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Introduction
Pierre Godeau
The Memory, the topic of this Symposium, tabled three years ago by the Institut
Servier, is of interest to both the medical profession and the general public.
The subject is not new, but it remains a topical one. Fear of Alzheimer’s disease (now
a political concern) is certainly one issue, but 50 years ago Memory was a frequent
subject of literary and philosophical essays. A common post-war Baccalauréat exam
question was - “Why do people often complain of their memory, but never of their
judgment?”. We were admitting we were powerless and hoping to play down memory
loss, for which no real solution could be found! With age, we sigh at our increasingly
frequent memory lapses and marvel at how fast children can learn and remember
things. French-Canadian writer Nancy Huston, in her Essay entitled “Nord Perdu”,
used as metaphors a sponge and a sieve – a child’s memory absorbs and stores facts
like a sponge, while they trickle through an adult’s memory like a sieve!
Besides these empirical everyday observations, a more scientiἀc (or merely medical) look at human memory opens the door to a vast and still largely unexplored
new world. Disease ἀndings from anatomo-clinical correlations and, in recent years,
medical imaging have shed some light on the particularly complex mechanisms
involved. However, many questions remain, and there are so many forms of memory
and such diverse memory disorders that it would be unrealistic and pretentious to
imagine that one day devoted to the study of human memory could possibly cover
everything.
This is why today’s Symposium is actually in three parts - instigated by two
members of the Institut Servier Scientiἀc Committee (Marie-Germaine Bousser and
Michel Haguenau), and produced with the assistance of three French specialists of
international repute, namely (in alphabetical order) Francis Eustache, Robert Jaffard
and Michel Poncet. This trio of experts helped draw up today’s programme.
The second part of the Symposium is honoured by the presence of Professor Endel
Tulving. Every three years the Institut Servier gives an award to a leading ἀgure in a
different ἀeld of medical research, and this year the Pasteur-Weizmann/Servier jury
unanimously decided that the 150 000 € award should go to this eminent Professor,
for his work in the ἀeld of neuro-psychology of memory. Endel Tulving has spearheaded research in this ἀeld, convincing the scientiἀc community of the multiplicity
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of memory systems, highlighting the concept of “episodic memory”, and making real
headway in our understanding of the subject. It is interesting to note that several of
the ten shortlisted nominations were Tulving’s students, either directly or indirectly.
Finally, the third part of the Symposium is the Claude Bernard Day, to be held
tomorrow at the Académie Nationale de Médecine under the auspices of the Société
de Biologie, with particular thanks to Françoise Dieterlen, who has worked closely
with the Institut Servier for several years now, producing a manual which complements Servier’s own symposium publication. Several specialists have been invited
to discuss the physiological aspects of memory. I look forward to seeing Francis
Eustache again and (amongst others) former student and good friend Bruno Dubois
who, as everyone knows, has played a prominent role in research on the memory.
To non-specialist physicians like myself, the multifold aspects of Memory can be
resumed by a contrast between short-term (working) memory and long-term memory,
which is subdivided into four types – episodic, semantic, sensory and procedural.
Long-term memory may also be explicit or implicit, depending on whether information is acquired consciously or unconsciously. How can these two approaches be
reconciled? We may ἀnd out in the course of the day. Even more mysterious is the
role of memory in our construction of the Future. We blithely claim that this capacity is the prerogative of human beings, other animals being incapable of projecting
themselves into the Future. To me, this “prospective” memory has a much wider
application, venturing into the realm of literary, artistic or scientiἀc creation. In most
cases is it not based on memories of the past, which only a few great minds are able
to break away from, propelling their imagination literally onto a different plane?
Time is moving on, and since my chief duty as Chairman is to remember to
ensure that the speakers respect their allocated time, I shall now give the Ḁoor to
Francis Eustache. However, I would not like to close without mentioning Jean-Louis
Signoret with whom I spent my ἀrst years of medical practice at the Pitié-Salpêtrière
University Hospital. His intellectual capacity impressed all those who came into
contact with him. His passed away prematurely and was therefore unable to deliver
the opening speech at the Congress of the Société Nationale Française de Médecine
Interne Congress which I organised and chaired in Paris in December 1992. A JeanLouis Signoret Seminar now exists, and I feel it would be ἀtting if we also dedicated
today’s event to his memory.
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Memory: news from the front
Robert Jaffard
Studies regarding memory currently focus on three main and interdependent questions: the consolidation process, of which forgetting is one aspect, the nature of
memory images (engrams), and the plurality of memory systems. Naturally, the
weighting attributed to these three questions varies within the different disciplines
(ranging from cell and molecular biology to cognitive psychology), which are still
relatively compartmentalised. However, it is clear that the knowledge acquired within
these different disciplines is becoming more and more complementary and can exercise great pressure on the strategies and concepts developed outside the individual
ἀeld in each case.
In this article, I would like to provide a rapid, and personal, review of recent developments relating to these questions and their origins.
Forgett
ing, consol
and inter ference

ida t ion , reconsol

ida t ion

In chapter 16 of his “Principles of Psychology” [1890] on the subject of memory,
William James wrote: “In the practical use of our intellect, forgetting is as important a function as recollecting,” and added, “This peculiar mixture … is but one
instance of our mind’s selective activity” [p. 17]. He also paid homage to the
series of observations, which he described as heroic, made several years previously by Hermann Ebbinghaus who, performing the ἀrst experimental studies on
the memory using himself as subject, established the well-known time-correlated
“forgetting curve” for lists of meaningless syllables. In his work “The Diseases of
Memory” [1881], in which he developed his “Law of Regression” [p. 95], Théodule
Ribot invoked the concept of consolidation: “For the ἀxation of recollections, time
is necessary” … “In cases where amnesia follows cerebral shock, forgetfulness is
always retrograde”, because “organic registration … is for some reason wanting”
[p. 157]. However, we have Georg Müller and Alfons Pilzecker (1900, in [1]) to
thank for the ἀrst experimental studies that showed that, following the acquisition
of a list of associated pairs (of meaningless syllables), “mental occupation” led
to a “retroactive inhibition” whose intensity decreased over time (gradient). They
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proposed the existence of “physiological processes” that “continue with decreasing intensity for a period of time”, enabling these associations to be reinforced and
“consolidated”.
Apart from a failure of consolidation – a hypothesis put forward by Brenda Milner
[2] to take account of the memory deἀcits caused by bilateral lesions in the medial
temporal lobe (MTL) – forgetting may be attributed to a decline in the memory
trace over time, to interferences (both proactive and retroactive), to a problem of
“recovery” caused by insufἀciency or unsuitability of the cues for recall, and lastly
to repression of other analogous processes (e.g. directed forgetting).
R etroactive and reproductive inhibition
We owe the ἀrst clear distinction between the retroactive and proactive effects of
interference on the memory to E.B. Skaggs [3]. In the former case, forgetting is
caused by major “neuro-mental” activity that interferes with the consolidation of
traces recently formed (retroactive inhibition), whereas in the latter, it is the result of
a reproductive inhibition phenomenon that acts during recovery and depends strictly
on the similarity between the material that was memorised and the material causing
the interference. This hypothesis was supported by the results of numerous experiments performed from the 1930s to the 1950s (see [4] for a review), which showed
that, in the paradigm of lists of associated pairs A-B / A-C, cued recall of B is altered
only if learning of the interfering list A-C takes place immediately following the
learning of A-B or immediately prior to its recall, but not between the two (inverse
U curve, see ἀg. 1a).
These two forms of inhibition have been analysed in recent studies that incorporate
questions of particular current interest such as the role played by sleep or the interaction between memory systems. For example, one of these experiments [5] showed
that sleep, by enabling the consolidation of declarative memory, protects it from
proactive interference, i.e. it suppresses the phenomenon of reproductive inhibition
(ἀg. 1c). The results of the experiment performed by Brown & Robertson [6] are
more surprising. They show that, if the learning of a motor sequence (serial reaction
time test, SRT) is followed by the learning of a list of words (declarative memory),
the subsequent retention of the learned motor sequence will be improved. However,
this “off-line” improvement is observed only in subjects for whom the SRT is based
simultaneously on procedural (movement) and declarative components (knowledge
of the sequence); in this case, the improvement appears to be the result of suppressing
the declarative component by retroactive inhibition (the list of words) (ἀg. 1b). More
generally, consolidation is accompanied by reciprocal interactions between declarative and procedural memories that may, in some cases, have deleterious effects in that
one memory retroactively inhibits the other (see [7] for a detailed analysis of these
phenomena, including the role of sleep).
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Figure 1. Interferences and forgetting. A. The inverse U curve separates the retroactive (consolidation)
and proactive (restitution) effects in the learning paradigm for lists A-B / A-C. Whereas reproductive
inhibition depends on the similarity between the target material and the interfering material, retroactive
inhibition depends on mental effort independently of the material used (based on [3]; [4]). This dissociation is illustrated by the results of two recent experiments. B. Retention (tests 1 and 2) of a learned
motor sequence (serial reaction time test, SRT) is improved (test 2 > test 1) if this learning is followed
by the learning of a list of words. This effect appears to be caused by the retroactive inhibition of the
declarative component of the SRT that “blocks” the expression of the procedural component (from
Brown and Robertson [6]). C. The cued recall of a list of words A-B is disturbed by the acquisition
of a list A-C that precedes the recall (32% vs. 76% correct). The reproductive inhibition (or associative interference) observed is suppressed if the 12-hour retention interval includes a period of sleep in
excess of six hours (from Ellenbogen [5]).

D ecline or “erasure” of engrams (memory traces)
In “Die Mneme” (1904; [English translation “The Mneme”, 1921), Richard Semon
was the ἀrst to use the term “engram”, deἀned as “the change in the nervous system
—the “memory trace”— that preserves the effects of experience”, as well as the
terms “engraphy” (encoding) and “ecphory” (recovery), the latter describing “the
evocation of a disposition from a latent to a manifest state“. There are two facets to
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the study of engrams: one relating to their location in the brain (the “where”) and
another relating to the cell mechanisms that create them (the “how”). The ἀrst studies, performed by Karl Lashley (1950 / 1929) [8] on rats, conἀrmed the existence
of widely distributed cortical engrams (principles of the action of mass and equipotentiality), which led Donald Hebb [9] to suggest the notion of cell assemblies and
to imagine the mechanism that enables them to form, i.e. that the covariant activity
of two neurons strengthens the connection between them. In 1973, these hypotheses
found support in the discovery of the phenomenon of long-lasting potentiation (LLP)
[10]. The idea (or the theory) that long-term memories (LTMs) represent the stable
state in which changes in synaptic efἀcacy are complete, including, besides LLP,
long-term depression (LTD) (e.g. [11]), thereafter constituted the “catechism” of
neurobiology.
This cell theory raises at least two particular problems. Firstly, how can we explain
that memory, once consolidated, is retained despite the turnover of the molecules
concerned? And how can this cell theory, in which long-term memory (LTM) is
deἀnitively ἀxed and immutable, be reconciled with cognitive theories that, since the
studies by Bartlett (1932), have emphasised the reconstructed and malleable nature
of memories? Recent results provide initial answers to these two questions.
A few years ago, a molecule was discovered whose activity is both necessary and
sufἀcient to maintain LLP and LTMs for multiple instances of learning. This molecule is an enzyme, the protein kinase M zeta (PKMz). PKMz inhibitors infused
locally in the hippocampus, amygdala or gustatory cortex delete, selectively and
apparently irreversibly, LTM relating to the learning mediated by these various
structures, but have no effect on LLP induction or the acquisition of such learning (see [12] for a review). This result causes us to reḀect on the possible existence of a link between the total or partial blocking of this enzyme activity and the
possibility of suppressing or modifying an LTM by reactivating it. Indeed, at the
time of recovery (ecphory), we know that information stored in LTM becomes
sufἀciently adaptable to be transformed or even erased. This state of transitory
plasticity, analogous to the state that prevails at the time of consolidation although
based on different mechanisms, is called “reconsolidation”. In highly schematic
terms, it appears that, following reactivation, this instability appears to affect either
all or only some of the elements in the initial memory. In the former case, reactivation of an LTM followed by the application of a physical, chemical or behavioural
“forgetting agent” causes the memory to be erased or weakened (for two recent
examples in humans, see Kindt, et al. [13] and Schwabe & Wolf [14]). In the latter
case, reconsolidation would appear to enable memories to be revealed by incorporating new elements into a core of stable elements (e.g. pre-existing knowledge
or patterns), which tends to reconcile the cellular and cognitive theories of LTM
outlined above [15].
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Permanence of amnesia
Despite its interest, most of the above information does not show why amnesia, once
produced, persists. In 1881, Ribot considered that it was impossible to know, in amnesia, whether “the registration of anterior states is effaced” or whether “their power
of reviviἀcation by association with the present is destroyed” [p. 74]. This debate,
which was highly animated in the 1970s, when numerous experiments showed the
spontaneous and/or induced reversibility of experimental amnesia (e.g. Lewis 1969),
is still not over. We need look no further than the results of some recent experiments
that show that, in animals, memories [apparently] “effaced” can be “recovered” in
the absence of any speciἀc re-acquisition (or re-encoding). In these experiments,
learning was followed, for example, by lesions in the hippocampus (rats, marmosets) or by the induction of neurodegeneration (transgenic mice), which caused total
amnesia (i.e. memory no longer detectable). Various subsequent actions such as a
recall test, foetal cell grafts or placement in an enriched environment, none of which
represent a speciἀc source of information for what was initially learned, nonetheless
restored the memory of what had been learned in each case [16-18].
E ngra ms: R e present
the outs
ide w orld

a t ion and use o

f in for ma t ion fr o m

Determining how the brain constructs and records representations of the outside
world and how it uses them to guide its behaviour and assess the consequences are
questions that I would now like to discuss with the aid of the data obtained by recording the unitary cell activities of the MTL – in the hippocampus in particular – in
humans and animals.
A ctivation, reactivation and preactivation of hippocampal cells: behavioural
correlates
In both rats and humans [19], the hippocampus is known to contain “place cells” that
form a “cognitive map” representing the location of the subject within a given spatial
environment [20]. In recent years it has been shown that the activity of these cells
is not controlled only by the perception of local external stimuli—corresponding
to the position of the subject in the ἀeld of activity of the cell (ἀg. 2a)—but can
also manifest itself independently of this position, either retrospectively (reactivation
or “replay”) or prospectively (preactivation or “preplay”). Chronologically-ordered
reactivation of the place cells—accelerated or “condensed” in relation to the original
experience—was ἀrst demonstrated during slow-wave sleep in rats (ἀg. 2b) and used
as an argument in support of the role played by sleep in the consolidation process
([21], for example). Reactivations of this nature have also been observed in awake
animal models, for example when a rat remains stationary after completing a speci123
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ἀed course (ἀg. 2c). In contrast, preactivation of these same cells is observed by way
of anticipating the course to be followed (ἀg. 2d); in some cases, this is also correlated with the hesitation behaviour traditionally observed when, in a discrimination
test, the animal has to choose between two possible routes [22]. The most recent
experiments show that cell activity may “reproduce”, in an accelerated form, routes
located several metres away from the subject’s actual position in a very long maze,
both in the same direction as the animal’s last movement through the maze and in the
opposite direction [23].
Place cell
cell
Place
field

A

1

C

2
3
{

c
b
a

B

Reverse
Replay

Local activations

Cells

a

d

{

b

c

Stationary

Movement
e

f
g
h

D

Preplay - Forward order
1
2
3

a

b

c

Slow-wave sleep

Figure 2. Place cells, local, retrospective and prospective activities. A. Place cell. Each dot represents
a discharge by the cell along the course followed by the animal, which is shown in grey. B. Schematic
representation of place cell reactivation or “replay” during slow-wave sleep following exploration of
a circular pathway. Only the ἀelds of activity for each cell (a, b, c, etc.) are represented. C. Activation
of place cells after following a straight path. The activity of cells 1, 2 and 3 is ἀrst observed when the
animal crosses their respective ἀelds of activity in succession (a, b and c: local activations), then upon
completion of this course (replay), but in reverse order: 3, 2, 1 (based on [24]). D. Anticipatory activation of place cells prior to following a course (preplay) and in the order in which these cells will be
activated during the actual course (same rules as C; based on [25]).

Analysis of prospective activity by cells in the rat hippocampus has recently shown
that we can predict the correct or incorrect responses that the animal will make in a
spatial alternation test between the two arms of a maze [26] and, in humans, the video
sequence from among those that have previously been shown that the subject will
remember [27] (ἀg. 3). Apart from their interest with regard to the cell mechanisms
associated with recall processes, these results support the idea that spatial navigation,
124

Memory: news from the front

MTL
MTL

2. INTERVAL

1. VIEWING
SESSION

Harry
Potter
Potter

5s

Tom Cruise
T
Cruise

Niagara
Niagara
Falls

3. FREE RECALL
RECALL SESSION

Harry
Potter

O.J.
O.J.
Simpson
Simpson

Niagara
Falls
Falls

Tom
Tom
Cruise
Cr

2s

Figure 3. Discharge by human hippocampus cells during free recollection of speciἀc episodes. The
presentation of various audio-visual sequences triggers the selective discharge by the cell for one of
these sequences, in this case “Tom Cruise”, which persists following this presentation (dotted lines).
During the free recall test that follows, the same cell is selectively reactivated two to three seconds
before the subject explicitly mentions the recall of this same sequence (based on [27]).

