05). Gray

matter abnormalities in KS compared with control subjects are reported
in red, those in ALC in yellow, and the overlap between the patterns of
brain volume deficits on the two groups in orange. Brain regions
involved in episodic memory, including medial temporal lobes, thala-
mi, mammillary bodies and cingulate gyri are damaged in both patient
groups. Quantitatively, the thalami and mammillary bodies were more
severely damaged in KS than in ALC. See Pitel et al. 2012 for more
details
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understanding of how memory systems are dissociable and
in what ways they are linked, behaviorally and neuroana-
tomically. Although myriad theories have been proffered to
explain which component cognitive processes and what
specific neural networks underlie this amnesia, to date, no
one theory accounts for all of the findings in KS. Taken
together, the data indicate that KS amnesia results from a
nutritional thiamine deficiency accompanying chronic
heavy drinking, although nonalcoholic KS cases resulting
from thiamine deficiency also occur and appear to be on the
rise. Historically, the mammillary bodies and dorsomedial
thalamic nuclei were implicated as responsible for KS
amnesia. Later findings, however, have implicated the
hippocampus, fornix, anterior thalamic nuclei, and front-
al neural systems as significant contributors to this
memory disorder. Observed relations between severity
of memory deficits and thiamine deficiency level and
cognitive impairments and subtle neurological signs of
Wernicke’s encephalopathy in chronic alcoholism sug-
gest that a continuum marked by punctate bouts of
subclinical thiamine deficiency may best describe the
spectrum of mnemonic-deficits observed in nonamnesic
alcoholics to amnesic alcoholics. Such a spectrum also
offers an explanation for the heterogeneity noted in
chronic alcoholism and KS. Finally, selective neurological
signs together with neuroimaging and neuropsychological
profiles of deficits provide markers of mechanisms underlying
the selective anterograde episodic memory impairment of KS.
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