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Abstract

Introduction: Currently, there is no consensus on the delay necessary to a complete recovery
after a transient global amnesia (TGA). However, it seems that slight episodic memory
disorders extend beyond 24 hours. Although this impairment is probably a consequence of the
TGA attack, other factors such as patients’ emotional state can intervene in the slow recovery
process.

Methods: In a first experiment, we studied the dynamic of recovery processes after a TGA.
Thus, we assessed the anterograde and retrograde components of episodic memory in 19
patients one day, one month and one year after the attack. In a second experiment, we
examined the impact of patients’ emotional state on memory disorders, in using an original
neuropsychological protocol (using material with emotional features) and an assessment of
anxiety and depressive mood. This protocol was carried out in 19 other patients examined
four months and one year after TGA.

Results: In the first experiment, we highlighted mild memory disorders affecting the
anterograde component of episodic memory one day after the episode. In the second
experiment, we showed these mild memory disorders could be detected several months after
TGA. Moreover, patients who had the more depressive tendencies recognized the fewer items
and those who displayed the highest level of anxiety supplied the fewer specific remote
memories.

Conclusions: Our results showed that patients displayed very mild memory disorders several
months after the episode of TGA, not affecting the daily routine. This impairment was
influenced by patients’ emotional state, which could suggest that a high level of anxiety or
depression can slow down the recovery. However, we can not be sure that the deleterious
effect of patients’ emotional state on their cognitive performances is specific to TGA. Other

investigations are necessary to unravel this issue.
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1. Introduction

Transient global amnesia (TGA) is a neurological syndrome characterized by a
profound, time-limited memory impairment of acute onset, with no attendant neurological
deficits. Many neuropsychological studies performed during the acute phase have reported
that the impairment mainly consists of a massive disorder of episodic memory, resulting in
both anterograde and retrograde amnesia. It is also generally acknowledged that after 4 to 6
hours, the memory impairment starts to recede (Hodges, 1998; Quinette et al., 2006).
Furthermore, according to the criteria proposed by Hodges and Warlow (1990), an attack

must be resolved within 24 hours.

However, an analysis of the literature reveals that slight memory disorders may persist
after the episode. The majority of follow-up studies used a cross-sectional design: they
examined a group of patients (between 14 and 55 individuals) just once after TGA, and to
various delays. Moreover, within the same study, the delays between the follow-up
assessment and the attack were very different according to each patient (Galassi et al., 1993;
Le Pira et al., 2005; Neri et al., 1995). Thus, it is difficult to determine the time which is
necessary to a full recovery. These studies highlighted a preservation of intellectual abilities
(Borroni et al., 2004; Hodges and Oxbury, 1990; Mazzucchi et al., 1980) but showed that
disorders of episodic memory persisted several months after the episode (Borroni et al., 2004;
Hodges and Oxbury, 1990; Le Pira et al., 2005). After several years, studies reported
discrepancies, showing sometimes large persistent memory disorders (affecting episodic and
working memory; Borroni et al., 2004), sometimes only a slight residual deficit of episodic
memory characterized by a recollection impairment (i.e. difficulties in retrieving additional
contextual information about the learning event; Guillery-Girard et al., 2006), and sometimes
no disorder (Uttner et al., 2007). Then, these data question the possibility of a full recovery
after the episode. However, in some cases, the examination is performed a long time after the
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first attack and the deficits cannot necessarily be regarded as a consequence of TGA (but
would be the result of pathology without links with TGA). Thus, taken together, these data
emphasize the importance of adopting a longitudinal design with controlled time intervals
between TGA and testing in order to better understand the recovery process and the long term

prognosis of TGA.

Very few authors choose to use a longitudinal design, allowing assessing patients both
during the episode and several times thereafter. Because this methodology is very demanding,
these studies consisted predominantly in multiple case studies, and it makes difficult the
generalisation of results. The most of these investigations highlighted persistent pathological
performances in verbal and visual memory tasks up to 6 months after the episode (Caffara et
al., 1981; Gallassi et al., 1986; Harting and Markowitsch, 1996; Quinette et al., 2003). Bartsch
et al. (2006), however, did not find any episodic memory deficits in patients assessed 4-6
months later. Thus, in spite of a longitudinal design, these studies failed to determine the time
necessary to a complete recovery, probably because the delay between the assessment and the

attack was inadequate to observe the recovery process.