episodic memory and the ability to project oneself into the future are the expression
of a single function in which the hippocampal neurons play a crucial role.
C oding of information by MTL cells in humans
In recent years, a series of experiments has been performed to record unitary activity
in the MTL of epilepsy patients. These show the existence of neurons that selectively
respond to individuals, objects or categories (e.g. animals, faces, houses) and without
variation, i.e. with no change in response to any changes that do not modify the identity of the item (see [28] for a review). The selective (i.e. a small number of stimuli
provoke the response by a given cell), scattered (the number or density of the cells
activated by a given stimulus is low) and abstract (invariability of the cell response)
nature of this coding is close to what is attributed to the much talked-about “grandmother cells” [29]. The latest data also show that the invariability of cell responses to
a given entity does change depending on the position of these cells within the MTL
structures. In particular, while more than a third of the “reactive” cells in the hippocampus respond to images (photos, drawings) or the name of a personality in either
written or spoken form, no cells in the parahippocampal cortex – a large proportion
of which display visual invariability (i.e. images) – display invariability in all three
aspects (i.e. images, sound and text). Taken as a whole, these results show that, at
the highest level of the treatment hierarchy, some neurons encode percepts explicitly,
selectively and invariably, which supports with the hypotheses that underline the
convergent and associative or relational nature of the treatment and storage of information by the hippocampus.
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C onclus

ion

In 1913, John B. Watson wrote, “Psychology, as the behaviorist views it, is a purely
objective, experimental branch of natural science which needs introspection as little
as do the sciences of chemistry and physics” [30]. He recommended that we should
“never use the terms consciousness, mental states, mind, content, introspectively veriἀable, imagery, and the like”. “What we need to do is to start work upon psychology,
making behavior, not consciousness, the objective point of our attack.” His study of
the conditioned emotional responses of Albert B., aged one year [31], is, at least in
part, the culmination of these theories.
We cannot help being struck by the contrast between the positions adopted by
Watson and the conclusions drawn from experiments conducted over the past decade
on the scrub-jay by the team led by N. Clayton [32]. From the results of these experiments, in which these birds cache – and/or re-cache – food in different situations,
the authors draw the following conclusions. Firstly, these creatures “recall speciἀc
past caching episodes by forming integrated memories of what they cached” (what
food, when and where they cached it, and who was watching them), which “fulἀls the
behavioural criteria for episodic memory”; moreover, they adapt their behaviour to
suit their future needs, i.e. they possess “some elements of future planning” [32]. The
only question that appears to remain unanswered is whether they “travel mentally in
their past and future”, a skill that exists only in humans, according to various authors,
including Tulving [33]. They then consider it a “fascinating possibility” that these
animals are capable of attributing “mental states to other conspeciἀcs”, by “reference to their own experiences” (the theory of mind), which assumes an “introspective” capacity.
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Images of memory: N euroimaging of episodic
memory and priming effects
Karine Lebreton, Pierre Gagnepain, Béatrice Desgranges, Francis Eustache
Functional cerebral imaging has greatly contributed to the understanding of human
memory function and organisation. Based on neuroimaging studies analysing episodic
memory and priming effects (a form of implicit memory), this chapter aims to illustrate the value of functional cerebral imaging, which has allowed major advances
in the ἀeld and is currently an essential technique in memory studies, together with
experimental investigation and lesion studies.
Imaging techniques enable an in vivo approach to understanding brain function,
based on the principle that cognitive activity triggers a cascade of distinct measurable neuronal events (electrical, neurochemical, vascular and metabolic Ḁuctuations
in synaptic activity). Haemodynamic methods indirectly measure synaptic activity via radioactively labelled markers in the case of positron-emission tomography
(PET) or paramagnetic markers in the case of functional magnetic resonance imaging (fMRI, for the Blood-Oxygen-Level-Dependent [BOLD] effect). Thus, fMRI
can precisely map cognitive cerebral activity associated with cognitive activity by
the millimetre on a spatial scale and by the second on a time scale. Early studies
using oxygen-15-water PET assessments and fMRI block designs mainly instigated
“hierarchical” experimental paradigms and the subtraction principle that allowed
the identiἀcation of signiἀcantly activated cerebral regions during an experimental
cognitive task, compared with other reference cognitive tasks (in theory only distinguishable from one another by the task being studied). Owing to its non-invasive
quality and its broad availability, current studies preferentially use fMRI and are
implementing event-related paradigms that can record a neuronal response associated with each stimulus in a sequence and offer multiple possibilities for response
analysis [1, 2].
C ere bral su

bstra tes o

f e pisod ic me mor y

Overall, studies that analysed and identiἀed cerebral substrates of episodic memory
have shown that it depends on a wide neuronal network that includes the medial
temporal lobe (MTL), the frontal cortex, and other posterior regions including the
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parietal cortex that would appear to play a particular role [reviewed in 3; 4, 5]. The
speciἀc contribution of these individual regions is intensely debated and may vary
according to the type of information being processed, the underlying cognitive processes, the encoding and retrieval steps of an event, or whether they contribute to a
sense of recollection or familiarity during the recognition of an event.
Following difἀcult beginnings, due mainly to the limitations of subtractive methods, activation of the MTL during episodic tasks has been conἀrmed. Various roles
have been attributed to the MTL, including the detection of new material. Because
imaging studies offer the possibility of exploring different steps in episodic memory,
such as encoding and retrieval (not easily distinguishable with standard experimental methods), these studies have contributed to a better understanding of the role of
the MTL. A meta-analysis by Lepage et al. [6] proposed the hippocampal encoding
retrieval (HIPER) model, which measures the composite role of hippocampal formation in encoding and retrieval on a rostro-caudal gradient. The model states (without
however providing an explanation) that the anterior hippocampus is predominantly
involved in episodic memory encoding, whereas the posterior hippocampus has a
role in retrieval. Controversy on the role of the hippocampus can partly be attributed
to the spatial and temporal limitations of imaging techniques.
Since the end of the 1990s, intensive use of event-related fMRI has led to the creation of novel methods that allow a more detailed and targeted analysis of episodic
memory. These methods have identiἀed key regions involved in efἀcient memory
function, once again surpassing standard experimental techniques. Studies have
contributed to a better understanding of the respective roles of the different subregions of hippocampal formation in episodic memory. For instance, the “subsequent
memory” (or “difference due to memory”) paradigm used by Wagner et al. [7] and
Brewer et al. [8] speciἀcally identiἀed cerebral regions contributing to successful
encoding. The method is based on a retrospective analysis of an individual’s performance in a subsequent recognition test that compares cerebral activity during encoding of items that were correctly remembered with those that were forgotten. These
ἀrst two studies showed that the MTL activity at the time of encoding could predict
the ability of subjects to subsequently recognise items. This type of study laid the
groundwork and ἀne-tuned our understanding of the types of processes dealt with by
different subregions of the MTL (ἀg. 1) [reviewed in 9]. Davachi suggested that the
identity of an event, such as a visual scene and the spatial relations unifying them
would be treated in parallel. During this initial step, the perirhinal cortex deals with
processing and coding of the higher-level surface characteristics with the semantic
information within the event, whereas the parahippocampal cortex is implicated in
coding of space-related information between these elements, or the context of the
experience. At a later stage, these different data provide input to the hippocampus
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via the entorhinal cortex, to allow a uniἀed, coherent and integrated representation
of these elements.
Several studies have also analysed the role of the hippocampus during the recognition of an episode along with its multiple phenomenological details leading to a
recollection, as opposed to a sense of familiarity [reviewed in 10; 11]. Whether these
two kinds of memory depend on varying strengths of the same engram or whether
they are anatomically and functionally distinct processes is a matter of controversy in
organisational models of human memory. Several designs have been used to distinguish between recollection and familiarity. The Remember/Know (R/K) paradigm
measures recollection subjectively. Eldridge et al. were among the ἀrst to observe
that correct recognition of “R” items, for which the subject decided he/she remembered the encoding details, led to a greater bilateral hippocampal activity compared
with items which were correctly rejected, forgotten or recognised based on familiarity (‘K’ response) [12]. More recently, using a different experimental design,
Daselaar et al. isolated retrieval-related activity associated with recollection, familiarity, and novelty by distinguishing between linear and non-linear oldness functions
derived from recognition conἀdence levels. They observed that the posterior half of
the hippocampus showed a non-linear oldness function with a sharp increase for the
highest oldness level indicating that this region is associated with recollection [13].
In contrast, posterior parahippocampal activity increased continuously as a function
of oldness (familiarity). Finally, the authors also showed that novelty processing,
which displayed a linear inverse function compared with familiarity, mainly depends
on a region of the anterior hippocampus and the rhinal cortex.
Whereas lesion studies have described the role of the MTL in episodic memory,
the role of frontal cortex has mainly been revealed using functional cerebral imaging studies. The possibility to observe distinct encoding and retrieval processes led
Tulving, et al. to perform a meta-analysis of PET studies, which resulted in the new
hemispheric encoding retrieval asymmetry (HERA) model [14]. HERA proposes
that prefrontal cortex (PFC) regions play different roles in encoding and retrieval
depending on their lateralisation: left prefrontal cortical regions are more involved in
encoding of information, whereas right prefrontal cortical regions are more involved
in retrieval [14]. A number of studies have since consolidated this assumption and
a hemispheric differentiation has also been described in other regions, leading to
the formulation of an extended HERA model. Using PET, Bernard, et al. in our
laboratory thus highlighted that prefrontal regional cerebral blood Ḁow (rCBF)
increases were predominantly left-sided during intentional encoding and essentially
right-sided during retrieval, the latter being associated with bilateral precuneus
activation [15 and ἀg. 1 page 148]. However, signiἀcant correlation between rCBF
values obtained during intentional encoding and performance scores obtained during
retrieval involved (among other regions) the left parahippocampal gyrus, indicating
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Figure 1. Schematic representation of the role of distinct MLT subregions in memory function, adapted
from Davachi [9]. A: amygdala; Hipp: hippocampus; PhC and post. parahipp: parahippocampal gyrus;
PrC: perirhinal cortex.
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that the higher the neuronal activity in this medial temporal region during encoding, the better the retrieval performance. This study illustrates the complementary
values of PET analysis methods, where subtraction analyses allow the identiἀcation
of memory regions dubbed by Tulving, et al. as “what sites”, and correlation analyses reveal “how sites”, the essential cerebral regions of successful memory [16].
Respective contributions of different subsections of the PFC have since also been
described along an antero-posterior axis. Daselaar, et al. showed that ventrolateral
PFC activity was associated with recollection, conἀrming this region’s role in associative memory, whereas a right dorsolateral PFC region showed novelty-related
activity, in agreement with lesion neuropsychology data [13].
Finally, imaging studies have also uncovered the role of different cognitive processes in episodic memory function. Recent studies underlined the key role of attention-related processes attributed to the parietal cortex, whose activity is typically
observed during episodic memory tasks. Within the parietal cortex, the parietotemporal region plays an important role in recollection, whereas the parieto-occipital
region is associated with familiarity [13]. The parietal cortex has been associated
with recollection in other studies, showing that an individual’s performance is mainly
dependent on attention-related processes during recollection [reviewed in 17].
A n a t o mical

and funct ion al su bstra tes o

f pr iming

Functional cerebral imaging has also had a major impact on the unravelling of priming
mechanisms, which are a key measure of implicit memory, as was ἀrst demonstrated
by Squire, et al. [18]. Cerebral blood Ḁow was measured using PET while subjects
performed tasks involving completion of three-letter word beginnings. The results
formed the neural basis of repetition priming: following presentation of a stimulus,
less neural activity is required to process the same stimulus. This effect, known as
“repetition suppression” (RS), has since been demonstrated and conἀrmed using
other designs and materials [reviewed in 19; 20, 21]. For instance, in 2001, using
a tachistoscopic identiἀcation task, we showed that the identiἀcation of previously
studied drawings was greater and associated with reduced CBF in the right lingual
gyrus compared with unprimed pictures [22]. Other studies have highlighted RS
of priming effects based on semantic stimuli, thus demonstrating a neurofunctional
correlate of this memory phenomenon. However, in some situations, behavioural
priming has been associated with increased cerebral activity, known as “repetition
enhancement” (RE), particularly in the case of material lacking pre-existing memory
representation. For example, Henson, et al. demonstrated that the activity of the left
fusiform gyrus region was greater during a second presentation of non-familiar faces
and symbols, compared with their ἀrst presentation, which was in contrast to that
observed for familiar stimuli [23]. A similar pattern was observed by Fiebach, et al.,
who investigated the spatiotemporal correlates of repetition priming in cortical word
132

Images of memory: Neuroimaging of episodic memory and priming effects

recognition networks and their modulation by stimulus familiarity (words vs. pseudowords) [24]. Recently, in our laboratory, Gagnepain et al. investigated the auditory
priming for words and pseudowords. Brain activity was measured during a repetition
priming paradigm, in which the items were acoustically degraded by low-pass ἀltering [25]. The data were the ἀrst to highlight the existence of long-term spoken word
memory traces within the human auditory cortex. The data also showed that certain
regions are associated both with word and pseudoword priming, whereas others are
speciἀcally associated with words. Thus, word-speciἀc RS can be jointly observed
with a pseudoword RE in the secondary bilateral auditory cortex and the left posterior superior temporal sulcus (STS). Conversely, the right STS, the right superior
anterior temporal gyrus and the left middle temporal gyrus show a word-speciἀc RS
effect with a non pseudoword-speciἀc RE effect. Latency analyses also demonstrated
a faster haemodynamic response associated with primed words compared with nonprimed words. Accordingly, multiple-regression analyses showed statistically signiἀcant relationships between word priming reaction times and word-speciἀc RS in the
right middle/posterior STS and the repetition latency shift in the right middle/posterior STS. In other words, the greater the RS effect, and the earlier the haemodynamic
response peaks, the more behavioural priming increases. These data show the value
of neuronal response analysis methods with event-related fMRI in uncovering the
regions involved and in allowing an understanding of underlying neuronal mechanisms relating to speciἀc behaviour. Repetition suppression observed in imaging
has been subjected to different interpretations [reviewed in 26]. The ἀrst model of
repetition-related reductions in neural activity proposed that cerebral activity was
linked to a fatigue effect, in which neurones responded less to a second stimulus. The
second “sharpening” model, which attracts greater consensus, proposed that with a
repeated stimulus, only key neurones respond strongly and inhibit non key neurones.
A third recent facilitation model suggested that the same number of neurones react
to a repeated stimulus, but with a shorter response, as seen in fMRI by a latent peak
and a shorter haemodynamic response.
Imaging studies investigating priming have allowed a better understanding of the
neuronal mechanisms at play in this implicit memory effect and conἀrm the idea of a
memory system speciἀc to perceptive representations, in agreement with the hypothesis proposed by Tulving and Schacter [27, 28]. They also demonstrated that priming
depends on anatomical and functional substrates that are distinct from those involved
in episodic memory. However, recent data indicate that there may be some overlap.
C orrela

t ion between

pr iming and e pisod ic me mor y

Recently, we investigated a link between priming and episodic memory with the use
of a novel paradigm in three phases [in press, 29]. During the initial phase, subjects
heard words that were repeated three times. The next day, the priming task consisted
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of a lexical decision during which cerebral activity was recorded. The items were
presented in a different auditive context (for instance over clapping or motor sounds).
The introduction of a different auditive context aimed to enhance the probability of
observing a priming effect by interfering with subject perception and to create a
context in which words were retrieved as unique events. Subjects were then required
to undergo a recollection task during which the same items were played with an auditive context and had to decide whether they had a precise memory of the words and
their context, either recollection of the priming situation (a “remember” R response),
or with a sense of familiarity without recollecting the context (a “know” K response).
The novelty of this design resides in the fact that the second phase combined the
priming task with the episodic memory encoding phase, thus exploring the effect
of earlier priming of words on their encoding into episodic memory. In agreement
with an earlier experimental study, the behavioural results showed that the primed
items were those that were subsequently better recognised and gave rise to more R
responses [30]. Imaging data reveal that word priming is associated with an RS effect
in the left STS. Moreover, an interaction between priming and subsequent recollection has been observed in the left parahippocampal gyrus and the left hippocampus. In the left hippocampus, data reveal a reduction in the haemodynamic response
for primed items that were recognised with a sense of recollection. This interactive
effect indicates that priming plays a role in recruiting the MTL during encoding
into episodic memory. In order to further investigate the nature of this relationship,
an effective connectivity analysis was conducted using a causal dynamic modelling
method. The main outcome is the presence of signiἀcant positive coupling between
the STS and the hippocampus observed only during the formation of a memory. In
other words, the more the activity diminishes in the STS, the more it diminishes
in the hippocampus during the formation of a memory. This work suggests that,
more than hippocampal activity per se, connectivity between neocortical regions
and the hippocampus could be predictive, under certain conditions (when an item
is primed), of the efἀcacy of episodic memory encoding. Thus the RS mechanism
not only underpins the facilitation of perceptual processing, but could also act as a
bottom up signal that modulates recruitment of the MTL during encoding of information into episodic memory.
C onclus

ion

The studies reviewed clearly demonstrate the inḀuenceof functional cerebral imaging in understanding the function of human memory. Different models have been
proposed, such as those by Tulving [31] or Eustache and Desgranges [32], both of
which describe three main systems of memory representation organised in a hierarchical way and postulate the serial encoding of information from a less-evolved to a
more-evolved system: perceptual memory, semantic memory and episodic memory.
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However, these models do not specify the possible nature of direct relations between
perceptual memory and episodic memory, a question that can now be addressed
with functional cerebral imaging [33]. Owing to novel experimental paradigms and
sophisticated methods of analysis, functional cerebral imaging data can shed light on
the neurofunctional mechanisms of the different expressions of memory and the links
between them. Functional cerebral imaging is thus an essential tool that contributes
to an improved and integrated understanding of the function of human memory.
Bibliography
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Friston KJ, Fletcher P, Josephs O, et al. Event-related fMRI: characterizing differential responses.
Neuroimage 1998; 7: 30-40.
Lebreton K. L’imagerie par résonance magnétique fonctionnelle: principes et applications. In:
Manuel de Neuropsychologie. Eustache F, Faure S (eds). Paris : Dunod, 2006 : 88-92.
Nyberg L, McIntosh AR, Cabeza R, et al. General and speciἀc brain regions involved in encoding
and retrieval of events: what, where, and when. Proc Natl Acad Sci U S A1996; 93: 11280-5.
Desgranges B, Baron JC, Eustache F. The functional neuroanatomy of episodic memory: the role
of the frontal lobes, the hippocampal formation, and other areas. Neuroimage1998; 8: 198-213.
Spaniol J, Davidson PSR, Kim ASN, et al. Event-related fMRI studies of episodic encoding
and retrieval: Meta-analyses using activation likehood estimation. Neuropsychologia 2009; 47:
1765-79.
Lepage M, Habib R, Tulving E. Hippocampal PET activations of memory encoding and retrieval:
the HIPER model. Hippocampus 1998; 8: 313-22.
Wagner AD, Schacter DL, Rotte M, et al. Building memories: remembering and forgetting of
verbal experiences as predicted by brain activity. Science 1998; 281: 1188-91.
Brewer JB, Zhao Z, Desmond JE, et al. Making memories: brain activity that predicts how well
visual experience will be remembered. Science1998; 281: 1185-7.
Davachi L. Item, context and relational episodic encoding in humans. Curr Opin in Neurobiol
2006; 16: 693-700.
Eichenbaum H, Yonelinas AP, Ranganath C. The medial temporal lobe and recognition memory.
Annu Rev of Neurosci 2007; 30: 123-52.
Squire LR, Wixted JT, Clark RE. Recognition memory and the medial temporal lobe: a new perspective. Nat Rev in Neurosci 2007; 8: 872-83.
Eldridge LL, Knowlton BJ, Furmanski CS, et al. Remembering episodes: a selective role for the
hippocampus during retrieval. Nat Neurosci 2000; 3: 1149-52.
Daselaar SM, Fleck MS, Cabeza R. Triple dissociation in the medial temporal lobes; recollection,
familiarity, and novelty. J Neurophysiol 2006; 96: 1902-1.
Tulving E, Kapur S, Craik FI, et al. Hemispheric encoding/retrieval asymmetry in episodic
memory: positron emission tomography ἀndings. Proc Natl Acad Sci U S A 1994; 91: 2016-20.
Bernard F, Desgranges B, Platel H, et al. Contributions of frontal and medial temporal regions to
verbal episodic memory: A PET study. NeuroReport 2001; 12: 1737-41.
Tulving E, Habib R, Nyberg L, et al. Positron emission tomography correlations in and beyond
medial temporal lobes. Hippocampus 1999; 9: 71-82.
Cabeza R, Ciaramelli E, Olson IR, et al. Parietal cortex and episodic memory: An attentional
account. Nat Rev Neurosci 2008; 9: 613-25.
135

Karine Lebreton, Pierre Gagnepain, Béatrice Desgranges, Francis Eustache

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

136

Squire LR, Ojemann JG, Miezin FM, et al. Activation of the hippocampus in normal humans: a
functional anatomical study of memory. Proc Natl Acad Sci U S A 1992; 89: 1837-41.
Lebreton K, Eustache F. Apports de l’imagerie fonctionnelle cérébrale à la modélisation des effets
d’amorçage. L’Année Psychologique 2002; 102: 299-320.
Henson RN. Neuroimaging studies of priming. Prog in Neurobiol 2003; 70: 53-81.
Schacter DL, Wig GS, Stevens WD. Reductions in cortical activity during priming. Curr Opin
Neurobiol 2007; 17: 171-6.
Lebreton K, Desgranges B, Landeau B, et al. Visual priming within and across symbolic format
using a tachistoscopic picture identiἀcation task: a PET study. J Cogn Neurosci 2001; 13: 67086.
Henson R, Shallice T, Dolan R. Neuroimaging evidence for dissociable forms of repetition
priming. Science 2000; 287: 1269-72.
Fiebach CJ, Gruber T, Supp GG. Neuronal mechanisms of repetition priming in occipitotemporal
cortex: spatiotemporal evidence from functional magnetic resonance imaging and electroencephalography. J Neurosci 2005; 25: 3414-22.
Gagnepain P, Chételat G, Landeau B, et al. Spoken word memory traces within the human auditory cortex revealed by repetition priming and fMRI. J Neurosci 2008; 28: 5281-9.
Grill-Spector K, Henson R, Martin A. Repetition and the brain: neural models of stimulus-speciἀc
effects. Trends Cogn Sci 2006; 10: 14-23.
Tulving E, Schacter DL. Priming and human memory systems. Science 1990; 247: 301-6.
Schacter DL. Priming and multiple memory systems: Perceptual mechanisms of implicit memory.
In: Memory systems. Schacter DL, Tulving E (eds). Cambridge: MIT Press, 1994: 244-56.
Gagnepain P, Henson RN, Chételat G, et al. Is neocortical-hippocampal connectivity a better predictor of subsequent recollection than local increases in hippocampal activity? New insights on
the role of priming. J Cogn Neurosci (in press).
Gagnepain P, Lebreton K, Desgranges B, et al. Perceptual priming enhances the creation of new
episodic memories. Conscious Cogn 2008; 17: 276-87.
Tulving E. Organization of memory: Quo vadis? In: The cognitive neurosciences. Gazzaniga MS
(ed). Cambridge: MIT Press, 1995: 839-47.
Eustache F, Desgranges B. MNESIS: towards the integration of current multisystem models of
memory. Neuropsycholog Rev 2008; 18: 53-69.
Eustache F, Desgranges B. les chemins de la mémoire. Paris, Le Pommier, Inserm 2010.

Memory
La mémoire
© 2010 Wolters Kluwer Pharma Solutions. Tous droits réservés

Memory and aging
Michel Isingrini
This chapter will cover the question of the effects of aging on the different memory
systems, and in particular, on episodic memory. We will speak about different
neuropsychological hypotheses, notably the frontal-executive hypothesis of cognitive
aging, which serves as a basis for the strong inter-individual variations in the effects
of aging. And lastly, we will look at recent neuroimaging data that have demonstrated
cerebral reorganisation during aging, and we will attempt to distinguish between
dysfunction on one hand and compensatory phenomena on the other.
C ogn it ive a g ing: a heter

ogen E ous pheno menon

Cognitive psychology has shown that aging is a heterogeneous phenomenon.
According to the model by Raymond Cattell and John Horn [1], intelligence is made
up of two primary components: “crystallised” intelligence which relies on cultural
background (and can be considered similar to semantic memory), and “Ḁuid” intelligence, which applies to new situations (and can be considered similar to working
memory). It has been shown that the cultural component of intelligence is well maintained with age, and can even progress with the accumulation of knowledge, while
the Ḁuidity of intelligence tends to diminish. Thus, not all of the components of intelligence weaken with age; some are maintained, or even improve, and compensatory
processes could come into play.
Diff erent
me mor y

ial a g ing o f the neur

ocogn

it ive syste

ms o f

In Tulving’s model [2] of the ἀve neurocognitive systems of memory, four refer to
long-term memory, and the remaining system refers to short-term memory.
Park, et al. [3] studied the impact of age on three of the neurocognitive systems
relating to long-term memory (semantic, implicit and episodic memory). They
showed that semantic memory, which is the memory of deἀnitive knowledge (for
example, the number of days in a week), is very well preserved with age or even
improved. This evolution seems to be strongly correlated with that of crystallised intelligence. Implicit memory is unconscious; it is the result of learning and
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enables us to carry out automatic tasks, such as playing tennis. Like semantic
memory, implicit memory remains intact for a long time during aging. Episodic
memory however, is clearly the memory system that is most affected by increasing
age (ἀg. 1).
IMPACT O F AGE ON Epi sod ic me mor y
According to Wheeler, Stuss and Tulving [4], episodic memory is “the kind of
memory that enables conscious recollection of personal happenings and events from
one’s personal past and mental projection of anticipated events into one’s subjective
future”. The study of the aging of episodic memory requires that the simple feeling
of familiarity be distinguished from true contextualised memories, comparable to a
journey in time making us re-live certain events. These two components of episodic
memory can be operationalised by the Remember-Know paradigm. Recollective
studies based on this paradigm show that it is precisely this possibility to re-live
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Figure 1. Impact of age on three of the cognitive systems of long-term memory [3].
Semantic memory and implicit memory are well conserved with age. Episodic memory is however,
largely affected by the aging process.
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certain rich, contextualised memories that fails during aging, while the feeling of
familiarity, on the other hand, persists [5,6]. Consequently, the memory of elderly
individuals is based primarily on familiarity, which could compensate for the deἀcit
observed in strict episodic memory.
T he ev oked

po tent

ials

method

in e pisod ic me mor y

Electrophysiological studies, notably using event-related potentials, have contributed to the understanding of the phenomena at work in episodic memory, through,
amongst others, the “old-new” effect. This effect enables the identiἀcation of two
electrophysiological correlates of memory retrieval: an early frontal wave of familiarity-based retrieval processes, between 300 and 500 ms post-stimulus, and a parietal
wave of memory-controlled research from 400 ms. This tool gives us a measure
of episodic memory. Comparison of electrophysiological correlates obtained during
cued recall tasks shows lesser magnitude and duration, and a general discrepancy in
elderly subjects compared to young subjects [7] (ἀg. 2).
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Figure 2. Evoked potentials in episodic memory (parietal “old/new effect”) [7].
The old/new effect on electroencephalograms: in elderly subjects, the evoked potential effect is of
smaller amplitude and shorter duration, and is delayed in a cued recall task of episodic memory.
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T he encod

ing pr ocess

and a g ing

Memory is made up of two essential stages: encoding, during which the memory
trace is formed, and retrieval, which refers to the process enabling us to recover this
memory trace. Which of these mechanisms is affected in episodic memory in elderly
subjects? Craik and Lockhart hypothesised that learning can involve different levels
of information processing. Shallow processing relies simply on the structure of the
stimulus, the number of vowels in a word for example, while deep processing gives
meaning to the stimulus, exploring its relations with other objects/situations, which
in the end, has a very strong impact on the memory trace. These operations of information-processing during learning can be stimulated in a laboratory setting and the
learner’s attention can be directed towards more perceptive or phonologic processing, such as the number of letters or rhymes, or towards more signiἀcant processing,
such as the production of adjectives or mental images. These studies show that young
adults gain more beneἀt from deeper processing than older adults, and that the process of encoding seems to be altered in the latter [8]. Castel [9] compared learning of
grocery prices in young and older adults in two situations: in the ἀrst, the prices were
realistic, whereas in the second they were not. The participants were therefore faced
with two situations: in the ἀrst they could rely on their semantic experience, while in
the other, the situation was completely new. The elderly subjects only had difἀculty
remembering when the items to be learnt were not realistic. On the other hand, when
the prices were realistic, well deἀned in an “ecological-cultural” context, they had
no trouble remembering them. There is therefore a certain amount of plasticity in the
phenomenon of memory aging.
cogn

it ive resources de

fic iency hy

po thes is

Schematically, the cognitive resources deἀciency hypothesis supposes that the
origin of episodic memory impairment in normal aging lies in a deἀcit in resources
rather than a structural alteration. Aging seems to be marked by a decline in attention and therefore in executive control, which could be responsible for a decrease
in the effectiveness of memory strategies during encoding and retrieval. In this
hypothesis, it follows that elderly individuals would be more dependent on external help, and so the differences between younger and older adults should decrease
when the level of support is high, and should increase when there is little support.
This hypothesis was recently conἀrmed in a study by Angel, et al. [7] which used
a word-stem cued recall task in young and older adults. Speciἀcally, the participants were required to learn a list of words, and retrieve, for example, the word
“cavern”. Weak support was deἀned as giving the subjects the ἀrst three letters
of the word to be retrieved (cav…), and strong support was deἀned as when the
ἀrst four letters were given (cave…). The effect of age practically disappeared
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with strong support. The event-related potentials method also demonstrated this
effect. The young/elderly differences between the electrophysiological correlates
of memory retrieval were large under conditions of weak support, but were nonexistent under conditions of strong support.
T he fr ont al-execut

ive hy po thes is o f cogn

it ive a g ing

The “frontal-executive” hypothesis of aging was introduced into neuropsychology during the last decade [10-12]. This hypothesis is based on the observation of
more prominent structural and metabolic modiἀcations in the frontal cortex than
in other parts of the nervous system during aging [13-18]. Neuroimaging has also
demonstrated age-related declines in frontal activity linked to encoding and retrieval
[14, 15]. Furthermore, “executive” neuropsychological tests, which measure frontal
performances, show major deἀcits in normal aging [16]. Lastly, there are important
similarities in the memory proἀles of normal elderly subjects and frontal patients,
with frontal cerebral lesions [16].
Francis Eustache reminds us that “the prefrontal cortex is activated in strategic
recall while the hippocampus is in charge of ecphoric recall …: in the ἀrst case,
remembering a shopping list requires great effort; in the second case, the smell
of mulled wine and cinnamon immediately brings back memories of a hike in the
mountains … at the Blanchot refuge” [17].
It has been shown that hippocampus and prefrontal cortex volumes are highly
correlated with age [18], while the posterior regions of the brain are much better
preserved during aging. These frontal modiἀcations translate into deἀcits in executive control that can nowadays be measured by a number of tools. If this executive hypothesis of memory aging is true, we ought to be able to demonstrate a link
between age, memory and individual executive capacities.
Fr ont al-execut

ive de fic it : val ida t ion o f the hy

po thes is

S troop test
The Stroop test assesses the inhibition of previously over-learned information, which
is one of the principal components of executive functioning. In this test, visual stimuli, presented in the form of red, blue or green dot-squares, are shown to the subject
who must name the colours as quickly as possible. Secondly, the investigators create
a situation of conḀict by presenting the word “YELLOW” written in red, “GREEN”
written in blue, etc. The subjects must name the colour and so say “red” even though
“YELLOW” is written. There is interference, since saying the colour of the word
conḀicts with the automatic behaviour of reading which is learned continually from
the beginning of primary school. The subject will read “YELLOW”, and will have to
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inhibit the predominant answer in order to give the correct response which is “red”.
This process takes time and the difference in response times between these two tasks
is a good indicator of a subject’s inhibitory capacities.
DR M parad ig m
The DRM paradigm is a phenomenon in cognitive psychology in which, when lists
of strongly associated words (salt, chocolate, bitter, etc.) are given to be learned,
subjects have a tendency to introduce words which were not in the original list, but
which are strongly associated with them, “false” words: such as the word “sugar” in
this case.
Elderly subjects introduce many more false words that they think they have seen in
these learning lists, which indicates a deἀcit in source memory. We know that source
memory is strongly dependent on executive function.
The Stroop test classes people as “high-executive functioning” or “low-executive
functioning” and identiἀes potential interference between this characteristic and
memory. Butler, et al. [19] used the DRM paradigm in three groups of subjects: young
subjects, elderly subjects with high executive functioning, and elderly subjects with
low executive functioning. The subjects with low executive functioning made the
most memory errors during recall, which demonstrated that there is a link between
age-related deἀcits in episodic memory, notably source memory, and executive function. The electrophysiological signature also shows that the executive component
intervenes in episodic memory in these three groups of subjects [7].
N ormal aging and A lzheimer’s disease
The study of normal aging has led to the development of a reference model, which
has improved our understanding of pathological aging. These studies have shown
that difἀculties in episodic memory experienced by elderly people result more from
attention deἀcit, cognitive resources, and probably executive function impairment,
than from purely amnestic disorders as seen in Alzheimer’s disease patients for
example.
N eur on al reorgan

isa t ion , co mpensa t ion dur

ing a g ing

It has been shown that elderly subjects show greater usage of the two hemispheres
than younger subjects [20]. Is this use functional (compensatory) or dysfunctional?
Recent work would appear to show a correlation between this bilateralisation and
memory performance. It is characteristic of subjects with high memory performance.
The event-related potential method leads to the same observation: young individuals
more frequently show left lateralisation, as is the case in elderly subjects with low
executive performance, while elderly subjects with high executive functions are not
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Figure 3. Executive function level and bilateralisation [21].
The correlation between bilateralisation and memory performance can be observed in event-related
potentials.

lateralised and use both cerebral hemispheres. We calculated a bilateralisation index,
and this alone can explain a signiἀcant part of the variance in memory performance
[21] (ἀg. 3).
C onclus

ion

Aging of the memory is a heterogeneous phenomenon which mainly affects episodic
memory. It is linked to variables which can be characteristics of individuals or situations. The decline in episodic memory is strongly modulated by the level of executive
functioning of the subjects, and cerebral reorganisation could be a compensatory
mechanism.
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Memory, aging and cerebral imaging
Béatrice Desgranges, Hélène Beaunieux, Vincent de la Sayette,
Fausto Viader, Francis Eustache
Cerebral imaging studies have greatly contributed to the understanding of the functioning of human memory, and its evolution during normal aging. This chapter
focuses in particular on two types of memory: episodic memory, which is sensitive
to the effects of aging, and procedural memory, which is relatively well preserved
during normal aging. The contrast between normal and pathological aging, more
precisely Alzheimer’s disease (AD), will be underlined on several occasions.
N eur o ima g ing and the
a g ing

“fr ont al ” hy po thes is o f cere

bral

Morphological imaging studies have demonstrated a linear decline in total grey
matter volume during normal aging, while white matter volume is, on the whole,
maintained [1]. Beyond this global modiἀcation, it is particularly interesting to
study the respective evolution of individual brain structures and to identify those
which are most sensitive to the effects of aging. Various studies based on the “region
of interest” approach provide elements of information. Firstly, a linear decline
in frontal cortex volume is always demonstrated [2]. This is consistent with the
“frontal” hypothesis, whereby the cognitive functions impaired in aging (executive
functions, episodic memory) are dependent on the prefrontal cortex, while those
that are dependent on more posterior structures (semantic memory, the perceptual
representation system, procedural memory, etc.) appear to be less affected. One
example is the cross-sectional, longitudinal study carried out by Kennedy, et al. [3]
which evaluated modiἀcations in cerebral volume at two time points, 5 years apart.
In line with the frontal hypothesis, this work demonstrated a marked decline in the
frontal cortex whereas other structures, including the entorhinal cortex, showed
strong resistance to the effects of aging. Studies using the voxel-based morphometry (VBM) method, in which imaging analysis software automatically assesses the
entire brain, do not need to specify regions of interest. These studies also show that
the prefrontal cortex is primarily affected [4].
The cerebral modiἀcations that occur during aging are both morphological and functional. Functional neuroimaging studies show an overall decrease in cerebral metabo145
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lism during normal aging [5]. Again, the study of the metabolism in different regions
of the brain reveals that this decline is particularly apparent in frontal regions [6].
Mor pholog

ical stud

ies o f h ippoca mpal a g ing

The results of studies of the evolution of the hippocampus appear contradictory.
Some, such as the above-mentioned study by Kennedy, et al. [3], show a decline in
hippocampal volume during normal aging. Numerous other studies however, show
that hippocampal volume is maintained [7]. These contrasting results raise a number
of questions. It has been suggested that while the frontal cortex shows linear decline
during aging, the decline in hippocampal grey matter appears non-linear, beginning
only after the age of 70 [8].
We have investigated this question. We studied the normal aging of all brain regions,
in order to identify the regions which are most severely affected and those which
are best preserved. This work combined MRI (Magnetic Resonance Imaging) and
PET (Positron Emission Tomography) imaging techniques to analyse both morphological and functional cerebral aging. In line with data from the literature, the MRI
morphological study showed that the frontal cortex was the primary target, but that
the parietal cortex was also affected. It also demonstrated that the hippocampus was
affected; this was however limited to the posterior region, while the anterior region
was preserved [9]. During aging, the evolution of the posterior and anterior regions
of the hippocampus would therefore appear to be contrasting and this observation
could explain the divergences seen in the literature.
On a functional level, our work also showed that the hippocampus is one of the best
preserved regions during normal aging, along with the posterior cingulate cortex.
In contrast, this latter structure is particularly affected during AD; this distinction
between normal aging and AD clearly demonstrates that these two situations are
radically different [10].
It must also be noted that while the morphological study demonstrated preservation of the anterior part of the hippocampus and deterioration in the posterior part
during normal aging, it is the anterior part of the hippocampus which is most affected
in AD [11]. Finally, the study of hippocampal subἀelds shows that CA1 is the most
strongly affected sub-region in AD. In normal aging, the evolution of CA1 is comparable to that of the entire hippocampus while the subiculum is the zone that is most
sensitive to the effects of aging.
According to the HIPER (HIPpocampal Encoding/Retrieval) model proposed
by Lepage, et al., the anterior part of the hippocampus seems to be preferentially
involved in episodic memory encoding and the posterior part in retrieval [12]. In
normal aging, retrieval processes are more readily affected than encoding procedures. The demonstration that the posterior part of the hippocampus is affected
during normal aging is therefore perfectly coherent with this model.
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Li nks between

funct ion al neur

o ima g ing and cogn

it ion

Other links between functional cerebral data and cognitive data have been established through the use of “cognitive-metabolic correlation” methods. This involves
establishing correlations between cognitive test scores and resting cerebral metabolic
rates, and identifying the cerebral regions which can explain the observed cognitive
decline. Applied to the study of normal aging in a population of normal young and
elderly subjects, this method systematically shows the involvement of the frontal
cortex. We carried out three studies of this type, using three different episodic memory
tests (story recall, word list learning and a prospective memory task), applied in three
distinct subject populations. In accordance with the frontal hypothesis, frontal cortex
dysfunction was identiἀed in the three studies as being responsible for the decline in
episodic memory during normal aging [13].
Another approach, known as the activation approach, consists of studying the cerebral regions activated during completion of a task. Based on several studies carried
out in healthy young subjects, Tulving, et al. suggested the HERA (Hemispheric
Encoding/Retrieval Asymmetry) model in 1994 in order to explain the following
data: in episodic memory, the left prefrontal cortex is preferentially involved in
encoding operations, while the right prefrontal cortex is preferentially involved in
retrieval operations [14]. In elderly subjects, most studies have shown bilateral activation both during encoding and retrieval, and this has led to the proposal of a
new acronym, the HAROLD (Hemispheric Asymmetry Reduction in OLD adults)
model [15]. This phenomenon seems to play a compensatory role, since it is mainly
observed in individuals with good performance, rather than in those with poorer
performance.
In our laboratory, we carried out an activation study during encoding and word
retrieval in young [16] and elderly [17] subjects. Using the subtractive method, which
involves contrasting an experimental task (for example, encoding of a written word
list) and a control task (simple reading of words) in order to eliminate activations
which are common to both tasks and not the aim of the study, in line with the HERA
model, we observed in both young and elderly subjects, preferential activation on the
left during encoding and right frontal activation during retrieval (ἀg. 1).
The lack of hippocampal activation may seem surprising, given the key role of this
structure in episodic memory functioning. However, this is probably due to the fact
that the control tasks also stimulate memory activity, even if it is unintended. Another
approach involves establishing correlations between cerebral blood Ḁow measured
during word encoding, and subsequently obtained memory scores. This method
enables the identiἀcation of cerebral regions that are essential for effective memorisation. In young subjects, the left hippocampal region is clearly crucial for successful memorisation. In elderly subjects, the left hippocampus is still involved, but its
correlation with memory performance is less than that of the right inferior frontal
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Figure 1. Neuroimaging of encoding and retrieval in episodic memory in young [16] and elderly [17]
subjects. The authors wish to thank Philippe Conejero for his help in producing this ἀgure.

gyrus. In our opinion, the implication of the inferior frontal gyrus is a compensatory
mechanism [17].
A g ing and pr ocedural
me mor y : the contr
o f funct ion al neur o ima g ing

ibut ion

Procedural memory allows us to acquire verbal, cognitive or motor skills, such
as driving a car or riding a bike. It is possible to study the reproduction of previously acquired procedures or the acquisition of a new procedure, such as solving
the Tower of Hanoi or Tower of Toronto problems. During this latter task, subjects
have to move a set of disks from one rod to another whilst respecting two simple
rules: only one disc may be moved at a time, and lighter discs may not be placed on
top of a darker disc (ἀg. 2a). This task is given during several learning sessions in
order to help it become automatic. A behavioural study in young subjects showed
that a high number of attempts, about 40, is necessary for the procedure to become
automatic [18]. The acquisition of a procedure takes place during three distinct
phases:
–– a cognitive phase during which the subject tries to ἀnd the solution. This phase
is costly for the subject in terms of cognition, as it requires executive function and
attention control;
–– an associative transitory phase, during which the subject has found the solution,
but still makes mistakes;
–– an autonomous phase during which the procedure is completely automated. This
phase, during which the subject is at the top of his/her performance, is less costly
from a cognitive perspective (ἀg. 2b).
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Trial
Figure 2. Study of procedural memory using the “Tower of Toronto” [18].
A: Tower of Toronto, and B: learning curve. The authors wish to thank Philippe Conejero for his help
in producing this ἀgure.