Thus, the aim of this study was to estimate the time necessary to a complete recovery
of memory abilities. To this end, we followed two groups of patients several times after the
episode in using comprehensive and original neuropsychological assessments. Because the
most frequently reported disorders after the attack concern episodic memory, we carried out
detailed neuropsychological examinations focused on the anterograde (including the
assessment of autonoetic consciousness) and retrograde components of episodic memory.
Moreover, we assessed metamemory abilities of patients in order to determine whether they
were conscious of having residual memory disorders and whether they complained of these
difficulties. The extent of the patients’ memory disorders was gauged by making comparisons
with a healthy control group. We also wanted to know what factors had an impact on the
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recovery processes. Thus, we studied the influence of the severity of TGA episode and of
patients’ emotional state on observed deficits. To the best of our knowledge, our prospective
neuropsychological study is the first one to assess a group of TGA patients, with a

longitudinal design.

2. EXPERIMENT 1
2. 1. Methods
2.1.1. Participants

Nineteen patients (11 women and 8 men, with a mean age of 63.3 years, s.d.=8 and a mean
educational level of 9.6 years, s.d. =2.4) were examined three time after the episode: around
the next day (session 1), approximately one month later (session 2, mean=56.6 days
afterwards, s.d.=21.3) and one year later (session 3, mean=13.9 months after, s.d.=2.4). In the
majority of cases, the session 1 took place the morning following the episode (between 19 and
24 hours after the episode, except for 4 patients who were examined 7, 9, 34 and 111 hours
after the end of TGA). In all cases, we made sure that patients had recovered their memory
abilities i.e. that they were able to form new memories on the hours preceding the
neuropsychological examination and to recall them.

By means of a codified procedure, senior neurologists made sure that all patients met
the strict diagnostic criteria for TGA defined by Hodges and Warlow (1990). The mean
duration of the episode was around 3 hours. The clinical and neurological examinations of the
patients were all normal, except for memory disturbance. Brain CT scans and
electroencephalograms performed were also normal. Clinical data of these 19 patients were
already described in our previous review on TGA (Quinette et al., 2006), but the results

reported here have never been published. All patients gave their informed consent to the



study, which was conducted in line with the Declaration of Helsinki and approved by the local

ethical committee.

For the neuropsychological investigations, the control group consisted of 10 women
and 6 men, who were matched with the patients for age (mean age=58.6 years, s.d.=8.4;
t(33)=1.66, p=.11) and years of schooling (mean=11.5, s.d.=4; t(33)=-1.69, p=.10). They did
not have any neurological or psychiatric disorders. They underwent the same
neuropsychological tests than patients three times (mean interval between the first and second

sessions=30.6 days, s.d.=7.2, and between the first and third sessions=12.1 months, s.d.=.3).

2.1.2 Neuropsychological assessment
2.1.2.1 General cognitive functions

General cognitive functions were tested using the Mattis Dementia Rating Scale
(Mattis, 1976) which comprises subtests of attention, initiation, construction,
conceptualisation and memory. The total score and the scores for each subtest were

calculated.

2.1.2.2 Anterograde component of episodic memory

Three tests were used to assess the anterograde component of episodic memory. They
were chosen because they take into account the current definition of episodic memory, i.e. a
memory system in charge of the encoding, storage and retrieval of personally experienced
events, associated with a precise spatial and temporal context of encoding (Tulving, 1985,
2002): (i) memory for inter-item associations (What), (ii) spatial associations (Where) and

(iii) temporal associations (When), coupled with an investigation of the type of consciousness



(noetic or autonoetic) associated with recognition performances (Guillery-Girard et al., 2006).
In the What, When and Where tasks, retrieval concerned either a target item associated with
an other item, a target item associated with its location or associated with its order of
presentation. The target (inter-item, spatial or temporal association) was systematically
provided during the recognition phase of the three tasks, and patients then had to identify it,
each time in choosing between two possible answers. The “What” task consisted in learning
12 pairs of words (for example: whistle - poster) which were displayed for 5 seconds. Word
recognition was assessed by means of a dual forced-recognition task, in which only the
second word of each pair was manipulated (e.g. whistle - poster and whistle - cotton), and
associated with the Remember/Know paradigm (Gardiner et al., 2002), with an additional
Guess response (R/K/G). Patients had to give either a “Remember” response (R), if retrieval
was accompanied by the reliving of the context as a re-experiencing of the information from
the learning context (i.e. thoughts, feelings or perceptions), or a “Know” response (K), if
retrieval was achieved without any such access. The “Guess” response gave patients the
possibility of signalling when they were not sure of their response. The “Where” task
consisted in learning 12 words which were randomly distributed in the squares of a 6*6 array.
Patients had to learn the words and recognition was tested with a dual forced-recognition task,
in which each of the 12 words was provided in the same grid, but in two different locations.
Again, this was associated with the R/K/G paradigm. In the third task, i.e. the “When” task,
patients had to learn two lists of 12 words. During the subsequent recognition task, patients
were provided with word pairs featuring one word from the first list and one word from the
second list. Patients were given instructions to point to the word belonging to the first list and
to apply the R/K/G paradigm.