We conducted a behavioural study in elderly subjects that demonstrated a slowing
down in the dynamics of the three phases necessary for the automation of the process for solving the Tower of Toronto task [19]. Episodic memory deἀcits in elderly
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subjects impair the correction of learning errors and could be the cause of this slowing down.
To identify the cerebral regions involved in the different phases, we carried out
H2O15 PET cerebral imaging studies during which subjects solved the Tower of
Toronto problem 40 times, with cerebral blood Ḁow measured during trials 1 and
3, 10 and 15, and 30 and 35, corresponding to the cognitive, associative and autonomous phases respectively. In young subjects, the cerebral regions involved were
different during each of the three phases [20]. The bilateral frontal cortex and the
anterior cingulate cortex were activated during the cognitive phase, consistent with
the involvement of reasoning and executive functions as the subject tries to solve the
problem. Although frontal activation persisted during the associative phase, it was
unilateral (right) and less pronounced than during the cognitive phase. Other regions,
such as the caudate nucleus, known to be active in procedural learning, were also
stimulated. During the autonomous phase, frontal activation remained unilateral and
continued to decline, while other regions become activated, in particular the occipital
cortex and the cerebellum.
As mentioned above, we observed a slowing down in the dynamics of procedural
learning in elderly subjects. During the cognitive phase, the activated regions were
identical in young and elderly subjects [21]. These latter subjects appear to encounter
difἀculties that they are unable to overcome by mobilising additional cerebral regions.
On the other hand, during the associative and autonomous phases, some regions were
signiἀcantly more active in the elderly subjects than in the young subjects, in particular in frontal areas (ἀg. 3). Furthermore, frontal activation was bilateral in elderly
subjects, but unilateral in young subjects. Consistent with our behavioural data, this
prolonged activation of the frontal regions that are known to be involved in controlled cognitive processes, seems to suggest a delay in the automation of the cognitive
procedure in elderly subjects.
The bilateral frontal activation in elderly subjects can be interpreted as a partial
compensatory mechanism as described in the HAROLD model (see above) [15]. The
late recruitment of the frontal regions seems to allow elderly subjects to continue to
progress in the task, without enabling them to reach the same level of automation as
the young subjects. To our knowledge, this is the ἀrst study showing that the HAROLD
model, initially described in the ἀeld of episodic memory, then elsewhere, e.g. in semantic memory and working memory, is also applicable to the ἀeld of procedural memory.
More recently, a second type of compensation has been described in a model
known as PASA (Posterior-Anterior Shift in Aging). According to this model, there
is a decrease in elderly subjects in the activation of occipital regions and an increase
in frontal activations, and thus a compensatory posterior-anterior shift, involved in
several processes [22]. In line with this model, our work clearly demonstrated greater
frontal activation in elderly subjects.
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Cognitive phase

Associative phase

Autonomous phase

Figure 3. Comparison of cerebral blood Ḁow (H2O15 PET) during the 3 phases of procedural learning in
young subjects versus elderly subjects. The darker zones represent the regions that are more activated
in elderly subjects than in young subjects (see text) [21]. The authors wish to thank Philippe Conejero
for his help in producing this ἀgure.

C onclus

ions

The aim of this chapter was to underline the importance of imaging in our understanding of the cognitive and structural aspects of normal aging. Cerebral imaging
has conἀrmed the frontal hypothesis, although this is still incomplete since other
structures, such as the parietal cortex or the posterior part of hippocampus, also
appear to be affected during normal aging. The frontal cortex is responsible for the
decline, but also for compensatory mechanisms. Further in-depth studies are now
needed to clearly distinguish the structures involved in each of these phenomena.
It is also important to note that our approach of normal aging has changed. While
researchers are still focussing on the mechanisms of decline, more and more studies
are being conducted on compensatory processes and preserved mechanisms, which
is undeniably a more positive approach. As Park and Reuter-Lorenz so wisely pointed
out [23], “the puzzle for cognitive neuroscientists is not so much in explaining agerelated decline, but rather in understanding the high level of cognitive success that
can be maintained by older adults in the face of such signiἀcant neurobiological
change”.
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Finally, it is important to remember that the structures the most affected in
Alzheimer’s disease are those which are the best preserved during normal aging. The
message is clear: the two processes are radically different.
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D evelopmental amnesia
Bernard Laurent
K no w ing w ithout re

me mber ing

A 12 year old child comes home from school knowing how to draw the shape of Italy
but is unable to say who gave the lesson or if there had indeed even been a lesson.
This is the case of PC, a child who acquired knowledge without any memory of the
situation in which it was acquired. This extremely interesting case raises the question
of an interaction between semantic and episodic memory and how an individual can
build a cultural foundation in the absence of event-related memory.
The relationship between the semantic and episodic memories is complex. In the
independent and hierarchical Tulving model, the semantic memory must be able to
function independently of the episodic memory. Classically, it is acknowledged that
repeated episodic information gradually becomes more semantic. New information
acquired at a given moment can be relived later whilst remembering the source of
the information, and the visual and temporal context. This return to the moment of
acquisition helps to consolidate the information, which will progressively become
independent and spontaneously accessible, without the need to relive the visual and
temporal context of the acquisition.
Hipp oca mpal funct ion ing and me mor y
The classic model of hippocampal function is a result of studies dedicated to the case
of HM. In 1953, at the age of 23, HM was treated for a pharmacoresistant epilepsy by
bilateral hippocampal excision. During the following 40 years, HM no longer had the
capacity for explicit learning and learned nothing, or very little. In contrast, both the
non-declarative, working and implicit memories remained intact. Short-term recall
remained possible, though without consolidation [1]. The proἀle of HM suggested
that it was impossible to acquire new episodic memories or semantic concepts without the involvement of the hippocampus. For a long period of time, no studies were
able to demonstrate that HM was capable of acquiring new semantic information,
such as the names of famous people, or words that had recently entered the vocabulary. The model of hippocampal function was therefore that the declarative memory
is blocked in the absence of the hippocampus.
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In 2005, Rosenbaum [2] presented the case of KC, which questioned the accepted
model. This patient, who suffered multiple ischaemic brain lesions following a car
accident, had severe episodic amnesia, but remained capable of acquiring semantic knowledge, notably, the ability to learn new words with an awareness that new
vocabulary had been learnt.
This ability to acquire new semantic knowledge whilst suffering from hippocampal amnesia has become the subject of debate: while it is possible to observe
the acquisition of semantic knowledge in subjects with bilateral temporal lobe
lesions, the knowledge is acquired slowly, in lesser volume, and less Ḁexible
than that acquired by subjects without lesions. The contribution of the group of
Vargha-Khadem [3] has been important in our understanding of the role of the
hippocampus in the acquisition of declarative, semantic and episodic memories.
The group described the case of 5 children with perinatal ischaemic lesions who
had severe episodic amnesia, but retained a normal ability for cultural learning.
A surprising feature was that at least 1 of the 5 children had received normal
schooling. Thus, how can one build a cultural foundation in the presence of
bilateral hippocampal atrophy that makes the hippocampus highly likely to be
non-functional?
These studies have changed our view of the hippocampus by demonstrating that
severe episodic amnesia does not prevent cultural learning.
T he case o

f ch ild P C

Child PC was brought to our department by his mother, a physiotherapist at
St-Etienne university hospital, because she found the child surprisingly “in the
clouds”. This absent-mindedness had been attributed to a rupture of the diaphragm
at birth that had caused a brief anoxia. The child was operated on, but 6 days
later a further rupture of the wound caused period of anoxia that lasted 6 minutes.
Recovery from the episode was described as “miraculous” with normal development and schooling. Nevertheless, the mother found the child very absent-minded.
For example, as a motivation, and as he was a football fan, his mother gave him a
ticket to the local derby between Lyon and St-Etienne, the main football event in
the region, as a reward for good school results. PC remembered the promise that
had been repeated to him, but on the day after the match he was unable to remember if he had seen it or not. His mother had also noticed that in order to learn his
lessons, he needed to repeat them many times and did not beneἀt from revision on
the day of an examination; only the number of previous repetitions made a difference. Nevertheless, despite these learning difἀculties, the child’s semantic knowledge and scholarity were normal.
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N europsychological assessment
The Gröber and Buschke test adapted for children includes learning 16 words from
a list to assess semantic coding. This test demonstrated that PC had difἀculties in
learning and consolidating words. He did however, have good identiἀcation capacities in multiple-choice tests. Recalling the Rey complex ἀgure (which evaluates the
episodic visio-spatial memory) was also perturbed after a 5-minute interval.
Evaluation of the semantic memory by tests of language, likeness, reading, writing, Ḁuency, and antonyms was normal, as was semantic knowledge assessed by the
Pyramids Palm Tree Test.
Knowledge of the world of football was excellent!
The MRI images were normal (ἀg. 1), with at most a minor lateral atrophy of the
left hippocampus while the right hippocampus appeared normal. On the other hand,
the PET-FDG showed a greatly reduced metabolism in the hippocampus that also
extended over the left lateral temporal region and left temporal pole. The remainder
of the cortex was normal.

Figure 1. The MRI image was normal; in contrast the PET-FDG showed a greatly reduced metabolism
at the level of the hippocampus. The expected value at the cortical level is shown in black, and the zone
with reduced metabolism appears in white (left temporal lobe, lateral and medial; right medial temporal
lobe).
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E pisodic memory assessment
The components of episodic memory, such as time, place, and events were assessed
using the Picard test [4] (ἀg. 2). This test, aimed a children, consists of carrying out
9 actions that include the notions of time, space, and an object which the subject can
handle. For instance, the following scenario is proposed: after breakfast (temporal
context), a broken vase must be repaired (the action) in the dining room (spatial
context). The child is then asked to recall the spatial and temporal context along with
the action. In the case of PC, the test highlighted a large deἀcit in all three episodic
memory components, with even more pronounced difἀculties with the temporal
component. The performances of PC in the visual recognition test of DMS-48 [5]
were, however, normal.
These results raise the question of how the passing of time is perceived: the episodic
memory deἀcit clearly hinders the perception and projection in time, leaving PC
lacking memory of the events, place and time. In contrast, the memory that does not
involve a temporal component is good. This likely explains PC’s autonomy and his
ability to acquire new information.

Figure 2. The Picard test for children evaluates episodic memory. It consists of carrying out 9 actions
that include the notions of time, space, and manipulation of an object. Reproduced from Picard, et al.
[4].
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Episodic Memory: the House test
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Figure 3. Episodic memory: the House test

The results of the Picard test revealed a massive deἀcit in all three episodic memory
components; the difἀculties of PC were particularly pronounced in the temporal
component (ἀg. 3).
A utobiographical memory assessment
During our study of the autobiographical memory of PC we discovered a dichotomy
between the “conceptual” self on the one hand and the “operational” self on the other.
This was studied with the help of two tests initially developed for adults that were
adapted for children (Autobiographical Memory Interview [AMI] by Kopelman, and
the Robinson index word test).
PC was able to recall autobiographical memories that had been repeated to him
(personal semantic), but had almost no episodic memory. As a consequence, when he
arrives in a school he has problems for the ἀrst 2-3 days, then manages to memorise
the teachers’ names, the name of the school and how to get there perfectly. Despite
this slight delay compared with the other students, there is no obvious difference
after 8 days.
Concerning episodic memory and the ability to recollect events, the results were
catastrophic compared with children of the same age. PC was unable to recompose
an event in its temporal, spatial and emotional context, as for example, one would
describe a fall in the school playground or a punishment given by a teacher.
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During the Robinson test, the subject must generate a memory based on a given
word. When the psychologist proposed the word “accident” PC replied, “I jumped
on a bed. I fell and twisted my ankle. Afterwards, I was unable to do any sport.
They were double beds”. He recited the information that had been repeated to him (I
twisted my ankle) or events that lasted long enough to be memorised (I was unable
to do any sport), whereas, in contrast, he was unable to accurately describe the events
of the accident.
H ow does he react? W hat is his idea of time?
With repetition, PC can acquire new knowledge quite rapidly; however, this knowledge is somewhat static. PC gives plausible answers to questions, from a semantic
perspective. To a certain extent he relies on his general knowledge. If he is asked if he
has won a football match against a certain team, he will give the reply that he considers is most likely to be correct. For example, he will reply “we won” if the other
team in question is usually weaker than his own. His notion of time is disturbed; it
no longer exists and has never existed as far as PC is concerned. His idea of time
is ἀxed, such as a date in a diary (on Wednesdays I play football). He has a form of
prospective memory, but this is also frozen in time (this year I will ἀnish my third
year of school, later I will be a football coach), and cannot be modiἀed by related
developments.
What are the repercussions of such a deἀcit of the metamemory (memory capabilities and strategies that can aid memory, as well as the processes involved in
memory self-monitoring)? PC has a perfect semantic metamemory, and for
instance responds correctly to the question “what is the capital of Italy?”. On the
other hand, his episodic metamemory is very deἀcient, and a question such as “do
you know what happened on your younger sister’s birthday 8 days ago?” is met
with a complete blank.
Autonoetic knowledge gives the individual the possibility to become conscious of
their own identity in a subjective notion of time, the self, that extends from the past
to the future and allows a subjective impression of a memory. How can one build
a “self ” with such a deἀcit in episodic memory and such a “semantic” and poorly
adaptive self-knowledge?
The “conceptual” self of PC is based on an autobiographical semantic memory
(identity, administrative facts, address, etc.) that is well conserved and on an
“episodic” self (personal history, sequence of events) that is very deἀcient. Without
permanent modiἀcations that stamp the “episodic” self on his identity, PC has quite a
rigid impression of himself, slightly idealised, removed from his social and emotional
difἀculties. PC talks about himself in a manner that is extremely inḀexible. He does
not feel different from others, but is slightly anxious. He very often asks whether he
has correctly answered a question about recent events.
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W hat works normally or better…
We became interested in PC’s processes that work normally or better than normal.
The results of the test of executive functions (Tower of London) and working
memory (Wisconsin Card Sorting Test) (table 1) were clearly superior to those of
control subjects. It is as if PC has developed an extraordinary compensation of both
these functions. The DMS-48 [5] is a visual recognition test that evaluates the role
of familiarity. It consists of quickly learning a series of 48 images. After a 3 minute
interval and then a one hour interval, the examiner shows the subject a pair of images
that the subject has already seen accompanied by a distracting image in one of 3
different conditions (unique, similar, and abstract). PC always succeeded in the test
T able 1. Study of the executive functions of PC: it is as if the patient had developed an exaggerated
compensation of executive functions and working memory.
E valuation of executive functions
Tower of London

Wisconsin card sorting test
(Milner version)

Number of succesful models at the
ἀrst attempt

10 (6.3 ± 1.6)

Total number of attempts

14 (22 ± 5.3)

Planning time

3.5 (4.5 ± 1.7)

Time to complete test

4 (4.8 ± 1.1)

Total number of errors

8 (21.6 ± 16.7)

Perseverative responses

1 (13 ± 9.1)

Perseverative errors

0 (10.4 ± 8)

Number of categories completed

6 (5.6 ± 1)

Failure to maintain a set

0 (0.8 ± 4.9)

Number of attempts to complete the
1st category

10 (12.4 ± 4.7)

Backward digit span

7

Sequence of letters/digits

13

N–2

9 (8 ± 1.13)

N–3

9 (3.83 ± 1.95)

E valuation of working memory
Subtests of the WISC 4
Update test
(n – back)
TMT Stroop: Nx
Cubes WAIS: 9
Arrows NEPSY: 9/19
Working Memory index IMT WISC 4: 124 (95e percentile)
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8 days after learning. However, only familiarity played a role and he was unable
to specify whether the objects had been presented on a computer or on paper, who
had presented them, in what room etc. The response was correct but based only on
familiarity.
conclus

ion

Patients with hippocampal lesions are fascinating. To understand their neuropsychological deἀcit serves to understand a part of the memory and adds to existing
models. Notably, they conἀrm it is possible to acquire information independently
from episodic memory.
Bibliography
1
2
3
4
5

Corkin S. What’s new with the amnesic patient H.M.? Nat Rev Neurosci 2002; 3: 153-60.
Rosenbaum RS, Köhler S, Schacter DL, et al. The case of K.C.: contributions of a memoryimpaired person to memory theory. Neuropsychologia 2005; 43: 989-1021.
Gadian DG, Aicardi J, Watkins KE, et al F. Developmental amnesia associated with early hypoxicischaemic injury. Brain 2000; 123: 499-507.
Picard L, Guillery-Girard B, Eustache F, et al. Présentation d’outils d’évaluation de la mémoire
épisodique adaptés à l’enfant. Psychologie et psychopathologie de l’enfant, 30 ans de recherche
clinique. 2007 11-13 oct. Paris.
Barbeau E, Tramoni E, Joubert S, et al. Évaluation de la mémoire de reconnaissance visuelle :
normalisation d’une nouvelle épreuve en choix forcé (DMS-48) et utilité en neuropsychologie
clinique. In: L’évaluation des troubles de la mémoire. Van de Linden M et les membres du Gresem
(eds). Marseille : Solal, 2004 : 85-101.

161

Memory
La mémoire
© 2010 Wolters Kluwer Pharma Solutions. Tous droits réservés

O ne or several amnesic syndromes?
Emmanuel J. Barbeau
Declarative (or explicit) memory designates all the information that an individual
can consciously remember and manipulate at will. It is generally expressed through
language and constitutes all the long-term knowledge acquired throughout life, either
relating to general knowledge such as famous monuments, or to events experienced
personally. The identiἀcation of declarative memory as a functional complex that
is relatively independent from other memory systems (such as procedural memory,
perceptual representation memory and working memory) was one of the major
advances during the 1980s and 1990s.
Models o

f declara

t ive me mor y

Declarative memory relies on the medial temporal structures. During this presentation, we will discuss whether declarative memory can be divided into different
memory subtypes. One of the main hypotheses behind this question is that, since the
medial temporal structures are made up of different regions (the hippocampus and
the perirhinal, entorhinal and parahippocampal cortices), these may support different
types of memory within declarative memory.
There are two main competing declarative memory models. The unitary model,
mainly developed by Squire [1], considers that declarative memory cannot be easily
dissociated into different types of memory and that it fully depends on the medial
temporal structures. This model is supported by a wealth of robust experimental data.
The authors who adhere to this model support the idea that the amnesic syndrome
resulting from medial temporal lesions is more dependent on the size of the lesions
than on their location. It is known as the “size, not site” effect.
The unitary model is in opposition to modular models, which are essentially
anatomo-functional: a given structure is attributed to a particular type of memory,
although a neophrenologist attitude must be avoided. Broadly speaking, contextrich memory, such as episodic memory, is thought to depend strongly on the hippo
campus. On the other hand, context-free memory, covering semantic memory and
feelings of familiarity, is thought to depend on the perirhinal cortex and the anterior
subhippocampal structures. In this case, amnesic disorders resulting from medial
temporal lesions depend more on the site of the lesions than on the size. It is the “site,
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Figure 1. Unitary and modular models of declarative memory.

not size” effect. Several authors, including Tulving, Mishkin, Aggleton and Brown,
have suggested modular models, which, although different, broadly converge on the
principles mentioned above (ἀg. 1).
We are going to consider three clinical cases whose proἀles provide arguments in
favour of modular models. The three cases were assessed with recognition memory
tasks, which consist of presenting the patient with a series of stimuli (images or
words), and after varying time intervals, presenting each of the stimuli (targets) again
among distractors. The patients were required to designate the images they had seen
earlier.
Pa t ient F .R .G .
Before discussing this ἀrst case, it is worth reiterating the case of H.M., who is the
“gold standard” cited in the literature. Following bilateral resection of the medial
temporal lobe, this patient developed a serious amnesic syndrome, which has been
studied since the end of the 1950s [2]. Patient F.R.G. suffered herpes simplex
encephalitis at 44 years of age. Cerebral MRI showed a massive lesion in the left
medial temporal structures, which were totally destroyed along the anteroposterior
axis. In the right hemisphere, the amygdala and the hippocampus had completely
disappeared, but the anterior subhippocampal structures were spared, in particular
the perirhinal cortex (ἀg. 2).
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Control

Figure 2. Cerebral MRIs from patients H.M. and F.R.G. and a control subject. In the right hemisphere,
the MRI of F.R.G. shows a complete disappearance of the amygdala and the hippocampus, but preservation of the anterior subhippocampal structures, in particular of the perirhinal cortex. Reproduced
from Corkin, et al. [2].

This patient suffered from a serious amnesic syndrome. She was disorientated in
time and space, became forgetful, and, having lost her autonomy, had to quit her
job. According to modular models, this patient should have had good memory task
results relying on the perirhinal cortex. In particular, she should have been able to
complete recognition memory tasks based on feelings of familiarity.
We gave F.R.G. 18 visual recognition memory tasks using different types of stimuli
and paradigms. The results of the tests were expressed as Z-scores, i.e. in terms
of number of standard deviations from the mean of control subjects. A Z-score of
zero showed a performance identical to that of control subjects. It is conventionally considered that any Z-score less than -2 standard deviations is indicative of a
pathological performance. F.R.G. demonstrated normal performance in 14 of the 18
visual recognition memory tasks, with a mean Z-score for the 18 tasks of -0.8. Her
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performance was therefore within the normal range of control subjects. Her very
long-term (one week) visual recognition memory was preserved, which is one of the
characteristics of declarative memory [3].
We sought to conἀrm whether this good performance was related to the ease of the
tasks. It could be that F.R.G. was only successful in the easiest tasks, and failed in
the more difἀcult tasks. We calculated a difἀculty index for each of the 18 tasks, and
established the correlation between performance expressed as a Z-score for each of
the tasks and its difἀculty index. F.R.G. tended to do better than the control subjects
on the more difἀcult tasks.
Consequently, this patient who presented severe hippocampal lesions had a serious
associated amnesic syndrome, but her performance on recognition memory tasks,
which depend on the perirhinal cortex and decontextualised memory, was preserved.
Patient H.M. showed no such dissociation since all of the medial temporal structures
were damaged. In contrast, the case of F.R.G. provides clear support in favour of
modular models.
Pa t ient M. S .
The ἀndings from the case of F.R.G. would be even more convincing if we could ἀnd
the opposite dissociation and describe patients with anterior subhippocampal lesions
and preservation of the hippocampus. We believe that we may have observed patients
corresponding to such a proἀle.
M.S. ἀrst consulted at the age of 83. He complained of memory problems, such as
forgetting bridge calls or appointments. Fairly quickly, we diagnosed pure progressive amnesia [4], a probably atypical variant of Alzheimer’s disease characterised by
isolated memory problems, which eventually progress towards dementia [5].
The patient was evaluated using the TEMPau test, which enables the evaluation
of autobiographical memory [6]. During this exam, subjects are questioned on 5
different periods of their lifetime (0-17, 18-30, 32-77, 78-82 years and the previous
year) in order to try and evaluate the stock of episodes that they can remember for
each of these periods. M.S. had no autobiographical memory problems, including
during the most recent years, after the presumed date of disease onset. The subject
was also evaluated on a variety of spatial memory tests, which showed that his
anterograde spatial memory was also preserved. Thus, this patient who consulted
for memory complaints did not display any of the usual symptoms of amnesic
patients.
However, M.S.’s performances in 11 recognition memory tasks using both verbal
and visual stimuli were very poor. In contrast to F.R.G., performance decreased with
increasing task difἀcultly. His capacity to recognise visual and verbal stimuli was
clearly affected [4].
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Imaging contributed little, as it showed fairly generalised atrophy, including in the
medial temporal structures, without demonstrating any dissociations. We have some
arguments suggesting that the contextual memory and hippocampus were preserved,
since M.S. completed the autobiographical and spatial memory tasks perfectly. On
the other hand, he failed in all of the recognition memory tasks, suggesting that the
subhippocampal structures were bilaterally affected. This raises the question of how
the autobiographical and spatial memories can be preserved, while, if our hypotheses are true, one of the major channels relaying to the hippocampus is damaged.
We therefore hypothesised that there may be direct neocortical connections to the
hippocampus, which could compensate for the information deἀcit to the hippocampus. Such connections have been described in animals, in particular from the parietal
cortex and the frontal lobe to the hippocampus.
Pa t ient J .M.G .
Patient J.M.G. presented similarities with M.S., while simultaneously being probably more demonstrative. He was referred to our centre several years after M.S. His
cerebral lesions on MRI were considerable on the left and affected almost all of the
temporal lobe. They were also substantial on the right, and more important than
those of H.M. This patient had meningoencephalitis at the age of 20 but only began
to undergo observation in memory consultations much later at the age of 54. The
cerebral MRIs of F.R.G. and J.M.G. were compared. The left hemisphere section
showed that all medial temporal structures had completely disappeared in F.R.G.
The scale of the lesions was similar, or even greater in J.M.G., with a complete
lack of vestigial tissue. Concerning the right hemisphere, there was destruction of
the hippocampal formation in F.R.G., and the anterior subhippocampal regions were
preserved. In contrast, J.M.G.’s anatomical proἀle was the reverse, with complete
destruction of the subhippocampal structures and preservation of the right hippocampus. It should also be noted that in J.M.G., the hippocampus was thicker than in
control subjects.
The lesion proἀles of patients J.M.G. and F.R.G. were therefore totally opposite. As
such, if the modular models are correct, this anatomical dissociation should translate
into functional dissociation. The comparison of these two patients is even more interesting because they probably suffered from the same herpetic encephalitis pathology
and they are of a similar age (48 and 54 years old). It is therefore possible to compare
them in terms of neuropsychology and to set them the same recognition tasks.
F.R.G., who has a severe amnesic syndrome, had very poor performance on visual
free recall tasks, around -3 standard deviations, but performed well in visual recognition memory tasks. In contrast, J.M.G. performed well in the same visual free recall
tasks and does not suffer from amnesic syndrome, despite the size of his lesions. His
memory is subnormal and inferior to that of control subjects, but it remains compat166
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ible with a normal life. This observation provides some answers to the controversy
opposing proponents of the “size not site” effect to those of the “site not size” regarding medial temporal lesions. The case of J.M.G. clearly shows that it is not the size
of the lesions that is decisive, but rather the site.
Furthermore, unlike F.R.G., J.M.G. demonstrated very poor performance on the 18
visual recognition memory tasks. Consequently, as predicted by the modular models
of declarative memory, a double functional dissociation between F.R.G. and J.M.G
was observed.
J.M.G. presented other extraordinary characteristics. After his illness, he developed a passion for anything relating to spatial cognition. He has thus acquired excellent geographical knowledge. When control subjects are asked to ἀll in as many
department numbers as possible on a blank map of France, they generally manage
about 30 answers, with several mistakes. J.M.G., on the other hand, can correctly ἀll
in 94 of the 96 departments. The patient has also developed a passion for copying
Institut Géographique National (IGN) maps, and his reproductions are extraordinarily precise. Finally, J.M.G. is a keen cyclist, covering 12000 to 16000 km per year,
and easily cycles 200 km per day. He sets off alone on long journeys without a map,
often to places that he does not know, and never gets lost, despite the substantial
lesions observed on his MRI.
In line with the hypothesis based on modular models of declarative memory,
J.M.G.’s contextual memory is preserved. The distinct amnesic proἀles associated
with the different lesions of J.M.G. and M.S. in relation to F.R.G. thus provide a
strong argument in favour of modular models.
Di rect neocor

t ical connect

ions

Large lesions were also observed in the parahippocampal cortex of J.M.G. It had
entirely disappeared on the left, and more than 50% was damaged on the right.
For this patient, as with M.S., we hypothesised the presence of direct connections
between the parietal cortex and the hippocampus in order to explain the thickness
of the hippocampus and J.M.G.’s devotion to activities relating to spatial cognition
(ἀg. 3).
The existence of such connections has not been conἀrmed in man. To date, we
have not been able to observe them in J.M.G. Fairly advanced neuroimaging capacities would be required in order to improve our understanding of declarative memory
models. These investigations could also result in improved care and treatment of
various pathologies, in particular Alzheimer’s disease (in which pre-dementia alterations involve subhippocampal structures). We are currently working on the hypothesis that these direct connections associated with other compensatory phenomena
could, at least initially, compensate for the hippocampal dysfunction caused by the
information deἀcit coming from related structures. These direct connections could
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Figure 3. Modiἀed modular model, representing direct neocortical connections to the hippocampus, as
suggested by the cases of M.S. and J.M.G. The crosses represent the damaged areas in J.M.G.

notably explain the plateau of progression observed over approximately 3 years in
mild cognitive impairment patients before developing dementia.
C onclus

ion

Validation of modular models in declarative memory is a lengthy process that takes
several decades, due to difἀculties in identifying adequate pathological models, the
small numbers of patients in each case, and difἀculties in establishing pertinent,
recognised and accepted concepts. The three cases presented above support modular models and illustrate the value of a pathological model in order to further study
herpetic encephalitis.
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T ransient global amnesia
Peggy Quinette, Audrey Noël, Béatrice Desgranges, Vincent de La Sayette,
Fausto Viader, Francis Eustache
Transient global amnesia (TGA) or “ictus amnésique idiopathique” in French was ἀrst
described in 1956 by two investigators from Lyon, Guyotat and Courjon [1]. Two years
later, the English term was coined by Fisher and Adams [2]. By TGA, the authors refer
to a transient amnesia with remarkably stereotyped symptoms: it is deἀned by the
sudden onset in subjects around sixty years of age of severe anterograde amnesia and
a more variable retrograde amnesia with no identity problems. The clinical description includes disorientation in time and almost systematic reiterative questioning. No
neurological disorder is detected. The amnesia progressively resolves within 4 to 6
hours. A lacunar amnesia persists over the duration of the episode and over the period
preceding it. Because of its selective effect on memory and owing to its sudden and
reversible properties, TGA has been a focus for neurologists and memory specialists
since it was ἀrst observed, especially to distinguish it from other forms of transient
amnesia. In 1990, Hodges and Warlow [3] described strict criteria for the diagnosis
of idiopathic TGA, which are still in use to differentiate it from symptomatic TGA.
Although data published over the last 20 years have improved our understanding of
TGA, the mechanisms involved and addressed in the present review, are still under
debate. TGA will also be discussed from the perspective of cognitive neuropsychology,
by reviewing patient data and overall human memory function.
Pa tho phys iolog

ical hy

po theses

Despite the growing wealth of neuroimaging data, the origin of TGA remains
a mystery. At least four mechanisms have been suggested to explain this form of
amnesia.
An epileptic mechanism hypothesis to explain the amnesia onset was proposed in
the 1960s [2]. Initially based on the presence of visible EEG discharge, this hypothesis was soon abandoned, probably reḀecting confusion between TGA and transient
epileptic amnesia. Nowadays, signs and/or a history of epilepsy actually constitute
exclusion criteria for TGA diagnosis.
Novel cerebral imaging techniques such as diffusion-weighted MRI have suggested,
at least in a subgroup of patients, that a vascular mechanism may cause hippocam170
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pal dysfunction [4, reviewed in 5, 6]. However, the nature of this vascular mechanism remains controversial, as both a haemodynamic mechanism and a vascular
mechanism resembling a transient ischaemic attack (arterial occlusion) have been
suggested.
The vascular hypothesis is supported by several factors: on one hand, an elevated
vascular risk factor (particularly atherosclerosis of the carotid artery) and MRI diffusion anomalies in a subgroup of patients for which TGA may be the result of arterioembolic ischaemia [4]; on the other hand, the presence of a patent foramen ovale in
TGA patients, which increases the risk of a paradoxical embolus [7]. However, these
factors remain controversial. Overall, the absence of associated neurological disorders and the uniformly favourable prognosis contradict this hypothesis.
The second haemodynamic mechanism proposed by Lewis [8] is of venous origin.
This hypothesis relies on triggering factors. Intense physical activity mimicking
Valsalva’s manœuvre could cause abnormal venous blood Ḁow, as supported by studies showing that TGA patients had signiἀcantly more jugular valve anomalies during
Valsalva’s manœuvre compared with a control group. In these circumstances, an
increase in thoracic pressure could prevent blood Ḁow and cause retrograde Ḁow to
the brain. A venous congestion could therefore be the source of hippocampal venous
ischaemia in patients with jugular vein deἀciency.
The ἀnal proposed mechanism is based on the neurochemical phenomenon
of “spreading depression”, or the propagation of a wave of depression in cortical
electrical activity, which has also been suggested for migraines. This hypothesis
is supported by the frequency of migraines in TGA patients, and by the presence
of headaches during the episode. In TGA, spreading depression may be caused by
excessive glutamate release following physical and/or emotional factors, which may
provoke transient and reversible hippocampal dysfunction [9]. However convincing
this mechanism appears, and despite being compatible with the various physical or
psychological causes associated with the ictus [10], with the exception of some very
rare cases it has yet to be demonstrated in humans.
Although the hypotheses outlined above rely on solid epidemiological and
neuroimaging arguments, there is no consensus on the mechanism for the origin of
TGA. As a result, the possibility that multiple causes may be involved is currently
being considered; different insults could lead to a spreading depression through
the hippocampal cortex, which would explain the clinical homogeneity of this
syndrome. The results from our study in 142 patients support the idea of different
TGA proἀles [6]. Based on patient characteristics (gender, age, number of episodes,
risk factors and personality) and on the actual episodes (triggers, associated symptoms, onset and length), an analysis of ascending hierarchical classiἀcation was
carried out. This analysis allowed the description of patient proἀles and determined the variables that best ἀt each subgroup (ἀg. 1). The ἀrst subgroup includes
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women with emotional risk factors (emotional triggers, a medical history of anxiety and/or depression, and personality disorders). The second subgroup includes
men in which a physical factor has been identiἀed. The analysis also distinguishes
patients according to age (below 56 years old) and history of migraines. Vascular
risk factors such as hypertension and hypercholesterolaemia do not appear to be
directly associated with a subgroup. The description of patient subgroups associated with particular risk factors (emotional, physical and migrainous) is key
to understanding the syndrome’s aetiology. Some cases of TGA, notably those
followed by headaches, may be the equivalents of migrainous auras, and others
may be triggered by physical or emotional stress. Further cases may be the result of
transient ischaemia. These various causes may all lead to the same consequence of
spreading depression, a possible common outcome to these different insults. This
hypothesis does not exclude the promoting role of anatomical factors cited above
(jugular deἀciency or patent foramen ovale leading to intracranial venous hypertension in cases of Valsalva), nor does it exclude “classical” transient ischaemia,
which would occur upstream and remain compatible with the different aetiologies
observed. Further investigations will be necessary to conἀrm this hypothesis.

Pathological personality
Personality disorder
Emotional triggering factors
History of anxiety
Women
Age <56
History of migraines
Men
Physical trigerring factors
No associated symptoms
Hypercholesterolaemia
High Blood Pressure

Figure 1. Dendogram of the ascending hierarchical classiἀcation analysis based on the clinical and
demographical characteristics of 63 patients. Four clusters of variables relating to three patient categories are described: i) women with emotional risk factors, i.e. pathological personality or personality
disorder, emotional triggering factors and a history of anxiety, ii) patients under 56 years of age and
patients with a history of migraines, iii) men with physical triggering factors and no symptoms associated with amnesia, iv) vascular risk factors, i.e. hypercholesterolaemia and hypertension. Reproduced
from Quinette et al. [6].
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In addition to the investigations outlined above describing the mechanisms that trigger TGA, this pathology is particularly interesting in the context of novel neuropsychological investigation.
Studies investigating patient memory during the acute phase and neuropsychological examinations have conἀrmed the strictly episodic nature of the resulting
amnesia. TGA is nowadays the human model for episodic amnesia and as such,
offers a unique opportunity for neuropsychological exploration of memory systems.
We will therefore review studies that used TGA as an interaction model between
different memory systems. Following the evolution of theoretical concepts, we will
review recent studies that explored the relationship between memory and more
complex cognitive domains, such as those associated with self and identity, selfawareness, the ability to project into the future or to experience emotion.
T rans ient glo