Thus, for each task, we obtained three scores of recognition (number of hits for

“what”, “where” and “when” tasks). As the two “Remember” and “Know” responses referred



to independent processes, we determined a “Recollection” score and a “Familiarity” score
according to Yonelinas’ procedure. Although “Remember” score should provide a relative
pure measure of recollection, “Know” score will not provide a pure measure of familiarity.
Indeed, some of the items that elicit “Remember” responses are both recollected and familiar.
Reporting the proportion of “Know” responses alone (as a measure of familiarity)
underestimates the probability that an item is familiar. To determine the probability that an
item is familiar, one must divide the proportion of “Know” responses by the opportunity the
subject has to make a “Know” response (1-R) : F= K/(1-R) (Yonelinas, & Jacoby, 1995).
Thus, we obtained one score of “Recollection” and one score of “Familiarity” for each task
(“what”, “where” and “when”).

Two different versions of this paradigm were devised and each one was alternately
carried out by the subjects during the three sessions: the first version was used in sessions 1
and 3, while the second version was used in the second session. Even though the same version
of the paradigm was used in session 1 and session 3, the practice effect was minimal, given
that the interval between the two sessions was approximately one year. Furthermore, this
anterograde episodic paradigm was part of a longer neuropsychological investigation, which

further minimized the practice effect.

2.1.2.3 Retrograde component of episodic memory

An autobiographical fluency task was designed to assess the episodic component of
remote autobiographical memory encompassing five life periods: 0-17 years, 18-30 years,
more than 30 years except for the last 5 years, the last 5 years except for the last 12 months,
and the last 12 months (Piolino et al., 2003). For each period, participants were given 2
minutes to retrieve the maximum number of single, specific, autobiographical events

(episodic recall). If they failed to produce any recollections or produced only a general one,



prompts were given, either helping them to find a recollection by providing cues about
possible events (e.g. a birth, a marriage, a birthday, Christmas, etc.) or encouraging them to be
more specific (e.g. describe what you did and felt, the circumstances, with whom, where and
how it happened). The episodic features of the memories were tested after each assessed
period by asking the participants to describe all the events in detail and then to indicate the
nature of the subjective experience accompanying retrieval, by means of the
Remember/Know procedure. The specificity of each recollection associated with a Remember
judgment was measured by neuropsychologists using strict criteria based on an episodic scale
which took into account the specificity of the content (single or repeated event), its
spatiotemporal situation and the presence of details (perceptions, thoughts, feelings) (Piolino
et al., 2003).

Episodic autobiographical memories were deemed to refer to a single event located in
time and space, accompanied by phenomenological details (thoughts, emotions, images etc.)
and associated with a Remember judgment. This procedure enabled us to distinguish strict
episodic autobiographical memories fulfilling all the listed criteria from more general ones.

Two scores were collected for each time period: the total number of memories,

whatever their nature, and the percentage of episodic memories.

2.1.2.4 Memory complaints

The scale we used is a French version of the Memory Functioning Questionnaire
(Gilewski & Zelinski, 1988; Israél & Waintraub, 1997). Participants are asked to self-rate
their memory performances in everyday life and quantify their memory complaints. The
questionnaire consists of 60 items rated on a scale of 1 to 7 and provides 7 scores measuring
the use of memory strategies, the frequency of forgetting, the seriousness attached to

forgetting, memory of past events, retrospective functioning (i.e. estimation of current
10



memory ability compared with past ability), the frequency of forgetting during reading and a
general estimation of memory function. Higher scores reflect a more positive perception of
memory function. A total score was obtained /420 (60*7). This questionnaire was

administered once, during the second session.

2.1.3 Statistical analysis

In order to compare the patients’ and controls’ performances to each of the 3 sessions,
we carried out a repeated-measures ANOVA, with group (normal controls, patients) as the
between-subjects factor and session (first, second and third) as the within-subjects factor.
When main effects of group and/or of session and/or interaction were found, supplementary
post-hoc tests (PLSD Fisher) were carried out. For the memory complaints questionnaire, the
performances of the two groups were compared by means of a one-way ANOVA. Main
findings are described in the section below, while the scores and other analyses are set out in
Table 1. Finally, we carried out correlations between the impaired cognitive scores and a clue

of severity of episode (duration of TGA).

2.2. Results

2.2.1 General cognitive functions
There was a significant group effect for the overall score of the Mattis Dementia

Rating Scale (F (1, 33)=4.7, p=0.03), with lower scores for patients (all sessions pooled). A
significant main effect of session was also found (F (1, 33)=5.6, p<0.01). There was no
significant interaction. The post hoc analyses showed that only patients significantly

improved through the sessions. Indeed, the scores of session 1 were lower than those of
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session 2 (p<.01) and 3 (p<.01).