bal a mnes ia as an intera

ct ion model

E pisodic memory – semantic memory
The question of whether knowledge can be modiἀed or new knowledge acquired
without explicit memorisation of learning episodes is hotly debated. Two hypotheses
are currently discussed. The ἀrst, proposed by Tulving, stipulates that new semantic knowledge is independent from episodic memory [11]. Information may thus
ἀrst be encoded into semantic memory before being encoded into episodic memory.
Arguments from analyses of memory pathology support this hypothesis. Several
authors have highlighted the learning of new semantic knowledge in patients with
permanent amnesia [12, 13] and in children with developmental amnesia [14, 15].
The second hypothesis, put forward by Squire and Zola [16, 17] suggests the existence of a shared neurocognitive system of episodic and semantic memory. According
to these authors, the creation of new semantic knowledge requires corresponding
episodic representation. Thus, two criticisms of an apparent dissociation between
episodic and semantic memory are developed. On one hand, acquisition of semantic
knowledge is slower and often less Ḁexible compared with control subjects. On the
other hand, patients retain a capacity for “residual” episodic memory, highlighted
by low pathological performances but that may be adequate to acquire semantic
knowledge.
With the aim of adding weight to either hypothesis, we used a semantic priming
method consisting of sentences that were difἀcult to understand, to test the acquisition of new meanings in the semantic memory of three patients during the acute
phase of TGA [18]; their amnesia was such that it did not allow for cognitive and
neurobiological reorganisation.
The semantic priming test implies a modiἀcation of the conceptual knowledge
network, essential for interpretation of sentences that are difἀcult to understand. Ten
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sentences such as “the haystack is important because the cloth is torn” were presented
to patients who were required to suggest an explanation. In the absence of an answer
or in the case of a wrong answer (which is absolutely normal), a word (target item)
was given to the subject. In this example, the target item was “parachute”, which
allows an immediate understanding of this sentence. These sentences were presented
a ἀrst time during the acute phase of the episode (study phase), then a second time
still during the acute phase but after a given interval (1st test phase) and ἀnally, a third
time, the following day, once the patients had recovered (2nd test phase). The priming
effect was measured during both test phases, by subtracting the number of spontaneously understood sentences during the study phase from the number of sentences
understood without the use of a target item.
For example, one patient examined during the acute phase was presented with the
following sentence: “the cords were affected because of the smoke”. The patient
gave the wrong interpretation that ἀremen’s cords were attacked by ἀre. When the
target item “vocal cords” was given, the patient offered the correct interpretation:
“the tobacco smoke affected the vocal cords”. An hour and a half later during the test
phase, with no recollection of having undergone a memory test, the patient spontaneously gave the correct interpretation. The following day, the patient again gave the
same correct interpretation.
This study thus demonstrated a priming effect during the episode that persisted
the following day. The study clearly shows that the formation of novel connections
among semantic representations can occur despite severe episodic memory perturbation and demonstrates the relevance of pathological models in improving our understanding of human memory. The results argue in favour of Tulving’s memory model,
which proposes that novel semantic representations can be acquired independently
from episodic memory, even though semantic and episodic memory are in close
collaboration during normal memory function.
E pisodic memory – working memory
Neuropsychological investigations of the acute phase of TGA have mostly focused on
episodic memory. Few studies have analysed working memory during the acute phase
of TGA. We therefore chose to investigate it in more detail according to the theoretical models of Baddeley [19] and Miyake [20]. In a ἀrst set of studies, we observed
a preservation of different components, such as the phonological loop, the visuospatial sketch pad and central executive processing functions (updating and shifting
mechanisms, inhibitory control, dual task performance) [21]. With the aim of exploring relationships between episodic memory and working memory, we investigated
the episodic buffer, a novel component of working memory proposed by Baddeley
[19]. Because the episodic buffer comprises a capacity system that provides storage
of information in a multimodal code (verbal, spatial, or from long-term memory),
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it could play an important role in the formation of episodic memory. Two tests were
created to analyse association processes of visuo-spatial and verbal information and
the capacity for storage of associated verbal and visuo-spatial information, which are
proposed functions of the episodic buffer [22]. Sixteen patients were included in this
second study. In order to address the role of the episodic buffer in episodic memory
encoding disorders, we made a distinction between the performance of patients with
preferential encoding deἀcits and those of patients with preferential storage disorders. Whereas patients with a storage disorder (but no encoding deἀcit) performed
well in the episodic buffer tests, those with an encoding deἀcit had pathological
results. These results support the existence of an episodic buffer and also suggest
that this novel component of working memory is involved in initial encoding into
episodic memory. This outcome may be viewed in parallel with a neuroimaging
study that measured cerebral blood Ḁow and oxygen metabolism with positron emission tomography (PET) in a TGA patient incapable of learning episodic associations.
PET ἀndings disclosed a hypoperfusion proἀle in the left posterior hippocampus, a
region that could be responsible for episodic buffer functions [23].
E pisodic memory – episodic future thinking
Episodic memory is the memory of personally experienced events associated with
a precise spatio-temporal context and is characterised by autonoetic consciousness
or a sense of re-living an event [24]. This memory component allows mental time
travel. Tulving described the case of K.C., an amnesic patient with difἀculties in
imagining details of personal events from the past and future events. Similar cases
were recently reported in 5 patients with permanent bilateral hippocampal amnesia
who were asked to complete scenarios in as much detail as possible (for example:
“imagine that you are lying on a tropical beach…”) [25]. Compared with matched
controls, the patients were markedly impaired at imagining new experiences and
lacked spatial coherence, consisting instead of fragmented images. With the goal
of exploring the ability to project into the future in patients with profound disorders
in episodic memory, we initiated a study in 7 individuals during the acute phase of
TGA [26]. We ἀrst studied the inḀuence of temporal distance on the mechanisms of
projection in varying different periods of time (the near future vs. the remote future).
We also analysed the nature (the degree of episodicity) of patient answers by using
a method derived from the autobiographical memory test described by Piolino [27].
The patients were asked to relate a future personal event “as if they were there”, in
the greatest detail possible. They could use planned events or completely imaginary
events as long as they made the effort to project themselves into the future.
The next 12 months and the next 5 years were thus explored and we recorded a total
recall score that allowed the description of the quality of patient responses (varying
from vague details to speciἀc descriptions). Moreover, at the end of each response,
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we asked the subjects to rate their state of associated consciousness based on the
Remember/Know paradigm [28].
As expected, the patients had a signiἀcantly inferior total recall score compared with
control subjects both for the 12-month and the 5-year periods. In addition, compared
with the near future period, the remote future period was more difἀcult to imagine.
This temporal distance effect, already described in the literature and observed in
control subjects, is even more pronounced in the patients, who are incapable of imagining speciἀc detailed long-term future events. Concerning the near-future period,
two patients were able to imagine speciἀc detailed events, but the scores observed
when measuring the associated state of consciousness showed that these responses
were devoid of a subjective sense of living the event, of self-projection, reḀecting a
damaged autonoetic consciousness.
These data support the role of episodic memory in the ability to project into the
distant future. We observed serious deterioration in the ability of amnesic patients to
project into the distant future; they respond by describing vague events, few details
and no phenomenology. In the case of the near-future, the ability of certain patients to
describe plausible phenomenological events suggests that episodic memory could be
partly provided by other cognitive processes such as semantic memory (knowledge of
personal identity could for instance allow the creation of plausible future events).
Overall, these results highlight deἀcits related to amnesia. During episodes, amnesia is accompanied by reiterative questioning and disorientation in time, as seen by
a break in the passing of time and associated events, which is likely to alter the
subjects’ perception of the continuity of their existence and cause psychopathological (emotional) modiἀcations. The study of interactions between episodic memory
disorders and psychopathology is particularly interesting in amnesia.
E pisodic memory – emotion
From the very ἀrst observations, several authors noted signs of anxiety, distress,
apathy or symptoms of a panic attack, during the acute phase of TGA. These signs
imply that emotional factors may occur during the episode. Moreover, some studies
suggest that these emotional factors could indirectly interfere with memory [29].
In this context, we evaluated the incidence and intensity of anxiety and depression
disorders in a group of 35 patients during the ictus (17 during the acute phase and
18 during the recovery phase) with the use of different psychopathological scales
[30]. Two methods sought to identify TGA predisposition factors such as anxiety
(Spielberger’s State–Trait Anxiety Inventory [STAI]) and depression (abridged
version of the Beck Depression Inventor) and two other psychopathological scales
measured the level of anxiety (ἀrst part of STAI) and depression (Adjective Mood
Scale or Von Zerssen’s evaluation of the state of subjective well-being), to determine
whether these disorders could be regarded as symptoms speciἀc to TGA.
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Compared with control subjects and patients during recovery, patients in the acute
phase displayed a signiἀcantly higher level of anxiety (ἀrst part of STAI) and a more
depressed mood (Adjective Mood Scale), suggesting a sudden alteration of mood
and anxiety, which was correlated with deἀcits in anterograde memory (ἀg. 2). TGA
is thus systematically associated with changes in emotional state.
To better understand the inḀuence of psychopathological factors on memory function, we performed correlation analyses between the psychopathological scale scores
and cognitive performances in two episodic memory tasks (learning a list of words
and recalling autobiographical memories). We showed that a patient’s mood affected
performance in a word recognition task and coincided with the autobiographical
episodic memory task, in that a larger proportion of patient memories tended to have
negative content.

Acute phase

Acute phase

Recovery phase

Recovery phase

Controls

Controls

Figure 2. Anxiety (a) and mood (b) scores for acute phase patients, recovery phase patients and control
subjects. **p<0.01; ***p<0.001
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To our knowledge, this study is the ἀrst to show that TGA is systematically accompanied by mood and anxiety disorders. Further studies are, however, needed in order
to investigate the origin of the mood modiἀcations: are they related to psychological repercussions of sudden and profound amnesia or are they related to a broader
dysfunction of the limbic system independent from amnesia? By showing that mood
modiἀcations contribute to memory disorders during the acute phase of TGA, this
study raises the question of how to control patient anxiety during the episode, for
instance by oral reassurance.
C onclus

ion

Despite major advances in neuroimaging, which tend to describe the hippocampus as
the central player in cerebral dysfunction, the intricacies of neuronal disorganisation
remain elusive. A growing number of studies currently support the hypothesis that
TGA can occur in different circumstances, implicating more than one pathophysiological mechanism, which would mainly affect the CA1 hippocampal area. However,
a series of arguments, including visible unilateral hippocampal diffusion MRI anomalies (not easily compatible with amnesia) have suggested that TGA is the result of a
more complex mechanism. Not only have neuropsychological tests during the acute
phase of TGA improved understanding of the patients’ cognitive capabilities, but by
using TGA as an interaction model for memory systems, they have also shed light on
human memory function. Finally, these studies have highlighted the consequences
of this form of sudden and profound amnesia on the patient’s psychological and
emotional state. Together, these novel laboratory-based studies offer much food for
thought.
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Very long-term memory
Ève Tramoni
Declarative memory, deἀned as factual and event-related memory (semantic and
episodic memory, respectively) [1] involves different regions of the medial temporal
lobe that include the hippocampus and subhippocampal structures. Whereas some
patients present equivalent deἀcits in both semantic and episodic memory following a medial temporal lobe lesion [2, 3], others selectively forget episodic information encoded several minutes before [4-6]. The description of the latter proἀle
argues in favour of models that propose an anatomical and functional segregation
within medial temporal structures, whereby episodic information is supported by the
hippocampus and semantic information by subhippocampal regions [7, 8].
The demonstration of a similar dissociation within an extended time scale could
further support this model. We aim to approach this question using a particular
model of amnesia in relation with temporal lobe epilepsy [9, 10]. Following a clinical description of the patients, we present two studies in which their long-term retrograde (autobiographical) and anterograde (the long-term consolidation of new information into declarative memory) memories were tested.
Pa t ients
Patients had a history of pharmaco-sensitive epilepsy and presented with atypical
gradual memory loss of signiἀcant episodes in their life [10]. These included difἀculties in remembering salient moments such as weddings, birthdays or trips undertaken in previous years. The patients speciἀed that these events were not forgotten
instantly, but gradually, over several weeks. They also complained of difἀculties in
going to unfamiliar places. These complaints contrasted with a complete preservation of general knowledge and an overall intact social adaptation. The patients
remained fully capable of assuming personal and professional responsibilities, some
of the latter being at a high level.
The neurological assessment and brain CT-scan data were normal. Threedimensional magnetic resonance imaging (MRI) did not reveal major signal anomalies, although hippocampal sclerosis was sometimes observed.
The ἀrst clinical signs of epilepsy generally occurred adulthood (between 18 and
50 years of age). Awake electroencephalogram (EEG) recordings and those measured
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during sleep showed spikes and sharp waves in the unilateral or bilateral temporal
regions. These epilepsies were generally successfully controlled by monotherapy.
However, despite the absence of clinical manifestations of epilepsy, patients continued to complain of gradually forgetting personal episodes.
Standard neuropsychological evaluation showed an intact global cognitive functioning, and normal performance to standardised episodic memory assessment on the
Wechsler Memory Scale-III (WMS-III) and different memory tests based on free and
cued recall [11, 12]. The evaluation of executive and speciἀc functions (language,
praxic, visual perceptual and spatial abilities) showed performances comparable to
control subjects.
In summary, despite the magnitude of the patients’ complaints relating to difἀculties in remembering salient episodes of their lives, they did not present any signiἀcant deἀcit in standard cognitive function evaluations. In a ἀrst study involving 3 of
these patients, we speciἀcally investigated their episodic and semantic memory of
past events [10].
Di ssoc ia t ion o f e pisod ic and se mant ic co mponents
retr ograde
me mor y

in

Kopelman’s Autobiographical Memory Interview [13], which assesses episodic
and semantic components of three periods of life (childhood, early adulthood
and recent period), was carried out in 3 patients presenting with autobiographical
amnesia and temporal epilepsy. In each case, normal performances were recorded

a

b

case n°1
case n°2
case n°3
pathological threshold

childhood

adulthood
Lifetime periods

recent period

childhood

adulthood
Lifetime periods

recent period

Figure 1. Performances of the three patients in both sections (a: personal semantic memory, b: episodic
autobiographical memory) of Kopelman’s autobiographical interview [13] according to the three life
periods. Reproduced from Felician et al. [10].
Compared with previously published pathological thresholds (more than two standard deviations from
the average of control subjects), the results fall within normal values for autobiographical semantic
memory (a), whereas they are below the pathological threshold for the recent period in the episodic
component (b).
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in the semantic component of the test, whereas deἀcits were observed for the recent
period in the episodic component (ἀg. 1).
In order to better characterise the autobiographical gaps in the retrograde memory
of the 3 patients, we used a separate semi-structured questionnaire of long-term
autobiographical memory [14]. This second test assesses the capacity to mentally
re-live the phenomenological and contextual details of speciἀc autobiographical
events across ἀve periods: childhood and adolescence (up to 17 years of age),
young adulthood (up to 30 years old), adulthood (beyond 30 years), the last ἀve
years (excluding the last 12 months), and the last 12 months. For each life period
under investigation, the subjects were required to orally relate speciἀc personal
episodes in the greatest possible detail (in time and space). The ἀrst four periods
were explored with the help of 4 recall themes (an encounter, a school or professional event, a journey, and a family event), whereas the last period was tested using
8 items (last summer, Christmas or New Year’s Eve, last month, last week, last
weekend, the day before yesterday, yesterday, and today). Each recalled event was
scored on a 5-point episodic scale (from 0 to 4) based on Baddeley and Wilson’s
scale [15], taking into account the speciἀcity of the content, the spatio-temporal
situation and the level of detail. Two principal scores were collected per period:
one global autobiographical memory score accounting for all episodes regardless
of their nature and one strictly episodic score only accounting for memories with
a grade 4. In the context of this study, we speciἀcally focused on the latter score.
An interview with close friends or family was conducted subsequently in order to
check the accuracy of responses.
The strictly episodic scores obtained by the 3 subjects are illustrated in Figure 2.
The performance of the 3 patients was within normal limits for the recollection of
childhood, adolescence, young adulthood and the past 12 months. In contrast, the
strictly episodic recollection of more recent adulthood and that of the past 5 years
was altered in all three patients. This retrograde lacuna showed a U-shaped proἀle,
with a severe loss of memories acquired in mid-life, and a relative conservation of
those acquired at the extremities (childhood and recent period).
In summary, these two methods evaluating autobiographical memory documented
the patients’ complaint of gradually forgetting episodes by highlighting a conservation of memory recall over the few months preceding the examination, but deἀcits
over the last 5-10 years. This pattern of results could suggest an insidious deἀcit in
the long-term consolidation of episodes of life, traces of which remain accessible for
several weeks to several months, but which are then progressively deleted [9, 16]. In
contrast, patient performance was normal in the tests assessing the semantic component of memory. Thus, the effect on autobiographical memory could be explained
by a selective deἀcit in long-term consolidation of episodic information. In order
to test this hypothesis, a second study was carried out in ἀve patients to investigate
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Figure 2. Strictly episodic recall scores as a function of the ἀve time periods, obtained from the three
patients compared with control subjects during the TEMPau task [14]. Reproduced from Felician et al.
[10].
In the three cases, preservation of retrieval of memories from childhood and adolescence, young adulthood and the recent period was observed. In contrast, strictly episodic recall of later adult years and of
the last ἀve years was signiἀcantly altered compared with control subjects.

the long-term consolidation of episodic and semantic information. The preliminary
results of this study are presented below [17].
Di ssoc ia t ion o f e pisod ic and se mant ic co mponents o
f
anter ograde
me mor y . Prel imin ar y resul ts in 5 pa t ients
A battery of neuropsychological tests was developed to study consolidation processes
1 hour and 6 weeks after encoding of episodic and semantic information. For each
task, the same protocol was implemented: (i) immediate recall and (ii) early (1 hour)
to long-term (6 weeks) delayed recall, each of the latter being followed by a forcedchoice recognition procedure.
E pisodic memory tasks
Episodic memory tasks included learning two stories from the “Logical Memory”
sub-test (WAIS-III, [11]), two itineraries (one real and one virtual) [18] and a
sequence of experimentally encoded episodes [19].
183

Ève Tramoni

The results did not show any difference between the two groups following a onehour interval, both for recall scores and recognition scores. However, after 6 weeks,
patient performance was signiἀcantly less accurate in all tasks, including recall and
recognition scores.
S emantic memory tasks
A ἀrst set of semantic memory tasks comprised ἀve recognition memory tests
based on single items [6, 18]. A second set of tasks included a list of 15 items of
general knowledge unknown to the patients and control subjects, selected from the
“Wikipedia” database, and relating to different topics (art, science and sport).
Semantic memory task results did not highlight any differences between patients
and control subjects, be it after 1 hour or 6 weeks.
In summary, the evaluation of the consolidation processes after a one-hour interval
highlighted intact performances following the different anterograde memory tests
used. After 6 weeks, however, while pronounced deἀcits were observed during recall
and recognition of episodic information, performance was preserved for semantic
memory tasks, regardless of the way in which the information was recalled.
Di scuss ion
The studies outlined above explored the mechanisms underlying memory deἀcits in
patients who presented with atypical gradual forgetting of personal memories after
several weeks, in the context of moderate pharmacosensitive epilepsy of hippocampal origin. Following the example of data reported in similar cases [9, 16], we have
highlighted an isolated impairment of autobiographical memory and accelerated
forgetting in these patients. However, to our knowledge, no link between these two
effects had been demonstrated to date. By showing that the defect in long-term
consolidation is speciἀc to episodic material, we hypothesise that deἀciencies in the
episodic component of autobiographical memory in epileptic patients could, at least
in part, be a consequence of long-term consolidation deἀcit.
Moreover, preliminary results obtained in a second study also supported dissociation between episodic and semantic components of declarative memory in the
course of long-term consolidation. This pattern has been reported several minutes
after encoding in other patients with a different amnesia syndrome [4-6]. In particular, three adolescents with hippocampal lesions presented defects in autobiographical and spatio-temporal memory, but despite the severity of their amnesia,
they were able to attend mainstream schools and acquired a substantial amount of
semantic knowledge [4]. Similar patterns have been reported following hippocampal lesions that occurred in adulthood [5, 6]. However, in these cases, the deἀcit
did not become apparent after the initial stage of consolidation but several weeks
after successful encoding, suggesting an effect on the mechanisms of long-term
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consolidation. This effect is independent of the modality of retrieval but speciἀc
to material that requires the creation of complex linking between spatial and
temporal elements [20]. In contrast, long-term consolidation of unique items was
preserved.
While many authors recognise that the different structures of the medial temporal
lobe have distinct roles in declarative memory, the speciἀcities of their respective
contributions are a matter of debate [8, 21]. The dissociation reported here supports
the hypothesis that episodic and semantic memory are dissociable and rely on different cerebral structures: semantic memory depends on subhippocampal regions,
whereas episodic memory depends on the hippocampal structure [22, 23].
One important unanswered question concerns the mechanisms by which epileptic
activity interferes with the process of memory consolidation. None of the patients
described in the studies above had experienced seizures for years. One possible
explanation is that a subclinical epileptiform activity within the hippocampal structure hinders the sequence of molecular and cellular events that participate in the
formation and stabilisation of episodic engrams [24, 25]. Spikes and waves were
recorded during nocturnal EEG in all patients; this may point towards an alteration
of consolidation processes during sleep [26].
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D isproportionate retrograde amnesia:
the question of functional amnesia
Catherine Thomas-Antérion