Detailed analyses performed for each subtest showed that main effects of group
concerned the attention (F (1, 33)=5.1, p=0.03) and initiation subtests (F (1, 33)=4.1, p=0.05).
Thus, patients’ scores were lower than ones of the controls in both subtests (all sessions
pooled). Moreover, a main session effect was also found for the attention subtest (F (1,
33)=7.9, p<0.001), showing that the scores in session 1 were lower than in session 2 (in
patients, p=.03) and 3 (in patients and in controls, p<.01 and p =.02 respectively). There was
also a session effect for the memory subtest (F (1, 33)=3.7, p=0.03). The scores obtained in
session 1 were lower than those of session 2 (p=.05) and 3 (p=01), only in patients. There was

no interaction effect.

2.2.2 Anterograde component of episodic memory (Table 1)
2.2.2.1 “What” task

First, there was only a significant effect of session for the recognition score (F (1,
33)=3.9, p=0.02). Indeed, the performances in session 2 were lower than in session 3 (p<.01).
Secondly, a main effect of group was revealed for the recollection score (F (1, 33)=6.1,
p=0.02), indicating than patients’ performances were lower than ones of controls in session 1
i.e. the day after the episode (p=.03). There was no session effect or interaction on

Recollection score. Finally, no significant effect was found for the Familiarity score.
2.2.2.2 “Where” task

There was no significant result for the recognition score. On the contrary, we found a
main group effect on the Recollection score (F (1, 33)=5.0, p=0.03). The most important
difference between the scores of patients and controls concerned the session 1 (p=.06). There

was no session effect or interaction on Recollection score. No significant effect was found for
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the Familiarity score.
2.2.2.3 “When” task

A significant effect of session was revealed for the recognition score (F (1, 33)=3.8,
p=0.03). A significant difference was observed between the sessions 1 and 3 in patients
(p=.02) and between the sessions 2 and 3 in controls (p=.04). There was no other significant
result for the recognition score. An analysis of the Remember/Know performances showed
only a main effect of session on the Recollection score (F (1, 33)=17.5, p<0.001) without
significant group effect or interaction. In both patients and controls, the scores in session 3
were higher than in sessions 1 (p=.004 and p<.001, respectively) and 2 (p=.05 and p<.001,

respectively). No significant main effect or interaction was found for the Familiarity score.

2.2.3 Retrograde component of episodic memory (Table 1)

Repeated-measures ANOVAs (Group x Session) were performed on both scores (i.e.
total number of recalled memories and percentage of episodic memories) for each period.
There were no significant effects of group, session or interaction for the number of responses
for each period, except for an interaction for the most recent one (last 12 months) (F (1,
32)=4.89, p=.01). A post-hoc analysis revealed that patients produced fewer autobiographical
memories than controls, one year after the episode (p=.03). Moreover, patients’ performances
improved between the first and the second sessions (p=.04) and lightly decreased to the third
session. The profile of controls’ performances was opposed to the one of patients. The
controls’ results were lower in session 2 than session 1 (p=.08). The number of recalled

memories in session 3 were significantly higher than one of session 2 (p=.003).

Concerning the percentage of episodic memories, no significant effect of group,

session or interaction was found, whatever the period.
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2.2.4 Memory complaints

A one-way ANOVA showed that patients did not have more memory complaints than
controls. This analysis was carried out on both the subtest scores and the total score (patients’

mean total score =261.9, s.d.=34.4; controls’ mean total score=264.2, s.d.=32.9).

2.2.5. Impact of the severity of episode on recovery processes

We found negative correlations between the duration of episode and the scores of the
Mattis (r=-.62; p<.01), initiation (r=-.65; p<.01) and memory (r=-.53; p<.03) subtests obtained
during the first session. The recollection score of “where” task (recognition of location) in

session 1 was also negatively correlated with the duration of the episode (r=-.64; p<.01).

2.3. Comments

To sum up, TGA patients displayed very mild neuropsychological deficits during the
follow-up period. The analysis of results to the Mattis scale showed that patients had
difficulties in initiation, attention and memory subtests during the first session i.e only the
next day after the episode. These disorders were more extended in patients who had suffered
from the longest TGA episodes. The more detailed assessments of the anterograde component
of episodic memory allowed emphasizing a deficit of the Recollection processes in two of
accomplished tasks (what and where tasks). Thus, patients did not achieve to perfectly encode
the information itself (what task) and the location of information (where task). The more the
TGA episode had been severe, the more patients’ performances were weak in the task of
location recognition. These disorders were also limited to the first session. On the contrary,

the temporal information was well treated by patients. Concerning the retrograde component
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of episodic memory, we found that patients produced fewer recent memories (for the 12 last

months) than controls during the third session i.e. one year after the episode.