A MNES IC SYNDRO ME
Amnesic syndrome traditionally includes anterograde amnesia, either with or
without positive signs (confabulation, false recognition, anosognosia), and reasonably signiἀcant retrograde amnesia. Somewhat stereotypically, retrograde amnesia
involves hippocampal amnesia for two or three years and several decades of diencephalic amnesia. Anterograde amnesia involves the acquisition of new memories
and is affected by numerous focal lesions, suggesting that a centralised process is
needed to record and ἀx memories. Retrograde memory impairment reḀects either a
failure to consolidate the most recent memories or a massive problem of access. In
1937, Papez described a circuit linking the hippocampus, mamillary body, thalamus
and cingulate cortex thus marking an important date in the identiἀcation of anatomical regions that are essential to memory registration. Later, in 1957, the historical
description of deἀnitive anterograde amnesia following bilateral medial temporal
lobe resection for drug-resistant epilepsy (the H.M. case) made it possible to assert
the existence of an internal cortical-temporal area in which the lesion caused a selective and lasting loss of the ability to remember. The hippocampus plays a role in the
acquisition of episodic memories, linked with our personal histories, and plays a
lasting role in recovering them. The memory trace itself is distributed across large
areas of the cortex, and the storage or preservation of memories is diffuse. As a
consequence, a focal cerebral lesion cannot, “in theory”, trigger an isolated loss of
memories of the past, i.e. pure retrograde amnesia.
PURE (or d is pr o por t ion a te) RETROGRADE

A MNES IA

O ne of the ἀrst observations recorded in literature
In the Taoist literature of the 7th century we found a text, “A Strange Disease”, which
we consider a good illustration of the singular presentation found in some of these
patients.
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“Yang-li-Hua-tzu, of the Sung State, was afflicted in middle age by the disease of
amnesia. Anything he received in the morning he had forgotten by the evening; anything he gave away in the evening he had forgotten the next morning. Out-of-doors,
he forgot where he was going; standing indoors, he forgot to sit down. At any given
moment, he had no recollection of what had just taken place; and a little later on, he
could not even recollect what had happened then. All his family were perfectly disgusted with him.
Fortune-tellers were summoned, but their divinations proved unsuccessful; wizards
were sought out, but their exorcisms were ineffectual; physicians were called in, but
their remedies were of no avail.
At last, a learned professor from the Lu State volunteered his services, declaring that
he could effect a cure. Hua-tzu’s wife and family immediately offered him half their
landed property if only he would tell them how to set to work.
The professor replied: “This is a case which cannot be dealt with by means of auspices and diagrams; the evil cannot be removed by prayers and incantations, nor
successfully combated by drugs and potions. What I shall try to do is to influence
his mind and turn the current of his thoughts; in that way cure is likely to be brought
about.”
Accordingly, the experiment was begun. The professor exposed his patient to cold, so
that he was forced to beg for clothes; subjected him to hunger, so that he was fain to
ask for food; left him in darkness, so that he was obliged to search for light. Soon, he
was able to report progress to the sons of the house, saying gleefully: “The disease
can be checked. But the methods I shall employ have been handed down as a secret
in my family, and cannot be made known to the public. All attendants must, therefore,
be dismissed, and I must be shut up alone with my patient.”
The professor was allowed to have his way, and for the space of seven days no one
knew what was happening in the sick man’s chamber. Then, one fine morning, the
treatment came to an end, and, wonderful to relate, the disease of so many years’
standing had entirely disappeared.
No sooner had Hua-tzu regained his senses, however, than he flew into a great rage,
drove his wife out-of-doors, beat his sons, and, snatching up a spear, hotly pursued
the professor through the town. On being arrested and asked to explain his conduct,
this is what he said: “Lately, when I was steeped in forgetfulness, my senses were so
benumbed that I was quite unconscious of the existence of the outer world. But now
I have been brought suddenly to a perception of the events of a lifetime. Preservation
and destruction, gain and loss, sorrow and joy, love and hate have begun to throw out
their myriad tentacles to invade my peace; and these emotions will, I fear, continue to
keep my mind in the state of turmoil that I now experience. Oh! if I could but recapture
a short moment of that blessed oblivion!” (From Lieh-Tzu, The True Classic of Simplicity and Emptiness, III, VIII.)

We can probably claim that this is one of the ἀrst literary descriptions of functional
amnesia in the sense that it is difἀcult to eliminate an organic cause or conἀrm a
mental cause. The subject developed amnesia (the circumstances are unknown: all
we know is that he had had the condition for some time and that it had not changed)
and was virtually in a twilight state (quite unconscious of the existence of the outer
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world). The primary beneἀt is clear, because the patient himself describes this option
as the only one that will allow him to forget on a lasting basis (apart from death, to
which it is equivalent). The subject has no past, but he also forgets what he is in the
process of doing: his journey through time has been interrupted. This reminds us of
the ἀrst Lesson given at la Salpêtrière on 22 December 1891 by Charcot, entitled
“A Case of Retrograde-Anterograde Amnesia, Probably of Hysterical Origin”. It is
interesting to see that the “block” is beyond the reach of the astrologer, the wizard/
exorcist (we know that suggestion and exorcism can sometimes lead to an emergence from hysterical phenomena) and even the physician. However, a third party (a
learned person who could be the ancestor of a psychotherapist) was able, by isolating
the patient, interrupting all secondary assistance (the help provided by the patient’s
wife and family) and using a number of magic principles (note that the “cure” took
seven days), to remove the symptom (inἀuence his mind and turn the current of his
thoughts), achieve a catharsis and permit a “spectacular recovery” in the space of
a morning. The wakening of the patient is preceded by rendering him physically
bare (a precedent to being bared symbolically) (clothing), imposing a diet (food)
and imprisonment (left in darkness). The treatment is thus painful and extremely
costly (half their landed property). Hua-tzu thus recovers his memory … but not his
“wellbeing” for all that. Moreover, the fact that he takes violently to his family could
well suggest some “wild interpretation” underlying his amnesia.... The conclusion
to the story, in particular, reminds us advisedly of the Taoist philosopher’s intended
message: that we should not seek to cure all symptoms at any cost; some losses are
preferable to some gains! Or at least that the treatment should be monitored, giving
patients enough space to recover or not, and particularly to enable patients to express
their suffering and put it into words.
“L esional” neurological literature
This exceptional situation has in fact been reported in the neurological literature.
We must emphasise that most observations involve diffuse pathological conditions,
apart from one exceptional case of a lesion to the fasciculus uncinatus in the context
of a benign traumatic brain injury (TBI) [1]. The main clinical situations associated
with pure retrograde amnesia are TBI [1-5], stroke [6], colloid cyst [7], meningioma
treated with surgery and radiotherapy [8], encephalitis [4, 9-11] and vasculitis [12].
Thus three general hypotheses have been proposed to explain this type of amnesia
[12]: frontal impairment, a temporary disruption to the medial temporal lobe, and
impairment of the neocortical network. Amnesia most often affects biographical
episodic memory, possibly also with impairment to personal semantic memory, and
to collective semantic memory (public events, celebrities). Lastly, the extent to which
some clinical conditions can be attributed to the neurological disorder is sometimes
discussed by the authors who report them. Thus, patient G.R. [6] presented with a left
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thalamic and capsular stroke, but also had an “unusual” psychological context that
evoked psychogenic disorders superimposed on a lesional neurological condition.
Functional amnesia
The equally rare cases that give rise to the greatest discussion, sometimes leading
to passionate debate, are those that occur during a benign neurological episode.
For some authors (the present author included), the absence of lesional neurological impairment and the Ḁeeting nature of the neurological disorders lead to discussion of disorders of mental origin, however scant the evidence of any psychological history or circumstances suggesting it, even if this aspect is not essential (i.e. a
concealed stressful episode). The neurological episode in such cases functions as
a triggering mechanism. We can quote the case of M.M. [6] among these highly
evocative cases. This patient presented with a benign trauma, with no psychological context of note, although the presentation and his spectacular recovery during
a tennis match, in which he “saw himself again” in an earlier match, is suggestive
of such a context [13]. We may note the case of P.A. [14], who never recovered,
whose amnesia developed following a poorly documented loss of consciousness, or
S.M. [15], who developed amnesia following a benign TBI and quickly recovered.
We ourselves reported the case of F.F. [16, 17], a male aged 41, married with two
daughters (aged 14 and 10) and three step-daughters (aged 33, 30 and 28); while on
the telephone, alone in his ofἀce, he fell from his chair. After being found on the
Ḁoor, he regained consciousness, initially presenting with pure retrograde amnesia
involving his entire life and a certain amount of collective knowledge. There was a
transitory element relating to his identity. He was monitored very regularly and his
amnesia lifted after nine months. Memory recovery was progressive, with preserved
autonoetic awareness and sometimes even instances of ecmnesia. Apart from the
vagueness of the circumstances surrounding this type of amnesia, it is important
to note that the literature shows a variability in recovery and the fact that, when it
occurs, it usually happens over a few days (as when amnesia “lifts”), or even sometimes in a spectacular fashion.
In 1997, De Renzi, et al. [18] suggested the expression “functional amnesia” as
a way of describing these conditions, with the idea that it is impossible either to
conἀrm or to rule out an organic origin for them. This term gained in meaning (and
acquired an additional meaning) when Markowitsch, et al. [19] suggested it in 1998
to describe a case of isolated retrograde amnesia in patient A.M.N. This patient, in
an unclear neurological context (calling the ἀre brigade because of an outbreak of
ἀre in his attic, with no suspicion of anoxia) and a psychological context suggesting
that a traumatic memory from childhood may have helped to trigger the condition
(during a session of psychotherapy he remembered a car in Ḁames on the motorway,
the driver trapped by the Ḁames, a scene that occurred during his early childhood and
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one that he suppressed, which was conἀrmed as true by his mother), underwent a
PET scan that showed a signiἀcant reduction in cerebral blood Ḁow that involved the
hippocampus but was actually very widespread. In contrast, other authors (rarer and
rarer of late), do not accept that a psychological mechanism of any nature can “trigger” a blockage of access to past memories and suggest the existence of very small
lesions that cannot be seen in structural examinations but are potentially visible in
functional imaging.
Psychiatric amnesia: psychogenic (or dissociative) amnesia
Genuine psychiatric observations have been reported even more rarely, and may not
even in fact be genuine. The case of N.N. is a rare case of a “Traveller without
Luggage” in the neuropsychological literature [20]. Two observations of Ḁeeting
identity disorders that cleared after three days have also been reported recently [5],
and there is one case that remains unusual, that of R.M. [21]. This involved a girl aged
17, with no neurological disease and no indicative psychological or other triggering
context, who presented with amnesia with a transitory identity element, forgetting
those around her on a massive scale, and loss of her personal episodic memory, with
no recovery after three years of follow-up. We must note that the authors reject the
notion of simulation, and provide arguments in support of this view. The case of
N.N. involves a modiἀcation to cerebral blood Ḁow on a functional resting MRI.
The authors also performed scholarly studies using functional imaging, which
showed the unusual way the patient undertook to recover personal episodic events,
and which included changes to blood Ḁow in the frontotemporal area. The present
authors published the case of Mr X, another “Traveller without Luggage” who did
not recover his identity and who displayed massive changes to left medial temporal
blood Ḁow on a PET scan performed 15 months after he was found wandering in
the street [22]. This provides a dramatic alignment – if any were needed – between
“functional” amnesia [19] and those of a psychogenic nature. Functional amnesia
could thus be a psychogenic amnesia with or without a triggering mechanism (either
biological or event-related).
Two forms of psychiatric amnesia are clearly identiἀed in DSM-IV as possible
causes of pure retrograde amnesias. One involves somatoform disorders: conditions
involving somatisation that are accompanied by a procession of other functional
symptoms or signs of conversion. Moreover, there are conditions involving dissociative amnesia that are also referred to as psychogenic amnesia (DSM III). In the latter,
“the main disturbance consists of one or more episodes of inability to recall important personal information, usually of a traumatic or stressful nature”. Identity amnesia is observed in most cases and the condition may be accompanied by instances
of wandering (dissociative Ḁight). These conditions are observed predominantly in
contexts of trauma such as war, natural disaster and population displacement. In such
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cases, no-one thinks of seeking underlying neurological episodes. The mechanisms
underlying these psychiatric conditions are not clear: are they the same as in cases
with a “triggering mechanism”? Phenomena of stress and neuronal block (where?
when? how?) have been suggested in relation to elevated adrenal hormone secretion, glucocorticoids in particular, and in the conversion of inhibition phenomena (of
what? where? how?), whose mechanism remains obscure [23].
W hat can we learn from a change in functional imaging?
Our description of these nosological conditions allows us to make three comments.
While the absence of any structural lesion clearly does not rule out any microscopic
lesions (particularly diffuse axonal lesions in benign traumas), the fact that a change
in functional imaging is observed still does not mean we can come to a “neurological” diagnosis. It is widely accepted that changes in blood Ḁow are observed in
a large number of psychiatric conditions, including conversion disorders, and that
these images only show a change from the “normal” functioning of the brain. Thus,
in 2006, Ghaffar, et al. [24] published observations of three patients with unilateral sensory loss that matched the diagnostic criteria of DSM IV for conversion
disorder, using functional MRI. These subjects had no activation in the contralateral somatosensitive cortex in response to vibrotactile stimulation of the affected
side, whereas the activation was observed under bilateral stimulation! The authors
suggest that double stimulation may appear as a distractor that overcomes an inhibition phenomenon.
D ISCUSS ION
In summary, the common characteristic of all these conditions – regardless of
the cause or mechanism – is that they are all clinical disorders involving retrograde amnesia, which is deἀned by the authors as “isolated” (Isolated Retrograde
Amnesia) or “focal” (Focal Form of Retrograde Amnesia), the two terms sometimes
being confused (Isolated and Focal Retrograde Amnesia!). For some authors, the
term “focal” should be reserved for amnesia observed in lesional neurological conditions and therefore cannot be used for instances of “isolated” retrograde amnesia
that develop following a minor neurological disorder and in the absence of identiἀed
lesions [13]. In contrast, in 1995, Spinnler, et al. [25] suggested not separating the
causes believed to be “organic” or “functional”, and describing, ἀrst of all, the clinical situation of retrograde amnesia as found in clinical practice.
Neurological cases are still uncommon in medical literature, suggesting that only
a diffuse pathology can give rise to a condition of this nature. This remains difἀcult to understand. We can refer to models derived from functional imaging such
as the Hippocampal Encoding Retrieval (HIPER) model, which suggests that the
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role of the medial temporal lobe differs according to the anteroposterior axis: the
anterior part would appear to be involved in the coding of episodic memory and
the posterior part in its recovery [26]. The hippocampus is a structure that is wound
around itself in a complex manner; the afferent and efferent processes differ according to the region. This anatomical organisation suggests that different regions are
preferentially involved in the organisation of anterograde and retrograde memories.
Lastly, a recent study in epilepsy patients with electrode implants in the hippocampal
area and who presented with temporal seizures with a feeling of “déjà vécu”, has
shown that hippocampal neurons were able to selectively code episodic and semantic
biographical information, including childhood memories [27], making the phenomenon of selective forgetting physiologically possible, without explaining why it is
uncommon.
Dissociative amnesia is a rare psychiatric entity. Little is known of the nature of
the disorder and it is most commonly associated with conversion-type disorders. It
is now known that functional imaging may identify anomalies. It is difἀcult to take
the discussion any further, except to say that these anomalies are clear and involve
areas already reported as playing a part in strictly functional retrograde amnesia
[19]. However, the fact of observing a modiἀcation to brain function that involves
the frontal and/or temporal regions does not indicate that any particular region is
responsible for the onset of these disorders, or conἀrm the nature of the disorder.
Recent literature on the cognitive impact of traumatic events [28] has shown that
neuronal oxidative stress during central corticotropic or noradrenergic hyperactivity
may play a role, with effects that may or may not be reversible. Dissociative disorder
can be explained as a “coping” defensive strategy, in subjects confronting a stressful situation, particularly those recalling a situation that occurred during childhood
and thus serving as an anchor [29]. It is interesting to note that some authors have
recorded the temporary recovery of lost memories under hypnosis or injection of
sodium amytal [1, 19].
Most instances of functional amnesia that develop during benign neurological episodes seem, in our view, to satisfy the diagnostic criteria for dissociative or
psychogenic amnesia and, as speciἀed by the DSM IV classiἀcation in the context of
trauma (possibly with no identiἀed symptoms of post-traumatic stress), for conversion or other mental disorders. The neurological episode in such cases acts as a triggering mechanism. The circumstances could either cause the patients to develop a
coping attitude (benign TBI [15], a fall and blow on the head while on the phone
in the case of F.F. [16, 17], with the onset of amnesia that “prolongs” the brief loss
of consciousness) or simply cause the interruption of the activity, without ruling
out the possibility that biological phenomena (excitatory neurotransmitters) cause a
predisposition to “blockage” of the system. When F.F. recovered, he could once again
remember a personal traumatic memory that had occurred a number of days prior to
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his amnesia. In some cases, there is a history of childhood traumas, as in the patient
A.M.N. who recalled a traumatic scene from his childhood (the burning car) during
psychotherapy [19].
Two factors appear to be more frequently observed in dissociative (and functional)
amnesia than in neurological amnesia. On one hand, identity amnesia would appear
to be a favourable aspect, particularly the dissociative symptoms which are one of
the key features. On the other hand, if recovery is observed, it generally occurs in
psychogenic conditions, is spectacular in nature and occurs shortly after the onset
of the disorder. This is the case with the three patients reported by Stracciari, et
al., who all recovered in less than a week [5]. Recoveries have also been reported
following “placement in situations involving a similar context”. Patient P.N. [30]
recovered after seeing a funeral scene on television (an episode of this nature had
preceded his amnesia); while playing tennis, patient M.M. [6] saw himself playing
an earlier match, and patient G.R. [6] re-experienced an earlier instance of anaesthesia during a subsequent anaesthesia. A number of patients with functional amnesia
do not recover. Patient A.M.N. [19] developed amnesia after discovering a ἀre, and
still did not recover despite remembering a “traumatic childhood incident”. The fact
that some subjects recover suggests that there may be a “blocking” of access to past
memories that is probably caused by a disturbance to the control phenomena. The
deep mechanisms remain unknown. Motivational or emotional control processes
could block the more executive control processes involved in seeking out memories,
since it appears that these three types of control can be described independently at
a neuronal level [31]. The “lifting” of the disorders experienced by F.F., the associations made by the subject and the fact that he did not forget anything (ecmnesia) all
point toward a control problem and the possibility of resolving it by “working” on
the symptom, or by removing the traumatic stress [16, 17]. Recovery in this case was
late, occurring nine months after the onset of the disorders, despite the fact that treatment began immediately. Disorders may not disappear when access, convergence or
storage systems are destroyed and in cases where the traumatic stress can only be
overcome by deἀnitive distancing, in the same way that it is possible for neurological
disorders not to recover because of diffuse lesions that break the system of access
or destroy the store of memories. We cannot ignore the fact that some highly intense
levels of oxidative stress cause neuronal destruction [19].
CONCLUS

ION

We suggest that conditions involving functional amnesia [18, 19] and dissociative
amnesia are in fact the same entity. We propose extending the use of the term “disproportionate retrograde amnesia” and where possible, specifying the context: whether
it occurs in the context of a lesional neurological disorder (with lesions conἀrmed by
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structural imaging), in the context of a benign neurological disorder with no detectable lesion or with no speciἀc neurological context, with or without anomalies in
functional imaging tests, or in a dissociative context (as per DSM IV). The clinical
condition can then be outlined as:
–– extent: lacunar, massive or total amnesia;
–– duration: transitory, with partial or lasting recovery;
–– proἀle: isolated episodic biographical amnesia, global biographical amnesia
(episodic and semantic) or biographical amnesia (isolated or global);
–– whether it is accompanied by other disorders: collective amnesia (specifying the
sector involved: famous people, public events), or more rarely procedural amnesia.
The existence of an identity-related characteristic should be speciἀed, likewise any
circumstances indicative of stress, conversion or a history of psychological events
(personality, pathology, traumatic stress during childhood). This approach should
simplify the task of the clinician, provide improved help to the subjects themselves by
observing them globally and increase the possibility, in the future, of understanding
the biological and neuronal mechanisms common to all these conditions. Identifying
the traumatic events (or the neurological triggering mechanisms) will also help to
improve the quality of patient monitoring. Lastly, if patient interviews are performed,
it is worthwhile remembering that it can sometimes be useful to not try to eliminate
instances of amnesia that are created by the patient’s mental economy as a means of
self-protection.
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R emembering & Forgetting
Janine Chanteur
Mnemosyne, the Goddess of Memory, dates back to ancient times. Her name and
the noun mneme both mean Memory. They share the Indo-European root (smer)
which has its origins in the very distant past. The Greek verb mimnesco (to know or
remember) has the same derivation. It reḀects the now obvious but nevertheless key
notion that Knowledge is inextricably linked to Memory. Somatic memory precedes
what is commonly called Memory. But is it a necessary cause or merely a condition
of possibility? We now know that localized brain damage can impair or even destroy
Memory. Science has still to produce convincing answers to the question, raised
centuries earlier. Plato thought he had the answers, Aristotle reviewed the issue, St
Augustine expanded on it in his Confessions (Book X), the Medieval Philosophers
studied it and Spinoza, Descartes, Kant and many others took an active interest in
the subject. 19th century Materialism attempted to provide some deἀnitive answers,
but in 1896 Bergson published his Matter and Memory which gave Memory greater
scope via a union of body and mind. Contemporary thinkers like Heidegger and
Ricœur pursued the debate about whether Memory is matter, spirit, or a combination
of both. We shall be exploring such issues today.
Let us ἀrst go back to Mnemosyne, mother of the Muses. She was the daughter of
Uranus, the Greek god of the Heavens, and Gaia, goddess of the Earth, who, despite
their iniquities, introduced the concepts of the spiritual and the material. This highly
symbolic pair is not without relevance to our debate. Mnemosyne’s birth (of Heaven
and Earth) coincided with the appearance in Boeotia of the spring of Memory. To be
able to enter the world, mortals had to drink from this spring. A spirit must have no
knowledge of its provenance if it is to unite with a body. Human life can only begin
if there is no remembrance of any before-life. In other words, any memory of heaven,
hell or nothingness is erased at birth - there is no recollection of anything that may
or may not have gone before. We enter life devoid of memories, to be able to live
in the present and build up memories which are so essential to the development of
human life. Present and the Past experience encourages projection into the Future
and ensures a continuum.
However, beside the spring of Memory runs the spring of Forgetfulness from which
the deceased must drink in order to forget their past lives. Therefore these antinomic
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springs wipe out all vestiges of memories, the ἀrst creating a blank slate for the life
to come, and the second all remembrance of that earthly life. The contrast between
a hopeful Future and an obliterated earthly Past acts as a barrier at both ends of life
which deἀes human consciousness. Between the two extremes of birth and death,
Memory forms, develops and deteriorates. Some traditions believe in the remembrance of a previous life but Western and Jewish thinking do not venture that far. To
us, it is history which transmits memories from generation to generation. The afterlife
is an issue for religion or philosophy, not science or medicine per se, although this
does not of course prevent physicians and scientists from having religious beliefs.
Myth encourages us to compare the act of remembering and forgetting. Although
opposites usually denote a schism, here we should try to see how they cancel and
nourish each other. Are remembering and forgetting necessarily opposites? May they
not work together in the dynamics of Life, at times as a negative force that can strip
Life of all meaning or purpose, and at others, as a positive duality offering at least an
insight into the workings of the body and mind?
I shall not go into memory disorders as they belong to the ἀeld of medicine. However,
I shall look at the ambiguities, marvels and horrors produced by this contrasting duo.
We know that our entire memory system is needed to acquire knowledge or execute
the simplest everyday tasks. To understand and fully experience the Present we have
to be able to recollect the past. If we cannot retain memories (e.g. of the simplest
or most complicated things we have performed, learned or experienced), if we are
not able to sort our memories and retain those that may prove useful, we would be
unaware of the demands of the present and unable to cope. As such, there would be
no basis for planning ahead – for a Future that can be created, suffered or hopefully
improved. Our interest in Life on all fronts (our deeds as well as our physical and
intellectual pursuits) is based on Memory, i.e. on the past, which resurfaces to beneἀt
our Present and serve our Future, provided we bear in mind that (as Marguerite
Yourcenar said in her memoirs), “Memory is not a collection of documents tidied
away in some corner of ourselves; it lives and evolves; it gathers dead twigs and
rekindles them”. True, Ḁames provide light and warmth but they can also burn and
leave scars that are hard or impossible to heal.
To illustrate this – Apollinaire, spurned by the woman he loved, penned several admirable poems. One, La chanson du mal-aimé, depicts the tragic Ḁuctuations of remembering and forgetting. The entire poem wavers between memories and madness. Here
are some excerpts, starting with the verse just after the dedication to Paul Léautaud:
To think I sang this love song
In 1903, little knowing that
Love may die at dusk
And, Phoenix-like, revive next day.
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Later, disenchanted, he exclaims:
Regrets are the stuff of Hell
May my dreams dissipate in clouds of oblivion…
He longs to forget and live again:
I’m frozen in my wintry past
And long for the warming rays of Spring
But the lover’s prayer is a self delusion. His memories still haunt him but he tries
to fool himself, pretending that his misery may diminish. In desperation he asks:
O lovely ship, my Memory
Have we not sailed far enough
Across this evil swell?
Have we not drifted long enough
Twixt pearly dawn and dismal dusk?
Drifting, longing for oblivion to relieve his suffering, but nevertheless wanting to
remember, he is imprisoned by his memories.
If truth be told,
Both heart and soul await Her still
And cry out for a reunion
Should ever She return,
I shall tell her all is well.
Finally, the painful truth emerges - he is set on remembering her even if it is
utterly hopeless:
I treasure my memories of Her […]
She is my distant isle, my Désirade.
It is one of the most beautiful poems in the French language, and one of the saddest.
We cannot control what we remember, or forget. A judicious selection of memories
may give us the strength to invest in the Future, but others, if they are unleashed,
can destroy our Present. If the Present is submerged by the Past it cannot survive,
and striving to create anything new is doomed. The Present needs memories, but it
can get bogged down in them - nothing is worth looking forward to, interest in the
future dwindles. Examples of the tyranny of memories abound. Those who cannot
escape from a morbid attachment to the past - to their parents, their home or instilled
habits - will spend their life ensconced in self-destructive memories (which, worst
of all, are often subconscious). They live as if already dead – their future plotted out
for them, against their volition and beyond their control. So much misery, so many
aborted attempts at resistance (and, for that matter, suicides) when people lead lives
that do not belong to them.
Let this be a warning to possessive mothers or gurus of any sort who blithely hijack
another person’s life, or, by exploiting their emotional weakness and immaturity,
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manage to make them destroy their own future. To escape from such clutches, if
indeed possible, is a lengthy and difἀcult process. It requires will and determination because overwhelming conscious or unconscious memories strangle Memory. It
becomes capable only of fuelling a repetition of the past, prey to a false ‘forgetting’,
and may inspire the direst deeds. Whatever the case, the Future (Life itself) is paralysed or possibly destroyed, as living in the present is neglected.
Painful circumstances may turn memories into an obsession. Personal memories
as well as collective grief can overwhelm consciousness to such an extent that they
gradually paralyse Life. Note that living means remembering but also forgetting.
This form of forgetting is not pathological - only obsessive memories that eclipse
the future are deemed abnormal. Such petriἀed (and petrifying) memories bar both
Present and Future. Is it possible to escape from the tyranny of these memories
which, curiously, we are keen to preserve as legitimate and relevant? If we do not
preserve them we feel guilty of some wrongdoing. Moreover, for that matter, are we
ever able to forget the overwhelming pain inḀicted by the death or unhappiness of
our loved ones? Our memory drags us back to our moment of grief, piercing us anew,
like remorse. Can we even begin to alleviate the ravages caused by our memories? If
forgetting is not the solution (as it is impossible), what is there to do?
Long acquaintance with grief – the death of a child and the incurable disability of
another – has taught me that it is not a question of forgetting. Remembering (i.e. not
forgetting) may paradoxically broaden our vision rather than plunge us into despair.
It is in fact Memory which reminds us that we are not alone in the world. Our nearest
and dearest, our other children, our friends (and strangers) have also known sorrow
and have suffered the agony and ravages of memory. This is no consolation as such,
but it may open a window through which may slip a glimmer of peace, faint as
the dawn. Our memories thus awaken a sense of togetherness, of supportiveness in
others. They can understand our grief even if they have not experienced it – their
compassion soothes the pain of memories, in a true spirit of fraternity.
If we accept this sympathy, a neglected path opens up - that of the Future, gradually
helping cope with the drama and trauma of the past. It will take time, but will generate energy and offer release from the stranglehold of Memory, making it possible to
live and engage in the Present and ultimately transform it. Memory will unknowingly turn towards the Future and accept new memories. We shall always remember
our hardest ordeals, but as time goes by they will cease to block our way in Life provided that we do not isolate ourselves.
The violence, scale and horror of evil have disἀgured the 20th century and threaten
our current one. How can we ever forget the torture, the death camp deportations
and the terrible dehumanisation instigated in the prisons. The likes of Hitler and his
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fanatics, of Stalin and his apparatchiks, of Mao-Tsé-Toung, Pol-Pot and his band of
assassins (to name but a few) are etched in our collective memory, along with their
awesome number of victims. It is clearly our duty never to forget acts of inhumanity and to warn younger generations that indoctrination can lead people to act in a
truly monstrous way and that acts of inhumanity against one man or countless men
is tantamount to destroying oneself. It makes it all the easier for the unspeakable to
happen again. History, sadly, is an account of such terrible repetitions.
Having said this, although we have a duty to remember and commemorate the
most tragic instances of human evil, although remembrance should not be neglected,
Memory should clearly not remain ἀxated in the past. The Future must be aware of
irreparable crimes but it still has a right and a duty to exist.
Is there a place for forgiveness? Only victims are entitled to forgive, and they
are dead. We cannot, indeed should not, put ourselves in their place. But we know
that some, before dying, found the strength to forgive. The Polish priest Maximilien
Kolbe volunteered to take the place of a father condemned to starve in a bunker at
Auschwitz. Deprived of food and water he died in agony. Before he died he forgave
his torturers.
Forgiving does not mean forgetting, although forgiveness (in the real sense of the
word) gives the perpetrator the chance (and only a chance) to reconsider his despicable act. He who forgives offers the dehumanised individual the choice to consider
his crime, to judge and condemn it, and to repent and strive to expiate it. Strange as
it may seem, for a victim to forget an offence it is up to his tormentor, the person he
has forgiven - it does not depend on the victim’s remembering. In fact, if a criminal,
via the grace of forgiveness, acknowledges his atrocity and strives to expiate it, the
re-humanising of this lost soul offers the victim an insight into human destiny (in
real terms if he is still alive, or symbolically if he is dead). Just maybe, as the truth
dawns on the criminal a fragile sense of fraternity will germinate. Both parties must
reach into the heart of the memory of goodness - the victim, despite his innocence,
plunges into the heart of evil, while the perpetrator will ἀnally see the ignominy of
his crime. The gesture of forgiveness may remind him that he was born a man and
can be redeemed.
We have considered whether Memory is material, spiritual, or both. In other words,
is matter the condition of possibility for Memory or its cause?
A brief look at reminiscence may shed some light on this. Reminiscence is not
Memory, nor should it be confused with Mystique, which, according to St John
of the Cross (a leading 16th century mystic) eliminates memory and reminiscence
in the Dark Night of the soul. Reminiscence, on the contrary, is one of Memory’s
most unexpected and wonderful gifts. Unbeknownst to us it draws us away from
our conscious present. We neither sleep nor dream, unbidden and unconsciously we
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are wafted elsewhere. It can manifest itself in the serene contemplation of a hitherto unseen landscape which we only become aware of when the vision disappears.
When Reminiscence slips into Memory we feel serenity and happiness. Although
the return to reality seems to deprive us of something essential, the experience had
transformed us.
Reminiscence is a manifestation of Memory as it enables us to remember in time
a state of mind we experienced outside time. It is disastrously misleading to imagine that drug-taking can create the peace of mind of Reminiscence – the physical
detriment caused by drugs is the total opposite. Plato experienced reminiscence and
equated it with ‘eternal harmony’.
Memory may therefore be both material (an undeniable fact) and spiritual (a genuine possibility, as we have seen). However, research at this stage would seem to advocate caution rather than produce any categorical afἀrmations.
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Memory of recollections and memory
of knowledge.
H .M., K .C . and a number of others
Michel Poncet
The study of patients who have suffered brain lesions and memory problems has
made a signiἀcant contribution to our understanding of memory systems. I would
like to take a few minutes to pay homage to a few of them for the valuable part that
they have played in the history of clinical neuropsychology of declarative memory.
D eclara
t ive me mor y impa ir ment (e pisod ic and se mant ic):
H .M. and Brend a M ilner
H.M. was born in 1926 and died in December 2008, aged 82. From the age of 10,
he suffered epileptic seizures. Despite carefully monitored drug treatment, by the
time he was 16, they were so severe and so frequent as to become debilitating. He
underwent surgery at age 27. Scoville [1] performed a bilateral medial temporal
lobe resection. Although H.M. enjoyed a marked improvement in his epilepsy, he
unfortunately developed an extremely severe amnesic syndrome that lasted until his
death. H.M. was the subject of study for some ἀfty years, mainly by Brenda Milner
and her colleagues.
H.M. forgot everything that he experienced, saw and heard following his operation
(anterograde amnesia) and everything relating to the ten years preceding the operation (retrograde amnesia). He lived in the here and now, and summarised how he felt
by saying “Every day is alone in itself”.
In an article published in the journal Neuron in January 2009 [2], Larry Squire
summarises the major contribution the case of H.M. made to our understanding of
memory. It can be summarised as follows:
–– Memory is a distinct cerebral function: H.M.’s linguistic, visual-perceptive,
gestural and intellectual capacities (reasoning, executive functions) were normal,
and he had an I.Q. of 112.
–– Short-term and working memory are fundamentally distinct from long-term
memory. These functions were preserved in H.M. To illustrate this fact clearly, Brenda
Milner told the following anecdote: “I asked him to remember the number 584 and
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he was able to do so, for 15 minutes, when he was left alone without being disturbed.
Impressed by his success, I wanted to understand how he did it, and he replied: ‘It’s
easy; I remember the 8. Then 5, 8 and 4 make 17. I remember the 8, take it away from
17, that leaves 9. I divide 9 by 2, which makes 5 and 4, giving me 584. It’s easy.’ I
then talked with him about a different subject for about two minutes. After this brief
distraction, I checked whether he still remembered the numbers. He was surprised.
‘Numbers? What numbers?’ ”
–– The brain has several types of memory. H.M. was able to learn and remember a
complex visual and motor skill. In a test in which he had to copy a drawing of a star
reḀected in a mirror, his performance was identical to the controls. His procedural
memory was intact [3]; following a few trial runs, he learned the procedures needed
to perform the test without remembering (consciously, at least) that he had been
subjected to this test several times before.
–– The medial temporal lobe plays an essential role in memory: An MRI performed
on H.M. showed that the surgical resection affected the amygdala, hippocampi and
the subhippocampal structures (ἀg. 1) [4].

Figure 1. MRI of patient H.M.: hippocampal lesions (excluding caudal part); lesions of subhippocampal cortices.

Epi sod ic me mor y impa ir ment w ith no impa ir ment t o
se mant ic me mor y : K .C . and E ndel T ul v ing
K.C. suffered a cranial trauma in 1981, at the age of 30. Since then, quoting Tulving
[5]: “He cannot recollect any personally experienced events… whereas his semantic
knowledge acquired before the critical accident is still reasonably intact”; “He knows
many true facts about himself ”; “K.C. can learn new factual information in the total
absence of any episodic remembering”; “The impairment does not encompass only
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the past; it also extends to the future… He cannot imagine his future any more than
he can remember the past”. A brain MRI shows bilateral hippocampal lesions with
no lesion to the subhippocampal structures (ἀg. 2) [6]. Like H.M., K.C. suffered very
severe impairment to his episodic memory with hippocampal lesions, but unlike
H.M., K.C.’s semantic memory is preserved and the subhippocampal structures were
spared.
This observation clearly illustrates several of the fundamental concepts elaborated
by Tulving: within declarative memory, episodic memory (memory of events and
personal recollections, which implies autonoetic awareness) must be distinguished
from semantic memory (memory of facts and knowledge, which draws on noetic
awareness); in autobiographical memory, a distinction must be made between autobiographical episodic memory and personal semantic memory; episodic memory
relates to the past as well as the future.
Observation of K.C. suggests that, within the medial temporal lobe, a distinction
must be made between the hippocampi, which play a critical role in episodic memory,
and the subhippocampal structures, which appear to be more involved in semantic
memory. The studies by Faraneh Vargha-Khadem on Beth, Jon and Kate support
this hypothesis [7]. These adolescents were victims of cerebral anoxia during their
ἀrst years of life. Their episodic memory was severely affected and they were badly
handicapped in their day-to-day activities, but their semantic memory, their awareness of things and the world at large, was remarkably well preserved. MRI scans and
MRI spectrography of their brains showed that the hippocampus was affected, but
without subhippocampal impairment. Developmental amnesia is not unusual, and
the observation of P.C. reported by Bernard Laurent is a remarkable example.

Figure 2. MRI of patient K.C.: massive hippocampal lesion; subhippocampal cortices preserved.
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S e mant ic me mor y impa ir ment w ith no
e pisod ic me mor y

impa ir ment t o

In 1975, Elizabeth Warrington published observations of three adult patients
(A.B., E.M. and C.R.) whose semantic memory had suffered impairment of
insidious onset and progressively worsened [8]. They progressively lost their
knowledge about people, objects, current events, historical facts and didactic
knowledge though retained a good memory of both current and past personal
events. Episodic memory was preserved. The location of these patients’ clearly
degenerative lesions was not speciἀed. A number of articles describing similar
cases have been published since Warrington’s initial observations appeared. This
syndrome is now described as “semantic dementia”, and it has been recognised
that the lesions responsible for it affect the temporal poles and the subhippocampal structures, leaving the hippocampi unaffected for a lengthy period.
T.J., a patient studied by Narinder Kapur, et al. [9], developed memory impairment following radiotherapy for a nasopharyngeal carcinoma which was described as follows: “At the neuropsychological level, our patient was not amnesic
but showed impairment on traditional tests of anterograde memory functioning,
in the context of notable semantic memory loss for knowledge acquired before
and after the onset of his illness.” T.J.’s lesions were compared with those of
H.M. (ἀg. 3): in T.J., the hippocampi were unaffected, while “anterior and inferior structures in both the right and left temporal lobes were particularly severely
affected”.

Figure 3. MRI of patient T.J.: lesions of subhippocampal structures; hippocampi unaffected.
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These few observations tend to indicate that declarative memory includes two distinct
memory systems that involve different brain structures: critical roles are played by
the hippocampal cortices in episodic memory, and by the subhippocampal cortices
in semantic memory.
In closing, I would like to thank the patients who agreed to participate in the clinical research for their generosity. They are fully aware that they will not directly beneἀt from this research, but have often said that they are very proud to be helping to
expand our knowledge. H.M., K.C. and a number of others have greatly contributed
to this progress in the ἀeld of memory.
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