With regard to these results, we asked us if the tests used in this first experiment were
sensitive enough to detect very mild disorders after the episode. Thus, instead of a multiple
choice recognition task comprising only two possible responses (one hit and one filler), we
carried out in our second experiment a yes/no recognition task in which we presented only
one item at the screen and participants had to determine if it belonged to the learnt list.
Regarding the retrograde component, in the first experiment, we tested the access and the
nature of recalled memories (R/K paradigm). In our second experiment, we focused on an
assessment of the quality of recalled episodic memories. Moreover, in a previous study (Noél
et al., 2008), we showed that TGA was associated to an increasing of anxiety and depression
level during the acute phase. This change of patients’ emotional state had a deleterious effect
on cognitive performances of patients. Thus, we wanted to also determine whether patients
still displayed a high level anxiety and depression after the TGA episode and whether this one
interfered with or even slow down the recovery process after TGA. To gain a better
understanding of this putative interaction, we investigated the mood congruency effect (in
using a materiel with emotional features). Finally, we also took account of the severity of

TGA episode in order to determine its influence in the recovery processes.

3. EXPERIMENT 2
3. 1 Methods
3.1.1 Participants

Nineteen new patients (11 women and 8 men with a mean age of 61 years, s.d.=7.3,

and a mean education level of 10.15, s.d.=3.6) were examined. These 19 patients were
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different of those described in the first experiment. They were all examined approximately
four months after a TGA episode (session 1, m= 4.3 months, s.d. = 1.9) and ten of these ones
(4 women and 6 men with a mean age of 60.8 years, s.d.=7, and a mean education level of
11.4 years, s.d.=3.9) were reassessed approximately one year after the attack (session 2, m=
15.1 months, s.d. = 1.7). All patients were recruited with the same strict recruitment methods
described in the first experiment. These 19 patients belonged to an initial cohort of thirty-five
TGA patients examined during the acute phase (Noél et al., 2008) on a period of 3 years. The
19 patients that we followed up in the present study were ones that we met in first during the
first and second years and then that we contacted again four months and one year later. We

reported here these original data.

The same assessments were conducted on a control group of 26 subjects (session 1, 12
women and 14 men, mean age = 60.2, s.d.=7.3 and mean education level = 11.8, s.d.=3.7)
already described in Noél et al. (2008). Ten of these twenty-six controls (3 women and 7 men
with a mean age of 64.4 years, s.d.=3.9, and a mean education level of 11.9 years, s.d.=3.7)

were reassessed twelve months later.

3.1.2 Neuropsychological assessment
3.1.2.1 General cognitive functions

General cognitive functions were tested using the Mattis Dementia Rating Scale
(Mattis, 1976) which comprises subtests of attention, initiation, construction,
conceptualisation and memory. The total score and the scores for each subtest were

calculated.

3.1.2.2 Anterograde component of episodic memory
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The anterograde component of episodic memory was assessed by means of an yes/no
recognition task comprising emotional words. During the study session, participants had to
memorize a list of 10 positive, 10 negative and 10 neutral words (intentional encoding) and
judge the emotional valence of these 30 words on an 8-point scale (from 1=highly negative to
8=highly positive). The words were displayed one by one on a screen of computer in pseudo-
random order. To scroll the words, the participants had to press one of 8 buttons
corresponding to the valence of item. The test session took place 5 minutes later. One score
of recognition was obtained for each valence list (accuracy score for positive, negative and
neutral items). This score was calculated according to the Gardiner’s procedure (A’ = 1/2 +
[[(Hit — FA)(1+Hit —FA)]/ 4Hit (1 — FA)]; FA = false alarm; Gardiner et al., 2002). To assess
the state of consciousness associated with each response, we used the
Remember/Know/Guess (R/K/G) paradigm (Gardiner et al., 2002). Two scores (Recollection
and Familiarity scores) were calculated for each valence according to the number of
Remember (R) and Know (K) responses (for more details, see experiment 1). We used a

parallel version of this task for the second session.

3.1.2.3 Retrograde component of episodic memory

The autobiographical memory task, derived from Piolino et al.’s semi-structured
questionnaire (TEMPau task, Piolino et al., 2003), allowed us to gauge subjects’ ability to
recall specific, detailed events situated in time and space from three lifetime periods (18-30
years old, last 10 years except the last 12 months, and last 12 months). The number of life
periods was reduced in comparison of the fluency autobiographical task described in the first
experiment, as we asked to patients to tell exhaustively two memories of their life for each
period (and not only to list events). We gave to participants a very precise definition of a

specific event, that is, a unique event lasting less than a day, located in time and space, which
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can be recalled with sensory, perceptual of affective details. Two specific memories were
requested for each lifetime period (randomly displayed on a screen of computer). The quality
of each episodic memory (specificity score) was scored on 4 points: one point if the event
recalled was unique (event being produced only once), 1 point if the event lasted less than 24
hours, 1 point if it was located in time and space and 1 point if it comprises at least two
specific details (belonging exclusively to this event). We obtained one specificity score for
each period in working out the average of two memories produced for each lifetime period (3
specificity scores). After each recall, three Likert scales (in 6-point) assessing respectively the
state of consciousness (from 1 for a simple feeling of familiarity up to 6 for an impression of
re-experiencing the past event), the emotional intensity (from 1 for a low intensity up to 6 for
an high intensity) and the valence of each memory (from 1 for unpleasant event up to 6 for a
pleasant event) were fulfilled by patients. We calculated one score of Recollection, one score
of emotional intensity and one score of emotional valence for each period in working out the
average of responses on the Likert scales for the two memories produced by lifetime period (3

Recollection scores, 3 emotional intensity scores and 3 emotional valence scores).

3.1.3 Psychopathological assessments

Two questionnaires assessed the presence of anxiety on the basis of the State-Trait
Anxiety Inventory (STAI, Spielberger, 1983). We assessed mood over the two weeks prior to
the neuropsychological examination using the abridged version of the Beck Depression
Inventory, or BDI (Beck et al., 1974), and at the actual time of the examination using the
Adjective Mood Scale, or Bf-S (“Befindlichkeits-Skala”, Von Zerssen et al., 1970). The
higher the scores on this scale, the more depressed the patients were assumed to be, at the

time of examination.
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3.1.4 Statistical analysis
The neuropsychological and psychopathological data were analyzed using repeated-

measures ANOVA, with group (normal controls, patients) as a between-subjects factor and
session (first and second sessions) as the within-subjects factor. When we noticed a
significant group, session or interaction effects, we carried out post-hoc analyses (PLSD
Fisher test) to specify these effects.

We then carried out correlations between the patients’ impaired memory scores, the
data obtained by means of anxiety and mood scales and a clue of severity of TGA episode
(duration of the episode) in order to determine the influence of these factors on the memory
disorders observed after the episode. To increase the statistical power, we reduced the number
of cognitive variables, retaining only the most impaired cognitive scores on each task
(anterograde and retrograde components of episodic memory, Table 2). The same correlations
were carried out in controls, in order to determine whether the psychopathological factors had
a deleterious effect on memory in all subjects or whether this effect affected only vulnerable
subjects as TGA patients who present memory disorders. According to the number of subjects
in each group included in the analysis, we used either Spearman’s or Bravais-Pearson’s

correlation coefficients. A probability level of 0.05 was adopted for all analyses.

3.2. Results
3.2.1 Neuropsychological assessments after TGA
3.2.1.1 General cognitive functions
There was no significant difference between patients and controls on the total score of

Mattis scale or on the scores of subtests.

3.2.1.2 Anterograde component of episodic memory (Table 2)
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The analysis of the accuracy scores for each emotional valence failed to reveal any

significant effect of group, session or interaction on the scores for positive and negative items.

There was, however, a significant group effect on the accuracy scores for neutral items
(F(1,18)=4.9; p=.04). Patients recognized fewer neutral words than controls on the two
sessions together. There was no significant session or interaction effect for neutral items.
Furthermore, there was no significant difference between patients and controls on the

recollection and familiarity scores, whatever the valence and session.

3.2.1.3 Retrograde component of episodic memory (Table 2)
First, we conducted an analysis of the specificity scores for each life period. We found

no significant effect of group, session or interaction on the scores for the “18-30 years old”

and “last 12 months” periods. Concerning the “last 10 years” period, there was a significant

effect of group (F(1,18)=10.8; p<.01) and interaction (F(1,18)=8.8; p<.01), but no effect of
session. The post-hoc analyses revealed that patients supplied fewer specific memories than
controls, but only in the first session (four months after the episode, p=.04).

As far as the recollection score is concerned, analyses failed to reveal any significant

effect of group, session or interaction for the “18-30 years old” period. There was, however, a

significant effect of group on this score for the “last 10 years” period (F(1,18)=5.1, p=.04).

Thus, patients assessed their memories as being less episodic than controls, on the two

sessions together. No effect of session or interaction was found for the “last 10 years” period.

Our analyses also showed a significant interaction effect for the last period, i.e. “the last 12
months” (F(1,18)=4.8, p<.05). There was no effect of group or session, although a marginal
effect (p<.08) was observed on the recollection score, during the second session, as patients
assessed their most recent memories as being less specific than controls.

There was no significant effect of group, session or interaction on the intensity scores,
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whatever the period.
Similarly, no significant effect of group, session or interaction on the valence score

was found for the “18-30 years old” period, although we did highlight a group effect on the

valence scores for the two last periods, i.e. “the last 10 years” (F(1,18)=6.6, p=.02) and “the

last 12 months” (F(1,18)=10.8, p<.01). This result means that, whatever the session, patients
supplied more negative memories than controls for these two lifetime periods. Effects of
session and interaction were not significant.

In sum up, the disorders affecting the recall of autobiographical memories concerned

specifically the “last 10 years” period.

3.2.2. Influence of patients’ emotional state on memory performances
We began by comparing the scores of the patients and controls on the
psychopathological scales and found that there was no difference in the levels of anxiety and

depression measured on the four psychopathological scales, whatever the session (Table 3).

We only report the significant correlations between the psychopathological scores and
impaired memory scores of patients and controls. As far as the anterograde component of
episodic memory is concerned, the recognition score for neutral items was negatively with the
score obtained to Adjective Mood Scale (r = -.49; p=.03), during the first session (four months
after the episode). Thus, the more the mood of patients was negative at the time of the episode
(current depressive mood), the less patients recognized neutral items. Regarding the
retrograde component of episodic memory, the specificity score for the second period (“the
last 10 years”) was negatively correlated with the anxiety state score (r = -.71; p<.02), during
the first session (four months after the episode). In other word, the more their level of anxiety
at the time of the examination was high, the less their memories for the intermediate “last 10

years” period was specific. No other correlation was significant.
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There was no significant correlation between the severity of TGA episode and the
impaired memory scores.

In controls, we only observed two significant correlations. Thus, the specificity score
for the second period (“the last 10 years”) was negatively correlated with the anxiety trait
score (r=-.40, p=.05) and the BDI depression score (r=-.49, p=.01).

Lastly, we carried out correlations between the patients’ age, their level of education
and the scores they obtained on the memory tasks. We found no deleterious effect of age or

level of education on memory performances.

3.3 Comments

First, we showed the presence of very mild memory deficit several months after the
episode. Indeed, concerning the anterograde component of episodic memory, we found that
patients had lower performances than controls. However, this difference was very weak and
was significant exclusively when the two sessions were pooled. Moreover, patients produced
less episodic memories than controls during the first session (about 4 months after the
episode) but only for the intermediate lifetime period i.e. the 10 last years. This result was
confirmed by a weak feeling of recollection for this lifetime period. Secondly, we highlighted
that the level of patients’ anxiety and depression were became normal again after the episode.
Finally, our results emphasize the level anxiety and depression influenced the memory
performances. Indeed, patients who presented the highest anxiety and depression levels

displayed the most impaired cognitive profile.

4 General discussion
The first aim of our study was to determine whether TGA patients kept sequels of the

episode, several months after this one. Our results showed that TGA patients displayed only
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very mild neuropsychological disorders after the episode. Indeed, general cognitive functions,
assessed by means of the Mattis scale, were impaired only the following day after the episode.
More precisely, the difficulties were observed for attention, initiation and memory subtests.
Other studies (Gallassi et al., 1986; Hodges and Ward, 1989) highlighted similar deficits in
the days following the episode. Then, the recovery appeared to be very fast.

Concerning the anterograde component of episodic memory, we also showed a mild
impairment. In the first experiment, only a deficit of autonoetic consciousness was
highlighted the following day after the episode. In a previous follow-up study, Guillery-
Girard et al. (2006) already mentioned that patients preferentially used familiarity (Know
responses) rather than re-living (Remember responses) processes. These authors claimed that
patients had an inability to re-experience the original laboratory event i.e. to retrieve
additional information about the learning event. It has been proposed that recognition memory
relies on two independent retrieval processes: a familiarity and a recollection process
(Yonelinas, 2002). TGA patients would use rather a familiarity process than recollection to
perform the recognition task. This deficit was limited to tasks which implicated to memorize
the content of information and its location but not its temporal order. The two tasks requiring
the association of words pairs and the association of word-location, respectively, likely
involve medial temporal lobes (Hayes et al 2004; Jackson and Schacter, 2004). On the
contrary, the “when” task which consists in a temporal judgement (memorize the order of
words in a list) would rely on the bilateral prefrontal regions (Suzuki et al., 2002).
Interestingly, recent imaging studies (Bartsch et al., 2006; Lee et al.,, 2007; Gonzales-
Martinez et al., 2010) carried out in TGA showed focal lesions of the hippocampus and more
particularly of CA-1 neurons. Moreover, the size of lesions was correlated with the deficit of
performance in a place memory task (Bartsch et al., 2010). In our second experiment, we

found a mild memory impairment several months after the episode. These disorders were
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restricted to one category of items: the neutral ones. Thus, patients seemed to benefit from the
emotional valence of the stimuli and were thus able to reach normal performance levels. It is
now widely acknowledged that emotion enhances memory abilities (Kensinger, Garoff-Eaton
and Schacter, 2008) but two hypotheses have been put forward to explain this effect. First, it
was postulated that emotional stimuli are more distinctive than neutral (Christianson et al.,
1991; Ochsner, 2000). Secondly, emotion can serve as an unifying theme to memories,
allowing items to be more easily clustered (Kensinger and Corkin, 2004). Although no
significant difference was found between the Recollection scores of the two groups, we did
notice an improvement in patients’ scores between the first and second sessions, particularly
for neutral items.

Regarding the retrograde component of episodic memory, in the experiment 1, we
found that patients produced less autobiographical memories than controls for the last lifetime
period (12 last months), only one year after the episode. Whereas the total number of
memories recalled by patients was stable across sessions, this one of controls decreased in
session 2 and considerably increased in the session 3. We think that these fluctuations of
performances are probably due to a weariness effect or a loss of motivation in controls who
participated to this experiment voluntarily and benevolently, contrary to patients who found a
benefit in these assessments (notably reassurance). Thus, according to us, the differences
observed between patients and controls reflect rather a motivation effect than a genuine deficit
of access to autobiographical memories. However, a default of retrieval strategies in memory
had already been shown in TGA patients, notably using verbal fluency tasks (Kessler et al.,
2001). In experiment 2, we choose to assess the quality of autobiographical memories
produced by patients. Our results showed that memories evoked by patients were less episodic
than ones of controls for the intermediate period (the “last 10 years”), only for the first

session, i.e. some months after the episode. Moreover, patients correctly judged themselves
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that the memories produced for this period were less specific, as showed by their assessment
on the Recollection scale. The retrieval of memories for this lifetime period was probably
more difficult than for other periods, given that for the most recent period (“last 12 months”),
patients and controls alike tended to recall events that had occurred during the week preceding
the neuropsychological examination. As Conway (1990) emphasises, recent events, or “fresh
memories”, often contain specific details because they continue to have a direct impact on
people’s current lives. The “18-30 years” period also has a particular resonance and
corresponds to the reminiscence bump, which is the richest lifetime period in terms of self-
relevant experiences. It is characterized by extremely numerous, detailed, intense and self-
relevant memories, for example about one’s wedding, the birth of children or one’s first job
(Berntsen and Rubin, 2002), which facilitate recall. The intermediate period does not allow

any such strategy and does not have any particular characteristics.

The second aim of our study consisted to gain a better understanding of factors
influencing the recovery process after the TGA episode. In the one hand, we wanted to
determine the impact of the severity of episode on disorders observed after TGA. Thus, we
showed that the duration of episode was negatively correlated with impaired scores but only
in the hours following the episode.

In the other hand, we were particularly interested in the role played by anxiety and
depressed mood in the recovery processes. Indeed, during the acute phase, we found that
memory disorders were associated with a sudden downward swing in the patients’ emotional
state (increased level of anxiety and onset of depressive symptoms). Like the memory
disorders, these psychopathological disorders ebbed away during the recovery phase (Noél et
al., 2008), although they could still be detected in some patients a day after the episode and

were severe enough to affect memory performances (Noél et al., 2007). Several months after
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the episode, patients did not show psychopathological disorders anymore. However, patients
who presented the highest anxiety and depression levels at the time of the examination
(current emotional state) displayed the most severely impaired cognitive profile (affecting
both anterograde and retrograde components of episodic memory). In controls, it is a stable
and prolonged emotional state (trait anxiety and depression) that influenced memory
capacities. In spite of this major difference between patients and controls, it is difficult to
know if the influence of patients’ emotional state on the performances in episodic memory is
specific to TGA. The inclusion of another control group comprising patients who lived an
acute episode such as a transitory ischemic accident could allow us responding to this

question.

In conclusion, TGA patients exhibited only very mild neuropsychological disorders
after the episode, not affecting their daily routine. Moreover, they did not report memory
complaints. However, these patients informed us of one preoccupation which concerned the
putative outbreak of a new episode of TGA. Thus, we suggest that these patients consult a
neurologist about one month after the episode in order to be reassured on a putative new TGA

episode, given the risk is weak.
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